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PREFACE

|
; This panel was a continuation of the documerntatiion punel of
! the first software workshoy held in April 1979. The originel .
‘ panel examined the existing software documentation arena, and

developed overview descriptions for what they considered to ba o !
comprehensive set of docum:nts that could be used fcr DaD coatracts. ;
Their recommend:tions for ‘urther action includes:

1. Prenaration of Data Item Descriptions (DiDs) for these
dccuments. :

2. Preparation of modifications to existing military
standards (MIL-STDs). or the creation of a new one,
from which the DIDs cuon be involved.

3. Preparation of guidelines to help program managers
select an appropriate subset of documents for specific

contracts.
]

Since the 1979 workshop, the JLC completed the first task via
contract, and awarded a contract to accomplish the second task. {
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" SOFTWARE DOCUMENTATION

1. COBJECTIVE

During the JLC Software Workshop (Monterey 1I) neld in Monterey,
CA on 22-25 June 1981, Panel A, Software Documentation, pursued four
objectives:

a) Provide recommendations to the JLC for developing project

management guidelires for the selection of software
documentation.

b) Clarify the relationship between the DOD acquisition 1ife-cycle
(milestones, phases) and the JLC-1ist of software documents.

c) Provide recommendations to the JLC concerning the addition,
deletion or modification of documents in the JLC-1ist of
software documents.

d) Provide recommendations to the JLC for implementing the standard
set of software documents (JLC-list) within the 0SD/JLC/Services.
The "JLC" referenced in the above objectives refers more directly to the
Computer Software Management (CSM) Subgroup of the Joint Logistics
Commanders Joint Policy Coordinating Group on Computer Resource Manage-
ment (JLC-JPCG-CRM).

2. SCOPE

The objectives of the Software Documentation Panel initially provided
by the CSM Subgroup were:

a) Develop guidelines for project managers to help select the
appropriate subset.

b) Prepare draft implementation plan for the DIDs and recommend
method of evaluation.

The pursued objectives differed from these initial objectives for two
reasons. First, the time (three days) available at Monterey II was
insufficient to meet the objectives. Secondly, it became apparent, at
the beginning of the Panel session, that several issues needed to be
clarified or resolved in order to meet the more long-term objectives
of acquisition management guidelines and DID implementation plans.
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It was felt that acquisi“ion management guidelines are certainly
necessary, but that Panel A's contribution to the CSM Subgroup should
be to clarify the issues involved with selecting documents. The major
supporting panel tasks decided upon were developing a consistent
acquisition cycle model and, concurrentiy, reviewing the DID's produced
as a result of the CSM Subgroup's documentation contract. The information
resulting from panel deliberations on these tasks was felt to be an
integral part of any guidelines. It was also felt that contractual support i
is necessary for guideline development and to this end a discussion of ‘
the required tasking was undertaken.

i

1
Preparing a draft implementation plan, per se, was not tackled. i
It was felt that the approach most beneficial to the CSM Subgroup would ;
be to document some of the considerations involved in implementation of
the DID's.

Two additional topics were considered for discussion but were dropped ]
because they were not felt to be within the scope of documentation/DID
specification, standardization and tri-service implementation. These
topics were the automation of document generation and the proper specification
of software requirements. These are important, related technological issues
but may not have a place in JLC standardization.

[PPSO SR

Twelve members of the panel met at Ft. Belvior, VA in August to review
the draft Final Report and complete the DID review. This report incorporates
the results of the follow-up meeting. ;

3. APPROACH

Discussions at the initial panel meeting revealed several deep-seated
concerns about the documents, the DIDs and the life cycle. These concerns
led to the formation of four subpanels which addressed specific issues.
The subpanels met independently throughout the remainder of the workshop.
Periodic full panel sessions were held to coordinate the activity and
develop group concensus.

The four subpanels were:
1. Guidelines for Acquisition Managers.
2. Life Cycle.




3. Document set and DIDs.
4, Implementation Plan.
Membership of the subpanels is given in Appendix A.

Two of the subpanels had extensive interaction with representatives
of the CSM. The Life Cycle was a particularly controversial topic and,
during one session, discussion between subpanel and CSM members was needed

to clarify the intent of the new life cycle.

The implementation subpanel attended a CRM-CSM meeting on policy
because the enforcement of the new DIDs requires promulgation of the new
MIL-STD. This helped formulate the conclusions reached by this subpanel.

4. DISCUSSION
4.1 SUBPANEL 1: GUIDELINES FOR ACQUISITION MANAGERS

This subpanel concliuded at the onset that there was not sufficient
time during the workshop to develop a set of guidelines. Instead, they
decided to recommend that the guidelines themselves be developed via
contract, and directed their efforts at drafting a Statement of Work (SOW)

for such an effort. (See Appendix C).
As part of their deliberations, subpanel 1 considered two major
questions: ‘

1. What flexibility should an acquisition manager have in tailoring
individual DIDs?

2. What determines if an individual DID is needed on a particular
project?

Regarding the question of tailoring, the subpanel agreed (after considerable
discussion) that DID tailoring should be discouraged. The basis for this
decision, which differed from that of the Monterey I panel, was that document
standardization is the most important concept behind the use of a single

DID set, and that prohibition of tailoring does not prohibit offerors or
acquisition managers from stating particular sections are not applicable

if such is the case.

:
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Regarding the question of DID selection, the subpanel had three

concerns. First, it was agreed that there was considerable overlap in

information content of some of the documents. Second, it was felt
that not all of the documents were necessary on every project. Third,
it was feared that acquisition managers, when in doubt as to what
documents to require, would tend to procure all of them.

In view of these concerns, the subpanel first decided that some sort
of selection matrix which would 1ist appropriate DIDs versus project
characteristics was needed. However, in a later split decision, the
panel concluded that a flow chart or selection algorithm would be better
than a decision matrix. (Minority opinions are contained in Section
4.1.2). Despite the differences in opinion regarding the form of the
selection technique, the subpanel unanimously agreed that the tech-
nique should be incorporated into a guidebook.

4.1.1 Guidebook
The subpanel believed such a guidebook should contain the fellowing:
1. A selection matrix, flow diagram, or other algorithmic form.

2. General discussion of why documentation is necessary, with
case histories and the effect of documentation on their
success oar failure.

3. Statements indicating how military standards and requlatioas
relate to documentation and which are in effact.

4. Descriptions of the role of the Statement of Work (SOW) and
Contract Data Requirements List (CDRL) in requiring DIDs and
providing flexibility when appropriate.

5. Expanded overviews of each document.

6. Project characteristics to be considered in selection DIDs to
be procured.

Some of the project characteristics which the subpanel felt should
be included in the guidebook were

1. Number of project offices, services, and contractors involved

2. Complexity factors, such as multiple processors and sizing/timing
constraints

3. Criticality of software to system operation

e i et B At miaeh
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10.
11.
12.
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Interoperability requirements

Stability of requirements over system's life
Projected length of system life cycle

Budget constraints

Use of existing software and documentation
Procurenient type (sole source vs. multiple)
Software support concepts (contractor vs. organic)
Development phase

Significance of software in overall system, {.e.,
Hardware intensive, Software intensive, Operator intensive

4.1.2 Minority Reports

Two
4.1.2.1
1.

Minority Reports were submitted.

Minority Report 1

The subpanel is recommending that a task be let to a contractor
to put together a Guidebook to aid Program Managers in the
selection of DIDs/Documerits in support of Software/Firmware
development.

As part of the guidebook an Algorithm may be required to be
developed that, based on characteristics of the project, wiil
lead a Program Manager to his selection of DIDs.

The subpanel feels that this type of Algorithm is needed because
o¢ the overlapping coverage of some DIDs.

The minority analysis of the problem leads to the conclusion that:

a) The number of DIDs has been reduced to a workable
set.

b) A minor expansion of the DID Overview Descriptions
would suffice in the place of an Algorithm and be
simpler to use than a flow type algorithm., If all
additional information were provided in the DID
overviews such as:

1. Under what conditions is the DID
needed and why?

2. Under what conditions is the DID not
needed?

3. 1Is there a paragraph/paragraphs from
another DID that relate to this DID
that could satisfy this need?

6




c) A contract may not have to be let to accomplish this -
it may be within the scope of the JLC staff to
accomplish in-house.

d) It is recommended that a complete set of software/
firmware DIDs be attached to the Guidebook along
with the “"expanded overviews" to give the Program
Manager all he needs to make the document selection.

e) It s felt the algorithm is not impossible to construct,
but may be infeasible due to the estimated 6 months
to develop it and then validate it and due to the
difficulty in quantifying project characteristics in
a way that can be applied to an algorithm and due to
the number of variables involved.

4.1.2.2 Minority Report 2

el et e p .

. A second minurity report also disagreed with the development of an
*algorithm”" for DID selection. The implication of an "algorithm" is
that DID selection can be reduced to a series of black and white
decisions, the results of which totally determine what DIDs are "appro-
priate." However, as alluded in 1 to 3 above, the "number of variables"
involved may be too great to render a neat, deterministic selection
process feasible. The selection process thus becomes a complex one of
synthesis, judgement, and in part, intuition.

Thus, the inclusion of an "algorithm" poses a real risk of leading
the uninitiated acquisition manager to conclude the DID selection process :
is less complex than it really is. A "good" acquisition manager who ’
cannot decide for himself/herself what DIDs are needed should delegate §
the authority to someone on the staff who has the background to make i
the decision. If the acquisition manager does not have access to some- {
one who does have the background, he/she should hire someone who does,
or get out of the software acquisition business. if the latter is not ’ i
possible, then require all the DIDs. (From the perspective of risk and :
life cycle implications, the public interest is perhaps better served
by ordering and paying for a few DIDs which are not really needed in
the final analysis than by not ordering DIDs which eventually are %
needed.) In any event, let us not try to reduce what is often truly
a complex and somewhat judgemental decision to an algorithm.

4.2 SUBPANEL 2: LIFE CYCLE

The DID set developed for the JLC is based on a new software life
cycle which includes two rew reviews: the Software Specification Review
(SSR) and the Test Readiness Review (TRR). Initial deliberations by this

7 .
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subpanel centered on the necessity of these new reviews. After much
heated discussion, the subpanel decided, in a split decision, that
the question of whether or not these new reviews were necessary was
not their charter. They then proceeded to examine the role of the
documents in the life cycle, with the ground rule that the life cycle
(including SSR and TRR) is "given."

The subpanel examined all documents in the JLC package and pro-
jected them against the life cycle chart, showing when each should be
avaiiable in preliminary form, baselined, or modified. (This projection
was accomplished under the handicap of not having A formal description
of the 1ife cycle available to the panel). The life cycle is shown
in figure 1.

Additional conclusions drawn by the subpanel include:

1. The 1ife cycle chart should reflect the parallel paths for
hardware and system development. Software should always
be considered a part of the overall system. The phases of
Hardware and Software must permit consideration of decision
processes. .

2. The life cycie should be tailored to specific projects and
phases of development. The 1ife cycle figure indicates
the software acquisition process which is key to a total
system acquisition. This process may occur within any
phase of the system development life cycle. However, the
reviews, documents and phases may be tailored as required
by the complexity of the development.

3. The life cycle model can be applied to any development
process, whether "start from scratch", modification to an
existing system or the maintenance phase.

4. A method for proving a life cycle phase has been completed
needs to be devised.

5. A good definition of "design review" needs to be developed.
It was felt that the reviews indicated on the life cycle
chart represent culminations of the review processes which
track on-going activities.

6. The new policy will reflect the standardization of existing

practices. A means for providing evolution to incorporate
new methodologies must be developed.
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Figure 1. Acquisition Cycle

ABBREVIATIONS

Critical Design Review

Computer Resource Life Cycle Management Plan (Acquisition)
Computer Rescurce Life Cycle Management Plan (Support)
Computer System Diagnostic Manual

Computer System Cperator's Manual

Computer System User's Manuai

Data Base Design Document

Functional fConfiguration Audit

Forma} Qualifica ion Test

Interface Desigr Document

Interface Requiements Spec

Physical Configuration Audit

Preliminary Design Review

Software Configuration Management Plan
Software Detail Design Document
Software Deveiopment Plan

System Design Review

Software Problem/Change Report
Software Programmer’s Manual

Software Product Specification
Software Quality Assurance Plan
System Requirements Review

Software Requirements Specification

Software Standards and Procedures Manual
Softwara Specification Review
System/Segment Specification

Software Top Level Design Document
Software Test Plan

Software Test Procedure

Software Test Report

Software User's Manual

Test Readiness Review

Version Description Document
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4.3 SUBPANEL 3: DOCUMENT SET AND DIDs

This subpanel was tasked with reviewing the results of JLC DID
development contract. The scope of this review included not only tne
JLC Software Documentation Report, but also existing DIDs and the
Monterey 1 Final Report. This was supplemented by panel members'
knowledge of existing software documents. Panel members received
the DID package prior to assembling in Monterey, and each participant
was asked to review in depth one or more specific DIDs and present
his/her findings during the workshop.

The first task of the workshop was to review the JLC software
documentation list for sufficiency. Onen discussions were held on
the necessity of adding, combining or deleting a document. The
following general criteria were used to guide the discussion:

e Will this document alleviate or add to a problem?
e Is this topic adequately covered in another document?

After discussion on additions or deletions a vote was taken on the
recommendation on a document if it was necessary. An open discussion
on the DIDs was then held but was limited to general rather than
specific comments for each DiD due to time limitations. Specific
comments were provided later to designated panel members who collated
the comments. The follow-up meeting refined the comments which are
included as Appendix F.

4.3.1 Document Set

The panel felt that three documents should be deleted from the list,

some changes were necessary to those remaining, and three should be
added. Descriptions of these are given in Appendix D. The documents
to be deleted are:

R-DID-102 Computer Resource Life Cycle Management Plan,
Vol. I, Acquisition

R-DIND-103 Computer Resource Life Cycle Management Plan,
Vol. II, Support

R-DID-107 Software Problem/Change Report

it it Jaa
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The first two do not belong in the contractor set of documents or
cited in the rew MIL-STD because they are government-gencrated
documents. {f they are cited anywhere they might be appended to
DODI 5000.79 or left ro the services procurement practices.

The Software Problem/Change Report does not require a standard
form and, in any case, the one sugges*ed does not suffica.

A minority report on deleting certain additional documents is
givar in section 4.3.5%.

4.3.1.% Fivm-are Support Data Document

The panel was in almost tota! agreement that the design and
development. of sof*tware and firmware should be Cocumented identically.
The consensus was tnat size and complexity are the imporiant factor
in selecting documentation for firmware just as it is for software,

It was recognized tiat there is a basic diffarence in the storage
and modification 97 firmware and that the existiig documents do not
clearly ad-iress these differeaces from a firmwarz perspective. The
Subpanel reviewed the Firmware Support Data DID (UDI-E-3937-ASD) and
decided that a Firmware Supnort Natez document snouid be added to the
JLC list with thie DIC being used as a guide.

A relatad discussion was held on the need for a firmware document
that addresced small developments such as the Non-Complex Computer
Programs Specification found in Acpendix XV1 of MIL-STD-483. After
discussion witn the Guidelook subpanz2l this panel agreed thdt a
subset of the JLC 1ist would be sufficien. to address the firmware
requirements of a small project without creating a new document.

4.3.1.2 Qperational Concept Document

ne of the documents proposed during Monterey I which was
§ubsequent]y dropped from the JLC 1ist was the Odperational Concept
Document. This document was presented to the panel as heing a
potentially valid document in that it fed back to the government in
plain English what the contractor understood about the proposed
system, including man-machine interfaces. The propcnents were willing

to admit that, in theory, section 3.1.7 of System/Segment Specification
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"Operational and Organizational Concept" addressed this area, but because it
was part of a large specification it had never been adequetey addressed

in reality. The point was made that in a large systew there was a

potential need for a separate document covering thic area. A vote was
taken, and approximataly 75% of pane! thouyght that the addition of this
documert to JLC 1ist would enhince th2 sofiware documentatiow of some

large projects; therefore it would be recommended that it be added

to the JLC list.

4.3.1.3 Requirements Traceabiiity Motrix

This document was proposed by the Air Force memders. Its purpose
is to tie together in one place the aliocation of requirements to lower
level documents. It was conceded that each of the B-level documents
has a requirements traceability matrix back to the system specirication i
and similarly C back to B. In large projects however, where there are i
several CIs and CPCls, it is a tedious and time cunsuming prozess to dig ﬂ
these out of each document and coilaie all! these individual matricies.

In the discussion which fullowed, it was conceded that tnis document
would be helpful to government personnel on lerge projects; thus, the (
panel decided to recommend that this document be added to the JLC list.

4.3.2 Data Item Descriptions

During the discussion on the adequacy of the DIDs, points were
raised that the DIDs included policy requirements that should properly
be contained in a MIL-STD., Members of the panel who had attended
Montarey I discussed the difference between the actual implementation
of their recoimendaticns and huw they had envisicned this implementation.
It was the inient of Monierey 1 that the DIDs would be contractual
documents that pointed to a MIL-STD for embedded computer systems that
contained the required tormat and content for software documentation.

As things turned out the MIL-STD cevelopment lagged considerably behind

the development of the DIDs. As a result, the contractor who developed the
Dibs put reguirements into them since thers wasn't any MIL-STD to
roeference. It was the general consensus of the panel that revision

of these DiDs should be integrated with the development of the new

MIL-STD for Embedded Computer Systems.

{
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Specific vomments on each ot the DICs are includad in Appendix F.
Goneral comments are provided below:

e In revising DNIDs the improvements made to MIL-STD 483 by
i NOTICE 2 should be considered.

¢ All relevant existing DIDs should be reviewed to determine
if they can he superseded by the proposed DiDs.

i

9 The word "paragraph" should be replaced by "section," and
contractual language should be used (i.e., "shall" rather
than “should"). i

e Include in review the 2IDs not originally considered by tne
DID contractor (Appendix E).

IR e

s DIVs should not be service related or referetice a service-unique
regulation or guidebook.

- -

o Technical Perfcrmance Measurement Report (DI-S-3619/5-153) should
be replaced by Sofiware Development Progress Report (UN1-A-21435).

e The DIDs should be reviewed to ensure that they are not too rigid,
precluding flexibility in documentation.

a 9 Review the EIA DIDs and see if they can be folded into the

ff JLC's DIDs. ”
| e Man-machine interfaces are not 2cequately covered. E
e [nterfa:e Specification shculd be ir the specification tree. 3
o SOFTWARE DICs should be retitled SOFTWARE/FIRMWARE. E
2 o In Block 9 of every DID add reference to MIL-STD-XXX. é
4.3.3 Future i

§ The new DID package, though solving many of our present problems,

i does not attempt to predict methodologies to soive our future problems

: such as the ramificaticons of ADA on software development and documentation.
Thus, the subpanel felt that the JLC should periodically review and update
MIL-STD-XXX (DID package) to take advantage of new trends in software
development/documentation.

4.3.4 Minority Report
a. R-DID-105 "Software Configuration Management Plan

o S e AU

This plan should be incorporated into the overall configuration
management plan to insure that configuration management is consistent,

14 , ]




tnat the impact of changes on all parts of the system are covered.
This can only occur if the handling of all ECPs are coordinated. The
information in this DID should be added to that for the overall CMP,
Software CM personnel should hslp develop a new CMP DID.

F:F—mg-—-: Ol Anomelintpm! : I T T R R R T R TI e HH 1
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b. R-DID-111 Software Top Level Destgn Document. i

n-DID-112 Software Detailed Design Document
k-DID-115 Software Product Specification

The Software Top l.evel Design Document and Software Detailed
Design Document should be combined to form the Software product 1
spec, eliminating 2 DIDs. This document could be delivered in snapshot '
forms, as required, until the entire document is accepted. The
Configuration Management and delivery problems with this scheme are
what should Le addressed.

4.4 SUBPANEL 4: IMPLEMENTATION PLAN

The objective of this subpanel was to examine the problem of
bringing the revised DIDs developed under the DID study panel to the
point of official approval.

etk i ke At ki,

"Official approval" was agreed to denote a combined joint service :
endersement of the individual DIDs, followed by approval at the DOD '
level. With this approval accomplished, the DIDs would be entered
into the AMSDL program and maintained within the procedures presently :
in place under DOD 5000.1-L. ’

The proper role of the JLC in this effort was examined, and it
wes concluded that the on-going OSD Standardization Program is the
orogram within D0C which acts as the focal point for administering
the approval of new documentation that is destined for the AMSDL
program.

The coordination, then, must occur bLetween the JLC and the
Defense Material Specifications and Standards Office (DMSSO) which presently
acts as the DOD agent for the standardization of documentation relating
to Embedded Computer Resources. Several copies of the draft 0SD
Standaraization Program Plan were made available.

i L e
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The question arose as to how the JLC, as presently organized,
. can effectively interface with the OSD Standardization Program. In
% order to investigate this gquestion, the subpanel was invited to join
a combined meeting of the Joint Policy Coordinating Group and its \
Computer Software Management Subgroup, . j
At this meeting, an explanation of the DOD Standardization Program

was offered, and several copies of its draft Program Plan was made
available to the JPCG and the CSM Subgroup, |

i,

The responsibility for resolving the question of "how should the
JLC crganize {tself to interface with the 0SD Standardization Program
as well as to administer their vertical service approval and their
Joint service integration" was accepted by the CSM Subgroup chairman.
This taskwas scen to be relevant for two reasons:

il

a. The OSC Standardization Program Plan needs to be studied,
particularly with regard to its data requirements.

b. There is no existing joint service documentation integration
agency of the type envisioned for the Ji.C.

et i . il .

Considering these factors, it was thought advisable for the CSMS li
: to examine possidble document implementation plans at greater length
; before committing to firm milestones. The CSM subgroup chairman accepted
the responsibility for resolving how the JLC should organize to inter-
face with the Standardization Program as well as to administer inter and

intra service approval.

T P e e ikl vty L

It was agreed that DIDs and their corresponding source MIL SPECs/
Standards/Handbooks must be treated in an integrated fashion by the JLC
; in securing DOD approval. ;

It was also agreed that the ultimate plan for document implementation
should validate the effectiveness by choosing on-contract pilot projects.
Another desirable feature of the plan would be to consider phasing DID/
Standard sets by groups as they become available. In this way the number
of new documentation requirements that are simultaneously mandated can
be controlled. Sample documents should be developed as part of a guidebook.

16
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5. RECOMMENDATIONS

1. The JLC-JPCGCRM-CSM should publish a document selection guidebook
for use by acquisition managers based on the outline in Appendix
C. .This guideline should address both software (operational,
support, ...) and firmware.

!

|

§ 2. Another guidebook should be developed to show how to apply

i the forthcoming MIL-STD to specific acquisitions. Specific

jtems to be addressed should include the goal, conduct, and
tailoring of reviews. The guidebook shculd clarify what is

meant by successful attainment of each 1ife cycle phase, and
when documents are accepted. Emphasis in the 1ife cycle should :
be placed on what is to be accomplished rather than who does
it (as in current life cycle models). Three specific issues
should be addressed:

E
4
{
4
i

a. Insurance that hardware and software development
are coordinated. This coordination should be h
addressed at all reviews, especially at non-system i

f level reviews. i

| b. Insurance that software and other system efforts I§
! do not duplicate each other. :
f c. Firmware should be treated as software during j

development. :

3. Add three new documents to JLC 1ist: Requirements Traceability 5
Matrix, an Operational Concept Document and a Firmwara Support i
Data Document. .

4, Delete three documents: CRLCMP Vol. I, CRLCMP Vol. II, Software
Problem/Change Report.

5. Retitle SOFTWARE DIDs as "SOFTWARE/FIRMWARE".

b. intagrate revision of DIDs with the on-going development of a
MIL~S7U for Embedded Computer Systems. The new DIDs should be
»ublished in conjunctiun with the proposed 00D standards and
industry and the s:rvices should have at least one year to
respond with comments. Until key issues are resolved, existing
DIDs should not arbitrarily be cancelled.

17
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10.

1.

12.

13.

Address panel's comments (Appendix F) during revision of DIDs.
Further, this panel should remain active until a published set
of the new DIDs has been field tested and key issues have been
resolved.

Initiate an effort to investigate the ramifications of ADA and E
other future innovations on software development and documentation.

Designate the CSM subgroup as the JLC agent responsible for
integrating JLC standardization efforts with the 0SD Standard-
ization Program. Fiow should be:

CSM ~=p  DMSSO =P 0SD =P  Service Secretary §

Transition to the new MIL-STD and DIDs should be done 3
using a pilot program in conjunction with a phased
approach.

The 1ife cycle should be reexamined and that current
trends, lessons learned and practical aspects of software
development be incorporated. This should include general-
jzation of the life cycle, combining of phases and/or
deletion of reviews. Someone (0SD?, JLC?,...?) must define
what constitutes successful attainment of the objectives !
of life cycle phases, reviews and document deliveries. :

A parallel activity should be started to evolve a suncessor ;
policy and its implementation to reflect the evolution ‘
of existing practices and technclogies such as utilization
of automated documentation techniques.

Guidance should be provided for the preparation of documents 4
according to the DIDs, including examples. ]

. - .
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6. RECOMMENDATIONS FOR MONTEREY I1I
The Software Documentation Panel should be recalled to address
the following issues:

1. Review MIL-STD-XXX
2. Review the Guidebooks

3. Examine evolving technology and methodologies

nir, o el ) aoal i
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APPENDIX C - DRAFT SOW TO IMPLEMENT A TASK TO DEVELOP
A GUIDEBOOK FOR DOCUMENT SELECTION

1.  BACKGROUND

The Acquisition Manager (AM) has always had a difficult task deciding
the amount of documentation required by a specific project. The selection
of the required software/firmware documentation is extremely difficult
(complex) due to such factors as system complexity, project resources,
development stage, documentation overlap, etc. In the past, the AM has
typically required too much, too little, or the wrong documentation
because he/she had little or no basis for document selection.

The task, therefore, is to develop a guidebook which will select
the minimum set of software/firmware documentation based upon project
characteristics. This guidebock is applicable for Embedded Computer
System (ECS) Software/Firmware (on-line and support software).

The total effort/task shall be broken up into three subtasks:
a. Generate the DID selection algorithm

b. Validate the algorithm generated

c. Write the DID selection guidebook

The subtasks are described in detail in Section 2 below.

2. TASK DESCRIPTIOWN

a. Algorithm Development

The contractor shall develop an algorithm which takes as
input various characteristics of a program and produces
as output the minimum subset of software DIDs necessary
for the proper documentation of the program.

The algorithm may take any form that the contractor deems
appropriate; however, whatever form is developed shall be
concise and easy to use.

"
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1 1)

2)

3)

4)

5)

6)

7)

8)

9)

10)

11)
12)

The following characteristics shall be considered, as
a minimum:

Will the program require interfacing between
multiple services, multiple program offices,
multiple contractors, or multiple agencies
(acquiring, using, maintaining)?

How complex 1s the software? Will multiple
processors be used? What size is the software?
Will there be timing constraints? 1s the tech-
nology being used already state~of-the-art, or
beyond 1t?

How critical is the software to the correct and
safe functioning of the system?

What significance does software have in the overall
system? 1Is 1t hardware intensive, software intensive,
operator intensive?

What are the interoperability requirements of the
system?

Fqr what application will the software be used, 1i.e.,
C”, avionics, fire contrpl, flight control, etc.?

Will the software requirements be firm during the
life-cycle of the system? Is an upgrade of the
system planned?

What is the projected lifetime o7 the software? 1Is
it planned to be replaced in the near future? Is
this program a fast, short term solution which will
be replaced by a long term solution when it is
completed?

What are the resource constraints? 1s there sufficient
manpower to manage and review the documentation? 1Is
there enough money? 1s the program manager working
with a compressed schedule?

Is there existing software code (either off-the-shelf or
from a previous program) which can be used?

Is there existing documentation which can be used?
Is the same contractor being used for different
phases in the system acquisition life-cycle? Can
his software development plan, configuration manage-
ment plan, etc. from the last phase be used for this
phase?

c-2
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13) What are the anticipated maintenance requirements?

14) 1In what phase of the acquisition life-cycle 1is the
program?

Validation of DID Selection Algorithm

The algorithm and its documentation shall be validated for
correctness in selecting the critical subset of DIDs for a
given ECS software/firmware development program and for
usability by project manager's staff in clearly and directly
gulding him in DID selection. The following shall be con-
sidered for validation methodology:

1) Coordinated review by a representative sample of
Government and Industry software development and
acquisition specialists aand project manager's staff.

2) Analyses of past ECS developments comparing the
results of the application of the DID selection
algorithm to the actual DIDs used in those develop-
ments and their effectiveness.

3) Selection of pilot case developments to use the
DIDs selected by the algorithm. Data shall be
collected and evaluated on algorithm usability
and effectiveness of selected DIDs.

Development of the DID Selection Guidebook

The Coatractor shall prepare a DID selection guidebook to be used
by program managers in the selection of DIDs/Documents in the
acquisition of Embedded Computer System (ECS) Software/Firmware.
The following items are to be included to aid the Contractor

in his thought processes and provide guidelines. (These data
are meant to be a minimum and may be expanded upon by the JLC.)

-1) The guidebook shall include a tutorial on why
Software/Firmware documentation is needed,
including the following topics:

- maintenance of software/firmware

- high personnel turnover

planning and good design

- agreement that design is acceptable
- management/development overviews.

The Contractor shall include case histories to reinforce
the need for documentation.

2) The guidebook shall include a section which identifies all
pertinent military standards (e.g., 1679, 483, 881, 490, XXX,
etc.) effecting the use of DIDs and any appropriate comments
on their applicability or use.

c-3
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3) The Contractor shall study the NIDs and DID overviews
(attached) and modify the DID overviews to state when
each particular DID ie needed or not needed. The
expanded 'DID overviews" shall be included in the

guidebook.

p
{
1
;
!

45 The use of the algorithm uor selection process shall
be demonstrated in the guidebouk with examples/instruc-

tions on its effective use.
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APPENDIX D ADDITIONAL DOCUMENTS
D.1 FIRMWARE SUPPORT MANUAL

The Firmware Support Manual provides information necessary to modify
the Read-Only-Meinovy (ROM) components of an embedded computer system.
Specifically, the Firmware Support Manual describes the physical ROM
components, installation and repair procedures, ROM prugramming/testing
equipment ana procedures for ROM “"burning,” and any special handling
or security requirements. In the above discussion, the term "ROM"
encompasses ROM's, PROM's, EPROM's, UVPROM's, and other forms of ROM

devices.

The Firmware Support Manual is not intended to provide information
regarding the design and implementation of the computer programs
represented by the bit pattern within the ROM. These computer pro-
rams are incorporated into the mainstream of software development
and documentedg Just as any computer program module intended to

reside on read-write memcry.

Relevant DIDs are:
1. USAF UDI-E-3937-ASD "Firmware Support Data."

2. NSA/CSS DI-H-5526 "Firmware Data Abstract and Document
Record.

3. NSA U-H-5552 "Firmware Documentation Standards.®

A. EIA draft "Hardware Intensive Firmware Description.
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0.2 OPERATIONAL CONCEPT DOCUMENT

The Operational Concept Document provides explicit description of
the way in which the data processing system will appear to its users
and the way in which *t will interact with them. It describes assumptions
being made about how tn? user will use the system to perform his
operational tasks. It is derived from: System Operational Concept,
System Specification, C. and CPCI identification, knowledge of current
operations and enviroanent, etc. Although the system is typically in
i an early stage of development and the exact production baseline con-
figuration is unknown when the 0CD is first written, this document b
serves to clarify and make explicit the intended appearance and
functionrl capabifities ¢f tha future system. The OCD provides a basis }
for concensus and understanding between tne various agencies and
contractors involvad and serves as a v2luable source of infurmation
during design, impiementation, test and acceptance of the system. The
CCD is delivered prior to the System Design Review (SDR) and the approved
Operational Concept is formally presented curing the SDR.

e e o N
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D.3  REQUIREMENTS TRACEABILITY MATRIX

The Requirements Traceability Matrix (RIM) explicitly identifies each
requirement specified in the System/Segment Specification and provides
a mechanism for tracing the allocation of these requirements to the
hardware and software components of the system/seqment (e.g.,
MIL-STD-483/490 CI's and CPCI's). In the case where a system is
divided into segments, the RTM documents the allocation of system re-
quirements tu segments, and then to the lower level specifications

and documents: Software Requirements Specifications, Software Prelim-
inary and Detailed Design Documents, Software Product Specifications,
and the apprecpriate hardware specifications and documents. The RTM,
as it evolves, provides a basis for testing and acceptance.

Iceas to be contained in DID block 10 are given on the following page

ot e £ e kD st Ll Al o ¥




PROPOSED DID_BLOCK 10

10. Preparation Instructions for Requirements Traceability Matrix

The content of the Requirements Traceability Matrix
shall be as follows: The leftmost columns of the matrix
shall contaii patagraph and/or subparagraphs numbers of each
system/system segment (or top-level) specification
requirement and the test method(s) of that reguirement from
the test verification matrix. Adjacent column sets shall
show the allocation of requirements to lower level
specifications by listing corresponding paragraph and/or
subparagraph numbers in those documents and shall show the
test method of each allocated requirement from each
document’s test verification matrix. For traceability of
requirements between the system specification and the
segment specifications, there shall be a separate column for
each segment specification, For traceability of requirements
between a system or segment specification and lower level
specifications, there shall be separate columns sets for
each development (type B), product (type C), and interface
specification (IFS) or interface control document (ICD).
Note that test methods for C specs, IFS's and ICD's may not
be applicable, Submatrices which repeat the development
specification requirements in the left column set ard the
corresponding product specification paragraph(s) in the
right column set are acceptable. 1Initial submittal of the
RTM shall include the available segment information as well
as interface specifications. Uwndates shall accompany
subseguent new specifications submittals, revisions to
approved specification, (e.g., via SCN's), and resubmittals
of draft specifications which contzin changes in their
paragraph numbering relative to higher level
specifications. Revisions to the RTM in response to
comments made by the SPO shall be submitted by the contractor
within fifteen (15) working days of receipt of comments.

3.x Requirements

Develop a means for requirements traceability which will indicate where,
in each development, product and interface specification (or ICD), each
of the requirements in the system/system segment {type A) specification
is addressed and which will indicate the corresponding test method for

each of those requirements.

D-4
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APPENDIX E

COMPUTER RELATED DATA ITEM DESCRIPTIONS
NOT ADDRESSED IN THE JLC DID STUDY DATED 1 JUNE 1981

(ADP) Manpower and Cost

E-1

RPN
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SOURCE
DID NUMBER TITLE DOCUMENT NO.
DI-H-3277 Training Equipment Computer Pro- MIL-STD-876
gram Documentation
UDI-1-E-3935 Firmware Development Plan (FDP) AFR 800-14
UDI-E-3936-ASD Firmware Technical Description MIL-D-83468
(Product Specification)
UDI-E-3937-ASD Firmware Support Data AFR 800-14
DI-M-5085 Commercial Computer and Peripherial
Equipment Manuals
UDI-H-5503 Firmware Reprocurement Specifi-
cation
DI-H-5526 Firmware Data Abstract and
Document Record
UDI-H-5552 Firmware Document Standards MIL-STD-100
DI-A-30001 Software Delivery Documentation
DI-A-30023 ADPE Systems Configuration
Report (Schematics?
DI-E-30102 Computer Program Detail
Specification
DI-E-30112 Computer Program Listings
DI-E-30141 Interface Specification MIL-STD-483
DI-E-30149 Research & Development
. Computer Software
DI-E-30150 Visual Data Base Description MIL-STD-490
Cocument
DI-F-30202 Automatic Data Processing AFM-171-404
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DID NUMBER
DI-L-30309

DI-M-30404

DI-M-30405
DI-M-30408

DI-M-30410

DAk A Rl

APPENDIX E CONTINUED

TITLE

Automatic Data Processing Equip-
ment (ADPE) Cost and Utilization

Computer Program Configuration
Ttem Users Manual (Operational
Software)

Computer Programming Manual
Computer Program Configuration
[tem Maintenance Mznual
(Operational Software)

Computer System Operational
Manual

E-2

SOURCE
DOCUMENT NO.

AFM-300-6

AFSCM/AFLCM
375-7
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APPENDIX F DID COMMENTS

Table I of the JLC Report (reference 1), page 5 1ists 29 documents
recommended by the CSM Subgroup. Of these, new DIDs were developed for
23. The DID contractor recommended that existing DIDs be used for the
other six.

The Documentation Panel reviewed the 23 new DIDs plus four of the

existing DIDs. Comments on these are on the following pages. We igno-ed

the Engineering Change Proposal and the Specification Change Notice.
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R-DID-101/SYSTEM/SEGMENT SPEC

| Below are ~omments on the software aspects and on the general aspects
i of the System/Segment Spec DID. A considerable number of changes and

l improvements are recormended. Problem areas are also noted such as the
level of detail called for on the interfaces (3.1.5). Their resolution

will impact the life cycle model as depicted in Figures 1 and 2 of the DID
package.
1. Spell out all abbreviations (e.g., DMA, ISA etc.).
d 2. Move Configuration Identification/Spec tree from 3.1 to 3.3.1.
3. Add Interface Requirements to Spec tree.
4. 3.1.3 After "shall contain” add "as a minimum."
5. 3.1.5.1 After "quantitive terms" add
3.1.5.2
3.1.5.3 "such as."
3.2.2 Delete g. "command and control requirements."
7. 3.3 (1) Insert "and computer software" after
"system equipment.”
(2) Don't understand last sentence - What
does "specifv criteria" mean?
8. 3.3.1 This section should state then an appendix
may be used for the specification tree.
The example figure should be updated to
include an Interface Specification.
9. 3.3.2.3 Computer System Requirements

Add "existing hardware and software items"
Delete "etc."

10. Add a paragraph (3.3.2.4) on Computer Resources Utilization
Measurement. This paragraph shall specify computer resources
utilization monitoring requirements. Inciuded shall be the
requirement that resources be dynamically monitored during real
time operations, the variahility of data recording intervals, the
functions under operator control, and the methods of displaying/
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11.

12.

13.

b P o o

14,

15.

16.

renorting the utilization data.

Add paragraph (3.3.2.5) on Firmware. This paragraph shall state
the requirements for programming languages (3.3.2.1) and design
and coding standards (3.3.2.2) which apply to firmware as well
as software.

The subsections on maintenance and supply should be expanded

to include software. It is important to provide guidance as to
where software maintenance/modification will be done and how
software upgrades will be distributed o the field.

System Spec/SW

3.4.3.2 Computer Resources Support

Change first senternce to:

“This paragraph shall specify the computer resources facilities,
equipment, and software to be provided for {SCI maintenance
during the system's operaticnal service life."

Section & shouid be titled "Test Requirements." There seems
to be considerable overlap between the information asked for
here and in the Test Plan.

System/Segment level verificaticn cross reference matrix should
he added to section 4.

Add a glossary in Section 6.

F-3
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R-DID-102 CRLCMP VOLUME 1, ACQUISITION i
@
‘ i
< R-DID-103 CRLCMP, VOLUME 1I, SUPPORT z
| 1
i

DELETE BOTH THESE DOCUMENTS
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7.

R-DID-104 SOFTWARE DEVELOPMENT PLAN ;

1.2 - Expand somewhat to describe generail implementation
approach e.g., versions, languages, tools). This also ]
might be the place to discuss categories of software and

the level of attention to be applied to each category (e.g.,
how will operating systems from hardware vendors be treated?)

6.1 - typo - "computational."

ST SAREY

Section 6.5 “"Preparation for Delivery" is in System Spec
section 5, (DID 101).

et

Paragraph 7 Should include techniques for managing the
allocation of development resources,
priorities who resolves conflicts etc.

NRTROPRN

7.1 Add firmware - unique facility.

Paragraph 9.0 Development plan would be a logical place to {
documenc developer's understanding of what
criteria must be fulfilled to satisfy each
program milestone. For example:

What constitutes data package for PDR? What i
documentation in package? To what level of §
detail? Whose approval must be obtained to

hold POR meeting? Can PDR's be segmentad? etc.

Add the following items from existing DID 30567A:
system support “1
proprietary items

long lead items i

Ilities treatment 11
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R-DID-105 SOFTWARE CONFIGURATION MANAGEMENT PLAN

1. This DID does not discuss or reference the concept of "incremental i
builds" or partial deliveries and the impact on software con- |
figuration control.

2. Add a section dealing with implementation similar to section 6 of i
Software Quality Assurance Flan, R-DID-106.

3. 10 Add abbreviation to title "(SCMP)."

