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W PREFACE

This guidebook 1s one of a ‘series being developed under the sponsorship of the
Electronic Systems Divisicn, Air Force Systems Command, directed for ESD by the
Directorate of Computer Systems Engineering (ESD/MCI).

The purpose of the series as a whole is to supplement other measures being
taken by the Air Force and Office of the Secretary of Defense to improve the
management of computer.resources in defense system programs. Within the Air
Force, emphasis is placed on providing information in a form to support the
effective implementation of policies set forth in the 800-series Air Force
regulations. In this series sponsored by ESD, further emphasis {s devoted
specifically*to~softwgre elements of programs to -acquire the command, -control,
and communications (C°) class of systems. ‘

Configuration management is one of several tcpics for which guidebooks are
being planned or prepared under contract with the MIIRE Corporation and System.
Devalopment Corporation. It is contemplated that the Software Acquisition
Management (SAMg series as & whole, when completed, will-cover the following
topics:*

o Regulations, Specifications and Standards (AD-A016401)

o Contracting for Software Acquisition (AD-A020444)

e Monitoring and Reporting Software Development Status (AD-A016488)

o Statement of Work Preparation (AD-A035924)

o Reviews and Audits

e Computer Program Configuration Management

¢ Computer Program Development Specification (Requirements Specification)

o Software Documentation Requirements (AD-A027051)

o Verification

*National Technical Information Service accession numbers shown in parentheses
identify topics for which guidebooks have already been published. Fcr full
titles, authors, and other identification of these guidebooks, see Section 8,
Bibliography.




e Validation and Certification
o ‘Overview of the: SAM Guidebook Series
@ - Software-Maintenance "~ - - -

o Software Quality Assurance

e Software Cost Estimg}jgn'and Measurement

) Software Development and Maintenance Facilities (AD-A038234)

¢ Life Cycie Events (AD-A037115)

As ‘those titles may imply, the concern of the guidebooks is not with computer
-programming standards or guidance of a technical nature. Rather, it is with

how to apply Air Force policy and practices for managing the acquisition of
mj11tq?y systems to the software-related elements of those systems.

i
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Thus, the focus is on management as opposéd to technical guidance, and on
management in the context of Air Force systems as opposed to generalized
management of software. At the same time, it is fundamental to the Air Force
systems approach that the management techniques must be formulated and applied
; : in a manner which takes adequate account of the technical considerations
associated with each major class of system element--whether hardware, software,
facilities, datd, or people.

This guidebook observes those and other general guidelines established by ESD
sponsors for the series as a whole, pertaining to such factors as content,
level, and intended audience. The guidance is based, throughout, on current
Air Force and Jdint Services regulations, specifications, and standards for
configuration management as they apply to computer programs. To the best of
the author's ability, it also reflects: problems, successes, and lessons learnad
- through the actual uses of those documents in a substantial number of elec-
tronic system programs -over the past decade.
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SECTION 1. INTRODUCTION

1.1 PURPOSE

This guidebook is addressed to personnel of Air Force Systems Command program
offices who are responsible for managing softwar:-related: portions of system
programs conducted in accordance with policies of the 800-series Air Force
regulations; Within that framework, its purpose is to provide basic instyvuc-
tional and reference materials which will support the effective application
of requirements for computer program configuration management.

b AR L

1.2 SCOPE_AND ORGANIZATION s

This first section presents information of a background and introductory nature,
reviewing general concepts, principles, special terms, and the status of Air
-Force/DoD configuration managemenit standards. The remainder of the guidébook
consists of sections covering the topirs summarized briefly below:

Section 2 discusses the requirements and criteria for selecting assemblies of
computer program-code to be identified as computer program configuration items
(CPCIs), and includes a subsectisn summarizing the sources and coverage of
standards for identification nu.bers and markings.

Section 3 is. devoted to specifications. It addresses: specification types .
and forms; the specification tree; the system specification; computer program
development and product specifications; other types/forms of specifications
applicable to computer programs; and comparisons between software and hard-
w?re wit? respect to the roles of their specifications in the system acquisi-
tion cycle. .

Section 4 covers requirements and procedures fur processing:changes to approved
specifications. It {dentifies organizational factors, explains change classi-
fication, describes standard forms, and discusses procedures involved in the
preparation and processing of change proposals. It includes a subsection
dealing with concepts of interface control and. thé documentation of interfaces
involving software.

Section 5 1s devoted to requirements and practices of document identification

and mafitenance which are significant to configuration management functions,

ggg to formal reports/records of status for documents. change proposals, and
IS"
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"~ Section‘6--addresses: factors which come into p1av following completion of

deveTopment and initiation of the CPCI operations at a field location. Using
a scmple system DT&E situation for #1lustration, it identifies the nature of
.questions to be anticipated. and shows how centra1ized controls and procedurss
described’ in-preceding sections relate to that expanded framework.

Section 7 zontains notes written in response to questions raised by reviewers
of a ara?t,v'rs1on of this guidebook, pertaining to a few of the topics covered
in preceding sections.

The bibliography 1ists references cited in the text, other guidebooks putilished
to date, and a few other documents consulted by the author during preparation
of this guidebook. !

The glossary tdentifiés. abbreviations used in the text and explains Standard
Afr Eorce?ﬁoD terms . as they apply to configuration management of computer
prograins . N

Thus, with respect to the familiar, major subtopics of configuration manage-
“ment: configuratinh tdentification is covered in Sections 2 and 3; configura-
tion control is.covered in Section 4; and the software counterparts of confi«
guration status aczounting are covered in Section 5. Configuration audits

are not spec1fica1ly mentioned in the above sumnary for the reason that thecse
are assigned as major topics to be covered separately in the Reviews and Audits
guidebook, However; selected aspects of both audits and technical reviews are
dealt with in the text as necessary to explain their 1nterre1at1onsh1ps with
the other configuration management topics under discussion.

t

i

1.3 CONFIGURATINN MANAGEMENT: ONE, LIMITED DISCIRLINE

Acquisition management is accomplished in AFSC program offices (POs) by a com-
plex of interrelated, but separately identified, management disciplines. The
disciplines represent separate areas of management responsibility which corre-
spond, largely, with individual career specialities of PO personnel. They are
also the basis fcr the typical PO organization and for major topics addressed
in the various acquisition management regulations, specifications, and stan-
dards. Thus, dictinctions among assigned areas of functional respons1b111ty,
as summar1zed briefly below, are generally fundamental to practices and inter-
relationships dealt with in later sections of this guide.*

*For more completr descriptions of these PO functions, see AFSCP 800-3, which
provides a separate chapter on each function.

s d
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Engineerin

Management of the technical program, 1nc1ud1ng software and
other componeiit engineering specialties, system engineering, and human
factors.

Procurement - Legal responsibilities for purchasing and contracts.

Program Control - Management of program costs and schedules--i.e., esti-
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mating, controlling, tracking, and reporting of budgets, costs, schedules,
and related management information.

Test and Evaluation - Planning and cortrol of the development test and
evaluation (DT&E) program; coordination and support of operational test
and evaluation (OT&E).

Deployment - For electronic systems, management of system activation.

Integrated Logistics Srmport - Planning and management of provisions for
deployment phase support of system operations and maintenance.

Data Management - Identification and control of contractually deliverable
reports and other items of data produced for the program.

Configuration Management is defined in the current Joint Services regula-
tion, AFR 65-3, as:

"A discipline applying technical and administrative direction and
surveillance to (1) identify and document the functional and physical
characteristics of a configuration item, (2) control changes to those
characteristics, and (3) record and report change processing and
implementation status "

The remainder of this guide is devoted to further amplifying the scope and
practices of configuration management as those apply to computer programs.
However, configuration management is essentially a support function which
interacts closely with, and depends on the proper conduct of, engineering and
the other management disciplines. Hence, those interreiationships must also
be taken into account, including the restrictions which they impose on the
scope of a configuration manager's responsibilities within the system PO as

a whole. Two major sourcas of limitations to be recognized are represented
synoptically in Figure 1-1:




(a) the configuration manager's most direct .concern is with those system
elements. which are subject to being designated as configuration
Gtems; -and

~(b) his authority with respect to those elements is further limited to
certain special, formalized aspects of their management control.

DISCIPLINES SYSTEM ELEMENTS

PROGRAM CONTROL ) ( PERSONNEL

PROE:’;E:';:; \ DATA ITEM

ENGINEE —_— :

LOGISTIC SUPPORT MATERIALS

TEST MANAGEMENT < SERVICES

DATA MANAGEMENT EQUIPNENT 1TEM

CONFIGURATION MGMT —— SOFTWARE ITEM
_FACILITIES ITEM

o ESTABLISH AND MONITOR STANDARDS FOR IDENTIFICATION
o CONTROL CHANGES TO CONFIGURATION ITEMS
o RECORD AND REPORT THE STATUS OF CHANGES

Figure 1-1. Configuration Management - Responsibilities and Limitations

1.4 GENERAL CONCEPTS

The "system elements" identified in the preceding Figure 1-1 are distinguished
largely because they involve certain characteristic differences in the proper
approach to their acquisition and management. To some degree, they are
related to the management disciplines. However, it is significant that all of
the disciplines currently represented in system POs were firmly established,
with respect to approaches and procedures appropriate to the other system
e]emgnts, before the prominence of software* in systems became widely recog-
nized.

*Meaning, in this guide, computer programs; see 1.6.5. The term "software"
itself was fairly prominent in the 1950s, but it referred then to deliverable
items of contractor data, such as handbooks and manuals; that use can still
be found in some current regulations.

10
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Problems have been encountered bécause computer programs represent a relatively
new class of system components which are neither quite the same as, nor at the
same  time totally different from, any of the other eélements. A question of
long standing is whether a computer program shoiuld be acquired as an item of
data or as a manufactured product--i.e., in this context, whether to -apply
procedures of data management, vs. whether to subject it to procedures in such
areas as. engineering, test, and configuration management. The Air Force
decision relating to that question was reached as early as 1963. It is re-
flected in the existing regulations, specifications, and standards, and has
been reaffiimed recently in such documents .as AFR 65-3 and AFR 800-14. That
decision and some of its logic are outlihed very briefly as follows:

o A-computer program is intrinsically an item of data--i.e., it is written,
recorded, translated, reproduced, etc. in ways that are characteristic
of data as opposed to equipment.

9 However, its role as an element of the operational system is more like

that of equipment; and there are reasons to manage its development
through the use of techniques similar to those employed for equipment
items, e.g., with respect to specifications, configuration control,
interface control, reviews, audits, testing, and the fact that a computer
program item is itse]f 11ke equipment, the basis for the preparation

of operating and support manuals.

e At the same time, established procedures for managing equipment items do
not automatically .apply; they must be ‘tailored, throughout, to take into
account the unique characteristics of computer programs.

Thus, computer programs are presently classified as configurat1on items, but
are also recognized as separate from equipment, for purposes of manag1ng their
acquisition as clements of systems.*

In general, a copfiguration item is an identified facility, equipment item, or
computer program item which is specifically designated in a given acquisition
as being subject to configuration management. The "configuration" of an item
(or system) refers to the totality of its functional and phys1ca1 properties,
which are defined and documented, for practical purposes, in the form of speci-
fications. Thus, specifications serve as the principal documentary instruments
for configuration management; and it has become one important function of con-
figuration management, historically, to promote and disseminate uniform stan-
dards to govern the types, forms, and levels of description at which specifica-
tions are prepared.

*Various differences in procedures and objectives for configuration management
of equipment and computer programs are discussed later in the text. A few
addition?l points pertaining to computer programs as data are provided in the
note, 7.1.

1
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In & given developmental program, the actual content of each specification
results from the mainstream enaneering efforts of technical analysis, design,
and deve]opment Management control is initiated by establishing a comp1eted
specjfication, formally, as. an. approved and accountable document at the time
of its .original issue. Through that action, the configuration desciribed by
the specification becomes an explicit point of departure, or baseline configu-
ration, against whicn changes can be .proposed and -evaiuated.

Activities of formulating and implementing cﬁanges to a baseline configuration
are also basically technical. Management controls are applied during the
change process to assure: that each charge proposed is evaluated in relation
to all ‘relevant technica], schedule, and cost factors; and that each change
approved -and implemented is. reflected in a corresponding change to the speci-
fication, so that the &pecification continues to define the current approved
configuration of the system cr item at all times.

As an important part of that general configuration management process, the
status of configuration for the system and each item is made known to all
participating technical and management activities whose coordinated efforts
in developing the system may be affected. This function is accomplished by
controlled dissemination: to appropriate activities of the specifications,
change proposa1s updating -changes, and periodic status reports.

The term "baseline management" is frequently used to describe the generalized
characteristics of that process, which can also be applied usefully in other
ways (see 4.5.1). Key elements of ‘the process as it relates to a computer
program configuration item (CPCI) in a system program are illustrated in
Figure 1-2. In addition to the specifications, documents shown in the figure
include: (a) other technical documents such as handbooks and manuals which
depend for their content on the computer progrém configuration; and (b) a
set of special forms and reports involved in processing changes and reporting
status. The actual CPCI is also represented, in the form of a magnetic tape
symbol, as the eventual object of control; however, working procedures of
configuration management are most directly concerned with the documents and
fdm [ !

It should be noted that the technical documents vepresented in the figure other
than specifications--i.e., handbooks, manuals, plans--are important to contigu-
ration management because they are frequently subject to impact by changes to
the specifications. Direct control of those documents is maintained by

engineering and test functions; and they may unuergo change for reasons un-

related to cenfiguration management. However, configuration management is
responsibie for tracking and reporting their status, primarily in order to
%rackstgs total implementation of approved changes to the specifications
see
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It may b& inferred from the diagram that configuration management activities
and procediires: are implemented incrementally, beginning with baselining of
the system specification and later expanding as specificatfons for 1nd1vidua1
items are completed and baselined. (Typically there are many of those,
including equipiment, although only one is shown.) -Terms introduced for the
successive: base\‘ines are:

o Functional Baseline. The functional baseline is defined by the system
spec’l?icetlon.k In some programs, a set.of lower-level specifications
may be prepared in order to expand the performance and design requirements
for mjor system segments. When this occurs, the functional baseline is
defined by  the-entire set of system plus system segment specifications.

o Allocated. Baseline. The set of approved performance-level (develdpment,
or Part 1) specitications for configuration items is referred to as the
allocated baseline. The expression derives from the principle that the
development specification for each item is ‘basically an expansion of ‘the

‘ r;y_s_tg_m_perfomance and design requirements allocated to that item.

| .
r’, //
sysew | A
SPECIFICATION. . ‘l - FUNCTIONAL BASKLINE .
v ¢ ‘ .
. - «\ ¥
N e |
{ ]
SPECIFICATION ALLOCATED " BABRLIN -
(: rt 11)
( §
SPECIFICATION | TRODUCT BAsmLuNE
PLANS
BAXDBOOKS .
MANUALS
M
ANALYSIS & MEFINITION ' . DESICM & DEVELOPMENT l OPERATIONS

Figure 1-2. Sequence and Structure of Documents Invoived in Configuration
Management.
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e :Product Baseline. The product baseline is defined by the set of product
(Part I1) specifications for system configuration itews, following their

. formal auditing and approvals.

The general process depicted in Figure 1-2 is not materially affected by the
fact that development schedules for individual items in the system may be
discrepant in their phasing. In system programs, it is also an important
principle that al1 three baselines are maintained for the life of the system.
Unlike practices which were once fairly common, it is fundamental to the pres-
ent practice that an earlier, higher-1eve1 base]ine is not discarded as a

new one is added.

1.5 SOURCE REGULATIONS, SPECIFICATIONS, AND STANDARDS

The principal official documents dealing with various aspects of the informa-
tion covered in later sections of this guidebook are listed in Table 1-1.
Collectively, they provide comprehensive policy and requirements for software
configuration management which have proved to be both sound and highly effec-
tive when properly applied and understood. Misuses and misunderstandings have
been frequent, however, which can be attributed in part to such factors as the

following: YN

o Except for some of the data item descriptions (DIDs), the documents are
organized to address the configuration management discipline, rather than
software as a separate system element. Predominant concern is with
practices, procedures, and points of emphasis which are important primarily
for hardware. Requiremerts specific to software are identified occasion-

ally, but not consistently.

¢ Requirements under- the various topics of identification, control, document
maintenance, status reporting, and audits tend to be scattered among the
many documents listed. Some are to be found only in the DIDs; most are
expressed in directive language, with minimum explanatory guidance or
cross-references to related requirements ‘n other areas.

Coupled with those handicaps, the subject matter as a whole is inherently com-
plex in its scope, potential depth, and interrelationships with other acquisi-
tion management activities. In attempting to alleviate those difficulties,
this guidebook places emphasis on identifying the specific locations and nature
of requirements in the various areas, and on explaining their intent, uses,

and interrelationships. But it does not attempt to duplicate the source
material itself. The content of later sections will be useful to software
managers--and meaningful to other readers--to the degree that it is read and
used in conjunction with direct knowledge of the referenced source material.

14




Table V-

”IL-STnﬁ 4

MIL-STD-490
‘MIL-STD-483

MIL-STD-1521A

‘. $jgn1f1'c§pt Source Documents Referenced in the Text.

A !

(!

'y [P
¥

’Configuration Hanagement (Joint Services)

- (USAF) Configuration Management Practices. for Systems,

AFR 57-4  ‘Retrofit Configuration Changes
AFR 80034 . - -Volume II, Chapter 6: Configuration Management
AFSCM/ARLCM 375 7 Conﬂ?untion Management for Systems, Equipment,
 Munit’ and Computer Programs
.’__Mﬁcations/%undards
f-a:nlu-sraagsﬁ " Specifications, Types and Forms .

Configuration Control - Eng1neer1ng ‘Changes ; Deviations
and Waivers

Specification Practices )
!

Equipunt, Munitions, and Computer Programs

(USAF) Technical Reviews and Audits for Systems,
Equipment, and Computer Programs

Data Item Descriptions

DI-A-3029
DI-E-3101

DI-E-3104 . . ..

DI-E=3105

DI<E-3107 .

DI-E-3108-
DI-E-3118
DI-E-3119A
DI-E~3120A
DI-E-3121
DI-E-3122
DI<E-3123
Di-E~3128
D1-E-3134

Agenda - Design Reviews, Audits and Demonstrations
System Specification

.Addendum Specification

Inventory Specification

. Installation Completion Notification

Configuration Management Plan (CMP)

Minutes of Formal Reviews, Inspections and Audits
Computer Program Development Specification
Computerr Program Product Specification

Version Description Document (Computer Program)
Configuration Index (Computer Program)

Change Status Report (Computer Program)
Engineering. Change Proposals (ECPs)
Specification Change Notice (Computer Program)
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" The ‘fact that the source standards have b(en undergoing 2 nm\ber of changes in
récent years is.an additional. complicating factor. Also, it happens that al
of the docmnts cited most frequently herein for their software-related {:ﬂ

- tent are prasently in the process of bei ng revised, and in some cases -of ng
,reidentifiod Those:-are: ., - . .

AFSG! 'AFLCM 375- _ This is’ the Ai r Force general confi gmtion nnqguem
policy § document addressed primarily to if-house personne).- It
“1s being reyisad and will be reissued as. an Atr Force document other: than a
Snmal--probabb s & pamph\et--nnd will. bear a different number.

.HlLvSTD-483 !USAF) This is the Air Force supplement to the Dol':configuration
management. standards, which now contains most of -the. contractuany-app cable -
~requ€remnts for configuration management of cmter programs. Some parts of
1t are being revised for incorporation into a DaD-1evel standard,: nresently
fdentified.in draft form as MIL-STD-XXX. Whether MIL-STD-483 will continue

to exist as an Air Force supplement is not yet knawn .

' MIL<STD-480. Revisions may eventually incorpordte some software change pro-
cessTng requirements presently contained in MIL-STD-483. Present plans are
. to 1ssue an interim MIL- TD-480A. pending coordination of additional revisions.

MIL-STD-490. The revisioh will 1ncorporate format/content instructions for
computer program specifications presently contained in Appendix VI of MIL-STD-
‘ 489‘3”1 together with other changes. The revision will be identified as MIL-STD-

~ Firm schedules for actual issuance of ‘the approved revisions are not yet avail-
éble. When they do appear, a revision of this guidebook will be indicated in
order to take account of the changes. Based on review of coordination drafts
issued to date for all of those documents, however, it-appears that the impact
o: :oftwa:e requirements w111 be primarily on ‘their locations, rather than on
their con ent .

$

2
¥

1.6 *SPECIAL TERMS

Formal definitions of terms and abbreviations are provided in the glossary,
Section 9, for purposes of feférence. The comments below address a selécted

few terms which are -particularly important to the subject mattér of later
sections, but which have been used with varied and often misleading connota-
tions. Purposes of these comments are to explain the intended meanings of the
terms as they are used herein, and to identify the naturée of certain ambiguities.
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1.6.1 Computer Prggﬁgn

A computer program is- generally understood to be a sequence of coded instruc-
tions, including coded values for fixed elemerts of data, designed to cause
an assemtly of computing equipmint to -perform a function or set of functions.
While thire are some uses of the term which: imply an: instructicn sequence of
limited size or compiexity, no such limitation is implied herein, The term
refers %o uny set of instructions (presumably coherent), of whatever size or
complexity. A computer program may be a CPCI, or part of a CPCI, or it may
not be designated as a CPCI (see 1.6.2 below).

While a. computer program may include certain elements of coded data, it may
not -consist wholly of data. For example, a megnetic tape containing only
coded input data values for insertion: into an automatic test and checkout

-equipment is not a computer program. This distinction is obviously subject

to certain problems, which have resulted in controversies and conflicting
treatments in current Air Force/DoD documents. Pénding clarification, ques-
tions arising must be examined and resolved on a case- by-case basis.

'

1.6.2 Computer Program Configuration Item (CPCI)

A CPCI is any computer program which satisfies an end-use function and is
specifically designated by a controlling agency for configuration management.
Not all computer programs used during the course of a project are necessarily
designated as CPCIs, e.g., ones which may be generated and used solely “or
development and test purposes. However, it is Air Force/DoD policy that those
being. developed in a given program for delivery to the- procuring activity are
to be designated and managed as CPCIs

CPCIs are identified in each program on the basis of criteria which are dis-
cussed further in the naxt section. A CPCI may be very large or very small,
depending more on management than on technical considerations. That is, the
determination that a given assembly of code constitutes a CPCI is based
heavily on such factors as source, whether developed or bought, schedules,
and eventual use and control.

Q :
A CPCI is the a-lual computer program end 1tem in the form of coded instruc-
tions recorded on a medium (tape, cards, disc) suitable for insertion into the
computer. As such, the CPCI does not 1nc1ude the specification, since the
spacification is a separately-deliverable item of contractor data.
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1.6.3 VComputer Program Component (CPC)

A CPC is a major part of a CPCI, fdentified for purposes of convenience in
specifying and developing a CPCI as a set of subordinate élements. CPCs are
normally understood to constitute the first-level breakdown of an {tem as :
specified in 1ts Part I1 specification; 1.e., they are the sét of next-smaller
computer programs that make up the CPCI as a whele: However;~CPCs have been-
identified at a somewhat lower assémbly level, for a véry large and complex
CPCI; wheh: hécessary for their adequate technfcai description in the Part II
spec1f1cation

Thus, CPCs are structural parts of the end item. They may or may not corres-
pond individually with major functions of the CPCI which are specified in fts
Part T specification. ‘

1.6.4 Engineerigg

"Engineering" is used in this guidebook in the broad sense of its definition
and use in such documents as AFR 800-3 and MIL-STD-499A, referring to any or
all of the various 1ines of technical effort involved in a system program It
is the general term which encompasses system engineering, as well as the many
equipment engineering specialities, software engineering, and human factors
engineering. Within that broad concept, further distinctions observed in the
text are as follows:

o Component Enginee g;ﬂ_is the general term for any specialized branch of
engineering, in which the primary focus of analysis and design activities
is within the scope of a given technical field or on one class of system
components, e.g., electrical, electronics, communications, or software.

; o System Engineering is characterized by its focus on levels of analysis,
i esign, interface control, or other integrating activities which cut

; across some number of component engineering discipliines.

i

i o Software En?1neer1ng_refers to the specialized technical knowledge and
, effort required to design, develop, implement, test, evaluate, and

H

support computer programs.




16,5 Software

hs used-herein, "software" is complétely synonymous with “computer program(s)".

"Because of widely cdnflictin? variations in its established meanings, the use
of this term has been carefully avoided in current Afr Force configuration
mg.tnt standards. It is cscommended that contractual uses of the term be
confined to cases in which: {t is clearly defined, in the contract, to be
~equivalent to "computer program(s)": As a separate class of deliverable end
items, software (computer programs) should not be construed as including con-
tractor services, the specifications, or other items of associated documenta-
tion deliverable against the CORL. {See also the note, 7.2 herein, which
reviews some recent questions raised by uses of this term in DoDD 5000.29.)
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SEC?ION\?¢ SELECTION OF COMPUTER PROGRAH,CONFIGURATiON ITEMS

The selection of configuration items is a process which normally occurs during
early stages of a system program. Simply stated, 1t is the process by which

the complete set of equipment, computer programs, and facilities.elements con-
templated for a system: as a whole are separated for purposes’ of managing their

" development or other procurement into +ndividually-identified subsets. -Air

Force policy underlying the configuration item concept has been sunmarized
succinctly in the following terms:

"...systems/equinment are not procured by single identifiable systems
but rather by separate end items of contractor peculiar items, Air
Force Supply Federal Stock, -and commercial 'off-the-shelf' items."* .

Hence, the. configuration 1tem 1s regarded as a level of management Specifi-
cally, it is the level:

!
»

‘e At which the procuring activity specif1es contracts for, and accepts

individual parts of the system.

¢ Below which the developer is responsible for management of the develop-
ment, or procurement, and assembly of item components.

e Above which the procuring activity retains responsibiIity‘for interfaces,
integration, and system performance.

2.1 REQUiREMENTS AND CRITERIA

Basic principles governing the selection of CIs in general, including a few
criteria specific to computer programs, are set forth in paragraphs 1-17
through 1-21 of AFSCM/AFLCM:375-7. However, it is an important point of
emphasis, throughout that source, that the selection process is not subject
to "stylized" rules. Decisions shou]d be based on experience, knowledge of
the principles and implications, knowledge of the given system program, and
attention to both technica1 and administrative considerations.

The identification of a given assembly of computer program instructions and
coded data as a CI is basically a technical product of the system engineering
process. Although accomplished at an early stage of the program, it represents

*AFSCM 375-T, "Configuration Management During the Acquisition Phase", 1 June
1962; p. II-3. A
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a design decision, resultrng from the steps of: (a) functional analysis and
de nition of system performance requirements, and (b) system design, dur1ng
which the defined functional and performance requirements are allocated among
planned assemblies of system physical elements. Sufficient analysis and study
of computer program:design at the system or system segment level must be per-
formed to:assure the technical soundness and feasibility of the to-be-developed
CPCIs. At that early stage, the CI designation constitutes a commitment to
develop a deliverable end item--e.g., in the form of a tape or deck of cards--
which witl: perform its allocated functicns when eventually assembled into the
system. :

The assembly levels to be identified as CIs are not arrived at, however, so]ely
through technicai considerations. In a systam program a significant responsi-
bility of engineer1ng managers is to plan and direct the technical analysis

and design effort in such a way that the proposed levels of assembly selected
as CIs mee% established criteria for their subsequent management. At the out-
set, for example, system engineering studies resulting in CI selection must

be guided by Air Force poiicy that computer programs are to be managed as con-
figuration items (AFR 800- 14), and that computer programs are not to be identi-
fied as components of equipment CIs (AFSCM/AFLCM 375-7). Other major require-
ments and criteria to be observed in the process of seélecting CPCIs are
summarized below.

