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1. INTRODUCTION

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

The motivation for including this data in the final Committee report derives
from the Committee's experience in bringing new Committee members "up to speed"
and in describing progress to non-participants. Invariably, newcomers raised
questions with which the Committee had already dealt at length.

The Committee believes a consolidated presentation of the issues and their
disposition is valuable. It is hoped thus to eliminate doubts as to the thorough-
ness of the investigation conducted. Further, the Committee believes it is worth-
while to point out where the constraints of limited time and resources may have
limited the depth to which certain aspects of the investigation could be pursued.
It is hoped that others with the opportunity and inclination to extend the Commit-
tee's analysis can profit from its experience and find direction in these pages.

It has already 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 Committee 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 with 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 candidate screening process, results are a function of
the sequence in which measures are applied. This fact gave rise to various ques-
tions of procedure.

In the pages that follow, eleven issues of premise and thirteen issues of
procedure are discussed in detail. Each issue is presented as a question. Its
significance is discussed and the impact of the Committee's decision relevant to
the issue is described. The decision of the Committee is stated and supporting
rationale provided.




2. ISSUES OF PREMISE

(1) Why was the original list of candidates
limited to nine? In particulary, why did
the Committee not consider any of the
architectures of CDC, Honeywell, 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 Committee might have overlooked a potentially superior architecture.

Fifteen Army and twenty-two Navy users and developers of computing systems
were asked to nominate architectures which they considered worthy of investigation.
This process resulted in the following:

1) Before selecting one architecture to nominate, each respondent informally
evaluated several architectures, including some ultimately nominated by
others, and many not mentioned at all to the Committee.

~nNe
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Each respondent was able to provide technical information on the candi-
date architecture nominated.

3) Each respondent was expected tn continue the evaluation of the candidate
architecture nominated. (These last two items allowed the Committee to
pursue its task with a minimum of external resources. The alternate
nroposal, namely, to evaluate all current architectures, would have
demandad technical resources external to the Committee.)

Additionally, many Committee members felt (although it was not a formal selection
criterion) that the new standard architecture should directly support the ASCII
character set. This weighed against architectures whose word lengths were not
multiples 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. Altogether, nine candidates were
proposed. No limit was set on the number of nominations that would be considered.

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

This question was raised by several Committee members at the first meeting
of the CFA Selection Committee. It is significant in that failure to analyze
requirements first leaves any decision rendered by the Committee 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 Selection Committee
meeting that available, unclassified reports covering application requirements
for the Navy's A11 Application Digital Computer and the Army's Fourth Genera-
tion Tactical Computer Family would be distributed to all CFA Selection Committee

members. Ultimately, six documents ([AlexB 73], [ButlWw 72], (HopkJ 751, [KitpP 73],

[ScieC 72], [Apgad 75]) were distributed to all Committee members.
2
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It was decided that further analysis of requirements was beyond the CFA
Committee's scope, resources, and needs. It was left to individual Committee
members to draw upon their own varied experience, supplemented by the reports
cited above. Consequently, the Committee developed evaluation criteria and test
programs which characterize the needs of the military.

In brief:

1) The CFA Committee included cognizant representatives from d ‘erse Army
and Navy activities, including 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 disseminated
to all Committee members.

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

4) The CFA Selection process stressed characteristics of the widest and
most important tactical application requirements as reflected in evalua-
tion criteria 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 investment would be small because ex-
perience indicates 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
supporting a given architecture can be built to military specification.

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

Nonmilitarized versions of the selected architecture, compatible peripherals,
and documentation, can be procured from commercial vendors, and programmers al-
ready experienced on the selected architecture are available.

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

(4) Why select one architecture?
It must be kept in mind that architecture is independent of implementation,

and that the selected architecture will be implemented on a family of machines -
spanning a wide range of capabilities. By selecting one architecture, software




will be transportable between machines, with Tow end machines trapping on and
interpreting unimplemented instructions. By selecting one architecture, computer
to computer interface problems will be greatly reduced, and it is more likely
that one set of peripherals and device dependent I0 routines can be used by all
members of the family.

(5) Why were there so few "users" on the Committee?

This juestion 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-problems, no matter how
sophisticated, are of no benefit to the Army and Mavy units in the field.

The Commitee was well represented by real users as evidenced by the member-
ship roster found in Volume I. Some other organizations were invited, but chose
not to participate. The Committee 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 allow others to continue
the evaluation, without having to repeat the process in its entirety.