4. 1.3 Replace "the approval channel for making changes." to
"controlled"

s bt b e, L

5. 4.1.d What does "Contractual Significance" imply? It is not
a standard DOD term.
6. 9 Delete reference to other DIDs. ;
MINORITY REPORT (

This plan should be incorporated into the overall configuration
management plan to insure that configuration management is consistent,
that the impact of changes cn all parts of the system are covered.
This can only occur if the handling of all ECPs are coordinated. The
information in this DID should be added to that for the overall CMP.
Software CM personnel should help develop a new CMP DID. ;

e Bt e ttnn

- s
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R-DID-106 SOFTWARE GUALITY ASSURANCE PLAN

General Comments: The DID should be rewritten to reflect
changes in MIL-S-52779A.

9 Add MIL-5-52279 and MIL-S-5227A and MIL-STD-XXX.
10.4.1 Add to last sentence "and test standards."

4.3.4 Change title to "Critical Resource Factors Montoring."
4.5 Add to section 4.5

e. Method of documentation of problem, corrective
action, and test results.

Add a new section. 4.6 Controls for Computer Program Library.

Add a new section.

4.7 Work Certification. Describe the procedures and controls for
the handling of source coda and object code and related data in
their various forms and versions, from the time of their initial
approval or acceptance until they have been incorporated into the
final media. This shall include controls to ensure that different
computer program versions are accurately identified and docu-
mented, that no authorized modifications are made, that all

env- ved modifications are properly incorporated, and that soft-
ware submitted for testing is the correct version.

Block 7 "...internal plan or agreements..." imply that it is not
a deliverable data item. Reword "It documents the contractor's
quality assurance program as applied and, if necessary, or
tailored to the specific contract."

4.3.1 thrv This sec..on might be the data that should be

e provided as Section 5.6 of the CRLCMP, Volume 1,
as it relates to a management function. These
paragraphs infer that the QA process is to perform
211 the listed activities. The (A process is to
.ssure they happen, and in accord with contract
promises or company practices. Change context.

F-7
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: 10. Section 5 of MIL-S-52779 Preparation for ;
: Delivery, has been deleted. We suggest that ) 3
Section 5.6.3.1 of the CRLCMP, Volume 1, te :
| placed in the SQAP and Sections 5.6.3.2 and 1
; 5.6.3.3 be part of the SCMP which are then i
% monitored for compliance by the SQA group. !
: ]
§ 11. Blocks J & 7 Add "or activity" wherever "contractor" is i
A stated.
;
;
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R-CID-108 SCFTWARE REQUIREMENTS SPECIFICATION :

1. Revrite DiD to use 433 Notice 2.

2. A subsection (or subparagraph) should be added to the DI™ wherein
the computer resources requirements allocated to the particular
CSCI are to be placed. This inciudes programming languages,
design coding and standards, and computer system requirements of

the System/Segment Spec. (3.3.2).

e M ks s

- Although DID's can include an example when implemented for a

f specific system, the DID 1tself should not have general examples
because they are misleading, e.g. FIGURE 2 has the design in }
Software Specification instead of concentrating on requirements.

(73]

4, Include definition of Inspection, Analysis, Demonstration and :
Test in MIL-STD-XXX. Add tc Table III in this DID. :

' 5. 347 Delete the word "digital" from the phrase y |
"digital computer software."

6. 3.1.1 Intertace Requirements. The word "contractor" 3
should be deleted from the 4th line. The f
government also performs analysis.

1
i
i
Add "whenever separate interface specifications i
are to be used they will be referenced ir this !

{

section.”
7. 3.2 1jne Delete "and followed ... Table II" R
5 to 7 Delete Table II. ?
8., 3.2.17 The traditional B8-5 format for functional i

requirements specification does not enhance

the software engineering process. In fact, the
use of separate input and output sections leads
to confusion and conflicting definitions of :
the function-to-function interface,

Recommend that the traditional format be
dropped in favor of a format that requires

F-10
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separate sections he created consisting of
specific functicn-to-function interface defini-
tion subsections and a separate section created
censisting of specific functional processing

description subsections. . ;
i
i

9. 3.3 Add "whenever a separate specification for data
base is written it w111 be referenced in this C
paragraph.” :
10. 3.4 Delete this paragraph. Q
11. 4.0 Change title to "Test Requirements." %
12, Figure 2 Delete figure and all references td it.

MINORITY REPQOFT

There should always be an IRS if a CSCI interface, with another
CSCI. Then there will only be one source for all design groups to use |
for interface details and there will only be one document to change
when changes are made tn an interface. Fo that reason paragraph 3.1.1
should be changed so that it only {identiffes the interfaces and
references the IRSs. Also, the material in 3.1.2 3.1.3, 3.1.4 should j
be deleted and the appropriate parts therein incorporated into the |

IRS.

4 e i o

e i .
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DID 109 - INTERFACE REQUIREMENTS SPECIFICATION

1. Block 3 delete Last sentence

2. Block 7, line 7, add after "contractors" "or activities" since
government activities sometimes develop this document in-house.

3. Block 7, delete second paragraph.

4. The IRS does specify the physical portinn of the interface.
The DID does not presently call for that. Contractors on each
side of an interface must have the electrical characteristics
(signals) of the interface as well as the functional characte.-
istics (messages and data elements) defined. This must be

addressed.

5. Cerrect punctuation everywhere.

6. 1.1

7. 1.1 line §
&7

8. 1.2

9. 3.1

Is interface a configuration item? and does it
have configuration item numbers and nomenclature
as the DID calls for?

Delete quotation mark before "The nomenclaure"...
and after ... numbers)."

Should be made to read plural (i.e., interfaces, ...

their relationship ..., which they apply.)

Delete the underline.

10. Paragraph 3.2, line 2, after "interfacing equipment" insert "man
to machine interface.”

11. Paragraph 3.2, line 3, change "computer programs" to read "the

software.”
12. line 4
13. 3.2.1
3.2.2

Delete "where applicable." Phases such as these
only lead to arguments between contractors and
customers - give the government representative
credit for recognizing when somethings are
legitimately omitted from a document.

Change "Interface Signal Cross Index" in title to
"Interface Data."

F-12
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14,
15.

16.

17.

18.

19.

20.

21.

23.
24.

= R .. -

3.2.1 Delete "if applicable."”

Line 2

3.2.1.X. Delete quotation marks.

3.2.1.¥.1

3.2.1.X.5 Second line - last word - "related", question-
3.2.1.Y.5 "realted to what?"

3.2.1.X.14 Replace "with its" with "and."

3.2.1.Y.14

Paragraph 3.2.1.X.4 - The following sentence appears: "Each
interface data requirement shall be realted to its corresponding
Executive Logic requirements." Again, this requirement, makes
no sense. What is required within this paragraph, with regards
to content, is vague. This paragraph should be rewritten to
make clear that interlock logic is being addressed.

Paragraph 3.2.1.X.7 - This paragraph is incomplete. The para-
graph only requires that the "protocol for blocking, message
switching, and handshaking" be stated. Error conditions and
interface testing fechniques or requirements with specific
prose pertaining to the periodicity of tests and the type of
data to be tested should be included.

3.2.1.x.15 Add a subsection calling for limits and/or ranges
of values and accuracy/precision requirements.
Or change 3.2.1.x.11 title to Quantitative Des-
cription of Data Elements" and combine material
here with units of measure.

3.2.2(al1) The specific comments on paragraphs 3.2.1.all
apply to like paragraphs of 3.2.2.

Paragraph 6. Delete last sentence.
4, Delete entire paragraph.

Celete sections 5, 7, 8 & 9.

F-13
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MINORITY REPORT

(1) The requirements for shared memory, executive
logic control, interrupts, memory map, and shared
variables apply only to interface between two or
more CSCIs that share the same computer. They
should be categorized as such and grouped together.

(2) The material called for in these paragraphs is

at the design level not the requirements lcvel and

will not be known at the time the IRS is due, which
is between SDR and PDR. It should be in the IDD.

F-14
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R-DID-110 SOFTWARE STANDARDS AND PROCEDURES MANUAL (SSPM)

Delete Section 3. It is an example of a paragraph that .n-
creases the cost of a document without adding utility. It calls
for material (guidelines, philosophy, or rationale used in de-
fining the software performance requirements, and in allocating
requirements to design elements) which can be obtained elsewhere
and which is volatile in nature. Philosophy and rationale will
change as the design evolves and as ECPs are made and therefore
the text will become outdated unless the SSPM is changed. It
probably won't be. Further, it's good to avoid situations where
many documents have to be changed for a change to the CSCI(s).

4.4.1 Delete these paragraphs.

thry

4.4.3

5.4 - This paragraph should include a discussion of when

it will be permissible to use assembly language.

6.1,6,2, Delete the sentence in each of these sections,

and 6.3 which defines the purpose of the activity.

6.4.2 Change the last sentence; for example to "Define
the integration testing methodology, top-down,
bottom-up etc.".

6 This information should be included in the QA Plan,

except for section 6.6 which stiould be included in
the Software Development Plan.

F-15
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DID 111 - SOFTWARE TOP LEVEL DESIGN DOUUMENT

Paragraph numbers of DIDs 117 and 112 snould match to allow
traceability between the twn levels of desigr; example: Qata
base is Section 3.Z in this DID buv is Sevticn 3.3 in OID M12.
A1l acronyms and abbreviations should be nfficial JLC and
should be found in a single glassary.

Frequent use of "may” vice "shal:" in reutractual statements,

Numerous typo's and incorrect use of capitalization should be
corrected. Ais0, correct punctuation,

hLlock 7: Change "baseiined" to "reviewed." Change "SE&TD, V&V
..M to "the GSEEU and IVAY Cuntractors...”

1.0 £5CI's shouid be allowed to be plura’l, since it
is possible that one software Tur Level Design
Document ¢nuid be the basis Tor mure than one
program (C3CL).

1.1 Third 1ine, lead !ine with "identified as ..."

3.2 Need to have a zection that addresses each of the
CSC:'s and iindicate which CSC's apply to which
CSCI (i.e., module tu program allocation). Replace
Figure 1 with the attached.

3.3 Review and rewrite sections. There is significant
difference between informaton and contrcl flow
neither of which are adeguztely covered.

3.3.2 There should be a requirement to specify worst

3?3.4 case timing roquirvenents. What functions muct
be executable simultaneously, 2tc, Timing for
individual CSCs does not give a complete picture
in a inuitiprogramming/rultitasking environment.

3.4 The N2 chart 1s subject to controversy in regard

to its utility. Delate the N2 chart (figure 4)
and all references to 1t in the paragraph.
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Paragraph 3.4.X, first line, the word "intent” is redundant when

12,
combined with purpose; delete "intent and."
13. Add a new paragraph, 3.4.x.5, to address error detection and
recovery.
14, Need subsection (3.7) for CPU allocation to cover muitiprocessing
and multiprogramming applications,
15, Delete paragraphs 4, 5, 7, 8, 9.
Requirements
CSCl £SC2 T CSCN
3.2.1 X
3.2.2 X
3.2.n
X
X
3.2.m
. X ___r
N .

FIGURE 1 REPLACEMENT

MINORITY REPORT

The Software Top Level Design Document and Software Detailed

Design Document should be combined to form the Software product
spec, eliminating 2 DIDs. This document could be delive "ed in
snapshot forms, as required, unti: the entire document is accepted.

The Configuration Management and delivery problems with this scheme

are what should be addressed.
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12.

JE T PR P VI PP T

CID 112 - SOFTWARE DETAILED DESIGN DOCUMENT

Paragraph numbers of DID 112 should match DID 111 as much as
possible to allow traceability and minimize confusion.

General - recommend that an optional section for programming
guidelines be included to allow a small project to reduce the
numbers of required documents.

Correct punctuation.

Paragraph 1.1, Need to allow CSCI's to be plural, since it is
possible that one Software Detailed Design Document could be
the basis for more than one program (CSCI).

Paragraph 3.1, Need to address each of the CSCIl's and INDICATE
which CSC's apply to which CSCI (i.e., module to program
allocation).

Paragraph 3.1.1, Should be 5.1.X. When referring to routines, the
term routines needs to be defined - some systems address them as
subroutines, some as procedures. Believe this should be address-
ed as the Towest level program structure element.

Paragraph 3.1.1.71 should contain a2n example of a chart or table
illustrating functional allocation.

Paragraph 3.1.1.2 should probably include an update to Table I of
the DIN 111,

Paragraph 3.1.1.3.Y - all builets should be numbtered sub-para-
graphs.

Paragraph 3.1.1.Y Care must be taken to make certain we don't
just verbalize code. This area must be kept at a level above
coding. We have gotten into the trap of verbalizing code in

the post and the document maintenance becomes overwhelming.

Paragraph 3.1.1.3.Y, first bullet, change "development” to read
"description.”

Paragraph 3.3, fourth line, recommendations to delete '"so as to
require a data base manager."

F-18
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13. Delete paragraphs 4, 5, 7, 8, 9.
MINORITY REPORT

The Software Top Level Design Document and Software Detailed
Design Document should be combined to form the Software product
spec, eliminating 2 DIDs. This document could be delivered in snap-
shop forms, as required, until the entire document is accepted. The
Configuration Management and delivery problems with this scheme are
what shculd be addressed.

F-19
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DID 113 - INTERFACE DESIGN DOCUMENT

Recommend that the title be changed to "Interface Design

Specification."

General, Data required at the IRS and IDD levels which are
missing and should be added are error condition detection

and interface testing requirements.

St i Bt 2t Mt Yot s a8 el

The "model" the IDD (and the IRS) is based on assumes that
interfacing CSCIs will all execute in the same computar,
Thus the IDD DID calls for things (executive control logic,
shared variables) that will not apply to many projects.
Most system to system interfaces will not have CSCIs
executing in the same computer. The DID should be

changed to accommodate both situations.

Block 3 Relationship of the IDD to the IRS should be
presented.

Block 7 Line 3, delete "too." Between "or" and "several"
insert "if."

3.2.1.X.4

Line 5, delete "it is" and insert "they are",
Delete N2 chart reference and Figure 1.

This section requires "detailed design of
executive control logic." This requirement
makes no sense. What is meant by "executive
control logic" should be explained or the
paragraph deleted. This paragraph is undoubt-
edly intended to cover methods for shared data
and should be reworded to so state.

SPLIT DECISION

The panel was equally divided on accepting or rejecting the

following comments.

Following the word "between" change remainder
of sentence to "(insert nomenclatures and con-
figuration item numbers of interfacing CSCls

F-20
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and Cls)." 1

9. 1.2 Delete this subsection. As is, direction in ‘
DID is vague, calling for "overall interface
design" and "major design issues." Will only
add to cost of IDDs.

10. 3.2.1 Change 3.2 to a title only paragraph and delete _'i_
‘ text calling for brief overview and discussion j
| of key design issues. Only adds to IDD's cost.

! (1) Change "Signal" to "data element" here and
throughout IDD. Signals are the hardware-to-
hardware realization of the interface. 4

11, 3.2.1.x.1 Delete "and give an overview of the key design
jssues..."

: 12. Define "design considerations” and provide details on what is
§ expected from the contractor. Actually this is material only - |f

appropriate at design reviews and, if the customer feels the '
5 need, documented as study reports.

MINORITY REPORT

13. Block 7, the IDD should always be required when a computer to
computer interface is involved.

14. Block 7, the IDD is required in order to adequately detail
} performance requirements in the SRS. [t should be produced
garlier in the cycle than shown.

15. The IDD must be a government cortrolled specification. It is
both controlled and maintained by the government and changes
can only be made via ECP once it is baselinad.

16. Blogck 7, (1) Message presented chould be changed to always
calling for an IDD. 1If left to the contractor, pressure ;

will be to define extremely compiex information as being ii

very simple. The major reason there should ailways be s 3

A separate IDD is the avoidance of the redundancy of repeating 1

'E the interface material in two or tiore Detailed Design Documents 'j

F-21
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13.

19.

21.
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and to decrease the potential that the different design'and
coding croups will be working from different versions of the
interface. Also, only the IOD will have to be changed when
changes are made to the interface design.

(2) Design documents should be controlied by the contractor -
delete last sentence starting with "It is controlled..... "

Two panel members disagree with comment 3.

3.1 (1) How doas the block diagram called for
here differ from that cailed for in the IRS?
Why have both of them?

3.2.1.x.2 Changes in formats should be clearly
delineated in 3.2.x.1 not here. Delete
sentence starting with “Indicate whether,.."

3.2.1.%.7 Memory Maps are not required to detail an
interface. Place it in the design. Re-
Tocatable modules and segrents make this
an impossible task.

3.2.1.x3 The materfal called for these subsections
R apply only to CSCIs which share the same
3.2.1.x.6 computer (CPU and memory). A qualification
3.2.0.x.1 should be added to the DID which makes this

explicit - for those CSCIs which do not share
the same computer, material such as executive
contirol design, prioriiy determination
algorithms belong in each respective CSCI
Detajled Design 3pec,)

F-22
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R-DID-114/DATA BASE DESIGN DOCUMELT

General Comment

|

‘é DID-114, as currently written, was found inadequate and was
! rewritten. The rewritten version is attachec¢ under the title, "A

! Working Faper on DATA BASE DOCUMENTATION, June. 1981." é

Selected references used for the rewritten version of DID-114
are as follows:
1) Atre, S. Data Base: Structured Techniques

for Design, Performance, and Management.
New York: John Wiley & Sons, 1980,

A o RN o TR kAl ARG a1 St

2) Date, C.J. An Introduction to Database Systems,
2nd ed. Reading, Mass.: Addison-Wesley, 1977.

3) Ullman, Jeffrey D. Principles of Database }
systems. Potomac, Maryland: Computer Science t]

% Press, Inc. 198C.

General Comments on R-DID-114 follow.

B s 1 )

1. 1In general, the DID suffers from a lack of focus. The Data Base
Design Document identifies itself as covering both the data base
application system and the data base management system (DBMS). !
The delineation of documentation batween each cf these distinct :
products shouid be explicit. The DID allows for inclusion of
standard documentation on the DBMS portion wher documenting a
data base application. But tha DID confuses this by selecting
out and interleaving parts of a DBMS description with the
application data base descrintion. For exampls paragraph 3.3
Data Base starts with the requirement for describing the
terminology and relationship between the different groupings of
data. These are elements of a DBMS, independent of the
application. It continues with a requirement to name all files, 1
records, fields, and items, which are depencdent on the applica-
tion. It then follows with the requirement to identify con-
struction and reconstruction algorithms, ani data access and

o i ket
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documentation. &

There is a definite need to make the documentation required
distinct for the two areas of data base applications and data
base management systems. This provides the means to clearly
identify impiementation dependent issues distinct from applica-
tion requirements.

N

3. There is no attempt to address any of the many acdditional issues
in data base design resulting from implementation as a distri-
buted application. Such issues include data concurrency, data
¢istribution, distributed query processing, distributed control,
and access and security in a distributed application. While the
user of a specific application would not necessarily know the
difference betweer a centralized or a distributed data base
implementation, the designer of such an application would.

4. The meaning of section 3.2 is not clear. Does it refer to the i
programming source ‘ianguage? If so, than that informaticn does
‘belong here, but in a programmer reference manual. Does it
refer to some data base descriptor language? If so, then it
should be clarified. It is also not clear why section 3.2.2 is
included as a subparagraph of 3.2 and why it is titled "Processor
Design." i

e i A Bt b i i o e A M T M s s

5. The description of the deta base should not be a subsection of

: the section describing the data base manaqement rules. The infor-
mation asked for under section 3., 3.1, and 3.2.2 is redundant
with informaticn called for in section 3.4.

6. The description of the data base elements should foilow the
structure of the data base itself. The frnllowing outline for
section 3.1 is suggested:

3. Data Base Descriptinn
K Data Description j
3.1.1  File Design i
3.1 W File W i
3.1.1.W.%X Record X (description of a record of file W) :
3.1.1.W.X.Y Field ¥ {fiela Y of record X) ;
3.1.1W.X.Y. 2, Ttem Z (Wtem of field Y) _
(identical structures shouid reference previous '
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descriptions rather than repeating them)
3.2 Management system 1
3.2.1 Data Base Construction ‘ 4
3.2.2 Data Base Recorstruction ;
3.2.3 Accessing and Manipulation 1
]
i
i
j




A WORKING PAPER ON

DATA BASE DOCUMENTATION

by
W. L. McCoy
Code 9133

of

Naval Ocean Systems fCenter
San Diego, California
Tel. 714-225-7409

June 1981

F-26

IO N T ol B S Srr .

e K s e

"
e ek Lk o A e haa T IJ



TLZLE Cr CCUTIITS

1ITI0DUCTICH ' Pz?e

COmIEITARY O R-DID-11k4 1
D..TL IT.CDZ DIIIGH DCCUIZIT L
10. Preperztion Instructions L
10.0 Lezal Prefzce,(SecDI-R-2174) "
10,1 1Icdentificction (See R-DID-11hL) L
10.2 Introduction \
10.2.1 Zacl:zround N
10.2.2 TFurpose L
10.2.3 Scope 4
10.3 Type of Deta Ease L
10.3.1 H:zrdvsre Environment 5
10.3.2 Softwvare Environment 5
1C.3.2.1 Cperzating Systen 5
1033.3 Data Zase Design Type 6
10,3.3+.1 Record Characteristics 6
10,3.3.2 Record Access Hethéds 6

10,3.3.3 Data Compression and Expression
10.3.3.% Stacking 6
10,4.1 Throughput/timing Requirerents 2
10.4.2 User Formeting Recuirenments n
L 10.4.2.1 Organization Overview 7
~ 10.,4.,2,2 User Language 8
loth.2.3 Output Formats 8
1mf4.2.h Data Access 8
10..,2,4,1 Special Security
10.4.,2.5 Storage Reguirements 8

F-27

WP S ™ Sree vy

e e ok de ki st

o kb

T ettt il e 11 kS ittt




TN PR IR Ty T Ty o o

2k gtk salishl T ST WTTTTY , m .

e 1 , ot el hng Sl LA o st ot oL .

¥ . R BRI PaS\ S d ™ -
‘ §

&
e e ,'m,;;,.j

T.ELE OF COITTENTS (continued)

Page
: - 10.4.2.6 Human Interface Requirements 8
{ 10.%.2.6.6 Buman Factors 9
10.4.7 Data Conversion Requirements 9
10.5 Speciel Deta Recuirerents 9
' 10.5.1 Data Dictionary 9
10.5.2 Data Cross Reference 10
10.5.3 lemory lap 10
10.5.+ Table Structure 10
10.5.5 Special Vord Formats 11
LPPZIDICT ' 11
(2) Glossery 11
(v) Index 11
(¢} Datz Cross Relerence 11
(2} Eibliogrephy , 11
|

F-28

.

PRSI WP Y N 9



Ww wRpar
N

f 4
1 TRCOUCTIC::
The attached Data Item Descrivtion was written in response ’
td-en assignment ty the Chairman of Pznel "A" of the Software

Vorkshop held at lonterey, California 22-25 June 1981 at the

Ilaval Post Graduzte School.

The peanel 1s specifically addressing Softwarz Documentation

on beh:zlf of the Joint Logistic Commanders' Policy Coordineting

A . . k.
Grotn on Co-puter Rescurce liznezerient. The obgective is to '
reluce the size and crount of fnaper reculrenents" inlkerent in E

nodzerrn soltware developrent. This particular assignment is to

reviev the Proposed Detz Base Description (DID) wiich is denctea t
as R=nI-11k,

CCIITNTIRY O RDID- ik . | b

SR N

Data .bases have been a -ost neglected and nisunderstood vert

e A

of coftv.re development. It is seldom recoznized thet a data-

bzse 2y be many magnitudes rore comple:x than the "programs" or

s E A

algorytims wkich drive the data base,

Cne of the basic problems is the definitlon of just what a

jats base is. liost definitions suffer from the "blind man

( syrndrore," as described in the fable about a number of blind

men easled to describe an elephant. Each one described the parc

he could feel. 50 it is with data hases., The data base require-

pents and definitlons given by a lManagement Infoimation System

Speclalist are entirely different: from those glven bty an appii-

cations prvogrammer who works only with tactical embedded computers.
Another complicating fsctor im dealing with data tases 1s the

fact that originally the picneer designers of the data base concept
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trled to make the overzting environment entirely invisible to the
user., Tnls was a noble ideal, but as many datec base designers

have learned, it is very difficult to talk about a specific data

A e o

base without consldering tlie environment it is being used in.
Failing to do this has caused some very rude subrises, such as

the illfated \.1CCS systen, WWILZS failed becamse its data base

deslgn was tied to a2 hamrdware suitewhich stood still in time, thile
the user recuirerments grew, and grew, and grew. The same problem
faces zny catc bose cecgizner today, for vho can tell whet surprise i
the technolczical e:plosion will give us ne:xt,

/e have lezrned from e:mperience thzt no matter how escteric or
sophisticated owr dete bzze system is, it ultimately will have to

go on 2 sulfe of hardvare that is limited in size, sneed arnd

throuzhput capacity, thus lirlting the grouth potential and use-
abilitr of lts datz base. The users of small exbedded computers
have had to relearn wvhet the users of blg systens learned a decade

ago, the fact that there are linlts., The wise desigher of a com-

il s Fah et it e A .

puter data base today scopves hils design with the thought of data
conversion constzntly in the back of his mind,

The avowed purpose cf the surrent workshoo is to reduce the
anount of paper and, thence,the cest of computer software develor- li
ment. This must not be dcne, however, at the expense of losing
the far more valuable asset of clear and maintainzble software

documentation, It 1s already clear fthat the cost of not having

this asset far exceeds the cost of the documentation, Of £ar
greater cost saving sifgniflcauce 1s the establishment of a clear

and cormonly understocd documentation standard which describes for

ell users what the documentation requirements are and altows hic/her .
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to select the subset wiiich best suits the particular zpplication.

The DoD gozl of 1life cycle development cost reductiocn can best be
net by developning a good Data Base Docunentation Standard which
i1s clear, flexible enough and adequate to meet both cnrrent and
forseeable needs and, thus, obviate the necessity for creating
unicue DIDs or by’cnnfusing the industry, DoD and the user by
having 2 large,confusing and diverse set of "snecizlized" and/or
seneral "standards."

This writer has revieved both the currentyproposed and:the

v

nest DIDs wiich have been vritten on the subject of Data Base

1

wesisn and does not find ony of these adecuzte to fulfill the
re~uirerents that ere described in this paper, 4 number of
terts have 2lso been revieved on this subjeet, the last of vhich
is included in a short bitliography attzched tc thils paper.
This research hes revealed z thraad of cobzone.lity 1-5:1‘fcsiienttiecs°?cepts
tozether in vrinciple, but this thread is seldcm recngnized,

The result of these endeavors 1s attached to thils peper,
It is 2 revritten version of R-DID-114% in the format which this
vriter believes best addresses the rezl lssues of data base design
cnd nznazement, The writer dues not entertain ir the slightest way
the concevt that {this documeni is anything =ore than & very rough
draft or that it is sufficient in itself. The writer does feel,
hovever, that it does address, cn a brcad sptectrum, the real
issues of datz base design in e manner that would adequately meet
the current and at least some of the future requirements, while at
the same time deleting many of the older architectural "provine

cialism? of the preceding dedades. The draft is intended to
ertighten, stiwmulate the thinking processes,anc to lnvite cortmentary.
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Data Bzse Design Docurent

2. Description/Purpose

- -The Data Base Desizn Document establishes and defines the
type of date base, the environment in which it is used, its
design/architecture, its structure ané the methods, rules and
languzge required Ior the maintenance, update and use of the
date bzse syster,

See Section (7) on separate sheet (la)

1C, Precosration instructiecns
1¢.,0 Lez2l preface, see DI-R-2174%
10.1 Identification (See R-DID-11k4)
1C,2 Introduction
10.2,1 Caclground Describe the tynve of system this particular
éata tese ie interded to be used on and the use/user environment,
Cle-r Jistinction shzll be nade as to vhether the dota base is
intenZed for use as 2 nan:-gerent informztion system, 2 sclentific

epplication, an embadded computer system, or other system of special

Q:

esign and purpose.

10.2.2 Purnose Describe the purpose and intent of she Data Bese
Document. Normally this should be the same as block 3 abeve, but
tzilored and enhanced to fit the narticular application of this
document.

10.2.3 Scove This pzragraph shall describe the scope of the
cata base and its objectives in terms of theuwuser reuunireizents,
mission requirements or system requirements anrd the manner in

which these objectives are intended to be met and describea by

this document.
10.3 Type of Data Bege This section shall describe in detail
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5
the type of data base that is Interded. This description shall

use the terminology and vernacular appropriate to the application
of the system described, with the intenf that it be clearly
understarcable by the practitioners of the discipline addressed.
10.3.1 E=zrdvere Environment Thils section shall describe the

basic hardware environment vwhich the data base system is intended
to be used on. It will describe the type of computer, the memory
allocation for date, the I1I/0 ports available, Data Base System,

end types of perivherals intended. Vhere distributive processing
is used, the number of processors, the network interconnect scheme,
the"hardshzke protocol" and svecific constrazints shall be adiressed.
'ren zppropriate and convenient, these documents shall reference the
rescurce nroject on other documentation which contzins the cited
information.

10.3.2 Softusre zZrnwvironment This section shall describe the
softvaere environment wiich the data bzse system was designed to

be used on. If the systen is designed for generial use, it shall

so state, but shall specify the systems en vhich 1t has teen tested
and used and describe constraints, if any which are peculler to
each systen.,

10.3.2.1 OQOverating System 'here appropriate, name and describe
the operating system which the data base was designed for use with,
This description should describe the setup procedures, job control
language required, utility programs required and or other special
configurations used,such as special library packages and the
special user software required. This section shall state the
High Order Language (HOL) or cther which the user program 1is
written in and the version/mod of the computer HOL required to

F-33

- v p— - 3 — e —




— - - .
—
T e - e

complle these programs. VWhere the system is designed for use

under & specizl run time executive vwritten faran enbedded corputer,

user constrzints shell be specified
This paragraph shall address the

In particuler, it

10.3.3 D=tz Base Desion Tvoe
particular design approach of the data base,
shz1l stzte the design approach used, whether the relational
=poroach, the hierarchial approzch, or the network anproach or what
other zoproach 1s being utilized.

Describe the record and file

The definition of such
Vartable or f{ixed

10.3.3.,1 Record Characteristics

charzcieristics of the datz bose design.
vords as file, record, etc., shall be given.
length file/record schema shzll be described. Also describe the
tzeic record characteristics znd type, such as byte, word, etc..
In geserzl, the purpose 2nd intent of this section 1s to fully
z11 record data ch-rocteristics, The description shall

incluie, tut not be limited to, the following.

10.2.3.2 ZDecord Access llethods Describe the type of record access
methodolozy used, such as secuential or indexed. Describe the

datz reference dictionaries, datz indices, sequence pointers,

. dictionaries, and .
aata{blbllographies. In particular, show a record map which
describes vhere pointers are embedded into the basic record unit.
10.3.3.3 Data comnression and Expression If date conmpression

and expansion techniques are used, describe the methodologies and
techniques used to compress and decompress the data.

10.3.3.4 Stacking ‘here stacking and stack processing dre used,
describe fully the stacking techniques used, and the stack table/

pointer structure.

F-34

St em e Ltk it o Pt e i,

s s o L e\

M bt

s dos e e

ek e,




Frrer T "y
B N

10,4,1 Throuchout/tlinins resuirements This raragrprh shall

epecify the throughput requirements and constrzints in termes of
aumber of record sets per unit tima, Where applied ¢o an embedded
computer, tnls section shall specifically state the access time cf

a urit record, as specified hy the contract, from mess stroage,
through buffer channels, and to the active memory use via the
rantine executive or direct memory access used, This unit time
shall then be used to show full access time in terms of system

time avallable and number of records that can be processed in

such a manner that totalthroughput tires can be computed., The
specific data base access time and raserves tlme shail be stated.
Lhere random recr.rd accecs techniques are used and where applicable,
this sha2ll be stated In terms of a statistical equation which
addresses systems design parszmeters, in such a way as to allov a
deterrination ¢f the effect of system expansion on timing and
throug%ggt. there distributive systems ave used the impact of
schemprioritizing of data access, and the "handshake protocol" used
shall be considered with regard to thelr impact andtiming and
throughput. Uhere the avplication addresses a managenent
informaticn system, thils paragraph shall show the antlcipated
throughput with respect to the target user system. It 1s the

intent of this paragraph to enable the user to assess the operational
and cost impact of increasing data base size.

10.4,2 User Formating Recuirements Where the data base described

is for management information systems, or business type application,
this section will be included to describe for the usar the required

user information.
10.4.2.1 QOrsanizetion Qverviey Show an overall flow dlagram.
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Describe the hlerarchy of data base management rules and how

they are implemented, ;
10.,4,2,2 User Language Describe the syntax and rules for the . B

use of the fulk management tanguage. A complete dictionary of user
voxrds and reanings shaly be included. If a particular syntax,
ﬁ such zsthe Bacus Naur (BI'F) syntax is used, it shallbe completely

described, or an appropriate reference document/gg%%é Bﬁich
will acccomplish this purpose. In any case, departures from {
standard syntex shalli be fully explained. 1
10.4.,2,3 Qutrut Formets The format of all output date shall

be desdéribved in terms of information fields and the purpose, 3
reaning and intent of the inforrmation presented.

10.,4.2,3 Data Innut Formats This section shall describe the

input data format in terms of the outputs they generzte. Vhere {
the output format 1s variable, the controls and tags for varying ;
the outout and the expected result shall be described, !
10,4.,2,+ Dzta Addess Where applicable and in the use of a specific
environment, the methodology of calling and displaying the data

via an interactive terminal shall be described, §
10,4.2,4,1 Speciel Security Describe all data security ;

requirenents.

10.4,2,5 Storaze Reouirements This section shall describe all

s’ ol

data storage requirements which shall include active memory,

peripheral storage requirements, and backup storage requirements.

Thos requirerents shall be described in terms of the storage
required and or used. Backup storage life expectancy and/or

Tenewal cycles shall pe recommended, and the arguments suppor+ing

these requirements sented,
: Hyman Tn+§£$3i3 %enuizer°n+s This section shall describe

b ik e,
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hod of collecting dzte, for orrzeni:ing,/dalc ~ollected gri the
. /inruting to and uplating the dotz bace,

10.4,2.6,1 Eumen ¥zcters This nzr2-reoh sholl ediress the

complexity level, humen comwrehensibility, and training recuired

for versonnel supnort and use of the dsta base,

20.k.7 Dotz Conversion aeculrerents This section shol

———

rddiress specific-llv the methede znd recuirements tfor convertin

the dz2ta base or specific cornonents cf the datz base to another ]

tz trse, This sscilon shol{ describe the charccteristics of the

fU5C1 coda, Field dztz, TZCDIT, ete.

converting .
e to anotBier, It shall include chanzes

e e

~

ir nediz tz-s, identiflcation ari fornzting labtels, such as
of file merus, etec.. This secticn is

r zria 2omlies Lo the Tomust of the totnl dzts delivered
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i
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tiie section shall fdures:z ny sned:zl dzatz requirerents not

PR Sy

S

covered in the precedinz rections. It moy clco be usei =zt the

=

diccretion of the conircetor 2s snecified in the contract to

PETYEN.

erive the internzl active doctz memory structures ani/or

.
(1]
n

fornzvs of interncl antz, The gerercl formet of the dztez shall

inciude but not e resiricted to the foclloving zections.,

10,5.1 Dszte Dictionary Tihis shell give the definition and

description ofthe internal use ol 211 internal dzta, Dzta shall

be grouped-and defined as the fcllowing, as 2 minimum:
(a) Globnl Datz: Defined zs datz usad by 2 numbter of I

processors operating ias & sysien;

(b) Common Data: Defines as data used conronly by a

nunmber of modules wiwhin one nroCcessor;

r=37 : E;

. N
R e e e - ; N ' e




T '_'—__"_‘ww‘.!'"—" b

10
(¢) Local Data: Local data is data used by a single
noduwle or routine.

. A1l dzta shall be listed by 1its liveral name and its symbolic
neme and/ar the engineering mathematical symbol i% represeants..
Data shall further be listed in accordance with its functional
characteristics, shch as whether 1t is ASCI data, Boolean logical
data, or mathematical data formated for external transfer or iuternal
usace by the CPU, If the date is arithmetlc in nature the
scale factor sh2ll ba specified and the computer word size
requirernents stated, along with fleld definitions within the
data word. such as the mantissa and characteristic of an
arittimetic double precision floating point word,

In adiition, data shall be categorized as to whether it is
constant data or variable data, and ali v-riable data shall
roecifically state whether or not an initial value is reguired
=nd vhat that value should be aléng with any special conditions
which requdre its reinitialization.

10.5.,2 Data Cross Reference Where required a Data Cross

Reference shall be provided.

10.5.3 Memory lzp A memory map shall be provided which shows
the location in memory vhere all data are stored.

10.5.4 Table Structure This section shall describe the
structwre of all internzl tables (meaning tables internal to
a §pecif1c CPU memory structure). The structure of the table
shall describe the table access dictlonary, the basic memory
storage unit (i.e., 1 byte, 2 byte, etc.). The indexing

scheme, the table access dictionary, and table concatenation

schemes. Vhere practical these shall be standardized throughou®
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the system,

10.5.5 Sneciel lor: Form:uts This scction shcM describe any or

ell special word forumzts used in the @ata bese. For example,

536 Flgure I for an example of a data word used to depict a

renge and elevation vord used in a tacticel computing system,
(Use Tigure I in DI-A-21L0)

Other exemples nay be packed word instruction formate used in

"table driven"™ control systems,

APPEISICES
Vhen specified in the contrzet the following appendices
shall be used in the data bzse design system.
(2) Glossary: This is a glossary of terms used in the
date Base design system,
(t) 1Index: This is an index oi all data symbols and is

utilized in the ieta bese.

{e¢) Dzta Cross Reference: This is a cross reference of data

symbols znd may reference data symbolic names to

engineering symbols or comron name labels, Thils may he

used ir. l1ieu of similiar sections in Section 9.
(d) Bibliography: This is a bibliography of technical data
vhich may enhence ¢f supoort the maintenance of this

data base system,
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(7) Application/Interrelationships This document is based on the
top level computer program specification documents and is
intended to be used with large software development projects
and with a variety of software applicctions. It is intended
that it be tailored to fit the particular applications and is
written to cover a variety of discipliies, from the large data
bases to small embedded computer systems or distributive com-

puter systems.

The elements of the DID are intended as a minimum set of

data which the user may tailor to his/her specific requirements.

Block (9) MIL-STD-483
MIL-STD-1679
DoD Standard 7935.1-5
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R-DID-115/SOFTWARE PRODUCT SPEC (SPS)

2.3 Add after disk, "or firmware memory
line 3 device".
3.2 This section calls for listings if IDDs are

generated. Listings are not assocciated with
IDDs. The IDD only specifies an interface.
The software to implement the interface ic
included in the interfaced CSCIs.

Panel was equally divided on the following comments.

The "model" upon which the IDD (and the IRS) is based is needed
by a reviewer in order to appreciate what interface listings
are (see 3.2 of the DID). An interface is the description of
the functional (data transferred) and physical (electrical
signals that go between) characteristics. Within each CSCI
there will be programs, such as message handlers, that handle
the data transferred from another CSCI., The listing of such
programs would not go in an interface documen® but in the
product spec of the CSCI in which the program is contained.

Source comment requirements should be put in the system/segment
spec and then allocated to the SRS which is the "test to" docu-
ment. That way the listings can be tested (by inspection) to see
if they conform to the good workmanship requirements that were
specified. This is no different than the workmanship for hard-
ware that is already called for in the system spec (3.3.3, 3.3.3.
2, and 3.3.3.3).

2.3 Delete from.."Compiler Source statements..."
to end of page.

Page 2 Delete from top of page thru "The Restrictions"
sentence.

3.2 IDD should, if anything, be appended to IRS.

2.3 Cross reference listings specifically call for

mnemonically labeled statements. Numbered
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3.

statements siculd also be cross referenced.
Change thre bullets to sub-paragraph nuinbers,

A provision needs to be made for machine readable object code.

In section 2.3, delivery un "card decks, magnetic tape, or disk"

is too restrictive. What about direct transmission across remote

data lines, or piuggable bubble memories, etc.? Perhaps a phrase
like "media acceptable to the Government" could be used.
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R-DID-116 VERSION DESCRIPTION DOCUMENT

Thic PID is acceptable as is, although some panel members are in
favor of the following change.
Paragraph 2, change "APPLICABLE DOCUMENTS" to "REFERENCE DOCUMENTS"

since a Version Description Document does not have "applicable
documents.”
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R-DID-117 SOFTWARE TEST PLAN

1. A preliminary test plan is needed at POR and the final plan

should be submitted at CDR.
page 27).

2. Block 7 line 4

3. Block 7 1ine 6

5. 4,2.2 (a) Tine 3
6. 4.2.4 (a)

5.2.1 (a)
7. 4.2.5.b
8. 5.2.3
9. 5.5.d

(Reference 80.6451,2-316, Rev. 1,

Change "Quality Assurance" to
"Test".