2.1.1 Reguirements

The CI (originally "contract end item") is a level of assembly which the pro-
gram office procures from a single contractor or other source. It is the
level at which a program office exercises formal management control over the
responsible contractor in the areas of conf1guratlon management, procurement,
program control, and monitoring of the contractor's technical progress. In
planning and 1mp1ement1ng the system program, the following documents and
actions apply separately to. each CPCI:

Specifications.

Proposed engineering changes, and reports of change implementation.

o ‘Hanagement information reporting against the contract work breakdown
structure.

8 The performance of technical reviews and configuration audits--PDR, CDR,
FCA, and PCA.
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o The-preparation of operating and user manuals.

. The‘qgvelopéf's formal test priogram.

) Formél aCceﬁ%ance by the procuring activity.

2.1.2 Seléction Criteria

Criteria Tisted below are to be regarded as a "shopping 1ist", in that both
the. importance: and applicability of the conyiderations listed vary widely
among different system programs. The fact that the criteria are not indepen-
dert of each pther points up, further, the peed for careful consideration of

all relevant tactors which apply to each CRCI.

In 211 caseés, . the intended source (contractor) is an essential starting point
for decisions, since (a) assemblies of computer program elements to be acquired
from a single contractor are potentjally a single CPCI, and (b) assemblies to
be acquired fi'om separate sources must be separate CPCIs. Factors of cost,
complexity of -documentaticn, interface control, and other requirements
identified above dictate that it is generally desirablé to avoid having any
more CPCIs than necessary. Hence, for a given single contractor, a productive
approach is to start with the tentative assumption of a single CPCI, then
“shredout" into separate CPCIs only when fully justified by an applicable
criterion.

9 Separate Computers. Computer programs to be designed for operation in
different. types or models of computers must be separate CPCIs.* Separate
CPCIs may -also be indicated when a given installation uses a number of
computers of the same type/model, each performing different functions in
the system as a whole and haviny different sets of interfaces with other
system elements.

-

¢ Separate Schedules. Computer programs scheduled for development, testing,
or deliviry at different times may be separate CPCIs. When indicated by
interrelationships and intended use, however, consideration should be given
to such alternatives as: expansion of the earlier-developed CPCI via ECP;
or development of the later CPCI to incorporate and replace the earlier
item.

*By definition, the CPCI must be "in a form suitable for insertion into a
computer”. If a single computer program, in the form of assembly code,
happens to be fully compatible with the characteristics of more than one
type or model of computer--and can be s0 qualified--that condition would
be satisfied.
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o Different System Functions and Uses. In general:, mission, support, and
diagnostic (off Tine) computer programs should be separate CPCIs. )
Consider: intended locations of usa, expected change cycles, and user
personnel directly concerned with theiy functional and performance charac-
teristics, together with related responsibilities for deployment phase
contrdl (see below).

e Different Deployment Phase Control. Computer programs intended for differ-
ent systems,* and/or for different configuration control during the deploy-
ment phase, should be identified as separate CPCIs, even though they may
be largely identical at the time of initial development and delivery. Con-
sider planning for user command(s) and AFLC deployment phase control docu-
mented (or to be documented) in the Computer Resources Integrated Support
Plan (CRISP) and Operational/Support Configuration Management Procedures
(0/S CMP) **

2.2 PITFALLS

Although a single "right" solution may not always present itself, reasonable
care and attention to the considerations outlined above should yield sound
results. On the other hand, because of the importance of the CPCI selection
step to all subsequent phases of a program, success of the program can be
almost precluded if those nbjectives and principles are disregarded. Examples
of relatively prominent misconceptions which have led to serious difficulties
in recent programs are summarized below.

e Development Specification vs. the CPCI. System and system segment speci~
fications have been placea on contract which were incomplete with respect
to CI/CPCI selection and functional allocations, with the requirement for
delivery of Part I CPCI specifications within a short time after contract
award, and with no requirement for the contractor to perform (or document

*The reference is to CPCIs designed to perform mission functions. Standai-
dization of CPCIs for broad application is a more important and realistic
objective for those support computer programs which depend more for their
nature and usefulness on the computer equipment than on the operational
mission.

**See Volume II of AFR 800-14 for discussions of the CRISP (Chapter 3) and
0/5 CMP (Chapter 6). The CRISP must include the assignment of contrc.
responsibilities for computer programs during the deployment phase. The
0/S CMP further details the planning and procedures. In effect, control
may transfer to the supporting command (AFLC) for some CPCIs, and to the
using command for other CPCis of the same system,
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and deliver) system engineering analysis and design studies as a basis for
CPCI selection. Under those circumstances, "CPCIs" have been selected and
jdentified on the basis of system functions alone, without -benefit of
adequate system-or segment-level computer program design studies to verify
their feasibility or cost-effective development as separate computer
programs. In one case, approximately 10 such "CPCIs" as identified in
their Part I specifications -eventually had tc be combined into one massive
computer program and documented in a single set of specification data at
the product level. While such a case clearly involves a complex of errors,
it appears that one important element of the problem 1ies in the failure

to appreciate relevant distinctions between the CPCI and its specification,
part1cu1ar1y at the Part I level. Specifically, the CPCI selection ques-
tion is being approached in some instances from the point of view of how to
sort out system functions into Part ! specifications, rather than from the
point of view of how to allocate them to deliverable computer program end
items (see 2.1 above).

Sizeand~Visibility. Coupled with the misconception noted above is the
assumption that breaking down a complex of Gata processing functions into
a number of separate CPCIs makes the elements more manageable, and more
"visible" for purposes of technical monitoring. However, neither size nor
visibility is consistent with the accepted criteria for selecting e1ther
computer program oi equipment CIs (except that size ha. been applied in
the reverse manner, to avoid having large numbers of small Cls). While one
small item i3 generally easier to manage than one large one, the total
management task is necessarily increased if the large one 1s broken down.
If technical management procedures are carried out at the proper level in
both cases, the increase in number of CPCIs is more likely to hamper visi-
bility than to improve it. Undesirable results include:

--Paperwork involved in preparing, processing, and status reporting of
engineering changes tends to be multiplied by the number of CPCls.

~--The burden of maijtaining interface control can be amplified signifi-
cantly if operating interrelationships exist among the separated items.

--The CPCI development time and costs, together with resulting total size
and operating times, can be increased.

In effect, the argument for using size and visibility as selection
criteria is really the same, in some respects, as the arqument that any
large contract should be broken down into a number of smaller ones. In
both cases, the only true result is a net increase in management effort,
overhead paper, and difficulties in maintaining coordination.
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2.3 THE TYPE'CLASSIFICAFION

In come systems, a given CPCI is designed for use at a number of system site
locations but must be adapted. to the operating environment at each location.
Typically, the adaptation 1s accomplished at the time of installation through
incorporating coded data values (adaptation data) appropriate to each location,
as a part of the CPCI's fixed data base. Alterations of the computer instruc-
tions in the form of adding, deleting, or modifying processing capabiiities
may also be involved. In such cases, there are two aiternatives to consider:

e Identify the computer program to be used at each location as a separate
CPCI. " As indicated by the circumstances, the further option should be
considered of whethéer to. (a) prepare complete separate specifications
or (b) use the addendum specification (see 3.5). :

o C(Classify the different configurations, including adaptation data, as
types within a single CPCI. In this case, only one specification is
prepared; but the types are 1isted in the "Scope" statement and each
type is further specified throughout the specification in accordance
with instructions of MIL-STD-490, paragraphs 4.1.2 and 4.3,b.*

The Tatter alternative is recommended in all cases when variations are confined
to adaptation data, but should also be considered if the differences in compu-
tett instructions are minor, since the potential savings in management costs

can be substaptial.

At the same time, the development and management must be accomplished in such
a way that the exact configuration at all Tocations is fully specified, con-
trolled, and known. If types within a CPCI are proposed, the contractor's
configuration management plan should include explicit treatment of how the
types will be handled in such areas as the specification, change proposals,
specification maintenance, status reporting, and configuration audits.

2.4 IDENTIFICATION NUMBERS AND MARKINGS

Numbers are employed to identify configuration items, parts, specifications,
other documents, and special forms associated with configuration management.
In general, some numbers may be assigned directly by the procuring activity,
although most are assigned by contractors in accordance with prescribed
standards. A “"number" consists typically of a specified maximum or exact
number of alphabetic and/or numeric characters.

*This treatment applies to both Part 1 and Part II of the specification.
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The fact that numbers must be assigned to identified documents and items is
specified in Appendix IX of MIL-STD-483. However, the specific requirements
are to be found in various other places. Table 2-1 identifies certain classes
of numbers and markings which are of interest to software configuration manag-

‘ers. (and to data managers) and identifies the direct sources for their require-

ments, where those exist.

Table 2-1. Sources of Requirements for Numbers and Markings

ITEM SOURCE REMARKS
SPECIFICATIONS MIL-STD-490 para, 3.2.1‘6 © See also 5.1.2 herein
| OTHER DOCUMENTS - - .
CPCis MIL~-STD-483 ' 90.3,2.3 Exactly 7 characters
cPCs AFSCM/AFLOM 375-7 " 1-39,4
-ECPs MIL-STD-480 * 10.6
“ CLASS II CRs - - *
SCNs MIL-STD=-490 323 See also 5.1.3 herein
VERSIONS MIL-STD-483 " 80,12.1.0% See also 5.4.2 herein
VDDs AFSCM/AFLCM 375-7 *  1-39h(3) ‘See also 5.4.2 herein
CONFIGURATION INDEX | MIL=STD-#83———-*--—8;}8:2——|—Issue--nuber .only
ACTIVITY CODE Handbook H 4-1
SECURITY MARKINGS DoDD 6220.22-M
CARDS, TAPES, etc. - - *
*Required, but uniform standards not specified.
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Closely related to. numbers are standards for marking and/or coding of identi-
fication data on magnetic tapes, canisters, card deck containers and cards,

or :other storage media for computer program code. As the table indicates,
uniform requirements in those ‘areas are not prescribed in the current config-
uration management standards. Hence, any particular requirements which the
procuring activity may have in: those areas must be spelled out directly in the
contract. Appropriate coverage of this topic within his set of internal stan-
dards (see 4.1) should also normally be identified in the contractior's config-
uration management plan.

Numbers and other identification data pertaining to maintainable documents,
which tend to be matters of key importance to software configuration managers,
are discussed further in Section 5 of this guidebook.

Requirements for a centrally-controlled "computer program identification num-
ber (CPIN)" are mentioned in Volume II of AFR 800-14, and are presently in
process of being further developed within AFLC. AFLC Supplement 1 to AFR 800-
14, Volume II, indicates that the CPIN (approximately 15 characters) will be
used to identify not only the computer programs but also their specifications
and associated documents of a developmental or test nature, whereas user docu-
ments (handbooks, manuals) will be managed as technical orders (TOs). If

adopted as outlined, that system promises to have a number of potentially-

confusing impacts on currently accepted practices of AFSC POs, and perhap$
also of the using commands. Information regarding actions that may be taken
to resolve the various questions which it raises is not yet available, however.
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SECTION 3. SPECIFICATIONS

This section identifies the source of Air Force requirements governing speci-

fications, and summarizes the nature, functions, and applicability of specifi-

cations that may apply to computer program contracts during a system acquisi-
tion. The three references of primary interest are:

e MIL-S-83490, "Specifications, Types and Forms", 30 October 1968. MIL-S-
83490 is a relatively small (5 page) military specification which defines
a uniform structure of types, subtypes, and forms of specifications that
may be developed by either Government agencies or contractors for the
acquisition of military systems, equipment, computer programs, or materials.

» MIL-STD-490, "Specification Practices", 30 October 1968. MIL-STD-490

contalns the detailed standards for format, content, and:maintenance of
specification types and subtypes identified in MIL-S-83490. It is
organized into a basic standard containing provisions that apply to speci-
fications in general, with a series of 15 appendices devoted to format/
content .equirements for individual specification types and subtypes.

Ta:;g.s—l Tists those by type number, title, and the MIL-STD-490 appendix
number,

Table 3-1. MIL-STD-490 Appendices for Specification Types and Subtypes.
(Asterisks identify subtypes that may apply to computer programs.)

Appendix
Type A - SYSTEM SPECIFICATION I
Type B - DEVELOPMENT SPECIFICATION
Type Bl  Prime Item Development Specification I
Type B2 Critical Item Development Specification 1891
Type 83 Non-Complex Item Development Specification IV
Type B4  Facility or Ship Development Specification )
*Type BS Computer Program Development Specification vl
Type C - PRODUCT SPECIFICATION
Type Cla Prime Item Product Function Specification VII
Type C1b Prime Item Product Fabrication Specification VIl
Type C2a Critical Item Product Function Specification IX
Type C2b Critical Item Product Fabrication Specification X
Type €3  Non-Complex Item Product Fabrication Specification X1
*Type C4 Inventory Item Specification XI1
*Type C5 Computer Program Product Specification XII1
TYPE D - PROCESS SPECIFICATION X1y
TYPE E - MATERIAL SPECIFICATION XV
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e MIL-STD-483 (USAF). "Configuration Management Practices for Systems, Equip-
ment, Munitions, and Computer Programs", 12 April 1971. This is the Air
Force configuration management standard which supplements the DoD standards
in. special: .areas -pertaining to systems, equipment; and computer programs.
Complete content instructions for the computer program develdpment and prod-
uct. specifications (Types BS and C5) contained in Appendix VI of MIL-STD-490
normally replace, for Air Force acquisitions, those of MIL-STD-490 referenced
above. The only current source of requiiements for the addendum specifica-
tion forny(see 3.5) is Appendix IV of this standard.

3.1 THE SPECIFICATION TREE/CI LIST

The term "specification tree" derives from an.earlier engineering practice of
identifying specifications at levels corresponding to Tevels of item assembly,
or installation, into a system. The engineering levels may still vary widely,
for equipment items, in that assemblies designated as CIs may range from parts
as small as an altimeter to an ertire aircraft. However, under current con-
cepts of uniform specifications, all CIs are regarded as being at the same
level-~i.e., the CI level--for purposes of configuration management. When. so
depicted in the specification tree, the result is essentially equivalent to a
CI list. Both the specification tree and CI lists are approved foris for
Tabnt1?ying computer program and equipment CIs in the system specification
(ref. paragraphs 30.2 and 30.3, MIL-STD-483). For a system as a whole, the
maximum number of specificaticn levels that may be identified is three. Those
are depicted in Figure 3-1 and explained briefly in the following subparagraphs.

13
§ ) . SYSTEM/SYSTEM SEGMENT
: SYSTEM LEVEL ~—~o SPECIFICATION
ALL
J . - OTHER
Cls
cx cI cI c1
Cl LEVEL —» SPEC. SPEC, SPEC. SPEC,
| CRITICAL
CRIT{(E:OELITEM - ITEM
, SPEC.

Figure 3-1. The Specification Tree

30




3.1.1 System/System Segment Specification Level

‘Each: system. 15 specified by -one (Type A) system specification prepared in
accordance with Appendix I° of MIL-STD-490." When system segments arve fdenti-
fied, the system specification may be structured intdo volumes, one covering
general requirements for the system as a whole and a separate volume for each
system segment (ref. Appendix III, MIL-STD-483). Thus, the set of volumes
constitutes a single specification.

As the terms are used in the Air Force, "system segment" is closely related to
"subsystem". Howeéver, the system segment concept refers more directly to a
part of the developmental program, rather than to a functional/physical part
of the resulting system. Developmental responsibilities for a system segment
are analogous to those of a configuration item, in that responsibility for an
identified System segment -may be aSsigned to only one contractor or Government
agency. Each system segment normally includes some number of equipment and/or
computer -program -CIs, together with associated requirements for system and
human factors engineering and for such tasks as developing, documenting,
testing, and assembling the configuration items. Major sets of operational
and support computer: programs have been the basis for identifying separate
system segments in some €3 system programs. '

The term "functional area" is. used in MIL-STD-490 to refer to the first-level
breakdown in ‘the system specification. However, the designation of what con-
stitutes a functional area is flexible. In Ai¢ Force use, a functional area

is normally equivalént to a system segment in the. general volume of & system

specification, but refers to the next-Tower level of assembly in each volume

devoted to a system segment.*

3.1.2 CI Specification Level

Each configuration item is specified by a single specification. In terms of
the types 1isted in Table 3-1 above, that specification may be composed of
only one type or a combination of two types, as follows:

e Single Type. A given item may be specified entirely by only one specifi-
cation type (or form; see 3.5.1) if the applicable specification is: Type
C4 (for inventory items); Type Cla or C2a (for equipment CIs selected on a
“form, fit, and function" basis); or Form 3 (commercial practice). Appli-
cability of the Type C4 and Form 3 specifications to computer programs is
discussed further in 3.5 below.

*A further discussion of questions pertaining to functional areas vs. system.
segments is provided in 7.3.
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‘0 Combined. Types. For items being newly developed in a given.system. program,
' the deveTopment (Type B) and product (Type C) specification types are
noiwally. combined to form a single, two-part specification having a single
specification number and designated Part I and Part -1, respectively.
Combinations~to which this practice applies are:

B1/C1b - Prime Item

B2/C2b - Critical Item
-B3/C3. - Non-Complex Item

B5/C5 < Computer Program Item

Thus, specifications are,referred to. by different labels which tend to
be interchangeabie For computer programs:

~-The terms “computer program development specification”, “Type B5 speci-
fication", and "Part I CPCI specification" are interchangeable; and

-=The terms, "computer pnpgram product specification", "Type C5 specifi-
cation", and "Part II CPCI specification® are similarly interchangeable.

3.1.3 Critical Item_§pecification Level

A critical item {formerly "critical comoonent"). is..a special subassembly within
an equipment CI which may be designated as critical for engineering or logis-
tics reasons and controlled by its own separate specification. The critical
{tem. designation does not apply to. computer programs. Hence, the specification
tree for a system and its entire collection of computer program.CIs is really
limited to only two Tevels.

3.1.4 Specification Tree vs. Generation Breakdown

The specification tree (CI list) is a direct result of the CI selection process
discussed in Section 2 above.. A]though CI/specification numbers and specifica-
tion types are supplied by configuration managers, the identifications of
equipment and - -computer program assemblies to be designated as CIs represent
essential steps in system design. From the designers' point of view, the
selection criteria are often perceived as arbitrary constraints which do not
clearly contribute to the -efficient accomplishment of that process. And in
fact, they may not; it is mainly to be hoped that they will not unduly compli-
cate it by creating interface problems or forcing premature design decisions.
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Whether hardware or software, it is established engineering practice to perform
the analysis and design process over a developmental period in a series of

"top down" steps. Once the system is designed at the level of identified sub-
systems and CIs, furthér breakdowns into assemblies, subassemblies, etc. are
then identified and documented at successively lower levels down to the level
of transistors, bolts, or single computer instructions. The "tree" resulting
from that process is known in equipment engineering as a ?,neration breakdown
structure. It may also be known as an assembly or installation tree, referring
fo 1;: Tater function as a roadmap to the manner in which parts are installed
n the system.

The existence of that concept in software is evidenced by the various labels
that have teen attached to the different assembly levels, e.g., system, sub-
system, program, subprogram, module, routine; et al. However, the generation

breakdown structure does not have the iany uses for computer programs that

it has for equipment items, due to the absence of requirements for eventual
manufacture and supply of subassemblies and parts. Configuration management
requirements in this area for software-are largely confined to .only two levels
below the CPCI level itself, which are identified in very general ways as

(a) computer program components (CPCs) and (b) the computer instructions.*
Those are recognized by configuration management as levels which should be
included in the structure of aimost any CPCI and for any chosen approach to

its technical design. Identification and control at additional levels during
the development process are matters primarily of technical, rather than config-
uration. management, responsibility and concern (see also 4.5.1),**

*That 1s, referring to structural characteriétics of the computer program
as described in its Part Il specification. In the Part I, a related but
different breakdown exists in terms of functions and subfunctions.

**"Top-down programning" refers to a given design/development approach
wherein CPCs or modules are arranged in a hierarchy on the basis of their
control and sequencing; 1ike other design approaches, it affects the
content of information dealt with in the specifications, but has no effect
on configuration management.
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3.2 SYSTEM "SPECIFICATION

Primary sources of requirements for the format and preparation of the system
specification are:

MIL-STD-490:
Appendix I. Type A, System Specification

MIL-STD-483 (USAF):

Appendix II1. System Specification/System Segment Specification

The latter shurce supplements Appendix I of MIL-STD-490 with respect to pre-
paration of the specification tree and CI list, use of the Type A specifica-
tion form for system segments, and th2 inclusion- ¢f selectéd information
pertaining to computer programs.

3.2.7v Content

As is true of most other specifications, "the" system specification may con-
sist of a collection of separate documents, both because: (a) it may be
prepared as a set of separate volumes (see 3.1.1 above); and (b) information
may be incorporated by reference to system engineering documentation or to
specific requirements set forth in other applicable documents.

The primary purpose of the system specification is to define requirements at
the level of system functions and performance. However, it also serves the
important function of specifying requirements for system-level design, in

that it identifies and allocates system functional/performance requirements. to
system segments and configuration items (i.e., when completed; see 3.2.2
below). The completed specification.contains the following principal elements:

e Identification of the general system configuration, in terms of system
segments and/or functional areas.

¢ Definitions of performance and design requirements and constraints for
the system as a whole, and allocations of those to the functional areas.
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o ldentification of operational and support configuration items to be
developed or otherwise acquired for each segment/functional ixi
{ncluding computer equipment, -consoles, peripherals, communic jons,
and couputer programs . \\

\

(] Definitions of functional interfaces among system segments/function&d

areas and of the system as a whole with external systems. \\

o Descriptions of relevant organizational, operational, facilities,
mainténance, and personnel and training concepts.

o Specification of system test requirements, in terms of methods of \
verifying the specified requirements for system performance and design. N

’ A
+ \\
. *
X

3.2.2 Deyelgpment and Control \

Generalized steps involved in developing and completing a system specification
are depicted in Figure 3-2, During the conceptual phase: basic requirements
are derived from the major command's statement of a required operationa’
capability (ROC); alternative system concepts are examined for potential
mission effectiveness and feasibility; a firm system concept is selected,
leading to an initial program management directive and activation of the PO
cadre; and system engineering studies are conducted to expand the operational
requirements into criteria for system performance and design.

) : - .
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Figure 3-2. Development of the System Specification
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Those tasks are accomplished by in-house Air Force capabilities, using not-for-
profit and other contractor support where appropriate. The primary technical
product of the conceptual phasé, the initial system specification, is authenti-
cated and established as the system functional baseline through in-house pro-
cedures -of review and approval, at the outset of a validation phase. It is
nomally not complete at that stage, leaving specific portions to be accom-
1ished by the validation phase contractor(sg.*

During the validation phase, further detailed system and component engineering
studies are performed to: expand operational and support functions; perform
trade-off, feasibility, and risk studies to identify equipment and computer
program CIs; allocate system/system segment and functional area requirements
to CIs; and prepare CI development (Type B) specifications based on further
detailed expansion of the allocated requirements. While other revisions may
also be indicated, specific portions of the system specification to be
completed as a result of those studies are:

o A complete list of system computer program and equipment CIs, including
comiercial and Government inventory as well as developmental items, is
to beé provided in paragraph 3.1 (System Definition). This list is
organized in numerical sequence by CI numbers.

o The specification tree for the system is to be delineated in paragraph
3.1.4 (System Diagrams), including specification numbers for all items
shown in the tree.

o Definitions of functional .interfaces among system segments/functional
areas are specified in paragraph 3.1.5 (Interface Definitions), either
directly or by reference to ICDs (see 4.6).

Those and all other changes to the system specification which are accomplished
during the validation phase, or at any later time in the system program, are
processed through formal procedures of configuration control and specification
maintenance. The CI 1ist and gpecification tree should be firmly defined at
the time of the SDR, including identified commercial and Government inventory
jtems as well as CIs and CPCIs to be newly developed for the system.

3.3 COMPUTER PROGRAM DEVELOPMENT SPECIFICATION

The computer program development (Part I, or Type BS) specification is the
document which states requirements for the development of a computer program
CI in terms of functions, performance, design constraints, and tests/verifi-
cations required to demonstrate that those characteristics are achieved.

*Certain-conflicting statements on this topic appear in AFR 800-14; see 7.4.
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The applicable data item description (DID), DI-E-3119A, directs preparation of
the specification in accordance with instructions contained in Appendix VI of
MIL-STD-483. Instructiohs for structuring the specification for a compiex
CPCI into a series. of separate volumes are not included in Appandix VI, ‘but
are provided in Section 10 of the DID itself.

-

The DID vor the develcpment specification is placed on validation phase and
full-scale development phase contracts to govern (a) initial preparation of
the specification and (b) the subsequent preparation of change pages or
revisions resulting from approved engineering change proposals. The descrip-
tion below assumes that initial preparation occurs during the validation
phase. For complex mission CPCIs in particular, a validation phase or equi-
valent effort is normally required to achieve a level of completeness and
accuracy which is adequate as a basis for initiating full-scale development.

3.3.1 Content

The computer program Part I specification is primarily a detailed definition
of performance-oriented data processing requirements to:be met by the CPCI
when developed. It is written in operational and logical language to define
precisely all data -and processing tasks of the CPCI, including accuracies,
data volumes/frequencies, and other related requirements. Provisions are
expressed in directive terms and addressed to the computer program developer
(contractor), since its immediate intended role is to serve as an important
part of the developer's contract. When completed, its technical content
consists of the following principal- -elements:

e Identifications and detailed definitions of all interfaces with other
equipment and computer program Cls.

o A description of the operational functions and subfunctions to be per-
formed by the CPCI.

-

o Definitions of all specific input, output, and processing requirements
for each function/subfunction, including data definitions for elements
of the data base.
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e Design requirements and constraints, in terms of computer programming
languages or design standards.*

o Specification of methods and levels of DT&E by which required performance
and design characteristics of the developed item are to be verified.

s

Thus, the significant emphasis in the development specification is on providing
a comprehensive definition of the CPCI configuration at the level of its re-
quired functional characteristics as a part of the system. While it includes
essential design requirements and constraints, it avoids specifying the design
as such., For example, the "functions" for which input, output, and processing
requirements are specified are derived through successive expansions of system
functions; they do not dictate structural components of the eventual CPCI.**

3.3.2 Development

Figure 3-3 illustrates how the Part I specification development for a complex
mission CPCI should relate to other events and efforts during a "model" vali-
dation phase. Aspects of the engineering process which are significant to
configuration management and the subsequent software acquisition include the
following:

o System engineering studies should result in the selection of equipment
and computer program CIs at about the time of SRR. The SRR emphasizes
review of system engineering analysis data to support the developer's
convergegge on an optimum and complete configuration (Appendix A, MIL-
STD-1521A).

o Firm identifications of CIs and allocations of system functions are
essential prerequisites to initiating the development of Part I speci-
fications.

*MIL-STD-483 (para. 30.5) also provides for similar requirements to be stated in
paragraph 3.3.8 of the system specification. In practice, that portion of the
system specification should emphasize requirements which apply to all system
CPCIs and can be specified by reference to existing standards, whereas the
Part I CPCI specification (in para. 3.2.n) applies specifically to the given
CPCI; the latter may specify design requirements by reference to paragraph
3.3.8 of the system specification and/or add others not covered therein.

