

































































If one of those three essentials is miss-
ing, whatever you have, it's not a KB system.
But in addition, most KB systems have a num-
ber of characteristics in common to a great-
er or less degree. We can touch on them
only lightly here, but the usefulness and
acceptance of KB systems will depend heavily
on their development:

An Explanation Facility

Unlike conventional data processing sys-
tems, most KB systems are able to explain
how they arrived at their conclusions and
recommendations. Some can display the chain
of inferences they used. Others can cite
particular rules they used at each point in
the chain. Others can do both. This capa-
bility is vitally important because: it per-
mits the human experts to correct most faults
they've built into the system; it makes clear
to the user what shaky assumptions or uncer-
tainties had to be used to arrive at the con-
clusion; and it gives users a greater confi-
dence in the results if they understand the
rationale underlying each recommendation.

Metaknowledge is knowledge a system has
about its own knowledge. Explanation faci-
lities are one kind of metaknowledge, because
they show that the system knows how it used
its knowledge to arrive at the conclusion.
Other metaknowledge abilities just now being
developed will help KB systems adjust their
explanations to the interest or level of
knowledge of the user, or to correct their
rules as more is discovered or learned, or
to "rank'" explanations according to plausi-
bility when more than one diagnosis fits all
facts.

Asking the ““Right” Questions

Any high school student can work out the
value of "e'" in the equation e=mc?, It's a
simple matter of 'turning the mathematical
crank,'" knowing m and c. But formulating
the equation required an Einstein. Much of
the work and value of human experts lies in
their ability to help clients "ask the right
questions."

In a knowledge-based system designed to
help decision-makers minimize business taxes,
for example, a '"depreciation choices" sub-
program might lead the user through a series
of questions about the type of asset, its
service life and scrap value, as well as
tax-law constraints, thereby helping the
user to choose among straight-line, declin-
ing balance, and sum-of-the-years-digits
methods of calculating depreciation. With
that selection made, and the few variables

plugged into the appropriate equation, the
problem is essentially solved. All that re-
mains is to press a key that turns the mathe-
matical crank.

Looking up Knowledge

Some of today's KB systems are still be-
ing designed to run in isolation, without
being able to '"look up'" reference knowledge
beyond what's incorporated in the KB soft-
ware itself. But it's a rare human expert
that can work this way. Medical specialists
require frequent access to the literature and
medical statistics. Lawyers must search for
and review precedent. Engineers must refer
to extensive reference tables. And business
consultants cannot function without flexible
access to company records as diverse as qual-
ity control statistics and return on invest-
ment.

Such access will also contribute greatly
to the '"'depth'" of KB systems -- their abili-
ty to help solve very complex problems in
their spécific domains. And it will contri-
bute to their ''breadth'" or '"robustness'" --
by bolstering their ability to suggest alter-
nate valid problem-solving approaches when
faced with incorrect data in carrying out an
initial approach, say, or when the rules gov-
erning another approach are incomplete. A
human expert easily adapts the approach to
the kinds and quality of data available. KB
systems will be able to make such preliminary
surveys of the data available -- but only if
they have ready access to the data bases.

In contrast, nearly all conventional data
processing programs do little of this, with
the exception of champion game-playing pro-
grams as in checkers and backgammon, and al-
most-champion chess-playing programs. Locked
into their algorithms and their need for com-
plete and almost precise data, and limited to
using only the body of data prescribed for
them, they are super-efficient giant calcu-
lators -- but they are not necessarily effec-
tive problem-solving assistants.

Artificial Intelligence technologies --
and in particular today, knowledge-based sys-
tems -- represent a giant step toward man's
full realization of the power of computers.

Reference

If a reader is interested in more infor-
mation about these ideas and more examples,
we suggest that he or she take a look at the
TI Explorer™ system and the form of LISP
language called COMMON LISP™ o
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Military Control of Over Half of Computer
Science Research is Excessive

Dr. Clark Thompson
Computer Science Division
Univ. of Calif. at Berkeley
Berkeley, CA 94720

“To the extent that academic research is correlated with military

objectives, academic freedom suffers. . . . Academic research and

development thrives on openness.””

Computer science is not a branch of mili-
tary science.