Change period following "Specifica-
tion" to comma and make "Also"
lower case.

This isn't the place to define
a unit, It should be defined in
the SDP or SSPM.

Add "testing" after "integration".

Definz terms.

This seztion should reference the
SRS as the source of the software
requirements,

The axample of a tabular form to
correlate tests versus requirements
could be better.

Shouldn't the "of control” be "to
contrgl"?

SPLIT DECISION

The panel was equally divided on

10. Paragraph 3 Line §

the following comments.

Software Test Plar  es not account
for system level testing and it
should.
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11. The test plan should provide for both informal and formal Hard-
ware/Software Integration Testing. These tests should be design-
ed to verify that the software correctly functions with the inter-
facing hardware prior to system level test. In many cases
system level tests do not adequately test the software/hardware
interface from the software viewpoint.

12. This DID refers to interfaces between the contractor and the
government (seems to use customer and government interchangeably).
It should also specify an interface to contractor CM, QA, and
independent test groups. There is also an Independent Verifica-
tion and Validation contractor interface when used. ;

13. There should be one outline for all three types of testing (Unit, ;
Integration and Qualification testing) a proposed outline would %

be:
%x.1 Purpose
x.2 Resources Required g
x.3 Test Management i
x.4 Test Structure :
x.5 Test Requirements ;
x.6 Schedules
x.7 Retest
x.9 Test execution QC %
14. Block 3 Line 4 "test requirements” are provided j
in SRS.
15. 1.1 Line 4 "Authority" not called for in other ‘
DIDs.
16. Paragraph 2 Some provisions should be made for
reference documents.
17. Paragw-aph 3 Line 5 The word "procedures" is used as
part of the description or purpose
of this document but it is not.

Test Procedures irn a separate DID.
Remove the phase “"test implementa-
tion procedures".
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18.

19.
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Paragraph 4

4.1 a thru d

If contractor testing is informal, i.e.,
not contractually deliverable, why is it
so explicitly defined in a contractual

document.

Move to Standards and Proceaures Manual.
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R-DID-118 SOFTWARE TEST PROCEDURES

1
1. General Comment: An apparent conflict exists between this DID i
and R-DID-119, VTest Report. 119 is geared to an integrated
software system while DID 118 addresses module or task level
type testing. DID 119 states that the test procedures applicable _
shall be part of test report. Is one test procedure ineant to Ty
accommodate all levels of testing or are they oriented to a test ;
level. _
2. Paraaraph 7 Line 5 Change: "base" to "basis" ;
3. Paragraph 2 Change Title from "Appropriate docu- f
ments" to "Reference Documents."
4. Paragraph 10 Line 7 Change "a test procedure" to "test ;
procedures."
5. Paragraph 1.1 Line 4 Change: "base" to "basis" ¥
6. Paragraph 2.0 Line 2 Change: "base" to "basis" :
: {
7. Paragraph 9.2 Change title to "Computer Preparation” ;
bacause "Digital"™ excludes Hybric or :
Enalog Computers. i
8. Paragraph 10.0 Change "a detailed procedure" to ;
!

"detailed procedures."

.
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R-DID-119 SOFTWARE TEST R{PORT

—
.

Paragraph 1.1 Line 3 Change: "test procedure and"
“tost plan, test procedure,
and" to complete the defini-
tion ¢f the test being
reportad

2. Paragraph 1.1 Line 4 Change: "Also identify" to
"Identify" for clarity and
to prepare for following
commands

3. Paragraph 1.1 Line 5 Change: ‘“participate" to
"participated"

4. Paragraph 1.1 Add after last sentence: "ldentify
date and location of test."

5. Paragraph 7.0 Line 2 Change: ‘"design or operation" to
"design, operation, or
additional testing” to
provide capability to
recommend the conduction of
additional test to fulfill
objectives for which results
were not expected.
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R-DID-120 COMPUTER SYSTEM OPERATOR'S MANUAL

Block 7 and 10 (1.1)
Block 9

3. Block 10 Line 2
4, 1.2a

5. 3.1.b.3
6.. 4.1 Line 2

7. General

Delete "host"

Reference should be made to MIL-STD
-XXX being developed by the JLC's
under contract that will supersede
MIL-STD-1679. MIL-STD-1679 is a
Navy document and not recognized
by all services under the JLCs.

Add "and" at end of line.

Change "by name and nomenclature"
to "either by popular trade name
or official nomenclature."

Lowercase bootstrap

Delete "...if any..."

The manual should be verified.
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DID 121 - SOFTWARE USERS MANUAL

This DID is written for Air-Force use and not joint service
JLC use. It specifically references AFSCM/AFLCM 375-7 where
it should reference MIL-STD-XXX being developed by the JLC.

Paragraph 5, obviously written with a batch/operating system in
mind. Should be imade flexible enough to cover tactical software
and console operations of a complex nature.

Block 3, correct spelling software.
Correct punctuation throughout.
Paragraph 4.a.7., delete "formalized".

Add a paragraph tc specify system termination proce:lures.

Pl hiae e b atnd s

vz e e i v T




DID 122 - COMPUTER S$YSTEM DIAGNOSTIC MANUAL

1. The manual should aiso include a fault catalog listing error
messages that are presented to the operator by built in test
software. Such a catalog should include instructions for manual
test using special equipment or replacement card numbers.

2. Block 3 of the DID says that the Diagnostic Manual is to identify
hardware malfunction. TIis is consistent with the common
meaning of a diagnostic nanual. However Block 7 says that the
inanual is based on the SRS. It should be based on the Software
Programmer's Manual (R-1/ID-123).

Block 7 states that a Suftware User's Manual is not required when

a diagnostic manual is written. These documents are not related;

one shouldn't influence: the other. Users and maintenance

personnel are usually ¢ifferent people with different responsi-

bilities and backgrouni. ;

(¥

4, Paragraph 3. Circled Yame/Nomenclature. Question What's the
difference - redundani.

Minority Opinion

e s s et e s e 1+

|
f
i
!
i
]
!

There is no need for a separate DID for a Diagnostic Manual. Applying
the Software User's Manual CID to the diagnostic CSCI will achieve the
same thing.
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DID 123 - SOFTWARE PROGRAMMERS MANUAL

Block 7 - meaning of "Interpretive Computer Simulation (ICS)" is
questioned.

Block 9. This DID is written for AF use and not joint service
JLC use. It specifically references AFSCM/AFLCM 375-7 where it
should reference MIL-STD-XXX being developed by JLC.

Paragraph 1.0 - The scope o7 subject manual is specified in para-
graphs 1.1 and 1.2 conflicts with text contained in Blocks 3 and
7 which appear to require a computer-dependent manual vice a
system-dependent manual. Since a given computer may be imple-
mented in many systems it is recommended that subject manual be
system-independent. This will tend to preciude the time-honored
technique of re-documenting the system-independent material with-
in system dependent documentation. Suggest documentation be
structured to prohibit the redocumentation practice. This will
permit single-source documentation with a resultant capability

of effective configuration control.

Paragraph 5.2.C.10 - Inflating terminology should be defined if
used (e.g., "supercode").

MINORITY REPORT

The DID for the Software Programmers' Manual is not very
useful as it is written, because it is only applicable to the
macro prograrming level. This type of manual will be less and
less needed with the increase in use of standard architectures
and higher order languages. There is a definite need for a pro-
gramming manual which is oriented from the microcode level, down
to algorithms implemented in discrete logic and driven by PROM
date. (AYK-14 1is currently dealing with the former case, and
LAMPS is dealing with the latter case.) Attached is a proposed
Microcode Programmers Reference Manual DID written for the AYK-14.
Whether it is better to combine this with the existing SPM DID or
leave them separate, [ do not know.
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FLOPOSED
DATA ITEM DESCRIPTION

1. Title:

Microcode Languiage Reference Manual

TR

3. Description/Purpose

The Microcode Language Reference Manual (MLRM) provides instructions to enable
microcode programmers to prepare, interpret, and alter microcode programs.
These microcode programs will be written in a particular machine, assembly or
compiler language, usually for a specific computer. The manual is based, in
part, on the product performance and design specifications which describe the
particular machine.

7. Application/Interrelationship

This Data Item Description is used to develop a microcode language reference
manual for a specific microcode language being develaped &here no suitable
commercial manual exists. Microcode is machine code which controls the
elementary parts of the computer to define the instruction set architecture.
The MLRM will be used for evaluating, generating, correcting, or updating one
or more microcode programs. This manual together with associated microcode
documentation should provide a sufficient basis for microcode maintenance. It
is also used to evaluate commercial manuals to ensure they meet Navy
requirements.

This Data Item may be used in conjunction with DIDs:

D1-S-2141 Program Package

DI1-E-2136 Program Design Specification
DI-E-2138 Procram Performance Specification
DI-S-2139 Program Description Document
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10. Preparation Instructions

The MLRM shall contain sufficient information to enable the microcode
programmer to fully understand the microprogramming aspect of the particular
machine, assembler or compiler language. The manual shall be applicable to
any microcode program and any equipment configuration of the computer in which
that microcode program may be utilized. Information presented in the

MLRM shall be that necessary to enable the programmer to (1) produce a
microcode source prougram suitable for the particular machine language or
assembler/compiler, ;(2) interpret an existing microcode program for that
machine language or assembler/compilier, and (3) effect corrections,
additions, and deletions in microcode programs. Information shall be in the
form of text, supporting illustrations, tables, diagrams, and appendixes.

1. Arrangement. The microcode language referenc manual shall contain the
following in the order indicated:

Title Page

List of Effective Pages

Table of Contents .
List of Illustrations

List of Tables

Introduction

Chapter 1, General Information

Chapter 2, Programming Features

Chapter 3, Bus Control and Internal Memory Usage
Chapter 4, Program Instruction Statements
Chapter 5, Micro-instruction Timing

Chapter 6, FPLA/PROM Code Generation

Chapter 7, Error Detection/Diagnostic Features
Glossary

Appendixes

Index
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2. Introduction. The introduction shall identify the specific microcode
language by Government or manufacturer's designation and shall contain a brief
statement of the language's use. The scope of the manual shall be outlined
briefly by description of the contents of each chapter so that the user can
readily locate needed information. In addition, the introduction shall 1ist
the publications, Government specifications, etc., needed for clarification of
symbols, designations, and abbreviations used in preparation of the manuals.

3. Chapter 1, General Information:

a. Purpose. This portion of chapter 1 shall contain a description of the 3
purpose of the manual and the manner of its intended use.

b. Equipment Organization. This portion of chapter 1 shall consist of a
brief description of the specific target computer system, including a general
description of the basic moduies comprising the ecuipment. The information i
may be given in tabular form. A figure shall bde provided to illustrate the |§
functional equipment organization. A block diagram of the computer system ?
: shall also be included in chapter 1. Examples of basic modules are the . )
' following:

, (1) AW |
(2) Micromemory :
(3) Internal memory and FPLAs other than micromemory i
(4) Registers used by microcode other than the internal ALU registers '
(5) Busses used or controlled by the microcode
(6) Micro sequencer
(7) External interfaces such as UARTS

v
e

c. Operational Structure. This portion of chapter 1 shall consist of a .
description of the operating characteristics, capabilities and limitations of

the target computer system as it relates to the programming function. The L
information should include:

(1) Machine Cycle Time
(2) Word Length
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(10)

(11)

(1)
(2)
i (3)
E : (4)
| (5)
(6)
(7)
(8)
(9)

(12)

(3) Memory Capacity and Characteristics
(4) Arithmetic Operations
. (5) Interrupt/Event Capabilities
" (6) Micro Command Word Format
(7) Micro Command Word Bit Pattern Definitions
(8) Module Intercomunication
{9) Operational Registers

Internal Flags (parity, overflow, timeout, etc.}, Flag Registers,
and Control Registers

Input-Output Descriptions

Communication With Support Equipmert

4, Chapter 2, Programming Features:

A This chaptar siall contain descriptions of the nrogramming features of
the_pagficu15r‘microcode language. Compiete detail should b2 included if the
feature is unique to the equipmert, machine language or assembler/conpiier
involved andvcou1d not be expected to be within the scope of know]édge of the
experienced programmer. Features described should include:

Type of instructions/statements
Word structure

Cormand 1ist
Pseudo-instructions

Operand stack

Indexing

Relative direct addressing
Indirect addressing

Branching

< b

(10) Subroutine control
(11) Interrupt/Events

b. This section shall include illustirations of typical instruction word

formats and data word formats and flow charts of unusual programming features,
as applicable.
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§. Chapter 3, Bus Control and Internal Memory Usage

a. Section I, Bus Control. This section shali describe the way in which
i the microcode contrnls the computer busses. Detailed descriptions of the use

of control registers and flags (set or cleared) shall be provided. These
~descriptions shall be supported by {llustrations and Tables.

b. Section 1lI, Internal memory Usage. This section shail 1ist all
internal memory locations for which the microcode has a designated use and
indicate their use. This infcrmation may be provided in the form of a Table.

6. Chapter 4, Program Instruction Statements:
E; a. Section I, Microcode Wora Format. This section shall describe in

detail the word/statement formats used. An illustration of each
word/statement format shall be included. '

b. Section Il, Instruction Description. This section shall describe all
the mic:o-program instructions/staiements used with the computing equipment.
Examples of instruction and statement/group are:

g (1) Fixed-point arithmetic instructions.
1 (2) Floating point arithmetic.

- (3) Shifting operations.

(4) Hardware Control operations.

e e

(S)
(6)
(7)
(8)

iNustrated

PRSIy

Index instructions.

Lugical operations (if applicable).
Input-output operations.

Branching oparations.

The execution of the instructions by the computer shall be described and

as necessary, with flow charts.
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This information shall include

(1) Instruction Mnemonic

(2) Description of What The Instruction Does

(3) Micro Command bits set or cleared by the instruction
(4) Special Conditions When This Instruction Can't Be Used

Information provided shall be supported by tables giving descriptions,
abbreviations, and code§ used in the presentation. Examples 1llustrating the
use of the' instruction shall also be provided. This section shall also
fnclude a table of instructions with variable cycle time, a table of
operational registers and their functions and table of arithmetic properties
of registers.. | 18

7. Chapter 5, Micro-instruction Timing. This chapter shall indicate the time
it takes to execuie a complete micro-instruction. Any special. conditions
which cause this time to ‘be lengthened or shortened will also be stated. . This
chapter shall also explain all hardware duerations not completed during the
same micro-instruction in which the operation was initiated (i.e., memory
references where the data are nct available until haifway through the next
micco-instruction). This chapter will also iliustrate the timing withih'a
micro-instruction (i.e., if the micro-instruction can perfort morr than orve
operation, indicate the order in which the operations are performed).

8. Chapter 6, FPLA and PROM Code. This chapter shall contain information
?éQuired to erable the programmer tu write, understand, and modify the
portions of microcode which ganerate code for FPLAs and PRQlc otter than the
code ganerated for micromemory. This shall include an explanation of all
instructions used that are not defined in chapter 4, illustrations of the
format required for these instructions, and examples which will illustrate how
to generate FPLA/PROM code. Diagrams and tables shall be aaded as needed for
clarification.

9. Chapter 7, Listing Interpretation. Each error detection/diagnostic

feature of the compiler/assembly lanquage will be ciearly described. The
exact printout provided by the system will be shown with concise descriptions
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of what the printout means and what conditions generate the printout. An
explanation of any cross reference 1ist and memory maps generated by the
compiler/assembler shall be provided.

1 } 10. Glossary. The glossary shall 1ist, in alphabetical order, all terms and
. their accepted meaning as used by programmers, operators, and other personnel
;f assocfated with the target computer and peripherial equipment. It shall

include definitions of registers, components, and characteristics of the ’
particular equipment which the manual supports. )

st ikt e AL b 3 i

i bttt 13 "

11. Appendices. The appendices shall contain information to support the
programmer in the preparation, use, and maintenance of microcode programs.
Only those appendices shall be included which are required for the particular
3 - computer which the manual supports. Applicable appendices shall be numbered
consecutively. The appendices may include:

i e

Appendix 1. Mnemonic listing of operation codes (if applicable). |
Appendix 2. Alphabetical listing of operation codes. ﬁ
i Appendix 3. Numerical listing of operation codes. %
' Appendix 4. Instructio:s by operating group or micro command subfield. " f
E Appendix 5. Listing of control inputs required to effectively use the f
' ' machine language or the assembler/compiler.
Appendix 6. . Magnetic tape BCD codes (if applicable). :
Appendix 7. Input-output typewriter codes (if applicable). 1
Appendix 8. Flexowriter (or equivalent) codes (if applicable).
Appendix 9. Punched card codes (if applicable) {(should include an cxample
of card). )
_ Appendix 10. Papertape codes (if applicable) (should include an example of fi
tape). :
12. Index. If the completed manual will consist of more than 50 pages. an :
alphabetical index shall be provided. ;4
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13. Arrangement and Content:

a. Abbreviations. Standard acronyms and abbreviations may be used
provided they are first defined in the text. They shall also be defined in
the glossary.

b. Page Numbers and Titles:

(1) Pages, paragraphs, figures, and tables shall be numbered
separately and consecutively within each chapter by Arabic numerals.

(2) Chapters, numbered paragraphs, figures, and tables shall have
brief descriptive titles. Chapter titles shall be centered horizontally on
the page.

¢. Space Conservation. Layout shall conserve space without lessening
usability or clarity of material. Blank pages and spaces shall be avoided
except to meet bssic format requirements. For example, the first page of each
chapter must always start on a right-hand page, even though this may require a
preceding blank page. ’

d. Blank Page Numbering. A1l blank pages shall be shown on the
succeeding printed page, under the number of that page.
Example: 4-13
(Page 4-12 blank)

e. Number ldentification of Manual. Identifying numbers on each manual
.shall be as specified by the procuring activity and/or user activity.

f. List of Effective Pages. This paye shall provide the current status
of each page of the manual with regard to its letter code and date of
publication. If a manual is to be changed periodically, the 1ist of effective
pages shall serve as a control device by specifically identifying the latest
changed pages as well as showing the exact page breakdown of the entire manual.
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g. Table of Contents. The table of contents shall list chapter titles
and numbered paragraph headings. When applicable, a 1ist nf illustrations and
a list of tables shall follow the table of contents.

h. Collating, Drilling, and Binders. Collating, driiling, and the type
of covers shall be as directed by the procuring activity and/or user agency.

1. Style of Writing. The text shall be written in a style that is
clearly understandable to the users of the manual. The instructions shall be
concise, specific, and clearly worded. Illustrations and tabular data
(tables) shall be used as necessary to clarifs or supplement the written text.

J. Authorization for Relaxed Format and Reproduction Requirements.
Relaxed format and reproduction methods shall be permitted for the handbooks
in the interest of economy and expeditious availability. Areas in which
requirements may be relaxed are:

(1) Continuous type across page.

(2) Use of standard typewriter to prepare reproduction copy.

(3) Use of office-type reproduction equipment.

(4) Uniform lettering size on final copy not required. However,
lettering shall nct be smaller than 6-point type.

k. Dlustrations and Diabrams. The illustrations and djagrams for users
manuals shall be prepared under relaxed format style and shall be used in lieu
of hal ftones whenever possible.

F-61

b ol




P

ol

RPN

SOFTWARE_REQUIREMENTS ANALYSIS REPORT  DI-S-3606,'S-128-1 .,
DESIGN ANALYSIS REPORT DI-5-3606 i
;

These two reports reference different version of the same DID. OUnly
DI-5-3606/5~128-1 is approved for use in the Acquisition Management System
and Data Requirements Control List (AMSDL). There are many things wrong
with this DID.

1. It is written for the Air Force and references
AFSCD 375-7 is block 9.

2. Block references DI-S-3618/5-152 and block 10
paragraph 1.d references DI-$-3605/5-127-1. ,
4

I a3 e - et Lty o

3. It does not define the differences in systam
development being reported in tnc two reports.
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POSITIONAL/STATION HANDBOOK DI-M-3409/H-109-1 ;

This DID is written for Air Force use not joint service use under
JLC. It specifically references AFR 8-2, AFSCM/AFLCM 375-7.

i,

ekt i

Paragraph 3.b references AFM 35-1.
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DI-S-3619/5-153 - TECHNICAL PERFORMANCE MEASUREMENT REPORT

! 1. The proposed DID is primarily hardware oriented and does not
address the software aspects of the development.

et L e Tant e R

Replace this document with attached Software Development Progress
Report (UDI-A-21435). .

Delete the Navy-specific references.
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L cemmInTIA ? IOENTIFICATION %98
DATA ITEM DSSTRIPTION T T
e .
‘ AALIL G §
! Repore, Software Development Progress (SDPR) NAVY-AS | UDI~-A-21435
L CEIINIBTIAY PUARORE 4, APBAQVaAy DATE R
Fhis report preseats the starus of the sqf:ware during O ‘jA:: ;l 5
its developwrent. [ oFvicior Auimaeny
N J REIWON SICILITY
IR-5331
8. O0C AKQU.AED
8., APPROVAL LIMITATION
T, AF.LIGA\’I"‘N IN"S“I.LA'IONM-'I-
7.1 Curzent status is based upon the information
provided in the Software Development }Management
Plan (SDSQ)' ' .. ncnntucu (Mandatory a8 tited in
Sleck |0)
: SECNAVINST 3560.1
7.2 Do not order this data item unless the Suftware
Developmen: Management Plan, DID UNI-A-21434 {s
citad on the CDRL, DD Furm 1423.
° t
»“ ‘-
\ l‘C“L NUMBEARS
1. PRIAARATION 'NITAIQCTICNTY 7
10.1. This report shall provide the status for saftware desizned and documenced
in accordance with SECNAVINST 3560.) and shall include as a ninimum:
(a) The progress of the milestones defined in the Software Develcpment
Management Plan and causes for deviations, 1if any.
(b) Accounting of functions or threads that are in svstem analysis,
- in simulation, in design, in code, in module test, in system test,
and in fligh: test.
| (c) Hardware changes and discrepancies that affect processing.
(d) Major difficultics anticipated or enceuntered and plans to overcome
them, including:

(1) Events that ave currently behind schedule (or have antici-
pated schedule changes), their effect on completion of the
project, and steps being taken to remedy schedule delays.

i (2) Other information which defines cause and effect of sig-
nificant changes on the contract schedule.
1V-\ '
, (3) Problems which actually or potentially will cause deviition
from contractual requirements.
DD "‘3:‘“..1 64 MeQiL2.019.80C0 BAATE MY, 19448 L XY 1 o 2 ®accs
- s B AAIARLNTNT R MYl " My E YR v g YD, tIN L ret
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“s UDI-A-21435

(e) Revised schedule with projected completion dates.

(f) Manpowver incurred versus planned manpower with projected
manpower to completion.

"(g) Total costs incurred versus planned costs with projected
N costs to completion.

(h) Core and timing estimates per module versus planned core
and timing.

(1) Actual computer usage versus predicted.

10.2 The report shall conform to the following:

(a) All pages, including attachments shall be typewritten ot.claarly
lettered with non=-fading ink on standard lerter size paper or on
a standard size engineering drawing paper.

(b) The first page shall be a title page on which the following data
shall be contained, located three inches from the top of the page,
and two inches {rom its unfastened edge:

(1) Type of report, e.g., monthly, interim, final.
* ‘ ..
: (2) Titlc as indicated on the data item description.
C:: (3) Contra:t number. -
(4) Dates of the reporting period.
(5) Contractor's name.
Other necessary information may be included elsewhere on the title page.

(c) All figures, tables, appendices, attachments, etc., will be

) identified in the Table of Contents aad within the text of ,
) thae report.

(d) Security classification and distribution limitation markings
shall conform to the requirements contain in the contract to
which the status report applies.

10.3 Unless otherwise indicated heecin, documents cited in this block of thae

issue i{n effect on the date of invitation for bids or request fur proposals or
quotations form a patt of this DID to the extent specified herein.

Page 2 of 2 pages
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REPORT OF THE PANEL ON
HARDWARE/SOFTWARE/FIRMWARE
* CONFIGURATION ITEM SELECTION CRITERIA

IBMUWILY | /IBMI IS/ DICMPIRH
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18 September 1981

LTC Casper H. Klucas
HQ, AFB/LOEC
Wright-Patterson AFB, OH 4543}

To: Panel B Participants of the JL.C Software
Workshop - June 198)

Enclosed is the final report of the panel on Hardware/Software/
Firmware Configuration Item Selection Criteria. Although a total
concensus on several complex issues was not achieved, | feel the
panel attacked the problem in a structured manner and have offered
the JLC CSM/CRM several specific recommendations and have outlined a
course of action for additional effort. | know | speak for Ralph
San Antonio and all the panel members in expressing our graditude at
being selected to participate In a very Interesting and productive
workshop.

Please call on us again for continued support.

Sincerely,
‘\" \‘p\,"a; . -
Gy TR
R. A. Maher
Chalrperson
Panel 8
RAM: rd
Attachment
cc: R. Dunn
P. Mauro
T. Schuman
D. Hartwick

DEFENSE AND SPACE SYSTEMS GROUP OF TRW INC o ONE SPACE PARK. REDONDO BEACH CALIFORNIA 90278 « (213) 535-4321
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PANEL B
HARDWARE/ SOFTWARE/F IRMWARE
CONFIGURATION ITEM
SELECTION CRITER{A

CHAIRPERSON: R.A. MAHER
TRW

CO-CHAIRPERSON: R. SAN ANTONIO
DRC
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| TABLE OF CONTENTS |
) REPORT OF THE PANEL ON HARDWARE/SOFTWARE/FIRMWARE ?
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Draft Report — Panel B — Hardware/Software/Firmware Configuiration Item
Selection Criteria
1. OBJECTIVE: The objective as defined in Appendix C-1, JLC Charter, was
to examine the general probiem of hardware/software/firmware CI/CPCI par-
titioning and specification and develop a set of criteria to aid in the
selection and documentation process. The problem has become exceptionally
complex for microcomputers and computer software embedded in reprogrammable
hardware (firmware). The difficulty lies both in defining the "hardware
intensive" vs "software intensive" nature and aiso in the style and com-
plexity of management control documentation. A secondary objective there-
fore was to recommend an approach for defining firmware/software categories
ana support documentation requirements.

2.0 SCOPE: Reprogrammable CIs have a varying scale of software cnntent
that range from simpie RCM/PROM devices, utilized as design solutions, never
intended to be changed or have attendant support system requirements; to
software intensive systems, requiring full CPCI treatment and very complex
support systems, tools and maintenance CI/CPCIs. The current CI/CPCI allo-
cation process does not recognize the "hardware intensive" or "software
intensive" nature of firmware CIs nor is adequate criteria available to
guide in the CPCI selection process or scope the required support documen-
tation and data. The panel attacked the problem in the following manner:

a. Conduct a top down analysis of technical and management considera-

tions important in the selection of systems hardware, software and
firmware components.

b. Establish technical, programmable and management guidelines/criteria
for CI/CPCI selection and treatment.

c. Test the criteria against representative hardware/firmware/software
architecture for adequacy and clarity.

d. Define sensible categories of reprogrammable CIs for treatment of
their software nature as less than full CPCIs.

e. Review recommended firmware DIDs and define documentation require-
ments for the different reprogrammable CI categories.
The panel effort was scoped by first establishing an initial cut at tasks
a. and d. and utilizing the remaining time for related tasks b., ¢. and e.
considerations.
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3. APPROACH: The panel conducted a general review session of selected
reference material from the bibliography. Several of the references have
been included in the Appendices for completeness of this report. Each panel
member discussed CI/CPCI issues, problems and imr-rtant considerations from
their technical/management experience point of vjew. Several action items
and questions were generated and groupe. ltogethe~ as best matched the five
task areas defined in Section 2.0 (Scope). Two subparels were established
in which one group (subpanel B-2) would attack the basic selection criteria
problem (Tasks a., b., and c.), while anather subpanel (B-1) would jump in
the middle of the "what do-I-do-now?" problem of firmware definition and
documentation (Tasks d., and e.).

4, DISCUSSION: Sub Panel B-1 divided firmware into four general categories
and reviewed the impact to MIL-STDs, DIDs and CPCI selection. References
used included receri* EIA findings and recommendations (Reference 8). Or.
Sylvesters (USAF/ASD) Hardware Intensive Treatment white papers (Reference
9-11) and four cardidate sets of firmware DIDs (Reference 4-8). It was con-
cluded that reprogrammable CIs could be sensitly divided into four general
categories with CPCI impact as follows:

Category #1 - Software Intensive - Full CPCI and support system (Docu-
nentation tailoring as necessary)

Category #2 - Moderate Software Attributes - Non-complex specification
treatment for definition and documentation. Adequate CPCI and support

system

Category #3 - Hardware Intensive - CI with Product Specification -
identification and new firmware DID. Partial software support system

Category #4 - Slightly Reprogrammabie -~ CI with reprogramming data and
attributes included in DoD D100/D1000 drawing release. Some support
system definition.

Recommendations for a new DID or DID application matrix were made to
Panel A in a working session.

Subpanel B-2 reviewed the DRC recommended selection criteria (Reference
14) and several of the source material references as a starting point
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initiated systematic process of issue statement, criteria identification
decision flow development and test criteria application. The available
time did not allow completion of the full sequence, but a baseline set of
selection criteria were established as an excellent continuation point
for this effort.
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4.1 SUB-PANEL B-1, FIRMWARE DOCUMENTATICN

4.1.1

Background

We are experiencing an explosion of microprocessor technology that
will yield thousandfold improvements in computer resource's cost,
size, and performance during each of the next two decades. Micro-
processors are proliferating at an exponential rate, and they are
performing tasks never before imagined for military systems. This
unprecedented expansion of computation embedded in military systems
has created an entirely new set of management concerns for today's
military managers and defense contractors.

In early applications of microtechnology, the software aspects of the
application often were not visible to the military program manager.
Concerns were expressed over real and perceived problems in managing
this new technology area. Do you manage it as hardware, or software,
or both? We found ourselves caught up in a debatz on definitions.
What is a "microprocessor”, "microprogram", "microcomputer", "micro-
code”, or "firmware"? Something had to be done - but what?

The military services determined that the most significant problem
lay in establishing a mechanism for the control of the software
aspects, i.e., firmware, of the microtechnology area. As an interim
measure, the Military Services determined that firmware should be
handled as software =nd the iricroprocessors and microcomputers would
be controlled as hardware {tems.

While this solution did solve the immed:;ate management and control
problem, it also introduced a potential for significant growth in
acquisition costs. If all firmware was to be handled as software,
then must it not also be managed as a Computer Program Configuration
Item (CPCI)? As a CPCI, the full rigors of a structured development
process would apply: requirements and product specifications, design
reviews and audits, development and management plans, and test plans
and procedures. Further use of an approved higher order language in
developing the CPCI would be required, data rights to the software
would be acquired, and the support tcols required to develop and test
the firmware would be deliverable. For many applications of firmware,
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4.1.1 (Continued)

‘ implementation of the described requirements would clearly be a case

| of "over-kill",

The Air Force S, stems Command, under the guidance of Dr. Richard J.
Sylvester, developed, in 1979, a draft policy which described either
a "hardware intensive" or "software intensive" classification for
firmware (ref. 9 and 10). The intent of this policy was to allow the
identification and description of the hardware intensive firmware as
part of the hardware documentation hierarchy, and to manage and con-
trol hardware intensive firmware as part of the hardware; thereby
avoiding the costs inherent in designating an jtem as a CPCI.* At
the same time, provisions were made to designate an item as being
software intensive, and thus subject to all the management and con-
trol provisions inherent to the CPCI designation. The hardware cr
software intensive classification seemed to offer a possible solutjon
to the problem of cost effective management and contryl of firmware.

A problem, of course exists in defining what comprises a hardware

intensive versus a software intensive application, Technoloay is

moving so fast, it is questionable whetheranyone could, in fact,

define a set of classification which would remain valid for an

extended period. Dr. Sylvester's most recent report on this subject

(ref.11) does provide a good discussion of cases where the distinction

can be made. However, many other cases are less clear. Figure 1

diagrams the “fuzziness" which occurs when attempting to determine wihat
i : classification to assign to firmware. Conceivably, all microprocessor/
firmware applications falling to the left of point "a" might be ex-
cluded from most software management requirements, and all applications
to the right of point "¢" would be subject to the normal software control
practices. Applications falling between "a" and "c" would be considered
a case-by-case basis (ref. 12).

*Sylvester Report (ref. 11) page 3, "For hardware intensive applications,
poli;y . - . does not exclude in the imposition of *ull MIL-STD documentation..."
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Figure 1. Firmware Categories for Management -
The "Gray Zone"

Sub-Panel Charge

Against the preceding background, the basic problem assigned to our
sub-panel was to determine what methods currently exist, or must be
developed, to establish required management and control of firmware.
Both hardware intensive and soitware intensive firmware was to be
considered,

Sub-Panel Deliberation Summary

a. Assumptions
The sub-panel began their deliberations using the following basic
assumptions, or precepts:

o All firmware has both software and hardware aspects.

¢ The development, release and maintenance of firmware must be
controlled following basic project management and configura-
tion management practices.

o While the charter which must be developed to determine whether
firmware should be classified as hardware or software inten-
sive is extremely important, it was neither within the purview
of the sub-panel to establish this criteria nor was it required
to accomplish our purpose.
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4.1.3

(Continued)

e Maximum advantage should be taken of existing, or proposed
specifications and/or Data Item Descriptions (DIDs) in devel-
oping recommendations for firmware identification and
documentation,

General Discussion

A11 government panel participants and the Mitre representative
expressed significant concern over the management of firmware,
and the need to provide increased visibility into its (firmware)
design, development, test, operation, and maintenance. Each
government representative was able to provide examples of current
or past projects wherein lack of effective control of firmware or
related support tools had led to, or was leading to, difficulties
in its management and control. Major emphasis was placed during
these discussions on the need for providing improved visibility
and control of the software aspects of firmware. However, it was
also agreed that designation of all firmware as CPCI's was not
requirad for effective management, nor was the CPCI designation
always defensible from a cost effectiveness standpoint. Judi-
cious use of the hardware and software intensive classification
for firmware was generally endorsed as a means of effecting the
proper level of management visibility and control.

Concern was also expressed on the need to ensure that the appro-
priate degree of firmware support tools (those tools required to
develop, test, enhance, and maintain the firmware) be acquired
as part of the basic procurement. The level of support tools
required is closely oriented to the planned application of the
firmware and the planned maintenance concept.

While the discussion of support toois, or environment, is closely
allied with the firmware management and control problem addressed
by the sub-panel, it was eventually agreed that the subject was
not specifically germane to our chapter.
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4,1.3 (Cont1nued)

The panel's industry representatives described their current
policies and practices related to firmware. Systems have evolved
which can, perhaps, be best described as being of a hybrid nature,
e.g., a combination of hardware and software identification and \
control criteria and pracesses. These policies and practices .
have been developed in response to the perceived need by indus-
try to properly identify and control their microtechnology
products . . . both hardware and software. Although these prac-
tices have been effective for the firms involved, there are pear-
ceived weaknesses in the process:

bt e el s o et
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e CEach firm has established systems which are unique unto
themselves,

e the customer has no, or limited, visibility into these inter-
nally developed and implemented policies and practices, and i

e no convenient, or formal, contractual vehicle exists for the
government to request the firmware data.

There was considerabie discusnion of the adviseability of treat- i
ing the documentation of the software aspects of firmware in the
same fashion as conventional software, without the stipulation
that it be designated as a CPCI. If this path were pursued, the
minimum documentation for the software aspects of firmware would
have to be established well below the full CPCI level. The con- i
cept of a tailored CPCI was introduced during these discussions i
to designate those diminished documentation requirements. The
i concept was finally dropped by the panel in favor of the recom-
‘ mendations in paragraph 4.1.4 but a minority report has been
included in paragraph 4.1.5 to record (and, hopefully, more ;o
clearly identify) the issue on which so much fruitful discussion :
was based.

The panel also considered the adviseability of imposing direc-
tives on the use of HOL's for firmware and on the use of specific ;z
computer Instruction Set Architectures (ISA's). The unanimous
conclusion was that the use of HOL's for firmware should be
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4.1.3 (Coniinued)

encouraged but should not be made mandatory by directives,

_ especially for hardware intensive applications. That is, the

f use of specific HOL's and/or the use of HOL's in general should
not be edicted. This conclusion was based on the conviction that
such edicts would often create costs which are not recovered in
the 1ife cycle. Where the use of HOL's is, in fact, practical —
the designer will 1ikely elect to use the HOL since that will
simplify his/har task. A similar conclusion was reached with
respect to ISA's, although it was not unanimous in that case.

S P AR W

c. The Problem

The sub-panel's deliberations pointed to the need to establish
an efficient and effective method of identifying both hardware
and software intensive firmware. Once jdentified, there is a
need to tailor the acquisition process to accommodate the unique
.characteristics of firmware.

The sub-panel further expressed the opinion that current DoD
military standards, and related Data Item Descriptions (DIDs),

do not adequately address firmware management and control. Short-
comings identified in the MIL-STDs/DIDs were:

e MIL-STD-483/490: Provisions for inclusion of the software
elements of firmware, or for providing traceability to these
elements, is not provided in the Type A, B, and C hardware
specification detailed requirements appendices. The reverse
situation is true for the hardware elements of firmware in the
related software specification requirements appendices. Such
provisions are required to support the respective classifica-
tion of firmware as hardware or software intensive.

e MIL-STD-1679: Provisions for inclusion of the hardware ele-
ments of firmware, or for providing traceability to these
elements, is not provided in the doéumentation DIDs related
to this MIL-STD. These provisions are required to support the
classification of firmware as software intensive.
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Similar findings would also apply to the documentation formats
found in DOD-7935.1 3,

Since the above‘referen:c; specifications are key to establish-
ing the configuration identification of all CI/CPCIs, the sub-
panel beljeved it was critical that these MIL-STDs/DIDs be
modified to effectively accoomodate firmware. Good configuration
management practices dictate that whenever feasible, a single
configuration identification (CI or CPCi) bLe applied to firmware.

Proposed Documentation

During the past several years, the military Services, industry,
and many of the industry associations have devoted significant
time and energy in discussing the firmware jissue, and in develop-
ing documentation schemes for firmware. Our sub-panel reviewed
several specific documents which have been developed as part of
this overall effort, and which appeared to provide a possible
solution to the problems with the existing MIL-STDs/DIDs cited

in c¢. above.

(1) Panel D, "Tailoring CM Practices for Microprocessors and
Firmware", Electronics Industries Association (EIA), Report
of the Fourteenth Annual Data and Configuration Management
Workshop; October 20-24, 1980

The report prepared by Panel D at the 1980 EIA Workshop re-
viewed configuration management requirements for micropro-
cessors and firmware. Two recommendations made by this
panel, which were of specific interest to our sub-panel:

9 Define a new element of a hardware Configuration Item (CI)
entitled a Computer Program/Hardware (CP/H). The CP/H is
- microprocessor firmware which is ijdentified and controlled
as a portion of a hardware configuration item. (Appen-
dices C~3 and C-5.)
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4.1.3 (Continued)

¢ Prepare a Data Item Description (DID) for the Computer

. Program/Hardware (CP/H). The DID would be in the format
i of a Book Form drawing and would be called for ac a CDRL.
ﬁ The DID would reference DOD-STD-100 and DOD-D-1000. See
Attachment 1 for detail.

e e i

(2) UDI-E-3935, "Firmware Development Plan"; September 14, 1979.

This proposed DID provides format and content guidance for a
Firmware Development Plan (FOP). The FDP is the engineering
management plan which identifies the contractor's efforts
required to develop and deliver computer resources and the
associated firmware, processes, documeritation, and necessary

support resources. See Appendix C-6 for detail. The plan
would be appropriate when a procurement does not require a
Software Development Plan/Computer Proyram Development Plan

- A~
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to be developed.

(3) UDI-E-3936 — ASD, "Firmware Technical Description (Produst
Specification)™; March 30, 1979.

This proposed DID provides a compiete and aetailed technical
description of each functional implementation of firmware.

The document(s) serve as an instrument for acceptance, modi-
fication, trouble diagnosis, maincenance, and reprocurement 19
of firmware. See Appendix C-7 for detail, ;

e

(4) UDI-E-3937 — ASD, "Firmware Support Data"; March 9, 1979.

This proposed DID provides a description of the data required
for the maintenance and medification of firmware ROMs (Read
Only Memories) and PRCMs (Programniable Read Only Memories),
microprocessors, and other firmware devices. See Appendix
C-8 for detail.