**A first task in computer program preliminary design (later, to be completed

prior to PDR) is to allocate the development specification functions to CPCs;
ref. paragraph 30.2.2a of MIL-STD-1521A.
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Figure 3-3. Development of the CPCI Part I Specification

o The Part I specification development for mission CPCIs is a system
engineering tack, as distinct from software engineering, since its
essentic1 orie.tation is towards system operational functions, in-
cluding human factors.*

¢ The role of software engineering as such in supporting the Part I
specification development consists of verifying design feasibility of
the proposed functional and performance requirements, inputting design
requireménts, and participating in the definitions of Section 4 test
requirements. CPCI-level design required to provide that support is
not documented in the Part I specification, however. Design, timing,
and sizing studies may be documented separately; but their results
should also be directly visible in the computer program development
plan (CPDP), which represents a major end product of software engineering
during this phase.

*System engineering responsibility is the rule for CI development specifica-
tions in general (ref. Appendix B of MIL-STD-881A). However, the predominant
required knowledge may be in a component equipment or software engineering
fie]@}in the case of some items, e.g., for maintenance-diagnostics or
compilers.
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3.3.3 Approval and Functions

The verification of development specifications for completeness, accuracy, and
compliance with requirements does not involve a formal configuration audit as
it does for product (Part II) specifications. Chapter 2 of AFSCM/AFLCM 375-7
outlines the development specification review, approval, authentication, and
baselining procedures for which the procuring activity's CMO is responsible

at the end of a validation phase, including certain contingencies. Formal
delivery of the approved specification is accomplished by the contractor
following in-house specification review, resolution of comments, and receipt
of the program manager's authenticating signature on the cover page. To the
contractor, the specification is effectively baselined for formal configuration
control when it is incorporated ihto his full-scale development contract as a
compliance document.

Criteria for evaluating detailed format and content of a completed Part I CPCI
specification are subjects to be expanded in the Requirements Specification
guidebook. Summarized briefly, major functions of the document to be kept in
mind in the course of both technical and configuration management evaluations
are as follows:

e The Part I specification functions as the procuring activity's key con-
tractual compliance instrument to govern computer program acquisition.
}t is-th§ only Ci-level specification which ever serves that purpose
isee 3.6).

o When written in accordance with format/content instructions, it defines the
eventual product in terms which permit it to be understood and controlled
by managers, engineers, and/or users whe may not be specialists in software
technology.

o It constitutes an explicit statement of detailed data processing needs of
the system upon which the ensuing computer program design, development,
and qualification are based. A significant purpose is to minimize the
need for software engineers to further research and interpret system/user
requirements.

¢ It provides a technical basis for developing support documentation of
manual and man-machine functions related to operation of the CPCI in the
system, e.g., in the form of positional handbooks.

¢ In defining the allocated baseline, it is the Tevel at which configuration
control is maintained over the CPCI throughout the acquisition portions of
its life cycle.
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It is normal to expect that some information will be missing at the time of
initial authentication-and approval. Requiremepts in certain areas are sub-
Ject to resolution during contract negotiations and firm planning for fuil-
scale development, e.g., with respect to definitions of interfacing equipment
characteristics. Various other constraints may "also prevent full completion
of the Part I specification for a complex mission CPCIL in all of its typically
massive detail. Rules to be cbserved im those .cases include the following:

o All missing information should be evaluated for its effect on the conduct,
cost, and schedule of computer program development. The subsequent prépa-
ration of ECPs/SCNs to supply information known to be missing: at the time
of contract award should be "within scope" of the development contract,
and should be scheduled to precede need of the information. by computer
program designers. All missing definitions of interfaces with other

‘equ1pment/computer program CIs should be completed prior to PDR.

o Needs to clar1fy requirements, resolve discrepancies, and add detail to
the Part I specification are typical throughout the development process.
A continuing function of the developer's system engineering effort is to
detect those and correct or expand the specification (via ECP/SCN) when-
ever indicated. Again, this activity should be a part of the planning,
and most of the clarifications should be within scope (see also 4.3.2?.

3.4 COMPUTER PROGRAM PRODUCT SPECIFICATION

The computer program product (Part II, or Type C5) specification is basically
a comprehensive technical description of the developed computer program CI.
As such, it is the principal direct, documentary product of the computer pro-
gram development effort. Unlike the development specification, it does not
have a role as a contractual compliance instrument. Once completed, its
primary function is to provide an accurate and complete source of "as built"
design data for future use by computer programmers in diagnesing problems and
designing changes to the CPCI. 1t is subject to configuration control follow-
ing successful completion of its audit at physical configuration audit (PCA),
primarily to ensure that it will continue to be maintained in an accurate and
current form for those technical uses.

The data item description, DI-E-3120A, is placed on the full-scale development
contract primarily to govern de11very of the comp]eted Part II specification,
(2) in draft form for review prior to PCA, and (b) in approved form following
successful PCA completion. The same DID, modified and so identified by the
"/M" suffix, is cited to cover advance delivery of in-process design documen-
tation to be reviewed at PDR and CDR. In the latter cases, however, prepara-
tion of the CDRL and backup instructions should observe the following rules:
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¢ The delivery of design documentation is specified in a separate CORL
sequence: item for each of the two reviews.

o Each modification statement should specify that format requirements for
the 'product.specification set forth in MIL-STD-483 are not mandatory for
design documentation reviewed at PDR and CDR.

o The modification statement for the POR delivery should cite paragraph
30.2.2 of MIL-STD-1521A for required content coverage of the PDR design
documentation.

e The modification statement for GDR delivery should require content of ‘the
design documentation to include coverage equivalent to all essential con-
tent of Section 3 of the product specification with the exception of
Tistings. (Information for other sections to be later provided in the
Part II specification format is either not pertinent or not available at
the time of CDR.)

Modification of the DID by means of backup ‘instructions is alsc normally re-
quived to govern.delivery of the completed product specification. In addition
to other "tailoring" to individual CPCIs which may be specified by the pro-
curing activity or proposed by the contractor, the DID itself identifies needs
for advance clarification and agreement in two significant areas: (a) the

‘levels of flow charts to be provided in the completed specification; and (b)

the specific form in which source and/or assembly listings are to appear.

4

3.4.1 Content and Development

A completed Part II specification contains descriptive information about the
design and]coding of the CPCI which can be categorized into the following
three levels:

o Overall Design. A technical description of the design of the item as a
whole, including: didentification of computer program components (CPCs),
allocations of functions (from the Part I specification) to CPCs, overall
design of the CPCI data base, storage allocations, timing, sequencing,
control logic, and special features. '

o Detail Design. A description of each CPC, including: interfaces, limi-
tations, data organization, and such flow charts as are necessary and
helpful to understanding the design.
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(] Listings of the coded computer instructions and data content.*

Basic information for the specification content should be developed incremen-
tally, in parallel with successive stages in design and development of the CPCI.
Figure 3-4 depicts an idealized sequence of those stages, the documentation
levels, and their relations to technical design reviews and configuration
audits. Successive activities shown in the chart are not normally discrete,
in the sense that each must be completed before the next begins. Rather, they
typically overlap in time, and some of the work performed initially at earlier
stages is 1ikely to undergo iteration during one or more of the later steps.

‘Generally, however, the steps should have their beginning and end points in

the order indicated. Aspects of the process as a whole which should be under-
stood by configuration manqgers include those summarized below.

' o Technical reviews are accomplished at PDR and CDR on documentation of the

in-process design resulting from preliminary and detail design efforts.

In each case, the documentation normally serves as an interim "specifica-
.t1on"--1nterna11y to the developer--to govern the next stage of the overall
‘development process. At those stages, however: that documentation is not
farmally approved by the procuring act1v1ty, it does not function to define
contractual requirements; and it remains fully under control of the
developer, consistently with his primary contractual responsibility to
meet requirements of the Part I specification. As a practical matter, any
formal controls external to the technical deve]opment activity could
seriously impede the continued development, since alterations and refine-
ments during the subsequent steps of analysis, coding, and developmental
testing tend to be numerous and frequent.

o Preparation of a completed draft Part II specification is a significant task
which should be separately scheduled and accomplished prior to initiating
formal qualification testing (FQT) of the CPCI. The task consists basi-
cally of: revising and augmenting the existing design documentation as
necessary to meet format/content requirements, of DI-E-3120A; providing
listings in approved form; and verifying all parts of the spec1f1cat1on
for accuracy, completeness, and understandability in describing the "as
built" configuration of the CPCI.

*Listings may be furnished as one or more separate appendices to the body of
the specification. However, they are essential and integral parts of the
specification for all purposes of identification, control, and specification
maintenance.
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o The draft of the Part 1l specification should be available in its initially
completed form for inspection at FCA, and should be examined at that time
in order to provide guidance to the contractor for his PCA submittal.

. Configuration control procedures internal to the contractor (i.e., as .
distinct from technical "baseline management”; see 4.5.1) should be initi-
ated upon completion of the draft Part Il and its approval by the contrac-
tor's CCB, prior to the conduct of FQTs. Objectives are to maintain con-
trol and traceability of all error corrections and/or redesigns which
might affect the status of item qualification during the FQT period.
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3 Figure 3-4.: Development of 'the Part II CPCI Specification

3.4.2 Approval and Control

tady

General procedures involved in approval of Type C (Part II) specifications are
described in Chapters 2 and 5 of AFSCM/AFLCM 375-7. While formal approval -
ogcurs nominaily at PCA, it usually entails a number of steps which begin at
the time of FCA and may not end until post-PCA actions are completed.

-
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Contractor delivery.of the draft Part II' for Ai¥ Force specification team
" review: Shouldibe required: hot later than 30 :days prior to..PCA, and should have
been preceded by preliminary. éxamination and guidance .at- FCA (see above) The
major objective: of the audit as a whole is to verify the specification's
adequacy' and.accuracy as..a technical description .of the qualified CPCI config-
uration. In part, that task.can be accomplished in a relatively objective
manner. through comparison .of instruction 1istings contained in the specifica-
, " tion.with 1istings generated from the CPCI, at PCA. Verification of descrip-
: tive information contained in the spe¢ification--i.e., "the prose and flows"
h --typically requires extensive technical analysis which should be accomplished
prior to the PCA data, to fhe degree permitted by the P0's technical resources.*

PCA should normally be conducted as soon as possible after completing CPCI
qualification, However, the latter event may not occur, often, untii some
time after the pre=PCA dejivery data for the draft Part II specification. If
test or other changes occur in the CPCI during that draft review -period,
potential problems. in timing of the specification revisions can be resolved
by procedures along the following lines: .

e Delivery of the CPCI and its first version description document (VDD-1)
-are timed to coincide with delivery of the draft Part II specification,
» * at least 30 days prior to PCA.

i s it

e PCA is conducted on that configuration. Corrections to the draft specifi~-
cation are confined to required improvements in the technical descr1pt1on
resulting from the review, not including any changes 1nsta11ed in subse-
quent test versions of the CPCI.

T G

,1 o The corrected draft is reissued following PCA (e.g., w1th1n 15 days) as
the authenticated specification defining the initial product baseline
configuration of the {tem. ‘

o it Aci U

o Interim changes are processec via ECP and incorporated into the upec1f1ca-
tion through issuance of an initial, post-PCA SCN package to the baselined
specification, ‘ ’ \

T v

*PCA is the event at which the procuring activity formally accepts the CPCI and
its Part IT specification, a5 a matter of p011cy and normal practice. Accep-
tance is not necessarily total and final, since the DD Form 250 provides for

. acceptance with shortages. Unaccomplished tests are included as shortages
(see para. 5-7,c,(13), ? ) of AFSCM/AFLCM 375-7).

v
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The Part II specification continues to function for the remiinder of the CPCI
1ife cyclé .as an "as built"™ technical description, rather than as a specifi- -

~ catbon (requirements document) in thé usual sense.. Once baselined initially, |

it 1s changed only after coding changes to the CPCI have been designed,
developed, and tested--i.e., in effect, fully implemented. This unique char-

acteristic of the computer program. Part II specification is an important fac-

tor in vardous aspects of software configuration management. Its relations to
special practices in the areas of configuration control and status keeping,
and to certain significant discrepancies with established hardware practices,
are discussed further in later sections of this guide.

3.5 OTHER SPECIFICATIONS

The Part I and Part II specifications described above normally apply only to
computer programs that are custom-developed during a given program, including
some which may be developed as significant modifications or expansions to
previously-existing computer programs. As indicated earlier, they apply to
each developmental item designated as a CPCI, regardless of its size or
complexity.

Among the variety of types, subtypes, or forms of specifications identified in

MIL-5-83490, MIL-STD-490, and MIL-STD-483, the only ones that apply to computer

grggﬁmsbi? addition to the Types BS and C5 are the three listed and described
riefly below.

3.5.1 Form 3 Specifications

A Form 3 specification is one specification "form" (as distinguished from
"type") defined in MIL-5-83490. Forms are differentiated on the basis of
their varying degrees of compliance with the format/content instructions for
individual specification types provided in the appendices of MIL-STD-49C
(see Table 3-1). That is:

o Form la refers to specifications which comply fully with the MIL-STD-490
content instructions, including section/paragraph numbers and titles.
Ehe CPCI Part I and Part Il specifications described above are normally

orm Ta.* N

*The use of supplemental instructions in MIL-STD-483, or of modifications via
CDRL backup instructions, does not normally affect the Form la classification.
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e Form 1b permits variations in paragraph numbers and titles, below the
section level.

o Form 2 is basically a specification prepared to comnercial practice, but
complying with supplemental military instructions which are set forth. in
MIL-S-83490; as written, the Form 2 instructions do nct apply to computer
programs.

The Form 3 specification is defined as a specification prepared to the contrac-
tor's commercial practice, without any military controls. Thus, it is poten-
tially applicable to the procurement of existing "off- the-she1f" computer pro-
grams for which the technical documentation is not being developed under the
given system contract; and its use for that purpose may be indicated in some
cases. However, potential problems exist which should be considered and
resolved on a case-by;case'basis. As examples:

o Commercial decumentation is typically inadequate to perform either the
technical or configuration management functions required of specifications
for developmental CPCIs. Relations of documentation ‘to,actual computer
program modules is often such as to prevent -ready identification and
management of the software assemblies as configuration items. Either
(a) planning for -computer program support and control should be restricted
accordingly, or (b) provisions should be made in the procurement for
additional performance ‘and design data to meet the expected needs.

o Questions of data rights should be examined in. the light of anticipated
needs for duplication and/or maintenance of the documentation, taking into
account intended contractor as well as organic responsib111t1es for the
computer program use and support, Special problems may arise if the
deployment phase support needs, for example, are not identified until after
the contractor to the procuring activity has purchased the software and its
documentation from a secondary source.

3.5.2 Inventory Items

IT the system can utilize items which are already in Government inventory, such
items are identified on an inventory item specification, Type C4. This "speci-
fication" consists of a list of the items, together with descriptive material
identifying relevant characteristics and applicable documentation. The speci-
fication is prepared in accordance with Appendix XII of MIL-STD-490 and supple-
mental instructions provided in Appendix V of MIL-STD-483.
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3.5.3 Addendum Specification ' 'ﬁwj‘im@

St e -
An addendum specification is used to describe the configuration of a new con-
figuration item which is similar to an existing item. Its principal purpose

is to reduce the preparation time and bulk of the new specification. Its use
is permissible when all of the following conditions are met:

¢ The new item is a modiFfication of an existing item.
o The existing 'tem is specified fully by a Form la specification.

o It is required to retain the existing item and its specification intact,
for continuing original purposes.

e There is some reason to establish a relationship between the new and
existing items.

The addendum specification is prepared in accordance with instructions in
Appendix IV of MIL-STD-483. It consists of a new specification which refer-
ences the existing specification on a paragraph-by-paragraph basis, noting
changes, additions, and deletions. It references a specific issue cof the
original specification, and from that point on represents a newly-created
configuration item separate and distinct from the original. This practice is
not often desirable, but has proved useful under some circumstances.

If both the "existing" CPCI and the new CPCI for which an addendum specifica-
tion is being contemplated are to be developed ccncurrently for use in the
same system, and are to be later controlled by the same dep]oyment phase
agency, consideration should also be given to the alternative of classifying
the two items as types within a single CPCI (see 2.3 above).

3.6 SUMMARY OF SPECIFICATION ROLES, HARDWARE vs. SOFTWARE

N .

While this guidebook devotes its emphasis to configuration management as it
applies specifiLally to software, needs also exist to draw comparisons in cer-
tain areas with hardware pract1ce In system programs, configuration manage-
ment of software and hardware are frequently combined, more often than not

under the control of personnel whose basic knowledge of the discipline is
derived from hardware experience. Specialists in software configuration manage-
ment are rare; and the military standards frequently fail to clarify how, or
whether, requ1rements in many areas apply to any class of CIs other than

TS p—— I

Y
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equipment. Hence, this section presents a summary comparison- of the two. in
arder to highlight certain fundamental discrepancies in the procurement roles
of CI and CPCI specifications which account for important differences in con-
figuration management emphasis, phasing, and procedures.

The upper half of Figure 3-5 contains a synoptic diagram of the “model" acquisi-
tion process for a weapons system hardware item, together with generalized
curves representing a normally-expected distribution of costs over the system's
life cycle. This model is chosen for comparison because it (i.e., hardware/
weapons system) represents the acquisition environment in which configuration
management evolved, and whose characteristics are reflected throughout the
major configuration management conceots and requirements documented in current
military standards. Points to be considered in the diagrams, and in comparison
with comparable diagrams for software shown in the lower half o¢f the figure,
include those summarized below:

o The system specification performs' functions in the system program as a
whole which are essentially the same for hardware and software CIs. Its
primary function is to pinvide the requirements base from which develop-
ment (Part 1) specificatiuns for CIs and CPCIs are derived, and with which
they must continue to be related.

o PDR is a comparable event for the two classes of CIs. In both cases, it
is an in-process review of CI/assembly-level design, differing appropri-
ately in technical content but not in objectives.

o For hardware, CDR occurs when the CI development as such has been essen-
tially completed. It should normally occur after the comple:ion of
sufficient testing, conducted on prototype or R&D articles of the item,
to provide reasonable :assurance of CI qualification. The primary product
of a successful equipment CDR is the decision to release the design to
fabrication/production--i.e., in the model. case, authorizing the contrac-
tor to implement capabilities needed to produce the item in quantity. CDR
for software is not a comparable event with respect to either relative’
phasing or objectives, in that (for example): the development process is
sti11 essentially in midstream at: the time CPC detail designs are initially
completed;* no testing can occur until coding is accomplished; and questions
of production costs are normally trivial.

*The term "detail design" as applied to both engineering drawings and CPCs is
misleading. The source listings of computer program instructions/data
actually represent the level of computer program design which is analogous
to detail engineering drawings (cf. MIL-STD-480, para. 4.2.1. vs. MIL-STD-
483, para. 14G.8.1).
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Figure 3-5. Hardware vs. Software - Life-Cycle Factors
Significant to Configuration Management.

o PCA is comparable for hardware and software in the sense that it is the
event at which procuring activity acceptance of the article and associ-
ated documents occurs, and at which the Part II specification is estdb-
1ished as the product baseline. Differences in emphasis and procedures
stem from significant differences in intended subsequent functions of the
Part IT specification (see below).
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e For hardware, the major focus of -configuration management as a whole is
typically on control and status: accounting procedures which begin when
the product baseline is established and expand as the production item is
deployed for operational use. This emphasis is consistent with the fact
that costs and manpower associated with produc1ng and supporting the item
in the field typically account for mest of its total costs over the life
cycle. In the production contract, the Part II specification serves as
the primary contractual instrument and, by virtue of that fact, becomes
the direct baseline document against wh1ch ECPs are processed. The
standard ECP itself veflects the expectation that "total impact" of later
changes tends to follow a similar pattern--i.e., tosts of development are
considerad negligible in comparison with impacts on production and logistic
support.

e Curve: of efforts or costs shown in the diagram are highly generalized.
Differences shown in the distributions of effort over full-scale develop-
ment indicate that the computer program development can normally extend
to later in the phase, due to the absence of need for lead time to pro-
duce articles iequired for system DT&E. The principal point of the curves
is to illustrate that major equipment costs of production and logistic
support are generally absent or negligible for software items, in compari-
son. The diagram does not attempt to depict generalized costs for modifi-
cations. For ground electronic systems, operational phase costs for
"software support" are normally significant, but they tend to be pre-
dominantly costs of accomplishing modifications.*

\\ x

o The function of a Part II specification as a technical reference for
diagnosing problems and designing modifications is common to both hard-
ware and software. Considering the normal frequency of computer program
error corrections and other changes,.it represents an essential function
which fully justifies formal configuration: control at the product level
for CPCIs. However, unlike its equipment counterpart: the computer
program Part II is not a "build-to", "produce-to", or "test-to" document;
if placed on contract, it is a reference as opposed to a compliance
document; and, accordingly, it functions in the configuration control
process as an impact item rather than as a controlling instrument.

*The situation 1s slightly overstated, for emphasis. A basic effort is
normally required to support the storage, handling, and operation of
computer programs, including capabilities to diagnose malfunctiens,
which can be regarded as over and above the effort of making changes.
However, existing regulations have not yet attempted to clarify uniform
management and funding distinctions in those &reas, for software.
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o From the point of view of technical and procurement, as well as configura-
tion management considerations, the Part I specification is the major
instrument available to acquisition managers for the control of software,
throughout a system Tife cycle. Thus, as indicated in the diagram, the
relative importance of Part I and Part II specifications tends to be the
reverse, for software, of that which is normally true for hardware.
Implications of this fact are reflected in treatments of configuration
control and status keeping procedures described .n remainirig sections of
this guide. Study of the current military standards will reveal that
they are also reflected in wost of the requirements which have been for-
mulated explicitly for software, but not as yet without some obscurities
and inconsistencies.




SECTION 4. CONFIGURATION CONTROL

Configuration control consists of the formal procedures by which changes to
system and CI configurations are documented, processed, and authorized. In
configuration management, a "change" (or, "engineering change") is really an
alteration to the baselined specification which defines the item's required
--i.e., approved--configuration. Alterations to a specification being pre-
pared but not yet formally approved and accepted by the procuring activity,
or alterations to the physical article itself that do not correspond with
changes to the specification, are not changes.

Thus, the procedures of developing and approving specifications described in
the preceding section are essential prerequisites to the initiation of config-
uration control. The control procedures apply only to the system specification
during the first part of a system program, but their coverage later expands
incrementally as individual CI specifications are completed and successively
baselined at the allocated and product levels.

Steps in the control process are relatively simple, in concept. They involve:
initiating and documenting a change proposal; reviewing and approving or disap-
proving the change; and authorizing the implementation of changes that are
approved. In working applications, they entail uses of standard forms, orga-
nizational roles, and specific procedures which vary in form and complexity -
as a function of the baseline affected, type or class of configuration item,
phase of the program, and other factors.

The guidance in this section is designed to summarize, interrelate, and clarify
the application to computer programs of configuration control standards and
requirements which are to be found principally in the three sources listed
below:

MIL-STD-483 (USAF):

Appendix 11 Intertace tontrol

Appendix XIV Engineering Changes (Computer Programs)
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AFSCM/AFLCM 375-7:

Para. 1-12 System.Eng1neer{n§/Des1gn Integrztion Relationship to
o Conf1gurat1on Management

Para. 1:39. . . App11cat1on of MIL-STD-483 (USAF) Append1xes to CPCIs -

Chapter 3 Configutation Control

MLSToldgo:
Basic Standard
Appendix A Instructions for Preparation of ECP

Other sources relevant to individual topics with which the user should also be
familiar are:

AFSCP 800-3:
‘Chapter 9 Configuration Management
Chapter 15 Interface Management

Chapter 20 Program Office Organization

AFR 800-14, Vol. Il:

Chapter 6 Configuration Management

4.1 ORGANIZATIONAL FACTORS

Within a program office, activities primari1y responsible for matters associ-
ated with configuration control are the. configuration control board (CCB) and
conflgurat1on management office (CMO). System pr1me or assoc1ate contractors,
and normaiiy their major subcontractors, are requneu to have the Tunctional
counterparts of these activities within their management organizations for the
program; names and organizational alignments of fhe contractor activities may
vary, but the functions should be represented.

The prugram office CCB is the management activity which makes all significant
decisions relating to specifications and proposed changes. It is not an
organizational unit as such, but a functional body which convenes periodically
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and/or on demand. 'Members consist basically..ef the chiefs of the P0's organi-
zational units (i.e., engineering, program contrcl, procurement, et al.), plus
répresentatives of the using command, ATC, AFLC, and other organizations
involved in the program. The program manager is officially the CCB chairman
and bears final responsibility for its decisions; i.e., the membership consti-
tutes an advisory, not a voting, body. Current requirements for CCB member-
ship and operations are described in Chapter 9 of AFSCP 800-3; additional
descriptions of actions that can be taken by the CCB on change proposals and
use of the CCB Directive (CCBD) for documenting those actions.are provided in
Chapter 3 .of AFSCM/AFLCM 375-7.

The CMO is the center of responsibility within the PO for administrative and
staff functions associated with configuration management. Its functions in-
clude implementing configuration management policies and procedures, maintain-
1ng configuration.management files for the program, coordinating and monitor=
ing configuration management actions, processing the review and baselining of
specifications, preparing CCB schedules and agendas, and disseminating the
results of CCB actions.

Typical relationships of the CCB and CMO to the program office organization
are depicted in Figure 4-1. Figure 4-2 illustrates one way in which similar
functions may be represented in a contractor's organization for a software
development project.

R
d

A contractor CCB is chaired by the project manager or his designated repre-
sentative, and consists of members representing the principal project staff
and line act1V1t1es Major subcontractors may also be represented on the CCB
of a prime or associate contractor. Functions are to approve specificaticus
and change proposals, internally, and to approve the forwarding of proposed
actions to the customer CCB. Again, it is a board which meets to issue formal
decisions. Those should normally be based on recommendations of the indivi-
dual members derived from their study and coordination of each agenda item in
advance of the meeting.

Functions of the contractor's CMO should be generaily simiiar to those of ihe
program office CMO. The contractor CMO is responsible for:

o The contractor's configuration management plah, which should be prepared
or updated and approved early in the full-scale development phase.

e The preparation and control of documented internal standards/procedures
for configuration management, covering events and processes affecting
all organizational units of the project.
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o Control of'change processing and related internal configuration management
actions; liaison with the program office CMO; and serving as secretariat
to the contractor CCB.

¢ Collecting and maintaining status data, in cooraination with specification/
document submittals and change processing events, and issuing periodic
reports of documentation and change status.

Documented internal procedures should be "tailored" to the individual project
and contractor's project. organization, to the Tevel that requirements and
responsibilities are clearly delineated in relation to individual technical

and staff activities. Several specific topics for such standards are suggested
in other paragraphs of this guidebook, including certain areas in which config-
uration management procedures must be closely coordinated with those in quality
assurance and data management, in particular.

4,2 CHANGE CLASSIFICATION

A11 changes to established baselines are distinguished for purposes of change
processing and control as being either Class I or Class II. In general,
Class T are the more important changes, which must be formally proposed by
the contractor and approved by the procuring activity CCB prior to being
implemented. Class II are the relatively minor changes which can be imple-
mented by the responsible contractor without prior approval, but which must
be reported for procuring activity review and concurrence with their classi-
fication.

Formal definitions of the factors determining classification of computer
program changes are provided in MIL-STD-483, paragraph 140.6. In essence,
they are as follows:

o A change must be classified as Class I if it affects a technical require-
ment contained in the Part I specification, the contract schedule, or

dn () 4n &b D T. £1
costs. Changes to the Part IT specification arc alsc Class I if they

affect the design (excluding listings), and whenever they affect cPCl
performance or external interfaces--i.e., whether or not the latter are
actually specified in the Part I specification, as they should be.

o A1l changes which do not meet the definitions of Class I changes are Class
I1. Examples are editorial changes to correct specification errors, or
to.clarify expressions, and changes in the computer instruction/data
listings (in the Part II specification) to reflect corrections of computer
program errors.
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Questions often arise regarding interpretation of the criteria with respect to
"editorial" corrections, e.g., in clarifying conflicting or ambiguous state-
ments of requirements, and with respect to the meaning or permissible magnitude
of computer program "errors". It is usually necessary to arribe at working
interpretations and establish more specific rules for borderiine cases through
procuring activity/contractor coordination and agreement in each project.

