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20. ”the military to adopt a well-known, proven instruction-set archi teCture which
can be implemented in advanced technologies as a family of software-ccinpatible
computers. .~~ ,..

Important benefits of this approach include open competition among military
comp.iter vendors to build CPA ccxnputers using their own hardware production
techniques and the availability of a large, mature set of softw are developnent
tools and associated progr~~~er expertise.

In pursuit of the CPA goals, a Joint Army/Navy effort instituted to select a CPA
and develop a Military Computer Family (W~F) using the CPA. An Army/Navy Select-
ion C~~mittee representing 10 Army and 17 Navy organizations was formed to eva].-
uate and select architectures for the CPA.

The CPA Selection C~~~ittee Final. Report (Volmes p) through ix) describes the
work of the Selection Committee performed over t~ie period 0dk~ober 1975 through
August 1976. I
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• 1. OBJECTIVE

The purpose of the Final Report of the Computer Family Architecture (CFA)
Selecti on Commi ttee is to make available the details of the considerabl e work
accomplished by the Selection Commi ttee duri ng its evaluation of candi date
archi tectures for the Army/Navy Military Computer Family.

This Selection Commi ttee, representi ng 10 Army and 17 Navy organizations ,
• was establishe~i by the Naval Research Laboratory and the Army Electronics Corn-

- 
mand as a part of a joint Army/Navy effort under the Navy ’s AADC Computer Fam i ly

• 
~rch i tecture Project and the Army ’s Four th Genera ti on M i l it ary Computer Fam i ly
Project. The Selection Committee was established for the purpose of evaluating

• can di date computer architectures and recommendi ng one as the basis for a family
• of software—compatible military computers. To this end , the Committee worke d

from October 1975 through August 1976 and , during that time , hel d f ive fu l l
commi ttee sessions lasti ng several days each and numerous other subcommi ttee

• sess ions , leading to the resul ts described in this report.

The object of this volume of the CFA Selection Commi ttee Final Report is
to describe the rationale and moti vati on behind the CFA effort and the organi-
zation and chronology of Selecti on Commi ttee activity .

1 
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2. COMPO SITION OF REPORT

This report details the work of the Selection Committee in approximate
chronological order. It is divided i nto ni ne volumes as described below . A
summary volume is available which abstracts the entire report.

~ Volun e I - In tro duct i on • 4 • ; • •

Volume I expla ins the background , rationale and organization of the
Computer Family Architecture effort and the Selection Committee .

b Volume II - Selection of Candidate Architecture and Initial Screening
A

Volume II descri bes the initial candidate selection , and discusses
arch i tectural issues perti nent to CEA evaluation. The evaluation cri teria
applied to the architectural candidates for preliminary screening are de-
scribed in detail , and the results of that evaluation are discussed .

C Volume III — Evaluation of Computer Architectures vi~ Tes t Pro grams

Volume III discusses the development of the measures used to gauge
architectural efficiency and describes the test programs selected for the
evaluati on. The method of specifying the test programs and the structure
of the programmi ng experiment to mi nimi ze programme r effects are also
di scussed .

d Vol ume IV - Architecture Research Facility : ISP Description , Sirrula-
t ion , Da ta Collect i on

Volume IV discusses the use of the ISP machine architecture description
l anguage in describing the candidate architectures. It descri bes the ISP
interpreter facility and its application to simu l ati on of the candi dates and
in gatheri ng the measurements discussed in Volume III.

e Volume V - Procedure for and Results of the Evaluation of the Software
Bases of the Candidate Architectures for the Military Computer Family

Volume V descr ibes a menu of su pport software tools determ i ne d to be
important to the development of military software. It discusses how a sub-
set of those tools were selected as the necessary software base for the
Military Computer Family and the results of a Study to determine the avail-
ability and value of these tools.

fi Volume VI - Life Cycle Cost Analyses of the Computer Family Architec-
ture Can did ates

Volume VI describes the methodology used to compute and compare the life
cycle costs of the CFA finalists and descri bes two life cycle models (top-down
and bottom-up) and the results of applying the methodology to those two models.

~ Volume VII - CFA/Software Licensing Discussions wi th the Three CFA
• Finalists (For Official Use OnlyI

• Volume V II addresses the technical , f i nanc i al , an d l egal i ssues ar i s i ng
out of di scussions wi th the owner/manufacturer of the candidate computer archi-
tectures and describes the outcome of these discussions.

