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1. INTRODUCTION

The pages that follow describe various issues confronted by the Computer
Family Architecture (CFA) Selection Commi ttee in its search for a standard
military computer architecture. This discussion of issues reveals the difficult
nature of the Commi ttee’s task. Further, it demonstrates the sources of the
Committee ’s confidence in its final recommendations.

The motivation for includi ng this data in the final Commi ttee report derives
from the Commi ttee’s experience in bri nging new Commi ttee members “up to speed”
and in describing progress to non-participants. Invariably, newcomers ra i sed
questi ons with which the Commi ttee had already dealt at length .

The Comittee believes a consolidated presentation of the issues and thei r
disposition is valuable. It is hoped thus to elimi nate doubts as to the thorough-
ness of the investigati on conducted. Further, the Commi ttee bel i eves it is worth-
while to point out where the constraints of limi ted time and resources may have
limi ted the depth to which certain aspects of the i nvesti gation could be pursued.
It is hoped that others wi th the opportunity and inclinati on to extend the Commi t—
tee’s analysis can profit from its experience and find di rection in these pages.

It has al ready been noted that the attention paid to many pertinent issues
was not always obvious in the decisions rendered or the results reported. It
should also be noted that Commi ttee decisions required a two-thirds majority
support of the members. Few decisions were unanimous.

Of course , some issues were of greater significance than others. We have
found it useful to classify them in two broad categories. Several recurrent is-
sues have dealt wi th the basic premises of the Computer Family Architecture effort.
These are fundamental questions of overall approach. Other issues developed over
particular aspects of procedure. The evaluation process was necessarily a serial
one. Naturally, in such a candi date screening process, results are a function of
the sequence in which measures are applied. This fact gave ri se to vari ous ques-
tions of procedure.

In the pages that fol low, eleven issues of premise and thirteen issues of
procedure are di scussed in detail. Each issue is presented as a question. Its
significance is discussed and the impact of the Commi ttee’s decision relevant to
the issue is descri bed. The decision of the Commi ttee is stated and supporti ng
rationale provided.
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2. ISSUES OF PREMISE

(1) Why was the original list of candidates
limi ted to nine? In particular y, why did
the Committee not consider any of the
architectures of CDC , Honeywel l , etc.?

This question is significant for two reasons. Aside from the fact that a
vendor whose products were not evaluated might object, there is the more important
issue that the Commi ttee mig~t have overl ooked a potentially superior architecture.

Fifteen Army and twenty-two Navy users and developers of computi ng systems
were asked to nomi nate architectures which they considered worthy of i nvesti gation.
This process resulted in the followin g :

1) Before selecti ng one architecture to nomi nate, each respondent i nformally
evaluated several architectures , including some ultimately nominated by
others , and many not mentioned at all to the Committee.

2) Each respondent was able to provide technical i nformation on the candi-
(late architecture nomi nated.

3) Each respondent was e’~ t~rted tn continup the evaluat ion of the candidate
architecture nomi nated. (These last two i tems allowed the Commi ttee to
pursue its task with a m ini~ium of external resources. The alternate
proposal , namely, to evaluate all current architectures, would have
de.~1and?d technical resources external to the Commi ttee.)

!\n~ j t inn~l1y , many Committee members fe lt (although it was not a formal selection
criteri nn ) that the new standard architecture should directly support the ASCII
character set. This weighed against architectures whose word lengths were not
~nul t ip le s of eight (8) bits.

In summary , it can be said that a fundamental assumption of the Computer
Family Architecture selection process was that if an architecture was worthy of
consideration , then someone would nominate it. Al together, nine candi dates were
proposed. No lim i t was set on the number of nomi nations that would be considered.

(2) Should not tactical data processing
requirements be anal yzed in detail before
attempting to describe a computer archi-
tecture which satisfies tactical data
processing requirements? r

This questi on was raised by several Committee members at the first meeti ng
of the CFA Selection Committee. It is signifi cant in that failure to analyze
requirements first leaves any decision rendered by the Commi ttee open to objec-
tion on the grounds that it is a solution to the wrong problem.

It was decided after some discussion at the first CFA Sel ection Committee
meeting that available , unclassified reports coveri ng application requirements
for the Navy ’s All Application Digital Computer and the Army ’s Fourth Genera-
tion Tactical Computer Family would be distri buted to all CFA Selection Commi ttee
members. ‘Jltiniately, six documents ([Alex8 73], [ButiW 72], [HopkJ 75], [KilpP 73],
[ScieC 72], [ApgaJ 75]) were distributed to all Commi ttee members.

2
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It was decided that further analysis of requirements was beyond the CFA
Commi ttee’s scope, resources , and needs. It was left to individual Commi ttee
members to draw upon their own varied experience , supplemented by the reports
cited above. Consequently, the Committee developed evaluation criteri a and test
programs which characteri ze the needs of the military .

In brief:

1) The CFA Committee included cognizant representatives from d~~erse Armyand Navy activities , includi ng the Navy ’s User Requirements Advisory
Group (URAG) and the Army ’s Center for Tactical Computer Sciences
(CENTACS) Requirements Advisory Group (CRAG).

2) Six studies of tactical data processing requirements were dissemi nated
to all Committee members.