‘ \

It is a frequent misconception that the difference between Class I and Class II
is really a matter of "cost" vs. "no-cost" changes. While it is true that
Class II changes should always be “no-cost"--i.e., impact on costs established
in the contract--the reverse is not true for Class I changes. Compatibility
changes, for example, must be within the scope of existing contract require-
ments by their MIL-STD-480 definition. For computer programs, Class I changes
which expand and refine the requirements of Part I specifications prior to
qualification testing are to be encouraged (cf. 3.3.3 above).

4.3 CLASS I CHANGE PROCESSING

The treatment of configuration control in this section emphasizes control
during the full-scale development phase of a system program. That phase is
assumed to extend beyond the point of PCA for developmental CPCIs to include
a period towards the end of the phase (e.g., through system DT&E) during which
the original developer is responsible for proposing and implementing changes
at both allocated and product baseline levels.

.The full controls in effect at the end of that period are capable of being
extended indefinitely without further expansion of the procedures. However,
organizational responsibilities for both controlling and implementing changes
during the deployment phase will shift at program management responsibility
transfer (PMRT) from the PO and original developer, respectively, to (a) the
supporting command (normally AFLC) and (b) an in-house computer programming
support group. and/or other contractor(s).*

02 DN PR |
S (]
(usually, just pr
cessing activity

£ PCIs towards the end of full.gcale develonment
e conduct of system DT&E), the bulk of change pro-
st of the phase as a whole occurs at the allocated
ontrol expands to include the Part II specification

*Configuration control and engineering responsibility for each system as a
whole are transferred to AFLC. Depending on agreements reached for each
system and documented in the CRISP and 0/S CMP, control of mission CPCIs
may transfer to a using command computer program configuration sub-board
(CPCSB; see Chapter 6 of AFR 800-14, Vol. II?
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at PCA, Class I changes beyond that point continue to be addressed primarily
to the.Part I for reasons outlined in the preceding section (see 3.6).
Briefly: (a) the Part II is a description of the end product, not a require-
ments- document; and (b) changes to the design of a qualified CPCI which do
not -result from changes in required performance should not normally be per-
mitted. Changes in the Part II specification listings to track corrections
of computer program errors (i.e., in essence, failures of the CPCI to fully
qualify) should normaliy be Class II.: .

It is an important factor in control actions during full-scale development,
however, that the technical impact of a given Part I specification change
tends to expand progressively from the outset of the phase, up to and in-
cluding PCA. A change which may affect only the Part I specification itself,
initially, will later -cause redevelopment of the affected computer program
elements to the extent that Successive stages of the overall design/develop-
ment/test sequence have been completed. It is also of concern to configura-
tion managers responsible for tracking the implementation of approved changes
that other maintainable documents enter the process as they are delivered and
approved during the phase, including test documents, handbooks or manuals,
and the version description document as well as_the CPCI and its Part II
specification.

4.3.1 Two-Step Processing

Change processing actions consist largely of handling information which is
contained on or with two standard forms known as the engineering change
proposal (ECP) and specification change notice (SCN).

Standard format for the ECP is prescribed and illustrated in MIL-STD-480.

The form consists of six separate pages, designated as DD Forms 1692 through
1692-5. Although designed basically for proposed changes to equipment, it is
also the only existing form which is approved for use by contractors in pro-
posing changes to the system or software specifications. Instructions for
appropriate modification and use of the form are provided, however: (a) in
MIL-STD-480 and MIL-STD-483, Appendix-XIII, for the system specification; and
(b) in Appendix XIV of MIL-STD-483 for computer program changes. In the
latter case, only the first two pages of the form (i.e., DD Forms 1692 and
1692-1) are used,

Standard format and instructions for preparation of the SCN are provided in
MIL-STD-490. The SCN is normally used as a cover sheet to a set of specifi-
cation change pages containing exact changes to the affected paragraphs.
Format and uses of the SCN in relation to procedures of computer program
document maintenance are discussed further in the next section. Roles of the
SCN in processing ECPs are amplified below.
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In the traditional model of change processing derived from equipment practice,
the two forms are prepared, submitted, reviewed, and approved or disapproved
together as parts of a single "ECP package", which consists principally of the
formal ECP plus one SCN for each affected specification. Approval of the
proposed change by the procuring activity CCB results in incorporating the
specification revisions into the contract, thus authorizing the contractor to
alter his further development -or production of the item in accordance with
the new requirements. The established assumption is that the cost of devel-
oping the specification changes as such is negligible in comparison with the
subsequent costs of implementing the change--which it typically is, in the
equipment environment. :

"Two-step" processing of Class. I changes to computer programs refers to the
practice of submitting a given ECP in two 'sequential steps, first as a formal
ECP which is not accompanied by the SCN to an affected specification and sub-
sequently as a revised ECP to accompany the compieted SCN. Procuring activity
approval also occurs ‘in two. steps, in that: (a) approval of the formal ECP
results in authorizing the contractor to expend the effort reaquired to

develop the specification revisions; and (bg approval of the revised ECP is
contingent upon approval of the completed SCN.

General requirements pertaining to two-step processing are stated in paragraph
140.6.3 of MIL-STD-483. The intent of the procedures is to recognize that
development of the SCN itself can be an. important portion of the total cost
of implementing some computer program changes. The rules for relating SCNs
for different specifications to ECPs are summarized below to illustrate how
the procedure should apply in accordance with that intent.*

e System Specification. A proposed change to the computer program Part I
specification may necessitate a change to the system specification. In
that case, the formal ECP must always be accompanied by an SCN to the
system specification at the time of its initial submittal.

e Part I Specification - Minor Changes. SCNs covering proposed change
pages to the Part I specification should accompany ECPs prepared to
accomplish expansions or refinements (i.e., eliminating "TBDs" or
other areas of inadequacy within the original intent; cf. 3.3.3 abovej.
SCNs should also accompany submittal of the formal ECP at all other
times when the information is needed in that form to support CCB
decision and when cost of their preparation is not substantial.

*The "SCN" as discussed here refers to the cover of a complete package of
change pages to the specificaticn, in a form suitable for distribution to
update the specification. The nature of the change, and identified effects
of the change on parts of each specification, must be described in the
formal ECP itself, whether or not accompanied by the SCN.
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¢ Part 1 Specification - Major Changes. Two-step processing applies to the
Part I when the preparation ot the specification change pages represents
a significant portion of the total effort of implementing the change, and
when the nature of the change can be described adequately to support CCB
decision in the ECP itself. .Examples are the addition or deletion of
significant required: capabjlities of the CPCI, which may entail extensive
system engineering analysis and result in changes to many pages of the
specification.

o Part II Specification. SCNs to the Part II do not occur until after PCA.
Although they should normally result from ECPs addressing both parts, the
possibility does exist that ECPs may be processed against the Part II
only. In either case, the formal ECP is not accompanied by an SCN when
initially submitted. Two-step submittal always applies, since the :comple-
tion of changes to the Part II specification (as built) represents the
end-point of implementing any computer program change.

Thus, two-step processing may apply to the Part I specification alone at any
time during full-scale development prior to PCA. It may also apply to the
Part I after PCA, depending on the given change, and it always applies to the
Part II. Figure 4-3 i1lustrates the general sequence and elements of the
process for the "maximum" case of a change (a) which affects everything
related to the CPCI, and (b) for which implementation is to be completed after
PCA.* The diagram is highly simplified with respect to certain factors men-
tioned in the following comments:

¢ In this example, the formal ECP is not accompanied by an SCN to either
part of the CPCI specification. It must be accompanied at the outset
by an SCN to the system or a system segment specification, however, if
one of those is affected.

o The diagram of a two-step change completed prior to PCA would eliminate
the middle band of events (i.e., "middle" from top to bottom) as a
visible part of the change activity, together with those impact documents
represented in the lower band that are not yet delivered. Typically, the

*Those can include some changes which were actuaiiy initiated well in advance
of PCA. As the PCA date approaches, schedules for ECP implementation must
be examined and adjusted to avoid conflict with the pre-PCA period required
for draft Part Il specification review. A "cutoff" date may have to be
established prior to the draft Part 11 delivery, such that changes to be
implemented after that date are nominally processed as post-PCA changes.

See 3.4.2 above.
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CPCI test plan and procedures are affected by, and ma1ntamed to reflect,
all such Part I-only changes so that their-presence in the initial version
of the CPCI ¢an be verified during qualification tests.

o Class I changes affecting the Part II spec1f1cation only are possible In
those cases, events shown for the Part I specification, and for unaffected
impact documents are naturally eliminated.

o A second (revised) ECP is prepared to accompany delivery of SCNs to the
CPCI specification. In the usual case, the SCNs and other products shown
at the far right in the diagram are likely to be completed and deliverad
for review and approval over some distributed period of time, rather than
simultaneously.

e As this diagram may suggest, the computer program change process as a whole
tends to constitute a repetition of the original, total development cycle,
in greater or less degree depending on magnitude of the change.

PROCURING ACTIVITY- .
APPROVE APPROVE

CONTRACTOR ‘ L |
FORMAL DEVELOP EXACY REVISED PART I
PREPARATION I g oo™ PART 1 SPEC ECP; F———®=1 CHANGE
CHANGES scus‘_l PACKAGE
PART I1
—  CHANGE
PACKAGE
¢Pel
o»|  DESIGN/CODE/TEST CHANGE; | »-{ VERSION
REVISE PART 11 SPEC : X
Le{ VOD-X
.| REVISE IMPACT DOCUMENTS || DATA
1 (HANDBOOKS, MANUALS, PLANS) REVISIONS
<t—— PREPAPATION »>| IMPLEMENTATION ———-—-—->|<-—oxsmsunon —

Figure 4-3, Synoptic Diagram of Two-Step Processing. The diagram illus~
trates the case of an ECP which affects all delivered items, following PCA.
Typical differences in relative timing of SCNs and other change impact
products are not shown.
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4.3.2 Preparation of ECPs

It is an underlying premise at the time of a system contract award that the
contractor will perform services and deliver products exactly as specified
(i.e., "nothing less and nothing more"). In practice, events always occur
during the period of an .extended deve1opm¢nt cycle to alter the procuring
activity's requirements, or the contractor's ability to meet the original
requirements, or some combination of those. From that point of view, config-
uration control provides a mechanism to deal flexibly with those events as
they occur and at the same time to preserve the spirit of the basic premise.
Applied in proper coordination with. engincering and other support management

"functions (notably, program control and procurement), the controls permit

contractor performance to be judged against contractually-specified technical
requirements, schedules, and costs which are kept up to date throughout the
development period.

The need for a change to the approved configuration of a given CPCI may be
identified originally by sources within the Air Force, by the responsible
contractor, or by other contractors. Whatever the original source, however,
an essential first step in the change processing cycle is the preparation of
a formal ECP by the responsible contractor. Figure 4-4 illustrates the two
pages of the standard' ECP form used for that purpose. Blocks crossed out on
Page 1 are "not applicable" to computer programs. Other blocks are to be
completed in accordancé with, instructions provided jointly in MIL-STD-480 and
MIL-STD-483; using. continuation sheets attached to the standard form when
additional space is need»d The general nature of information called for in
the body of the furm i$ ‘summarized briefly as follows:

o Identification of -affected specifications, including the computer program
functions, CPCs, and specification paragraphs affected by the proposed
change.

¢ A description of ‘the ¢hange, to:a level of detail adequate for CCB deci-
sion, referencing the- SCN?J) wher provided with the ECP.

¢ A justification for the chanqe, in terms of the problem
new capam Tity to-de provmeu, lelcwnung aivectives o
documents..

o A summary of alternative solutions considered, referencing trade studies
and reports.
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e Identification of required tasks and schedules for accomplishing, as
applicable to the given change: (a) analysis and preparation of changes
to the Part T specification; (b) redesign, coding and testing of changes
to the CPCI; (¢) preparation of Part II specification changes and a new
version aescription document; and (d) revisions of other maintainable
documents impacted by the change.

o Identification of impacts of the proposed change ou other systems or
configuration items, and on personnel or other factors affecting the

system program.

o A dollar estimate of the effect on contract costs if the change is
approved.

Detailed instructions for most of the information indicated above are provided
in Appendix XIV of MIL-STD-483. Those instructions are written in the form
of a supplement to MIL-STD-480, however--i.c., requiring the user to consult
the latter for instructions and related general rules which are not specifi-
cally modified or replaced in MIL-STD-483. Because of the variable inter-
pretations that can be made of that distributed source material, in addition
to itc awkward arrangement for software users, this is a topic (among others;
cf. 4.1 above) which the contractor's configuration manager should address
and consolidate into one, self-contained internal procedures directive for
uniform use by project personnel responsible for preparing ECPs.

Further expansion and tailorirng of the source instructions is needed for soft-
ware applications in general as well as for each project. As examples, rules
in the following areas should be examined, clarified; and applied based on
c&grdination with (and, where indicated, direction by) the procuring activity
CMO:

o ECP Justification Codes. Policies for the use of justitication codes in
the given program should be astablished by the program office CMO and
provided to the contractor. In gereral, software charges are confined to
those in the first two categories listed i paragraph 4.3 of MIl -STD-480,
i.e., correction of deficiepcy and operational/legistic sunport. Cost
reduction changes are conceivable, but rare. Produc*tion stoppage does not
apply, except that the sevparate record-cniy code applies tc «11 EGPs when
so indicated by the contracting metiod.

o ECP Types. Preliminary (Type P) Ef  apply to computer programs in the
manner stated in MIL-STD-480. In auuition, use of a revised type (Type
R) is recommended frr thase revisions which are issued to accompany the
submittal of SCNs authorized by previously-approved formal ECPs when
two-step processing applies. Such a revised type of ECP also carries the
normal designation of a revision as required in Block 5f of the ECP form.
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e Related ECPs. Related engineering changes occur when the proposed change
to one CI (the basic change) requires changes to other items for purposes
of compatibility. In those cases, a separate tCP is prepared for each
affected CI and cross-references are made in or with all of the ECPs to
jdentify the relationship, whether within or across contractors. Require-
ments set forth in paragraphs 4.8.3 and 4.8.4 of MIL-STD-480 apply to
computer program and -equipment CIs, both jointly and separately, although
the basic ECP is not often addressed to a computer program item when both
are involved. In this area, one particular need is to clarify coordina-
tion requirements across contractors for purposes of related ECP status
reporting (see 5.3).

Internal directives prepared by the contractor's CMO should cover organizational
responsibilities and procedures, as well as content requirements, for ECP prep-
aration. Examples of sinternal preparation procedures are illustrated in
Figures 4-5 and 4-6, using as a model the contractor project organization out-
1ined previously in Figure 4-2. The examples are chosen to illustrate how the
preparation might occur (a) for within-scope changes to the Part I specifica-
tior which are, in effect, completely implemented at the time of ECP submittal,
and (b) the more complex changes for which significant further implementation
effort depends on procuring activity CCB approval of the ECP. The two examples
also tend to be typical of "no-cost" vs. "cost" changes, although that distinc-
tion does not necessarily hold in all cases.*

In the first example (Figure 4-5), the typical circumstance is when a Class I
change is being prepared to add previously missing or incomplete information,
e.g., eliminating "TBDs" for detailed definitions of certain inputs, outputs,
processing requirements, or external irterfaces. Completion of the SCN to the
Part I specification, througk system engineering effort previously budgeted
for the purpose, is the event which triggers preparation of the ECP. Hence,
in this case: the SCN accompanies the ECP;-the change is completely imple-
mented when the SCN is approved and distributed; and, by virtue of the latter
fact, the ECP entails no estimation of costs. 1t should generally be true of
such changes that they do not alter requirements in ways which make it neces-
sary to undo and repeat steps already taken in computer program design and
development; rather, they supply details and clarifications which supnort the
development process.

»
x

*TCost™ vs. "no-cost" is distinguished specifically by the presence or absence
of a dollar amount in Block 21 of the formal ECP, identifyinyg estimated
effects on contract cost if the proposed change is approved.
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‘figure 4-5. Initiation and Preparation of ECPs Proposing Within-Scope
Expansions of the CPCI Part I Specification (see text).

Procedures illustrated in the second example (Figure 4-6) apply to Class I
cinanges which add to or alter previously-defined requirements in the baselined
specitication and call for contractor implementing efforts to be ipitiated, or
not, as a result of actions taken by the program office CCB. In C3 systems,
such changes affecting the mission CPCIs stem from various sources and, in the
aggregate, tend to be numerous.. They include changes to the CPCI configura-
tion resulting from system specification changes to accommodate new or revised
interfaces with other systems, changing operational requirements of the using
command, and other needs for capabilities not covered in the initial program.
They may also include changes for which needs are identified initially by the
contractor or other participants as a result of analysis and testing accom-
plished during the program.*

*This guide does not attempt to address the many contingencies which can arise
when the Part I specification is missing or grossly inadequate, although such
cases are all too frequent. The standards do noi provide for orderly configu-
ration control, nor for acquisition management of computer programs in many
related areas, under those circumstances.
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Figure 4-6. Initiation and Preparation of & Class I Change Proposal
Involving Subsequent Implementation Effort (see text).

The preceding Figure 4-6 indicates that the preparation process is initiated
by PO direction, which should normally be true whether the need is identified
originally in-house or by the contractor. If originated by the contractor,
the period shown would have been preceded by a preliminary ECP (Type P) and/or
other advance coordination leading to the PO direction. This diagram as a
whole represents an expansion of the "Preparation" portion of the earlier
Figure 4-3, illustrating two-step processing. SCNs will accompany the ECP or
be submitted later in accordance with the rules summarized for two-step pro-
cessing in 4.3.1 above.

4.3.3 Program Office CCB Actions

In its role as secretariat to the CCB, the program office CMO receives and pro-
cesses ECP packages submitted by contractors. The ECPs are scheduled for re-
view in accordance with formal agendas prepared and distributed by the CMO

in advance of CCB meetir ... The CMO also initiates and maintains a status log
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or report for each ECP, which begins with the ddie of receipt from the contrac-
tor and continues until all suspense dates associated with the ECP have been
satisfied by appropriate action.

et e e e Wi S g

Formal review. of each ECP by the CCB results in one of the following four
actions:

a. The ECP is approved as written.
b. The ECP is disapproved.
c. The ECP is approved with specific changes.

d. Action is deferred, either for further investigation as directed
by the CCB or for resolution by higher headquarters.

The action taken is recorded, together with other information relating to the
ECP, on a CCB Directive (CCBD) prepared by the CMO for signature by the CCB
chairman. The CCBD itself receives in-house distribution only, as the docu-
ment which provides direction to elements of the program office regarding
further actions to be taken on the given ECP. It includes specific require-
ments to be observed by the contracting officer in preparing and issuing
notification of contractual coverage of the ECP to the contractor.

4.4 CLASS II CHANGES

It was indicated earlier that the changes dealt with in configuration manage-
ment consist most directly of alterations to baselined specifications. That
principle is true for all changes to computer programs, whether classified as
Class I or Class II. The difference between the two classes is a matter of
established definitions relating to the importance of the change, such that
Class II changes are those which do not really alter the intent and scope of
technical requirements, or impact contract schedule or costs. Hence, they

are changes which can be accomplished by the contractor without asking advance
approval by the procuring activity.

However, each Class II change has to be reported for information and concur
rence with its classification. Non-concurrence can result in direction to
remove the change and to reclassify it as a change subject to Class I pro-
cessing and approval before being restored.
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Class II changes can be reported on the $tandard ECP form (using only Page 1)
or on a contractor's own form. In the latter case, the form must contain
minimum information specified in MIL-STD-480 (paragraph 4.6.2), consisting of
identification of the affected item and part, description of the change, justi-
fication, and contract number. Forms similar to that illustrated in Figure 4-7
have often been used for reporting Class II changes to computer programs. In
this guidebook, that document is referred to as a "Class II Change Report (CR)"
rather than as a "Class II ECP", since it is in fact a report, not a proposal.
Use of the "CR" designation also permits ready distinction with ECPs (always
Class I, herein) when the two types of document are listed together in status
reports.

Requirements pertaining to Class II changes contained in the configuration
management standards tend to be scattered and limited, particularly for compu-
ter programs. As in other areas, this is a topic which merits specific cover-
age in the contractor's configuration management plan and internal procedures,
based on clear understanding and approval by the program office CMO. The
following Tist outlines the nature of policies and procedures to be considered
and clarified for application in each program, taking into account necessary
relations of Class II change processing with other aspects of software config-
uration management,

e Each Class II CR is addressed to either the Part I or the Part II of a
CPCI specification, but never to both. A change which affects any other
delivered, maintainable document must be proposed and processed as a
Class I change. In general, the total impact of a CR must be confined
to the given Part I or Part II specification addressed.

o SCNs to the affected specification are not normally issued for the sole
purpose of incorporating Class II changes. As a rule, Class II changes
are included in SCNs issued to incorporate Class I changes, and a separate
CR is also included with the ECP package to identify each Class II change
accomplished since the preceding issue of an SCN to that specification or
volume. Thus, a given ECP package may consist of one ECP, some number
obeCNs {see 5.1.3), and some additional number of CRs at the time of its
submittal.

e CRs, as well as the ECP, are identified by numbers and titles on each
SCN affected. Thus, after approved SCNs are distributed and inserted
into copies of the specification, each copy contains a record of both
Class I and Class II chauges incorporated in the given issue.
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Figure 4-7. Sample Contractor's Form for the Class Il Change Report (CR).

A continuing record of all CRs issued against the Part I specification is
included in Section I of the computer program configuration index (see
5.2), in the form of a listing which identifies each CR by number and
title, together with number and issue date of the affected SCN. Following
PCA, a similar record is maintained for all CRs to the Part II specifica-
tion, in Section II of the index.

Class II changes to the baselined Part II specification include, as one
prominent subclass, changes to the listings to reflect computer program
error corrections. The version description document issued to accompany
each version or interim version of the CPCI (following the initial version;
see 5.4.3) must identify all such Class II changes installed in the CPCI
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since the preceding version, by CR number, title, and issue date. A
continuing record of these CRs is also mainta1ned for all past issues
of the version description document in Section VI of the configuration
index.*

4.5 RELATED CONTROLS

This section addresses topics related to configuration control which have

proved to be subjects of frequent questions and occasional misconceptions. In

this guidebook, as in the military standards, the treatment of software config-
uration management emphasizes formal controls and tasks in which configuration
managers and centralized CCBs are directly responsible. Attention is focused
on the completion, control, and status of baselined specifications. Some of
the questions relate to the absence of procedures for controlling design docu-
ments, 1istings, and tapes or card decks. Others relate to the absence of
requirements in certain areas which are familiar in hardware configuration
management. As suggested 1n the comments be1ow, the reasons for the missing
coverage in the standards (and elsewhere in this guide) are varied.

4.5.1 Baseline Management as a Technical Tool

The general point has been made in preceding sections that configuration manage-
ment expands in discrete steps as specifications are completed and baselined
successively at the functional, allocated, and product levels. Prior to each
of those steps, however, the techn1ca1 documentat1on which leads to the com-
pleted specification typically evolves through many levels, forms, and iter-
ations during the course of its development. In situations where the given
system or CI specification deveiopment requires many analysts/designers,

working concurrently on separate portions of the total task, some engineering
managers have adopted the generalized techniques of baseline management as

their own set of tools for exercising systematic control over that procéss.

*In practice, the process of error analysis, correction, instaliation, and
testing occurs first in the CPCI. The Part II specification update occurs
"after the fact" to record those corrections judged to be acceptable.
Although many such corrections to the code may be small, systematic measures
to assure that they are contreiied and recorded are esseniial, Since a 1038
of visibility at that level can easily result in the familiar phenomenon of
a CPCI gradually losing any known relationship, over time, with its specifi-
cation.
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As applied in that framework, specifically: the initially approved design at
each level is documented; each proposed expansion, refinement, -or other altera-
tion is examined for its impact; the working documents are altered to reflect
all -approved refinements; the current status of approved design is made known
to all affected participants; and records may be kept to provide an "audit
trail" as the design evolves. The alteraticns are 1ikely to occur on an

active and continuing basis as design information is developed and added at
successively more detailed levels. Thus, the concept of a "progressively
expanding baseline" has been derived from this application of baseline manage-
ment procedures in the engineering management context.

During early stages of a CPCI development, the developer should implement those
or similar procedures to control the ‘design documentation prepared for review

at PDR and CDR; later, they should be extended to include the listings. Related
techniques, including the use of automated support tools and other "library
controls" (see MIL-S-52779, para. 3.2.5), can be employed to control and account

for elements of computer program code as those are generated and refined through
“successive Tlevels of develonmental testing.

Use of the label "configuration management" for techniques devised for those
purposes is not infrequent; and it represents one source of potential confusion
to software managers who become involved in military system programs. The con-
fusion is .not easy to dispel, since: such measures do constitute management
controls; they are in fact dealing with the item's configuration; and, there
are indeed some aspects of the controls which should also involve the configu-
ration manager. From the point of view of distinctions established among Air
Force acquisition management disciplines, however, the principal consideration
is the fact that primary control of the process, up to the point of initial
specification completion, must remain with the technical managers--consistently
with their responsibility to develop an end product (the CPCI) which meets
specified requirements of its Part I specification. At the same time, surveil-
Tance and support of their methods should also be furnished by others. As
examples:

o The developer's quality assurance manager is responsible for assuring
that controls in the areas in question are deveioped, internally docu-
mented, and implemented. While the specific techniques are not currently
spelled out in any standards, requirements for the contractor to meet
those objectives are included in MIL-S-52779 (AD).

o The configuration manager should provide and monitor the observance of
internal standards in such areas as identification numbers and markings
(2.4), specification requirements, and maintenance of design documents
to incorporate approved changes to the Part I specification. Again,
specific procedures are largely at the contractor's option.

73




4.53é Engineering Release Systems

Requirements for engineering release records to assure that proper relationships
are maintained between engineering data and manufactured CIs are covered in
Appendix X of MIL-STD-483. Statements are made therein (and elsewhere; cf.
AFSCM/AFLCM 375-7, paragraph 1-39,j) that the specific requirements set forth
for hardware do not apply to CPCls, but that computer program contractors

should implement procedurss to comply with the "intent and objectives".

AFR 800-14 (Vol. II, paragraph 6-6,c) suggests that the procedures apply to
development as well as to production, and states that they should.be "tailored
to cover all CPCI documentation". '

No clarifications are provided in any known source, however, to identify what
the analogous procedures might actually consist of, for software. The objec-
tives themselves are subject to varied interpretations because of their
apparent orientation towards product-level controls/records associated with
hardware manufacturing., Hence, in the absence of a better understanding of
what kinds of actions software ‘contractors should take to comply, it is the
summary recommendation of this .guidebook that program managers regard the
engineering release system requirements as "not applicable” to software.
Pertinent considerations include the following:

¢ Engineering release systems involve internal contractor controls over
engineering drawings, together with records of drawing numbers, part:
numbers, effectivities, etc. which relate basic requirements and
engineering changes to production units of a CI. The importance of
such systems stems from the significant role of the Part II specifica-
tion (largely, engineering drawings) in governing the production pro-
cesi, and from the key importance of production in the CI acquisition
cycle,

o The question of what objectives are analogous to those in software is
subject to some debate, since: a computer program Part II specification
does not have that role in'governing CPCI "production" (tape/disc dupli-
cation); nor does the latter process have comparable significance as a
portion of the overall CPCI acquisition (see 3.6).

o Study of Appendix X suggests that some of the procedures are related to
document controls, tape or card deck controls, and record-keeping prac-
tices for which software requirements are recognized under labels other
than "engineering release". Examples are: controls and records of
changes to design documents reviewed at POR and CDR (see 4.5.1 above};
and certain functions served by document numbering practices, the
configuration index, and the version description document as discussed
in the next section (5.0), The latter is the area which perhaps
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furnishes the most direct analogies to engineering release, since it
includes records which maintain relationships, after PCA, among basic
specification requirements, changes, other documents, and numbered
versions of the CPCI. However, program managers will probably find it
advisable to continue to handle those -and similar areas on their own
merits for software, disregarding whether analogies can be drawn with
the hardware engineering release practices.