2

• ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



h Volume V I I I  - CFA Fi nal SelectI on ~~ 
( V  - -~~~~~ ~~

Volume VII I discusses the consideration by the Selection Committee of the
• results of the architecture evaluations described In Volumes II through VU of

this report. The Infl uences that the various resul ts had on the final selection
are described.

I Volume IX - A Consideration of Issues in the Selection of a Computer Fami ly
Architecture —

Volume IX addresses questions and controversial issues regarding the CFA
Selection process that arose from both wi thin and wi thout the Selection Commi ttee
duri ng the course of the CFA effort.

• 3
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3. BACKGROUND

Each new computer type added to the military complex bri ngs its own unique
requirements for system interfaces , logistics support , sof tware develo pmen t, ma i n-
tenance , and training. Over •a hundred computer types can be found in military
systems , and many i ndividual platforms such as aircraft and ships • can be fou nd
with three , four , or more di fferen t computer types aboar d. Heav y penal ties are
being paid in terms of exploding software development costs and high life cycle
Costs.

These costs are now severa l billion dollars annually and , relative to the
computer industry at large , are buying inadequate returns in terms of military
systems effectiveness and reliability .

The sources of prol i feration are varied. There is l ack of opportunity , lac k
of i ncen tive , and l ack of control which would promote unified software and hard-
ware technology in military systems. Platform manaqers , under pressure to meet
project cost constraints and schedules , must rely on the providence of a myriad
of industrial fi rms , who , in turn , mus t  contend with their own profit , performance
and schedule problems . As a result , computers and software in military systems
are invariably designed or chosen on the basis of local expediency rather than
thei r impact on long range life-cycle costs. Littl e opportunity or i ncentive for
choosing a standard is provided to these platform managers. Nor will an enforce-
ment or control mechani sm be truly effective unti l an attracti ve set of standards
i s ava il able from whi ch to choose.

Com puter standa rdi za ti on of some form has a lways been p roposed as a
solution. But past standardization efforts in the military centered around
hardware designs because the software issues were less apparent than the logis-
tics of the hardware.

The Navy has been successful at utilizing standard hardware for computers
(e.g. the UYK-7 and UYK—20) and providing some centralized acquisition and sup-
port management for fleet users. Other militari zed computers have been used by
the services (e.g. AN/UYK—19 , AN/GYK-12, USQ—20, AP— lOl ) in sufficient numbers
and with enough support so as to effect a degree of defacto standardization.

Al though past hardware standardization efforts have reduced hardware costs
through packaging improvements and production/maintenance economies of scale ,
no simi l a r  economies of sca le were pursue d for the software assoc i ated with the
above computers. That is , software that was already developed for one military
computer could not be used when a newer computer model was brought out. So called
“fam i l ies ” of compatible military computers were compatible in packaging charac-
teristics only and required separate support and applications software developments.
The military computer market provides littl e competitive inducement for commercial
firms to i nvest in support software development for these computers. As a result ,
DoD pays over and over for development of computer systems that frequently fall
short of expectations.

Computers that became technologically obsolete were belatedly observed to
have large Investments in software that cculd not be conveniently discarded and
replaced along with a newer model computer. Indeed , producti on lines for old out-
of—producti on military computers have had to be reopened at considerabl e expense
In order to produce very costly exact copies of old obsolete-hardware machines
because there was no other satisfactory way to duplicate the “software execu ti on
character i st ics ” of the originals.

4
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• However , in the last few years, managers In DoD have become painful ly aware
of the ever increasing investments in time and money that software development and

• maintenance are demandi ng. A concept is needed which will provide each pl atform
• manager with the computer that is right for his particular application and at the

same time will provi de him with a mature, complete, and well developed set of pro—
grammi ng support tools (compilers, debuggi ng aids , editors) and an established base

• 
• of training and expertise to back it 

up.5
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4. CFA APPR OACH

The need for standardization combined with the vari ety of applicati on require-
ments warrant and• justi fy a family of military computers. The instruction-set
architecture of the computer (that which programmers need to know) would be stan-
dard , whereas environmental and performance parameters would be allowed to vary .
Indeed , the feasibility of such an approach has been amply demonstrated by the
success of the IBM System 360/370 and the DEC PUP-li systems. The hardware imple-
mentation vari es from model to model , ,~rov idin q a range of cost and performance.The architecture remains constant , allowi ng the development of a single common set
of support software as opposed to the n sets necessary if the architecture were
allowed to vary . Al though the CFA nodels will vary along yet another axis , env i-
ronmen t, the same basic approach (common architecture/varying hardware ) is appl i-
cable and will be successful in combati ng unnecessary computer proliferation.