(5) Drart AFSC/ASD paper, "Hardware Intensive Application of
Computer Rasources", Dr. Richard J. Sylvester; June 4, 1931
(Reference #11).
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4.1.3

4.1.4
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(Continued)

This paper provides a full discussion ¢f hardware intensive
firmware: the advantages and disadvartages which are in-
harent in the clacsification, criteria for selection of the
classification, documentation required, testing, and SOW
guidance. Further, a draft DID, "Configuration ltem Product
Fabrication Specification” was provided. See Appendix (-9
for DID detail.

Sub-Panel Recommendations

The sub-panel recommended the fcllowing actions be considered by the
Joint Logistics Commanders, Computer Resources Management Committee,
and Computer Software Management Sub~group:

a.

Consideratior be given to the adoption of the 1980 EIA Panel D
recommendations for identification of a Computer Program/Hardware
(CP/H) component of a hardware Configuration Item (CI). A
related recommendation is for the pubiication of a DID referenced
to DOD-STD-100-DOD-D-1000, describing the Book Form drawing which
encompasses the software elements of firmware (see Appendi~ C-5).

The documentation pfovided under this DID would serve to satisfy
required configuration identification data for selected current
and future rerceived hardware intensive applicatinons of firmware.
Selection of thic DID would be appropriate when minimal visibility
into the software aspects of firmware is required.

Consideration be given to the adoption of the Configuration Item
Product Fabrication Specification DID found in Dr. Sylvester's
draft paper on "Hardware Intensive Application of Computer
Resources" (See Appendix C-9).

The documentation provided under this DID would serve to satisfy
required configuration jdentification data for selected current
and future perceived hardware intensive applications of firmware.
Selection of this DID would be appropriate when greater detail and
visibility into the software aspects of firmware is required.
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4.1.4 (Continued)

c.

Consideration be Jiven to the adoption of the Firmware Technical
Description (Product Specification) DID developed by AFSC/ASD.
This DID should be pubiished under MIL-STD-483 and/or 490 (see
Appendix C-7). '

The documentation provided under this DID would serve to satis€y
vequired configuration identification data for selected current
and future software intensive applications of firmware. Selec-
tion of tnis DID, which would define what the sub-panel referred
to as a "tailored CPCI", would be appropriate when it is deemed
feasible to: combine the perfbrmance, detailed design require-
ments, test and evaluation reguirements, and hardware aspects of
firmware in one specification.

Consideration be given to the issue of a DID referenced to MIL-
STD-483, 490, and 1679, which would modify the software specifi-
cation formats contained, or referenced therein, to include data
in the form of an appendices, on the hardware aspects of a soft-
ware intensive firmwure application. The appendices would bhe
similar in intent to that which has baen provided in Appendix
-9, except it would be for hardware versus software.

The documentation provided under this DID would serve to satisfy
required configuration identification data for those firmware
applications determined to be fully software intensive.

The preceding recommendation, since they are all keyed to exist-
ing MIL-STD's, should be considered for implementation &s soon
3s practicable.

To ensure a lorger term solution to the firmware docu:entation
problem, it is requested that the provisions of the documentation
changes requested in a. throuwgh d. above be considered by the

members of Panel A when defining thair final recommended DID list.

To provide an overview of our recommendation far firmware docu-
mentation, refer to Figure 2.
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1. - AFSC/ASD Ci Product Fabrication Specification (paragraph 4.1.5b)
2. EIA Book Form Drawing for CP/H (Paragraph 4.1.Ya)
3. AFSC/ASD Firmware Technical Uescription (paragraph 4.1.5c)

. Sub-Panel recommended modification to MIL-STD-483, 490, and 1679
(Paragraph 4.1.5d)

it LN S s

Figure 2. Recommended Firmware Documentation Scheme

}

4.7.4 (Continued)
NOTE: The subpanel did not have sufficient time {o review the ]
recommended DIDs in detail (Appendices C-6, C-7 and C-8), 3

therefore, a full review of the DIDs shnuld be accomplished
to insure appropriateness and correctness for the recom- i
merided applicaticn.

: f. It is further requested that Panel #'s coasideration be extended

X to the DIDs found in Appendix C-6 (Firmware Development PMlan),
and 4 (Firmware Support Data). This consideration should ensure o
that the data encompassed in thse DIDs has been vprovidcd for in 1

; their final recommeded DID 1ist. It is our understanding that

2 Appendices C-6, (-7 and C-4 are intended to be utilized as a

package.

g. Do NOT impose HOL direction on firmware developed (especially
b hardware intensive Tirmware) but do encourage its use.
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4.1.4 {Continued) ]

h. Do NOT impose specific ISA direction on firmware controlled
computers (especially for hardware intensive applications) but
do encourage use of common [SA's,

4,1.5 Minority Viewpoint

When considered from the viewpoint of the software practitioner,
there would appear to be no difference between conventional software
and firmware, except for the requirement to make a hardware change
whenever the associated firmware program is changed. Why then
shouldn't the existing software documentation technology be perfectly
adequate for covering the software aspects of firmware? After much ;
discussion, the sub-panel decided not to pursue this approach but
rather to support efforts to define special documents to contain

coverage of the software aspects of firmware (see recommendations 3
above). While the final vote on this issue was clear-cut, the issue 'é
merits recording here since it does not receive explicit treatment
in ‘the current literature and since it is likely to elicit support i
from the software community if the spectre of "full CPCI" treatment
can be disspelled.

In the fourth subparagraph of 4.1.1, the reasons. for avoiding the

use of "conventional software documentation" for firmware are well
presented. We are all familiar with attempts to apply full CPCI
treatment to a small firmware program with 1ittle prognosis for change
during its life cycle. This certainly is overkill but it does not

directly follow that a more suitable approach cannot he found within

the software documentation technology. In fact, the existing MIL-

STD's permit the tailoring of the CPCI concept to be a subset of "full _
CPCI" treatment. However, this approach is not often used in prac- ;3

tice — perhaps due to ignorance of the existence of such an option.

Yany firmware programs are developed by design engineers with a dom- '
inantly hardware background. Their natural reluctance to get involved
in the apparent maze of "software documentation" is another reason for

il s Uaibima s e e s ok i

avoiding this approach. However, if one believes that there is no ;
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II 4.1.5

(Continued)

technological difference between a firmware program and a ssoftware
program of comparable complexity, then avoiding the existing devel-
opment and documentation technology for software will dcom these new
firmware designers to relearn the lessons which were painfully taught
to today's software practitioners over many years of evolution and
refinement. It would be more effective to introduce them to the
least complex forms of software documentation, which will likely
prove adequate for most of their work.

From this perspective, the identification of a plethora of new DIDs
(as recommended in 4.1.4 and elsewhere) to cover the software aspects
of firmiare is redundant, wasteful, and is likely to be ineffective

in many cases. To illustrate the point, suppose two engineers develop
the identical program. But one is implemented in Read Only Memory
(ROM) and is considered firmware, while the other is implemented in a
writeable memory and is considered software. Why should these pro-
grams be documented in two different ways? Their software design
aspects clearly call for uniform treatment! The plethora of firmware-
unique DIDs woulid force such disparity.

To pursue the thesis: uniform documentation for programs of compara-
ble complexity — it would be necessary to clarify the available
options for handling the case of minimum complexity. A minimum doc-
umentation package for such a case might be defined to be a Version
Description Document and 1 Listing Document (an approach which has
been successfully used by at least one manufacturer). Sub-Panel #1
elected not to pursue this path so no further specific recommenda-
tions are available as a result of their deliberations.
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4.2 SUBPANEL B-2: CI/CPCI SELECTION CRITERIA

4.2.1 Qbjective. The objective of Subpanel B-2 was to identify the tech-
nical and management needs that should be considered in selecting the con-

figuration items from the hardware, software and firmware components of the
system.

4.2.2 Scope. This effort was limited to developing criteria which can be
used by a program manager to select the minimum set of CIs,/CPCIs for a given
system considering management, technical, and programmatic issues. These
criteria, along with appropriate guidelines, will assist the program manager
in deciding how the individual components of a system should be managed.
Outside the scope of this panel were the tradeoffs which can be made between
the managemeni visibility and control provided by a given CI/CPCI structure
and the attendant cost. {Subpanel B-1 dealt with the specific issue of how

- these tradeoffs should be made for the firmware components of a system.)

4.2.3 Approach. The approach followed by Subpanel B-2 was to: first, state
the issues; second, identify the 1ist of appropriate criteria and subcriteria;
third, develop guidelines (decision flows, text) for applying the criteria;

and, last, test the criteria, subcriteria, and guidelines against some real-
world examples.

4.2.4 Discussion. CI/CPCI designation provides a level of management visi-
bility and control identified as follows:

Formal configuration identification
Development/product specifications
Government approval of changes
Configuration status accounting records
Individual design review activity
Individual qualification testing
Individual physical and functional configuration audits
Direct ECP handling

Separate fdentification, marking
Separate operating and user manuals
Standardization requirements.
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The "cost" associated with a given CI/CPCI structure is measured not only in
dollars, but also in the administration burden, personnel resources, and
complexity introduced into a program by the above requirements.

Historically, there has been very little guidance avaijlable to acqui-
sition managers for selecting the hardware, software, and firmware configura
tion items of a system. For many years this lack of guidarce resulted in
very little visibility and control over the software elements of the system
as the software was treated as data (a disposable commodity) procured in
conjunction with the hardware elements of the system. This period was fol-
lowed by one in which there was a tendency to overspecify the number of
CPCIs (to maximize visibilit, and control), which resulted in excessive cost
and administration burden, increased program complexity, and a drain on per-
sennel resources. The net result was to decrease visibility and control

over the software.

A major step forward was achieved with the addition of Appendix XVII to
MIL-STD-483. This appendix identifies the importance of and provides quide-
lines for proper CI/CPCI selection: it was the starting point for the work
undertaken by this subpanel. Other reference documents reviewed by the sub-
panel are identified in Table 4.2-2. These references were used to develop
the “strawman" list of CI/CPCI selection criteria contained in Table 4.2-1.

Subpanel B-Z identified the following issues related to CI/CPCI selec-
tion criteria:

. For a given system, what are appropriate criteria for selecting
the configuration items from the hardware, software, and firmware
ccmponents of the system? or

) When is an item important enough to b2 considered a configuration

item?

To addrecs these issues, the subpanel develcped subcriteria and guide-
lines for each of the criteria listed in Table 4.2-2. (See Appendix C-4.)
These are contained in the following sections. In practice, the acquisition
manager would apply each criterion to the program element under considera-
tion, weigh the relative importance between criteria, and decide if the pro-
gram element merits treatment as a CI/CPCI, "tailored" CI/CPCI, or as a
component of cne of the above!
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MIL-STD-483

ESD-TR-77-254

AFSCP 800-7
UDI-E-3935

UDI-E-3936
UDI-E-3937

EIA G-33
Panel D Report

Table 4.2-1. Panel B Reference Material

March 21, 1979 Configuration management practices for

August 1977

December 1,

systems, equipment, munitions, and com-
puter programs

An Air Force guide to computer prugram
configuration management

1977 Configuration management

September 14, 1979 Firmware development plan data item

description (DID)

March 30, 1979 Firmware technical description (product
specification) DID

March 9, 1979 Firmware support data DID

October 1980 Tailoring CM practices for micropro-

Table 4.2~
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cessors and firmware

2. CI/CPCI Selection Criteria

Criticality
Function
Maintenance Concept
Supplier

Interfaces

Use

Locaticn

Size
Schedule/Phasing
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4.2.4.1 CI/CPCI Selection Criteria. The information contained in this
section is intended to assist program managers in deciding how the indivi- 3
dual components of a system should be managed. Detailed guidelines for the
following criteria are provided in order: 1location, criticality, function,
maintenance concept, use, supplier, interfaces, size, and program schedule/
phasing. To use this information, the program manager should apply each

'} criterion to all program elements under consideration, weigh the relative

5 importance hetween criteria, and decide if each element merits treatment as
a CI/CPCI, "tailored" CI/CPCI, or as a component of one of the above.

.
i A b et 1 A M At M B 2w

4.2.4.1.1 Criticality. If failure of the element would adversely affect

security, human safety, the accomplishment of a mission, or nuclear safety,
or would have a significant financial impact, strongly consider identifying
the element as a separate CI/CPCI. ]
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4.2.4.1.2 Function. The program marager should avoid mixing training,
mission (including initialization, normal operation, and back-up or degraded
operation), test and maintenance, and support functions within a given CI/

CPCI.

FUNCTION

TEST &
MAINTENANCE

SUPPORT
PROGRAMS

MISSION
PROGRAMS

TRAINING
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4.2.4.1.3 Maintenance Concept. When different agencies have responsibility
for maintaining parts of an element, the program manager should consider

s

breaking the element into separate CI/CPCls. %
When the source of an element will maintain it, or when it is intended §

that the element be replaced rather than repaired, the program manager can ;
safely consider tailoring the CI/CPCI or including the element as part of a T
larger CI/CPCI. Additionally, the support tools need not be jdentified as J
CI/CPCI to be delivered. ‘ %
i
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4.2.4.1.4 Supplier. Elements provided by different'suppIiers should be
assigned to separate CI/CPCls.
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4.2.4.1.5 Interfaces. Interfaces among CIs and CPCIs should be simple.
Fuictions which are highly data or control interdependent should be allo-
cated to the same CI/CPCI. Functions which exhibit a high disparity between
input and output data rates should be atllocated to separate CI/CPCIs.

/\

B e Cac o Rchg s Gl e

INTERFACES

gy e SR+

INTER-
DEPENDLENCE

INFORMATION
CONTENT

NUMBER DYNAMICS

4.2.4.1.6 Use. Elements which are general purpose in nature, require the
capability to be operationally reprogrammed, or are intended to be reused
in another system should be congidered as separate CI/CPCls.

OPERATIONA
REPROGRAM-
ABILITY

INTENT
TO REUSE

GENERAL
PURPOSE
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4.2.4.1.7 Location. The functions allocated to a CI/CPCI should rot Ye
partitioned among separate geographic areas. Functions &llocatec to physi-
cally distinct processors in a distributed environment should be -onsidered

as separate CI/CPCls.

EOGRAPHICA
DISTRIBUTION DISTRIBUTION

4.2.4,1.8 Size. CI/CPCI selections which cannot be made on the basis of
other criteria should be made to keep the CI/CPCI to manageable proportions.

4,2.4.1.9 Schedule/Phasing. [lements scheduled for development, testing,
and delivery at different times should be assigned to separate CIs/CPCls.

4.2.4.2,10 Criteria Deveiopment Status. Although the subpanel textua)
descriptions of how the criteria and subcriteria should be applied to a
given program element, there was insufficient time to develop decision flow
diagrams which would lead the acquisizion manager through the CI/CPCI selec-
tion process. In addition, the subnanel was not able to vigorously test the
criteria, subcriteria, and guidelines against actual system configurations.

4.2.5 Racommendations. Subpanel B-2 recommends that the JLC-CSM subgroup,
support continued work in this area to accomplish the fcllowing:

1. Expand and refine selection criteria and accompanying guidance
2. Test criteria and guidance against actual system configura’.ions.

3. Document expanded guidance in existing and planned acquisition
management guidebooks.

4, Revise MIL-STDs to include new requirements as appropriate.

5. Coordinate the effort in recommendations closely with the on-going
JLC documentation and standards development activities.
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5.0 Panel B Recommendations

The following are general recomrendations based on Panel B review of the

C/1/CP/C1 selections criteria problem. Detailed, specic recommendations are

contained in Subpanel B-1 and B-2 reports (Silicons 4.1.4 and 4.2.5).

1. The JLC should recognize and adopt a po’icy of reprogrammable C.I.
categories and take appropriate action to revise MIL-STD-490, 483, 480 and
DOD-STD-100/D-1000 necessary.

2. JLC obtain a contractive effort to refine the firmware treatment
categories further develop selection criteria; establish test criteria, cases
and test architectures; and perform allocating during system aquisitions 1
activities. 1

3. Panel A and Panel B meet as a follow-on activity to jointly review
¥ and develop a matrix DID firmware appliciability matrix and/or review
proposed firmware DIDs (Appendix C-6 thru C-9).
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APPENDIX C-1 JLC PANEL B CHARTER

HARDW, RE/SOF IWARE/FIRMWARE CONFIGURATION
Iled SLLECTIUON CKITLERIA

1. Rationale: From the goverument viewpoint, few criteria
are availabIc for the sclection of cowputer software config-
uration items. MIL-STD-483 (USAF), Appendix XVII provides
some top level guidance for configuration item (Cl) selection.
The Air Force Systems Command Pamphlet (AFSCP) 800-7 provides
some limited critceriu, primurily as do nots, for selecting
computer software Cls. Various guidebooks have also been
developed by the services which discuss computer software
selection but proside few criteria to guide selection.

With the advent o microcomputers and computer software embedded
in firmware, it has become more difficult to predetermine

how CIs (for hardvare) should be distinguished from computer
software Cls. What is needed is a complete set of criteria

for guiding the s:lection process. These criteria should

tahe into account both technical and management considerations.
In addition, the :riteria must consider procurement, developer
support, and user needs. Criteria must be specified which
allow for reasonajleness in selection so that overhead costs
such as documentation and control mechanisms are not restric-
tive in getting tne software developed.

2. Approac.. A panel should be formed to address the issues
associated with computer software Cl selection and to develop
a set of criteria to aid the selection process.
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APPENDIX C-2

MIL-1TD=483  (USAK) ;
' 21 March 1979

APPENDIX XVI1I

170. Guide for Selecting Configuration ltems (Cls)

170.1 Purpose. This appendix provides guidance to governmant and
contractor personnel responsible for selecting CIs. As used herein,
Cls also encompasses Computer Program Cls (CPCIs).

170.2 Scope. The criteria of this appendix shall be used in the CI
selection process whenever it occurs during the life cycle, however,
the most beneficial results from its application will be realized
when used at the beginning of the acquisition cycle.

170.3 Applicability. Each contractor to the government shall be
responsible for his compliance with this appendix as well as the
compliance of his subcontractors, vendors, and suppliers in accord-
ance with paragraph 1.3 of this standard.

170.4 General Considerations.

I s i e i 25 et i in il 6l e L LD aenihand

170,4.1 Selection of CIs is based on the definition contained in DODD
5010.19, "an aggregation of hardware/software, or any of its discrete
portions, which satisfies an end use function... Cls are those speci-
fication items whose functions and performance parameters must be
defined an” controlled to achieve the overall end use function and
performance.*

-
e e e

170.4.2 The selection of CIs is normally a function of anticipated
design and should be independent of the concept for future reprocure-~
ment. The selection process is one of separating the elements of a
system into individually-identified sub-sets for the purpose of
managing their development. The CI should be regarded as a deliver-
able entity to which certain system functions have been allocated.

CI selection reflects an optimum management leVel during acquisi-
tion. This level is one at which the procuring activity specifies,
contracts for, and accepts individual elements of a system.

PRl

170.4.3 The selection of items to be managed as Cls should be
determined by the need of the government to control an item's

inherent characteristics or to control that item's interface with
other items. The selection is a management decision normally
accomplished through the system engineering process in conjunction
with configuration management and with the participation nf logistics.
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MYL-STD~483 (USAF)
21 March 1979

Selecting CIs should be with a full view of the life cycle cost

and management impacts associated with such a designation.

Choosing too many CIs increases the cost of contrcl; choosing

too few or the wrong elements as ClIs runs the risk of too little
control throwgh lack of management visihility., *What does program/
projoect management. need to know and control?®  The goverament. must
determine what control it needs to exercise in light of cost/benefit
trade-offs. The CI selections are made accordingly.

170.4.4 On development programs for subsystems or support equipment
that will be common to more than one system, the basic CI should be
that assembly that is common to all applications. An assembly part
that is required to meet interface or other requirements peculiar to
one of the systems should be identified as a separate CI in that
system.

170.4.5 The major elements comprising the system should be identi-
fied as ClIs during the Demonstration/Validation Phase. Early
selection of CIs is important sinte management emphasis becomes
greater as development progresses. As development continues and
logistic or technical considerations surface, additional items

can be designated Cls. Usually, the CI selection process should
be essentially complete by PDR.

170.5 Specific Considerations. The following are soma of the
considerations upon which the decision shall be based:

170.5.1 Level of Government Control. The CI must be a manageable
level of assembly. The CI is the basic element for configuration
control and, for example, is usually limited to major subsystem
levels of the Work Breakdown Structure or to a critical jtem of a
lower level, when so identified.

170.5.2 Engineering Release System. The CIl must allow the contractor

to release engineering changes at an assembly level which is report-
able and which enables verification of change incorporation, i.e.,
does not preclude change incorporation verification in a lowar level
assembly.

170.5.3 safety. If the operation of an item is critical to other
operations, flight safety or ground safety, the item will be more
susceptible to being classified as a CI.

170.5.4 Existing or modified existing design items. Existing items

that are not CIs developed at government expense, should not generally

be rcandidatwes for reidentification as new CIs on new programs.
Existing/modified design, commercial off the shelf ejguipment/computer
program(s), should not necessarily be excluded from CI selection.

The consideraticns identified in paragraph 170.5 and its subpara-
graphs shovld be addressed prior to making a decision.
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MI=8'Th=40Y (USAK)
21 March 1979

170.5.5 New or modified design. Carcful congideration shall be )
given new or modified design items, wherein more than a modest
degree of complexity, utilization of new meterials, processecs or
technology is involved; and, where the government wants direct
control over the performanoce requirements for that ftem, at a
specific time, i.e., vhen the government is directly concerned

‘ with the detail development.

170.5.6 Interface with GFE. The higher the degree of interfuce
» with Government Furnished Equipment (GFE), the higher the lileli-
hood for sulection as a CI.

R 170.5.7 Susceptibility to change. The higher the anticipated or
. estimated degree of change or modification which might be expected
after the item is operational the higher the likelihood for selec-
tion as a CI.

170.5.8 Repairability/Maintainability. An item which is clearly
designated as "Repairable™ is much more a Cl candidate than one which
is not repairable. Eventually logisticians must deal with the Line
Replaceable Units (LRUs) which comprise the principal components of
the subsystem. However, designating CIs at the LRU level at the
onset of full scale engineering development (FSED) would add signifi-
cant cost to the development effort, especially in the area of

change management. The LRU level is usually too low a level for
effective government control during development.

170.5.9 Support Equipment Considerations. Without proper planning,
minor items of suppoxrt equipment could swell the list of Cls.

Minor in this context refers to items such as individual hand tools,
as compared to hydraulic torque wrenches, engine build-up tools,
etc. There will usually be little or no change activity on many

of these minor items. It may be sufficient to list these items

as "support equipment in paragraph 3.2.4 of the CI Part I specifi-
cation per MIL~STD 490, paragraph 20.3.2.4.c.

0}

-~
170.5.10 Subassembly Characteristics. Subasgemblies (within a
CI) should have a common mission relationship; should have common
installation and deployment requirements (ground and airborne
segments would be separate CIs):; should have a cycle of changes

. dependent on the CI; and should not be the subject of separate
test or formal acceptance by the procuring activity (should be
accomplished as part of a CI). 1If these conditions are not met,
the subassembly should be either part of another CI or a separate CI.

170.5.11 Computer Program CI (CPCI) Considerations. CPCIl selec- po*
tion is naually a technically driven decinfon made by the developer, '
The decinion(a) ta/Zare baased apon nyatem b vade=ol s and the natural =
docomposition of the soltware. Premature partitionlng munt he progz ¢,
avoided bacause to a certain extent it may preordain the design. )
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MIL=-STD=483 (USAF)
21 March 1979

Generally, the executive/supervisor, functional/applications,
input/output, test and support programs should be individual
CPCIa., CPs with potential use irn multiple systems should be
gseparate CPCla, Hiqghly interrelated CPs should be combined as
one CPCi. CPCIa should be esteblished to thelr largest functional
celement (l.e., Operational Flight Program, Flight Simulator CP,
QtC.)o

170.5,1%t.1 Source of Assemblies. Assemblies of CP elements to

be acquired from a single contractor are potentially a single CPCI.
(Separate sources usually supply separate CPCIls for contracting
and delivery purpases.)

170.5.11.2 Separate Applications. CPs to be designated for
operation in different models of computers should be separate
CPCls. Separate CPCIs may also be indicated for computer programs
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 having different sets of interfaces with other system
elements.

170.5.11.3 Separate Schedules. CPs scheduled for development,
testing, and delivery at different times may Le 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.

170.5.12 Types. If there are different configurations due to
different adaptation data for each operating location, the different
configurations should be identified by types (MIL-STD-490, para-
graph 4.1.2 and 4.3b) within a single CI.

170.6 Effects of CI Selection. CI selection affects cost, schedule
and/or performance for the government, prime contractors, sub-
contractors and suppliers. The effects of CI selection should not
be permitted to occur automatically upon selection of an item as

a CI., The effects which are unnecessary or premature can be
tailored out for each CI by means of an apprcpriate contractually
recognized vehicle, e.g., Program Plan, Statement of Work, CM
Plan, Exceptions and Deviations. Selection of an item as a CI for
manageability may be based on its administrative complexity,
technical (engineering) criticality or maintenance (logistics)
criticality. The following is a listing of the usual effects of
CI designation:

a. Formal preparation of discrete configuration identi-
fication ~ most often in the form of a specification(s).
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MIL-TH=483 (UGALY) .
21 March 1979 i

b. A diacrete development apecification and a companion
product specification.

¢+ Government approval of changes over the configuration
identification governing the item.

d. Continuing and accurate recording of the exact config=-
uration atatus of the CI, including providing field
activities precise data dealing with impending or
completed modification actions.

) e. Providing traceability of detailed design for follow=-on
- activity, including historical data and individual
status information for accident investigations, fajlure
analysis, etc.

f. 1Individual design review activity (PDR, CDR, FQRR, etc.)
during development.

g. Individual qualification testing and reporting.

h. 1Individual physical and functional audits (PCA and FCA)
at the conclusion of development.

{. Discroete and separate “"related” EFCP development prepara-
tion, review, approval and negotiation (for changes to
CIs).

j+ Separate identification indices and qualification records.

k. Separate nameplates and discrete CI identifiers (i.e.,
CI number, type, model, series, etc.).

[ T SO AT

1. Preparation of separate operating and user manuals.

m. Too many CIs may result in effects'/%ampering visibility
and management rather than improving it. These effects
include:

{1) Increased administrative burden in preparing,
processing, and status reporting of engineering
changes which tends to be multiplied by the number
of CIs.

(2) Increased development time and cost as well as
possibly creating an inefficient design.

(3) Possible increasc in management effort, difficul-
ties in maintaining coordination and unneccessary
generation of paper work.
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21 March 1979

ne Too faw CIs may result in costly logistics and main- i
tenance difficulties., The following may result: 3

(1) Loss of identity through separation of affected
portions of a CI during field or depot mainten-
ance or modification inatallation activity, i.e.,
an autocollimator and its mount.

(2) 1Inability to control like individual remove/
replace items when Cl identification and control
is at the “get™ level, e.g., a storage battery
set.

(3) Loss of operational use of one function because
required maintenance on another function requires ;
action against the Cl level, e.g., a CI having i
separate VHF/UHF functions loses both when main- :
tenance must be done on either function.

170.7 CI Selection Checklist. The following gquestions should i
be used in selecting Cls tailored to individual program/project

requirements. If most of the questions can be answered NO, the

item probably should not be a CI. If most questions can be

answered YES, the item probably should be a CI., If the questions

can be answered with approximately equal numbers of YESs and NOs,

additional judgment is needed to determine if the item should be

a CI. The selection of CIs is a management decision based on ;
experience and good judgment. It should be kept in mind that some H
of the factors such as serialization and nameplates will be required, .
regardless of CI selection, @.g., part of a higher level assembly. 3

b b, i b s et L

a. Is it a critical high risk, and/or a gafety item?

b. Is it readily identifiable with respect to cize, shape
and weight (hardware)?

c. 1Is it newly developed? §
d. Does it incorporate new technclogies?

e. Does it have an interface with hardware or software
developed under another contract?

f. With respect to form, fit or function, does it inter-
face with other items whose configuration is controlled
by other entities?

9. I3 there a requirement to know the exact configuration
and status of changes to it during its life cycle?
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ELECTRONICS INDUSTRY ASSOCIATION (E/A) PANEL WRITE-UP

PANLL O

TRILORING CM PRACTICES FOR MICROPROCESSORS AND FIRMWARE

INTRODUCTION

Panel D explored alterna‘:ives in managing the
production configuration of firmware and micro-
provcssor software. Concerns were raised with
respect to the implementation of programs in
several read-only-memory devices, the type of
airi.lane progrzms are installed in, and the mis-
sion assign.d to each airplane. As a result of
these conce-ns, it was concluded that any change
10 seftware in read-only-memory devices will be
treated as a functional change. The rationale
for this approach is based on the fact that all
so7iwdre changes require some retest. [t was
further concluded that read-only-memory device
cnenges will be identified and handled in accor-
danie with cod-5TD-100C. To acccmodate these
conclusions, the logistica: aspects of read-only-
memory devices need to be reviewed and considered
as 2 oart of the Preliminary Design Review (PDR).

To form a basis for the panel's deliberations,
the followin. definitions were adopted.

Firmware ¢ 2¢ .outer software, resident in hard-
ware read-only-uemory devices, that cannot be
modified under program control,

Microprocessor Software is computer sofuware!
used 1n conjunction with mcropr-ovassors, It way
be gelivered as firmware or as code ars data

stored on media (tapes, disks, ~ard decks, etc.).

vomputer Progran/bardware (CP/H) s microproces-
SO firmware iueniifieq ane ccntrollad as a por-
tioy of 4 aardware configuration item. '

Prior to the start of dei-t.ritivons a oresentss
tion, which provided background 3nformation on
microprocessor software, was made to Pan2) O
participants. Subsequent to this nresentation,
the varticipanis were subdivided into five sub-
panrls; namely:

1.Coniputer so‘tware is o collectinn of associated
computer proarams and computer data required to
enable the computer equipnent to perfurm compu-
tational or zontrol functions. NOTE: It is the
abstract of taves, disks, card decks. and firm-
ware (ReCerence EJA Bulletin 4R, dated April 1979).

T TRt ST R U VAR L O LCNVRUCTY CTRY'Y PRTCTR AT IR TR ot § ¥ BT

Subpane) Topic

Identitication *
Configuration Control
Configuration Accuinting
Configuration Audits
Library Controls

OO'OOO
[T 00 PR R

A summary of the backqground information presenta-
tion and the report 9¢ each subpanel is provided
hereinafter,
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BACKGROUND INFORMATION SUMMARY

PANLL D

MAJOR LAKRY FRY

AIR FORCL SYSTLMS CrMMAND

The incraased applicaticn of software in micro-
processor read-only-memory devices (cormonly
refe=red to as firmware) is having a major im-
pact on defense systems. As more and more
mcroprocessors and associated firmware apnear
in devices such as displavs, controllers, etc.,
configuration management practices need to be
reviewed and -evised, as necessary, to accommo-
date management and control requirements of the
acguisition an. supnort environment., This is
the charter of Panel ©; Tailoring (¥ Practices
for Microprocessors and Firmware.

Imposing extensive software configuration
managemert procedures on microprocessor firm-
ware could prove t¢ be unnecessarily expensive.
Fer exarole, it is hard to visualize treating

a small comouter program, which 1s hardwired
(i.e.. stored in a read-only-memory device)

into a displey teminal, as one would treat a
mcre <ophisticates Computer Program Configura-
tion item (CPCIY. The costs associated with
conducting comnrehensive reviews,audits, testing,
as¢ documentations, using such an aporoach, could
prove to ae more costly than the development cost
‘or the smail computer program.

Assuming that the display terminal is a hardware
Configuration Ttem (Cl), it is more cost
effective to treat the computer program as &
pai't of the display terminal CI and not as a
separate CPCL.

On the other hand, <reating & larger hardwired
computer prooram ds part of a hardware CI s
syooahly not a prudent move either, This fs
certainly the case if this program is expected
to chanye once the Cl is fielded. Changes to
fintded hardwired software implies a capability
to gener:zfe a changed computer program, support
facitities to b'rn-in and verify these changes
int> rgad-onlv-memory devices, and procedures to
tdentify those chanaes in the hardware implemer-
tdtinn environ=eit, When changes are anticipa-
ted, there may 3'i%e be need for a recuirement

Yo proarim the saftware in a higher order 13n-
quade tu facilitate the thange process. A1l of
thi- implies tnat corw hardwiied microprocessor
vof twors ston' ¢ be treated d4s a CPCY with the
tiendent rev-ows, gudits, testing, and documen-
tation,

The overall governing directive within DoD for
computer resources is DaDJ 5000.29, "Management of
Computer Resources in Fajor Systems”., This direc-
tive stipulates that computer software will be
specified and treated as configuration ftems. In
a recent draft rewrite of 5000.29, additional words
were added; namzly: "“A hardware implementation of
computer software (so called firmware) may be sub-
ipct to con“iguration management as either hard-
ware or software de,ending on the need for post-
developmeat support”. :

The stancdards covering software configuration
ranagement ve.g., MIL-STD-483, MIL-ST0-490, etc.)
are silent cuncerninc the treatrment of microproces-
sor firmware. However, since firmware is, in fact,
computer software thai is hardwired, one tan
assume that the controls utilized for computer
programs would equally apply to firnware.
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Subpanel members were as follows:

Anderson, Jack V.
Bryan, William L.
Cardin, L. P. Roland
* fqan, Leo G.
g£Vlison, Richard
Finch, Frederick D.

SUBPANEL REPIRTS

IDENTIFI.ATION

Sperry Univac

CTEC, Inc.

Garrett Manufacturing Company
ITT, Cederal Electric Corporation
Medtronic, Inc,

borden Systemy

5 Hill, Charles A, Magnavor. )
¢ K;1sti. Weston G. Analytical Cysteu Engineering
" Lewis, Joseph L. Wastinghouse
g Liberatore, Domenic Raytheon

Yo "2t

o

Hughes fLircraft
Hugnes Afrcraft

Lillo, Cliftord L.
Wallin, Joe D.

e e i

* Subpanel Chair

A
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The objectives of this subpanel were as follows:

software within a microprocessor device was called

(a) Prepare 2 typica) specification tree and
: CP/4 (Computer Frogram/Hardware). :

design/test documents.
) (b) FPrepire a fiow chart of the activities re-

quired to achieve microprocessor software. In keeping with the objectives stated earlier, we

‘ {c) Prepare checklists tha* can be used to as- developed a speciication tree which is depicted
sure the achievement of configuratiur sn Figure 1°1 'Re zlso develesed documersation
identificatian crjectives for micreproces- trees for the desigr)test documents of a [P/H, ,

These are shown in Fiqures 1.2, 1.3, ang 1-4. A
time Yine chart, tor tue tyDicadl evcnts that wuseld
take place in vhe development of a C1 that includes
3 CP/H, was develooed 2% thown in Figure 1-5. To
support this time fire, & flow chart was deveivped
{a) Configyration Item (CI}, - 2ng is prasented in Ficure 1.5, Finally, a check-
(b) Computer Prog-am Configuration Item (CPC!), list (latle 1-1} was prepared which ctuld D¢ used

: or to a; e the achievement of the ubjectives tnat »
- (c) Software wilhin 3 hardware Cl. reiat? tn ~ftwire withia 3 (1. c S

sor software.

The panel examined documentation ayproaches for
mivr-processor software when it is treated as a:

When treated as a Cl trere was 7o problen. Tre

identificacion of a €1 would be documented ' via a . .
set of specifications, typically a Typo &1/C% or ’ ' - ,
R2/C2. Thr iype O spocificatinn would cast ot - -

A Lop assembly deawing, which would identify )t

of tae detall eagineering arawings,  When micrp-

processor software 15 trvated 2s a (PLL, nn p- ‘
parent oreblems result. Tre ideotificat.on of a . !
LP.] would be through the ES/C5 set af specifica- - .
tions. When micropracessor snftware i¢ treated ) . ,!
as software within a hardware Cl, many problel.s :

el ais

. R
arise. This {5 2 "fiamace" problem. As an aid ’ (‘f
to resolving this problem, the microprog-.m or .
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SOFTWARE INTEN HARDWARE INTENSIVE _ :
cecl CPM
i §CPEC
E :55 s:scc | MiLs7D-4%0 { BOOK FORM DRAWING
- ’ i ). DESIGN DESCRIPTION
CPCI TEST P A. NARRATIVE 3
, LAN DOD-D~1000 ¢ cLows !
TES PROCEDURE 8. FLO
: TEST REPORT _ C. TRUTH TABLES l
: 2.. LISTING ;
; \ -
5 CI ACCEPTANCE TEST SPEC g
i ACCEPTANCE TEST PLAN :
ACCEPTANCE TEST PROCED
ACCEPTANCE TEST REPORT :
OTHER

PRINTED CIRCUIT ASS'Y DWG ,
SPEC OR SOURCE CONT DWG .
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FIGURE 1-3: DOCUMENTATION FOR SOFTWARE WITHIN A CTONFIGURATION ITEM i
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123451
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- ROM A
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—B0M D
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TRUTH TASLE
ASSOCIATED SPICS
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FIGURE Y~8: TYPICAL MREADROWN OF FIRMW ARE & HARDWARE
WITHIN A CONFIGURATION ITEM
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Recommendations:

1. Provide for allowing the (Tyoe A) Seament
Specification to be used when a "software
intensave" (PCl is embedded within a Cl
revision to MIL-5TD-483 is needed,

e a:

! 2. Prepare a Data ltem Description (DID) for the
Computer Proaram/Hardware (i.e. Book Form

Drawina) and call tor 1t on the CORL. This

1 DIP <hould not require authentication since

oy ot of the drawineg system defined

by miU-D- 1000,

3. MIL-STDL-130 should be revised to include
part nurber merking of fimware media.

4. Develop procedures that would be applicable
when bHoth harcdware-intensive and software-
intensive microprocesser software reside in
the same Cl.
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1.

10.

11.

12.

13.

14.

15.

16.
17,

18.

Iv.
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ity o ¢ e

TABLE 1-1 CHECKLIST 1OR MICROPROCESSOR SOFTWARL TULNTII JLATION

Yes No

Does & work breakdown structure/
specification tree exist for the pro-
gram?

Where do hardware-intensive soft-

ware applications exist? Have they

been identified?

Are these applications mutually agreed
to between contractor and customer?
Has a maintenance philosophy at each
Tevel of maintenance been defined for
these applications?

Is the intended application an exist-

ing design? ls this a proprietary
design?

Have the firmware cdevelopmental re-
guirements been adequately defined?

Have configuration management require-
ments for customer design reviews and
audits been established?

Has a functional baseline been es-
tablished?

Has an allocated baseline been es-
tablished? -
Has a preliminary design review been
conducted? .
Has the software development environ-
ment been identified and doiumented? _
(what versions of assemblers, compilers,
linking loaders will pe employed?)
Has an engincering release schedule
for the firmware under development
been prepared?

Have design documentation guidelines
beer established?

Have adequate internal conti'dls been
established for version-tracking of
the applicatien program(s) under de~
velopment? -
Wnat physical media have been chosen

for the firmware in question (RCM,
EPROM. PROM, EARROM, etc)? Have docu-
mentation requirements for that medium
been adecuately defined? —
Have firmware medid marking require-
ments been defined? —
Has a Critical Decign Keview bern con-
ducted on tne Computer Proqram Hard-
ware {CP/M) 1n question?

Have the production firmware master
tapes bdeon regleased thyough the en-

Qi neering rclease system?

Have firmware quality assurance re-
quirements been identified?

——

20.

21,

Yes No
Does the test documentation call for
bath read/write and read-only-memory
test phases? —_—
Is final validation testing performed
with read-only.memory as configured for
delivery?

22. HMas a Functional Configuration Audit/ —
Physical Configuration Audit been per-
formed? .
23. Has a product baseline been establish-
ed?
49
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SUBPANEL REPORTS

D-2 Configuration Control

Subpanel members were 2s follows:

DeBerry, Robert D.
Heim, William J.
Hurwitz, Martha H.
Kessel, Robert
Martin, Danie)

* McKinney, Arthur
Ottone, Michael N,
Paslosky, Paul
Sabb, £11jah

¢ Subpanel Chair

The objectives of this subpanel were as follows:

{a) Define Class I/Il changes for nmicre-
processor software, usino £138 Bulletin
4A as a guide,

(b} Prepare a flow chart which depicts the
activities required to control mic:'0-
processor software changes,

(¢) Prepare a checklist that can be used to
assyre that micrnprocessor software
chances are adequately controlled.

To satisfy these objectives, the subpane) in-
vestinated confiquration change controls for
microprocessor software that is treated as 2

(a) Configuration Item (CI),

{b) Computer Proaram Confizuration Item (CPCI),
or

(c) Software within & hardware CI.
Subpanel members concluded that

(a) Confiquration control need only be applied
to tne microprocessor device and the soft-
ware (code and data).