4.6 INTERFACE CONTROL

-

Interface control is primarily a system engineering/design integration, rather
than a configuration management, function. Its objectives are to .assure that
hardware and software elements being supplied by different participating

sources will fit and function effectively together when assembied into the
complete system. Hence, the tasks of identifying and defining interfaces,

Tike those of generating spec1ficat1ons” are basically_technical. Conf1gurat1on
management activities associated with interface controi inciude providing
standards, procedures, and administratiive support to ensure that interface
agreements arrived at through technical analysis and coordination are properly
reflected in baselined specifications.

Currently-available guidance and requirements pertaining to technical as well
as other aspects of interface control are largely limited, however, to cover-
age provided in the configuration management standards. Familiarity with
information contained in the sources identified below is essential to an
understanding of the policies and procedures as they apply both at the general
level and specifically to softwere:

AFSCM/AFLCM 375-7:

1-12 Systems Engineering/Design Integration Relationships to
Configuration Management.
1-39,b Interface Control.
MIL-STD-483:

Appendix II Interface Control.
60.4.3.1.1 Paragraph 3.1.1 Interface Requirements
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4.6.1 General Concepts and Responsibilities

Interface control procedures in system programs are generally limited to inter-
faces at; and above, the CI level. They do not cover the control of interfaces
internal to a CI, since that represents an integral part of the (single) con-
tractor's engineering management responsibility for the Ci's technical develop-
ment. Further, as dealt with in the standards, the major emphasis is on inter-
faces involving séparate contractors and/or Government agencies. Basically,
the process ronsists of establishing and maintaining technical agreements

among the different organizations responsible for interfacing systems and
system elements. ,

In this contéxt, an "interface" is a common boundary bétween two items. From
the point of view of either side of the boundary, the interface implies a
source of requirements and/or constraints on the configuration of the given
item. Hence, when recognized and taken into account, it determines ¢ne part
of the configuration defined, or to be defined, in each item's specification.
An interface is "identificd" when it is determined that a common boundary.
exists. It dis "defined" when the functional and physical characteristics can
be appropriately specified (or referenced) in the affected specifications.

Hence, interfaces are defined at different levels, corresponding with the

levels of uniform specifications. Specifically: (a) they may be .defined in
functional terms at the system, segment, and CI (allocated baseiine) Tevels,
with successively increasing completeness and detail; and in addition, they
may be further defined at the product level, for equipment CIs, in terms of
physical dimensions, electrical or chemical etc. properties, and tolerances.

Requirements for interface control activities outlined in MIL-STD-483 apply
primarily to the full-scale development phase. Interfaces analyzed and docu-
mented in the specifications prior to that time serve as technical criteria to
be observed by those involved in the develupment phase interface control
effort. Typically, the definitions existing at the end of the validation

phase are incomplete with respect to matters of design apprcaches and responsi-
bilities to be resolved or determined during negotiations for the full-scale
development; and in addition, they require further definitions at lower levels
as the design of individual CIs evolves. The latter is an important and con-
tinuing activity for equipment interfaces, in particular. Installation
control--referring to equipment/facility interfaces with respect to space,
locations, environment, etc.--is also a part of the interface control activities.
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Interface control in a large and complex system program is accomplished by -an
interface control working group (ICWG) composed of members representing each
contractor and Government agency involved in the program. Prime responsibility
for managing, chairing, and providing administrative support to the ICWG is
assigned to an interface control contractor. Other members have collateral
responsibilities for defining and controlling inturfaces affecting their system
segments, CIs, or interfacing systems. The basic activity consists of arriving
at technical 1nterface deéfinitions, documenting those in the form of interface
control drawings (ICDs}, 1mp]ement1ng controls, and maintaining records of ICD
actions.

Configuration control actions ‘as such occur when the ICWG completes and approves
individual ICDs. Affected contractors prepare coordinated ECPs and process
those through the 'system CCB to incorporate the interface definitions into base-
lined specifications. For equipment CIs, they are normally incorporated by
reference, rather than dirvectiy; hence, the ICDs themselves are then used in
conjunction with the specifications. together with other engineering and facil-
ity construction drawings, to control the design and subsequent integration of
the CIs.

Program office pianning for interface countrui umsi be accompiished during the
validation phase to a Tevel which makes it possible to clearly delineate, in
development phase RFPs and statements of work, the gpproach to be taken and
the specific responsibilities of each participant. Requirements must be
tailored to the contractor3structure, complexity of the system, and complexity
of interfaces with other C” systems. Taking those factors into account, RFPs
should identify plans for establishing the ICWG, describe its functions and
composition, identify the interface control contractor, and define the scope
of interfaces to be controlled at that level. Separate ICWGs beiow the system
level are appropriate when the program involves associate contractors respon-
sible for major system segments. Specific planning for those, as well as for
participation in the system ICWG, should be included in system engineering and
configuration management portions of the associates' proposals.

4.6.2 Documentation and Control of Software Interfaces

ICDs may be prepared in many forms, depending on the type of interface type of
CIs involved, and the level of interface identification or definition required.
For computer program interfaces (and others of a functional nature), they may
take the form of "book-form" drawings. Such drawings are requived to bear
minimum information for identification and control purposes--such as drawing
‘number, revision level, and date--but their format and content are not other-
wise constrained, Hence. when TCNe invnlving combuter programs ave found to
be necessary for ICWG uses, their content can be prepared in a form suitable
for direct incorporation into the CPCI Part I specificaticn--i.e., complying
with content requirements set forth in Appendix VI of MIL-STD-483 for the
interface requirements paragraph, 3.1.1.
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Interface control involving computer programs should be included in the ICWG
activities to the extent necessary to establish and maintain compatibility
with other elements of the system as :a whole. However, that involvement should
be generally much more limited in scope than it typically is for equipment
items and facilities, for such reasons as the following:

o A1l external interfaces of a CPCI with other items must be specified at
the Part I specification level, or higher. This requirement stems basically
from the fact that computer program external interfaces represent functional,
rather than physical, characteristics--both for the given CPCI and for the
interfacing other items *

e For computer programs, interface definitions may not be incorporated into
the Part I specifications by reference to ICDs. It is possible that agree-
ments on some previously-undefined interfaces may be-arivived at through
ICWG efforts at an early stage of the development phase and documented in
the form of ICDs. When that happens, however, FCPs/SCNs should be prepared
tc incorporate the contents directly into the specifications, normally by
PDR, for subsequent contro?! by the CCB. Later needs for ICWG uses of the
information in the specific form of ICDs should be minimal.**

It tends to be typical that the most prominent interfaces of computer programs
with other system elements, both hardware and scftware, are messages. And in
some ways, messages vepresent a unique type of interface. A single message
may contain elements which constitute intarfaces, for a given CPCI, with both
equipment (e.g., communications) and other CPCIs; and further, the interfacing
software items are often remotely located in space and in time. Remoteness in

*The functional vs. physical distinction is less meaningful for computer pro-
grams than for equipment, especially when the computer programs are considered
in isolation. One key to the logic in this context, however, is the fact that
any equipment/computer program interface is limited to functional characteris-
tics which nave to be specified at the Part I specification level on the
equipment side. For example, if the equipment processing capacities and
speeds, etc. are known, such product-level properties as dimensions, construc-
tion, and materials are of no additional consequence to a CPCI deve1oper

**:xcept1ons have occurred when the Part I specifications were inadequate or

lhhadaww dlbipmma Atiamimmdbawmann Il + -
wissing. Under those circumstances, ICDs have besn gencrcted and usced at

later stages as one device to help overcome the resu1t1ng problems encountered
during installation and testing.
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space, fgr example,. is typical when the messages are exchanged between inter-
facing C° systems. Remote interfaces with respect to both space and time exist
when recorded output data -from one CPCI are later processed by another CPCI
operating in a different computer. It is of some interest that, in contrast,
remote interfaces are not normally recognized in conventional hardware prac-
tice as being a practical possibility--i.e., for working purposes, interfaces
exist only at points of physical contact; yet that happens to be the class of
interface characteristics which is often of predominant concern to activities
involved in the identification and control of software interfaces.

To be adequate, detailed definitions of message interfaces must be provided at
the bit/byte level, including the specification of such characteristics as
format, lengths, data content and definitions, parity and/or redundancy,
timing, and control. Once so defined, lower-lavel definitions are not needed,
for purposes of guiding or constraining the CPCI developer.

As regards the praciice of not specitying CPCI intertaces by reference to ICUs,
it is significant that all message interfaces are also CPCI inputs and outputs,
and that definitions of the latter represent essential and major portions of
any CPCI's Part I specification content. The specification of interfaces,
inputs, outputs, and related data base items "by reference" is permissible,
internally to the specification itself. That is a device which should normaily
be employed in order to reduce redundancy and promote consistency of content
across portions of the specification concerned with those elements. The impor-
tant points to consider are that: (a) all of the information that might be
also be documented con ICDs is required to be contained in the specification for
other purposes; and (b) if the information does exist separately on ICDs,
problems of maintaining the necessary consistency may be increased.

In addition to remote messages, other types of software interfaces to be
examined and defined include: (a) with hardware, relevant functional cnarac-
teristics of the computer, peripherals, and display/control consoles; and (b)
functional and format characteristics of other software operating in the same
computer. For a given CPCI, the existence and general nature of its inter-
faces with all other hardware and software items should be identified in the
first interface subparagraph (3.1.1.1) of its Part I specification, preferably
in the form of a schematic block diagraim. Requirements for the detailed
interface definitions statdd in MIL-STD-483 (for subparagraph 3.1.1.2) vary

as a function of each interfacing item's status as well as its nature. That

.
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In many cases, the interfacing item already exists. Examples are commer-
cial computer, peripheral equipment, and associated support software. In
these casns, the interface definition may be confined to identifying each
item and referencing its existing specification.

Detailed definitions of specific functional characteristics are required
to be spelled out directly in the specification only for those interfacing
items which are being developed concurrently with the given item, in whole
o+ in part. In general, it is to this category of interfaces--i.e., where
both sides of the interface are undergoing concurrent development--that
most interface control activities of an TCWG and others are typically
devoted.



SECTION 5. DOCUMENT MAINTENANCE AND STATUS REPORTING

This section discusses requirements and procedures for the idertification and
maintenance of computer program shecifications and related documents, and for
reporting the status of documents, change proposals, and delivered CPCIs3. The
procedures are directly related to, and depend on, procedures of configuration
identification and control discussed in preceding sections. When properly
integrated with those, they are designed to serve the following significant

purposes :

9 Provide devices Lo support and verify the systematic maintenance of specij
fications and other documents which depend on CPCI configuratiohs for their

conternt.

e Maintain traceability and correlation of approved changes among all main-
tainable documents.

e Maintain correiation between documentation and deliverd CPCls.

e Maintain periodic reports which make the status of CPCIs and their docu-
mentation visible to controlling and participating activities.

Unlike configuration managemant standards in other areas, the requirements in
this area are largely ones which originaved specifically for software. They
contain some elements which are analogous to, but which generally replace,

the hardware-oriented requirements for configuration status accounting and
engineering release (cf. 4.5.2). Comparisons between the hardware and sof%-
ware practices have proved to be frequent sources of confusion, partly because
potential cross-applications of certain document control procedures or status
reports are discernible on both sides. Those possibilities tend to be decep-
tive, however, due to timing requirements, objectives, and interrelationships
with other management factors which differ fundamentally for the two classes
of configuration items. Again, the differences are related to the fact that
hardware procedures are based primarily on conditions .ssociated with produc-
tion and logistic support, whereas the software practices in this area
emphasize development (or redevelopment) as being the process of major manage-
ment concern during a CPCI life cycle.

Guidance and formal requirements pertaining to topics addressed in this section
are to be found in identified parts of the source documents listed below:

AFSCM/AFLCM 375-7:

1-39,h  Specification Maintenance
1-39,1  Document and Item Identification Numbering
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MIL-STD-483:

-

3.4.5 Specitication Authentication

Appendix VIIT ‘Spec1f1cat10n and Support Document Ma1ntenance,
Compuier Fruyrg .

Appendix I Document and Item Identification Numberirg and Marking

MIL-STD-490:

3.2 Style, Format, and Identification of Specificﬁtions
3.3 Changes and Revisions

Among the above, the major source of requirements specitic to software is
Appendix VIII of MIL-STD-483, which covers computer program SCNs, status re-
porting, and the version description document. Other references contain "bits
and pieces" of standard requirements for document identification and mainte~
nance which normally apply to software as well as to hardwvare specifications.
While the standards are basically sound, they have often proved difficult to
use because of their scattered locations, inadequate explanations, and some
inconsistencias. However, they have also proved to be indispensable to effec-
tive software acquisition management when properiy understood and used.
Specific problem areas are identified, where they exist, -n the subsections
below; otherwise, the content of this section is consistert with the standards
as they are currently written.

5.1 DOCUMENT IDENTIFICATION AND MAINTENANJE

This topic encompasses requirements for numbers and related identification
practices which apply to basic issues, change page 1ssues, and rerisions of
computer program specifications and other maintainable documents that are
significant to configuration management activi*ies. As is true of other
areas, close coordination is required with the data management function. In
this case, the requirements are imposed and monitored by configuration manage-
ment, but must be implemented by data management uCt1V1t1€S and included in
(and occasionally reconciled with) the developer's interna* standards/proce-
dures for that function.

Specific requirements {or document identificalion ard maintenance contained in
the military standards are Timited to sneqificarions, While those are usahle,

they are generally insufficient to meet needs encountered in software config-
uration management:
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o The standards referred to are those which cover minimum requirements
designed for basic hardware specifications, but excluding their associated
engineering drawings. The additional coverage which is available for the
Tatter, in some abundance, is not applicable to computer programs. VYet
similar needs exist for control and traceability of CPCI characteristics
which are documented wholly within the content of the specifications

- themselves.

e Computer program specifications tend to be voluminous, partly because they
do not depend on references to engineering drawings and for other reasons.
As for equipment specifications, the maintenance procedures should be
designed to assure that changes are accurate, complete, and traceable.

But frequent changes affecting many pe - can also place unique demands
on their efficiency, with respect to such facters as speed and economy
of handling.

o Responsibilities of software configuration managers include status keeping
and reporting for all deliverable and maintainable documents which may be
affected by approved ECPs, as well as tor specifications, ECPs, and CPCIs.
Coverage of identification and maintenance practices which apply to those
other documents, in addition to the specifications, is needed to support
that purpose.

Thus, in the subparagraphs below, requirements defiued in the military stan-
dards are referenced, but additional requirements are identified which the
standards do not currently define for uniform application.” A software devel-
oper's internal standards should provide for those in some suitable manner,
since adequate provisions for efficient document identification and mainte-
nance are essential to meeting the needs of software management in other areas.
Topics to he covered which are of interest to configuration managers are
summarized briefly as follows:

o Definitions and procedures pertaining to types and forms of document
issues, including: drafts; basic issues; change page issues; revisions;
{ and document series (multipie volumes),

f ¢ Document numbering systems.

o Rules for identifying pages and change pages.

Standard formats and identification rules for special front-matier pages
(1.e., titlie page, specitication change notice, documeni change nuiice,
list of effective pages); and rules pertaining to the use of those pages
as they apply to basic issues, change pages issues, revisions, and volumes.
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NOTE: Special rules specified in DoD 5220.22-M must be observed in
marking and handling documents which are classified. However, those
are not addressed in this guidebook. A few of the procedures described
herein for efficient maintenance and accountability of less sensitive
documents do not apply to accountable SECRET documents, e.g., with
respect to reissuance of title pages.

5.1.1 Document Issues

The documents that are of interest for purposes of this discussion are those
which are subject to being reissued in some form when affected by approved
ECPs. They consist of the specifications, test plans, and other documents

to be listed for status reporting in the computer program configuration index
(see 5.2). Rules for identification and handling should provide for distin-
guishing the various forms in which issues and revisions may occur as listed
below.

e Single-Volume vs. Document Series. Any document identified by a single
document number which 1s i1ssued in -the form of multiple volumes, including
separately-bound appendices, is a document series. The document series
applies whether the separafe volumes are issued concurrently, as for a
specification, or sequentially; examples of the latter are the status
reports or version description document, for which successive issues are
often identified (in each case, separately) as successive volumes of a
single series.

o Draft vs. Basic Issue. A given document may undergo some number of issues,
reissues, and/or corrections in draft form. Its basic issue is the initial
issue prepared for formal delivery in approved form, normally following a
review cycle based on the draft.*

o Revisions vs. Change Page Issues. A revision is a complete reissue of an
entire document which supersedes all pages of any preceding issue.** Modi-
fications to computer program documents, particularly specifications, are
normally accomplished by issues of change pages, except when complete
revisions are specifically directed by the procuring activity. Formal
modifications in other forms, e.g., errata sheets, should not normally be
permitted, particularly for specifications.

*CDRLs regularly de
is & more realisti

raco
WAy

ignate that issue as the "final". However, "basic issue"
1abal

signa
¢ iabel for the role it actually acquires, in the wvsual

**That definition is established for specifications in MIL-STD-490 (paragraph
3.3.1). "Revision" is also used in MIL-STD-490 and elsewhere as the general
term to cover any kind of a document change.
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fj 5. 1 2 Document and: Pagg Identifscat1on

Requirements set forth jointly in MIL-STD- 483 and ﬁIL STD-490 for 1dent1fy1ng
numbers and other information to be prov1ded -on the title page &nd each other

page of a specification are summarized in Table 5-1. . A few other numbers are ~

also shown which are not ‘required in those standards, but which have been
found useful in software. contracts to identify a part1cu1ar volume, appendix,
or specification part and. to prov1de a positive link w1th SCNs (or other change
issue identifier).

The numbering of documents to include various useful elements of infcrmation
can obviously be accomplished in many ways. One example is shown below, based

-on a numbering system which was developed and has been used spec1f1ca11y for

handling software documents. It provides all of the needed elements in a

Table 5-1. Summary of Identification Data Required for CPCI Specifications.

TITLE PAGE - (1) .OTHER PAGES o)
SPECIFICATION NUMBER i (2) SPECIFICATION NUMBEK (6)
REVISION SYMBOL (&) REVISION SYMBOL (6)
CHANGE ISSUE IDENTIFIER * CHANGE ISSUE IDENTIFIER *
VOLUME NUMBER * VOLUME NUMBER *
SPECIFICATION PART (4) SPECIFICATION PART *
DATE 1) DATE 6)
CODE IDENTIFICATION 2) MARKINGS (7
SPECIFICATION TITLE (5)

CPCI NOMENCLATURE (5)
CPCI NUMBER (5)
AUTHENTICATION (1)
(1) MIL-STD-483, parugraph 3.4,9 and Figure 1
(2) MIL-STD-490, 3.2,16,2
(3) MIL"\)TD"“QO " 3-2'1603
{4) MIL-STD—Io‘)O, " 3.2,16.4
(5) MIL~STD-490, " 3,2,16.7 and Figure 1
(6) NIL"‘STD"“QO’ " 3 2'16. 3.302 3v3 3
(7) MIL-STD-490, " 3.3.2,2, 3.3. 2.4, 3.3.3

* Elements not specified in the current standards
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relatively simple and efficient form, although it does not comply literally
with certain format details specified in the standards for specifications:

9999-999-99 X  (Complete document number)*

[--—-' Revision symbol

Change issue identifier (corresponds with the SCN
or DCN number; see 5.1.3 below)

Specification part, plus volume or appendix number
Base number of the document or document series

Requirements for numbering volumes and appendices on title pages, and for
arrangement of the volume/appendix title, are not clarified in the standards
dirvectly for titles of CI specifications. Titling is generally accomplished
in the same manner as described in Appendix IIT of MIL-STD-483 for system seg-
ment specifications. Volumes of a specifica*’ .n are numbered in Arabic
numerals, beginning with "1". Appendices are sum.ered in Roman numberals,
beginning with "I". Example:

COMPUTER PROGRAM DEVELOPMENT SPECIFICATION
for
ORBIT PREDICTION
CPCI No. 3021900
Volume 5. ELEMENT COMPARISCN

[or: ‘Appendix II. CLASSIFIED SUPPLEMENT]

5.1.3 Front-Matter Pages

A title page is normally the first page of front matter in the basic issue of
any document or volume, whether or not a hard cover is also provided. Since
it bears the full document identification, including the issue date, a new
title page should be issued as a part of each change page package.

In addition, each change page issue to a spr.ification must be accompanied by
a specification change notice (SCN). Tie SCN functi.as, in part, as the change
page cover which accompanies the FCP for review and apnrovai by the precuring

*U9% = numeric; "X" = alphabetic
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activity CCB prior to being distributed. It also functions, however, us a
special page of front matter to be inserted into each copy of the specifica-
tion, since a copy of the approved SCN is included in the set of change pages
distributed to each holder of the speCification. The sample format and basic
instructions for preparlng ‘SCNs outTined in MIL-STD-490 are supplemented for
computer programs in Appendix. VIII of MIL-STD-483. Among various additional
clarifications which have been found useful -are the following:

¢ Successive SCNs against a given specification are numbered in sequence,
beginning with "1" for ‘the first SCN issued against the computer program
deve]opmen* (Part I) specification. ' A separate sequence of SCN numbers,
again beginning with 1", applies to SCNs for the computer program product
(Part II? specification.

¢ MWhen the specification is issued in the form of separately-bound volumes
or appendices, one SCN form is prepared for the change page issue to each
affected volume or appendix, .and is identified by a dash number consisting
of (a) the appropriate sequence number of SCNs for that specification,.
followed by a dash and (b) the number of the given volume or appendix.
(Examples: 23-2, or 23-IV). \

e It is essential that each SCN issued to incorporate a Class I change also
incorporate all Class II changes accomplished since the preceding issue
of the spécification or modification thereto. Class II changes are identi-
fied individually on the SCN, in addition to being reported on Class Il
CRs submitted with the given ECP/SCN package.

e If a complete revision incorporates one or more ECPs not previously imple-
mented through SCNs/change pages to the preceding issue, an SCN should. be
included as an integral part of the revised issue to identify those ECPs
as’ being incorporated.

In practice, some program managers have permitted certain latitude 'n the for-
mat and preparation of computer program SCNs to facilitate the processing of
high-volume changes. One useful device is to substitute a 1ist of effective
pages -(LEP) for the "Summary of Previously-Changed Pages® portion of a stan-
dard SCN.* Since that device appears to be in process of becoming a formally-
recognized option for computer programs, as indicated in a current coordina-
tion draft of MIL-STD-490A, its use is discussed further below.

P o vam ] A

ASucht otherwise-irivial vunsiderations can become véjat ‘vc‘l“f sign‘ificant b
programs like the one described in ESD-TR-69-302 (Searle et al.; see 8.2)
in which change pages were issued to one Part I CPCI specification at an
average rate of 200 per month over a 29-month period, incorporating an
average of more than 2 Class I and 4 Class Il changes per month.
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Information provided by the LEP is indicated in Figure 5-1 {top). The basic
issue of a document contains a listing of page numbers only, in the first
column. With each issue of change pages, 'entries are added in the second and
third columns to show the SCN or DCN (see below) number and issue date of the
package. As succeading issues. occur, entries showh on the last preceding
issue are retained for all pages that remain unchanged by a new issue. Thus,
the LEP contains a complete account of the current status of the given volume.
Accordingly, when it is. used in that manner, the printed statement on: accom-
panying SCNs should be-changed from that illustrated in Figure 3 of MIL-STD-
490 to read as follows:

"This notice informs recipients that the specification identified by

the number shown in the 'SPEC. NO.' block above has been changed.

The pages changud by this SCN are those furnished herewith and carry-
ing the same date as shown in Block 12 above of this SCN. The pages

of the numbers and dates 1isted in the accompanying list of effective
pages constitute the current version of this specification.”

The document change notice (DCN) serves essentially the same functions for
other maintainable documents that the SCN serves for specifications, in that
it provides -a record of status relative to incorporated ECPs which is con-
tained directly in each copy of the document. A sample format is illustrated
in Figure 5-1. The DCN is useful for the test plan, test procedures, hand-
books, and manuals listed in the configuration index. It does not apply to
the version description document, since each issue of a VDD is a new docu-
ment which includes listings of incorporated changes in its content. Uses
of DCNs are similar to those of SCNs. However, it should be ncted that:

e Requirements for such a form are not explicit in the standards. Its
use is suggested in this guidebook as one device to support data and
configgration management requirements implied by the configurailion
index.

e Class II changes do not apply to non-specifications; and, changes may
occur to those documents both as a result of ECPs and .for reasons
~unrelated to configuration management. That is: test plans, handbooks,
and manuals are subject to change for technical and other reasons, in
addition to impact by ECPs. Configuration managers track and report
all updates to those documents because some of them do result from ECPs
and therefore provide indicators of ECP implementation. But the ECPs
and CRs are processed directly only against the specifications.

*1t has been noted that DCN", if adopted off1c1a11y, m1ght conf11ct w1th the
“design change notice” used in cunfiyuralivn vanagémsii oF t:qulpmcm, items.
This guidebcok is recommending only that a devetoper should provide that kind
of information, not that the form necessarily carry that label or be prepared
in any standard format. "DCN" was chosen here only for coavenience of dis-
cussion, and because of its obvious sinilarity to "specification change notice".
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(Issue Date)

Date of Basic Issue:

(rufl DQoturent No.)

LIST-OF EFFECTIVE PAGES

PAGE NO,

CHANGE
JOENTIFIER

iy

SSUE OATE PAGENO. | | oTeINEE | issue oate

Computer Progrom
SPECIFICATION CHANGE NOTICE

DATE PRAEPARED -

1 ORIGINATOR NAME AKD ADORESS 2 3.CODE IDENT. {4, $PECNO,

D vrovoseo

{3 apprOVED [5, CODE YOENT. [0, SCN NO.

7 SYSTEM OESIGNATION ]‘, RLLATLO LCP NO, 9. CONTRACK N0, 10 CONTRACTUAL AUTHORITY
13 CONFIGURATION HEM NOMENCLATURE 12, LFFLCTIVITY

THIS NOYICT INFORMS RECIPIENTS THAY THE SPECIFICATICK (DENTIFILC BY THE NUNMODR SHOWR IN
THE “SPEC. NO ** BLOCK ABOVE HAS BEEN CHANGED THE PAGES CHANGED BY THIS SGH ARE THOSE
FURNISHED NER!W!TN AND CARRY(NG THE SAME DATE AS SHOWN tH BLOCK 12 ABOVE OF THIS SCN
THE £ AND RATES LIRYEN (N THIF ACCOMBANVING L ICT A FEEFCTIVE BANRC

CON

13, FCP/C

FAGE N

Figure 5-1.