3) Most operational requirements relate to speed , size, weight , or other
physical characteristics which are a function of imp l ementation rather
than architecture.

4) The CFA Selection process stressed characteristics of the widest and
most important tactical appl i cation requirements as reflected in evalua-
tion criteri a and test programs developed for this purpose.

5) In addition , the Army and Navy have each commissioned studies of tacti-
cal data processing requirements. The results of these studies will be
available to, and will impact the efforts of, the contractor selected
to develop an implementation plan for a family of military computers .

(3) Why select an existing computer architecture?

To develop a fully mature data processing system architecture and the atten-
dant software could well represent a sizable fraction of the DOD computer budget.
Even if this were feasible , the return on i nvestment would be small because ex-
perience i ndicates that most military data processing needs can be satisfied by
commercial architectures. It should also be noted here that selection of a com-
mercial architecture does not imply acquisition of commercial hardware. Machines
supporti ng a given architecture can be built to militar y specificati on.

By picking an existi ng computer architecture , deficiencies should already
be known and understood, and patches already incorporated.

Nonmilitari zed versions of the selected architecture , compatibl e peripheral s,
and documentation , can be procured from commercial vendors , and programmers al-
ready experienced on the selected architecture are available.

In additi on , a ready-made support software base will exist for an existi ng
architecture , thus reducing development and/or acquisition costs associated with
support software.

(4) Why select one architecture?

It must be kept in mi nd that architecture is Independent of implementati on,
and that the selected architecture will be implemented on a family of machines -

spanning a wi de range of capabi lities. By selecting one architecture, sof tware
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will be transportable between machines , wi th low end machines trapping on and
i nterpreting unimplemented instructions. By selecting one architecture , computer
to computer i nterface problems will be greatly reduced , and it is more likely
that one set of peripherals and device dependent 10 routi nes can be used by all
members of the family.

(5) Why were there so few “users ” on the Commi ttee?

This luestion is significant because the current inputs of real users are
necessary to insure that technical talents and resources are applied to the
solutions of the correct problems . Solutions to pseudo-probl ems , no matter how
sophisticated , are of no benefit to the Army and Navy units in the field.

The Conni tee was well represented by real users as evidenced by the member-
ship roster found in Volume I. Some other organizati ons were invited , but chose
not to participate. The Commi ttee recognizes that wider participation would
have increased the confidence in the process , if not the quality of the product
also. Thus , one of the reasons for producing this report in this form (i.e.,
including this section of introspective critique) is to al low others to continue
the evaluation , wi thout having to repeat the process in its entirety .

( 6 )  Isn ’ t it more appropriate to develop an
enhanced version of ex i s t i nn  st~odard Army
or ~Javy computers rather than standardize
on an exist i ng com mercial architecture?

This questi on challenges the CFA Commi tee ’ s reason for being. The question
has been voiced frequently by those who are concerned about large investments
in application softwa re for today ’ s mil itary computers , nGtably the AN / UY K-7 ,
A~/ UYK — 2U , and A~4 / GYK— 12 . The CFA Commi ttee did not spend any time in s~ lf -justi-
fication. Instead , it accepted its charter and proceeded with the task of identi-
fying an optimum architecture for a fami l iy of military computers.

it is worth noting that the military is at least a cl’T’cade behind industr y
in applying computer software and hardware technology . It would be a mistake to
adhere so rigidly to current designs that this gap never closes , or even worse ,
widens. The point is well taken that the military must be prepared to keep pace
with developments in the technical ma rketplace.

It should be noted that the A N /GYK-12 , A N/ UY K—2 0 , and A W / UYK—7 were actively
considered as candidates for ~~ standard architecture . The fact that they pl aced
fourth , eighth , and ninth among nine candidates on the seventeen quanti tative
measures developed by the CFA Conuni ttee indicates that substantial up~radinn is
requl red.

The Committee also understood the importance of capturi na the existi ng soft-
ware investment. It did not feel constrained to act on this requirement because
it understood that the implementation plan for the family of military computers
would provide implementations in high performance nicroproqrammable emulators
which can execute existi nq software in real time .

(7) Why standardize on architecture?
Wouldn ’t it be better to standardize
on a microprogram level , implementing
a “soft” machine wi th an alterable
native instruction repertoire?

4
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There is nothing in the charter or philosophy of the CFA Committee which Is
i nconsistent with standardizing on a microarchitectu re at some later time. If
future developments indicate that a standard microarchitecture should be selected,
this new machine could repl ace old CFA machines with no other changes in hardware
or software.

Much less is known about microarchitectures than about conventi onal architec-
ture , and attempting to standardize on an advanced microarchitecture carries with
it some ri sk of developing a machine wi th many elegant features and a few gross
mistakes. Currently, there is littl e or no standardization among military com-
puters. The most common i nterface between the system developer and computer is
the architecture , and this is what we should standardize first.

The very changeability of the microcode will tend to limit common software
and tend to proliferate local i nventi ons wasteful of programmers and machine time.
Software that is interchangeable must run wi th common microcode. Users must first
obtain the microcode , then •the software to bu ild up a library of useful programs.
The CFA project, by standardizing on a particular architecture family, a l so
standardi zes on the compilers , operating systems, and system software for that
family of computers. This gives the user community an extensive initial base
upon which to build applications software, and discourages proliferation of dupl i-
cate tool buildi ng efforts.