It is reasonable to inquire whether a similar approach will yiel d similar
results in the weapon system environment. There is , i ndeed , sound reason to be-
l ieve so , because the weapon system computer acquisition and life—cycle process ,
particularly in the software acquisition and maintenance phases , does not differ
significantly from the commercial process (particularly in the ori ginal equipment
manufacturer (OEM) market).

a Computer In dus try Prece dent

• Any consideration of promulgating standards for military computer systems
should begin with a recognition of the fact that the commercial computer i ndustry
is spending over one billion dollars annually for R&D as opposed to 1e~s than 100million dollars per year in the armed services. This disparity is likely to in-

• crease in the future. Those developments and trends that have survived the test
•of the mainstream computing industry should receive serious attention as candidates
for military standardization thrusts for two reasons:

(1). Military dollars sper~t on adaptation of industry standards to militarysystems will return many-fold in capitalization on evolving commercial
i nvestments.

• (2)• Adopti on of mature and successful industry developments will minimi ze
the risk of jumping i nto new or untried approaches.

The Army/Navy Computer Family Architecture Program is designed to take advan-
• tage of several proven computi ng i ndustry trends:

(3).. A family of software-compatible computers in a valiety of hardware and
performance packages has been demons tra ted to prov ide a cost ef fective
means of serv i ng a grow i ng an d evolv i ng base of commercial consumer re-
quirements while constraining support software development to the re-
quirements of a single architecture.

(4). The rapid growth of digital harcware technology has been largely re-
sponsible for the vast improvements in computer performance over the
last two decades. This evolution in technology is expected to continue
and to be the basis for continued decreases in processor price , si ze ,
we i ght an d power , and increases in prr~essor performance.
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Mi cro programma ble processors i n modern technology embodiments prov ide

/ fl exible and effecti ve means of implemen ting single or multiple computer
architectures. IBM , when it moved its mainstream support to the 360
fam i ly of comp uters , continued to support i nvestments in existi ng 7090
and 1401 software through emulati on of the older computers in micro-
programmable 360 processors.

The Military Computer Family will limi t variation in militar y computer systems
where it can and shoul d be limi ted - at the software i nterface between programme r
and processor - and will allow diversity where it must be flexible - in the tech-
nolo gy/performance areas - an d, to this end , will capitalize on the best available
i ndustry developments. A family of software-compatible computers representi ng a
wide variety of form, fit , and function capabilities will provide ample opportunity
for platform managers to use the standard. An existing, tested, and widely-supported
base of processors an d su ppor t software w ill provide his i ncentive for choosing the
standard. Enforcement of the standard will be viable because the standard will be
an economically viable option.

b. Al ternative Levels of Standardization

There are several possible approaches to lessening software costs through
standardization. These are:

(1) High Order Language (HOL ) standardization only - no computer standardi-
za ti on.

(2) Standardization on a sing le computer hardware design of advanced perfor-
mance and environmental capabilities.

(3) Standa rdization on a single computer architecture that is the basis
for a software compatible-family of computers having a variety of per-
formance and environmental capabilities. This standard architecture
could be a new design or an existi ng commercial design.

HOL standardization may occur along wi th (b) or (c) but is not a prerequisite
for ( D )  or (c).

c. HOL Standardi zation

Standardization at the HOL only means that all software would be written in
certain approved high level languages (e.g. FORTRAN , JOVIAL , CMS-2, COBOL ) but that
no constraints would be placed upon the types of computers procured for military
systems. Effectiveness of system devel opment and support activities woul d depend
upon having compatible compilers from each HOL to each machine instruction set and

• - other appropr ia te  support software associated with each computer type. Di rect exe-
cution of i ntermediate or high l evel language is a possible alternative to multip le
compilers and assemblers , but only if there is agreement on a precise description of
the HOL.

A possible advantage of this approach is its minimal impact on the military
computer vendor establishment and their i nvestment in marketi ng an ever changing
assortment of computers and software.

The dIsadvantages of standardization at the HOL only are:

7
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(1) The conti nued existence of multiple , support-software systems that aggra-
vate software maintenance and logistics probl ems.