[Issue Date! l [ [Document No, )

BOCUMENT CHANGE NOTICE
Document :

CPCI(s):

Issuing Agencv: i Approved:

THIS NOTICE INFORMS RECIPIENTS THAT THE DOCUMENT IOCNTIFIED OY NUMBER AND TITLE ABOVE
HAS BECN CHANGED THE PAGES CHANGED BY THIS MODIFICATION ARE THOSE FURNISRED HEREWITH
AND CARRYING THE SAME 1SSUE DATE AS SHOWN AT YHE YOP OF THIS PAGE PAGES OF NUMBERS AND
OATES LISTED IN THE ACCOMPANYING LIZT OF EFFECTIVE PAGES CONSTITUTE THE CURRENT VER:
SION OF THIS DOCUMENY

REASON 1 OR AOUD ICATIUN

PAGES SUPCRSEDCD, ADDED, & DELETLD AVITH THIS MODIFICATION

PAGE NO 4 A o PAGE NO s L ] PAGL 8O 5 A

Sample Front-Matter Pages for Maintainable Documents.
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5.2 CONFIGURATION INDEX

The computer program ¢onfiguration index (or simply, "the indéx") is one of two
periodic software status reports required for conf1gurat1on management, the
other being: the .change status report. The two should :be issued concurrently
Togéther, they present information which nermits users and managers to monitor
the status of documents, events, and changes. They also lend themselves to
cress-checking for consistency with each other, as well as for consistency with
such other sources as ECPs and version description documents. A major 4istinc-
tion to be kept in mind is that the change status report is concerned with ECPs,
directly, whereas the index reports the status of individual documents,

Both the index and change status report have been "automated" in some past
system programs, in that they have been issued as computer printouts of status
data stored on tape. However, manual preparation may often be more cost-

effective, particularly during early stages of a program. Neither feport in- -
volves computations orother complex data manipulation. Both do involve:

e Establishing order]y files of status data, organized into identifiable
-- records.,

e Updating the files selectively--i.e., adding, replacing, or deleting data.

e Provisions for audit--i.e., verifying the data updates with respect to
such factors as timing, source, and accuracy.

o Selective retrieval and printing of the data in required reporting formats.

The purpose of the index is to provide a record of specifications and other
maintainable documents issued to support the development and use of a computer
program configuration item. Its principal direct functions are to (a) report
the basic issue or any complete revision of each maintainable document and

(b) regularly report the current status of each with respect to subsequent
modifications resulting from approved ECPs. To support those functions, it
also identifies approved ECPs which will affect each document, but for which
modifications to the document have not yet been issued. Additionally, it
contains a one-page, summary record of the dates on which developmental miie-
stones for the CPCI are scheculed and accomplished.

Information provided in the index has proved to have important uses for the
responsible developers as well as to the program office and participating
agencies. Its full significance is often not apparent during early stages of
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a program, since its content does not begin to expand appreciably until after
the documents reported on have been formally issued. However, experienée has
been that usars become increasingly dependent on its status information-as the
program- progresses. Perhaps .equally. important is the fact that a developar's
ability to issue the indéx, adequately, presupposes that he has effective
worklng procedures for generating the subject documents, processing and repért-
ing change proposals, maintaining- the:documents to reflect the approved changes,
and ma1nta1n1ng accurate records of document, CPCI, and change status--all as
integrated parts of his software management effort.

Unfortunately, proper implementation of the index has been. handicapped in. re-
cent years by the fact that the MIL-STD-483 qinstructions are subject to certain
conflicting interpretations. The problem, summarized very briefly, is that
they appear to require the Part 1 of each major section to perform functions
which are not readily compatible with some of the stated objectives for its
organization and content.* It is hoped that those discrepancies will be
resolved in a forthcoming revision of the standard, aiviig Tines suggested by
the treatment herein. As interim measures, it is reccmmended that POs consider:

,‘U-1ng GDRL backup instructions similar to those illustrated in Figures
5-4 and 5-5 below, to clarify ths DID (DI-E-3122).

¢ Making associated changes to the DID for the change status repert
(DI-E-3123), to clarify its coverage and add other requirements out-
Tined in 5.3 below.

Thus, the description of the index provided herein assumes those modifications
to the instructions for paragraph 80.10.4.1 of MIL-STD-483 and its associated
Figure-13. In other respects, it is consistent with the instructions as
written.

5.2.1 Organization and Timing

A specific format for the configuration index is not mandatory, and formats
can be expected to vary. The required general organization includes a title
page, table of contents, and the following series of sections:

*For a further discussion of the questions which have been raised about this
area; see 7.1

9N

|



p ‘Section A

CPCI Development Record
g Section I CPCI Development Specification
- _Section II CPCI Prodyct Specification

“Section 111

. CPCI Test Plan/Procedures/Reports
‘ Secticn IV

[ I T T T T S |

Handbooks
Section V. -Manuals
> - - Section V1 Version Description Document

When the given develcper is responsible for a group of related CPCIs, consider=
ation should be giver to the option of preparing one index for the group as a
whole. That-gptiti has--certain advantages when some manuals or handbboks tend
to be related to the group rather than one-to-one with individual CPCIs. 1In
that case, a suitable arrangement is to group all other sections by individual
CPCI,. in order, and to provide a -common Section IV and/or V at the end.

The requirement is to initiate the index within 30 days follawing the date of
basic issue of the Part I specification for the CPCI being reported. It is
issued périodically (as specified ‘in the CORL, novmaliy each manth) theréafter.
The initial issue for a single CPCI will typicaliy consist of only four pages
--namely, the title page, table of contents, Section A, and Section 1. The
report expands in size, as a joint function of ECPs and the addition of other
sections, as the development phase proceeds.

5.2.2 Preparation of Sections

Samples illustrating the forms in which information can be provided in some of
the sections are shown in Figures 5-2 through 5-7. Except for instructions
pertaining to the Part 1 of Sections 1 thraugh VI, as mentioned above, the
minimum preparation requirements as described in Appendix VIII of MIL-STD-483
are generally self-explanatory. Again, howaver, internal policies and pro-
cedures should be carefully formulated and documented by the developer. Some
questions can be encountered which may have to be resolved by the program
office, particularly if the program involves multiple software developers.

As examples:

e The listing of each document or volume generally begins with its basic
issue, but some exceptions may be indicated. For example, manuals and
handbooks are often issued and formally delivered for use during system
DTAF in "draft” or preliminary form. T1f FCP affecting those are likely
to be implemented in the interim, the record of those draft issues and
their modifications should be reported in the index.
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o The listing of prior SCNs/ECPs to a specification is normally deleted when a
complete revision is issued. If the revision incorporates any ECPs For
which SCNs were not previcusly issued, however, the SCN contained in the
revision itself .(see 5.1 3 zbove) should be shown, beginning with the first
issue of the index in which the revision is listed to replace the basic
issue (or earlier revision if that should ever occur). Similar rules
can apply to non-specifications.

¢ Although alterations in content of the index from month to month tend to
be only partial, each successive issue should be a complete reissue rather
than a change-page update. The exception is that if no change occurs
during a given report period, a on2-page negative report can be substi-
tuted. \

5.3 CHANGE STATUS -REPORT

The change status report is a periodic report which lists, and summarizes
current status for, ECPs pertaining to CPCIs for which a given prime or asso-
ciate contractor is responsible. It is supplementary to the configuration
index. It is initiated following initiation of the given contractor's first
ECP to the allocated baseline and is .published concurrent.y with the index
thereafter, usuatly at monthly intervals. ‘

The direct function of the change status repor: is to disseminate information
relating to the status of all ECPs which are active at a given time--i.e.,
which are in varying stages of preparation, processing, or implementation.
Each ECP is entered in the report following assignment of a number to its
preparation, and continues to appear in the report for at least one issue
following either (a) disapproval by the procuring activity CCB 6 (b) comple-
tion of its imilementation.

Instructions provided for the change status veport in MIL-STD-483 are rela-
tively clear as regards minimum requirements.* The description below incorpo-
rates all of those minimum requirements, but expands on L. em in two ways:

(a) Whereas the basic description of the report in MIL-STD-48. is presented
fo "a CPCI", the description below outlines the common practice of requiring
one report per contractor. (b) It includes certain related and additional
features which would also have to be specified via CDRL backup instructions

if desired for a given program; those are:

*The title of paragraph 80.11 should be "Change statuc report" instead of
“Change status 1isting". However, that error can usually be detected be-
cause of its conflict with the text and the title of the DID (DI-E-3123).
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e A title page.
o Idéntification of CPCI riumbers in Section I.
e Identification of related ECPsAacross contractors in Section I.

¢ ‘Inclusion ot the CPCI number and a summary document update schedule as
part of the ¢ummary status data reported for each ECP in Section II.

Although not specified, a title page should be provided containing information
equivalent to that required for the configuration index (paragraph 80.10.2 of
MIL-STD-483). When preparéd on a oné-per-contractor basis rather than for a
single CPCI, the title page should-identify all CPCIs for which ECP status
info:mation is being reported. Additionally, the report consists of two major
sections:

Section I. -Change Status Listing
Section II. Change Status Summary

5.3.1 Sectior I. Section I consists of a 1isting of ail current ECPs by ECP
number, CPCI wumber, ECP title, status indicator, and comment (optional). If
the 1ist becomes extensive it may require more than one page. The legend for
status indicators must appear in a convenient location on the first page.
Referring to the sample data shown in Figure 5-8, points to be considered in
the contractor's rules for preparing this section include the following:

e Each ECP number may consist of its base seguence number, a dash number
(for related ECPs), a revision element, and a correction element., Numbers
Tisted in Section I should contain at least the first three of those ele-
ments, where they have a vdlue. ECPs are listed in Section I in order of
their base number, and in order of dash number within a given base rumber.

e Considering various contingencies, specific rules are needed for the use
" of status indicators. For example: ‘

P is the entry for an ECP at the time it is first listed unless preparation
and submittal have both occuried duving the reporting period. If coordina-
tion with other contractors is requirved following actual preparation but
prior to submittal, the "P® is retained until submittal has occurred.

S appiies only if the report is issued after submittal but prior to notifica-
iien of the procuring activity's CCB action.

97




: "3ua3uo) I u0L3IIBS
30 Adeung :340day snjejs abueyy -G aunblg 1 Uo13deg ajdwes :3u0day snye3s abueyd °g-g wuanbig

CEINERILMI XEFL SVH &2 = 1 TUAEGIY RRIE SYR DT = ¥ |
SL-6T~L0 NOIIVOIAIORdS I luvd TOTIZOE166YQ5 A2A0N4IVSIC MENE “«" M “” gaw UZH“I&N-” Mwy ”M M
$L~90-93 STUNATINE ISAL 194D 00~TOT-$T6T4I . $SUOIVOYANT SAIVIS \
SL=L2=$0 SL~LT=50 Wi ISt DD 20-T00-6T6T-4L
SL=91=10. SL~Z(=90 . WOLIYDIAIOWdS I Xuvd 101120166451
_ G¥ASST  URTOM0RA IRO00
! !
{moyeq srdues ses 103 ‘
! 1 30 TC pus g ‘eXxeTq ¥T PITITIEPT SIUENICP 3O saiwas eald ‘smey :
~qoxd JUIPRTOUT ‘InIvIy JO Jusme:wIg :82)7 Pmcadde au Auo seyrddy} :
i TSAIVIE WOTIVINOGISI °Y 4 XOVEUIZA WOIZOY FAILISTE  YZEEYAS zz m,
m {190 04 4q° POUSTdNOIOF WoOTIIW ‘Ise3wy FuTsrIvemns Oweluss 330us]) a TOUINCO WOIINGH VIVD  ¥Z66%GS 12 . i
e [#2)
SIIVIS Ro1IOV -3 a INAING WILAK XNTT YIVE  SZE6¥CS or ,.
Jworsyas: 2o woriwawdasd jo eayvas .en SupzyiveEns 3OUNIVOS 1304S] »IT OVE AN Ival s TTIL/E SOVAY ZDATIRCKOY  9266%AS TI-6T
TSAIVIS NOTAVEVETNd °3F m
, +»TE-8T 18 IoVaI v TVAWAINT ANTI-Y KIS OSIXTVE €T avi ,
[se32p pwe “se733y ‘sasqman Lq sesweasjer jo Suyisyi) v YING ARII-Y RIS SSTIOMI  [TE6YUS Z-R1 !
. ———ee e v VIYO ANTT-¥ KIS SSINWE  9Z66%AS 1-87 |
$SINWIOO0T TN °» DI IISVE v VIVD ANIT-¥ RIS SSIOEd  yZg6yas Ta-2Y ;
. . f
(03 243 30 9T yooru Supayismmas wieabvavd cajsesavn 2iouy] ONIONEZ 200iS X 20VSSEH KIS TAVL SSTHIMIS  9Z66YCS 5T
SNOILITIOS (TASO0NZ 40 NOIIJTEOSHA °P ;
) i v SZIMITINT YOVEL QWOONE  £265%5GS ST ;
{&13 »43 3o (1 3o Surriavemns qédesivaed sLTINIIRW Ja0yS) asa n \
. RGeS s 4 QERLIIC IVAGALNT Y266%0S
(sse-m) Sujesecaiz amdangfamder Totrzor . FIL/°ON BD °a . v 1IIae S 02 IYlISIA - yZ86RAs b H
sInduy AV VINOO PAISTRETS-SE8O0Ry  TD-Z¥-€9 AWIL/ON A ‘% | ° IHENRCO SAXVIS I DI ON 100 UK 3 w
. N - i
. Hs.sm nﬁ.ﬂm FOMVED 11 NOLIYES ’ OMXISIT SAIVIS BMMD  °X WONIZIS M
.. . . ,
, g - j
«lo..ao._a ...32!.3 N (xaiboug J3Incdmon) _
Ty . . ) 1N0dN SNIVIS wag . 1¥Od3Y SNIVIS IO _




A applies for all issues following notification of CCB approval, up to
Tnot 1nc1uding) the first issue after implementation of the ECP is complete.

X applies for.all issues following notification of a defbrra1.actigﬁ by the
CCB, until anothér action has been taken. p

I applies for one issue only, after implementation is complete. Thereafter,
the ECP. is deleted from the listing.

= . B /

¢ Section I should identify each ECP which either (a) impacts anothef contrac-
tor's configuration {tem(s) or (2) is caused by impact of another contrac-
tor's ECP. (Examples are indicated by the asterisked comments:in Figuce.
5-8.) Reporting of other-contractor ECPs is feasible when confined to
Section I, at the level indicated. Further data pertaining tolindividual
ECPs--e.q., with respect to the status of impacted documents--should be
available in the Section II of the status report issued by each responsi-
ble contractor,

-

5.3.2 Section TI. The second section contains a brief status summary in
narrative -or other suitable form for each ECP listed in Section I. Figure 5-9
i1lustrates: the elements of information, which should normally not require
mere than one page per ECP. Considerations pertaining to two of the elements,
which were mentioned above as requiring backup CDRL instructions if needed in
a given program, are as follows:

¢ Identification of the CPCI is not cailed for in MIL-STD-483, but is
pertinent when the contractor preparing the report is responsible for
more than. one developmentnl CPCI.

o The Tisting of scheduled vs. actual updates of impact documents provides a
direct indicator of implementation status for approved ECPs, since computer
program changes are fully implemented, in effect, when those updates are
complete. The need for a listing of that general nature is recognized in
MIL-STD-483, but the requirement was mistakenly imposed on the configura-
tion index (Figure 13). Moving the requirement to this section of the
change status report, in conjunction with the requirement to identify
other-contractor related ECPs in Section I, makes it feasible to realize
two aspects of the apparent Figure 13 intent, namely: to track ECP
implementation <tatus both across impact documents and across contractors.
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5.4 VERS1ON DESCRIPTION DCCUMENT (VDD)

The version description document is a document prepared »o accompany the
delivery of a CPCL or of CPC] changes.. It identifies the items delivered and
records additional data relating to the CPCI st~*4s and usage. Its functions
are:

o To péovidé field personnel with necessary information and instructions
pertaining to the delivered version or interim change; and ‘

¢ To provide configuration nanagement with a record that permits identifying
the exact configuration of the CPCT which is approved for use at the time
of delivery. '

5.4.1"Définitions an¢AGenefa1 Po1fcy

A version is the actual configuration of a CPCl which is introduced at a given
time for installation and test or operation into the system in the form of a
l.agnetic tape, disc, card deck, or other. ! new version is created: {a) when
a newly developed item is prepared for its first formal delivery; or (b) when-
ever the CPCI' is completely iz ssembled to contain all Class I and Class 1I
changes accomplished since the preceding version.

An interin version occurs whén a Class I change i5 introduced into an existing
version through delivery of partial changes to the code, short of complete
reassembiy ana delivery of a new tape or card deck.

Versions and interim versions are prepared by the developer (or, later by the
responsible computer programming support center for the system) in the form
of a master tape/deck fre Jawhich duplicates are made for delivery to test or
operating locations. '3 ¥ .systems, capabilities also frequently exist at
each Site to make further duplicates and to alter the configuration for
various tes“ or operating purposes. However, those alterations do not consti-
tute noy versions or interim versions; the latter are issved ouly by the
developer (or other center), where configuration management functions are
maintained centrally for the system. Certain aspects ¢f that situation per-
taining to the system DTAE site are discussed further in the next section
(Section 6. In generai it should be noted that:
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o The controls in -effect at a test or operatlng 1oration are local contro]s
- for which a test directdr or site cofmander is likely to have primary
responsibility. Although provisions are normally made for affeccive inter- -
action-with-centralized technical, data, and configuration management ,
functions, the lo:al Air Force controls arc likely tc be matters over which
the deve]oper 's-configuration maniger, for example, hds Tittleé or no juris-
d1ction .

(] AFSCM/AF'CM 375-7 centains the general prov1s1on that Class II changes may
be incorporated into the CPCI as they octur. Such alterations do not
constitute new versions or dinterin versions requirirg the preparation of
a VDL; although each new version/interim version issued to incorporate cne
or more Class I changes must also include all Class II changes that have
occurred s1nce the preueding version.

X

e Strictly spéaking, "Class II changes" incorporated at a field location and
then reported to the computer programming center (developer) should be
regarded as authcrized deviations, rather than as changes, until such time
as they berdme inchrporated inrto approved SCNs to' the specification.
Depending on circumstances, they may have to be altered to reconcile
discrepancies amonq sites, or may be outdated by upcoming Class I changes
tg tha affected purtiuns of code, before being formal]y processed as
changes.

¥

. 5.4.2 MNumbering Versions and VDDs

Versions of a CP"I are numbered consecutively; normally begianing with "1" for
the version delivered for audit at PCA. Interim versions are identifiad by
attaching a letter to the number of the current version, in alphabetical
sequence ror succrssive interim versions; for exampTe Version 3B represents
the second interfm change to the third comp1ete version of the CPCI.

N / "
The fumber of the VDD corresponds with the number of the .ver.ion or interim

wversion which it accompanies, but preceded by "VDD-"; for example, the VDD
for Version 1A is VDD-1A.

5.4.3 Preparaticon and Content

‘Additional requirements for identirication data to be contained on the title
page of 1 VDD are set forth in paragraph 80.12.1.1 of MIL-STD-483. Instruc-
tions nrovided for the VDD contents (para. 80.12.1.2) are relatively clear as
written, covering che ten sections listed and summarized briefly here in
Figure 5-10, Note that:
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* VERSION DESCRIPTION DOCUENT

... @, INVENTOKY OF MATERIALS RELEASED
17{List-of &1l Ltems (tapes; crrds, diacs) covered by .the VDD, by CPCL

. and version nusber. All re'sted release documents for support items
.« - requived:to operats, load, or regenarate the released CPCI.]

b. INVENTORY OF CPCI CONTENTS
[List of a1l computer program instructions and data content releuné;]

" & CLASS ‘II CHANGES INSTALLED

(Number, title, and issue date of each Class II CR;- relaced SCN
nusbers and issuc dates.)

pomre = s

'd. ' CLASS I CHANGES INSTALLED

~ [Mumber, title, and issue date of each ECP; related SCN numbers and
issue dlt”o]

6. ADAPTATION DATA

[When applicable: Identification of all unique-to-site (cr mission)
data contained in the item relears:d.]

f. INTERFACE COMPATIBILITY

[Identification of uther systems/CIs/CPCIs affected by incorporated
changes, and present status,]

g. BIBLIOGRAPHY OF REFERENCE DOCUMENTS
(Laeting of all pertinent documentation.]

‘he OPERATIONAI DESCRIPTION
{Opexational effects of Class I and II cheages incorporated.]

1. INSTALLATION INSTRUCTIUNS
[Methods to install and checkout the delivered version.)

3. POSSIBLE PROBLEMS AND KNOWN ERRORS
[Naeds for further testing; status of problea resolution.]

Figure 5-10. Version Description Document: Summary o Contents
102
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) ‘The 1nformat1onaperta1n1nq to Class [I and Class I changes (sect1ons c and
~d) s not requ1r°d for the first VDD {(VDD-1).

o The adaptation .data information (section e) applies only to those CPCIs for
which a part of the fixed data base consists of data values that very among
individual site locations, or perhaps for different missions. The config-
urations at individual s1tes are normally identified as tyres within a
single CPCI (see 2.3). Depending on che system, changes to the adaptation
data may be incorporated into a new version.either prior to delivery or at
the time of {ield installatiun.

o The bibliography of reference documents (section q) is not required for
interim versions.
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SECTION 6. CONTROL DURT' o SYSTEM DT&E

Precedinc sections have addressed configuration management requirement. and
procedu.es as they apply during develepment, and as they involve relation-
ships which are-largely confined to the developer and procuring activity.
Beyond the time of PCA, additional factors come into play which must be taken
into account in the p]ann1ng and management of each program, but for which
guidance provided in the standards is relative'y sparse. Une reason for tnat
sparsity is the fact that circumstances vary widely in different programs with
respect to such factors as responsibilities, locations, and initial conditions.
This section describes how configuration management has been carried out during
the System test period in a Timiteu number of past system programs, in order
to illustrate the nature of questions tnat can be encountered. Assumptioins
are identified which ¢an afrect how, or whethcr, the practices Jdescribed may
be relevant to other programs.

The existence of 2 system test location, together with a test organization
which is responsible for controlling and conducting the test operations, is
the primary source of additional factors to be taken into account. That
expanded situation is illustrated in summary outline in Figure 6-1. It is
al-o a potential prototype for the operational phase, in tkat one or more
operational sites may have relationships to a centralized CCB and computer
program support agency similar to those described below for the system test
site.

6.1 ASSUMED INITIAL CONDITIONS

The period in question is the period of system DT&E, which begins following
installation and checkout and continues until about the point of system *urn-
over and transfer. For purposes of this description, the basic assumption is
made that practices described in preceding sections of this guidebook have
been implemented, and that the developmert of the major mission CPCI(c) has
been accompiished with reasonable success. Additionally:

o The original developer remains on contract throirgh t.e system DT&E
period, in nart to perfrrm on-site support to the system test activity.

¢ CPCI qualificaticr has been completed, with the possible exceptior of a
few requirements which can be verified only in the full system environment.
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e The Part 1I specification hus been completed and verified Tor a.curacy/
completeness as the as-built description of the (conditicnally-qualified)
CPCI. PCA has been accemplished, but:

a. The developer -continues tc be responsible for completing qualifica-
tion, possibly via subsequent formal qualification review (FQR).

PROGRAM OFFICE

( ¢CB
e DIRECT EFP PREPARATION » )
¢ 0,
s APPROVE ECP3 & SCNs <QD
(P
e MONITOR STATUS §
SYSTEM TEST SITE

TEST DIRECTOR

e ON=-SITE CONTROL
e ON-SITE LIBRARY
e ON-SITE TEST RECORDS
DEVELOPER

SUPPORT CAPABILLITY

DEVELOP & TEST .CHANGES

MAINTAIN DOCUME {TATION e CPCL HAN_LING, LOADING,
TIO!

REPORT STATUS & OPERATION

ISSUE NEW VERS,.ONS DISTRIBUTION e DIAGNOSIS
o IMPLEMENT TEST FIXES
REPORTING e ANALYSIS & REPORTING

Figure:6~’. Relationships Among Activities During Systcis DT&E

b. The developer may also be rasponsibie for, and in the procass of,
implementing ECPs for new requirements not incorporated in the
initial C2CI version.

¢ Formal configuration control is maintained by i.e program office CCB; and
the developer continues to iwplement confiuuration management procedures
at his home plant to maintain normal contrul and status renorting. Those
procedures include:

a. Forinal nracessing and/or reportin, of Class : and Class Il changes.
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b. Specification maintenance to refiect all changes.

¢. HMaintenance of related documents to reflect impact of approved
changes to the CPCI/specification.

d. Periodic reporting of status for ECPs and maintainable documents.

e. Delivery of new, CCB-approved CPCI versions and accompanying VDDs
in accordance with established criteria.

6.2 UN-SITc CONTROL AND SUPPORT

Cn-site control is exercised by the designated authority at the test location,
i.2., the test director. Although the test director is 1ikely to be a member
of the program office CCB, his activities in that on-site role are separate
from those of the CCB as such. His on-site controls should be subject to
verification by the CCB; however, he should have the authority and capabilities
to take advantage of the inherent flexibility - F software to support the test
operations, within reasonable 1imits. For example, he should be able to
authorize test deviations* .eeded to keep the CPCI in operating order as the
testing progresses, or to create a desired new test condition, or to evaluate
emporary fixes for difficulties encountered.

Thus, the CPCI in actual use at the site may consist of one or more "test
versions". A test version is an altered copy of the current approved version.
As the testing progresces, a'ditional copies may be made to contain successive
test alterations and are identified by supplementary letters, numbers, dates,
and/or times to permit linking the CPCI configuration actually used with
fadividual test operations.

The test director is responsible for instituting measures to control the han-
dling and storage of CPCI test versions and their operation in the computer

-including, for example, measures to assure that only authorized fixes are
inserted and that records are kept to permit verifying the exact configuration
o1 the CHCI at the time of each test.

Technical computer programming support is available on-site to perform such
functions as:

*The term "deviation" 15 used here in a general sense, referring to a depar-
ture of the item configuration from its approved specification. A deviation
becomes a change when a corresponding change is made to the specification.
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o Operating Support. Handling, 1oading, and operction of the CPCI.

o Trouble-Shooting. Diagnosis of malfunctions or undesirable CPCI or
system performance.

¢ Fixing. Designing, coding, and inserting error corrections or other
alterations for test and evaluation.

o Analysis and Reporting. Based on the results of :test and evaluation,
formulating recommendations and reporting to the developer's configura-
tion manager:

a. Class II Changes - e.g., error corrections made and to be retained
in the on=site version, reported via draft (recommended) Class II
CRs to the home plant.

b. Class I Changes - preparation of the basic technical content of ECPs
proposing significant redesigns to be inco~porated in a new version
or interim version of the CPCI when processed by the devéloper and
approved by the program office CCB.

c. Problems or deficiencies requiring study, analysis, or implementing
capabilities exceeding the on-cite resources.

6.3 SUMMARY CHARACTERISTICS

In that augmented working ervironment, the complications are ones which affect
principally the technical and test activities. Reports of problems and change
proposals received from the field are first screened by system and software
engineering personnel at the developer's home plant before formal processing
of changes is initiated; the processing of changes then continues to occur as
described above in Sections 4 and 5. If ECPs previoucly directed by the CCB
are in process of being implemented, draft Class I or Class II changes input
from the field must be reconciled with those before being converted into
formal ECPs or CRs for submittal to the program office. For example, the
affected portions of code may be undergoing a complete redesign in the upcoming
new version of the CPLI.

The deveioper's configuration management ac*ivity is necessarily expanded to
keep track of deficiency reports and draft change proposals iaput from the
field, to assure their proper disposition. 3pecial forms and processing
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procedures for handling the field inputs have been worked out and used exten-
sively in a number of individual system programs; but uniform requirements in
that area have not yet found their way into the Dob/Air Force standards for
general use--again, largely because the circumstances and organizational
relationships tend to vary widely.

Whatever those complications, however, their principal effect on the developer's
configuration manager is to introduce additional sources of original require-
ments leading to the initiation of proposals or reports of Class I and Ciass II
changes. His principal concern continues to be with centralized control of the
CPCI specification and the related status keeping/reporting procedures described
in earlier sections of this guidebook.