The existing software base for dynamically changeable microcoded machines is
much less extensive than for machines that have been extant for a decade. Like-
wise , the pool of programmers , peripherals , and nonmilitarized versions may be
much smaller than for one of the selected machines .

Standardization of a “soft” machine at the microarchitecture levels carries
the risk that some aspects of -implementation of the machine are bei ng standardized.
Implementation is the most like ly aspect of computer hardware to change drastically
in the next decade. The CFA approach (implementation independence) is more likely
to be compatibl e wi th hardware advances in the next ten years than the standard
microarchitecture of 1976.

(8) Why not standardi ze on an assembly
language level rather than on an
architecture? This woul d allow
flexibility in selecting word size,
number of registers , address field
size, etc.

Compilers , assemblers , and operating systems are extremely sensiti ve to
parameters such as word size and the number of registers. Compatibility at the
assembly language l evel guarantees only that the program written in assembly
l~nguage will assemble as it is carri ed from one machine to a different machine.
It n oes not guarantee that the program will work correctly if , for example, it
is compiling programs for a machine wi th one size address field , and moved to a
macljne wi th a different size address field.5



(9) Why not standardize on a high level
l anguage or operating system i nterface?

Again , there is nothin g in the charter or philosophy of the CFA Commi ttee
which is i nconsistent with standardizing on a high level language or on an opera-
ting system i nterface. In both these cases there are several serious problems
which wou ld need further study , and where gross mistakes coul d be made. If we
first standardize on an existing, tried and proven architecture , it will make the
other tasks easier- for later implementation. It is far from clear that a single
higher level language can be made to adequately serve all or most hi gher level
lan~uage , and , it is not clear what that single standard language should be.

(10) Won ’ t the selected architecture rapidly
become obsolete? Why not standardize
on a more modern architecture such as
an intermediate leve l language machine ,
a stacked machine , or a tagged architecture?

Over the past decade or two the vast majority of increases in computer per-
formance have come about throuch advances in technology and hardware design fea-
tures and not through changes in architecture . Hardware advances , such as cache
memory , instruction look-ahead , p -ipe linin g , etc., are architecture i ndependent
and can he i ncorporated i nto a computer wi thout affecting software.

Because of enormous commercial i nvestments in software, most architecture
evolution that has occurred has been in the form of upwards compatible extensions
or additions to existing instruction capabilities , which do not affect the ability
of a conputer to run already existing programs (these programs simply do not make
use of the extended operations). Existi ng commercial software almost guarantees
that this pattern will , for the most part , conti nue.

The CFA concept , then , is not i ncompatible with future extensions to the
instruction set whic~i , for example , support stack operations , operating system
functions , etc. However , these additions can be considerea only after they have
been proven through test and experience. Jumping i nto new or radical architec-
tures is a risk that the m ilitary should leave to the computer i ndustry . Waiting
for such undefined new architectures which are “just around the corner” would
only result in that many years further delay in standardizati on .

(11) Jas each architecture i nvesti gated
with equal competence and thoroughness?

To the oreatest extent feasible , each architecture was considered equally.
The metrics developed to compare architectures were carefully scrutinized by
the Committee to insure that they were meaningful measures which did not penalize
one architecture over another for an unimportant characteristic. Professor
Harol d Stone was hired specifically as an audi tor to insure that criteria were
correctly evaluated for each architecture .
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3. ISSUES OF PROCEDURE

(1) Why were some of the evaluation
criteri a modified for so~e of the
candidate architectures?

This question is significant in that evaluation cri teria were used to wi nnow
the large field of candidates , originally nine (9), down to a number that could
be extensively measured by test programs , e.g., about three (3). In this process ,
a candidate that might have benchmarked very wel l could have been elimi nated before
testing was done.

The selection process evolved as the project progressed. The Commi ttee fel t
it altogether proper to learn from its experiences , and to make mi d-course cor-
rections as needed. The judgment of the Commi ttee was that some of the architec-
tures were clearly superior to others ; and some efforts were made to explore these
in depth , even at the expense of wri ting off the less promising candidates. In
particular , the Interdata 8/32 was originally regarded by the Commi ttee as having
failed the requirement for complete recoverabilit y from any interrupt. Al so, its
extended precision floati ng point capability was available but not yet del i vered
(a Commi ttee requirement). However, since Interdata i ndicated a willin gness and
ability to address these problems and since the Interdata 8/32 Lu~~ stently fared
better than any other architecture on the quantitative criteri a, t’e Committee
decided to include that architecture as a finalist.

(2) Why were these specific Test Programs
selected?

This is significant because on any given type of test, one architecture will
l ook better than another , and the results will tend to vary with the type of test.
Hence, the choice of Test Programs tends to bias the selection from one kind of
architecture towards another.

First , a Test Program Subcommittee evaluated proposed tests, submi tted by
all Commi ttee members , each of whom was responsible for nomi nating tests that
were representative of the characteristics and needs of his systems. Secondly,
the Commi ttee as a whole then cast a weighted ballot , which selected the test
programs actually coded and run. Finally, the number of tests was limi ted by
the resources available to the Committee for testing —- time and money , as well
as skilled programmers.