But the Department of Defense (DoD) now
directs over half of academic research in
computer science. This is too much.

Civilian applications are suffering be-
cause of excessive military spending on re-
search and development (R&D). For example,
the people of the United States are unable
to take full scientific and commercial ad-
vantage from the research sponsored by the
DoD on the communication network of the Ad-
vanced Research Projects Agency (known as
the ARPANET). For the past five years, most
federal funding for networking has gone into
transforming the concepts of the ARPANET in-
to a military product, called MILNET. Civil-
ian networking has therefore become a low
funding priority, despite the great advan-
tages that would accrue to industry and sci-
ence.

Lacking strong federal support, the de-
velopment of a national network will be left
to private industry. Most likely, we'll en-
dure a tower of Babel: VAXes running UNIX
that can't talk to PC/XTs running PC/DOS,
and much more. The National Science Founda-
tion (NSF) or the National Bureau of Stand-
ards (NBS) would have to spend hundreds of
millions of dollars to hire the talent nec-
essary to prevent this. But only military
RGD projects command major federal attention
these days.

In scientific terms alone, there would be
more payoff from a national network develop-
ment project than from several Star Wars.
All scientists and engineers could be in im-
mediate contact with each other. We could
circulate our manuscripts and journals on-
line. (This is already starting to happen

in computer science, but we are hampered by
the lack of a standard typesetting language.)
With sufficient funding, all scientists might
even get convenient access to on-line libra-
ries.

Instead of working toward civilian or
broad scientific goals, most of our academic
software experts work on projects of military
need. In the recent past, their talents
were devoted to a crash program to develop
the Ada language. In the immediate future,
this expertise will be mobilized to work on
the Strategic Defense Initiative. There
will be little beneficial 'fallout" to civi-
lians from these projects, especially in
view of the inability to transform ARPANET
into a civilian product.

Statistical Evidence of Military Dominance

Comparing the academic R§D computer fund-
ing situation of today to that of a decade
ago, civilian applications are lagging. In
1976, most basic research in academic comput-
er science was funded by NSF, 69%. In
1985, NSF's funding share was about 31%, sig-
nificantly less than DoD's. When applied
research money is added in, DoD's pre-
eminence is even more marked. Allowing $25
million for industrial, state, institutional,
and other academic computer science (CS) re-
search support in 1985, most academic CS
research is now directed by military agen-
cies,

It's surprising that NSF has even 31% con-
trol over academic computer science research,
when one considers how military R&D budgets
have mushroomed over the last decade. In
1976, half ($10 billion) of all federal R§D
funds were allocated to national defense.

The proposed 1986 federal budget allocates
almost three-quarters ($42 billion) of its
R&D to military purposes.
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The outlook for federally-funded R§D for
civilian applications is poor by comparison.
Federal military R&D will rise by $8 billion
from 1985 to 1986. This single-year funding
increment is more than five times NSF's total
budget, $1.4 billion. Among other things,
this means NSF will continue to lose control
over academic CS research.

According to Dr. Leo Young of DoD, his
agency will spend 25% of its 1985 R&D budget
on electronics and computer science. DoD's
$10.5 billion on electronics and computers
R&D in 1985 is comparable to the combined
$10.8 billion spent by the "information tech-
nology" industry in 1983. Assuming a 20%
growth rate for industrial R§D expenditures,
these figures indicate that DoD now supplies
about 40% of all computer-related RGD funds
in the nation. When one considers that a
significant fraction of industrially-funded
RGD is aimed at the military market, it is
safe to conclude that well over half of all
computer-related RGD in the United States is
directed toward military goals.

Effects of Military Control of Academic CS R&D

The harmful effects of military control
of academic computer science research are as
follows: it exacerbates a shortage of train-
ed personnel; it has a chilling effect on
academic freedom; it threatens the develop-
ment of our scientific foundations; and it
does not serve the national interest. Simi-

lar concerns have been voiced by many persons.