19
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SECTION 7. NOTES

This section is devoted to a few nutes which respond to selected questions
raised by reviewers of this guidebook in its draft form. The noies refer to
separate topics covered in various earlier sections, and are not necessarily
related. The few notes collected together to form this special section are
ones which are either too lengthy t. pe inserted elsewhere in the form of
footnotes, or whose content tends to be peripheral to the orient~tion and
emphasis of those topics as they are presented in the basic text.

7.1 COMPUTER PROGRAMS AS DATA vs. Cls

In discussing considerations which led to computer programs being classified
as configuration items for purposes of acquisition management, the statement
is made in the text that a computer program is intrinsically an item of data
(1.4). Elsewhere in the text, varinus differences are identified in objec-
tives and lappropriate procedures for managing computer programs as compared
with equipment CIs. This note is written to further interrelate thosc two
,oints, and to suggest that they can provide, jointly, an improved insight
into a number of prevalent questions and problems.

"Data", in this particular context, refers to reports, forms, manuals, specifi-
cations, and other items of the classes which are acquired via CDRLs. Data
management practices in DoD recognize that those are not confined to items
ritten or printed on paper; they include any information recorded in suitable
form on any s.itable medium, such as film, photographic paper, maanelic paper
or tape, and in digital or anaiog form.

When the practice of using CD2Ls was initiated at ESD (1964), a number of
newly-appointed data managers using the form as a retrofit to on-going pro-
grams included computer programs as promipent items of data in their first
1istings, befure learnirg that the practice was inconsistent with AFSC's
recent (at that time) decision to manage computer programs as configuration
items. That parcicular "misunderstanding" remained corrected until late 1974,
when a 1evision of the ASPR appeared requiring that "computer software® be
listed cn CDRLs as a measuve to protect the Government's rights in data
(Defense Procurement Circular 74-3, November 1974). Recognizing the inconsis-
tency, AFSC initiated an attempt to have the ASPR committee reverse its
decision, but at the same time developed the current workaround orocedure of
requiring computer programs to be listed in bcth the contract schedule (as

for hardware deliverables) and the CDRL.
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As regards data rights, the ASPR appears to have a basis in lega! decisions
which have been reached in det2armining whether computer programs are things
to be copyrighted and/or patented. The rulings that.-have been made tend to
favor treating computer programs more 1ike data than like hardware.

In the contaxt of system acquisition management, data items are distinguiskad
from equipment {tems parily because of intrinsic differences in their physi-
cal nature, but more directly because of derived differences in the typical
requirements for realistic and effective management of their acquisition and
support. As examples:

o Most data items can be adequately specified by a generalized DID, together
with a few specific instructions, whereas an adequate specification for an
equipment item typically invoives an extended process of analysis, desian,
fabrication, and testing.

o Many data items are required as basicaily only "one-of-a-kind". But if
a given data item is needed in quantity, it can be printed or otnerwise
duplicated on a general-purpose machir2 (e.g., a printing press). Equip-
ment items are normally procured in quantity; and the "duplication" of
units requires a special-purpose, normally costly, manufacturing cupability.

o Considerations in such areas as reliability and maintainability are nor-
mally significant for equipment items, since equipment typicaiiy degrades
through use and fa~tors of environment. While recording media can alzo
wear out, they are relatively easy to replace; and the substantive infor-
mation contents of a data item are not subject to the same factors of
undesirable change.

e Equipment items in military systems typically requirc provisions for their
operation in the field, e.g., in the form of fuel, electr.c;al power, nr
ammunition. No similar requirements exist for data items.

That list of differences could obviously be expanded, and could also include
many ways in which indicated approaches to managing equipment and data items
are similar--independently of any consideraticns specific to computer programs.
The reasons outlined in the text for classifying computer programs as configu-
ratio. items (1.4) are that some significant management requirements for com-
puter programs are more like those typically suited to equipment than to data
items, with respect to selected requirements which are normally different for
those two classes of items. But it should be noted that the comparison did
not extend to cover many ways in whi h the reverse decision might be indicated.
Among the few comparisons 1isted above, for example, it may be observed that
computer programs share much more in common with data than with equipment.

112




WA

T T T TRy ST TN YR ST e s et

Although account was clearly taken of the above points in the course of AFSC's
initial development of policy for configuration management of computer pro-
grams,* many of their implications for related areas of acquisition managament
hcve not been further explored and ‘documented. In the absence of more positive
guidance to the contrary, the decision to manage computer programs as configura-
tion items is often assumed to be synonymous with the decision to manage them
as equipment. There are many ways, however, in which POs may find the opposite
assumption to be more productive. The tendency of computer programs to exhibit
their basic character as data can be discernec, for exanple, in some of the
differences in specification roles outlined previously, in 3.6 of the text.
More generally: Attempts to apply pir..~"ures based on established hardware
practice in such areas as production, logistic support, maintainability, and
reliability typically lead to confision, debates, and/or misunderstindings.
Much of the confusion tends to disappear when it is fully understood that those
concepts apply (rather, fail to appiy) to software in essentially the same
manner that they would to a techaical manual, and fc. the same reasons.

7.2 "SOFTLARE" AND THE DoD DIRECTIVE

Among many examples of the "jargon and mystique" which have been said to
characterize sectors of the software community for the past two decades, the
term "software" itself is perhaps one of the best known. Like others, it is
a term borrowed from outside of that context, defined to suit the initial
borrower's purpose, disseminated widely--and frequent}  redefined to meet
other purposes of new users. Definitions which the author has encountered
(some formal, some implied by use), include the following:

¢ Deliverable contractor data, such as handbooks, manuals, formal reports,
and engineering drawings--as opposed to deliverable hardware. This is
probahbly the original use of the term, adopted by aerospace industries in
the early 1950s. It is still widely used with that meaning. A curious
carryover to the environment in which computer programs are also beina
managed basically as configuration items (1like hardware) occurs in the
curren. Appendix F to AFR 65-3, in the statement, "...software associated
with computer programs will be managec in accordance with AFR 8-2...".

e Special support computer programs developed by a computer manufacturer
and provided with sale and delivery of the computer. This is probably
its first use in the AUP cummunity--the "door opener".

*See the discussion in paragraph 1-36, “"Computer Program vs. Equipment CIs",
of AFSCM/AFLCM 375-7.




o Al computer programs (the use adopted in this guidebook, to conform with
.., ‘the title and intent of this guidebook series as a whole).

Y

.o‘;CQIputér programs plus their documentation (e.g., in the Army's MIL-5-52779).

e K11 computer programs, plus :11 products associated therewith, including
documentation and the computer itself.

o All efforts and products supplied by a computer programmirg contractor, in-
cluding deliverable documentation, training, support, and other services
in addition to the computer programs.

7.2.1 Air Force Practice

Most of the coverage specific to computer programs contained in current Air
Force standards derives from a project which was initiated by ESD in 1964
and directed by a special committee formeu for the purpose. Although the
committee started with the title, "ESD Software Management Committee", it
undertook a study of that term as its first task; and the result was to bar
its further use in the project. Jne siynificant longer-term offect of that
decision is that "software" still does not appear in such current documents
as AFSCM/AFLCM 375-7, MIL-STD-483, Air Force DIDs for computer program data
items, AFR 65-3 (except for the anomalrus use notec above, in Anpendix F),
or in either volume of AFR 800-14.

It is of some interest that the ESD committee took that course rather than
attempting to construct its own definition--and to their credit, in the
author's opinion, since the abilit: of any one Government agency to have real
success in overcoming a diversity that well entrenched is inherently Yimited.
In cuntrast, there was no handicap of similar magritude attached to the use
of the term "computer program". In defining the latter, the following two
points raceived attention:

e To avoid confusion, u computer program is not referred to in official docu-
ments as simply a "program", since "program" no.mally refers to the system
program, in the conta:xt of Air Force system acquisitions.

o A computer program consists basically of computer instructions, but also
includes those data values which are coded and contained in the item at
the time of its delivery. This point is not only consistent with generally
accepted practice; it is a signi“icant aspect of tne definition for pur-
poses of acquisition and control.
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Those points.‘dre reflected in the Air Force standards, including the Joint
Services regulation (AFR 65-3), and in exp'lanations/defini tions provided in
this guidebook (1.6.17 and the glossary).

7.2.2 . Recent Elénakts af Confusion

The,present bob D1 ective 5000.29 (April 1976) uses .nd defines the related
terms: computer software, computer data, computer program, and software
engineering. It has been brought to the author's attention that those defini-
tions can be interpreted to be in conflict with the definijtions provided in
this guidebook for both “"software“ and "computer program". A careful reading
of ‘the directive confirms that: (a) hoth the definitions and uses of those

. terms in DoDD 5000.29 are irdeed sufficiently loose that their real intent is
ambigucus in a number of vespects; and (b) they may well prove to be in signi«
ficant conflici with established A1r Force practice. Specifically:

o "Computer software" is defined as a combination of computer programs and
computer data.

e "Computer program" is defined in its normaily accepted meaning, including
familiar examples, except that coded data values are not explicitly identi-
fied as being a part of the content, which consists of "instructions or
statements".

e '"Computer data“ is defined as "basic elements of information used Ly
computer equipment in responding to a computer program".

) “S?ftware engineering” is defined, in essence, as engineering of computer
software.

Thus, the confusion introduced by those words consists jointly of some basic
ambiguity and some potential conflicts with widespread practice. Summarized
very briefly, those include the tollowing:

¢ The interpretation can clearly ve made that: a computer program consists
sclely of the computer instructions; all data invo’vad in the computer
program operation are classified separately as computer data; and co., ‘ter
software is the combination of computer programs and computer data. The
further interpretation can be made that "computer software" dircctly re-
places the term "computer program(s)" for purposes of acquisition manage-
ment in defense systems. (If this interpretation is really intended, and
were to be officially accepied by the Air Torce, it would impact not only
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this guide o0k but alsc the spectrum o7 curreni Air Forse standards govern-~
~ing.acquisition manageme;t of cumputer programs; iv could be debated

whether such an extensive and time-consuming charge would even be feasible
to accompliish.)

o In the absence of posit.ive statements in DoDD 5000.29 to the contrery, how-
ever, it can also be argued that the terms "computer program", "computer
software”, and simply "software" are all really intended to be interchange-
‘¥ble; for examples, note the directive's uscs of those terms in paragraphs
V.0, V,B,3, V.E, V,F, and V6. : ‘ ‘

¢ The intent with respect to "computer data" is oH!cure by virtue of both
its brief definition and the absence of references to it in the directive's
content. One possible interpretation is that it refers onl to live inputs,

. &5 opposed to data values coded and inserted into a computer program prior

to its operation; others are also possible.* The directive's expressed
purpose is to speil cut policy for the acquisition menagement of computer
resources in defense systems. cCoded data associated with computer programs
pose certain real questions, since: some can be included in a computer
program at the time of its delivery; some can be input for processing
during operation; and still others can be procured separately (see 1.6.1).
But those distinctions and their implications for acquisition management
rolicy are not addressed.

Hence, it seems clear that various interpretations of those terms can be made
and defended. With recard to the "real" intent of the people who formulated
and coordinated the directive (involving numerous inevitable comoromises on
puints of issue), one can specviale that "software" may have been delibarately
chosen *o serve its traditional function of suggesting whatever each affected
reader might wish to believe.

7.2.3 Sumary

To the author's “nowledge, no Air Force action has yet been taken to rule on
the applicabilitv of DoDD 5000.29 to Air Force procurements. Until such action
may be taken, provisions of the directive which are not presently covered in
Air Force regulations or other documents do not legally affect Air Force
activities. It should be noted that the substantive policies of DoDD 500C.29
were anticipated and &.e alreadv covered in AFR 800-14. Since the definitions
outiined above could have serfous impact on Air Force practice (again, depend-
ing on interpretations), it is to be expected that any ruling on their specific
applicability will be preceded by carefu., study.

*For example, see p. 171 of ESD-TR-76-159 (Schoeffel, W.L.).
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In the interim, ti 2 definition of a computer program provid:d in the current
Air Force and DoD standards for configuration management is the only defini-
tion which can reasonably be acceptdd and used in this guidebook. That defini-
tion will continue t: govern both Air Force PO's and their contractors unti’
such 'ime as it may be changed in the standards, specifically, and further
reflected in the specified requirements of individual system contracts.

7.3 SYSTEM SEGMENTS

The purpose of this note is to provide a few comments on the meaning and uses
of "system se-ment", to supplement the brief treatment of this topic made in
3.1.1 of the text. Like the configuration management standards, this guide-
book confines its.coverage of that topic to its implications for conrfiguration
management jrocedures. However, questions have beei. raised about the system
sagment concept with respect to its system eagineering and procurement aspects,
for which corresponding coverage in current regulations, specifications, and
standards is relatively sparse.

A system segment is defined as a discrete package of system requirements for
which responsibility is assigned to one contractor or Government agency (see
9.1). Instructions for preparing a system specification provided in Appendix
I of MIL-STD-490 do not include any reference to system segments, but use the
term "functional area" instead. As described in 3.1.1 of the text herein,
Appendix IIT of MIL-STD-483 provides the instruction to substitute system
segments for functional areas in the general volume of the system specifica-
tion, in the special case where it has been decided to prepare separate
volumes for individual segments.

To the author's knowledge, however, direct answers are not provided in any of
the current standarids to such question. as: whether system segments shouid be
substituiad for functional areas when the system specification is prepared as

a single volume; whether there is any difference between a system se-ment and
functional area other than the-label; anu whether, when system segments are
identified, they are necessarily assigned to separate contractors or Govern-
ment agencies. Some of the known considerations which can be brrught to b:ar
on those questions, together with s.me of the author's opinions, are summarized
briefl; as follows:

¢ The system segment concept is derived from the concept of subsystems, vhich
in turn is based on the ncrmal need to break down a complex system intoc a
naxt-lower level of assembly before reaching the highest levei which is
apporopriate for breaking out individual configurat.on items of hardware
and software (i.e., items of "defense materiel", as opposed to people and
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' other system elements) The original purpose of the system segment concept
was to.impose o system engineers responsible for generating system design

requivement 0 take into account program management as well as technical
considerations in’ qrr1v1ng at that first-level breakout. Specifically, it
introduces the requirement that each major piece be defined in such a way
tha% rasponsibility for its development can be assigned to a single organi-
zation.

- It has been observed that the munagement priiciple involved is basic to

more than jusi that first level. It is also reflected explicitly at the
next-lower level, thrqugh the requirement +hat a CI be techrically identi-
ficd as someth*ng which can be assigned to a single organization. In an
orderly management scheme, the same orinciple’will be extended to succes-
sively-lower levels, perhaps down to the point at which responsibiiity for
the smallest piece can be assigned t. one person. The .general otjective

is -to achieve a structure of technical design (generation breakdown; sc2
3.1.4) which can be readi.y correlated with contracts, specifications, work
tasks, organizations and organizational levels, technical documentatlon,
supervision, budgets and cost accounts, etc., from top to bottom.

Some brief history is relevant to this topic. Appendix I of MIL-STD-490

is based directly on Exhibit 1 of the former AFSC Manual 375-1.* The

most noticeable differences between the two are that (a) some of the Air
Force terms were changed in the course of DoD coordination, and (b) muTh

of the explanatory guidance disappeared--including the wealth of associated
guidance in its companion manual for system engineering management, AFSCM
375-5. With regard to the point in quesiion: The 1964 issue of AFSCM
375-1 introduced the term "system segment" as a replacement for "s bsystem",
explaining that the two terms were basically interchangeable if a subsystem
is defined with a view to its organizational implications. In preparing
MIL-STD-490, the DoD committeec arrived at the term "functional area” as a
direct replacement for "system segment".

Requirements <at forth jointly in MIL-STD-490 and MIL-STD-483 for $peci-
fying functional areas are effectively th same as they were previously
for system segments in such significant areas as: allocations of system
functions, identification and definitions of inter-functional area inter-
faces, ¢..d identification of CIs contained in each functional areéa. Thus,
technically, the only difference between functionai areas and systen seg-
ments is in the label itself.

*The original issue of this manual, in 1962, introduced the term "configura ion
management" and the concept of uniform specifications (its full title is pro-
vided in the earlier footnote, basic paragraph of Section 2). The issue being
referred t, here is: AFSCM 3/5-1, "Configuration Management During Defintion
and Acquisition Phases", 1 Jure 1964
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e MWhile it is not aiways readily apparent from the Air Force definition
alone, *here has never been a, policy that system segments are necessav11v
assigned to separate cortractors -~only that they be identified in sucn a
, way that ﬁhey can be assigned separately. The approach to contracting
" for each systém acquisition is based on other criteria. Multiple segments
can be (and have been, perhaps more ofte.. than not) assigned to a single
prime or associdate contractor.

¢ In tie absence of :ny clear policy statemen.s to the contrary, POs are
free to identify either functional areas or system segments, or both. The
only restriction which appears tc exist is that if system segments are
identified, attention must be paid to their implicatians for acquisition
management. In view of considerations outlined above, continued ohservance
of t.at rule woyld appear to be the appropriate course for POs to follow,
independently of the label chosen.

7.4 PROBLEMS WITH CHAPTER 2 OF AFR 800-14

Reviewers nave nuted chat the description of the development and control pro-
cess for the system specification, provided in 3.2.2 of the text, is discrepant
with statements made in Chapter 2 of AFR 800-14, Volume II. Spe: 1fican1y, that
ci apter states (para. 2-3) that "the initixl system specification" is a product
of the conceptual phase, whereas (para. 2-4) the "au'henticated system specifi-
ca’‘on" is a major product of the validation phase. Taken together, the state-
ments indicate that authentication (hence, baselining for configuration control)
does not apply to the initial sy.tem specification, but only to the specifica-
tion in its completed form at the end of validation.

The basis for those statements is not known. They disagree with established
practice and Air Force policies stated elsewhere, as well as wi‘h the descrip-
tion given in 3.2.2 herein. As examples, the following statements are to be
found in ovaragraphs 3-5 iad 3-7 of AFSCM/AFLCM 375-, -(March 1971):

"When the system specifi:ation has been developed to the extent required
to define the Air Force functional requirements for the system, it is
authe ;ticated by the SPD and wade directive, in contracted va.idation
phase contracts for all contractors, ac the technical performance base
for the system program. The system specificetion defines the approved
system functional baseline... The authenticated system specification
will be included in the reyuest for proposal during the validation
phase... Should the Air Force decide to change or add to the system
specification after the initial issue has been authenticated, the nurmal
ECP procedure... will be followed. This is esseatial in order that
persons concerned with the proaram, in both Goverrment a.ic industry,
may be kept informed of the exact content of system requirements.
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¥, ..Industry proposais for the validation phase contract and the subsequent
design-and develo.ment contract which they prepare and submit auring'the
validation pnase should be responsive to requirements for engineering
control to the negotiated system functional baseline (system specification).
...Al11 proposed c.anges to the system specification will normally be
accuwmlated by the contractor during the contracted validation effort and
prepared as a single ECP package for presentation to the Air Force at the
end of the contrartor's validation effort."

Further indication that those precepts have not materially changed in recent
yea;s are provicad in paragraph 2-21,c of AFSCP 800-3 (April 1976), as
follows:

"Funct‘onal Base:ine. The functional baseline {-rogram requirements
baseli.e) is established by thu end of the Conceptual Phese. It incl'des
broad system performance objectives {in the format of a MIL-STD-430 Type
A specification),... ihe system specification defines the tecunical
portion of the program requirements baseline. The Air Force and OSU use
this information to evaluate the jroposed program and to compare it with
competing programs. After review and approval, this baselire is the
basis for the Validation Phase."

The points to be derived from those sourc.s vhich are generally basic to
established Air Force practice are:

(] fhe initial system specification is authenticated and baselinad, prior
to initiating validatica phase contracts.

o The initial system specification defines the sstem functional baseline,
beginning with its authentication at the outset of a va.idat.on phase.
The system functional baselinc continues to be defined by the initial
system specification plus accrued SCNs resulting from approved ECPs.

¢ The expanded <ystem speciti#ation, at the end of validation, results f-~om
the ECP package generated §ur1ng the valida*ic: phase.

Further study of that particylar chapter of AFR 800-14 (Chapter 2) reveals that
its content is also discrepant in many other ways with acc.''.ed practice an
the source documents. For exampie:
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¢ Parag.aph 2-3,a states, in lines 6-11, that PDR is held "to review thz
‘preliminary:design against the respective authenticated developmen:
specification" (a correct statement). Yet, at the very end of that sane
paragraph, it states that preliminary design information .des-ribed very
Toosely inr.he preceding sentence) "should be contained in ine development
spécificatitn ‘and become the basis fo: "DR of the computer program." (!)
The Jaccompa;iyind diagram, Figure 2-1, also portrays that latter, common
miscor<eptiun:* (Theactual purpose of PDR is not to critique the develop-
ment -specificationi*it is to review the design approach prorosed to meet
requirements of the previously-authenticated development specification.)

o Interfacos are supposedly "finaiiZed" at cDR, including interfaces with
personnel /) (para. 2-5,b). External interfaces for CPCIs are functional,
and should have been tinalized prior to PDR; internal interfaces are not
Tikely to've finalized until coding and testing have been accomplished;
human perfovrmance requirements are not managed as "irierfaces".

ot ,

¢ Formal .tes: plans are "initially submitted in preliminary draft form for
review ati(DR" (para. 2-5,c). CDR is far too late; initial submission
of -the tesc pian should occur in the validation phase (see Biock 7 of
gé§1¢3703), and the updated test plan should be completed shortly after

o Satisfactory formal testing of a mission CPCI may not be compieted until
“"completion of... OT&E" (para. 2-5,c). A more meaningful statement, in
the acquisition management context, would be that satisfactory qualifica-
tion cf tne CPCI may not be accompiished until system DT&E. Qualification
has to be accomplished prior to turnover.

Those. discrepancies can only be interpreted as errors, sirce they are incon-
sisterlt internally with oth¢ content of AFR 800-14 itself as well as with the
source docuinents which AFR 8.)-14 references freely. Tney suggest tha.
Chapter 2 ray have failed to receive adcjuate review and ccordination prior

to being ircorporated into the regulation at the time of its final issue.

N

7.5 CONFISURATION INDEX - GJUESTIONS

This note -is written to provide a further discussion of quest.ons thct have
-2n raised regarding the specific nature of conflicts contairad in the
MIL-STD-433 instructions for the configuration index. Its purpose is to
recorc scme background factors associat~d wilh the treatment provided in
MIL-STD-483, and tc clarify reasons for the approach taken to this topic in
the text (5.2).
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A few of thé pertinent background facts and circumstances are summarized very
briefly as follows:

e The basic concepts and content of the configuration index, change status
report, and version description document were developed during the 1950s

e | for control and status reporting of computer programs in the SAGE system,

E | prior to the time that "configuration management" bzcame recognized

i3 (initially for system equipment) as an acquisition management discipline.

- e Descriptions of the three documents were first disseminated for general
use in the ESC Exhibit EST-1 (1966), which was prepared as a computer
program supplement to the 1954 issue of AFSOM 375-1. Those instructions
were based most directly on the manner ir which the documents were
actually being prepared and used at that time in the BUIC III acquisition.
, (However, to avoid incorporating features which might be peculiar to

. BUIC III, and to simplify their explanation, the generalized descriptions
£ in the ESD exhibit were modified in minor ways. For example, the configu-
o ration index and change status report were described basically as they
should appear if a contractor happens to be responsible for only one
CPCI--although for both reports, the actual practice in BUIC II, BUIC III,
and SEEK DAWN/818 was to prepare one report per contracior, covering all
CPCIs for which each contractor was responsible.)

¢ While the basic concept of the index as a periodic report of document
status is relatively simple, once understood, its description can prove
to be awkward, particularly when 1imited to a bare statement of minimum

¢ requirements. The initial description in ESD Exhibit EST-1, although

i considered meaningful and obvious to its authors, proved to be confusirg

to people who had not previously worked with the report--even with the

simplifying assumption of a single CPCI. Neither at that time nor later

was any supporting guidance prepared and disseminated to provide samples,

clarify objectives, or discuss alternatives appropriate to varied

circumstances.
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o The effort of updating and rearranging the major content of ESD Exhibit
EST-1 for incorporaticn into AFSCM/AFLCM 375-7 and MIL-STD-483 (1969-71)
was carried out largely by a small task force of people who had not had
f experience with those computer program status reporting documents, but--
E . as is still characteristically true for configuration management standards--
had extensive backgrounds in configuration management practices and
principles for systems/equipment. In addition, they wera working under
pressures of limited time, and with 1imited support.
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In the course of that last event,.-the instructions ‘for -the index managed to
retain all of the earlier elements upon which the description provided in 5.2
above is based, but at the same time acquired certain new elements. One new
element 'was: Se¢tion A, the CPCI historical recurd, which serves understandable
o functions and -has not ‘occasioned any problems, to the author's knowledge.
Ignoring for ‘the moment the existence of the MIL-STD-483 Figure 13 and asso-
ciated instructions in paragraph 80.10.4.1, a careful study of the basic para-
. graph 80.10 and its first subparagraph, 80.10.1, will reveal that tuey still
provide 2 direct basis for preparing the Part 1 of each major section in the
manner ‘described in this guidebook. (It is not being suggested that those
instructions by themselves are adequate, except for readers who may recognize
thgi; sogrc§ original intent, and/or correspondence with the treatment in
5.2 herein

- ]
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The problems arise in understanding 2nd reconciiing all of the MIL-STD-483
instructions for the index, including Figure 13 and 7ts accompanying instruc-
tions irn paragraph 80.10.4.1.* The conflicts become most evident if one
actually attempts that exercise. But, as examples:

o The title of Figure 13 is "Configuration Item Development Record--Section
‘1, Parts I and II". Why is *his called a development record, which is the
title of Section A hut not of the entir. index? Why is the use of Arabic
and Roman numerals reversed here as compared with the text? '

o I this model (noting the Figure 13 content) applies to Sections I and II,
and 1ists all documents affected by each ECP: What does one do in Sections
II1 through VI? In fact, what d es one do about the "other documents" in
Section II, including the other specif1cation part (I or II) in each of
those two sections--dupljcate them?

¢ What are the mechanisms by which an integrating contractor obtains this
information from separate associate contractors, whan those exist? What
happens to the format when they do not exist?

e Is the listing for the Part I specification initiated in Section I of the
index issue following delivery of its SIN/ECP, or is it withheld until
updates of all impact documents, including related SCNs/ECPs within and/or
across contractors are issued? Is "date of issue" (called for in 80.10)
reported only for the basic issue, and not for any of the SCNs? What is
there to indicate whether the listing which appears in a given issue is

. currgnt, or complete with respect to impacted other documents and contrac-
tors?

*The first sentence of £J.10.4.1 references "Figure 4" inst2ad of Figure 13;
however, that error is incidental.
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¢ What are the intended objectives of information to be provided in .nis
form; who is -(are) the primary intended user(s)?

The author is indebted to Mr. Charles Bashaw, ESD/DRT, for recently shedding
1ight on the origin and probable intent of those instructions, and for
suggesting some related considerations outlined below.

It was mentioned above that the description of the configuration index provided
in ESD Exhibit EST-1 was only marginally adequate to convey an understanding
of its content, preparation, and functions to people who had not actually
worked with it. In the course of revising that description for inclusion in
MIL-STD-483, it was decided to clarify (and perhaps simpiify) it by adding
requirements for specification maintenance records similar to those set forth
in Appendix VII for equipment specifications. If one compares the descriptions
and figures provided now in both Appendix VII and VIII, it is fairly obvious
that Section A of the configuration index is the direct counterpart of the
equipment CI development record, Part 1 (Figires 12 and 8, respectively).
However, a comparison of Figure 13 with Figure 9 indicates that those two are
also the same. basically, except that Figure 13 (a) adds the requirement for
reporting other documents and (b) includes a sample of Part 2 data for the
section. Thus, briefly summarized, Figure 13 clearly represents an attempted
combination of the equipment CI development record, Part 2, with the computer
program configuration index--albeit, a combination in which the elements have
proved to be somewhat incompatible.