(2) Incomplete software transportability between different computer types.
Si nce certain HOL concepts are inherently machine-dependent , no trul y
machine— independent high l evel languages exist for applications and sup-
port software (e.g., compilers , operati ng systems). Parts of operati ng
systems are by nature machine dependent because they must contain fea-
tures to deal efficiently with the structure of a machine ’ s architecture.
Even applicatio ns programs written in what are frequently thought of as
machine independent languages experience subtl e machine dependencies
(e.g., character manipulation , integer truncati on , floati ng point preci-
sion and exponent scaling).

(3) Di rect execution of high order languages has been in R&D for a decade or
more and has yet to become a proven mainstream development. The military
should scarcely attempt to jump into an investment that the industry at
large has not adopted.

(4) The continued delivery of a variety of computer types into the military
of necessity increases the variety and di fficulty of hardware maintenance
and logistics.

d. Computer Hardware Standardization

Some have hel d that a single computer hardware design incorporati ng advanced
technology and architecture would be able to provide a standard for most computer
system applicati ons.

The advantage of this approach is that only one hardware design would have
• to be devel oped , manufac tured and maintained.

There are a number of disadvantages:

(1) A computer based on a specific hardware design will of necessity be
relatively expensive , sl ow , large , heavy , or , in some other way, un-
suitable for many applications as compared to other hardware designs ,
especially if the hardware must be built to meet all existi ng environ-
mental requi rements.

(2) Today ’ s advanced technology is tomorrow ’s out—of-production technology.
Note the rapid turnover in digital device form, fit and functi on due to
LSI technology .

(3) A standard based on a hardware-level (gate, pin , car d, etc.) design is
very difficul t or impossible to multipl e-source due to di ffering manu-
facturing practices among vendors.

e. Computer Architecture Standardization

Standardization on a computer architecture controls the i nterface between the
programmer and the computer.

By computer architecture we mean the abstract, functional description of a
computer as would be seen by a machine-level programmer - that is , everyth ing the

8
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programmer needs to know to write programs that run on the computer. This view
of the computer includes the instruction set , registers , interrupts , and memory
address space. Architecture does not include hardware implementation features
such as cycle time , instruction lo~E ahead , memory Interleaving, bus wi dth, or
cache memory. Hardware design issues need not affect the software . More impor-
tantly, a clear and clean distinction between the architecture and implementation

• details allows software to be transported between computers wi th the same architec-
ture , even though they may have very different imp l ementation features.

By standardizing on architecture in this way , we have the opt ion of choos i ng
different hardware imp l ementati ons accordi ng to the best technology that i ndustry
has to offer while mai ntaining a consistent and wel l known i nterface for software
development and executi on. Wi th a singl e standard architecture , a program (whether
wr itten i n HOL or assembly langua ge) that runs , for exam ple , on an av ion ic member

• of the computer family would also run on a different hardware (i.e. ground) ver—
• sion of that arch i tecture , al bei t faster or slower depen di ng on electron ic tech-

nology di fferences. In addition , the support software available for developing
and testing programs for the avionic computer would be available for developing

• and testing programs for the ground computer.

The advantages of standardization on a family architecture are:

a. Software transportability between members of the family is provided.

b. One support software system can serve all members of the family. In
• additi on, the software devel opment computer itsel f can be a member of

the family.

c. Specification of the standard at the architecture level provides a
tried and proven way of multipl e-sourcing di fferent hardware versions
of the softwa re-compatible computer.

• d. Family members can cover a wide range of applicati ons (microprocessor
to large support computer) through a vari ety of hardware technologies
and design.

e. Evolution and enhancement can be accommodated through technology• improvements and architecture extensions.

There are three possibilities for obtaining an architecture on which to
base a fam i ly of computers:

a. Devel op a new architecture.

b. Use the architecture of an existi ng military computer.

c. Choose the “best” architecture from among existing, proven milita ry
or commercial designs.

• f. Develop New Architecture

The military shoul d not attempt to compete wi th the enormous thrust of the
industrial mainstream in data processing developments . Designing a new computer
a rchitecture involves enormous capital Investment , a long development cycle wi th
littl e return on i nvestment, and high technical ri sk.