{b) Once a microprocessor device is released
(Engineering Release) for use, changes
should be processed via the methodology
utilized for hardware Cls.

Sperry Univac

Nava) Weapons Center
Strategic SyStems
Raytheon

Emerson Electric
Sanders

Fairchild

TRW DSSG

GTE Sylvania

(¢) Chanqes to microprocessor software should
be processed using the existino methodology
for CPCls.

(¢} Forma), internal channe control for micro-
processor software should occur at the com-
pletion of unit test and prior to the start
of subsystem intearation test.

Fiqure 2.1 depicts the "Seauence of Events for A
Generic Project/Proaram”. [t should be understood
that for a snecific preciect/proaram, events may
deviate from those depicted. The triangles ( As )
are used to identify 1tems released for use after
specific events occur., After release. either in-
ternal {company) cr external {customer) change
control procedures should be applied.

Figure 2-2 is a flow chart that illustrates the
change control activities rewuired for micropro-
cessor so‘tware after engineering release. Respon-
sibility for change nrocessing ranoes from a single
control point consisting of the Engineering

Manager to a formal Chance (ontro) Board ((CB).
Detailed channe recommencaticns are submitted to
the farmal CCB for firal revicw and acceptance or
rejection, The "Analvze Kecuirred Change; Assess
Imoact" rectanole recoanizes & need to also re-
view baseline documentation for necessary changes.
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TABLE 2-1 CHECKLIST FOR MICROPROCESSOR SUFTWARE CHANGE CONTROL

Yes %o
1. Has a configuration identification
system been estaplished?
(a) Are release rates available? - ;
(b) 1Is a ducument/specification {.ee : :
avai tabliat?
2. Has a problem reparting syctem been

o b et kb 2

-

def ined? ) ——
{a) Have fory's and Tormat been de-
finod?

(b) Have change control approval
au;horities been ideat{fiad?
{c) Has 2 problem numberltrackany _ .
s system veen established? ' '
(1) Has a mean- of software prob1en
; classification been categor{zod?
+» 3. Has the implementation/verification
procedure been ducumented?

4. Have the prpredures for distributing
relesse, prrablem and change documenta-
tion buen develcped? -

5. Have logistic requirements been iden.
tified?
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Subpanel members were as follows:
Gainey, Ann M. °
Hartman, L. Alvin

* Roggero, Vincent R.
Yo-ba, Michael

<
f Subpansl Chair
The objectives of this subparel were as follows:

(a) Define internal and contractial require-
ments for microprocessor software 2an-
figuration status accounting.

(b) Prepare a flow chart decicting the ac-
tivities required to achieve adejuate
configuration status accounting Jor
microprocesser software.

{c) Prepare a chetklist that can be used to
assure the achievement of configuration
status accounting objectives fo. micru-
processor softuare,

The subpanel investigated configuration status
acccunting requirements for microprocessor soft-
ware that is treated as a:

{a) Configuration Item {C1),

{b) Computer Program {onfiguration ltem (CPCI),
or

(c) Software within a hurdware CI.
Subpane) memders concluded that:

(a) When microprocessor software is treated
as a CI. confiquration status accounting
methods used for hardware are applicable.

(b) Configuration status accounting methods
applicable to softwars should be used
when microprocessor software is trested
as a CPCI or a component within a hard-
ware CI.

5A

TR K‘EF‘,"MN"»‘»?’.. NE Y
. RORPIRBRHPM AL A BRSO Nt Mt T

CONF JGUPATION STATUS ACCOUNTING

Naval Weapons SCyport Center
Licxheed

Trident 00mmand

NAVSHXP

L

The flow cha=t rhaun ic Figute 3-1 rellacts the
diyision of activity between rontractadl eud in-
krnal reayirements Jor configuration status
Account,ng a§ 05.e.0pmen, progresies ‘r*ﬂugh
spectfic n|1ﬂstones Co

Figure 3-2 depicts the flow oV activizies lhat

are rquiTeo Lo o'hieve 566 u3t? configurs ion
status actouniing Sty micrgorocessov Lodhwer . Tt
i Smpprative that the Accrunting tasks, drfiq 1ted
by trianglas ( A s}, be started at ths tire {rdi-
cates, Hence, the ntatus acc, ating task increases
a; document. hardwire ard suftwar: ftoms, and in-
tegration aszendlias are added.

K "Configuratior Status acr iy ting unecklist Jor
Micre;razassor Softvars” {s presencs! in Table 2.1,
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9.

10.

TABLE 3-1 CONFIGURATION STATUS ACCOUNTING CHETKLIST FOR MICROPROCESSOR SOFTWARE

. Yes No
Have policies and procedures for con-
figuration management been published?
Does a procedure for internal change
control exist? -
Has a Configuration Change Board (CCB)
been established (single CCB for hard-
ware and microprocessor software)?
Have different levels of change
approval/authority been established for
different states of development/produc-
tion?
Does a numbering/identification system
exist for:

Microprocessor Software

Related Documentation
Does a system for approval/quality
control, prior to release/acceptance,
exist for:

Microprocessor Software?

Related Documentation?
Has a library control procedure been
published for microprocessor software
and documentation? o
Has a configuration management account-
ing systu.n been established for record-
ing and reporting the status of proposed,
approved., and implemented changes for
hardware, microprocessor software, and
related documentation? e
Does the confiquration status account-
ing system provide for timely and
accurate reporting of the information
needed by management or procuring acti-
vity? -
Does a procedure exist that provides for
for an audit/quality control check of
microprocessor software to insure that
it matches configuraticn documentation
prior to integration into higher level
assemblies, burn-in of microprocessor
devices, or acceptance by the procuring
activity?

{
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D-4: CONFIGURATION AUDITS

. : Y

Subpane) members were as follows:

* Hawks, Kenneth
Hoyt, Richard
McAlister, Clyde O.
Parks, Fredertck
Stees, Mae S.
Teixeira, Stephen M.
Whitloca, James A.

* Subpanel.Chair
The objectives of this subpanel were as follows:

{(a) Prepare a typical Cross Reference Test
Veritication Fatrix for microprocessor
software,

(b) Propose method(s) for directing/deter-
mining the physical identification of
microprocessor software.

{c) Prepare a flow chart which depicts the
activities required to conduct audits
for microprocessor software.

(d) Prepare one or more checklist that can
be used to dnsure that microprocessor
software audits are conducted properly.

The subpanel investigated configuration augit
requirements for microproccssor software that
is treated as a:

(a) Configuration Item (CI),

{(b) Computer Program Configuration Item (CPCI),
or

{c) Software within s hardware Cl.
Subipanel conclusions are as follows:

{a) The verification Cross Reference Matrix
(VCRM) shown in Figure 4-1 was developed
for microprocessor software. It is a
modification of the MIL-STD-483 version.
This VCRM is applicable bacause micro-
processor software rust undergo the
same tests as any other softwaie.

HQ ASO/RWCC

Tracor

Sperry Univac

Naval Electronics System
Magnavox

Naval Underwater Systems Center
Genersl Electric

(b) Identitication of microprocessor devices
is important; however, a definitive con-
clusion did not result. Several labeling
methods were discussed. but each one had
drawbacks. The methods discussad are
summarized in Table 4-1.

{¢) A flow chart depicting the activities re-
quired to conduct audits for microprocessor
software was not prevared for lack of time.

{d)} 1t was determined that a FCA and preliminary
PCA should be performed for microprocecsor
roftware prior to irtearation into the
microprocessor device. The preliminacy
PCA would involve examination of the micro-
processcr software on 2 sampling basis with-
out establishing a product baseiine, Once
system level testing is completed, the
microprocessor software PCA and FQR would
be held jointly with the mizroprocessor
device (hardware) PCA and FQR. (See Fig-
ure 4-2).

{e) Microprocessor scftware zudit checklists
were prepared tor the FCA, PCA, FQR, and
minutes of these audits/reviews, and are
aresented in Tables 427, 4.3, 4-4, and 4.5,
respectively,  Some of the flems Vs ted
myy not be applicable 10 3 gliven procures
ment,  Users should tailor the 1ist to
their needs.

Side issues that were ciscussed during panel
deliberations are as follows:

(a) The diffecence between 2 software version
and revision.
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(b) Traccability of microprocessor software
via the ontineering release systom,
\¢) Declassification of non-eraseable micro-
processor devices.
Recommendations:

As part of the military qualification process,
the responsible agency should:

(a)

(b)

Provide potential users with suggested
method of identifying/labeling micro-
processor devices which contain softwire,
and

Provide guidance on applicable constraints
with resnect to the erasure of classified
information coritained within microproces-
sor devices.
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INTEGRATION 3
TESTING
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CATION
- TESTING

CP/H FCA SYSTEM . !
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PRODUCTION/
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FIGURE 4~2: PROPOSED AUDIT/REVIEW EVENTS FOR MICFOPROCESSOR SOF TWARE
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Method

| 1. Stick-on Tape

2. I.nk Numbering

N e

3. Burn and Bag

A P AT g e Baohe T o

4. Coler Coding

o O A

5. Decais.

b. Higher Assembly
Labeling
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TABLE 4-1 IDENTIFICATION METHOUS FOR MICROPROCESSOR DEVICES

Remarks

1, Relatively easy to
use,

2. Usually not harmful
to micrcprocessor
device.

3. Dissclives or slides
off when heated.

1. Easy to read and rub
of ¢,

2. Some inks produce
static charges. f

3. Difficult to record !
numbers in space l
provided.

1. Unlabeled micropro-
cessor device is
placed in & container
which is subsequently :
labeled. :

2. If item is separated i
from container, iden- :
tity is lost. :

1. Resistor color code :

can be used. : !

golor code is confys-
ing.

Government agencies

object to it. :

Easy to apply end read. %

w ~
. .

3 -
e

Can produce static
charge,

Few vendor sources.
Unlabeled microproces- i
sor device is installed L
on printed circuit

board which is subse-
quently identified.

[l 4
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TABLE 4-2 FCA CHECKLIST FOR MICROPROCESSOR SOFTWARE

Review minutes and corrective action from
previous design reviews.

Evatuate Contractor's briefing of functional
requirements and test results.

Audit Preliminary Qualification Test (PQT)
and Formal Qualification Test (FQT) reports
against actual test data and procedures.
Validate test report(s).

Review approved ECPs for implementation
status.

Review interface requirements and related
test results.

ldentify parameters not verified during
PQT and FQT.

Identify support software used during de-
velopment and test.

Review deliverable documentation for com-
pliance with applicable Data Item Descrip-
tion (DID).

Insure that pre-FCA checklist is completed.
Review failure modes and effect verification
data.

Review PCA procedures and requirements, if
FCA and PCA are not held jointly.

i

B LI,

Dl it o GRS LT

. e




TABLE 4-3 PCA CHECKLIST FOR MICROPROCESSOR SOFTWARL

ST AT TR
.
rJ

1. Review minutes and corrective actions from

: previous design reviews and audits.

;i 2. Compare microprocessor software 1isting

- with narratives (HIPOs, flow charts, etc)
in C5 specification.

3. Compare narratives with requirements in B85

specification.
! 4. Review deliverable documentation for come
% pliance with applicable Data Item Descrip-
g tion (DID).
§. Review interface control documentation for
currency.
6. Review approved ECPs for implementation
status,

Review applicable deviations and waivers.
Review DD250.

Reveiw Acceptance ‘est Plan (ATP) for
currency.

10. Review nomenclature/numbering scheme,
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"YABLE 4-4 FOR CKECKXLIST FOR MICROPROCESSOR SOFTWARE

1. Review the minutes of previous reviews and
Tdudits.
2. feview system test results to insure that
imposed requirements were satisfied.
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TABLE 4-5 CHECKLIST FOR MINUTES OF HICRQPROCESSOR SOFTWARS AUDITS AND REYIEWS

"y

Corrective action completion dates are es-
tablished and recorded for all discrepan-
cies revealed.

A1l requirements not tested are recorded.
Revisicn level of a)l deliverable documents
are recprded.

Unacceptable recommendations and the reason
for rejection are recorded.
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Subpanel members were as follows:

® Hall, Harold D.
lett, Alva 7,
‘egrelly, Thomas J.
Peinish, “eter
Scnhnackenberg, Walter

* Subpanel Chair
The objectives of this subpanel were as follows:

la) Review DiA Bulletin 4C, Computer Software
Libreries. and determine 1ts applicability
to microprocessor software.

(b) Prerare a flow chart which depicts the
activities required to implement library
controls for microprocessor software,

[ {c) Preoare a chechlist that can be used to
! assure the adequacy of )ibrary controls
for microprocessor software.
The subdunel cxamined litrary control require-
ments for ric-oprocessor software that is treated
as &
13) Cont:auration Iten (CI),

{v) Computcr Program Configuration !tem {CPCIl),
or

(c) Software within a hardware CJ].
Subpane) members concluded that:
(a) EIA Bulletin 4C is not applicable when

nicronrocessor software 15 treated as a
' Cl. Hardware disciplines would apply.

(b} When aticropracessor software is treated
as a tich or sottwnr e within a €1, CIA
Bulletin 4C is applicable.

(c) Fiaqure 5-1, Master Librarv and Programming
Surmart Library Phasinig, and fiaure 5.2,
Computer Software Lihraries and Renngitory
Rrlationships, depict the activities re-
quired to implement library control for
microprocessor software. These flows were

- ¢ mems w oye s — sy

69

D-5: LISRARY CONTROLS

Texas Instruments
Gencral Dynamics
HO AFLC/LOFE
Hughes Aircraf:
General Electric

extracteag from £]JA Bulletin 4C.

(d) Table 5-1 presents a checklist that can
te used to assure the adequacy of micro-
processor software library controis.
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Does the microprocessor software library contain:

(e)
()

{9)
{n)

(N

(k)

. TABLE 5-1 CHECKLIST FOR MICROPROCESSOR SOFTWARE LIBRARY

Source Code, both for application
software and, as applicable, sup-
port software?

Object Code, both for application
software and support software?
Load module?

Source listing, both for applica-
tion software and, as applicable,
support software?

Object 1isting, both for applica-

tion software and support software?

Test plan, test procedures, test
case source media and test reports
associated with the qualification
of tre application software?
Software. Standards and Procedures
Manual?

User manuals for both target and
host computers (if not contained
in another corporate repository)?
Configuration identification
(specifications and drawings) {f
not contained in another corporate
repository?

Version Description Document or
equivalent (identifies all ftems
which make up the version plus all
utility and/or support {tems/mod-

ification levels which are required

to operate, lvad or regenerate the
application software)?
Identification of equipments/mod-
ification levels, including both
target and host computers, which
were used for testing of the ver-
sion (if not contained in test
documentation or VDD as discussed
in item j above)?

Relvase Procedure?

Change Control Procedure?

lina) Relcase Procedure?

Backup File Procedure?
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1.

3.

. PANLL RCCOMMENDATIONS

For Industry

(a)

(b)

Develop procedures thai would be
aoplicable when both hardware-intensive
(Firmware) and software-intensive
{microprocessor software) reside in the
same Cl.

Develop guidelines for the erasure of
microprocessor devices containing c¢las-
sified software.

For Industry Associations

(a)

.Prepare a Data ltem Description {DID)

for the computer program/hardware
(i.e., book-form drawing, that can b2
called for as a Contract Data Require-
ments List (CDRL) item). This DID
should not require authentication
since it s a part of the drawing sys-
tem defined by DoD-D-1000.

for Government

(a)

(b)

c rm— g =ty e g—

Revise MIL-STD-483 to allow the use of
a Type "A" specification when software-
intensive CPCls are embedded within a
hardware CI.

Revise MIL-STD-130 to include part num-
ber marking requiremcnts for microproces-
sor devices containing software.
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APPENDIX C-5

PROPOSED :
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SOFTWARE INTENSIVE

HARDWARE INTENSIVE

crel CP/H ]
| ) |
P
BSSPEC | 10490 ( 800K FORM DRAWING ;
CSSPEC | ]
1. DESIGN DESCRIPTION ]
A. NARRATIVE
:‘ : CPC! TEST PLAN DOD-D-1000 ¢
: TEST PROCEDURE 8. FLOWS ;
TEST REPORT _ C. TRUTH TABLES |
2.. LISTING
3 \
: C1 ACCEPTANCE YEST SPEC
B © ACCEPTANCE TEST PLAN j
§ _ ' ACCEPTANCE TEST PROCED 1
' ACCEPTANCE TEST REPORT i
| ;3
OTHER
PRINTED CIRCUIT ASS'Y DWG

SPEC OR SOURCE CONT DWG

FIGURE 1-3: DOCUMENTATION FOR SOFTWARE WITHIN A CONFIGURATION ITEM
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FIRMWARE DEVELOPéEHT PLAN
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i Firmware Development Plar (FDP) USAF xgé;§23935
3 ORMCRIPTION/PUAPOLE 4 ABPPRAQVAL DAYER
] The Firmware Development Plan (FDP) s tha: englneering 14 September 1979 ]
management plan which idenctifies the contractor's efforts VgL o AR ;
required to develop and deliver computer resources and the AFSC/ASD/ENETC E
assoctated firmware, processes, documentation, snd necessary
support resources. The plan is used by the contracting $. ©OC AEQuIARD 1
1 activity to monitor and evaluate the contractor's firoware i
computer resource development effort and to plan the support :
of these resources. I, APRAGYAL LIMITATION

1, APPLICATION INTEARKL ATIONSNIP .
This Data Item Description applies to system developnment ::; :;;/;: ASD/ENETC

and acquisition contracts involving computer resources

during cthe phases of validation, full scale development S P IR ENC TS (mnaarony s ciied in
and production. This plan is related to the Computer AFR 800-14 3
Program Development Flan (CPDP), configuration management MIL-STD-1521 ‘
plan and test plan. The FDP and CPDP together cover the MIL-D-83668 i
full spectrum of computer resources being acquired. DI-S-30567A -
Furthermore, this plan is closely related to contractual UDI-E-3936—ASD
requirements covering the System Engineering management UDI-E-3937-ASD
requirements and documentation. UDI-E-3936-ASD and

1
UD1-E-3937-ASD are companion data items. %
i

i ok e
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1, PROPARATION INOTAVCYIONS

10.1.3 The FDP is a documented engineering management plan that shall define the
contractors efforts to develop, document, and deliver computer resources in

accordance with the ccncract terms. As a management plan, the FDP shall analyze and
structure the work into manageable elements (components, modules, tasks, sub-systems,
etc.), schedule the progress of these elements, define milestones and measurcable
products for each milestone or activity during the development process cthrough
delivery of the product (system). The FDP shall identify the organizational structure
to perform the tasks, the interface with other groups, and the resources allocated

to the vork efforc. Thus, the FDP shall provide effective management visibility,

monitoring and control of the product devalopment, test, integration, scceptance and
delivery.

. a
o ki st

alenion .

——— s - e

10.1.b The FDP shall be coordinated with the CPDP (DI-S-30567A) in terms of
resources and schedule. This FDP shall apply to computer proprams, computcr data,
microprocessor, digital electronic processor, and firmware developments and appli-
cations or implementations defined herein as Hardware lntensive. The balance of

these applications and developments defined as Software Intensive shall be addressed
in the CPDP.

I
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10.2 As a minimua, thc plan shall include the folloutng'
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' ' UD1-2-3935-ASD/M2

we

10.2.8 The contractor shall provide definttion of the microprocessor, Digital i
Electronic Processor (DEP) and firmware intended to be developed and covered
in this FDP (that {s hardware intensive applications) as a supplement to the
definitions provided herein. These definitions shall be used in identifying 4
the applications covered in this FDP (as required by s-ceion 10.2.b). ;

10.2.b5 Firoware ldentification. All planned/known application of microprocessors,
DEP, and firmware elements in the system shall be identified and described as to
functions performed and implementation technology. An overall block diagram

and table shall be orovided which {dentifies all microprocessor, DEP, and firm—
ware i{mplementations in the systenm. '

i) et e+t

10.2.c Firmware Development Process. The FDP shall include « complete definition
and description of the step-by-step process of implementations or applying micro-
processors, DEPs, and firmware in the development of this system development. A
diagram of phased development/process steps shall be included. Each development /
process step shall be completely described including the input baseline from the
previous development/process step, the output to be generated by the activity,
snd the exact nature of the activity (see figure 1). Identify specific mile-
stohes, integral to this process, which you will use to manage and crack the
schedule (required by 10.2.e). Where appropriate the milestones identified In
the CPDP (DI-5-30567A, Sec 10.4.a2) may be used herein. Identify your method of
Zutegrating and verifying the status of these milestone products into your
management control system and cost performance.

b e . s o

10.2.4 The sctructure of the organization responsible to develop the Hardware
Inteusive application shall be provided. This manning structure shall identify
sll personnel responsible for and contributing to the defivition/development

of the applications. The structure, authority, responsibilities, interfaces
snd lines of communications for all participants shall be indicated. Each
element of Hardware Intensive application should be size estimated in terms of ;
{natructions and/or data. The total manpower allocated to each element of the : i
firmware shall be identified in terms of man months per month and by skill levels -7

such as analyst, engineer, programmer, etc. Recognizing this development effort i
to be closely integrated with the total system development effort, the inter- j
relationship and interfaces between the Hardware Intensive zpplication development

organization and the other development organizations shall be defined.

et i s L et

S i o, L o

“effort. This schedule shall identify the development tasks, milestones, and
wvritten documentation product associated with each implewmentation/application

|
10.2.¢ The plan shall contain a schedule which defines the total development ;
i
of microprocessors, DEP and firmware. These tasks shall include:

(1) Decfinition of the functional performance requivements to be
teplewented (allocation).

(2) Verification of allocated functional performance requirements.

(3). Algorithms, equations, and dats structures development and their
derivations.

(4) Verification of the derived algorithms, equations, and data
against the functional performance requirements.

LY} ]
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| N _' UD1-E-3935-ASD/M2
(S) Derivation of the design through detatl flow proce.s, specific
data content, and data addrcsses (implementation of thc dcatgn).

(6) Deiilnition of Test criteria and tost procedurol to verify correct
performance once implemented. . 1

(7) The process the coding of digital data {manual or otherwise conver-
! eion of the data, i.e., micro instructions irko bit patterns and the
5 allocation of the data to firmware).

(8) 1lmplementation of the writing of {nformation, the code and/or
data into the firmware device.

(9) Verification that the programmed device correctly performsa the
iotended function.

(10) Incegration (incremental build-up) of the firmware elements into
the subsysteas and system (including me.surable criteria for determining
conpletton).

b il s s et Al Dl Al ki i Tl it

The scheduled tasks shall include the manhours planned to do the task
and the specific planned personnel by skill level assignments. These tasks
shall be scheduled and tracked with start and completion milestone dates.

It i{s essential that these milestones be finite and measurable (written

product). This schedule shall be consistent with the cost/schedule/reporting Ly
information required by the contract. Information idenctified for each item :
in this schedule shall {nclude scheduled completion of the documentation B
milestones (e.g. detail design solutions must be documented at the Critical \
Design Review milestone). The contractor's approach to track and report ;
progreis relative to this development schedule shall he identified. |

10.2.f The planning and procedures for firmware cos:/schedule reporting
shall be identified. Specific methods, reporting formats, lowest level
planning status reporting tools shall form the baseline for cost performance
reporting.

10.2.g Planning for testing shall be identified to include specific plans
for all Hardware Intensive applications. Test plans shall cover both con-
tractor verification methods and scheduled activities and Air Force verifica-
tion. These plans should be integraced with the simulator system level test
plans, but must cover the Hardware Intensive applications performance.

10.2.h Methods and procedures planned to develop firmware product speci-
fization information to meet the requirements identified in the Contract
Data Requirements List shall be provided. The successive milestone bufld- o

A
up of the firmware development documenzation in terms of design solucions )
is critical and must be planned and achieved in order to meet the scheduicd
design reviews. Derail design solutions, flow charts, process flows, or
equivalent information processing designs must be planned to be complete for C
Critical Design,gpvlew. . D
Ky - - a4 i
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|
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10.2.1 Methods and procedures to accomplish verification of each develop-

ment step prior to preceeding to the next development step shall be identified.
For example, the flow process or equivalent design must be verified against

the algoricthm and/or Part 1 specification prior to coding. Techniques used

for design control to assure completeness, validity, traceability to require~
ment, testability, modularity and compliance with internal standards shall

be {dentified. .

10.2.) Resources, including computer programs, equipment, documentation,
and personnel skills required to support the development, modificacion, and
test of cthe Hardware Intensive applications shall be identified and scheduled.

10.2.k Planning which describes methods to develop and control digital data
base information shall be identified. This planning shall include methods
to baseline and control sourct and nperational 1oads and to document these
dats beses. Levels of baseline control used throughout the development
shall be idencified. _ . -

)
10.2.1 A description of engineering practices, standards, conventions, design
reviews, etc., as they apply to the development and how these standards will
be maintained shall be provided. 1In addition, the methods to be amployed
to assure adherence to these disciplines shall be described.

10.2.3 Definitions:’ o A .

Pirmware: Solid state electronic devices, 1.e., ROM, PROM, EPROM, etc.,
which contain binary bit patterns (digital information) that
cannot be readily modifiable, i.e., read only.

Digital Blectronic Processor: An electronic device whose functions cr
characteristics are programmable at multiple levels, {.e.,
programmable at the primative microinstruction or higher
level (machine instructions). These microinstructions com=
bine to make the microprograins which define the instructions
set (macroinstructions or machine instructions) at che user
level.

Embedded: (1) physically 1nc;rpornted into a larger tystem or subsystem,

{.e., integral.

(2) the larger system function is not 3eneral purpose data
procassing. .

(3) the application may be hardware intensive or software
intensive.

HW Intensive: Those nicroprocessor/digital electronic processor
spplications in which the function performed is fixed and
for any change to occur a redevelopment of the application

s function would be required. -
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SVW Intensive: Those microprocessor/digital vlectronic processor
applications in which che function can vary or (s capatle
of purforming multiple functions within the embedded appli~
cation (real-time function, calibration function, built-
in test, diagnostic). .

Mieroprocessor: WAn, integrated circuit chip or chip set which has a
fixed instruction set at the micro or machine lnstructlon
lavel and which has a fixed archicecture.

Programmable microprocessor: A microprocessor where the instruction
set is programmable (modifiable) at the microinstiuction
level and whose architecture is therefore defined by thoss
microinstructions.

Microinstruction: A bit pattern stored in high speed memory (normally
nonvolatile) which controll the procassor hardware logic.

Machine instruction: A bit pat:crn that {s interpreted by the executing

control hardware of a processor and is made up of a seque-ce
of microinscructions.

Macroinstruction: A nmemonic instruction which causes an HOL computer
program to generate one or moce machine instructions.

ROL: Higher Order Language. :
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Figure 1
Firmware Development Process
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FIRMWARE TECHNICAL DESCRIPTION
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¢ : ? IDEMYIFICATION WO .
DATA ITEM DESCRIPTION e o
v vivLe '
Firmware Technical Description (Product Specifica- USAT UDI-E-3936-
tion) ASD
3. OGOCAIPTIOM PURROLE ¢ 4PPADVAL D4tk
Provides complete and detailed technical descrip- 30 ttarch 1976
tion of each functional implementation of firmware. [* Sif,SC0r % nmany
The document(s) serve as an instrument for- accept- ArSC/ASD/SDeUE
ance, modification, trouble diagnosis, maintenance, _

modification and reprocurement of the firmware. 3 Doc meowinLy

8. APPAQVAL LIMITATION

1 APPLICATION/INTERAEL ATIONS 1P For use at ASD/SD2W4

This description serves to fully document all and ASD/ENETC
available information four eacn functional imple-
mentation of firmware to be delivered. 7Tt is S pLrEaEaces (Mendsiory ee cried in
developed simultaneously with the firmware and is

used incrementally to measure develoupment process AFR 800-14

at the various milestones. It includes flow charts | MIL-STD-1521

and detailed descriptive text needed by the system MIL-D-834L68
programmer and data analyst in support of the .
delivered firmware. DI-E-3120, UDI-E-3935-ASD and
UDI-E-3937-ASD are companion Data Items.

.

wWCOL MUNMBERIS

16 PAEZP ARATION INSTAULTIONS

10.1 Prepare a complete comprehensive technical description of the firm-
ware to be delivgred under this contract.

Definitions: Firmware, most commonly defined as computer programs and
computer data at the microprogram level, alsoc applies to any level of
executable computer programs and computer data that cannot be readily
modified under program control, that is read only. For the purpose of
this data item description, firmware is defined to include the above
definitions and, in a-broader sense, will include all information pro-
cessing implementation technologies, programs, digital data, and de-
‘lvices not included under the definition of digital computers and associ-
ated computer programs, and not included under hardware. Firmware in-
cludes microprocessors, Read Only Memories (ROMS), Programmab.e Read
Only Memories (PROMS), and any other programmable logic elements. Thsa
contractor shall expand from these generic definitions to specific de-
finitions of the firmware intended to be covered by the documentation
technical descriptions in response to this data item descriptipn. .

10.2 Each firmware implementation (e.g. individual or grouped PROM(s),
ROM(s)) shall be identified and entitled separately by function per-
formed and described in relation to the associated configuration item
of which it is a part. The technical data shall be comprised of the

following: '

-y
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UDJI~-E=-3936-ASD
Preparation Instructions (Cont'd)

a. ldentification of “he performance requirements and functions

to be implemented. This shall include test criteria and re- K
guirements. [
|

: b. A rarrative descripiion of th= functions to be per-
| formed, the inputs and outputs associated with the functions,
and the hardware and soitware interfaces.

0 c. A description of the functional characteristic of the
; devices toc be pregrammed and the types.of informa%tion struc-
turing, e.g. microinstruction/data formats and instruction
: type functions. As apprcpriate, device micro instructions
shall be defined. ' 3

d. A complete description of the firmware device(s) to
. include memory size (length, willth in bits), operating _
. characteristics (access time, power supply/requirements, logic ]
X levels, etc.), pin functional descriptions and logical inter- i
faces, and manufacturers part number.. i

! e. A complete definition of the algorithms, equations 3
; and data structures to be implemented. Flow processes and i
data formats of implementation shall be described at the de- :
tailed functional level.

f. Logic layout schematic type block diagrams. These
shall include timing, cycle, and clock information.

mmscaans taw e G e

" g. Detail process flow diagrams which support coding as
the next step. Data structures, e.g. look up tables, shall -
be completely detailed including addresses and hex/decimal
equivalents. The derivation of table entries shall be pro-
vided including descriptions of the equation/algorithms which
generated the data. )

EASTIPTRIPRS LIRS TR

h. The source code of instructions and data. Listings
of the firmware contents, sequentially by address, in binary,
hex or decimal and mnemonic representation or descriptions
shall be provided. Listings sh::! contain comments which ‘ !
accurately correlate to the flow process diagrams used to
generate the contents. These listings may take the form of
parenthetical drawings of the contents of the firmware.

i T

i. A listing of the firmware contents (i.e., the logic/
program contained in memory) in either a binary or mnemonic
representation referenced to a logic diagram graphical

A% » - . - e . 4‘
4
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Preparation Instructions (Cont'd) %
representation. Comments shall be included in the listings ]
except for listings of data tables. :
§
. j. Test requirements, procedures and test results. }
‘ )
: k. 1Identification and description of the compiler/as- :
i sembler systems used to develop the loadable object tapes
é (or other media). (Vendor format acceptable.) ;
i :
]
(SRS . ) i
. K . E
!
. t
f, :
W

?
Page 3 of 3 Pages -
Mo . ' P

!

\‘. :

’ 3

e MEABUR L SIT n MTINL C ST Em YA SR Etm s AVt e v a e e rer e E

Lo R . : » - R i, Haate .‘ ;




me‘n—"iﬁf‘,j's I R A A e B e A A A N

B it it

T ———

APPENDIX C-8

PROPOSED
FIRMWARE SUPPORT LATA
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: DATA ITEM DESCRIPTION v ety
1. T8
Firmware Support Data USAF UDI-E-3937~
ASD
4 APAROY A, Datl

¢ DRICHPYION/PURANOAE

Provides the data needed for the maintenance and 9 March 1979

modification of firmware (Read Only Memories (ROMs)|* ReiSLonlhve™”
Programmable Read Only Memories (PROMs)) micropro- p
cessors, and other firmware devices., , _AFSC/ASD/SD24r A

4. ODC REQUIRKD

4, APRAOVAL LIMITATION

For use at ASD/SD24 [
1. APPLICATION/INTEAAREL ATIONSNIP and ASD/ENETC
This data serves to fully document all available
information for the maintenance and modification of :

firmware. It is to be used as: (1) a maintenance|® SEISfENcEs (Menasioyes cedin
manual by the system programmer in support of the
delivered firmware, and, (2) engineering documenta AFR 002~
tion for depot level support. DI-E+3120, UDI-E=~ MIL-STD-1521 1
3935~ASD and UDI~E-3936-ASD are companion Data Item$. MIL-D-83U68

14

HMEL MUMBR AN

b bt

1. PARPARATION INBTAULTIONS

Unless otherwise stated, the following information will be provided sepa-
rately for each functional implementation (i.e., individual or grouped i
ROMs/PROMs and other devices) of firmware. .

S b

a. The object code for each ROM, PROM or other device (as input to a
PROM (device) programmer) on punched paper tape, magnetic tape or other
specified medium supplemented with a listing of the object code and a
narrative descriptinn of the complete contents ~f the tape or other speci
fied medium (to inciude the leader, etc.). If the listing s on perfora- .
ted forms, the pages shall not be separated. The listing shall contain 3
both address and content (in binary, octal or hexadecimal) to each indi-
vidual (for PROMs and other programmable devices) ROM, PROM or other de-
vice. A listing of source language statements/code used at each stage of
' development shall be provided. All listings shall be annotated to ident:}
fy computer program identification member (CPIN), version, date of listing
! system memory location, card memory location, and chip memory location.

el vt it A |

b. A Programming Guide (for PROMs and other programmable devices)
ROM, PROM or other device shall be provided in contractor format. This
guide shall identify all hardware/software and describe the procedures,

‘ used for maintenance ard support of both the PROMs (devices) and the in-
formation congent of the PROMs (devices). The_content of this guide shall
include:

(1) A list of all equipments for each functioral implementation
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. . L e e e - . - e
B i e W NSl N I e PO T T i e M T el T T | e gy R W e e TNy
) . P as . T I oy, Ay N N . ‘ - TANTTT ' o
LTt , we . . - ‘ . 3 .
- ——— y - .
. r "> o - —— WPt vy ¢~ TRy R

h }
SR R S R ———

[ SO




'?‘r

UDI-E-3937-ASD
Preparation Instructions (Cont'd)

of firmware including computers and computer peripherals used by the
contractor for software development/data base generation,

PROM loading, PROM burn-in and PROM test (including verifi-

cation that the proper content is stored). Each equipment

shall be identified by manufacturer, manufacturer's designa-

tion, and any special features. Any unique equipments used

shall be so specified.

(2) A list of all computer software for each func-
tional implementation of firmware used by the contractor for
firmware logic development/data basc generation, device, e.g.,
PROM loading, burn-in and test. All cross-compilers, cross
assemblers and utility programs used will be included in this
list. Each computer software item shall be identified by '
vendor, vendor's designation, version, and any special fea-
tures. Any unique software used shall be so identified.

(3) A sequential list for each functional implemen- .
tation of firmware of those cetailed procedures used by the
contractor for firmware logic development/data base genera-
tion, device, e.g., description of PROM loading, burn-in, and
test. All equipment and computer software used in each pro-
cedures shall be identified. All burn-in schedules and con-
ditions used by the contracter shall be included.

(8) A list for each functional implementation of
firmware of those tests used by the contractor to validate
firmware logic/data base, compatibility of the firmware logic/
data base with the system, device (e.g. , PROM) specification
and device (e.g., PROM) content after programming. A brief
overview of each test will be included. The test method and
criteria for acceptance or rejection will be inc¢luded for
each test, Those equipments and computer software used for
each test will be identified.

¢. Vendor/Implementation Information.

(1) Vendor data as supplied by original supplier
and/or vendor which, as a minimum describes in detail, the
capabilities and methods of achieving these capabilities for
each device.

(2) Pin layout and logic diagram relation to each
pin shall be provided.

Page 2 of 2 Pages
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APPENDIX C-S

PROPOSED
CONFIGURATION ITEM PRODUCT FABRICATION SPECIFICATION
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.
F APPENDIX A .
DATA ITEMvDESCRlPTION 2 IDENTIFICATION HOISH
AGENCY NUMBER E
Lot )
Coafiguration Item Product Fabrication Specification USAF <:Z>£2F¥F=T:)
3. DEICAIPTION/ BURAOIE 4, APPAQOVAL, GATE j
The product configuration idenzification documentation _ E
(specifications and referenced drawings) establish the re- S OFFICEOF RRIMARTY
quirements for manufacture and azceptance of the configurd REsEONLOILITY
tion items (Cl) to be delivered under the terms of the AFSC
contract. ) 6. ODC ALQUIAED

¢, APPROVAL LIMITATION

T APPLICATION/INTEAREL AVIONSHIM ;I\e roduct fabricallon specylicg- 1
y the eBi? t fprogucL 3

tion Is used to identi ractual requiranents s

baseline) for the configuration {tem. The product specificatipn :
is the documentation to which production/operational engi- H
neering c(hange proposals (ECPs) are addressed. The product DS SRENC Ky (Mandsiory as ciied in

fabrication specification will normally be prepared as Part :
1L of a two part specification., Part 1 of the specification MIL-STD-483 E
will always be the overriding part of the specification., For MIL-STD-490 ’
Computer Program Configuration Items (CPCls), use DID-E-3120B} 3
1f other than Form la specifications(MIL-STD-490) are requir- MIL-5-83490 ] 1
ed, the specific form from MIL-$-83490 will be czlled out in ]
block 16 of the Contract Data Requirements List (CDRL). For

configuration items that contain embedded wicroprocessor ap- 1
plications, whose computer pro&rams are not separate computer i
Frogram configuraiton items, the additional requirements con- i
ained below in Bock 10 (para.2), Preparation Instructions,
shall be included in the specification. For Prime Items that Iori—womenm
 are training equipments, the addition.l requirements contain-
v pd iele 13 Bloch 10 (gaga 32 Preparation Instructions, shalll

e {ncluded in the spefification.

i W0 PALP ARATION INSTAUCTIONS .
» 1. The contractor shall prepare a product fabrication specification for each configur-

aticn ftem in accordance with the requirements of MIL-STD-490, Appendices VIII, X and
X!, as applicable and as stated in the contract or work statement. When other than Form \
la specifications are called out in Block 16 of the CDRL, Appendices of MIL-STD-490 wil }
be used as a gulde in the preparation of specifications. The specifications cover page i
shall be in accordance with MIL-STD-483, Fipare 1.

2. When the configuration item contains embedded microprocessor applications, an ap-
pendix for each microprocessor application shall be included in the configuraiton item
product fabriacation specification. This appendix shall contain additional information
about the microprocessor application. The section in the product specification which
contains the chip schematics and bit pattern drawings shall reference this appendix.
Title and numbering of the appendix shall be in accordance with MIL-STD-490, Detailed

T P S

preparat!on instructions shall be implemented by the following instructions. j
i
5:wrion 1, Scope: This section shall identify the microprocessor and describe its i

function within the configuratjon item, :
o

Section 2, Applicable Documents: References which may be required and which relate
to this appendix shall be listed tn Section 2 of the basic specification and shall be
listed by the title in this section as 2 minimum. If there are no applicable reference
the following shall appear below the section heading:

—-

“This section is nct applicable to this appendix."”

; FORM
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Section 3, Requlirements: All ef the requlremonts which are allocated to the miero-
procgggz?“ﬁﬁbltcatiun shaTl be clearly stated, either dircctly or by reference, {n thi-
scction. Any requirements derived as a consequence of rhe application of a microproce:
in the conl{guration item shall be included in this section., Derived requirements may
b be allocated to the digletal processing equipment, the microcode, computer program or
; data, and may include processing rates, memory usage, programming language(s), data
structures, etc,

Paragraph 3.1, Instruction Set: ldentification of the programming language and
instruction sct sholl be included either directly or by reference in this paragraph.
If the mlcroprocessor {s a user programmable microprocessor and an instructlon set was
developed, a complete description of what happens with the execution of each instructi-
shall be included elther directly or by reference, along with a memory map for the
instruction set in this paragiiph and subparagraphs., lf the microprocessor is a user
programmable microprocessor, but an instruction set was not developed (i.e., the micro-
processor is used as a hardware controller), then a complete description of the contrec!
flow sequencing and timing shall be included in this paragraph and subparagraphs. If
the microprocessor {s user programmable, but an instruction set was not developed,
paragrpalis 3.2 through 3.5 of this appendix will not be applicable.