In the light of that interpretation, it is pertinent to inquirz whether the
computer program status reports provide information equivalent to that pro-
vided in the equipment specification maintenance records, if needed. The
brief answer to that question is that: A1l were required in the former ESD
Exhibit EST-1, and are currently required by Appendi VIII of MIL-STD-483
(independently of paragraph 80.10.4.1 and Figure 13), except for the record

of impact on or by related ECPs across contractors. The author's suggested
addition to the change status report (5.3.1) proviies that one missing element,
if and when a multiple-contractor structure makes it applicable.

However, it appears that one function of the CI development record, Part 2, is
to record the history of SCNs/ECPs in a form suitable to accompany each .
specification at the time responsibility for its maintenance is transferred to
the supporting command. While no similar requirement is known to exist for
computer programs (many of which £SD has traditionally transferred to the
using commands), it is conceivable that it might be encountered. If it were,
and in just that form (i.e., for specifications only, separately for each
CPCI, and including impact on specifications by related ECPs), the information
would have to be extracted from the configuratinn index and change status
report, jointly, and reformatted.
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At the same time, coverage provided by the computer program status reports is
much broader than specification maintenance. In combination with the version
description document, they also effectively accomplish, for computer prograis,
functions generally analogous to those of post-PCA configuration status
accounting reports for equipment. The fact that they do it prior to PCA, as
well as after, has suggested to some observers that similar coverage is really
needed for equipment--i.e., during the initial development period. In a few
cases, contractors have been required to issue the change status report as a
single monthly report covering all of each contractor's ECPs, whether affec-
ting equipment CIs, CPCIs, or both. (The particular examples of those which
the author has seen actually placed their predominant emphasis on ECPs tc
equipment Cis, tc the extent of omitting significant elements of the required
status information for E.Ps to computer programs.)

One original purpuse of the configuration index is to ensure that key documen-
tation associated with computer programs is developed and regularly updated to
reflect the current configuration of each item. Failures Lo accomplish that
purpose have been a traditional and pervasive source of software user troubies
and expense. As outlined in the guidebook, the configuration index and change
status report -~re reports which should be prepared by the developer--and by
each developer, if the prog.am involves more than one. The information is
uceful not only for its nominal purposes, but can also be invaluable to a PO
in providing indicators of how effectively the contractor's configuration
management is integrated with his total CPC. development efrert, throughout
the acquisition (see 5.2, basi. paragraph, also Figuve 4-5 and 4-6). In short,
they can function as significant technigues in the P0O's overall approach to
acquisition management of computer programs, when sufficient emphasis is
devoted to ensuring their proper preparation and uses.

125
(Page 126 blank)




8.1 REGULATIONS,

SECTION 8. BIBLIOGRAPHY

SPECIFICATIONS, AND STANDARDS

DoDD 5000.29

AFR 57-4 "
AFR 65-3

AFR 800-3
AFR 800-14, V. I

AFR 800-14, V. II
AFLC Suppl. 1 to
AFR 800-14, V II
AFSCM/AFLCM 375-7

AFSCP 800-3
MIL-STD-480 _

MIL-STD-483

MIL-STD-490
MIL-STD-499A
MIL-STD-881A

MIL-STD-1521A

MIL-5-52779

Management of Computer Resources in Major Defense Systems.
26 April 1976.

Retrofit Configuration Changes. January 1972.

Configuration Management (Joint Services Regulation)
1 July 1974.

Engineering for Defense Systems. 30 Ahgust 1973.

Management of Computer Resources in Systems.
10 May 1974. )

Acquisition and Support of Computer Resources in Systems.
26 September 1975.

Acquisition and Support Procedures for Computer Resources
in Systems. 18 October 1976.

Configuration Management for Systems, Equipment,
Munitions, and Computer Programs. 31 March 1971.

A Guide for Program Managerent. 9 April 1976.

____Configuration Control - Eng;neeripg Changes, Deviations,

and Waivers. 30 October 1
(USAF) Configuration Manzgement Practices for Systems,

Equipment, Munitions, and Computer Prograns. 12 April 1971,

Specification Practices. 30 October 1968.
(USAF) Engincering Management. ! May 1974,

Work Breakdown Structures for Defense Materiel Items.
25 April 1975,

(USAF) Technical Revie 's and Audits for Systems, Equin-
ments, and Computer Programs. 1 June 1376.

(AD) Software Quality Assurance Program Requirements.
5 April 1974,

127




A AT,

po
)

P VTN AT I T e e
T

|
J
i
{

BT NI FTEITA T YT T A 7k

‘HIL-5-83490

Specificztions, Types and Fo.ms. 30 October 1968.

8.2 TECHNICAL REPORTS

Bolen, N. E. An Air Force Guide to Contracting for software Acquisition.
“ESD-TR-75-365; Electronic. Systems Division, AFSC, Hanscom AFB, Mass.
January 1976. (NTIS Accession Ho. AD-A020444) -

Connolly, J. T.  Software Acquisition Management Guidebook: Regulations
Specifications and Standards. ESD-TR-75-91; Electronic Systems Division,
AFSC, Hanscom AFB, Mass. October 1975. (NTIS Accessfon No. AD-A016401)

Glore, J. B. and Bjerstedt, W. R. Software Acquisition Management Guic *book:
Statement of Work Preparation. ESD-TR-77-16; Electronic Systems Division,
AFSC, Hanscom AFB, Mass. January 1977. (NTIS Accession No. AD-A035924)

Glore, J. B. Sofiware Acquisition Management Guidebook: Life Cycle Events.
ESD-TR-77-22; Electronic Systems Division, AFSC, Hanscom AFB, Mass.
(NTIS Accession No. AD-A037115)

An Air Force Guide for Monitoring and Report-
ESD-TR-75-85; Electronic Systoms
September 1975. (NTIS Accession

February 1977.

Hagan, S. R. and Knight, C. W.
ing Software Development Status.
Division, AFSC, Hanscom ArB, Mass.
No. AD-A-016488)

Peterson, D. R. Sofiware Acquisition Management Guidebook: Software Devel-
opment and Maintenance Facilities. ESD-TR-77-130; Electronic Systems
Division, AFSC, Hanscom AFB, Mass. April 1977. (NTIS Accession No.
AD-A038234)

Schoeffel, W. L. An Air Force Guide to Software Documentation Requirements.
ESD-TR-76-159; Electronic Systems Division, AFSC, Hanscom AFB, Mass.
June 1976, (NTIS Accession No. AD-A027051)

Searle, L. V. and Henderson, R. L. System Engineering Guide for Computer
Programs. ESD-TR-68-1; Electronic. Systems Division, AFSC, Hanscom AFB,
Mass. March 1368. (DNC Accession No. AD669-129)

Searle, L. V., Rosove, P. E., and Sydow, E. H.
Large Computer Programs in BUIC I1I; Review of Experience.
Electronic Systems Division, AFSC, Hanscom AFB, Mass. June 1969.
Accession No. AD699-585)

Systeins Management Applied to
ESD-TR-69-302;
(pDC

Searle, L. V. and Neil, G. Configuration Management of Computer P-ograms by
the Air Force: Principles and Documentation. AFIPS Conference rroceedings,
Spring Joint Computer Conference, Vol. 30, 1967, pp. 45-49.

128




SECTION 9. TERMS AND ABBREVIATIONS

9.1 TERMS*

Adaptation Data. Data whose values are fixed for a given site or mission, but
which may vary ‘for different sites or missions. Adaptation data represent one
class of data that my be contained in the data base of a computer program
configuration item designed for multiple-site or multiple-mission uses.

Addendum Specification. (See Configuration Item Specification Addendum.)

Advance Change Notice (ACN). The ACN is a document (e.g., AFSu Form 223) which
precedes the preliminary or formal ECP, contains information establishing the
need for tne change, and allows for effective initial evaluation of the
suggested change. (See AFSCP 375-1.) (MIL-S7D-483)

MIL-STD-453 provides instructions for applicability of the ACN (or ACSN) to
computer programs (para. 140.3.1) which duplicc.e those provided for equipmenc
CIs (para. 130.3). However, the form is rarely if ever used for CPCIs. It
does not become applicable, according to the instructions, until after the
product baseline is established; it is not applicable even then unless specifi-
cally required in the given contract; and, in practice, it is only one of
vaious optional ways in which study and coordination can be accomplished as

a basis for procuring activity authorization to prepare a formal ECP.

Advance Change/Stndy Notice (ACSN). See Advance Change Notice (ACN).

Allocated Baseline. (See Baseline.)

Allocated Configuration Iucntification (ACI). Current approved technical
documentation defining performance, design, and qualification requirements
for a configuration item. In effect, the development (Type B) specification
or equivalent.

*The DoD configuration management standard referenced in AFR 65-3 as "MIL-STD-
CMX" is in process of Joint Services review and coordination at the tiue of
this writing as MIL-STD-XXX. A coordination draft of MIL-STD-XXX contains a
comprenensive glossary of terms to be standardized for DoD-wide uses, from
which a number of these definitions were drawn. The draft is not a legiti-
mate reference. 1t is identified herein, however, for the purpose of
acknowledgi g9 the actual source of those particular definitions.
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Baseline. The configuration of a configuration item {Ci) as defined by an
TdentT¥Tcation document or set of such documents formally designated and fixed
at a specific time auring a CI's 11fe cycle. Baselines, plus apnroved changes
from thosc baselinas, constitute the current configuration idencification.

For configuration management there are three baselines, as follows:

Functional Baseline. The initial approved functional conf guration
identification.

Allocated Baseline. The initial approved allocated configuration
identification.

Product Baselira, The initial approvec or conditionally approved
praduct configuration identification. (AFR 65-3)

Basic Issue. The first issue of a newiy-developed document that is submitted
for ucceptance in finish~d form, often preceded by one or more draft issues.
In the case of a specificaticn, the basic issue is the first formal issve
that bears authenticating signatures on the title page and defines the initial
allocatad or product baseline for the given item.

Change Issue Identifier. An alphanu.eric number assigned by a developer to
faents?y successive 'ipdates to specifications or other documents by means of
ctange pages, as distinct from comple*e revisions. For a specification, the
hange issue identifier can be equivalent to the SCd{ number.

Cornuter Program. An ordered set of instructions an. data reyuived to cuntrol
the operation of a computer. The end prcduct of the process required to pro-
duce a coiputer program is usually a punched deck of cards, magnetic or paper
tapes, or other physical mecdia cont-.ining the ordered set of instructions in
2 Torm suitable for insertion into a computer. Under corirol of the instruc-
ticns, the computer periorms a set of well-defined and logically related
functions. (MIL-STD-XXX)

Computer Program Component (CPC). A functionally or log.cally distinct part
of a coimputer program d.stingnished for puiposes of convenience in designiang
and specifying a complex computer program as an assembly of subordinate
elements. (MIL-STD-483)

Computer Program Configuration Item (CPCI). A computer programming end pro-
duct whose development and subsequent modification are subject to configura-
tion managemer.t. (MIL-STD-XXX)

130

]




uter Program Development Spucification. A document which specifies the
uncL:onal performance requirements for each CPCI. This specification
represents a comprehensive and definitive statement of the performance, design,
and test requirements to be met by the computer program  (MIL-STD-XXX
Equivalent to “Part I CPCI specification" or "Type B5 specification”.

C ter Program Product ification., A document or series of documents
ngcﬁ coatain the deta Technical description of the CPCI as designed and
coded. It is a complete description of all routines, limits, timing, flow,
and data base characteristics of the computer program, including listings of
the coded instructions. (MIL-STD-XXX)

Equivalent to "Part II CHCI specification" or "Type C5 cpecification".

Configuration. The functional and/or physical characteristics of hardware/
computer programs as cet forth in technical documentation and achiev. 1 in a
product. (AFR 65-3)

Configuration Control. The systematic evaluation, coordination, approval or
disapproval, and TmpTementation of all approved changes in the configuration
item after formal establishment of its ronfiguration identifi:ation. (AFR 65-3)

Configuration Control Board (CCB). A board composed of representat‘ves of
various functional organizations used to (1) serve as a body to review, verify
classification of, and approve/disapprove proposed changes and deviations, and
éﬁthnge;;Q;m total impact evaluation of proposed engineering changes.

Configuration Control Board Directive (CCBD). A document which records the
Hecisgon of the configuration control board (CCB) approval or disapproval of
a proposed change submitted by a contractor, and i~ the basis for issuance of
a contract modification if the change is approved. (MIL-STD-XXX)

Conf{ggration Identification. The current approved or conditionally appreved
technical documentation for a configuration item as set forth in specifica-
tions, drcwings, and associated lists, and documents referenced therein.
(MIL-STD-XXX)

Cuq%igyvpgjon Item (CI). An aggregation of hardware/computer programs or any
of Tts discrete portions, which satisfies an end-use function and is designated
by the Government Tor configuration management. CI< may vary widely in com-
plexity, size, and type, from an aircraft, electronic, or ship system to a

test meter or round of ammunition. (Abbreviated, from AFR 65-3)
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Confiquration Item Addendum Specification. A document prepared by writing a
spectfication (adderdum) by direct reference to an existing speciriration and
recording in the new specification, reference to each paragraph in the existing
specification. A specification created in this manner is a new and complete
specification with a new specification number. (MIL-STD-XXX)

Configuration Item Development Record. A record which provides status infor-
mation on the develo~ment progress of a -onfiguration item. (MIL-STD-483)
For computer prog.ams, equivalent to Section A of the configuration index.

Configuration Managerent. A discipline applying technical and administrative
directfon and surveillance to (1) identify and decu.ent the functional and
physical characteristics of a configuration item (2) control changes to those
characteristics, and (3; record and report change processing and implementa-
tion status. (AFR 65-3

Contract. The legal agreement between DoD ard industry, or similar internal
agreement wholly within the Government, for the development, production, main-
tenance, or modification of an item(s). (MIL-STD-XXX)

Critic! Design Review (CDR). [MIL-STD-XXX provides separate definitions of
R for hardware and computer programs, as foliows:]

Critical Design Review {Hardware). A formal technical review of the
design of an item to assure that design requireients have been met
hefore relesse of documentation for production.

Critical Design Review (Computer Program). A formal technical review
of the design as depicted by the specification and flow diagrams, suffi-
ciently detailed to enable the programmer to co''e, compile, an. debug

a computer program, to assure that design requirements have been met
before beginning coding.

Critical Item. An item within a configL-ation item (CI) which, because of
spectal engineering or lugistic consideraticis, requires an approved steci-
ficution to establish technical or inventory control at a level below the
CI level. (MIL-STD-XXX)

The critical item designation does not apply to computer proqrams.

Data Item Des~ription (DID). A standard form (DD Furm 1664) employed to
define format and content requirements for specifications, reports, manuals,
and various other items of technical or management data to be delivered urfer
a contract.
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Development Test and Evaluation (DT&E). Test and evaluation conducted by the
procuring command and its contractors to demonstrate that the design and
development process is complete and that the system will meet specifications.

Deviation. A specific written authorization, granted prior to the manufacture
of an Ttem, to depart from a particular performance or design requirement of a
contract, specification, drawing, or other document for a specific nuwber of
units or a specific period of time. A deviation differs from an engineering
change in that an approved engineering change requires corresponding revision
of the documentation defining the affected item, whereas a deviation does not
contemp’ate revision of the applicable specification or drawing. (MIL-STD-480)

As they pertain to equipment CIs, deviations and waivers are documented dis-
crepancies betweep the actual configuration of one or more units of the CI

and the configuration defined in the CI's specification. The principal differ-
ence is that the deviation i< processed in advance of manufecture, whereas the
waiver is granted during production or at the time of inspection by the pro-
curing activity. The specification referenced is typically the product speci-
fication, together with its associated engineer.ng drawings and design/
construction standards.

Hence, Jeviations and waivers used for those purposes do not “ave any compara-
ble applicability to computer programs, hasically because the CPCI product
specificatinn dors not goverr the "manuracture" of units in a comparable
manner. Using the term in its general sense, deviations may often occur for
units (copies? of a CPCI, as described in 5.4.1 and 6.2 of the text herein.
Those should not occur except when authorized by proper.authurity. However,
such deviations are not normally associated with procuring activity acceptance
of the CPCI, or versions thereof, either before or at the time of its delivery.
If a given deviation is authorized (e.g., for test purposes) and proves desir-
able t. retain, the normal solution is to process an 2ngineering change to the
specification.

Engineering Change. An alteration in the configuration of a configuratior item
or items, delivered, to be delivered, or under development, after formal estab-
lishment or its configu-ation identification, vhich results in a corresponding

change in its descriptive documentation. (MIL-STD-480)

Engineering Change Proposal (ECP). A term which includes both a proposed
engineering change and the documentation by which the change is described and
suggested. (MIL-STD-480)

Functional Baseline. (See Baseline)
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Functional Configuration Audit (FCA). A formal audit to validate that the
develorment of a configuration Ttem (CI) has been completed satisfactorily and
that the Cl has achieved the performance and functional characteristics speci-
fie? in the functionil or allocated configuration identification. (MIL-STD-
XXX

Functiona: Configuration Idertification (FCI). The curr.at approved or condi-
tionally approved iechnical documentation which describes performance, design,
and test requirements for a systen and, if ary, its system segments. In
effect, the system specificatinn or equivalent.

Generation Breakdown. A listing of subordinate items and parts comprising a

system or major corfiguration item. The subordinate elements are listed in
top-cown order, reflecting their iandenturcd relationships in the assembly
hierarch» as a whole.

Interface. A region common to two or more elements, systems, projects, or

programs, charact~rized by mutual physica®, functional, and/or procedural
properties. (MIL-STD-XXX)

Interface Control. Interface control comprises the delineation of the proce-

dures and documentation, both administrative and technical, contractually
necessary for identification of functional and physical characteristics between
two or more CIs which are provided by different contractors/Government agencies,
and the resolution of problems thereto. (MIL-STD-483)

Interface Control Document (ICD). A document which records the compatible

design or opevating relations between two or more interfacing configuratior
item designs, and shen approved, reflects the agreement between two or more
contractors/Government agencies/contracter divisions. The document., are used
as design control documents, delineating interface engineering data coordinated
for the purpose of:

(a) establishing and maintcining compatibility between
co-functioning items;

(b) controlling interface design thereby preventing changes to items
requirements which would affect compatibility with co-functioning
subsystems ;

(c) comnunicating design decisions an. changes thereto to partici-
pating activities. (MIL-STD-T00A)

Item. A nonspecific term used to denote any product, iucluding systews,
materials, parts, subassembiies, sets, accessories, etc. (MIL-STD-280A)
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Notice of Revision (NOR). A form used to propose revisions to a drawing or

Tist, and, after approval, to notify use.,s that th~ drawing or list has been,
or will be, revised accordingly. (Abbreviated frc~ MIL-STD-480)

Applicabitity of the nNOR to computer programs is provided for in paragraph
140.14 of MIL-STD-483. The NOR is comparable to the SCN, in that it may
accompany an ECP, repiacing the SCN, to describe the change to a specification
(including, for equipment, engineering drawings) when it is desired to alter
the configuratior of certain items. MIL-STD-480 does not clarify how or
whether it applies to Class II as well as .o Class I changes; however, if usec
for a computer program change, it would seem to be appropriate for both. The
NOR is prepared instead of an SCN when the contractor preparing the ECP s not
the originator or custodian of ("2 specification--as he would not ba for an item
p.rchased from a commercial vendor or perhaps for an inventory i .m. According
to MIL-STD-480, the rrocuring activity then arranges (if he aporoves the NOR)
to have the originator/custodian issue the change to the spc i ication. ~-Thus,
applicability tc a computer program depends to some extent on relationships of
both procuring activit and contractor to the item originator/custodia:., and
may involve legal considerations pertaining to data rights.

Operational Test and Evaluatiun (OT&E). Test and evaluation conducced by the
using command and AFTEC to estimete a system's military utility, operatioral
effectiveness, and operational suiia' .1ity.

Physical Configuration Audit (PCA). The formal examination of the "as built"
co figuration of a unit of a CI against its technical documentation in order .
20 establish the CI's initial product confiauration identification. (MIL-STD-480)

Preliminary Design Review (PDR). A formal review of the preliminary design of
a system functional area or of a configuration item to establish system com-
patisility of the design, identify specific engineering documentation and
define physical and functional interrace relationships. (MIL-ST XX)

Product Baseline. (See Baseline.)

Product Configuration Identification (PCI). In effect, ine product specifi-
cation for a CI, or its ejuivalent documentation.

For equipment CIs: The current approved or conditionally approved tech-
nical documenta.ion which defines the configuration of a CI during the
rroduction, operation, maintenance, and logistic support phases »f its
life cycle, and which pre.cribes (1) all necessary physical or form, fit,
and function characteristics of a CI, and (2) the selected functional
characteristics designated far production acceptance testing, and (3)

the prod ' ction accentance teuts. (MIL-STD-480)
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ror _computer program Cls: Technical computer programming documen-.ation _
w1ich describes the "as ouilt" < -igr and coding of the compLte: program.

Qualification. Verification by means of tests and other suitable met.ods that
a rewly-dcyelopr  item meets the require.ents of it~ developmeni (Type B)
specificalion.

Retrofit. Incorporation of an engineering ch.nge (at any level) 1n accepted
or in-service items. (MTL-STD-480) As reiated to the transter of prograr.
management responsibility from AFSC to AFLC, AFR 57-4 distinguishes two major
classes of retrofit changas as follows:

Modifications. Changes fur which the reouirements are identified
after PMRT.

Updating Changes. Changes for which ~quirements are identified prior
to PMRT, but which may not be implemented until after PMRT; AFSC is
normally responsibie for implementiny this ciass of changes.

Revicior.

(a) A new issue of an entire doctment or volume which completely super-
sedes any previous issue, all pages being identified by the same
applicable revision element of the document number.

(b) Generally, a charge to a document or volume made b, any suitable
method.

Sericlization. The application o numeric and/or alphehetic designators in
a sprcified order to distinguish individual units of a CI. (MIL-STC-XXX)

Software. In this guidebook, synonymous with "computer program{s)". (See
1.6 ."and 7.2 herain.)

Specification. A document which clearly and accurately describes the essen-

t111 technical requirements for items, materials, o+ services including the

procedures by which it will be determined that the requirements have been me..
(DoDD 4120.3)

$recification Change Notice (SCN). A document used to propose, transmit and

record changes to a specification. In proposed form, prior to approval, the

SCN (P) supplies proposed changes in the text of each page affecied.
MIL-STD-480)
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Specification Tree. A die ram or listing showing the "identured relaticnships
between specification-typ~ documents or reguir nent. documents irdepanc -t of
the assembly or installc “on relatiorships of the itoms affecied.

(MIL-STD-x1\4)

System A composite cf equipmeni, skilis, ard techrigues capable of per./crming
or supnorting an operational rile, or both. A complete system i -ludes ai.:
equipment, related facilities, material, computer prugrams, servi.es, and
personnel required for its operation and support to the degree thav it can oe
considered a self-sufficient unit in its intended operational environment.
(MIL-STD-XX¥)

System Allocation Document. A document which identifies the segreg:tion of
configuration items by serial number and the system configurat an a each
location. (11IL-STD-483)

The SAD has been applied, at the system and system segmert leals, with the
requirenent to inciude computer programs ii. accordance wi*h Appendix X[ of
MIL-STD-483. Its reai usefulness is evidently limited, nowever, to p-oviding
a record of the fact that given CPCIs are assiqgned to the identified l.cation.
Empha.is in the form is on numbers and specific identification of equipment
units (serial numbers) ind on ten drawing and part numbers. Much of .hat
information required for equipment is either not applicable or irrelevani to
computer programs--especially if the given location has the capability, as
many do, to duplicat- its own additional copies of the CP(Lis as needed.

System Segment. A discrete package of sysiem performuice requirements, func-
tional interraces, and configuration iter contracted tv _ne contractor cr
assigned to one Government Jrganization “irectly responsible to the procurin~
agen~y for that pert of tr: system's total performance. (MIL-STD-483)

Unit. In configuration management, one complete ar-ic.e of a con"iguration
Ttem. For examnlc, one "111A of a total quantity of 100 F111As. (MIL-" "D-480)
By analogy. individual copiec of a master tape would constitu’: units of 1
CPCI. Units of an cauipment Cl are distinguished by their serial numbers,
which are important in -~onfiguration status accounting. The established hard-
ware practices and concepts pertai~ing to units and serializatiun tend no* t
have comparcble significance or uscs in software c....r1r ation mana. ment.

varsion. lhe actuai cont.guration ot @ computer brogram contiguration item

( PCT) which is introd.ced for ins.allation and test or operatiu. into tha
system in the form of a magnetic tupe, deck o~ cards, disc, o~ otner physical
me ‘fum. A new version is createu (a) when a new? '-developed item i~ first
delivered; or (b) whenever the CPCI is completely reassembled, containing -:°
Class I and (iass II chanyes accomplished since the preceding versica.




An interim versivin uccurs when 2 single vlass I change is inw.roduced
into :n existing version through delivery of vartial (uanges to the
CPLI, short of ccmplete reassemblv or release of a complete raw tape
or card deck.

wa‘ver. A written au.horizaticn to accept a configuration item or other

desiynated items, which during productio~ or aftar havi.g bein stbmitted for

inspection, are found to depart from specified requirements, but neve “theless
are considered suitable for use "as *s" or after rework by an approved method.
(A1so, see Deviation.) (MIL-STD-480)

9.2 ABBREVTATIONS

ACI Allocaied Coafiguration Identification
AFLC Air Force Logistics Cummand

AFR Air Force Regulation

AFSC Air Force Systems Command

AFT.C Air Force Test and Evaluation Center
ASD Aeronautical Systems Division (AF.C)
ATC Air Training Command

CCB Configur.tion Control Board

CCBL Configuration Contro. Board Dire tive
CDR Critical Design Review

CDRL Contract Data Req.irements List

CI Confi_uration Item

CMO Configuration Mapagement Office

CpPC Computer Program Component

CPCI Computer Prog¢ram Configuration Item
CPCSB Computer Piogram Configuration Sub-Board
CPDP Computer Program Development Plan

CPTN Co.aputer Program !dentification Numher
CPT&E Compr ter Program Test and Evaluation
CR Chnge Report (Class II)

CRISP Ce.aput=r Resources Integrated ‘upport Plan
DCN socument Crange Notice

DID Data Item Description

DoD Departaient of Defense

DT&E Development Test and Evaluation

ECP Engineering Change Pioposal

ESD Electronic Svstems uvivision (AFSC)
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FCA
FCI
FQR

Irn

ICWG
LEP
NOR

0/ CHp
OT&E
PCA

PCI

POR

PMD
PMRT

prp
ROC
SAMSO
SCN
SOR
SRR
TED
R

VDD

Functional Configuration Audit
Functional Configuration Identification
formal Qualification Review

Interface Control Drawing
Interface Control Working Group

List of Effecti\ . Pages
Notice of Revision

Operatioral/Support Configuration Management Procedures
Operational Test and Evaluaticn

Physica® Configuration Audi+t

Product Configuration Icentification
Preliminary Design Review

Program Management Directive

Program Management Responsibility Transfer
Program Office

Request for Propos-1
kequired Cpzrational Capability

Space anu Missile Systems Organization (AFSC)
Specification Change “otice

System Design Review

Statement of Work

System Requiremen's Review

To Be Determined
Technical Order
Technical Repert

Version Description Document
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