9

a- -~~~~~~~~-• •~~~~~ •• ~~~ - --—-— • -—



• • Despite these obstacles , little is apt to be gained from developing a new
• computer architecture. Over the past decade or two the vast majori ty of increases

in computer performance have come about through advances in technol ogy and hard-
ware design features and not through changes in computer architecture. The basic
structure of general purpose data processor architecture has gone through no radi-
cal changes. Many so called advances in architecture (e.g., cache memory , instruc-
tion look ahead , and pipe lining ) are really advances in implementation techniques
for increasing speed and do not affect the architecture or software i nterface.
Such advances are architecture i ’idependent and can be incorporated i nto a computer
without affecting software. Any architecture chosen for the computer family should

• be able to Support future improvements in architecture capabilities through careful
extensions to the basic instruction set, hut only after such additions have been
proven through test and experience. Jumping i nto new or radical architectures is
a risk that the military should leave to the computer i ndustry.

g. Use Existi ng Military Computer Architecture

Some would argue for choosing the architecture of an existing military com-
puter as the basis for the Military Computer Fami ly on the grounds that existing
i nvestments in that computer ’s software cannot be ignored. If it can be shown
that the i nvestment preserved by selecti ng a particular military computer archi-
tecture is greater than that which would be lost to users of a different military
computer or greater than that which would be gained from the already available
software base of an existi ng commercial computer , then the standard should be
based on that military computer. It should be noted that military computer ar-
chitectures are not unique , in that military data processing does not involve
p rocessor opera t ions whi ch are not common to data process i ng i n genera~. In fact,
many widely used military computers (e.g. ~N/UYK-7 , AN/GYK— 12 , AN/UYK — 15, At4/UYK—19,AN/UYK-20 and the IBM ‘4 Pi” seri es) are military implementations of architectures
rel ated to pr i or commerc i a l arc hitectures.

If a military computer were chosen as the basis for a standard family, then
the same probl em woul d exist which woul d have to be faced if a commercial archi-
tecture were chosen - how to protect investments in software written for the
military computers not selected as the standard. That is , choosing the AN/UYK-7
as standard woul d still leave open the status of i nvestments in AN/GYK-12,
AN/UYK -15, AN/UYK-19, and AN/UYK-20 software and the IBM 4P1 series.

h. Use Best Existi ng Military or Commercial Computer Architecture

Opening the architecture selection process to all existi ng and proven com-
puters , commercial and military , provides the best potential benefits wi th re-
spect to al l  fac tors , including hardware and software. A selecti on process which
cons iders commerc i al computers , w i l l  provide the widest potenti al benefits from
computing i ndustry mainstream developments. Be it military or commercial , a
military computer family shoul d be based on an architecture wi th the best proven

• track record. Given that the architecture of a commercial computer is selected,
emulation of existi ng military computers will be provided in the advanced hardware
of the MCF. Existing i nvestments in military computer software will not be lost.
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5. ARMY/NAVY COMPUTER FAMILY ARCHITECTURE PROJECT

The CFA goal is standardization on the best available , proven, and cost
effective computer architecture as the basis for a family of software-compatible
military computers.

• In pursuit of this goal , a Memorandum of Agreement ( MOA) was signed by• Capt. H. B. McCaulley , (A IR—03) Naval Air Systems Command , and Col. D. L. Lasher ,
Commander, Communication ADP Lab, Army Electronics Systems Command in March 1975.
This MOA formed the basis for a cooperative development of a Military Computer
Family through the joint efforts of the Navy ’ s AADC Computer Family Architecture
Project and the Arn~i’ s Fourth Generat ion Military Computer Family Project.

This effort is designed to provide military system developers wi th an avail-
able , qualified family of computers and associated systems and support softwa re
with the followi ng salient characteristics:

a. Range of Application. A high level of cost-effectiveness for a wide
range of military computer based-systems .

b. Life Cycle Cost. A significant reduction in life—cycle cost. The cost
savings shoul d be sufficient to j ustify the investment on a business-
like basis; i.e. , the returr on investment shoul d be attracti ve.

c. Know-how . Availability of a broad base of programming knowledge and
expertise both in the i ndustry and militar y establishments.

d. Software Rel i ability . Significant improvement in software rel i ability .

e. Software Capture. Provisions for capture of existi ng military computer
applications software without degradation of mission performance and
with little or no reprogrammi ng.

f. Si ze, Weight and Power. Significant reducti on in hardware size , weight
and power through application of modern computer technology.

g. Al ternate Suppliers . Availability of multipl e alternate suppliers for
each computer family member or major subsystem so as to ensure reliabl e
sources at reasonable cost via competiti on.

h. Technology Independence. Maximum independence from hardware technology
so that the government can benefit from technology advances wi th a mini-
mum cost.