A related issue is that no very large tests were run. It just was not
practical to code very large programs , except in a high l evel language , e.g.,
FORTRAN . Such tests would have been valuable measures of the candi date stippc -’t
software systems, i.e., they would have measured the i nteraction of architec-
tures and captured support software , yieldi ng a mi xed measure . The judgement of
the majority of the Commi ttee was that the charter was to evaluate architectures,
not support software systems. Moreover FORTRAN and COBOL , the only common lan-
guages available on the three final candidate architectures , are not widely used
in tactical systems. Hence , such a mi xed measure would have not helped the
evaluation. It would also have been very di fficult to define since it is un-
clear , for example , how to i nsure that “equivalent ” compilers were used with
each architecture.

7 
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(3) Why wasn ’ t tactical software capture
considered the most important cri teri on
in evaluati ng computer architectures?

Th is question was dealt with several times by the CFA Commi ttee. Its signi-
ficance lies in the inference that the first screening process should order the
can didates according to capture of application software.

It should be understood that thg Commi ttee had enough time and other re-
sources for a detailed comparative a ial ysis of three “finalist ” architectures.
Hence in initi a l screening process was required to select three from among the
nine under consideration . The Commi ttee decided on an initial screening proce-
dure involvin g nine “absolute criteria ” and seventeen quantitative cri teria ”
relat ino to technical meri t of the architecture (address space size , I/O overhead ,
v ir tual izah i l ity , etc. )  rather than cr i ter ia relat i ng to p resen t i nvestmen t i n
h~Irdware or softwa re.

Clear ly, if capture Oi software investment were used as the screening pro-
ce dure , a di fferent set of f i nal i sts woul d have been anal yze d , s i nce there i s no
sionific ant tactical softwa re capture with the actual finalists , IBM S/370, POP-li ,
or Interclato ~1/32. Figure 1 illustrates the selection process as actually imple-
~iented. In the firni re candidate architecturec are shown ~‘ierqino from p~~ch

eval uati -in ~)OX I ri rdnk order.

Two grounds may be used to j ust i fy  the Commi ttee ’ s decision to screen t h e
candidates on a technical rather than an investment basis. in the f irst pl ace ,
the CFA Committee was wel l aware . of the requirement speci f ied in the implenienta-
tion plan contract that current ~iilitary processors be emulated in real time by
the fam i ly of mi l i tary computers based on the architecture the Commi ttee was to
reconim~nd. Th e capture ot appl icat i n softw are see med assured regardless of th~CFA Comm ittee ’ s sel ection. Thus , a screening process based on other grounds
seemed appropriate.

It is a lso true that hard  data relating to app l icat ion software invest ~~n t
is d i f f icu l t  to obtain. Given the limi ted resources ava i lab le , the quanti tat ive
measures used were a more pract ical  choice. A case mi ght be made for including
appl icat ion software capture as one of the guantitative criteria and using the
best estimates available. In the overal l  score it is not likely that any of the
military machines would have benefited sufficiently to make a difference. Pos-
sibly the AH /GYK-12 would have made it to the finalists on the basis of such a
quanti tat ive measure score. However , the Ah/ i~YK -12 clearly fa i led to meet the
absolute reguirement for f loating point precision.

(4)  Why was the quality of captured
software not measured?

The value of ca ptured sof twa re was a key i tem in the sel ection of a candi-
date architecture; an d value is surely related in some way to quality , as wel l
as quantity .

Quality of captured software is in a real way a subjective question.
Apar t from the question of ~vhether or not given software work s, there remain
real questions as to which types of support software are most useful in any
given application . Consider , for examp le , the conti nuing debate over on-line
versus batch programming, over high level languages versus assembly languages,

8
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and over various high level languages (e.g., APL , BASIC , COBOL , and FORTRAN )
each with its advocates . The Commi ttee did not wi sh to attempt to resolve
questions of a subjective nature .

Aside from that, an objective measure of the quality of captured software
would have required resources beyond what was available to the Committee. This
is related to the question of large Test Programs that measure systems, not just
architecture , and not just software, but the i nteraction of both. Even wi thin
this relatively objective area , there rema i ns the question of how to assess
meri t -- e.g., as a function of ease of learning, or of speed of execut ion , or
of size of object programs , free dom from bugs , quality of diagnostics , etc.

So the Commi ttee did what it could. Software that has satisfied many
cus tomers for several years was judged to be of one class , an d was evaluate d
on a ba si s of cost , by measuring the number of lines of source code to create
that softwa re .

(5 ) How were the evalua ti on cr i ter i a
chosen? Why?

This is significant because the evaluation cri teri a were used to winnow
the field of candidates , ori g i nally 9, down to 3, so that extens i ve evaluat i on
coul d con tinue b~~ Tes t Pro g rams . Thus , the evaluation cri teri a determi ned which
architectures would finally be considered for selection. A subcommi ttee studied
several suqoested criteri a, an d proposed a set to the Commi ttee as a whole. The
enti re Commi ttee then spent two days i nvestigating the merits of each criterion .
The goals were twofold:

1) Fi rst , to el imi nate from consideration any architecture that had a
deficiency considered so significant that further evaluation of the
arc hitecture was unwarranted (e.g., an insufficient protection

~echaniso).