(6) Isn't it more appropriate to develop an
enhanced version of existing standard Army
or Navy computers rather than standardize
on an existina commercial architecture?

This question challenges the CFA Commitee's reason for being. The question
has been voiced frequently by those who are concerned about large investments
in application software for today's military computers, nctably the AN/UYK-7,
AN/UYK-20, and AN/GYK-12. The CFA Committee did not spend any time in self-justi-
fication. Instead, it accepted its charter and proceeded with the task of identi-
fying an optimum architecture for a familiy of military computers.

It is worth noting that the military is at least a docade behind industry
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 marketplace.

It should be noted that the AN/GYK-12, AN/UYK-20, and AN/UYK-7 were actively
considered as candidates for ine standard architecture. The fact that they placed
fourth, eighth, and ninth amonag nine candidates on the seventeen quantitative
measures developed by the CFA Committee indicates that substantial upgradinag is
required.

The Committee also understood the importance of capturing the existing soft-
ware investment. It did not feel constrained to act on this requirement becausec
it understood that the implementation plan for the family of military computers
would provide implementations in high performance microproarammable emulators
which can execute existing software in real time.

(7) Why standardize on architecture?
Wouldn't it be better to standardize
on a microprogram level, implementing
a "soft" machine with an alterable
native instruction repertoire?

4




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

Much less is known about microarchitectures than about conventional architec-
ture, and attempting to standardize on an advanced microarchitecture carries with
it some risk of developing a machine with many elegant features and a few gross
mistakes. Currently, there is little or no standardization among military com-
puters. The most common interface 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 inventions wasteful of programmers and machine time.
Software that is interchangeable must run with common microcode. Users must first
obtain the microcode, then the software to build up a library of useful programs.
The CFA project, by standardizing on a particular architecture family, also
standardizes 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 dupli-
cate tool building 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 being standardized.
Implementation is the most 1ikely aspect of computer hardware to change drastically
in the next decade. The CFA approach (implementation independence) is more likely
to be compatible with hardware advances in the next ten years than the standard
microarchitecture of 1976.

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

Compilers, assemblers, and operating systems are extremely sensitive to
parameters such as word size and the number of registers. Compatibility at the
assembly language level guarantees only that the program written in assembly
language will assemble as it is carried from one machine to a different machine.
It does not guarantee that the program will work correctly if, for example, it
is compiling programs for a machine with one size address field, and moved to a f
machine with a different size address field.




(9) Why not standardize on a high Tevel
language or operating system interface?

Again, there is nothing in the charter or philosophy of the CFA Committee
which is inconsistent with stardardizing on a high level language or on an opera-
ting system interface. In both these cases there are several serious problems
which would need further study, and where gross mistakes could 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 higher level
lanquage, 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 level 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 through advances in technology and hardware design fea-
tures and not through changes in architecture. Hardware advances, such as cache
memory, instruction look-ahead, pipelining, etc., are architecture independent
and can be incorporated into a computer without affecting software.

Because of enormous commercial investments 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 computer to run already existing programs (these programs simply do not make
use of the extended operations). Existinag commercial software almost guarantees
that this pattern will, for the most part, continue.

The CFA concept, then, is not incompatible with future extensions to the
instruction set which, for example, support stack operations, operating system
functions, etc. However, these additions can be considered only after they have
been proven through test and experience. Jumping into new or radical architec-
tures is a risk that the military should leave to the computer industry. Waiting
for such undefined new architectures which are “just around the corner" would
only result in that many years further delay in standardization.

(11) UWas each architecture investigated
with equal competence and thorouaghness?

To the areatest 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
Harold Stone was hired specifically as an auditor to insure that criteria were
correctly evaluated for each architecture.




3. ISSUES OF PROCEDURE

(1) Why were some of the evaluation
criteria modified for scae of the
candidate architectures?

This question is significant in that evaluation criteria were used to winnow
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 well could have been eliminated before
testing was done.

The selection process evolved as the project progressed. The Committee felt
it altogether proper to learn from its experiences, and to make mid-course cor-
rections as needed. The judgment of the Committee 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 writing off the less promising candidates. In
particular, the Interdata 8/32 was originally regarded by the Committee as having
failed the requirement for complete recoverability from any interrupt. Also, its
extended precision floating point capability was available but not yet delivered
(a Committee requirement). However, since Interdata indicated a willingness and
ability to address these problems and since the Interdata 8/32 consistently fared
better than any other architecture on the quantitative criteria, tne Comm1ttee
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
look 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, submitted by
all Committee members, each of whom was responsible for nominating tests that
were representative of the characteristics and needs of his systems. Secondly,
the Committee as a whole then cast a weighted ballot, which selected the test
programs actually coded and run. Finally, the number of tests was limited by
the resources available to the Committee for testing -- time and money, as well
as skilled proarammers.