Paragraph 3.2, Functional Flow: This paragraph shall describe the major operation(s
performed by the computer program. This paragraph and subsequent subparagraphs shall
show the general flow of both data and control within the computer progrom. Paragraph
3.2 shall graphically portray the operations performed by the computer program.
Graphical representations shall be i{n accordance with MIL-STD-483, Appendix VI.

1

Paragraph 3.2.1, Interfaces: This paragraph shall describe in detail, either
directly or by reference, the as-built interface design between the computer program
and the hardware with which it must operate. It shall provide a detailed logical
description of all data, messages, and control signals. Sources for all inputs and
destinations for all outputs shall be described.

Paragraph 3.2.2, Program Interrupts: This paragrpah shall describe all program
interrupts. Each interrur. shali be described as to source, purpose, type, priority,
and the required response. The probable rate of occurrence of interrupts shall also
be given. If the computer program is loop driven, then Joop rates (inner loop rate(s),
outer loop rate(s), etc.) shall be described. The effect of interrupts on those loop
rates shall also be described.

Paragraph 3.3, Desipn Description: The design description provided shall be to a
level of detail sufficient to permit computer program modification and/or adaptation
by the government. For applications specified by the government as Hardware Intensive,
the level of detail shall be sufficient to provide for the theory of operation of the
Configuration Itelm and to facilitate applicable mainterance at the hardware level.

'Paragraph 3.3.1, Data Base Definition: This paragraph shall include the name,
definition, variable type, and rapge of values for each variable, table, or array
+ used in the computer program.

Paragraph 3.3.2, Storage Allocation: This paragraph shall include a memory map
which describes the utilization of all portions of memory. This memory map shall
include a description of how memeory has been partitioned and allocated to different
section of the computer program(s) and/or data.

Parapraph 3.4, Object Code Creation: This paragraph shall describe the computer
programs, digital processing equipment, hardware and procedures required to be uti-
lized to generate the object code.

Page 2 of ;éj
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\ g Preparation Instructions (Continuation)

8. Computer programs required, including but not limited to host operating
systan, compilcrs, asscmblers, link editors, loaders. and traunslators.

! b. Digital processing equipment including host computer hardware minimum
configuration, vender(s), part numbers, and other pertinent data such as modecl capacity
and special capabilicies,

e il S achoalti

'

¢. Procedures rcquired to generate object coce in the specified media sultable
for operation in the target microprocessor.

Paragraph 3.5, listings: This paragraph shall incluje source and object code .
listings. Comments of explanation shall be included and considered part of the :
listing. The level of detall required in the listings shall, when used with other
information contained within this appendix, permit support, wmodification and/or
adaptation of the computer programs and data utilized within the microprocessor.

Section 4, Quality Assurance Provisions: Requirements for formal verification
of the microprocessor and associated computer program requirements of Section J
and Section 5 shall be included in this section. This section shall referencc each 3
performance,design or delivery requirement of Section 3 and Seczion ) and specify the ;
specific verification method. The methods of verification to be specified herein
may include inspection, review of analytical data (analysis), demonstration(s), and
test (witnessing tesr results and review of qualitative and quantatitive test data
resulting from formal procedures, controlled environment and instrumentation).
This section shall specify requirement(s) for verification to the level of detaill
necessary to establish the scope and accuracy of the verification method, and shall {:
clearly identify each verification requirement with the applicable performance/design/
delivery requirement in Sections 3 and 5.

Paragraph 4.1 Microprocessor/Computer Program Testing: This paragraph describes

testing at the microprocessor/computer program-level where the results are intended i
to be the only source of data to verify spec{fic requirements of Section 3 or 5.
These tests may be conducted prior to integration of the microprocessor into the i

configuration item. %

Paragraph 4.2, Configuration Item Testing: This paragraph shall identify require-
ments specified in Section 3 which will be verified during Configuration ltem testing |
and which therefore must be listed as Cl test requirements. }

Paragraph 4.3, System Test Program: This paragraph shall identify requirements
sp2cified in Section 3 which cannot be verified until system testing (or equivalent)
and which therefore must be listed as system test requirements.

Paragraph 4l4, Verification Cross-Reference Matrix: This paragraph shall include a
Verification Cross-Reference Matrix identifying each Section J requirement with the .
Section 4 paragraph where the qualification requirement(s) is/are specified. o

Section 6, Preparation for Delivery: When applicable, this paragraph shall be
used to describe special handling requirements such as: packaging for delivery (e.g.,
to ships or to remotz sites), which may require special labels, etc. This para-
graph shall also specify the media or delivery, e.g., cassettes, cartridges, magnetic
tape, punched paper tape, punched cards, disks, firmware, etc. Also included shall D
be the general or specific characteristics of the med:a as required for qualification Pl
testing and verification. 1f special or unique packaging is required to avert possible |

\
’ |
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Preparation Instructions (Continuation)

v .
compromise of Cl performance, then packaging requirements shall be included.

Section 6, Notes: This seccion of the specification is not contractually binding,
and should not contain contractual requirements. 1t may include i{nformation or particu-
lar {mportance to the procuring activity in using the spa:ification as a contractual
F instrument or administrative or background informacion (e.g., ordering instructions

for technical data perctianing to the computer program, or specific information related
to the use of the program in future assembly and integration testing). It shall
not include requirements which constrain design, development, or qualification. The
text may be precveded with the statement "Administrative Information Only - Not
Contractually Binding." Background information or rationale which will be of
assistance in understanding the specification itself, may be included herein, The
procuring activity must specify material which is mandatory for inclusion in Section 6.

3. When the prime item is for training equipment, the prime item product fabrication
specification preparation instructions in Appendix VITI, MIL-STD-490 shall be
implemented by the following instructions:

APPENDIX VIII

80. TYPE, Clb, PRIME ITEM PRODUCT FABRICATION SPECIFICATION.

80.1 Section 1, "Scope." No Change

Example:

1. Scope.

1.1 "Scope." This section shall also briefly describe the intended use
of the trainer, by whom, and where it is intended to be used; e.g., contractors'
plant, ATC base, etc.

1.2 "“Classification." No change.

80.2 Section 2, "Applicable documents." No change.

80.3 Section 3,'"Requirements."

80.3.1 Paragraph 3.1, "Item definition.” No change

80.3.1.1 ﬁﬁragrpah 3.1.1, "Major component list."” Add "This paragraph snall
list the major items of equipment required to operate with a trainer in an instruction

situation by the following categories:

"“Contractor furnished system operational equipment."

"Government furnished equipment (by expected soruce)."

80.3.1.2 Paragraph 3.1.2, "Government furnished property list." No change

80.3.2 Paragraph 1.2, "Characteristics." No change.

80.3.2.1 Paragraph 3.2.1, "Performance.”" No Change.

Page 4 of £
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Preparation Instructions SContinuntion)
80.1.31 Paragraph 1.3, "Design and construction." No change.
80.3.3.1 Paragraph 13.3.1, "Production drawings.'" No change.
80.3.3.2 Paragraph 3.3.2, "Standards of manufacturer." No change.

80.3.3.3 Paragraph 3.3.3, "Workmanship." No change

80.3.4 Paragraph 3.4, "Feproduction sample."” Not required. ¢
80.4 Section 4, "Quality Assurince Provisions." No change, )
80.4.1 Paragraph 4.1, "General." Add, "For trainers requiring extensive

installation and checkout, the acceptance inspection may be accomplished at the
installation site. This does not necessarily preclude an interim acceptance for
specified purposes at the place of manufacturer."
80.4.1.1 Parag.sph 4.1.1, "Responsibility for inspection." No change.
80.4.1.2 Paragraph 4.1.2, "Special tests and examination." No change,

80.4.2 Paragraph 4.2, "Quality conformance inspections."” No change.

80.5 Section 5, "Preparation for delibery." Add,"Markings for items appearing

in the Training Equipment List (TEL) shall coincide with their identification in that
document. Interior packages and exterior shipping container shall be marked in
sccordance with specificat lon MIL-STD-129, "Marking of Shipments," and MIL-STD-130,

Identification Marking of U. 5. Military Property," and the words "Training Equipment"

shall be stenciled thereon. Interior packages shall also bear the:
a. TEL item number .
b. Stock numbér
c. Condition status (indicate if item is reject)

Training equipment, {ncluding part of trainers, furnished in reject status, shall be

permanently marked by stencil, stamp, engraving, or decalcomania: Factor Production
Reject. )

.

80.6 Section 6, "Notes." No change.

80.6.1 Paragraph 6.1, "Intended use." No change.
80.6.2 Paragraoh 6.2, "Ordering data." Not required.
80.7 Section 10, "Appendix I." No change.
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REPORT OF THE PANEL ON
STANDARDIZATION AND ACCREDITATION OF
COMPUTER ARCRITECTURE
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International Telephone and
Telsgraph Corporation

- Avionics Division
,_J Telecommunications and Efectronics

Group-North America

100 Kingsland Road
Clitton, New Jersey 07014
Telephone (201) 284 -0123

September 14, 1981

LTC Casper H. Klucas
HQ, AFLC/LOEC
Wright-Patterson AFB, Ohio 45431

Dear Cas:

Enclosed is the final report of the panel on Standardization and
Accreditation of Computer Architecture. It has been most gratify-
ing to work with you, the other persons of the CSM and CRM, and
all those who participated in the Monterey workshop, and i shall
be pleased to continue support of the CSM at your discretion,

7y /
s /%/

W\/s
Robert H. Dunn

Staff Consultant

encl.

/da

cc: Mr. R. Hartwick
Dr. I. Hecker w/o attachment
Mr. R. Maher

Mr. P. Mauro

Ms. A, Schuman
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1. OBJECTIVE

Agency policy fregquently dictates the use of standardization. Given
that this is a requirement, evaluate the potential for utilizing accredita-
tion of computer architectures as a viable tri-service computer acquisition
strategy. Determine the role and impact of MIL-STD-1750A, MIL-STD-1862
and DoD Instruction 5000.5X within the overall defense computer acquisition

standards.

2. SCOPE

Each service has been acquiring embedded computer systems (versus
commercial ADP-type computers) utilizing a myriad of selection criteria.
The end user is often required to implement a system with an approved
standard, vet technologically obsolete, computer. Accreditation has been
promoted as an alternative computer acquisition strategy.

In 1978, the Navy's Office of the Assistant Secretary for Research,
Engineering and Systems (ASN, RE §S) assembled a panel to review the status
and trends of embedded computer applications and to recommend alternatives
to existing acquisition policy., One of the panel's suggestions was the
concept of accreditation, which had the following goals:

-- Stimulate competition in production (vs. sole source production)

-- Ease technology insertion

-- Increase flexibility of choice for program managers

-- Shorten the acquisition cycle

-- Minimize cost of ownership

With this as background, the issues relevant to the objective include:

-- The architectural levels at which accreditation can apply

-- Hardware and software logistics support
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-- The effect of multiple vendors on the attainment of standards
-- Industry's willingness to support an accreditation policy
-- The capability of an accreditation policy to meet service operational
and technological needs
-- Other influences on the flexibility of choice and the length of the
acquisition cycle,
-- Administration of evaluation and selection under an accreditation policy
-- The introduction of new architectures as standards
As interpreted by Panel C, all computer acquisitions related directly to
weapons systems, operational support, ATE, and the like, fell within its scope.
Hardware-intensive processors were, however, excluded. The only HOL considered
at the source level of architectural standards was Ada. Where relevant, a given
standard was assumed to apply to a single performance envelope (e.g., mini,

maxi, large scale).

3. APPROACH

Presentations by Lt. Col. Vance Mall of the Ada Project Office, Doug Stapp
of ASD/ENASD, and William Smith of the Office of the Assistant Secretary of the
Navy (R L §S) established a background for the discussion of standardization
and accreditation. Sce Appendices C thru b,

LEarly in the panel's discussions, it became cvident that the concept of
accreditation went beyond the definition originally used by the Navy (sce
sccond sheet of Appendix E), which has viewed it in contradistinction to its
policy of standardization, For acquisitions directed toward achieving archi-
tectural standards at other than the lowest replaceable unit level, accredi-
tation could take on new meanings. Accordingly, the panel decided it must

provide a definition to frame the balance of its deliberations. This definition
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(anticipating the next section of this report) was

"Accreditation is an acquisition strategy by which a product is

certified to be suitable for service use in accordance with

documented criteria."

With this definition, it became clear that there were, in fact, several

accreditation approaches that needed consideration. Moreover, the panel

decided that there were two distinct standardization methods that have been

used and had to be included in further discussion.

are defined in para 4.1.

As discussion evolved, it became evident that there were a large number

of issues concerning the relative merits of each of the acquisition strategies

that had been identified. To better focus on each of these, the panel decided

to evaluate each of the acruisition strategies against specific criteria,

These criteria (several of which are of more than one part) were

1.

2.

Reliability and maintainability

Effect on logistics

Effect on personnel

Sources for development and qualification funding
Promotion of a competitive environment

Effect of shortening the acquisition cycle

Life cycle cost

Product availability -- marketplace

Capability of achieving technological currency

Response to specific weapons systems requirements was not used as a

criterion.

The panel wished, also,to consider the effect of these criteria at

four levels of standards: source, object, box, and LRU. These are defined

e et st Y i e R
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in Section 4 of this report. Although it was recognized that sowe criteria 1
would apply equally to two or more of these levels, it was clear that the

‘ evaluation of the acquisition stratesies vs. criteria vs. standard level would g

be a formidable task. Accordingly, to make the evaluation process more
manageable, the panel divided into three sub-panels, with cach responsible

for a group of related criteria. Sub-Panel 1 tackled criteria 1 thru 3, 4

Soaid b2

sub-Panel 2 dealt with criteria 4 thru 6, and sub-Panel 3 was organized to
handle criteria 7 thru 9,
The special task of each sub-panel was to evaluate the identified

:quisition strategies (plus a sixth, "laissez faire," representing the

antithesis of standardization) against cach of the c¢riteria assigned to it é
and at each applicable standard level (Source, et at), This +ould, in effect,
provide an in-depth overview of the entire issue of standardization and

3 accreditation independently of unique service needs.

[ he last day of the workshop, each of the sub-panels reported its findings

to - others. This enabled all panel members to provide input to the :

identification cof the key issues, and to draw attention to the neced for
clarifi ition of the assumptions underlying each sub-panel's conclusions,
Although the resultant three-dimensional array of mini-position papers is,

in itself, a set of conclusions, before adjourning, the panel proceecded to

synthesize the work accomplished to draw some general conclusions and

recommendations.
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4, DISCUSSION

The bulk of this section is formed by the matrix of acquisition
strategy/criteria/level of standard. As will be seen, this matrix consists
of a quick reference table and, of greater importance, the premises and
remarks attending all but the most obvious entries in the table. Some
definitions and additional background which are required for interpretation

of the matrix follow in paragraphs 4.1 thru 4.4,

4.1 Acquisition Strategies

The following strategies are those evaluated by the panel., Strategies
4.1.2 thru 4.1.5 are accreditation techniques, although strategy 4.1.5 has
also been regarded as a standardization method, and is so labeled.
4.1.1 Laissez faire ... So named by the panel because it permits each
Program Manager (PM) or his contractor to sclect whatever computer architecture
and implementation he chooses. This is the de facto method of acquisition
currently used for many programs. Consideration of this strategy was not within
the scope of the panel's task, It is included because it serves as a reference
(at the pole opposite that of 4.1.6) against which all other strategies may be
comparxed.
4.1.2 Accreditation I ... In this strategy, the PM has the responsibility
for verifying (validating, the implementation of a standard architecture.
This technique has been empicyed by the Air Force.
4.1.3 Accreditation Il ... As in the operation of a qualified parts 1list,
computer manufacturers develop implementations of standard architectures and
submiv tlem to the government for validation as machines qualified to join
others on a published list.
4.1.,4 Accreditation III ... In this strategy, the government buys a large

number of machines for application to one or more programs; in essence, acting
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as a central supplier of a computer commodity. It is expected that the
development costs of each such implementation of a standard architecture
would involve at least partial government funding. This strategy, which

has been considered by the Navy, lends itself to multiple developers and
producers, with the number of developers expected to be greater than the
number of producers,

4.1,5 Standardization I ,,. Still an accreditation method, in this strategy
several potential suppliers are competitively selected and funded to develop
an implementation of a given architecture. One of these is subsequently
awiarded a production contract. A scceond source production contract is also
possible. This strategy is now employed by the Army and Navy.

4.1.6 Standardization II ... A single developer is funded to develop and
produce machines conforming to a given architecture. That is, a single supplier
is awarded a contract, normally on a competitive basis, for both development

and production. Seccond sourcing is possible here, also.

4.2 Architectural Levels to Which Standards Apply

Four levels were defined. It should be noted that for certain criteria,
the lecvel was immaterial, as will be seen in the matrix, while for others,
it was of critical importance.
4.2.1 Source ... This describes the ability to deliver a computer and (if
not capable of direct execution of HOL programs) a compiler such that HOL
programs will run predictably. The transportability of assembly language
programs is not an issue here.
4.2.2 Object ... Implementa:ion of an object level standard refers to
transportability of the assembled or compiled source language. This may be

viewed as a run-time architectural standard. HOL standards are implicit.
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4.2.3 Bux ... This is a hardware standard at the level of form, fit, and
function. HOL and ISA standards are implicit,

4.2.4 LRU ... Similar to box level except that the implementation specifics
are standard as well for logistics commonality. That is, computers at this
level of standards conformance are spared identically, HOL, ISA, and box

standards are implicit.

4.3 Weighting of Criteria

In general, the several criteria were not rated with regard to relative .
importance,; although, as will be seen, certain criteria were weighted with
respect to other criteria. The reason weighting was not attempted derives
from the recognition that no weighting scheme can apply equally to all system
applications. For example, hardware logistics would be much less important for
space probe applications than it would for applications supported by recurring
depot level maintenance. Differences among the four services in their support
philosophies would also affect weighting. A weighting scheme of suitable
generality would require considerably more study than could be undertaken

within the timec constraints of the workshop.

4.4 Interpretation of Tabular Information

The tables found later in this section summarize the issues attending
the cvaluation of the criteria against the six strategies. For most of the
criteria, the cvaluation is made at the four levels of standardization with
the key to the level to which each evaluation applies given in the upper left
hand corner of each table. The numbers accompanying the ratings (very good
to very poor) refer to the notes following each table.

The evaluation ratings given (very good to very poor) must be used

guardedly. Indeed, several of the panel stated that they would prefer the

report not include these, for fear that if quoted, reproduced, or summarized
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out of the context of the accompanying premises and remarks (Notes 1 thru 67),

the ratings could lead to inferences of doubtful correctness or value. The
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tabular ratings are presented only as a means of providing a synoptic picture
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of the influences exerted by each of the strategies.
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4.5 Discussion Specific to the Criteria of

Reliability and Maintainability E

e

Software Logistics

Hardware Logistics §
Military Personnel 3
Civilian Personnel . §
4,5.1 Amplification of Evaluation Criteria --
Reliability and Maintainability: These were evaluated relative to
their effect on the availability of a computer to meet mission requirements
' and the ease of maintaining computers in the presence of failures. This 1
; criterion, then, measures the government's expectations of reliability under :
% each of the acquisition strategies and standardization levels.
E Software Logistics: This criterion was evaluated with respect to the {
» effect on support software, to the exclusion of the transportability of i
? applications software. i

Hardware Logistics: This is within the context of the existing sparing

and maintenance philosophies of the services,

Military Personnel: This relates to the impact on che technicians and
system operators in the field. Tnat iz, it reflects the pctential availability
of the talent pool necessary to support the system as well as the level of

training required to ensure the capability of maintaining and operating the ]

system,

Civilian Personnel: This factor measures the availability of the v
necessary pool of talent within industry -- engineers, designers, and techni- b
cians -- able to respond to a particular acquisition strategy. Civilian

contractors hired to provide services to the government werc not considered

to be an issue.
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4.5.2 General --

1. Sub-Panel 1, to whom the above criteria werce assigned, felt that
since the laissez faire approach to acquisition does not have associated
levels of standardization appropriate to it, and is, in any case, an unaccept-
able method, it would evaluate laissez faire without regard to levels of
standardization, but use it merely as a basis of comparison.

2. The Accreditation I approach was evaluated for standardization only
at the source level and at the object level. It really is valid only at the
object level since the basis of the approach is an ISA standard and there is

no attempt to standardize below the ISA.

4.5.3 Premises --

1. It was assumed by the sub-panel that standardization at the LRU level
included standardization at the box and object levels. Likewise, standardiza-
tion at the box level was assumed to imply standardization at the object level.

2. It was originally assumed by the sub-panel that source level standard-
ization was only viable when high order language (HOL) direct executable machines
were within the state of the art., After discussions with sub-Panel 3, it was
accepted by sub-Panel 1 that source level standard.zation we1ld mean that the
contractor would deliver a computer and compiler and that HOL programs would
run predictably on the machine and ISA or object level jrograms would not be
transportable.

3. It was further assumed by the sub-panel that standardization at the
source level means that multiple code generators would be required for *arget
machines since ISA's would not be standard. Standardization at the object
level implied CPU ISA standardization and no I/0 standardization or any kind.

Standardization at the LRU or box level implies I/0 standardization and the
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.% equivalent transportability of the HOL and object level software.
4. In terms of sparing philosophy, it was assumed by the sub-panel

that when standardization was levied at the box level, the services would

also replace and spare at the box level, thereby requiring personnel of

lesser skill to maintain the equipment. This is in contrast to standardiza-

%

tion at the LRU level where it was assumed that the services would also replace

o

and spare at the LRU level,

5. It was assumed that major improvements in reliability would result

from the ability of contractors to use more current technology in the computer

PR SOTTC NP

design. It was also recognized that major improvements would also occur during

a long production run with a fixed technology as a result of learning curve
experience and reliability improvement programs; however, no attempt was made

to further develop the advantages of one approach over the other.

_—
B et s e e ek Lok R

4.5.4 Ratings Table -- See Figure 4-1.

4.5.5 Notes applicable to Rating Table --

i

1. RAM/Source and object/Accreditation I § II: Accreditation I § II do :

not inhibit technology infusion by the contractors; therefore it was determined ]
that reliability and maintainability benefits would be increased. j
2. Military personnel/object/Accreditation I § II: Under these strategies, R

and implementing ISA standardization, hardware commonality wouid be non-existent D

and it would be more difficult for the military to provide the personnel

necessary to maintain and operate the systems.

3. Civilian personnel/object, box, LRU/Accreditation I § II: No compari-

son with laissez-faire was intended. The generally low rating is due primarily

to the unavailability of specialized engineering/design personnel within the
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civilian community to be committed to the developments of specialized i
computers to meet military specified 1SA's/HOL's.
3

4, Source/Accreditation II: Under the strategy of Accreditation II, f

technology used to build a computer is completely flexible with standardi-
zation at the source level. Reliability would be high, software logistics
would be average because of the number of code generators that would be
required for various target machines, hardware logistics would be extremely
low due to the different technologies used by the multiple vendors, military
personnel would be extremely low because of the training required to maintain
multiple computers. Civilian personnel impact would be very favorable bhecause

of the improved productivity, especially if a high order language was selected

i Lo it ) e N S s o5 i 1 Sl ) il o et i et i

by the military that was also in common use in commercial applications.

JOR TR

5. RAM § Software Logistics/box/Accreditation II: The high rating is a
result of the fact that technology flexibility is completely available to the
contractor. In addition, the box level of standardization favorably impacts

software logistics since it implies both ISA and I/0 standardization as well.

s s it i i i

6. Hardware, logistics/box/Accreditation II: In this case, hardware
logistics is affected by the additional cost and space required to support a
maintenance and sparing philosophy required when there are multiple vendors

for the same computer using different technologies. This approach also

usually requires depot level repair as opposed to organization or intermediate

level repair.

PUTH U

7. Hardware logistics/LRU/Accreditation II: The high benefi: is due to

b

the fact that multiple manufacturers are producing standard LRU's. Therefore,

the only risk is that of interchangeability of spares,
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8. Hardware logistics/LRU/Accreditation II: The strategy of open
accreditation would have most favorable benefit with box level standardiza-
tion for military personnel because sparing would be at the box level and
replacement would be likewise at the box level, Therefore, trouble shooting
would involve only detecting a failed computer and replacing that computer
with a spare.

9. Military personnel/LRU/Accreditation II: The impact in this area
is primarily dependent upon the adequacy of the BIT. If BIT can be expected
to exceed 99% isolation to one LRU, the benefit of this approach is definitely
improved,

10, RAM/Source, object, box/Accreditation II1 § Standardization I:

These generally high ratings are given because it is ussumed that when more
than one developer was involved, the competition will provide the government
a better technical product using the latest technology and thereby improved
reliability at the time of development.

11. RAM/LRU/Accreditation III, Standardization I, Standardization II:

The lower ratings were assessed because constraining the developer to standardize
at an LRU level would limit his flexibility in terms of utilizing the latest
technology to achieve major reliability improvements,

12. Military personnel/Accreditation 1II: Under the assumption that
standardization at the box levels implies sparing at the box level, the impact
on military personnel would be the most favorable. LRU standardization would
be somewhat less of a benefit because there would be a requirement for more
skilled personnel coupled with the risk of non-interchangeability of LRU's
between multiple vendors. The average benefit with standardization at the
source or object level is due to the fact that multiple vendors would imply

multiple logistics problems,
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13. Civilian personnel/Accreditation III § Standardization I:
Relative to a strategy involving N developers, the impact of civilian

personnel is primarily in the development stage since it could in fact

O i s 3t

pp—

require N times as many engineers/designers, technicians, resulting in a

general unwillingness of industry to participate,

VRN ST Ly

14. RAM/Source, object, box/Standardization II: The strategy of one
developer - one producer does not promote improved reliability through
insertion of major technology advances through frequent competitions.
However, this would be offset by a reliability improvement program that

would allow improvements to be implemented during a long production cycle.

15. Software logistics/object, box, LRU/Standardization II. Standardi-
zation at the object, box or LRU level would in effect give the government
a defacto software standard. ';

16. Hardware logistics/Standardization II: With a strategy of one
developer - one producer it does not really make any difference what the
level of standardization is because the hardware itself becomes a defacto j
standard at the LRU level. ilowever, within a concept of standardization above 3

the LRU level, the contractor could have the option of hardware modifications

P R

over the length of the production run which may cause differences at the LRU

o

level., The significance of this impact would be dependent upon the configura- .
tion management controls that werc imposed on the contractor by the government.

17. Military personncl/source § object/Standardization I1I: Standardizing ;

at the source or object level is good for the military because the training ;g
and maintenance is the same for all personnel across all systems applications.
18. Civilian personnel/source/Standardization 1I: Although the impact

is favorable, it was felt that industry would not participate unless it had

the specific expertise required to develop a computer at a military specified

HO!I. level of standardization.
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19. Civilian personnel/object/Standardization I1: Note 18 ugain
anplies except that it will be even more difficult for industry to find the
expertise necessary to participate when it is also standardizing on a
military specified ISA.

20. Military § Civilian personnel/box § LRU/Standardization II: It
was considered that standardization at the lowest level, and using the
acquisition strategy of one developer and one producer, was easiest for
everyone concerned, military and civilian.

21. Civilian personnel/source/Accreditation I: A high rating is based
on the assumption that a HOL adopted by the DoD would be compatible with a
HOL used for commercial applications and supported by computer manufacturers

in that regard.

4.5.6 Conclusions --

1. Except for reliability and maintainability, the more restrictive
acquisition strategies (moving from laissez faire to standardization II)
favorably improve the impact that the acquisition strategy has on the measures
of comparison. Further, increasing the level of standardization (moving from
source to LRU) also has a favorable effect on the criteria considered. That
is, the more restrictive the acquisition strategy and the greuter the level of
standardization, the greater would be the benefits to the government,

2. RAM is the exception to the first conclusion. The rcason is that the
less restrictive the acquisition strategy, the greater the potential for
contractors to be innovative in using the most current technoulogy to achieve
improved levels of reliability. The attendant ability to implement cxtensive

BIT using newer technologies also improves maintainability.
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4.6 Discussion Specific to the Criteria of

Funding Sources
Competition
Acquisition Cycle
4.6.1 Amplification of Evaluation Criteria --
Funding Sources: This refers to the willingness of industry to
invest in computer development and qualification.
Competition: Competition was evaluated in terms of the ability of
an acquisition strategy to promote a competitive environment.
Acquisition Cycle: This criterion is the expected effect of an
acquisition strategy on the lengthening or shortening of the acquisition

cycle of a weapons system (not of the computer).

4.6.2 General --
Although production quantity had initially been considered as a separatc
criterion, sub-Panel 2 discovered that quantity considerations were implicit

in the discussions of the other criteria.

4.6.3 Premises --

1. DoD market stability (commitment) is c¢ritical to industry investment
and to attracting competition (i.e., avoiding market fragmentation),

2. It is essential that both development and production be linked
together to provide industrial incentive. A production allocation plan is
critical to achieving multiple production suppliers, as in Accreditation 111,

3. DoD microprocessor needs may promote different industry incentives
and lead to other acquisition strategies.

4, Actual and perceived objectivity and fairness are critical to any
DoD acquisition policy for industry acceptance fi.e.,, willingness to complete

and invest).
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5. In general, the attraction of industry investment was assumed ]

to be good for the government. Thus, high ratings in this column of the 5
rating table (Figure 4-2) translate into a tendency for industry to invest

under the various standardization/investment strategices. Conversel a low
g Y,

score should be interpreted as a tendency for industry not to invest, and one

e Ll 2k

should expect government funding to dominate,

Y

6. Sub-Panel 2 found the level of standardization (source et al) to !

T e e e L

be immaterial to the criteria of para 4.6. Accordingly, Figure 4-2 does

not depict a ''third dimension'" to account for the four levels.

4.6.4 Ratings Table -- See Figure 4-2

! 4.6.5 Notes Applicable to Ratings Table -- |
22. Controversial findings: In the discussions with the entire

Panel C membership, substantial disagreement emeryed regarding the degree

N

of industrial concentration which would actually take place. One school of

€ st i

! thought held that industry will respond to the certain knowledge that 1ts
participation w*11 be rewarded (as in Standardization II), while the other

% school believed that the greater the opportunity to make a sale (laissez

it il i

faire as the extreme), the greater will be industry's willingness to risk

investment.

23. Funding sources: The laissez faire and Accreditation II strate-

gies tend to discourage investment because the market is teoo diffuse, lacks ;}

certainty . . Ls.rect . , and does not lend itself to accurate return on ]

investment assessments. The two standardization strategies tend to draw
the heaviest investment because the market is concentrated and defined, '3
because of the implied . commitment, because risks are bounded, and

becausc the business opportunity (return on investment) is more quantifiable.
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Accreditation I and III were rated in between these boundaries, with
Accreditation III having a slight edge over Accreditation I in market
certainty and service commitment.

24. Competition: The laissez faire strategy was seen as being the
least advantageous in fostering a broad competitive environment, primarily
because it encourages concentration to a few (or perhaps one) firm willing
or able to bear marketing and development burden across many different
government program managers and system prime contractors. The barriers to
entry are high and the "staying" costs are also high. This argument, too,
drew some disagreement in the full Panel C deliberations and no resolution
of differences was achieved.

Accreditation II was thought to experience the same competition pheonmenon,
but not quite as severely as the laissez faire strategy. The two standardi-
zation strategies do not suffer from this in the initial competition, and
hence were judged best on this factor. However, the issue of subsequent
competition was not fully addressed.

25. Acquisition cycle time: This factor did not appear to be a
significant driver in determining a computer acquisition strategy. Never-
theless, for completeness, the sub-panel did a relative ranking. The
laissez faire §trategy holds the most potential danger because cach develop-
ment is a ''new game," and, as such, has the potential for impact on acquisi-
tion cycle. At the other pole, the two standardization strategies had the
most favorable impact on this factor because products would be more or less
instantly available once development was completed. The three accreditation
strategies were viewed as only slightly less advantagcous because some choice
is involved and it was reasoned that this choice process would consume some

time.
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4.6.6 <Conclusions --

1. Industrial investment is more likely to be drawn toward standardi-
zation strategies than to the more flexible strategies*.

2. Standardization strategies tend to promote a slightly more competi-
tive environment than do accreditation strategies; laiscez faire, least of
all.

3. Standardization and accreditation strategies have about the same
impact on system acquisition time, and both appear better than laissez faire,
This factor does not seem to be a driver in determining a computer acquisition
strategy.

4. The government members of sub-Panel 2 were asked to respond to the
question: "What is the most important of these criteria with respect to their

use in evaluating the various strategies?" Their unanimous response was the

order of importance of Competition, Funding Sources, and Acquisition Cycle.

*Disagreement exists depending on the degree of industry concentration/
investment vhich will occur or is anticipated to occur.

-19-
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4.7 Discussion Specific to the Criteria of

Life Cycle Cost
Product Availability

¥
Ly Capability of Achieving Technological Currency

-
s i e i

.

5 4.7.1 Amplification of Evaluation Criteria --

e
T it s,

LLife Cycle Cost was divided into 5 categories:
e llardware Development Cost -- The steady state aggregate cost to

the DoD of the development of all embedded computer systems.

ST e g

e llardware Production Cost -- Cost to the DoD of embedded computers

acquired in production quantities.

e o (b = b A i N Sl

e lHardware Logistics Cost -- Cost of maintaining embedded computers.

e Software Development Cost -- Includes cost of tool:, training, and

T B sy s ® | EEat s win bl Bl e,

code production,

e Software Logistics Cost -- Software maintenance,

Product Availability was divided into 2 categnrics:

-2

e Assurance of Adequate Quantities ~- The level of conridence that the

S i

DoD can procure the necessary quantities independent of the commercial

climate, for an equitable price, for the expected production life of

the product.

y A

Adequate Industry Participation -- Industry's willingness to invest, ;

as a function of competition. Compare with para 4.6.1 (Funding Sources). -;

Technological Currency: This is a measure of the degree to which the

latest available technology is cuptured in the computer acquired for any given

weapon system.
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4.7.2 General --

Faced with the forbidding task of evaluating 8 unique criteria, sub-
Pancl 3 decided to work first at the object level of standards and then
perturb those results as appropriate to the source, box and LRU levels. As
it developed, it was necessary to treat the box level hastily, and the LRU

not at all as time ran out.

4.7.3 Premises --

1. Object level standardization was taken to mean that computer archi-

tectures would be restricted to thosc on a list such as proposed under 5000.5X.

Currently accepted architectures were used in considering scenarios. At this
and other levels of standards, transient effects caused by the institution of
standards were disregarded. Steady state comparisons were sought, in spite
of some strong feelings that nothing stands still long enough to achieve a
steady state.

2. The average production cost for military computers is driven by

many factors, but it was agreed by the sub-panel that the major discriminant

between acquisition strategies is the length of productions runs; or, conversely,

the degree to which the market is split up between different producers. The
strategics also differ as to how effectively the production price can be
competed and thereby driven down.

3. Hardware logistics cost is driven chiefly by the number of different
computer types in service, each with its own parts list, Some cost penalty
will be experienced when one type is produced by multiple sources, leading to
problems with inter-changeability of parts, The sub-panel noted that the
entire logistics problem is mitigated by higher levels of circuit integration,
VLSI brings such a reduction in number of replaceabie parts (with concurrent
increase in reliability) that the contribuiton of hardware logistics to life

cycle cost will diminish sharply in the years ahead.
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4. In an unconstrained environment, each different architecture
requires its own set of software tools, including assembler, compilers,
simulator, and all elements of the environment. Because of limitations

on development dollars, a complete software development environmerit can

only be afforded for a few architectures. For other architectures,
inadequate tools will mean high cost of application software. Architectural
proliferation also increases training costs, and particularly increases the
cost of all code which must be written in native language and assembled,
which, at minimum, includes all I/0 oriented code. When the number of
architectures is constrained, the foregoing cost problems are controlled.
Sof'tware costs are architecture dependent and are not affccted by the manner
or variety of implementation.

5. Assurance that production qudhtities will be available immunizes
tae government against industrial instability. It is driven entirely by the
number of scurces available, Sub-Panel 3 did not sec¢ this as a strong
discriminant amoug acquisition strategies.

6. Adequate industry participation is a measurc of the disadvantages
of highly competitive strategies as viewed by industry., As the investment
required to compete goes up and/or the chance of winning some profitable
business goes down, it becomes less attractive for industry to get in the
game, The sub-panel noted that in the case of each of the AN/UYK-43 and
AN/UYK-44 competitions, only two companies perservered to the peint of
submitting proposals. The others dropped out for just the reasons cited.

As the congress urges more strongly competitive stratelies, this is a
significant criterion to bear in mind.

7. Technological currency is a measure of the degree to which the
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latest available technology is captured in the computer acquired for
any given weapon system. Generally, it is high for computers developed
specifically for a weapon system, less when the Program Manager has to
procure through a central buy, which may not be a recent development.
Sub-Panel 3 did not regard this criterion as a major one.

8. With regard to hardware development costs at the source level
of standards, the sub-panel zgreed that development costs would be increased
to the extent new architectures were brought into play, but reduced to the
extent that militarization of commercial machines would be permitted. The

latter option becomes increasingly attractive as the level of circuit inte-

gration increases.

4.7.4 Ratings Table --
See Figures 4-3 and 4-4. Recall that notes applying to the object level
of standards apply equally to the other levels unless noted otherwise. Where

two ratings are separated by a solidus (/), the first applies to single source

and the second to second source utilization.

4.7.5 Notes Applicable to Rating Table --

26. Hardware development cost/object level: This was seen as being gen-
erally proportional to the number of different computers being developed over
a given period of time. The sub-panel also agreed that, since new architec-
tures usually require some ciean-up during the first implementation, standards
which discourage proliferation of new architectures tend to lower development
costs. Acquisition strategies that are predicated on contractor financing for

development result in minimum cost to the DoD.
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27. Hardware Development/object/laissez faire: This unconstrained
approach leads to the largest number of different computer developments.

28. Hardware Development/object/Accreditation I: Here again, the
tendency is to develop a new computer for each new platform or weapon system.

29, Hardware Development/object/Accreditation Il: Development costs arc
incurred by the contractor, so DoD sees minimal cost.

30. Hardware Development/object/Accreditation 1I1 and Standardization I:
Central buy strategies preclude new developments until they are clearly life
cycle cost justified, keeping development costs low. Multiple developers cost
more than single developers.

31. Hardware Development/object/Standardization I1I: Similar to note 30,
but one developer costs less than multiple developers.

32. Hardware Development/object/Standardization I & Il with second sourc-
ing: An additional increment of development costs is required to develop and
qualify a second source.

33. Hardware Production/object/laisscz faire, Accreditation I, and
Accreditation II: These strategies permit a larger number of types and
therefore shorter runs than the central buy strategies,

34. Hardware Production/object/Accreditation 1I1: Although this was
ranked very good, the ranking relative to Standardization I is a function of
market size. Central buy minimizes .he number of different types, and multi-
ple developers compete the production price. Breaking up the run among an
even greater number of producers decreases the advantages of volume production
but permits continuing competition for follow-on market share. The latter only
predominates for very large total buys.

35. Hardware Production/object Standardization 1: This has all the

advantages of long runs and competition for production.
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36. Hardware production/object/Standardization II: This, too, has all
the advantages of long runs, but no competition after development,

37. Hardware production/object/Standardization I § Il with second
sourcing: A small increment of cost is added for this. This results from
a reduction of production volume and the added costs of coordination and
parts compatibility.

38. Hardware logistics/object/laissez faire: The maximum number of
computer types generates the maximum logistics cost.

39. Hardware logistics/object/Accreditation I § II: Less proliferation
of types than laissez faire, but more than central buy strategies.

40. Hardware logistics/object/Accreditation III: This has minimal
proliferation of types, but includes some avoidable costs traceable to the
difficulties of multiple sources.

41, Hardware logistics/object/Standardization 1 § II: These have
minimum proliferation of types. With second sourcing, there is a small
additional cost due to difficulties of multiple sources.

4z. Software dev:lopment/object/laissez faire: Architectural prolif-
eration leads to high cost.

43, Software development/object/all but laissez faire: Costs are
improved when architectural proliferation can be controlled.

44, Software logistics/object: Software maintenance can be viewed as
""in-service development,'" so logistics costs run exactly parallel to develop-
ment costs. Proliferation has an acute effect, because specialists cannot
be afforded to handle the whole inventory.

45. Quantities/object/laissez faire: Only one source per computer.

46. CQuantities/object/Accreditation I: Within the context of a single
source per computer, this was rated average. However, the sub-panel noted

that second sourcing is applicable to this category and would raise the
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availability.

47. Quantities/object/Accreditation II: The feeling was that this
strategy, if successful, vould generate sufficient redundancy of suppliers
to cushion any failures among them.