2 ) Second , to estimate the power of each architecture , so as to selec t
the thre’~ most powerful finalists for detailed evaluation through
Test Pro’-irams.

After the fact , two thi ngs can he sa id w i th some confi dence:

1) The rank order of candi dates as a result of the Test Programs followed
the rank order yielded by the quantitative evaluation criteria.

~
) Some of the auanti tative criteria were not particularly well suited to

stack architectures (e.g., the B6700), but that candidate was elimi nated
for lack of a sufficient protection mechanism anyhow.

in summary , the evaluat ion criteri a aided the Committee ’ s thinking and i nvesti-
gation , but did not make the final selecti on.

(6) Were the most appropri ate statistical
mo dels use d?

Statistical procedures are always controversial . The CFA Commi ttee struggled
with the question of an appropriate statistical approach when it conducted its

10
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analysis of the quantitative measures used for screening the candidate architec-
tures. Since the results of the analysis played a part in determining which candi-
dates would be finalists , and since di fferent approaches provided different rank i ngs
of the candidates , the choice of statistical procedure was significant.

The question arises in the computati on of the overall score on the seventeen
quantitative measures. For each measure, scores of all architectures were normalized
to have a mean of unity . In addition , five measures (all dealing with address space
size in bits) were further normalized for a variance of unity . The Commi ttee deter-
mined that such normalizations corresponded to its i ntuition with regard to the
significance of each measure. Proposals to apply square root transformations , l oga-
ri thmic transformations , or other such f i lters to the raw data were rejected on the
groun ds that no reasonable basis could be found for choosing one such transformation
over any other. The Committee then determined appropriate weights to be applied
to each measure . The procedure for this i nvolved members allocating weights accord-
ing to what they felt best represented their class of problems . The overall score
for an arch i tecture was computed by summing the weighted normalized scores on each
measure . In this computation reciprocal s of scores were used rather than the
scores themselves when necessary to convert all measures to maximization functions
(i.e., so that larger score means better performance). Details of this scori ng
procedure may be found in Volume II.

After this methodology was applied , several alternate procedures were proposed ,
[PaimB 76], [ThoniM 76]. In oarticu lar , one proce dure ca l led  for us i ng ne gat i ve
weights rather than score inversion for measures which score l ower values for bet-
ter performance. Another method proposed applying threshold functions to avoid
the necessity for normalization.

The Commi ttee decided that these alternate methods were reasonable methods
for computing scores but found no evidence that they provide a clearly superior
or more rigorous treatment of the problem. Consequently, the Committee decided
to use tne original procedure which , at least , was conceive d prior to seeing any
results of applying other procedures.

Some may claim the results of the CFA Commi ttee’s work are meaningless in
that they stem from a somewhat arbitrary choice of computational methods. How-
ever , the Commi ttee was constrained by a need for a timely selection of a set
of finalist architectures for detailed study. Having chosen a reasonable com-
putational method , the Commi ttee chose to abide by the resul ts it offered rather
than conduct a long and possibly i nconclusive study of alternate methods for
screening the candidates.

As for the robustness of the results achieved , Dr. Harold Stone (University
of Massachusetts ) audi ted the data and analyzed the effects of the weighting of
the measures , thei r normalization , and the measures themselves in the selection
of finalists [StonH 76]. His analysis , which is included in Volume II , concluded
that for the given weights , the finalists selected are very insensitive to the
exact details of the selection procedure. That is , “almost any reasonable meth-
odology for measuri ng the key concepts quanti tatively would select the same
finalists....The selection of three finalists was a function of the preponderance
of the heavily weighted data in their favor, rather than due to idiosyncrasies
or biases in the measuring and weighti ng process.”

Finally, It shoul d be noted that the quanti tative measures were used only to
select one of the three finalists . The other two (S/370 and PDP-11) were chosen
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because only they unconditionally passed all the absolute requirements set by the
Committee . The final guantitat ive scores for the S370 and PDP— 11 were not known
to the Commi ttee until after the Commi ttee resolution to accept as finalists those
architectures passing all the absolute cri teria.

Statistical design was also important in the test program evaluation of the
three finalist architectures. The Commi ttee dealt more rigorously wi th statistical
issues in this case. Dr. Paul Shaman (Carnegie—Mellon University ) provided direc-
tion of the experimental design for the Test Program analysis. Further , he pro-
vided an interpretation of the statistical significance of the results. The
statistical desion and i nterpretation of tne test program experiment is discussed
at length in Volume III.

(7) Are we reall y going to capture any
support software? Don ’t available
support software programs require a
particular operating system , and
aren ’t there mi nor differences in
architecture between the vari ous
members of the commercial architec-
ture families?

In order to run most support software , a given operati ng system will be re-
quired. This , however , causes no signifi cant probl em. Si nce the manufacturers
of the candidate architectures do support the operating systc~rns which are requiredto run their support software , Government support for these operating systems
should be minimal . Stated in other words , a captured proaram can be thought of
as a load nodule consisti ng of a support prooram and operati ng system. In most
cases Government support for either capt ured operating systems or support soft-
ware should he minimal .