The state-of-the-art computer hardware and software technology will permi t
the achievement of these goal s wi th a reasonabl e investment.

a. Mul ti-Service Development

The Army and Navy have joined together in a cooperative , coordi nated devel-
opinent of the MCF. The advantages of this approach in maximizing government know-
how , mi nimizing R&D Investment and recurri ng cost and optimizing industry support
are readily apparent.

• 11
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b. Army/Navy Computer Family Architecture Selecti on Commi ttee

Representatives of a number of Army and Navy R&D organizations were assembled
for the purpose of specify i ng, evaluating and selecting a computer architecture as
the basis for the MCF.

The objecti ve of the MCF is to serve effectively as wi de a range of military
applications as possible. It was therefore appropriate and necessary to bring Into
the architecture selection process as broad and expert a knowledge of the require-
ments on computers in military systems as could be obtained in the military estab-
lishment. Moreover, the combined knowledge of a number of capable representatives
served to submerge the effects of individual judgments and to strengthen the valid-
ity of the CFA recommendation.

• To this end , l etters were sen t to var i ous Army an d Nav y la bora tor i es ,
• project managers , and other organizations in early 1975 requesting those

or gan i za tions to pro pose computer arc hitectures that wou ld be su i ta b le as can did ates
for the MCF and to nomi nate representatives to the CFA Selection Commi ttee. The

• Selection Commi ttee convened for the first time at the Naval Research Laboratory in
October 1975. Table 5-1 shows the Commi ttee membership.

12
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TABLE 5-1

ARMY / NAVY CFA COMMITTEE MEMBERSHIP

ARMY MEMBERS

Organization Primary Al ternate

U. S. Army Electronics Command D. Hadden/E. Lieblein J. Mercurl o

Project Mana ger, Army Tactical
Data Systems A. R. DeNezzo 1LT R. Atkinson

Project Manager, Navigation !
Control Systems 2LT N. Herndon

Satel l ite Communication Agency R. Perle J. Perrone

Project Manager, Patr i ot M i ss i le
System CPT R. Sabin R. Flights

• U. S. Army Computer Systems
Command MM B. Bl ood

U. S. Army Aviation Systems
Command W. Klees

U. S. Army Missile Command 0. Wi se

ECOM Av ionics Laboratory H. R. Chambers

PMO MSCS
Ft. Monmouth, N. J. 07703
AMCPM-MSCS-TM-F A. Buray

- NAVY MEMBERS

Organization Prim~~ Al ternate

Naval Un derw ater Systems Center
Newport 1. Conrad D. Watson

Fleet Combat D i rect i on Systems
Support Activity R. G. Estel l

Naval Post Graduate School LI B. E. Al len/
G. L. Barksdale

Naval Avionics Facility,
Indianapolis Dr. J. Chancy C. Eckert

Naval Air Development Center C. Mattes C. Joeckel

Fleet Combat Di rection Systems
Support Activity, Dam Neck J. D. Warner C. D. Upshur
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Naval  Surface Weapons Center ,
Dahl gren W. L. McCoy E. W. Nichols

Naval Air Test Center J. P. Sharatz G. S. Ryan

Pac i f ic M i ss i le Tes t Center , M. Stevens!
Pt. Mugu P. L. Miller R. Li ndsey

Naval Undersea Center J. K. Fogerty I. L. Cloer

Naval E l ectron ics La bora tory
Center N. L. Tinkelpaugh

Naval Ship Research & Development
Center L. M. Culpepper C. M. Chernick

Naval Underwater Systems Center ,
New London A. Clearwaters H. Watt

Naval  Surface Weapons Center ,
White Oak Dr. L. Haynes

Naval  Training Equipment Center C. F. Summer L. Healy

• Naval Sea Systems Command W. H. Hill

Naval k~search Laboratory S. Fuller

I
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c. Candi date MCF Architectures

The Selection Commi ttee formulated a list of candidate architectures based
on proposal s from the member organizations. The architectures evaluated by the
Comi ttee are :

Interdata 8/32

IBM S370

AN/GYK—12 (Litton)

AN/UYK—7 (Univac)

AN/UYK-20 (Univac)

Burroughs 6700

DEC PDP—11/45

AN/UYK—28 (ROLM)

SEL 32

d. Selection Commi ttee Procedure

Volumes II through VIII describe the CFA selection process in detail. A
salient aspect of this selection process was the emphasis placed by the Selection
Comi ttee on establishing evaluation cri teria and selection techniques based on
objective ~echnical requirements rather than on subjecti ve feelings or Instinct.