48. Quantities/object/Accreditation ITI: Rated good because multiple
sources arc available.

49. Quantities/object/Standardization I § II: These are only average
with single sources. lowever, with second sourcing they share the advantages
of Accreditation 111,

50. Industry participation/object/laissez faire: By definition, this

strategy permits the Program Manager to design his computer acquisition to

get what he wants, It should be noted that this does not necessarily

[ RO ST T

maximize competition, '1
51. Industry participation/object/Accreditation I: This is similar in

business prospects to other single deéeloper strategies, but is generally é

with lower production prospects.
52. Industry participation/object/Accreditation II: The supplier foots

the whole development bill, and still has to enter a Chinese auction to get

any business. 5
53. Industry participation/object/Accreditation III: The supplier must

compete at least twice and contribute investment in development. This has a

slight edge over Standardization I in that there is more than one winner of

the last round. b
54. Industry participation/object/Standardization I: Poorer than

Accreditation III because there is only one winner of any profitable business.
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55. Industry participation/object/Standardization II: This more
conventional approach limits the investment required for a contractor to
win the pot. This applies also to second sourcing.

56. Industry participation/object/Standardization I with second
sourcing: This raises industry's willingness to participate because a
loser can now get a second chance,

57. Tgchnological currency/object/laissez faire: Good, because con-
current development is always an option.

58. Technological currency/object/Accreditation I: The Program
Manager is still free to choose the latest technology.

59. Technological currency/object/Accreditation II: Rated as average
because sometimes the Program Manager will have to take an option that is
not the latest vintage.

60. Technological currency/object/Standardization 1 § I1: A central
buy holds off new developments until justified on a total life cycle cost

basis.

61. ilardware development/source/laissez faire and Accreditation I:

Sece premise 8. Sub-Panel 3 agreed that there should be a reduction in cost

here relative toc the object level, but were unable to agree on any change
in the overall ranking of strategies for this criterion,

62. Hardware production, hardvare logistics & quantity/source: These

are identical to the issues at the object level.

03. Softwarc development and software logistics/source: Admissibility

of more architectures increases software development cost for all categories

except laisscz faire. Laisse:c faire remains the highest in cost, but the

difference is no longer as significant,
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64. Industry participation/source: Commercial VLSI computers can be

inexpensively militarized, and this fact would increase participation where

e g Ty

it was otherwise discouraged by heavy investment. The sub-panel was unable
to agree on any change in rankings.

65. Technological currency/source: Militarization of the latest

T T T T T Ay

commercial models will improve currency for the laissez faire, Accreditation I,
and Accreditation II strategies. These three had already been rated the high-

- ¢st at the object level.

66. Box level: The sub-panel observed that the central buy strategies,
Accreditation III and the two Standardization strategies, really assume box
level standardization, while the other strategies preclude it. Nonetheless,
a matrix at this level was hurriedly prepared in the closing minutes of the
session, and is presented without further notes of justificaticn, save the
next.

.67. Hardware development, hardware production, hardware logistics, and

quantities/box: Costs improve with second sourcing.

4,7.6 Conclusions --

1. Central buy stratecgies are best for hardware development, production
and logistics costs. This is because central buy strategies do not permit the
development of a new computer until it is fully justified on a life cycle cost
basis versus continued use of its predecessor(s). These strategies therefore
minimize the frequency of computer developments, maximize the production runs
for each and minimize the number of types in the field.

2. Architectural standardization is the key procurement attribute for
moderating software costs. By permitting the development of mature software
production enviroments, it has a strong effect on moderating software deve lop-

ment costs; and considering the more reasonable requirements for maintenance
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personnel as w:ll as the environmental benefits, it has a very strong
effect on noderating software logistics costs.,

3. Sub-Panel 3 expressed concern that the cleanness and feasibility
of source level standardization not be overstated. True HOL compatibility,
as defined in para 4,2, cannot be achieved without stringent controls on
machine architecture (word length, number representation, arithmetic details,
etc.) Lifetime maintenance of source level code is rare and hard to enforce.
Assembly level code will continue to be needed -- as a minimum for 1/0
routines, interrupt handling, resource management, and diagnostics -- and
these requirements will grow as code is written to control distributed
systems. The debugging stage of software development continues to require
knowledge of machine architecture. Thus, standardizing at the source level
falls short of generating many of the advantages of ISA standardization.

In any case, the relative ratings at the source level are much the same
as at the object level for the criteria considered by the sub-panel.

4. Multiple sources in production constitute a mixed blessing whose
benefits grow with production volume. Dividing production volumes several
ways increases costs, but competitive pressures reduce them. Commonality at
the form, fit, function and interface level exacerbates hardware logistics
costs; while commonality at the build-to-print level leads to extra non-
recurring hardware costs to ensure full interchangeability, a set of problems
with which industry has almost no successful experience., Advantages of assumed
availability are of secondary importance.

5. As the Congress insists on more and more competitive procurement
strategies, it should be remembered that these are likely to be less and less
attractive to industry. In particular, N developers - 1 producer requires

discouragingly heavy investment, and Accreditation II looks unrecasonuby
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risky under most circumstances.

6. Although the less restrictive strategies abet the attainment of
technological currency, it was not regarded as a criterion of major
importance.

7. The sub-panel felt that all strategies other than the central buy
methods really preclude box level standardization. Note that this view
was not held by sub-Panel 1, the other sub-panel that found standardization
level to be a factor. They felt that Accreditation II also applied to the
box level.

8. As VLSI technologies become predominant in military computers,
the criteria for selecting procurement strategies will change. Hardware
development costs will generally increase, while hardware production and
logistics costs will diminish sharply. Software considerations will not
generally be affected. The militarization of commercially available com-
puters, whose chip designs and fabrication masks are in place and whose
software development environments have been paid for, will become increas-
ingly attractive.

9. As sub-Panel 3 worked tnese issues, there was no tendency toward

concensus for any one procurement strategy across the services.
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4.8 General Conclusions

The following conclusions are in addition to those found in
paras. 4.5.6, 4.6.6 and 4.7.6.

1. Accreditation relates to acquisition strategies rather than to
an extent or level of standardization. Accreditation includes the process
of certifying that a product mects a standard.

2. The success of an accreditation strategy will be driven by such
factors as

a. Hardware/software standardization

b. Ability to satisfy DoD weapon system requirements

c. Acceptance by DoD and industry

d. Life cycle cost

e, Availability of qualified personnel

Taken as a group, the two standardization practices appeared advantageous
with respect to more evaluation factors than the group consisting of the three
accreditation strategies. To determine the optimum strategy for a given
weapon system would require a weighting of the criteria specific to that
system.

3. Although a significant 'data base of issues relating to acquisition
strategies for standardization was addressed and evaluated in a short period
of time, more work is needed. Analyses conducted in depth with reference to
hard data resources are also required. For example, the degree of industrial
responsiveness and breadth of competition under each of the acquisition
strategies deserves further quantitative analysis.

4., There has not been sufficient study to define and implement a single

acquisition policy. Nevertheless, the potential exists for common embedded
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i computer acquisition strategies across all four services, If there were ;

. a single acquisition policy, it would cither have to accommodate both central 4

b . . e :
buy strategies and strategies employed for specific weapens systems, or d
compromise the advantages of both.
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5. RECOMMENDATIONS
1. The panel recommends that the data base of acquisition/accreditation g

issues developed at Monterey II be used as the basis for further study,

{ o Lk o gl

T e

leading to the selection of computer acquisition strategies best able to
achieve the benefits of standardization,

2. Studies of computer designs should be conducted to determine the
impact of standardization level. These designs should include those capable

of direct HOL execution. The level of detail should be sufficient to fully

el

expose tre implications to development, life cycle cost, and support of

such designs.
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ACCREDITATION CONCEPT - GENESIS

ASN(RE&S) EMBEDDED COMPUTER REVIEW PANEL i
PANEL RECOMMENDATIONS - OCT 1978 REPORT i

1. STRENGTHEN/TIGHTEN MANAGEMENT OF COMPUTERS IN THE NAVY
2, ACCELERATE NEW EMBEDDED COMPUTER SYSTEM | : i
3. REGARDING THE UYK-7

A. DO NOT ADOPT THE RECOMMENDED UYK-7 IMPROVEMENT.

B. INSTEAD, ACCELERATE THE DEVELOPMENT OF THE NEW
NAVY EMBEDDED COMPUTER (NECS), i

C. IF NECS IS TOO LATE, DISTRIBUTE ANY OVERLOADED . l
UYK-7 FUNCTIONS TO OTHER 7's OR 20’s,

D. IF C IS NOT FEASIBLE, HOLD A COMPETITION FOR AN
EMULATED UYK-7/UYK-7 UPGRADE,

4, ADOPT A POLICY OF MOVING AWAY FROM TIGHT STANDARDIZATION

i bk i 3 ol ' AR AN N L e b s

A. TECHNOLOGY WILL YIELD THIS EVENTUALLY,
B, EXPEND R/D TO ACCELERATE THIS MOVE,

i
i
3
ki
1

NECRP REPORT




DEFINITION

ACCREDITATION: A LIST OF ACCEPTABLE COMPUTERS IN A

PERFORMANCE RANGE, AS OPPOSED TO ONE COMPUTER IN A

PERFORMANCE RANGE, WHICH IS STANDARDIZATION,

NECRP REPORT
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STANDARDIZATION

POLICY - 1 COMPUTER FOR A GIVEN PERFORMANCE
RANGE

REASON -  OPERABILITY ABOARD SHIP

OPERABILITY -  RELIABILITY + MAINTENANCE
AIDS + PEOPLE + PARTS

NECRP REPORT
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OBJECTIVE

THEME -

SOURCES

ACCREDITATION STUDIES

- OBTAIN INDUSTRY CONCEPTS AND ANALYSES ‘
IN SUPPORT OF WORKABLE ACCREDITATION i
APPROACH

TO PERMIT THE NAVY TO OBTAIN THE BENEFITS ,
OF NEW TECHNOLOGY AND QPEN COMPETITION AS :
FREQUENTLY AS " JSSIBLE WHILE AT THE SAME
TIME SATISFYING OPERATIONAL REQUIREMENTS,
MILITARY LOGISTICS AND COST CONSTRAINTS

-~ FOUR SEPARATE STUDIES AND VIEWPOINTS




| 4 i

AS A MINIMUM THE STUDY SHALL CONSIDER THE FOLLOWING 1SSUES

o REQUIREMENTS FOR OPERATIONAL AVAILABILITY. RELIARILITY,
MAINTAINABILITY

o LOGISTICS SUPPORT, SPARES, PERSONNEL, TRAINING 1
o] ENVIRONMENTAL REQUIREMENTS

a4

o] OPERATIONAL PERFORMANCE REQUIREMENTS
o QUALTFICATION AND TESTING

VY

o PERTINENT TECHNOLOGY TRENDS

o ABILITY OF RELIABILITY/MAINTAINABILITY IMPROVEMENTS TO
DIMINISH LOGISTICS CONCERNS

o APPROACHES TO LOGISTICS COMPATIBILITY - BOX LEVEL F3,
STANDARD MODULES, LEADER/FOLLOWER CONTRACTS, ETC.

% o COMMERCIAL DEVELOPMENTS

B sldrwess

o] CRITERIA FOR ACCEPTANCE AND RETENTION OF COMPUTERS i
ON ACCREDITED LIST L

o LIFE-CYCLE COST AS ACCREDITATION CRITERION

] o FREQUENCY OF INTRODUCTION OF ACCREDITED COMPUTERS -~ AT ;
g REGULAR INTERVALS, AS REQUIREMENTS DEVELOP, ETC.

o PRACTICAL LIMITS ON NUMBER OF VENDORS AND/OR COMPUTER ;
; TYPES

o LIMITS OF APPLICATION OF ACCREDITATION CONTROLS TOC
DIGITAL PROCESSING DEVICES

o ACQUISITION/CONTRACTUAL STRATEGIES FOR OBTAINING
ACCREDITATION CANDIDATES

AR B ]

o SOURCES OF FUNDING FOR DEVELOPMENT AND QUALIFICATION - B
COVERNMENT OR INDUSTRY

o PROMOTION OF COMPETITIVE ENVIRONMENT

o TRANSITION FROM CURRENT NAVY PRACTICES TO ACCREDITATION
-- APPROACH AND TIMING

Vil 2
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POLICY/IMPLEMENTATION EXTRACTIONS FROM STUDIES

1 o  IMMEDIATELY TO FSED

o 2 TO 4 FSED FOR PERFORMANCE RANGE

o  RE-DEVELOP EVERY “5" YEARS (WITH CONSTANT CHANGE RATES)
o F3/ISA STANDARDIZATION (ISA—= HOL)

o 2 OR MORE PRODUCERS PER PERFORMANCE RANGE

o VISIBLE LCC, VENDOR ROI/PAYBACK & EFFECTIVENESS BENEFIT
ANALYSIS AGAINST EXISTING ACCREDITED COMPUTERS

o  INCLUDE MICRO & SIGNAL PROCESSOR PRs
o  INCREASED NAVY PRODUCT MANAGEMENT

o VERTICAL LINK SYSTEM/PLATFORM/PROCESSOR & NAVY-WIDE
LEVELS WITH LCC & MOW ANALYSES
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é UNRESOLVED ISSUES
|
o ACCREDITED COMPUTER LINE | g
, - STILL HAVE TO RECOMPETE FOR EACH BUY
3 - PIECEMEAL BUYS :
| - NO MARKET CERTAINTY ;
| - SPECIFICITY OF CRITERIA FOR LIMITING
THE N‘TH + 1 OFFER ‘ 5
o LOGISTICS IHPACT :
~ MULTIPLE SOURCES |
- MAINTENANCE DIFFICULTIES |
- TRAINING f
~ SPARES | é
R
|
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- ACCREDITATION PREREQUISITES

NO INCREASE IN LCC
- AND -

NO INCREASE IN MANPOWER NUMBERS OR
QUALIFICATION/TRAINING REQUIREMENTS

- AND -
NO REDUCTION IN OPERATIONAL AVAILABILITY
- AS COMPARED TO STANDARDIZATION -
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- LOGISTICS
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LACK OF SPARE PARTS IS SINGLE LARGEST CONTRIBUTOR

~ T0. COMPUTER DOWN TIME AT SEA

ACCREDITATION WILL REQUIRE INCREASED (OVER STANDARD-
IZATION) ON-BOARD SPARES TO MAINTAIN GIVEN LEVEL OF
OPERATIONAL. AVAILABILITY

OPERATIONAL AVAILABILITY MUST BE MAINTAINED

CONTINUED SHORTAGES OF HIGH GRADE, HIGHLY TRAINED
COMPUTER/ELECTRONICS MAINTENANCE PERSONNEL PROJECTED
THROUGH 1386 AND BEYOND

vACCREDITATION'NILL INCREASE MANPOKER/TRAINING

RECUIREMENTS FOR SHIPBOARD COMPUTER MAINTENANCE

NEW R&M TECHNOLOGY AND MILITARY PERSONNEL POLICIES
WILL BE NEEDED TO OFFSET THIS BURDEN

MORE EXTENSIVE USE OF SfANDﬁRD/ACCREDITED,PROCESSORS

IN PLACE OF NON-STANDARD PROCESSORS AND SPECIAL PURPOSE |
DIGITAL ELECTRONICS COULD SIGNIFICANTLY REDUCE OVERALL

SYSTEM MAINTENANCE TRAINING AND SPARING REQUIREMLNTS
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! 1
1 LIFE CYCLE COSTS :
g o ACCREDITATION WILL INCREASE NON-RECURRING 1
g ACQUISITION COSTS, F.G., MULTIPLE DEVELOPMENT, |
g PRODUCTION LEARNING CURVES, ETC. |
$ o ACCREDITATION WILL INCREASE MANPONER :
3 TRAINING AND EQUIPHENT LOGISTICS COSTS :
: o ACCREDITATION MUST LOOK TO PRODUCTION COMPETITION |
| COST BENEFITS TO OFFSET OTHER COST BURDENS |
g o VALUE (COST PERCENTAGE) OF MARKET COMPETITION |
g NOT DETERMINISTIC, BUT FIGURE COULD BE "ESTAB- |
g LISHED" FOR ACQUISITION DECISION PURPOSES g
o "ESTABLISHED" MARGINAL VALUE OF COMPETITION |

CAN PROVIDE UPPER LIMIT CUT OFF POINT FOR

DETERMINING NUMBER OF VENDORS TO ACCREDIT.

LOW BID ON COMPUTED LCC FORMS BASELINE.




]

SOFTWARE COMPATIBILITY

o  SOFTWARE COMPATIBILITY AMONG ACCREDITED |
COMPUTERS IN A PERFORMANCE CLASS IS A §
NECESSITY

o  NEAR TERM - USE THE PROVEN, ISA COMPATIBILITY %
MECHANISM WITH STANDARD HOLS ]

|

o LONG TERM - MOVE TO THE HOL LEVEL
- DIRECT HOL MACHINE (ISA = HOL)?
- IL MACHINE (ISA = IL) WITH STANDARD HOL?
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POSSIBLE ACCREDITATION PROGRAM OUTLiJE

o ESTABLISH MODEL FOR COMPUTING/COMPARING LCC OF g
CANDIDATE ACCREDITED COMFUTERS ;

o DEFINE MINIMUM ESSENTIAL F3 SPECS FOR ACCREDITATION,
i.e., PACKACE, ENVIRONMENTAL, I/O AND SOFTWARE
INTERFACES, PERFORMANCE, R&M, ETC.

o AGGREGATE EMBEDDED COMPUTER REQUIREMENTS PER PERFORMANCE
CLASS FOR 3-5 YEARS TO ACHIEVE ATTRACTIVE MARKET

o SOLICIT PROPOSALS FROM INDUSTRY FOR TWO OR MORE
SUPPLIERS PER PERFORMANCE CLASS

o CBTAIN PRICE QUOTES FOR VARIOUS PRICE/PRODUCTION _ E
RATES AND QUANTITIES '

CONTRACT QUANTITIES/VENDORS TO MINIMIZE JOINT BUY LCC

é' o LIMIT JOINT-BUY LCC TO FIXED MARGIN OVER SINGLE ;
- LOWEST BID LCC., THIS WILL LIMIT NUMBER OF SUPPLIERS. ]
F SINGLE SUPPLIER IN PERFORMANCE CILASS MAY RESULT

: WHERE MARKET IS TOO SMALL TO SUPPORT MULTI-VENDOR,
SPLIT-MARKET COMPETITION

o LIMIT COMBINED MAINTENANCE/TRAINING AND SPARING
REQUIREMENTS OF NEW ACCREDITED COMPUTERS TO NOT ﬁ
GREATER THAN THAT OF THE EXISTING COMPUTER(S) TO 1
BE DISPLACED. THIS WILL ALSO CAP NUMBER OF SUPPLIERS.

CONTRACT FOR VENDOR PRODUCTION RATE/QUANTITY
REINITIATE CYCLE AT 3-7 YEAR (5 YEAR?) INTERVAL

PROHIBIT/DISCOURAGE OUT-OF-CYCLE ACCREDJTTATIONS
FROM INDIVIDUAL SOURCES, EXCEPT PERHAPS FOR '
EXTRAORDINARY, UNFORSEEN TECHNOLOGICAL BKEAK- i
THROUGH. MUST STILL SHOW OVERALL LCC WIN IN FACE
OF MARKET DISRUPTION. TREAT SPECIAL REQUIREMENTS
WITH WAIVERS,

REVIEW/UPDATE ACCREDITATION CRITERIA PERIODICALLY
KEEP INDUSTRY APPRISED L
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1. OBJECTIVLE
Evaluate existing software cost estimating models ana
recommend to the Joint Logistics Commanders Joint Policy

Coordinating Croup on Computer Resource Management a Tri-Service
approach to improve softwarc cost estimating methodoloayv.

2 SCOPE

The percentage of total embedded computer systems cost that
is allocated to software is increasing. Software cost estimatinqg
mcthodology has never been satisfactory, and it is bcecoming more
critical that a satisfactory methodology be developed. Such a

methodology should:

e Improve the ability to forecast total software life cycle
costs during the Concept Exploration phase.

® Predict software development and maintenance costs during
the Demonstration and Validation phases and during the Full
Scale Nevelopment phase.

® Allowv a standard for evaluation of software components of
pronnsals.

® Provide a means to update project schedule and resource
estimates.

¢ Incorporate evolving software estimating technoleogy and
reflect advances of improved software engineering

technology.

This panel wvas asked to review existing software estimating

models, andl assess each nodel's limitations and bhenefits,
including where models are heneficial and where they are
inadequate. Further, the panel was to establish for vhich life

cycle phases softvare costs could he estimated, and assess the
accuracy of the estimates by phase. The fundamentals of softwvare
cost estimating were to be reviewed, and an assessment made of
the usefulness of parameters and the desirability of
multi-variable alaorithms.

The panel was also asked to determine software cost
estimating needs for each life cycle phase. These needs were to
be estuablished through all phases, and were to be expressed in
tcerms of the use to be made of the model, the output desired, the
desired accuracy of the ouvtput, and the input required to Arive
the model. The means of wusing the nethodology were to be
reviewed, with analyses to include the constraints imposed by
resources, and the probable background of users. The contractual
aspects of using the methodology wvere to be studied and
rccommendations for implementing the methodology developed.
Finally, a software cost estimating technology program needed to
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meet Dol needs vas to he developed.,
2. 1.PPROACH

3.1 Prepearation

The Panel had been provided references (Anpendix C) to read
in preparation for the meeting, prior to the Vorkshop. In
addition, Panel members brought copies of reference material for
use. These references are listed in Appendix D,

The first meeting of the Panel (see MAppendix A for
attendees) started with presentations on individuals' bhackqround,
information on current cost models, indusirial practices, and
automated library practices. Copies of these presentations are
provided in Appendix D. :

3.2 Issues

Based upon the Panel references and the Panel presentations,
the Panel established a 1list of issues which are tabulated in
Table 1. The items in this table express concern in & number of
different ways. The Panel concluded, for example, that most
availlable cost models are deficient in some way. This conclusion
is based on the considerable body of survey information already
available, and it was concluded that additional surveys wvould not
be productive, There also wvas concern that existing models de
not meet all system life cycle needs, do not cover all
software-related functions (e.g., software quality assurance) and
require considerahle expertise to use. Finally, there wvas a
gcneral concern about legal and contractual aspects of the use of
models in the acquisition process.

3.2 1Issue Consensus

The Panel collectively had a broad background and the
members were able to present varying viewpoints on the subject,
as itemized by the issues in Table 1. A list of items on which
the entire Panel could concur was developed. This Jlist is shown
in Table 2. A significant conclusion is that ©DoD has common
Softwvare Cost CLstimation (SCE) necds, the methodology shoulrd he
directed toward embedded weapons systems methodology but that
this SCE methodology wvas not nccessarily implemented in one too)
or model. It was suggested to the Panel that the DoD automated
data processing community was considerina selecting an existina
model as a standard. The Panel concurred that no existing SCE
model or technology would satisfy the needs of the embedded
computer system community. Therefore, it concluded that,
although such an existing methodology or model might be
applicable to automated Adata processing needs, the Panel should
restrict its attention toward an SCE methodology that is directed
toward embedded weapons systems applications. Cince the
methodology would be at the DoD level, it also appears that a

R T T WUPIRELAES, SC ey




T LT I T T e O Y, T N TR S W L TR R T i T S~ ey TSP e e

- _ e T " r———
X X édsn gog pinoys sjuaweitnbaa Aixojejnbax Surjewryisa Jo pury IRYM L2
X X _ iTopow aunyl/ssasse 03 past 23 deq palaJ pInNoys MoH | 9z
X X ST9pow paepuels m.ocﬁuaovm 103 suotstaoad paitnbax aie jeym Gz
X isaajaweaed jo A3TAT3TSUAS 10 uor3ieorrdde uo sTapow aie juspuadsap Moy pe
X X ésTapou ardr3Tnu paau am O0q ¢d[qeraajsuell aq STIpow IS | €2
X X éSTopou pajewoline pue Jenuew yjoq paau am og r 44
X éT9pou 3xcddng ut 330338 pa3jsem I0J juncdde nok op mMoH | 1z
X éispou yo ‘aseyd a1o4d 9FTT .7q ‘s3tTysuaq/sisjaurered aie jeym 1}4
p.¢ ¢hbotouyoay sTy3 JFOo uorjze3zoadxa ajewriIn ST UM 61
X X ¢3T @aey noi 3ouo e3ep T9pow Y3zTM Op noX op IeyM 81
X Z(YD ‘°Hb°3) suorjzouny paeIaI-2IBM3IIJOS I0J pPoposu sSTopow a1y | LT
X éT2pou ® paau nok op aseyd ayoio 3317 waisks jeym 104 91
X1 X X ¢Abotouyosay 3xoddns o3 papasu axe ejep otxlsw eyMm | ST
X X | X ¢STopou I03 papaau aIe ejep paje[ax-sIem3Ios jeym | vl
X ¢STapow I13333q but3l3iab xc3 uerd v sT Jeyp '
X ¢I0J STOPOW 3SOO pasu am op 3eyMm | z1 b
X X ¢S3ddd 3O ssaUaTqeuoseax Iy3z Xoayo nok op moH | 11
X ¢ (sXeaans Jo Asains e 10) popesu Laains Iayjouc ST ot
X duoTqoxd e aq ejep 10 syapouw Axezatadoad TTIM 6
X X ¢19sn 103 pajsnipe sq KBofopoyisuw ued MOH 8
X ¢Adoeanooe 103 suorjejzoadxa aTqeUOSEIX G URD JeyM | L
X | x éaxem3izos 3xoddns 03 s901n0osax HuTpuels 309TISI Poyldw So0p MOH | 9
X Zpoylzauw ut paonpoxjut A3tarionpoxad/Aborouysal pasoidur 21 MOH S
X Ze1Pp IO 13PI1UOD WOIF pajexedas aq ejep god pInoys 1
X ‘ ‘burjeuwr3yss axem3ijos 3jxoddns o3 papssu Aborouyosa3 SdM 9ylL €
X ) é¢3T 03 336 noX op moy-Hurrssurtbua dn-swo3zoq Jo 910X Iy r 4
X UOT3ITUTIap T3pow I03 2xem3jos aind Jo j3Tun ,33ewrl[n, 3JO UOTITUTISQ T
f ao—gns SANSST LSOO TUVMLIIOS

i SRy NN EY VN

e a2 B e G e e, A M T s [t ik, s s bt o, il

sanssI ABoOTOpPoOYlIaW ADS 1 arqel

aF B




T AT TR DT T RS AT T m T T CTIRITY o 3 T T T TR

YT TR T R g L T

-s9o13oead uoT3TsSInboe UT Mou sT9pow JO 3sSn 3AY3 abexnooua pInoys god

. ‘MmOU TOpOW DATSNTOX2 uUe JO asn ay3 asodurt Jou PINOYs god

‘poyazauw uor3TsTnboe a1EM3JOS SOTAISS-TI} ‘UOUMOD © dARY PTNOYS goda

- XboTopoyzau 3OS anbrtun axtnbax sjuaudoT2A3p Sswa3sis papraqud

*spasau IDS I03F ©m>oumeﬂ.mn pInoys pue 3ustOTIAIP ST T88-ALS~-TIW

-suoT3EOTITPOU 33bpng Fo 3oedur adoos ([) pue {uot3atTdulod JO 3SOD I3eWTIS? pue aoueuxogyxad
1o3TUOw (T) £s5403 3O 3Idedur 3d>Tpaxd (y) tsabueyd sjuswaxinbax jo 3oedur 3oTpaad (B) ¢opexbdn
Kbotouyoai jo 3oedur Xyr3uenb (3) :(burppiq pue putuuerd [eTIISNPUT (3) ‘{UOTIDBTIS P 7
uorjedoTITTEnb S0aNnOs (pP) ‘{uUOTILWIISS IDANOS3I WOJ (o) fuot3zoaload 3abpunq (q) {K3TTTIqISE9dF
10BI3U0D I0J To9pou 3s0d we3sds Jo 3jasqus () :I0F pasn 3q pInoys (Abotopoy3iau) TIPOW

* (spoyjauw pue sTapow I03) SIISn TT®e Kq pazoyte3 °q 3snu saajasurexed uorjejdepe pue suot3idunssy
+ (KboTopoyzau ‘suoridumsse ‘paxtnbax ejep)

papexbdn aq pinoys Aborouyoel IDS °*IUSTOTIINS 30U ST STIpPOW JOS I< 3Ie-3Yy3-Jo-3e3s
*apeabdn jeosTuUyOadl 3O

aybT1 ur ABoTopoyldW IOS SATOAS3 pue TOIFUO0D 03 uoTjezTURHIO TEIJU3D B IjeubrSap pInouys IIL
-swoysks pappaque pIemol PalolaxTp aq prnoys Aboropoylsu IAJS @od AUL

-003 axemuwity I03 aprtaoxd pinoys Aboropoyisw IDS aod

«sy9sn pajedrorjue [Te Aq aTgepueisSIIPUN Ar1peax aq prnoys Aboropoyiauw IDS

-a10k0 23TT M/S @Yz 3o soseyd [Te ssaappe prnoys AboTopoylau 3OS

-goa Xq paqiiosaad aq prnoys JOS IOF UOTIOITTOD e3ed

-mou 3STX? jou saop Abolopoyizsw FDS piepuels STYL

-AboTopoyszau IS paepuels e aaey pInoys god

91
ST
LAY
£l
(A4

11
0T

- N M T N W N~ ®

SHALI SNSNASNOD

SWe3] SNsua) Taued 7 ITqel

el A A i sl s b o e e




central organization would be required to control the process ani
improve it as technoloay an? acauisition requlations change.

The Pane) failed to concur on only one point: should cost
data reporting be tied to present financial rerorting. This

could have leqal implications about which the Panel could'” not

achieve a consensus vithout considerable analy: s.

3.4 Issue Resoiution

The issues and consensus items (Tables 1 and’ 2) ‘were divided
into the three principal groups indicated. Three fub-Pancls were
formed, and items Aassigned to the ~ three  Sub-Pinels for
development of appropriate - conclusiont. = The . Sub-Panels

addressed: (1) definition of the SCE ‘methodology requirements:

for all aspects of the system life cycle and the expected use of
the methodology; (2) evaluation .of  bhoth  the existing

methodologies and the Panel's derived requirements, and
recommendations for research and devclopment of the required
methodology:; and (3) legal and contractual implications .
associated with using a DoD - level SCI methodology. The
Sub-Panel findings are provided in Section 4. Ilicmbers of the
three subpanels wvere:
Sub-Panel 1 | " Sub-Panel 3
Life Cycle Sub-Panel 2 ' Contractual
Requirements Model Technology - Considerations
Robert Earnest Roger Bate Marilyn Fujii
Ronald Leask Deane Bergstrom Clell Gladson
Herman Oberkrom Joseph Duquette Richard Latshaw
Richard Page James McCall George Robertson
David Thornell Robert Paulsen Newnam Thompson
David Usechak George Trever

The panel co-chairmen, Dean Hartwick and Robert Berri,
coordinated work among the Sub-Panels. For the remainder of the
workshop, the Panel primarily worked within the subpanel
sessions, with periodic meetings to prepare the presentations to
the entire workshop.

4. DISCUSSION

Many diffcrent software cost estimating models have Dbeen
developed and used by DoD and industry, with varying results.
Within DoD, SCE modelis have most commonly been used to develop
independent cost estimates for budgetary purposes. More
recently, they have been used to evaluate sources and supnort
software developer selection.

Most DoD contractors use software cost estimation models
during proposal activities. In some cases these models are




proprietary and have heen developed  solely by the contractor
organization based on its past development experiences.,  ilowvever,
because of the use by government organizations of once of the
commonly available cost models and because the development of an
accurate cost model is difficult, most contractors tend to  use
one or moré of the commen moldels. ‘The use of softuvare cost
estimation models by contractors is almost always a supplementary
activity to - the treiditional bottoms-up engineering cstimate
generated by the technical contributors to the proposal. TThe
bottoms-up cngineering cstimate can bhe very accurate if the
development is based on similar past experiences of the technical
personnel . The disadvantages of this technique for JLC ust is
its questionable applicability to new or uniaque developrnients and
the requirement that a significant amount of preliminary cdesign
effort is required to effectively make a bottoms-up engincering
estimate. This detail of information is not gcnerally availahle
nor is the time or resources available to generate it early in 3
the acquisition life cycle when estimates are required.

;
!
H
3
3
:
i
3
i

Exe-

b el

The organizations, both government and industry, that are 3
malring effective use of the molels have certain common
characteristics in how they are using the modlels. "hese
characteristics are: :

® The models are used within a cost c¢stimation and
evaluation mwrthodology which tightly controls the input to
and use of the models. These methololegies cause a certain 3
discipline to be enforced and result iIin consistent,
repeatable, and documented uvse of the models. i

t e The nodels have been calibrated and tuned to the specific
i application environment in which they are used.

® The models are used to perform risk analysis and identify
sensitivities and deficiencies,

@ The models only supplement common sense and the ecstimates
of knowledgeable and experienced personnel.

P
el -

@ The methodologies incorporate a concept of evolutionary §
development and refinement of the cost estimation models. :

In Section 4.1, the SCE mcdels in common use by DoD and
industry are summarized according to modeling parameters,
applicability to different life cycle phases, and how closely the
models estimate actual efforts. A series of conclusions are
drawn in Section 4.1, but an ocverall assessment 1is that no
existing SCE model or methodology can even remotely Tte considered
now as a basis for a JLC embedded computer software cost
estimating standard.

TP

One of the characteristic shortcomings attributed to &CE
models is that they have all been developed to satisfy an

Lot pr .
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exirting software development cnvironment. 1In fection 4.2, the
requirements that SCE methodology (including the use of ©CF
modecls) must satisfy to adequately cstimate DoD emberdded computer
softvare life cycle costs are discussed, Three different needs
are formulated - using the CCE mcthodology to prepare long range
budaet cstimates; supporting software acquisition; and to
support software maintenance and enhancement after dceployment.
Additionally, the necessity o©of the SCL methodology to recact to
improved software engineerinaq technology and to satisfy
operational needs are considercA.

All SCE models gain their credibility and responsiveness as
a result of the data used in their development. A shortcoming of
most models is that a coherent and wvell-defined data base has not
been consistently collected or maintained. 1In Section 4.3, this
problem is discussed, and an approach that the JLC can follow to
correct these vproblems 1is proposed. This approach consists of
establishing & single Government agency to serve as an SCE data
repository, and assigning it the task of defining Adata collection
techniques and procedures., Also it is concluded that MIL=-STD
80814 should be modified to better reflect the complexity of
computer software,

A most important consideration in the usc of &CH methodology
is the manner in vhich it should be used. In Section 4.4, the
vamifications of using SCE model results are considered. among
the conclusions drawn there are that SCE methodolcgy should not
be used to dctermine fees and progress payments, [lowever, §SCE
methodology can be used to support source selection and to aid in
Government technical performance measurement.

N final area of Jdiscussion, Section 4.5, relates to the
question of the evolution of SCE methodolegy. That is, given the
prcsent state-of-art and the obvious needs of the embedded
computer software community, what steps can be taken by JLC to
encouraqge technoloqy advancement. It is concluded that
procedures and guidelines should be established to support DoD in
using existing SCE methodoloqy over the next three years, while
JLC should sponsor a technology improvement program to achieve a
common methodology in the next three to seven years.

4.1 State-of-the-Art Of Scftware Cost Estimation Technoloqy

Several extensive surveys of cost models have heen conducter
under DoD sponsorship to assess the utility of current softwvare
cost estimation models. Table 3 identifies six surveys and the
models evaluated during those surveys. Also indicated in Table 3
are the assessment tcchniques utilized in conducting the
evaluation. These assessment techniques include evaluating the
features of tne model, what cost factors are taken into account
in the model, what life cycle phases are covered hy the model,
and how accurately the model predicted the costs of actual
softuare developments.
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These surveys represent cvaluntion of the models {rom
following application viewpoints:

e Manogement information systoems

¢ Command and control

e Data hase management systems - commercial

e Command, controi. communication and intelligence
e Flight dynamics

® Real-time applications

® Space, aircraft, avionics

e Vleapon systems

e Scientific and engineering

e Logistics and maintenance

In sach case a structured consistent evaluation process
utilized., To illustrate some of the findings:

@ Table 4 identifies what cost factors are accounted for

the

was

in

each of the cost models surveyed. Note that no one model
considers all of the factors that intuitively have an impact

on the cost of a software development project.

® Table 5 identifies what cost elements and what life cycle
phases arc covered bhy cach of the cost models surveyed.
Table 6 represents the same evaluation from another survey.

In this case a weight or score was assigned. !llote that

the

phase coverage of the models is limited. Either the model
does not cover the phase or does not cover it in the level

of detail required.

e Table 7 provides an error evaluation of several of

models across three very distinct application areas:
Data

commercial data base managcment system, the Rir TForce

the
a

System Design Center, and NASA/Goddard flight dynamic
systems. l}Note that the models, in general, demonstrated
poor accuracy in estimating actual costs and also their

accuracy varied greatly from one application environment
another.

to

® Table 8 describes the results of an accuracy assessment

within one Aevclopment environment for one application.
findings here indicated that a very simple model, the

The
SCEL

model, developed strictly from local data, was as effective

as more complex and expensive models.,
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TABLE 4.

COST "ACTORS CONSIbERED IN COST ESTIMATION TECHNIQUEI

0ST FACTORS

mry

10M

MITNAM

S0

T

PRICE-S

B0E 1NG

QEVELOPHENT EXPERTISE

PERSONNEL EXPERIENCE AND
AL IFICATIONS

OESIGN PERSONMEL PARTICIPATION (N -
DEVELOMMENT

EXPERIINGE WITH COMPUTER SYSTEM
EXPERIENCE WITII PRORRAMMING LANGUAGE
EXPERTENGE WITH APPLICATION

CUSTOMER. {AVIRONIENT
CUSTOMER (INTERFAGE COMPLEXITY

USER PARTICIPATION IN REMUIREMENTS
NEFINITION

REQU IREMENTS STABILITY

CUSTOMER EXPERIENCE WITH APPLICATION
SECURITY REQUIREMENTS

ODCUMENTATION REQUIREMENTS

MULTIME OPERATIONAL SITES

MATIPLE CONTRACTORS

FORMALITED YVeC

TRAINING OF OPERATING AGENCY

e

COST FACTORS

ooty

GRC

PUTNAN

30

™

PRICE-S

D0EING

DEVELOPMENT ENV IRONMENT
MRER OF PERSOMNEL
DURATION OF PERSONAL ASSIGNMENTS

CONCURRENT MARTMARE/ SOFTWARE
OEVELOMMENT

ACCESS T OEVELOP. v COMPUTER

USE OF MODERM PROGRAMMING PRACTICES
OETAIL OF REQUIREMENTS DEFINITION
DEVELOPMENT VIA INTERACTIVE OR DATCH
NEVELOPMENT AT OPERATIONAL SITE

OPERATIONAL SYSTEM GIFFERENT FROM
NEVELOPMENT SYSTEM

DEVELOPMENT AT MORE TIWN ONE
LOCATION

CAPABILITY OF TONLS AMD AIDS
FUPPORT PERSOMNEL AVAILABILITY
RELIABILITY OF DEVELOPMENT SYSTEM
MANAGEMENT TECINIQUES

STANDAROS AND PROCEDURES

CONF IGURATION MANAGEMERT
INPLENENTATION LANGUAGE HoL/MOL

> MM > >

X = MODEL DIRECTLY CONSINERS FACTOR
| = MIDEL INDURECTLY CONSIDERS FACTOR

Reference:

Junk et al, "Survey of Software Cost
Estimating Te
CIs 010, May 1
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Table 4. Cost Factors Considered in Cost Estimation Technique (Con't.)