When the complete specification of a military family of computers is final-
i zed , m i nor architectural di screpancies in the associated commercial computer
family ’ s architecture w i l l  have to be considered and resolved. Softwa re wri t ten
for machines with mi nor incompatibi l i t ies wi l l  either have to be adjusted accord-
ingly, or not used.

(8) Were the results of the l ife cycle
cost analyses meaningful?

Two life cycles cost analyses were conducted indepndently. It was hoped
that an indication of the life cycle costs resulti ng from choosing each of the
three finalists would provide a clear-cut ranking on which to base the final
Commi ttee recommendation. If so, the models used and the assumptions made in
those models might significantly affect the final choice.

The life cycle cost analyses did not yiel d a conclusive ranking of the
three finalists , however. The difference between the contenders was within the
expected noise of the models. Consequently, the results dictated no clear choice
for the final sel ecti on. In making its f inal recommendation , the Commi ttee used
the life cycle cost analyses as only one data point among others (quanti tative
measures score, licensing costs, Test Program results , support software capture,
vendor cooperativeness , observed weaknesses in each architecture). It would be
i ncorrect to conclude that the life cycle cost results weighed more heavily in -

the decision than any other available data.
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The CFA Commi ttee was well aware of the statistical closeness of the life
cycle cost results. Indeed , an effort was made to determine those parameters
to which the models were most sensitive , to perturbate those parameters, and to
observe the effects.

While detailed descriptions of both life cycle cost models are beyond the
scope of this presentation (see Volume VI ), we can report the observati ons made
by the Commi ttee wi th respect to those models. One of the parameters to which
the model s are quite sensitive is the assumed ratio of software costs to hard-
ware costs for tactical systems in any year. This ratio includes hardware costs
for computers , main memory , secondary memory , and I/O , and the costs of applica-
tions software. The original analysis assumed a software to hardware ratio of
2:1. Other ratios tried were 1:1, 1:2, and 1:4. The results were that above
2:1 the IBM 370 was favored , at 1:1 and 1:2 the POP-li was favored , and below
1:4 the Interdata 8/3 2 was favored.

A second manipulated parameter was the yearly i nvestment by the military
to reduce i dentified support software deficiencies. Originally, a figure of $2
mil l ion was used. Additional calculations at the rate of $1 million/year and
$3 million/year were made. The results indicated that for less than $1 mil lion/
year the IBM S/370 improves its positi on in life cycle cost; at $2 million/year
the PDP—ii l ooks best and above $3 million/year the Interdata 8/32 leads.

These results reflect the Test Program and Support Software Analysis re-
sults on which they depend. In particular , the Interdata 8/32 has the most
efficient architecture but is sorely lacking in support software. The IBM S/370
has the best support software position but the least efficient architecture .
Thus , one would expect that if i nvestment in support software were hi gh and/or
the ratio of software costs to hardware costs were low , then the Interdata 8/32
would l ook best. On the other hand , low i nvestment in support software and/or
a high software to hardware cost ratio would make the IBM S/370 l ook best. The
middle ground is hel d by the PDP-1i and refl ects the Commi ttee’s best estimate
for these parameters. As a result , the PDP-11 ranked first on the life cycle
cost models. Another point worth noting is that under the assumpti ons of
software/hardware ratios which reflected the Commi ttee’s best estimate of the
parameters, the PDP-11 had the l owest costs for between 11 to 14 of 15 Army
applicati ons considered in the bottom-up life cycle cost analysis. This is
based on a projection through 1985 and is a function of the software to hardware
cost ratio. This demonstrated the range of aoplicab ility of the PDP-11.

The CFA Commi ttee coul d not identify any other parameters whose value was
in doubt which would significantly impact the results of this analysis.

The fact that the final decision of the Commi ttee refl ected the life
cycle cost results shoul d not be i nterpreted as an exclusive cause-and-effect
relationship.

Al though the Bottom-Up model tended to corroborate the results of the Top-
Down model , some may wi sh to cri ticize the former analysis on the grounds that
its sources of data were fifteen Army systems and , as such , may not accurately
reflect Navy needs. However , the Comi ttee did not consider this likely.

In any case , it shoul d be remembered that the life cycle cost analyses were
not the only factor , and probably not the domi nant factor , in the Committee ’ s
final decision.
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(9) Was consideration given to the ease
of using a computer in distributed
or federated systems?

The efficiency and ease of use of the I/O structure of a computer is the
primary characteristic determining the abil ity of a computer to be used in dis-
tributed or federated processing configurations. The importance of distributed
and federated systems was clearly recognized by the CFA Commi ttee. The quantita-
tive cri teria and benchmark programs dealing with I/O structure were consistently
given higher “value ” weighti ngs than any other attribute.

(10) why have just three (3) finalists?

If more finalists had been allowed , one of the other candidates might have
shown itsel f superi or to the others in the Test Program analysis , even though
the quantitative eval uation criteria did not predict this.

Resources were limited but the Commi ttee decided it had sufficient resources
to test three candidates in depth . Even so, it proved di fficult to complete even
the required about 100 i ndividual replications of the twelve test programs at the
top of the Commi ttee’s prioritized list of tests for the three finalists .