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 level language, e.g.,
FORTRAN. Such tests would have been valuable measures of the candidate suppor
software systems, i.e., they would have measured the interaction of architec-
tures and captured support software, yielding a mixed measure. The judgement of
the majority of the Committee 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 mixed measure would have not helped the
evaluation. It would also have been very difficult to define since it is un-
clear, for example, how to insure that "equivalent" compilers were used with
each architecture.

|
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(3) Why wasn't tactical software capture
considered the most important criterion
in evaluating computer architectures?

This question was dealt with several times by the CFA Committee. Its signi-
ficance lies in the inference that the first screening process should order the
candidates according to capture of application software.

It should be understood that the Committee had enough time and other re-
sources for a detailed comparative analysis of three "finalist" architectures.
Hence an initial screening process was required to select three from among the
nine under consideration. The Committee decided on an initial screening proce-
dure involving nine "absolute criteria" and seventeen "quantitative criteria"
relatina to technical merit of the architecture (address space size, 1/0 overhead,
virtualizability, etc.) rather than criteria relating to present investment in
hardware or software.

Clearly, if capture oi software investment were used as the screening pro-
cedure, a different set of finalists would have been analyzed, since there is no
siagnificant tactical software capture with the actual finalists, IBM S/370, PDP-11,
or Interdata 4/32. Fiqure 1 illustrates the selection process as actually imple-
mented. In the fiaure candidate architectures are shown emerqing from each
evaluation box in rank order,

Two grounds may be used to justify the Committee's decision to screen the
candidates on a technical rather than an investment basis. In the first place,
the CFA Committee was well aware of the requirement specified in the implementa-
tion plan contract that current military processors be emulated in recal time by
the family of military computers based on the architecture the Committee was to
recomnend. The capture of application software seemed assured reagardless of the
CFA Committee's selection. Thus, a screening process based on other grounds
seemed appropriate.

It is also true that hard data relating to application software investment
is difficult to obtain. Given the limited resources available, the quantitative
measures used were a more practical choice. A case might be made for including
application software capture as one of the aquantitative criteria and using the
best estimates available. In the overall score it is not likely that any of the
military machines would have benefited sufficiently to make a difference. Pos-
sibly the AM/GYK-12 would have made it to the finalists on the basis of such a
quantitative measure score. However, the AN/GYX-12 clearly failed to meet the
absolute recuirement for floatina point precision.

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

The value of captured software was a key item in the selection of a candi-
date architecture; and value is surely related in some way to quality, as well
as quantity.

Quality of captured software is in a real way a subjective question.
Apart from the question of whether or not given software works, there remain
real questions as to which types of support software are most useful in any
given application. Consider, for example, the continuing debate over on-line
versus batch proaramming, over high level languages versus assembly lanquages,

8
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and over various high level languages (e.g., APL, BASIC, CUBOL, and FORTRAN)
each with its advocates. The Committee did not wish 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 Targe Test Programs that measure systems, not just
architecture, and not just software, but the interaction of both. Even within
this relatively objective area, there remains the question of how to assess
merit -- e.g., as a function of ease of learning, or of speed of execution, or
of size of object programs, freedom from bugs, quality of diagnostics, etc.

So the Committee did what it could. Software that has satisfied many
customers for several years was judged to be of one class, and was evaluated
on a basis of cost, by measuring the number of lines of source code to create
that software.

(5) How were the evaluation criteria
chosen? \hy?

This is significant because the evaluation criteria were used to winnow
the field of candidates, originally 9, down to 3, so that extensive evaluation
could continue by Test Programs. Thus, the evaluation criteria determined which
architectures would finally be considered for selection. A subcommittee studied
several suqaested criteria, and proposed a set to the Committee as a whole. The
entire Committee then spent two days investigating the merits of each criterion.
The goals were twofold:

1) First, to eliminate from consideration any architecture that had a
deficiency considered so significant that further evaluation of the
architecture was unwarranted (e.g., an insufficient protection
mechanism).

é 2) Second, to estimate the power of each architecture, so as to select
the three most powerful finalists for detailed evaluation through
Test Proarams.