COST FACTORS . | POTY | IDM | GRC | PUTNAM | SOC | TRW | PRICE-S | OOEING

TECQINICAL

] MUMBER OF DELIVERED INSTRUCTIONS t | x x| x X X %
MMBER OF PROGRAM MODULES x :
APPLICATION CATEGORIES X
INSTRUCTION MIX
DATA BASE SIZE
COMPLEXITY OF CODE
; OUTPUT/DISPLAY REQUIREMENTS X X
RESOURCE CONSTRAINTS x | x| x
TECINOLOGY LEVELS . X
MOOIFICATION OF EXISTING SCFTWARE ' x{ x
FIRST SUFTWARE DEVELOPED ON CPU X X
MUALITY REQUIREMENTS X

M 2 3

»
MM P > == W
>

- 34 M

SCIEDWLE

ELAPSED TIME 1 x X
MILESTONE PLACEMENT : X

X = HODEL DIRECTLY CONSINERS FACTOR ! SECONDARY RELATIONSHIP 7
[ = MODEL INDIRECTLY CONSIDERS FACTOR ]
P = MODEL PARTIALLY CONSIDERS FACTORS

AT M C R A s Lo

TNk RELad e SRSl MBaeaossie. (sl oaiand




TABLE 5. EVALUATION OF COST

ESTIMATION MODELS AGAINST SELECTION CRITERIA

Q
V)
5‘"
&7
A
- (3
3URVEYED MODELS 5 4
1. Dob, MICRO LEVEL GAREE s
2. DoD, MACRO LEVEL IEHEEE
3. ARON-IBM x| |sKFIE[E]s S & pP|v|¥
4. RADC, S.P. SERIES x| |s s B B PP | ¥ |r]¥
5. MYERS-IBM x| Isisk@ls]|s ’ PP | v |¥]
6. MALONE-IBM XFIEIPIE P S Ole RE | »
7. GRC-FEFINED DISAGGRE- |X s RE | ¥ |¥|V 1]
GATED
8. GRC-AGGREGATED x| ISIEIE P s e & PP | v |¥]
9. TELCOLOTE b4 ARG 9, RE | v
10. DOTY/PUTNAM-ESD P RIGISSN RE*] v |v]v ]
11. GT: SYLVANIA RN ) PP
12. SCHWARTZ-CSC s|sfEl® s AF
13. HANSEN-SAMSO XIE|r[p|P 5 RE | v
14. PRICE X 126 QPP %
15. RCA-INTERIM STANDARD s|s s|s cler | |
16. BOEING COMPUTER x PEPRGE O PP | v
SERVICES
17. SDC COST ESTIMATION x P ) PP | V|17
METHOD :
18. HAHN & STONE-MITRE X 2 v o
*COMBINATION OF REGRESSION EQUATION AND PUTNAM MODELS LEGEND
“ggzaaz:?iggggg PROGRAMMER PRODUCTIVITY AND ARITHMETIC P — PRIMARY COST ELEMENTS
se#p SINGLE PRIMARY COST ELEMENT 1S ALLOCATED BY S - SECONDARY COST ELEMENTS
EXTRAPOLATION TO THE LIFE CYCLE ACTIVITIES PP ~ RGGREGATED COST ELEMENTS
SS ~ AGGREGATED COST ELEMENTS
Reference: Bratman, "Analysis of Cost AF - ARITHMETIC FORMULA MODEL
Estimation Models," SDC-TM-L-6132, PE - PUTNAM'S EQUATION MODEL
16 June 1978. PP - PROGRAMMER PRODUCTIVITY MODEL
RE - REGRESSION EQUATION MODEL
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TABLE 6. SUMMARY OF MODEL COMPLIANCE

WITH AIR FORCE ESTIMATING REQUIREMENTS

B i e e L L e R TR

W s = s

the particular estimating requirements.
nominal satisfaction of the requirement.

Reference: Thibodeau, "An Evaluation of Software
Cost Estimating Models", RADC TR-, February, 198l1.°

13-

%5.
& &8 *nwel =98 K
& © A H H O 4
ESTIMATING SITUATION A 8 8 § % I I~
1. CONCEPTUAL
Scope 2 4 1 v3 4
Detail 5 5 5 4 5 5 5
2, CONCEPTUAL
Scope 2 4 4 1 3 5 4
Detail 4 4 4 5 5 4 4
3. CONCEPTUAL
Scope 3 4 4 2 4 5 4
Detail | 2 4 3 2 4 3 3
4., VALIDATION
Scope 3 3 4 2 4 5 3
Detail | ' 1 3 2 1 3 2 1
5. FULL SCALE DEVELOPMENT |
Scope 3 3 4 3 4 5 3
Detail | 1 3 21 3 2 1
NOTE: Numbers indicate degree to which the model satisfies

5 indicates
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TABLE 7. SUMMARY OF MODEL ESTIMATING PERFORMANCE
RMS ERROR*
MEAN PROJECT SIZE
D A T A S E T
MODEL TYPE COMMERCIAL  DSDC SEL
REGRESSION
A AEROSPACE 1.35 2.11 0.605
B DOTY ' 1.05
C FARR & ZAGORSKI 16.9
D TECOLOTE 4.36 ’
E (Recalibrated) 0.643 0.933 0.309
HEURISTIC
F BCS 0.787
G DoD MICRO 1.26
H PRICE-S 0.383 1.44 0.297
I TRW/WOLVERTON 0.927
PHENOMENOLOGICAL
J SLIM 0.246 0.216 0.865
1 N
*RMS ERROK = [ & .}E: (acty -gsty)2]"
1=}

Reference: Thibodeau, "An Evaluation of Software Cost
Estimating Models," RADC TR-, February 1981.
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TABLE 8. AVERAGE % ERROR FINDINGS
f * MODELS | ' AVE % ERROR* ;
DOTY 80
WALSTON-FELIX 16 1
TECOLOTE 19 3
; GRC AGG 112 :
SLIM 13 ,E
P PRICE-S 20 ;
! SEC 16 1

! * Applied to 8 actual projects.

v g

Reference: Cook, "An Appraisal of Selected
Models for Software Systems", NASA X-582-81-1,
December 1980.
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e Figure 1 illustrates a comparative evaluation of the
effort-time trade-off between three models. The Putnam
model and PRICE-S model are the orly models which recognize
this tradc-off.

The conclusions drawvn {rom these surveys are as follows:

Conclusion 1: The statistical confidence vith which one can
use the current cost estimation models is quite low. The
demonstrated accuracy of current cost estimation models is
insufficient for JLC application.

Conclusion 2: The current cost estimation models'
performan~e varies greatly from one devclopment environment
to another and from one application to another.

Conclusion 3: The current cost estimation models do not
typically cover all of the life cycle phases of a software
product in the required level of detail.

Conclusion 4: The current cost estimation models do not
typically cover all of the cost elements in the required
level of detail nor are they related to the Vork Breakdown
Structure of the development.

Conclusion 5: Complicated models have not proven to perform
better than very simple models.

Conclusion 6: The burden of an accurate estimate is on the

1R B e T

i’ calba N - . ~ ’ .
i PESVROT SEEGETRPE TGS, TR SO .

user. The current models require full understanding of
their characteristic hehavior to a particular environment
even though this behavior cannot be logically related within
the model to specific characteristics of the development
environment.. The user is also required to fully understand
the definition of the input parameters even though user
documentation for the models is typically poor. In order to
minimize estimation error the user must do extensive
calibration and tuning of the models.

Conclusion 7: Current cost estimation models are bhetter
able to satisfy needs of JLC early in acquisition life
cycle.

Conclusion B8: No one current cost estimation model
satisfies all of the JLC cost estimation necds.

conclusion 9: Reliable historical data for model
development or validation is almost non-existent.

The following technology needs exist bhased on this

assessment of the present state-of-the-art of sofcware cost
estimation models:

om0
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Conclusion 10: A softwarc cost estimation (SCE) methodology
(including dcfinition of SCE models) should be developed
which covers the life phases completely hy providing the
required cost estimation informmation to the user bhased on
data available at . hat time in the acquisition 1life cycle.
They should be adaptable to development environment,
application, and software development methodology, and be
capable of being automated, with tools to support decision
analysis.

Conclusion 11: Basic research should be conducted into
techniques, determining parameters that characterize the
software development environment, and the influence of
application environment upori cost model accuracy.

Conclusion 12: VWhile no more surveys appear to be required,
additional evaluation of why the current models per form
differently in different application and development
environments would provide additional insight.

4.2 DoD Software Estimating Requirements
4.2.1 Life Cycle Considerations

Software cost cstimates are typically of two classes:
software lifecycle costs for a specific system, and cost and
schedule for a specific change to the software of the specific
system, Prior to developing recommendations for an overall &CE
methedology, the issue of what ©CEs are required at various
phases in the system life cycle (Figure 2) in order to support
budget actions and management program planning must be addressed.
Within the various phases of the software system life cycle
certain types of information are needed to provide costing
~stimates. These estimates can then be used for system life
'ycle cost estimating and budgeting.

An SCE methodology can be used in Concept Exploration to
perform cost/riskx assessments. This is the first opportunity to
examine longer range costs of softwarc, given a reasonable,
though imprecise system concept together with aross functional
allocations of hardware/software. The SCE methodology, used with
a historical data base of cost information. can be used to
formulate rough estimates of system cost and potential risk in
development., A model is needed to generate the above output
during the early phases of the system 1life cycle. Pifferent
types of data are required for this early process. First a need
or operational reqguirement should have been stated wvhich as o
minimum should contain system performance testing requirements,
and support philosophy (i.e. maintenance and manning) .
Secondly, the type of (hardware and software) technology
anticipated for use on the program must be included. Thirad,
histerical system data derived from past similar systems,
technologies, and methodologies should be included tn form the
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initial cost estimating base. Figure 3 1is a graphic
representation of this. At the end of any of the software system
life cycle phases and before the start of the next phase, more
refined cost estimate data are required in order to allov for
appropriate decisions.

In the Demonstration and Validaticon phasze, SCE methodology
can he used to assist the Government/Contractor in cstimating the
cost of a particular system design on e¢ither a near-term
development basis or a 1longer term 1life cycle cost basis.
Variations of the desian can also be tested for cost scnsitivity
and allocations of functions can Yhe shifted from across the
hardware/software boundary to reach an acceptable system cost
advantage or COS;/benefit tradeoff. As a new technology or
design approach is considered, SCE methodology can assess the
cost advantage of a new "strawman" design in comparison with
earlier technology. The types of input and output data rcguired
for this detailed estimation are shown in Figure 4.

As a system follows the acquisition cycle as given in Figure
2, a more detailed cost estimate is needed very early in the
Full-Scale Development phase: NAs the rddecision is reached to
build a particular item in the Full Scale Dovelopment phase, more
accurate assessments of cost/performance can be made through
hardwarc/software oallocations and tradeoff analyses. The basic
design is unfolding and the results of analyses become more
precise and firm. The hardware/software design is more visible,
and histeorical data being - acquired during the course of the
contract are more exact. lHowever, the same methodology shown by
Figure 4 can be used, merely using the better input to improve
estimates. The SCE methodology c¢an expose preferred design
approaches as various parts of the system are more finely tuned.
It this point, the most cost~effective approach should appear in
terms of development potential.

During the production phase, SCE methodology can be used to
assess all cost impacts due to the many late changes that must be
incorporated intc the production design. Incorporating multiple
software changes 1into the production version of the system may
become increasingly complex because of the necessity to integrate
modified CPCIs into a finished software peckage. lere, SCL
methodology assists the Government/Contractor in assessing the
overall cost impact of late, and possibly voluminous, changes to

production versions of system software. During software
maintenance, especially for large-scale ground based systems

deployed in widely dispersed geographic locations, o¢xtensive
support resources can be required to maintain system scoftware.
SCE methodology should be applied to determine the long term cost
of support services. Pecause of the critical requirement for
weapon system readiness, adequate staffing with skilled personnel
implies a costly continuing training and retraining activity to
be carried on throughout the system life cycle.
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As soon ae configuration updates are required to baseliner
software, therc 1is a neced for management to accurately estimate
the cost and schedule associated with each varticular update s
well as the impact that the update may have on the softwvare life
cycle cost. The methodology that 1is needed to fulfil]l that }
requirement is shown 'in Figure 5. The mcthodology would have as
input data uniquely associated with the software update in i
question. The specific characterics of the software would be
quantifiable in detail, as would the testing requircments, the
capabilities of the testing facilities and tools, as well as the 4
qualifications of the personnel involved in the update process. i
As DcD systems become increasingly integrated with each other,
the methodology must account for the influence of systems
interoperability requirements as well as mandated schedules for
the completion of the update. The output should be an update ,
cost and a schedule which is apportioned into the functions or o
phases as shown. Separate local user adaptation of the o
methodology should be authorized to allow the system program
management personnel to develop cost and schedule estimates for
elements or subsets of the total system update for internal ,
planning and management purposes. 3

Conclusion 13: Based upcn an evaluation of the intended use
of the SCE, and the available input data during the system
life cycle, it is determined that three classes of software
cost estimating methodology are nceded. SCE methodology is
needed during the Concept Exploration phase when input data
are limited to historical 1life cycle data on comparable
; systems, The second level of SCL methodology 1is an
; enhancement/refinement of the first in that it incorporates
: estimates based upon specific design characteristics of the
system as they evolve during the development process. The
primary output is an estimated system/softviare 1life cycle
cost. The last level of SCE methodology uses actual
historical data on the specific system and is used to
estimate cost and schedule associated with specific software
, updates. Al)l of the software cost estimating methodologies
H should be usable av the location of the organization having
. management responsihility for the software.

bl i MM i 3o s . .
it St " | il i o L w..mﬂ..‘m‘.:wu;.m::)m 1 L AT e wll

4.2.2 DoD Goals

& A major element of the DoD SCE goals is establishing a P

reasonable, representative, and standardized SCE methodology. L
3 This is not to say that DoD should select a specific model of the L3
| current state-of-the-art and declare it a standard. The Panel '

concluded that there are many dangers in doing this. The Panel
: believes that DoD would be better advised to specify the general 3
& procedure for estimating software costs (i.e., major activities E
;| model selection, model documentation, estimate documentation and
management actions required to use the results of any software
¢ cost estimating effort). The establishment of this estimating
4 methodology should be in concert with the data collection goals
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and should make use of the data collected to "fine-tune" current

models and develop new models. The model/methodology development j
should possess the following attributes. ‘ 3
f ® Open discipline - A procedural envelope could be decfined ?

S in which rationale for specific model selection and exercise
P is provided. This allows flexibility 1in estimating while
providing a disciplined approach +to the development of 2
software cost estimate.

e o 5

E‘ e The use of multiple models - It should he pointed out that
. the term methodology is meant to imply the approach that is :
- taken to employ specific €ESCE nodels. This methodology 3
should allow for the employment of a number of models as
, required by life cycle phase or for application. This
: attribute will alicw for a best-fit situation and yield the

most accurate results.

Ty

b ad b

Y TE TS

® Reproducible - Given the same situation and the same data,
two independent activities should be able to produce the
same estimate of cost. This attribute provides for accuracy
assessments and auditability in the software cost estimating
exercise. In providing swch an attribvte, comparative
trade-off studies are enhanced, source evaluation |is
expedited and continuity in program monitoring activities 1is ]
achieved.

TR NPT RORE LS IR

® Living llethodology - ‘Thatever methodology 1is chosen, it
3 must constantly be updated to reflect the current state of
] software technology. This attribute 1is achieved though
institutionalizing methodology, and through Dol
instructions, manuals, regulations and standards. These
should be constantly updated to reflect the results of _
current research in the SCE activity. f;

s C

b o R bt A e ot adndl et ne

werka. I

§ Another DoD SCE goal should be the encouragement and support
i of software cost estimating research. A comprehensive DoD SCE
technology development plan should bhe developed, identifying SCE =
research requirements into the future. The DOD centralized group L
should be charaed with the management of this plan and be .
provided with sufficient resources to accomplish the objectives ;

of the plan. Clearly the SCE technolcgy research should address
itself to near term, interim, and long term objectives, all of i
which support the data collection and nodel development :

activities.

i b Ll

There are certain oecneral characteristics vvhich SCE models ;
should have in order to be wuseful and cost-cffective in the !f
variety of applications expected of then. Some of +these are g
listed Dbelow. Special mention should be made of the general i
finding of surveys of present SCE models that they are sensitive f
to the development environmment. It is clear that, for management p
of development programs, models that contain adjustable }




parameters to reflect different environments are appropriate, but

there is a need for models that compute the “should-cost" amount
for the best possible environment in order that the government _
shall have a standard against which to measure development .

environments of vendors.

Before a model is admitted to general use, there should be i
adequate testing against an appropriate set of different software ' 3
projects in order to adequately describe its effective

application domain and the expected accuracy of the model in that
domain. Desirable characteristics include:

4 ® Automated execution.

o e Transportable for all commonly used computers. Written in
2 HOL. :

T =

e Model algorithms should be thoroughly documented and
available to all users.

Rt i e

® Outputs should be flexible and tailorable to the several
applications.

e adiir v w il

® The total set of models should cover the whole software é

life cycle, although individual models may be specific to 3
certain phases of the life cycle or certain applications of }

the SCE. 3

® Models should be able to deal effectively with missing 3
data. }

e Models should be conservative of use of resources for data é
loading and computer time. -

A wide variety of applications of SCE models exist, and a ';
detailed description of the output required for each application ¥
is impractical in this paper. Several different outputs which "
should be considered as candidates are given below. Further i
study should wne undertaken to develop a more specific 3
description. Each of the items listed below is an output of at :;
least one SCE model which cxists now demconstrating that the 1list .
is not unreasonable. %f
e Total manpower effort by phase and by effort type. P

3

® Reasonable development time. 3

e Amount of documentation. : %

| hl

e Staffing profile. b3

® Computer costs. p




T v

® Cost-schedule trade-off fartors.

® Sensitivity of output to input variations.

® Expected rate of software deficiency repor s.
® Milestone occurence times.

® Risk profiles.

SCE models must be designed so that the necessary input can
be reasonably expected to be available when the model is applied.
Most existing models require that the number of lines of code be
input. Where models are to be used before coding, these models
are not very helpful because a difficult manual estimation must
be accomplished before applying the model. Models which use more
readily available information are urgently needed. For example,
models which use the size and complexity of a language for the
system to estimate development effort would be very useful. It
should be noted that some applications, ec.qg. rmaintenance
resource requirements, may have completed code metrics available
as input to a SCE model. Tools are needed to analyze code and
determine useful metrics such as number of 1lines of coAe,
complexity measures, number of operators, number of operands
etc., vhich can be used to estimate maintenance costs or to
measure software quality.

Conclusion 14: Model requirements should be developed in
the areas of input and output parameters, and refined to
correlate specific requirements with each anticipated area
of mocdel application. Research should include establishing
accuracy requirements in each instance, and determining if
the required accuracy is attainable.

4.3 Software Cost Estimation Metrics and Data Collection

In just about every piece of literature or special report on
SCE, a common conclusion exists: the data or data base for SCE
is in bad shape in that the data are non-homogenous. Therefore,
it is difficult to achieve such desirable ends as model
validation, financial performance, technical performance, data
base development, and advanced SCE modeling. 1In addition, the
ability to try other predictive metrics is missing, thus code
size is usually the predominent predictor. Another point that is
clear is that the clarity of underlying definitions and precision
or integrity of the reported data is poor. Clearl', there isn't
a shortage of data. However, for the above reasons it is
generally unuseable. The Pane) consensus is that data collection
should be a major clement 3in the DoD SCE goals. This data
collection effort should be well defined, properly controlled,
manageable and precduce the highest quality data possible.

To establish data collection and methodology for DoD, an
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implementation approach must be established. This implementation
approach will take different forms as the SCE technology
improves., Some of the acneral requirements that should he
present in any implemcntation approach are:

® Data collection and cost estimating methodology should be
well defined and specified in appropriate regulatory form,
i ., in DODS ’ b’]IL-STDS ’ DOD"'STDS ’ DIDS ? etC .

® A centralized group should be provided to control SCE
methodology application and development.

e Weapon system acquisition Program Il'anagement Directions
(PMDs) should specify the requirement for software data
collection. 1In addition, the PMD should allow or provide
for the required resource to do that data collection.

e Flexible accuracy standards should be developzd so that
the results of SCE activity can be properly evaluated in
view of the current software LCC phase. For each phase of
the software life cycle, a separate accuracy standard should
be established with regard to the results of the software
cost estimate for that phase. These accuracy standards
should have an increasingly finer granularity as the program
moves through its life cycle.

Software metrics have been produced that are used to measure
various qualities of software. The quality of softwvare referred
to does not imply "good” or "bad" software. Instead, software
gualities are those attributes of software by vhich we determine
software reliability, portability, maintainability, etc. Work.
has been done to define the attributes which comprise the
respective software qualities, A few automated tools have been
developed to make the data collection task more precise,
manageable, and less time consuming. i1t appears feasible to
extend the software quality metrics role to include measures that
will concentrate on attributes which are the "cost drivers" in
system 1life cycle phases. 1In certain instances the attributes
that make up a certain quality are directly applicable to the
cost clements to be modeled. If a system is complex {(new and/or
difficult) then the cost associated with the system over its 1life
cycle in all phases should be higher than those associated with
less complex implementations. Algorithmic complexity, structural
complexity, and performance requirements are just beginning to wve
understood and measured. Thus, these measures offer a way to
quantify the cost aspects of complexity as an input to the
modeling situation. Nany other software metrics may serve as
candidates to obtain cost parameters.

Once a suitable (beginning) set of software metrics for cost
estimation is derived, data must be collected, stored in a
centralized location, and analyses conducted that will result in
the next generation of more precise, accurate, and viable
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software cost estimating methodologics. This gqives rise to

implications for both managemcnt and technology. 7. uniform
(standarized) data collection instrument must be <csigne? that
will enable data collection in a consistent manner, This

approach is mandatory to avoid problems arising over vhich data
to collect, when to collect them, and how to maintain the data in
machine reacdable format for subscquent storagec and analysis.

M candidate Data Item Description (DID) has been prepared by
the Air Force Systems Command FElectronic Systems Division
(AFSC/ESD) which specifies magnetic tape formats for reporting
financial and technical data on system acquisition programs under
800 series regulations. The DID specifies requirements for a
Software Cost Performance Report (S/W CPR) to bhe used in
conjunction with a companion document for an expanded work
breakdovn structure (WBS). The S/W CPR is an automated system
which produces magnetic tapes in accordance with the DID format
instructions.

Management policy is needed to enforce the use of the data
collection vehicle and sufficient resources allocated. b
repository is needed toc focus the data collection activities.
The repository could also be chartered to perform the analytic
functions on the resulting Adata Dbase. Open access for
technologists, researchers, management personnel should bhe
guaranteed for industry andi government alike. Data could be
"sanitized" to remove the onus of compstitive adventage and
possible revelation of corporate cost estimating strategies. A
very positive benefit is ohtained by allowing a view across the
data base and mcre quickly obtaining a critical mass of data for
cost. modeling and methodology dcvelopment. One possible choice
for such 2 repository 1is the Data and Prnalysis Center for
Software (DACS) lccated at the Pome Air Development Center. DACS
is presently responsible for collecting and disseminating
software data and could be called upon to perform an expanded
role for cost estimation. In Government fiscal year 1983, the
DACS will be operated under the aegis of the Defense Technology
Information Center system of Information Analysis Centers (IACs)
for the Defense Logistics Agency.

The ultimate unit of software selected for measurement and
data collection will vary depending on the life cycle phase of
interest and the particular cost estimating methodology ané
models employed. Thus, the unit of software at any point in time
should be considered as a variable. During the conceptual phase
of the life cycle a less detailed view of software is needed than
during the full scale development phase where functional
allocation has been made to computer program configuration items
(CPCI's) and lower. Models used during early phases from concept
through preliminary design will «vuctilize softwar2 units vhere
scale factors are more important than implementation details.
Later in the 1life cycle, cost models may be employed for cost
per formance and tracking. The granularity of sofiware units and
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cost elements will correspond. Technnlogy for metrics and data
collection will need to account for the varying garanularity of

software components.

A work breakdown structure (WBS) to support metric and data
collection is needed. The current version of MMIL-STD JA1A
specifies a UVBS for system acquisition with elements at the
first, second, and third levels. PAdditional levels of detail in
the WBS are needed if effective cost modeling is to be obtained.
Software related WDBS elements must account for operational
computer software, computer programs that support the acquisition
of operational =software, and software that support the services,
facilities, and data required to acauire the defense system. A
draft military specification has been prepared by [SD vhich
expands the current VWBS to the fourth, fifth, and sixth levels.
This UBS will be applied by ESD on a pilot basis in the near
future and should be monitored for suitability and performance
vis-a-vis cost estimation. Consideration should also be given to
a companion document prepared for ESD which establishes reportinag
requirements needed to characterize computer software developed
during system acquisition. This Jdocument should require that
software data be collected on structure (i.e. functionality),
schedules, factors indicating size, degree of Aifficulty, numbers
of development persconnel, development changes from initial plans,
and deviations from accepted practices. These data could then be
used to monitor softwvare acquisition in conjunction with the

reported software cost data. The cost data will explicitly
identify cost problems, and the analysis of the other data should
provide reasons for cost problems. In view of the poor

per formance of existing software cost estimetion models anA
methodology, it is clear that a better understanding of the
software 1life cycle is needed in order to establish new insights
into the process for cost estimation purposes. Technology
improvements arc¢ needed for cost modeling, but these improvements
will not be realized unless there is A corresponding improvement
in software metrics and data collection. These tasks are the
foundation by which more precise, accurate, and timely cost

estimation can be performed.
The above discussion supports the following conclusions:

Conclusion 15: Additional research in the area of software
metrics is needed to define software attributes vhich are

the cost drivers over the life cycle.

Conclusion 16: Data collection activities must be
established using the metrics in an organized and

standarized manner.

Conclusion 17: Data collection should be automated and
outputs provided in machine readable format.

Conclusion 18: A central repository should be designated
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for storing and Aanalyzing software cost estimation datn.

Conclusion 10: MNIL-STD-"91A should be modified to permit a
work Dbreakdown structure that supports data collection an?
analysis.

4.4 Contractual Implications of Applyina (SCE) to Contractor
Performance

4.4.1 General Contractual Considerations

The Government uses various tools to ascertain the
contractor's performance in fulfulling the terms of a contract.
Information derived from these tools might or might not be
combined with SCE methodology to derive an additional view of
contract performance. Three areas have been identified where the
SCE methodology may play a significant, contractual rol.~. These
areas are: technical performance measuremcnt (TPM), proaress
payments, and fee determination.

In general, potential contractual problems could exist if
specific SCE methods were imposed by the Government. If the
Government imposed a type or types of models for use by
contractors, there would be immediate problems with validating or
calibrating the methodology for the contractor's environment.
This would lead to misinterpretations, inaccuracies, and
potential legal problems vhen, or if, the SCE methodoloay would
be applied to a performance measurement situation. llence, it
would be in the mutual interest of the Government and industry to
constrain contractual application of SCE methodologies to a set
of narrow guidelines.

If the Government desires the use of SCE methtodology, then
the contract should only specify that the contractor will define
the particular SCE methodology, that the particular SCE
methodology will be analytical in structure, and that both
parties will mutually agree to the minimum input and output
parameters. Provisions should also be made to assure that the
contractor's SCEL methodology could sustain modest refinement
(i.e, change to factors or structure), but prohibit major or
radical method changes without a two party agreement. The use of
the SCE methodology by the contractor should be oriented more as
a tool for the contractor to communicate ¢to .is managers and
developers in addition to the Government. Thus, the SCE
methodology would best function if integrated into the
contractor's management system.

The first area where SCE methodologies could be applied to
the performance measurement process is the technical performance

measurement program, as defined in MIL-STD-490A. Software cost
estimation methodologies would be a reasonable adjunct to the
evaluation of technical parameters, particularly when risk

assessment (costs and schedule) is needed. The addition of a SCE
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methodology would provide a consistent, timely and cost-cffective
means of including management factors with technical performance
factors. It would a)so assure a quantitative feedback so thot
reasonable priorities and tasks could be formed to address
identified problem arcas. The SCE methodology would aid in
communicating to all parties the scope of a problem.

Conclusion 20: The Government needs to integrate the SCF
methodology requirement into its technical performance
measurement system. Since the eapplication of the SCE
mcthodology is strictly informational, no contractual
problems would result. The contractor, however, must be
given the latitude to select, nodify, or develop the
evaluation methodology that 1is Dbest suited for the
particular procurement environment.

Progress payments rcopresent another area where SCE methodologies
could have a significant contractual impact. A software nodel
(or models) could be used to compare predictions with actual
cost/schedule performance independently of any cost tracking
system (e.g., C/SCSC or C/SSR). The results of such a comparison
could give management the basis to recevaluate contracet
per formance. However it appears inappropriate for the Government
to use such results 1in a progress payment determination. SCC
methods presently have not demonstrated sufficient accuracy to
serve as criteria for payment or nonpayment. MNlso, cost
estimates tend to be real-time and do not reflect established
baselines. It is more appropriate, then, to expect the software
cost estimation techniques to be predictive of future performance
and not applicable to evaluating past performance.

Conclnusion 21: The SCE methodologies should not be applied
to | 'ogresc payment determinations. Such methodologies are
reiatively inaccurate and only predictive in nature.

In establishing a fce payment structure, SCE methodologies
could possibly be applied. For instance, the requirement for
stating and meeting cost and schedule objectives could be tied to
a fee payment. This would qive an incentive for the contractor
to avoid misleading or misrepresenting management and technical
factors that make up a forecast. However, as was the case for
progress payments, one recognizes the inaccuracies associated
with prese~t d: °CE methudologies are only predictive in nature.
Hence, '. .oul” _.oem inappropriate for such methods to be applied
or connected with fee determinations. The present, appropriate
approach is to use metric methodologies which rely on measures of
past events.

Conclusion .~ SCE methodology should not be employed in
the fee ¢  .rmination process as it 1is predictive, and
cannot adequately support evaluations of predetermined
baselines and criteria.
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4.4, Program Management Considerations

An accurate picture uf projected costs and  schedules is
essential for effective progiram management. Lvery wonrogram
manager woulé prefer to havc projections that are based on the
best and most current -data available. Such information also can
serve as a valuable contractor tool for assessing the neced for

reallocation of resources. The desire for the best available
information must be balanced against the cost to obtain such
information. It 1is apparent that the need for updated cost

estimates will vary with the size of the software development
effort and the level of risk associated with the development. It
is unrcasonable to require a small, straight forward project to
bear the cost burden of extensive data collection and SCE
computation. However, every program  involving softvare
development should gather software cost estimating data. Data
should be collected at the 2ond of each phase of the development
life cycle.

A definite requirement exists for regularly scheduled
updates to cost and schedule ecstimates. The Aevelopment
contractor should be obligated to provide the necessary data, and
funding should be provided for this purpose. Since critical

‘program decisions often are associated with results from fornal

program reviews, these program lreview points constitute logical
points for Government review and recalculation of SCEs. -

For programs that can be identified as involving a high

‘degree of risk, due either to technical complexity or uncertainty
- in original costs, contractor recalculation of cost/schedule

estimates shculd’ be required in conjunction with each formal
program review. This additional point of comparison should

. assist the Goverament in the monitoring of high risk efforts.

In addition to the scheduled recalcuvlation of &Chis  in
conjunction with formal program reviews, recalculations should be
required whenever major changes or deviations occur in a program.
Examples of such changes include modifications to the program

scope, budget reductions or changes in the development
environment. then such changes are proposed by the contractor,
change proposals should be accompanied by cost./schedule

recalculation wusing the contractor's §&CE methodology. 1In all
cases, the contractor should be obligated to provide necessary
input data and the Government should recalculate costs/schedules.

The balance betvieen the need for current estimates and the
cost to obtain such estimates will change as collection methods
become more efficient and, thus, 1less costly. The best
opportunity to reduce collection costs involves increased use of
automation in the collection effort.

Conclusion 23: &CE data should be collected at each formal
program review point. These data can be gathered by
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automated or other "no cost" means. Successful application
depends on cost efficient (automated) collection methods.

4.5 Software Cost Estimation Technology Development Plan

The first step in establishing an effective DoD technoloqgy
plan is to cleacly state Dol aoals. A DoD standard and quidebhook
is in order to insure & standard mecthodology for collecting and
categorizing data for the system and software data base. The DoD
standard would also insure commonality for the data base item
descriptions and terminology. The DoD standdard would be used by
both Government and industry to insure proper identification of
data for the data base by system type, development methodology,
complexity , schedule duration, etc. It is also anticipated that
& guidebcok will be required to describe how to access and use
ti.e data base and how to utilize the.cost models developed from
the data base. The guidebook should contain procedures for using
the various models of software costs and should indicate how
these models may be tailored for a particular application.

The embracing of SCE methodologies will be an evolutionary
process. Policy should be in conformance with and serving to
implement an overall SCE technology plan. This policy should be
initiated by JLC with a policy statement that addresses the
followving:
e Intent and goals with respect to SCE technology
~® PFP consideration
® Source selection
® Data acquisition
e Contractor performance evaluation
® Use by life cycle phase
e llodel technotoay development
® Regulatory policy requirements from Dol
, ® Protection of proprietary information
e Prime/subcontractor interrelationship
® Scope of programs affected
As the use of SCE methodology matures, additional guidance
can be prepared and disseminated. This could be in the form of a

DoD directive, guide books, central data repositories, etc.

The Panel's assessment of current SCE technology reveals an
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absolute need for improved mecthodology to accurately predict the
softvare resources required over the complete software life 1
cycle. hs advances in  softwarec engineering are made, these
advantages should be reflected and incorporated in the improved
S8CLE methodologices., The ECLE techuaology also should be useful to
all of the larcge numbers of potential users, each of vwhom has a
diversity of application for this technology. An undertaking to
collect statistically valid historical data is the next logical
step in developing better SCE models. This effort should beqgin ;
as soon as possible and should be accomplished as a requirement E

' of all software related contracts and activities. It is
desirable that a central DoD agency be identified to provide the
proper incentive, direction, and control for this effort.

Gkl L
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A number of activities are proposed as a plan to achieve
both an interim capability and the long term development of a 3

complete SCE methodology. hn  phased development plan is
considered appropriate to achieve near~term and long term aocals.

i

In the near term (next three years), DoD should concentrate
on implementing procedures to bhest use SCE methodology as it now
exists, and establish a data base suitable to develor advanced
SCE methodology. TFactors to be reviewed include:

e I guide to applying existing SCE methodology.

e B s M AL 1 i

e I DoD policy for use of SCE methodology. E
e Establishment of a Dol control center for technology and 5
ssociated working groups to encouraqge research in SCC 1
technology in the form of alternate metrics and advanced §
‘ simulation models. 4
‘ i
| ;
i e Definition of the metrics and data required for the ;
i collection procedure that has provisions for changing .
i collection requirements. ;
! e Implementation of data collection procedures that have
i provisions for changing collection requirements. )

e Reevaluation of ¢the goals and objectives for SCrL =
technology. b

v
On a broader front, DoD should concentrate on gaining an "

accepted, standard SCC methodology for general application. This
could be achieved in three to seven years. Goals at this level

shouid include:
[

i

e Development of improved methodology for software resource
estimates (e.g. develop SCL model inputs for program size
estimation based program requirements, languages, or program

design languages).

|
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e Validation of existing models based on the Adata base
acquired in the near term. :

e [stablishment of prototypes of advanced SCE methodology.

e Implementation of improved SCL methodology to gap the
existing versus the complete methodology.

® Istablishment of guidelines/procedures for the application
of the complete SCE methodology.

® Development of complete SCL methodelogy.

Conclusion 24: The JLC should issue 2 policy that
implements an SCE direction. This policy should direct that
SCC methodology be adopted that makes existing scr
technology usable by program managers. It should also
provide for a technology upgrade to SCE methodology over the
next seven vears.

5. RECOMMENDATIONS

The Panel has developed four recommendations for the Joint
Logistics Commanders as a means to best utilize existing software
cost estimating technology in improving software cost estimates,
and a program to follow to gain better and more accurate cost
estimates in the future.

Recommendation 1: Use of Existing SCE lModels

The Panel believes that no existing SCF model is sufficient
to adapt as an embedded computer system standard. The Panel
recommends that the JLC not adapt any existing GCE model as a
standard. (Refer to conclusions 1, 2, 3, 4, 5, €, 8, and 4).

Recommendation 2: Application of Existina SCC Methodology

The Panel believes that a judicious use of SCE models and
methodology can improve the acquisition and management of
software. There is no accepted methodology or guide to using
current SCE models or methodology in a generally acceptable
manner. The Panel recommends that a guidebook be developed that
can be used by program offices to orderly qualify models and
methodologies to develop better software cost estimates
throughout the entire software life cycle. (Refer to conclusions
7, 13, 19, 20, 21, 22, 23, and 24).

Recommendation 3: Improving SCE Methodoloay

The Panel believes that an SCE methodology can be developed
that would result in SCLC models that could be generally applied
by both the Government and industry to estimate embedded computer
system software costs well. The Panel recommends that JLC
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sponsor a proaram to implement an  improved ©CE methodology.
(Refer to conclusions 10, 11, 12, 13, 14, 1%, and 24).

Recommendation 4: Establisking an SCIL Data Base

. : 1

The Panel believes that an improved softwnre cost estimating
methodology must be supported by the gathering and maintenance of
an accurate, complcte, and coherent data bhase. The Panel
recommends that JLC appoint an existing Government agcency as an
SCE data bhase repository and empower this agency to develop data
collection standards. (Refer to conclusions 15, 16, 17, 18, 19,
and 23).
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INTRRCON

INTERCON sSYSTEMS CORPORATION

14 May 1981

To: Members of the JLC Panel on Estimating Software Costs

Thank you for agreeing to serve on the Estimating Software Costs
Panel of the Joint Logistics Commander Joint Policy Coordinating

- Group on Computer Resource Management (JPCG-CRM). Bob Berri and
| I look forward to participating with you. As you all know, the
P workshop will take place in Monterey, from 22 June through 25

; June. The tentative agenda shows registration on 22 June between'
1300 and 1500, followed by a general work-shop session until 1715.
At that time, we will meet as a panel for a get acguainted ard a

: get organized session. Thereafter, we will mostly meet as a panel
- : until presenting our results at a general work-shop session at 1500,
] 25 June,

.

Attached is a copy of suggestions for the panel that was given to
us by JPCG-CRM, which effectively serves as a charter for our panel.
Our expected results might very well be broken down to another

level of detail, as follows:

F§o - 1. Evaluation of pertinence of existing models.

Evaluation of limitation of existing models.

|
N
.

3. Determination of desired estimation model output
by software life cycle phase.

i
R e e

4. Determination of minimum parameters to serve as
input for estimation models.

5. Determination of acceptable interfaces for exchang-
ing information between DOD/industry for bidding,
contracting, and monitoring purposes.

Gintadeadii bt it
S NP p— -

6. Recommendation of R & D direction to improve
technology.

Most of you will be somewhat familiar with the various estimation
models now published. A bibliography is attached for those of you
who wish to do some homework before the work-shop. In addition to

CORPORATE OFFICES
11308 EAST 183 R0O. STREET

CERRITOS., CALIFORNIA 90701

{213 8g4-7770 Cc-1
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INTERCON

Members of the JLC Panel on Estimating Software Costs
14 May 1981
Page 2

this, we solicit all of you to bring any of your own estimating
procedures, present or future needs, results (good and bad) from
past efforts, thoughts for borrowing from other technologies, et
cetera to share with the panel.

Our panel will have approximately 18 people on it. (Attached is
a list of the members and their affiliations for your interest).
As a result, we will likely want to split our effort into three
or four narrower issues, with subpanels addressing themselves

to these issues. Each of you might give ‘this same thought, and
we'll try to decide on the subpanels at our get organized meet-
ing. Some suggestions for subpanel topics that have been ad-
vanced are:

e Evaluation of existing model strengths and limita-
tions.

e Recommendations for R & D technology directions.

e Definition of use of estimation model in software
life cycle activities.

- @ Implications of estimation model use in contractual
relations. .

Our panel has been assigned a topic that has tradionally received

a lot of attention, occupied many pages of literature, and has
generally fallen into the category of black magic. It will be a
real challenge to see if our three days of effort can advance the
state of art. Bob and I believe that we can, given the collective
talent and experience that is being brought together. We look
forward to interesting sessions with you all in Monterey. If

you have any questions, please call either Bob or me, or the work-
ship coordinator, 2Lt. Ed Petersime, Hq. AFfLC/LOEC at (513) 257-2054
or AV 787-2054. :

Very truly yours,

R. Dean Hartwick

RDH:1b
cc: Ms. Antonia Schuman Maj. Larry Fry
Mr. Dick Maher CDR Ronald Ohlander
Mr. Robert Dunn LCDR John Barnes
Mr. Robert Berri Dr. Matt Fisher
Mr. Jack Munson LTC Casper Klucas
c-2
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PANEL D

SUGGESTIONS FOR A MONTEREY PANEL ON
ESTIMATING SOFTWARE COSTS

1. Issue: Given the increasing percentage of total system cost
that must be devoted to software, it is becoming more critical
that viable procedures be developed for accurately predicting
the cost of software. 1Is this possible using the Software Life

Cycle Cost Models currently available?

2. Questions:

~- How and where are current Software Life Cycle Cost Models
of benefit?

-- For which phases of system development can Softwarec costs
be accurately estimated? (Why?)

-= For which phases of system development can Software costs
not be.accurately estimated? (Why?)

-~ Is the use of program size or lines of code an accurate .
guage for estimating costs?

3. Expected Results:

-- An evaluation of Software Life Cycle Cost Models ;dent1—
fying deficiencies or strengths of each. _ o

s,

-- Recommendation on how to improve Software cost estimating.
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