Perhaps lust as significant is the fact that the two of the three finalists
were the only candi dates judned to have passed the absolute selection criteria.
Additionally, all three were grouped together at the top of the quantitative
evaluation cri teria.

(11) W hy was diagnostic software not
considered in the software capture
analysis?

Diagnostic software was not considered in the software capture analysis
because the hardware imp l ementations of the militari zed CFA machines will be
enti rely different from the commercial machines . Hence , most fault isolation
type di agnostic softwa re is unusable. On the other hand functional instruct ion
diagnostics should run on any implementati on , including militari zed versions.
All three final candidates have such diagnostics , but attempting to evaluate
this quality appeared to be quite difficult , and we did not attempt to evaluate
the quality of any other software.

(12) Why weren ’ t such factors as the quality
of the system documentation and the
size of the trained labor pool for j
each candidate evaluated?

Since software development costs are so l abor i ntensive , analyses of this
kind might be appropriate for identifyin g the most cost-effective choice of archi-
tectures. Unfortunately, it is very difficult to obtain meaningful quantifiable
data for such factors and to relate it to costs. This is the reason the CFA Com-
mittee did not directly evaluate such aspects.

When the Commi ttee was screening the original list of candidate architectures ,
two of the seventeen quantitative cri teria used dealt wi th the size of the existing
hardware base for each architecture. By Implication , this says something about
the extent of trained personnel familiar wi th each architecture and about the
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maturity of system documentation. Wot surprisingly, the IBM 370 and PDP-11 scored
highest on those measures.

(13) The Committee recommended a 16-bit
architecture. Aren ’t there inherent
advantages to a 32-bit architecture?

Intuitively, many people feel that a 16—bit architecture should be more effi-
cient wi th respect to core storage , and that a 32-bit architecture shoul d offer
more power. The analyses done by the Committee , including the Test Programs , in-
dicate that whereas there nay he some validi ty to these i ntuitive feel i ngs , on
balance the strengths and weaknesses of the two architectures (16-bit and 32—bit)
sum (or average) to the same results. In particular , the test program results
i ndicate that one of the 32-bit architectures tested , the 8/32, was at least as
efficient as the 16-bit POP-li architecture , and both of them tested superior to
the other 32—bit architecture , the S/370. Thus , word length alone is not the
determining factor. This agrees with a different kind of intuition , namely that
if there were inherent advantages to one architecture , the vari ous vendors woul d
have gravitated towards it; instead , there are 16, 32, 36, 48, and 60 bit architec-
tures still being produced and purchased by proud vendors and happy customers.

One must be careful to remember that the physical implementation often dif-
fers from the abstract architecture : e.g., the IBM 370 (a “32-bit ” architecture )
is irinlemented in physical bus widths of 16, 32, and 64 bits , allowi ng a wide
performance range while maintaining a compatible architecture.

The differences in 16 and 32-bit architecture are most apparent in two areas:
(1) the i mmediate address reach , i.e., the main memory that can be addressed
without manipulation of the memory mappp ing mechanism , and (2) i nteger ari thmetic.
The 16—bit architecture must remap more frequently to reach a very large physical
space , and usually must resort to extended-precision ari thmetic to calculate 32
bit results. In return , bit traffic for smaller tasks is reduced because of
shorter operands and instruction words. Based on the test results , the Commi ttee
concluded that there was no clear preference for either architecture for the
general class of problems .
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4. SUMMARY

In the foregoing discussion many questions considered by the CFA Commi ttee
were presented. There remains one final question which has not been formally
posed to the Committee but which holds some general i nterest.

If you coul d do the evaluation and
selection again , what changes , if any ,
would you make?

Hindsi ght is usually near 20/20; i.e., the solutions always seem obvious
after they are discovered. Asking what changes the Commi ttee might wi sh to
m ake , now that the experience has been acquired , is like asking how confident
it is in the orocess and product. Even more important , it lays the foundation
for further efforts in computer standardization , compatibility , and software
transferability . There is no reason why the project should be repeated; but
there are reasons why it might be continued , using what has been learned already .

Systems Analysis (as done by the Rand Corporation for DOD) has several rules
of thumb . Some of those are quoted herein , and the Commi ttee’s observance of them
is discussed.

1) “ Ireat uncertainties expl ic i t ly.”

In any significant systems analysis , there are elements of the problen
that defy explicit description , let alone accurate quantification. The system
analyst recognizes this pitfall , and makes an effort to identify the possible
impact of these unknowns.

In the CFA project, an i dentified uncertainty was the cooperation of
the vendors -- i.e. , the legal and financial aspect of enterino into a contract
with DOD for the use of an architecture , and its associated support software.

This contractual question was not dealt wi th exp licitly until three
finalists were sel ected via other criteria. The result was that the wil linon ess
(or lack thereof) of the three corporations to contract a licensing agreement
with the government pl ayed a catalytic role in the decision process of many Com-
mittee members. By use of an RFP , this kind of screening could have been done
early. The Commi ttee could then have focused its limi ted resources on architec-
tures whose vendors were willing to deal with DOD.

2) ‘ Never exclude alternatives without analysis. ”

The strength and value of systems analysis is that the assumptions ,
techniques , etc., are explicit , and can be repeated , if necessary , by others,
with such modifications as may seem appropriate in light of new data (or simply
different circumstances ).