After the fact, two things can be said with some confidence:

1) The rank order of candidates as a result of the Test Programs foliowed
the rank order yielded by the quantitative evaluation criteria.

2) Soime of the quantitative criteria were not particularly well suited to
stack architectures (e.q., the B6700), but that candidate was eliminated
for Tack of a sufficient protection mechanism anyhow.

In summary, the evaluation criteria aided the Committee's thinking and investi-
gation, but did not make the final selection.

(6) Were the most appropriate statistical
models used?

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 different approaches provided different rankings
of the candidates, the choice of statistical procedure was significant.

The question arises in the computation 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 Committee deter-
mined that such normalizations corresponded to its intuition with regard to the
significance of each measure. Proposals to apply square root transformations, loga-
rithmic transformations, or other such filters to the raw data were rejected on the
grounds 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 involved members allocating weights accord-
ing to what they felt best represented their class of problems. The overall score
for an architecture was computed by summing the weighted normalized scores on each
measure. In this computation reciprocals of scores were used rather than the
scores themselves when necessary to convert all measures to maximization functions
(i.e., so that laraer score means better performance). Details of this scoring
procedure may be found in Volume II.

After this methodclogy was applied, several alternate procedures were proposed,
[PaimB 76], [ThomM 76]. In particular, one procedure called for using negative
weights rather than score inversion for measures which score lower values for bet-
ter performance. Another method proposed applying threshold functions to avoid
the necessity for normalization.

The Committee 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 the original procedure which, at least, was conceived prior to seeing any
results of applying other procedures.

Some may claim the results of the CFA Committee's work are meaningless in
that they stem from a somewhat arbitrary choice of computational methods. How-
ever, the Committee 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 Committee chose to abide by the results it offered rather
than conduct a long and possibly inconclusive study of alternate methods for
screening the candidates.

As for the robustness of the results achieved, DOr. Harold Stone (University
of Massachusetts) audited the data and analyzed the effects of the weighting of
the measures, their 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 measuring the key concepts quantitatively 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 weighting process."

Finally, it should be noted that the quantitative measures were used only to
select one of the three finalists. The other two (S/370 and PDP-11) were chosen

1




because only they unconditionally passed all the absolute requirements set by the
Committee. The final quantitative scores for the S370 and PDP-11 were not known |
to the Committee until after the Committee resolution to accept as finalists those |
architectures passing all the absolute criteria.

Statistical design was also important in the test program evaluation of the
three finalist architectures. The Committee dealt more rigorously with statistical
issues in this case. DOr. 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 desian and interpretation of the test program experiment is discussed
at length in Volume III.

(7) Are we really going to capture any
support software? Don't available
support software programs require a
particular operating system, and
aren't there minor differences in
architecture between the various
members of the commercial architec-
ture families?

In order to run most support software, a given operating system will be re-
quired. This, however, causes no significant problem. Since the manufacturers
of the candidate architectures do support the operating systems which are required
to run their support software, Government support for these operating systems
should be minimal. Stated in other words, a captured program can be thought of
as a load module consisting of a support proaram and operating system. In most
cases Government support for either captured operating systems or support soft-
ware should be minimal.

When the complete specification of a military family of computers is final-
ized, minor architectural discrepancies in the associated commercial computer

f family's architecture will have to be considered and resolved. Software written

for machines with minor incompatibilities will either have to be adjusted accord-

ingly, or not used.

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

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

The 1ife cycle cost analyses did not yield 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 selection. In making its final recommendation, the Committee used
j the 1ife cycle cost analyses as only one data point among others (quantitative
measures score, licensing costs, Test Program results, support software capture,
vendor cooperativeness, observed weaknesses in each architecture). It would be
incorrect 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 Committee 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 1ife cycle cost models are beyond the
scope of this presentation (see Volume VI), we can report the observations made
by the Committee with respect to those models. One of the parameters to which
the models 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/0, 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 PDP-11 was favored, and below
1:4 the Interdata 8/32 was favored.

A second manipulated parameter was the yearly investment by the military
to reduce identified support software deficiencies. Originally, a figure of $2
million 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 million/
year the IBM S/370 improves its position in life cycle cost; at $2 million/year
the PDP-11 1ooks 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 investment in support software were high and/or
the ratio of software costs to hardware costs were low, then the Interdata 8/32
would look best. On the other hand, low investment in support software and/or
a high software to hardware cost ratio would make the IBM S/370 look best. The
middle ground is held by the PDP-11 and reflects the Committee'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 assumptions of
software/hardware ratios which reflected the Committee's best estimate of the
parameters, the PDP-11 had the lowest costs for between 11 to 14 of 15 Army
applications 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 applicability of the PDP-11.