The i ntent and the outcome of this approach was to build a fully auditable
and verified trail of data and decisions leadi ng to the CFA Selection.

In pursuit of this approach , all issues and data used by the Commi ttee in
examining the architectures were subject to scrutiny and approval by the Committee
as a whole. All decisions and results were accepted or rejected by a mandatory
two-thirds majority vote, where each represented organization exercised one vote.

The Commi ttee was a working commi ttee. Essentially all of the technical eval-
uations , development of crl tria and test methodologies , and generation of reports
were performed by members of the Commi ttee. Subcommittees representing nearly all
of the Commi ttee membership were responsible for the resul ts contained in this
report.

Figure 5-1 illustrates the evaluation process employed by the Selection Corn—
mi ttee in arriving at its recommendation. Volume numbers next to the boxes indi-
cate the volumes of this report describing these aspects of the selection process.

e. Selection Committee Chronology

The CFA Selection Commi ttee convened five times between October 1975 and
August 1976.
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BURROUGHS B6700
IBM S370

INTERDATA 8/32
GYK-l2
PDP-ll

ROLM 1664
SEL 32
UYK-7
UYK-20

‘I, _ _ _ _

V 1 I I I  Absolu te V II Quantitative
Criteria Criteria-

I
IBM S370 INTERDAT!’. ‘~/32 (FIRST)PDP— 11 PDP-ll

IBM Sin
GY K- 12
ROLM 1664
BURROUGHS B6700
SEL 32
UYK-7

- UY -20 (LAST)
—

~~ 9
Final

Vol II Candidates

• 
Decision

INTERDATA 8/32
PDP-11
IBM S370

Vol JII~ Vol IV Vol V Vol VI I
Test lISP 1 Isupport 1 ~Architecture lProgram ~DescriptionsJ I Software I ILicensing
Generation ~ valuatio~J LEvaluation

Vol VI Cost Anal ses

Vol V I I t)~~~~~j 0fl~~

POP-l i (FIRST)
IBM S370 (SECOND)
INTER D A TA (T H IRD)

Fiqure 5-1 Selection Cormiittee Procedure
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f .  Committee Mee ti ng One

The Commi ttee convened for the first time on October 1 and 2, 1975, at NRL ,
Wash i ngton , 0. C. The background and goals of the CFA project were presented to
the Commi ttee representatives as wel l as initial considerations for computer archi-
tecture evaluation. Subcommi ttees were established to gather data on the candidate
architectures and to formulate architecture evaluati on criteria.

An initial list of architecture candidates was considered and approved
by the Commi ttee.

g. Commi ttee Meeti ng Two

The secon d Committee mee ti ng took pl ace on Decem ber 3 an d 4 at USAEC OM ,
Ft. Monmouth , N. J. The Commi ttee considered , rev i sed, an d approve d arc hi tec-
ture evaluation criteria formulated and proposed by a working subcommi ttee.
These criteria were to be used by the candidate architecture subcommi ttees to
gather data on those architectures. Al so, the Committee representat ives were
to weigh the evaluation criteri a for the purpose of applying those criteri a to
ranking of the architecture candidates .

h. Commi ttee Meeti ng Th ree

The third Commi ttee meeting took pl ace on February 17—20 , 1976 at NAVPGSCOL ,
Monterey, Cal i forn i a, and was devoted to reviewi ng and applying the results of
the architecture evaluation criteria. Quantitati ve scores compiled for each
arc hi tecture an d “absolute cri teri a” eva l ua tions were use d to select arch itecture
finalists for more i ntensive evaluation. Subcommi ttees were then established to
carry out these final evaluation phases. These phases included test program,
su pport software , l i fe-cycle cost, and licensing/royal ty cost evaluations.

i. Commi ttee Meeti ng Four

The four th Comm i ttee meeti ng whi ch occurre d on Apr i l 28 and 29, 1976 at
— NRL , Was hi ngton , D. C., reviewed the results of the final candi dates selection.

One of the finalists was elimi nated as a result. Prelimi nary reports of the
finalists evaluation subcommi ttees were reviewed and approved.