The CFA Commi ttee excluded several candidate architectures without
explicit analysts. True, informal analyses were done (usually by i ndividuals ),
but an explicit analysis that can be audited •vas not done for any architectures
of CDC , Honeywel l , Xerox , etc. This was in accordance with the original premi se
that all “good ” architectures would be nomi natod by someone.
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Given the charter of the CFA Committee (viz , to evaluate architecture s,
not systems ) , and consideri ng the resources ava ilable to the Commi ttee, perhaps
this is the best that can be done. But if such an effort were to be conti nued,
it would be worthwhile to approach the questions from a different perspective:
Namely, to devise a uniform , broad , initial screening process that woul d mi nimi ze
the ri sk of accepti ng any architecture that would later fail to satisfy all the
criteria -- even at the risk of excluding some candi date(s) that mi ght have been
satisfactory . Such a process should also leave an audit trail. In particular ,
such a process shoul d gain an early commi tment from the vendor(s) i nvolved to
license the DOD to use the architecture and supporting software. Further , some
group of tests should measure the performance of systems actually implemented.
Later analysis in detail would determi ne ~~ finalists did wel l in early tests,
and so lead to selection of the best architecture , independent of imp l ementation.

3) “Partial answers to relevant questions are more useful than full answers
to empty questions.”

Under the charter of the CFA Commi ttee, the emphasis was on architec-
tures, not systems. Thus , if architecture “A” is superior to “B ,” but system “B”
is superior to “A” , then the Comittee would rec~mmend adoption of “A ,” anyhow.In this , there is the implicit notion that DOD will continue to produce tactical
software in assembly language , or that DOD will pay for the redevelopment of a
host of support software, e.g., compilers for hi gh level languages. If this is
true , it is unfortunate.

Somewhere in the DOD, someone must meld the results of the CFA analysis
with those of the “DOD-i” project, to point towards a superior common system.
And this chosen system will be the best mixture of architecture , hardware imple-
mentation , and support software -- though it may well NOT be the best in any one
of these.

The quoted rules for systems analysis were taken from [QuadE 68]. It
is worth noting that the other guidel i nes were observed carefully, even though
no one explicitly pointed them out to the Commi ttee.

17



REFERENCES

[Al exB 73] Al exander , B. L., “Al l Applications Dig ital Computer (AADC ) Appl i-
cation Studies for Advance d Light Attack Ai rcraft,” Vought Aero-
nautics LIV Aerospace Corporation , March 1973.

[Buti W 72] Butler , W . I. and Kohler , G. A. , “Future Naval Ai rcraft Subsystevm/
AADC Interface Defini tion fcr Operational & OBC Requirements ,”
Final Report, Vo l ume I, Grumman Aeros pace Cor pora ti on , Re port No.
0—545, Contract N62269—72—C—0065, Apri l 17, 1972.

[HopkJ 75] “000 Weapon Systems Software Management Study ,” Draft, The Johns
Hopkins University , Applied Physics Laboratory , May 1975.

[KilpP 73] Kilpatrick , P. S., Marshall , W . C., and Scales , E. A. , “Al l Semi —
conductor Distri buted Aerospace Processor/Memory Study ,” Vo l ume i:
Av i onics Processing Requirements , Honeywel l , Inc., A i r Force Av i on i cs
Laboratory Technical Report AFAL-TR-73-226 , August , 1973.

[Sc i eC 721 “USN/USMC Future Data Systems Requirements and Thei r Impact on the
All Applications Di gital Computer (AADC),” Computer Sc i ences Corpora-
tion , San Diego , Californi a , 1972.

1 Ape~aJ 75] Anqar , J. -I . ,  Barr icelli , F. S., Col eman , A. H., Light , W. R., Jr.,
Morri s, 0. S., “Survey of ECO~1 Tactical Computer-Based System ADP
~equirements ,” Communicati ons/Automati c Data Processing Laboratory
Center for Tactical Computer Sciences , U. S. Army Electronics Command ,
Research and Development Technical Report ECOM-4328, June 1975.

[PalmnB ThJ Palme r, 13. S., “Statistica l Interpretation of Selection Criteri a ,”
n aval Surface Weapons Center Memorandum DF—44:BSP:jcr, dated 5 March
1976.

{Thon~1 
7 6 ]  Thomas , M. A. , “Cand idate Architecture Ranking Procedure for Army!

:~avy Computer Family, ” Naval Surface Weapons Center Memorandum
DK-3U : 4AT:prs , dated 2 ~arch 1976.

~.StonH 76] Stone , Fl. S., “An Audit of the Selection Criteri a for Computer
Family Architecture ,” Universi ty of Massachusetts , Amhers t,
Massachusetts , 1976.

[UuadE 68] Systems Analysis and Policy Planning Applications in Defense , edited
by E. S. Quade and W. I. Boucher , the Rand Corp. , Santa Moni ca ,
California , published by American Elsevier , New York ; copyright 1968,
the Rand Corp. 4

BI~A—FM—1991~-7~ 

-— ~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
— 

~~~~~~~~~~~~~~~ ~~~~~~~~ -~~~- - - .