The CFA Committee could 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 Committee reflected the life
cycle cost results should not be interpreted as an exclusive cause-and-effect
relationship.

Although the Bottom-Up model tended to corroborate the results of the Top-
Down model, some may wish to criticize 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 Committee did not consider this likely.

In any case, it should be remembered that the life cycle cost analyses were
not the only factor, and probably not the dominant factor, in the Committee's
final decision. 13
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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/0 structure of a computer is the
primary characteristic determining the ability 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 Committee. The quantita-
tive criteria and benchmark programs dealing with I/0 structure were consistently
given higher "value" weightings than any other attribute.

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

If more finalists had been allowed, one of the other candidates might have
shown itself superior to the others in the Test Program analysis, even though
the quantitative evaluation criteria did not predict this.

Resources were limited but the Committee decided it had sufficient resources
to test three candidates in depth. Even so, it proved difficult to complete even
the required about 100 individual replications of the twelve test programs at the
top of the Committee's prioritized 1ist of tests for the three finalists.

Perhaps just as significant is the fact that the two of the three finalists
were the only candidates judoed to have passed the absolute selection criteria.
Additionally, all three were grouped together at the top of the quantitative
evaluation criteria.

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

Diagnostic software was not considered in the software capture analysis
because the hardware implementations of the militarized CFA machines will be
entirely different from the commercial machines. Hence, most fault isolation
type diagnostic software is unusable. On the other hand functional instruction
diagnostics should run on any implementation, including militarized versions.
A11 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
each candidate evaluated?

Since software development costs are so labor intensive, analyses of this
kind might be appropriate for identifying 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 Committee was screening the original list of candidate architectures,
two of the seventeen quantitative criteria used dealt with the size of the existing
hardware base for each architecture. By implication, this says something about
the extent of trained personnel familiar with each architecture and about the
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maturity of system documentation. Not 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 with respect to core storage, and that a 32-bit architecture should offer
more power. The analyses done by the Committee, including the Test Programs, in-
dicate that whereas there may be some validity to these intuitive feelings, 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
indicate that one of the 32-bit architectures tested, the 8/32, was at least as
efficient as the 16-bit PDP-11 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 various vendors would
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.qg., the I8M 370 (a "32-bit" architecture)
is implemented in physical bus widths of 16, 32, and 64 bits, allowing 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 immediate address reach, i.e., the main memory that can be addressed
without manipulation of the memory mappping mechanism, and (2) integer arithmetic.
The 16-bit architecture must remap more frequently to reach a very large physical
space, and usually must resort to extended-precision arithmetic 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 Committee
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 Committee
were presented. There remains one final question which has not been formally
posed to the Committee but which holds some general interest.

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

Hindsight is usually near 20/20; i.e., the solutions always seem obvious
after they are discovered. Asking what changes the Committee might wish to
make, 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 fcundation
i 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.

e e

e ————

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

R—

1) "Treat uncertainties explicitly."

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

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

This contractual question was not dealt with explicitly until three
finalists were selected via other criteria. The result was that the willinaness
(or lack thereof) of the three corporations to contract a licensing agreement
with the qovernment played 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 Committee could then have focused its limited 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 Committee excluded several candidate architectures without
explicit analysis. True, informal analyses were done (usually by individuals),
but an explicit analysis that can be audited vas not done for any architectures
of CDC, Honeywell, Xerox, etc. This was in accordance with the original premise
that all "good" architectures would be nominatcd by someone.
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Given the charter of the CFA Committee (viz. to evaluate architectures,
not systems), and considering the resources available to the Committee, perhaps
this is the best that can be done. But if such an effort were to be continued,
it would be worthwhile to approach the questions from a different perspective:
Namely, to devise a uniform, broad, initial screening process that would minimize
the risk of accepting any architecture that would later fail to satisfy all the
criteria -- even at the risk of excluding some candidate(s) that might have been
satisfactory. Such a process should also leave an audit trail. In particular,
such a process should gain an early commitment from the vendor(s) involved 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 determine why finalists did well in early tests,
and so lead to selection of the best architecture, independent of implementation.

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

Under the charter of the CFA Committee, 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 Committee would reccmmend 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 high 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-1" 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 guidelines were observed carefully, even though
no one explicitly pointed them out to the Committee.
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