1. Commi ttee Mee ti ng F i ve

The fifth and final Commi ttee meeting took place on 24—26 August, 1976 at
NUSC , New port, R. I. At this meeting , the Commi ttee considered and reviewed the
results of all architecture evaluation work performed since the first meeti ng.
As a resul t of these considerati ons , the Commi ttee voted and made its final recom-
mendations for the CFA . Commi ttee members were organized to participate in the
writi ng of this CFA Sel ection Commi ttee Final Report.

k. Select i on Commi ttee Struc ture

The Off ices an d Subcomm i ttees instrumental i n carrying out the w r k  of the
Selection Commi ttee are shown in Table 5-2.
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TABLE 5—2

ARMY /NAVY CFA SELECTION COMMITTEE OFFICES AND SUBCOMMITTEES

Chairman Aaron Coleman , USAEC OM
V ice-Chairman Wil l iam Smi th, NRL
Secretary William Burr, USAEC OM

Interdata 8/32 Subcommi ttee
Bill Burr - USAECOM (Chairman)
Mark Stephens - PMTC
L i nwoo d Cul pepper - N SRD C
Forres t Summer - N TEC

IBM S370 Subcommi ttee
A l Clearwaters - NUSC I, New London (Chairman)
CPT Paul Sabin - PM , Patr i ot
2LT Nancy Herdon - PM , NAVCOM

Burroughs 8-6700 Subcommi ttee
Dave Ha dden - USAECOM (Cha i rman)
Bo b Perle - SATCOMA
Bob Es tel l - FCD SSA , San Di ego (replaced D. Hadden as Chairman)

DEC PDP-11 Subcommi ttee
Dan Si ewiorek - NRL /CMU (Cha i rman )
Jack Chaney - NAFI
LI B i ll  Allen — NP G S
MAJ Ben Blood - USACSCS

NOVA /ROLM Subcommi ttee
Len Haynes — NSWC (Chairman )
Tom Conrad - NUSC
1LT R. Atkinson - PM , ARTADS

AN ,/UYK-20 Subcommi ttee
John Sharatz - NATC (Chairman)

AN ,fUYK-7 Subcommi ttee
Henry Hill — NAVSEA (Chairman)

AN /GYK-12 Subcommi ttee
Norman Taupeka - PM , ARTADS

SEL—32 Subcommi ttee
W. L. McCoy - NSWC , Dahi gren

Test Programs Subcommi ttee
Bill Burr — USAECOM (Chairman)
LT B i l l  Allen - NPGS
Mar k Stephens - PMTC
W. L. McCoy - NSWC , Dahlgren
Forrest Summe r - PITEC
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Select i on Cr i ter i a Su bcommittee
Sam Fu l ler - N RL /CMU (Cha i rman )
Len Haynes - NSWC , White  Oak
Doug Wise - USA MICOM
Bob Estel l - FCDSSA , San Diego
Norm Ti nkel paugh - NELC

• Subsetability Subcommi ttee
Harol d Stone - ECOM/U. Mass. (Chairman)
Bi l l  Burr — USAECOM
Dan Siewiorek - NRL/CMU
Al Clearwaters - NUSC , New London
Dave Hadden - tJSAECOM

• Final CFA Selection Methodology Subcommi ttee
Bill Smi th — NRL (Chairman)
Bob Estel l - FCDSSA , San Diego
CPT Paul Sabin — PM , Patriot

CFA/Architecture Licensing Evaluation Subcommi ttee
A. H. Coleman - USAECOM (Chairman)

• V. S. Wu - NRL
B i l l  Smi th - NRL
LTC A. Salisbury - USAECOM
Sam Lev i ne - USAECOM

Software Evaluation Methodol ogy Subcommi ttee
• Ed L ieblein - LJSAECOM (Chairma n )

Al Clearwa ters - NUSC , New Lon don
LI B i l l  A ll en — NPGS
John Shara tz — NAIC
MAJ Ben Bl ood - USACSCS
Norman Tau peka - PM , ARTADS
J im Wagner - U SAE COM

Architecture Test Subcomi ttee
Sam Ful ler  - NRL/CMU (Chairman)
Len Haynes - NSWC , White Oak
W. L. McCoy - N SWC , Da hl gren
Bi l l  Burr - USAECOM
Lynn A. DeNoia - NUSC , New London
Dave Parnas - NRL /Dar msta dt

Au ditor for Quan titative an d Qual itat ive Criter ia Evalua tion
Harol d Stone — ECOM/U. Mass.
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