Personnel Shortage

The current shortage of computer scien-
tists is widely felt. The Association for
Computing Machinery (ACM) lists hundreds of
unfilled academic positions. According to
Jack McCredie of DEC, industrial R&D projects
are limited by personnel, and not by internal
RGD funds. Meanwhile, DARPA is sewing up
the academic R&D market. According to a re-
cent brochure, ''the number of graduate stu-
dents and faculty working in [Strategic Com-
puting] has increased. The number of gradu-
ate students working on DARPA research pro-
jects in each of the next two fiscal years
[1986 and 1987] is expected to double."

Academic Freedom

To the extent that academic research is
correlated with military objectives, acade-
mic freedom suffers. It's not hard to find
the reason why. Academic R§D thrives on
openness, but militarily-sensitive data must
be withheld from the enemy.

For academicians doing basic research
with military implications, the price is
clear. We are ordered not to divulge our re-
sults to colleagues overseas, especially if
those colleagues happen to live in the Soviet
Bloc. A case in point: a full professor re-
fused to send a copy of his student's Ph.D.
dissertation to my co-author on a recent re-
search paper. His reason was that he didn't
want to risk offending his military sponsor
by sending a technical report to Czechoslova-
kia. Ironically, the report was classified
"distribution unlimited".

Over the last few years, I have noticed
other areas of friction. DoD keeps tighten-
ing the screws on pre-publication review
clauses. These were enforced for the first
time, as far as I know, in the Strategic
Computing project. Papers must be submitted
to one's funding agent thirty, sixty, or even
ninety days in advance of publication, pre-
sumably to give DoD time to react to any dis-
closure of sensitive information. In August
1985, a tighter restriction was announced by
the director of the Strategic Defense Initia-
tive, Lt. General James A. Abrahamson. He
stated that SDI researchers at universities
may publish papers only after the subject
matter passes ''sensitivity checks' by SDI
officials.

In 1981, DARPA asked the academic VLSI
(very large scale integration) community to
keep non-citizens (and especially one-year
visiting faculty) away from our research
equipment. CalTech agreed to do so, but
fortunately the Berkeley, Stanford and MIT
faculty refused to comply.

A final area of tension is that of tech-
nical conferences, the lifeblood of scienti-
fic communication. DoD (and NSA) reserve the
right to cancel whole conferences on rare
occasions, to ''pull out'" individual papers,
and to require conference attendees to sign
non-disclosure agreements. Again, concerted
collective action has so far saved the day.
The presidents of Institute of Electric and
Electronic Engineers, American Physical So-
ciety, and ten other major technical organ-
izations sent a letter to Caspar Weinberger
that resulted in some reassurances. (It is
humiliating to report that the ACM was not
a signatory to this letter.)

To sum up, we are collectively holding
the DoD at bay in its attack on academic
freedom. It is possible to live with the
duplicity of individuals who have informal,
and ultimately unenforceable, understandings
with their military patrons. My main worry
is about the future. How long can our sci-
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entists and our organizations continue to
resist the pressures that come with depend-
ence on military funding?

Scientific Foundations

This year, most of the theoretical CS
faculty here at Berkeley took a 15% cut in
their NSF grant. I presume similar things
happened across the nation. The message is
clear: even theoretical researchers must
apply for DoD grants. If individuals have
to modify their research program somewhat,
that's not so bad. If the whole field has
to march to a military drum, that's a dif-
ferent matter altogether.

Because of the Mansfield amendment, if
for no other reason, we cannot rely on the
DoD to support basic science. The DoD's
mission-oriented goals, and its boom-or-bust
funding cycles, do not provide a good basis
of support. A much more stable base could
come from NSF's mechanism of peer review, if
it were adequately funded.

Once upon a time, a DoD blanket grant
could support a whole spectrum of academic
activities, from artificial intelligence (AI)
to hardware to software to theory. Now DoD's
computer research is more closely directed.
Strategic Computing couples AI to hardware,
leaving traditional software in the lurch.
Strategic Defense (Star Wars) may support
software and a fragment of theory.

NSF has now been relegated to a role of
"filling in the gaps'" in DoD funding of aca-
demic computer science. It is not complete-
ly successful in this role, judging by the
recent cuts in funding for CS theory.

The National Interest

Most scientists believe that their re-
search is worthwhile, no matter who pays the
bills. The fact that DoD currently pays the
bills is usually viewed by academicians as a
slightly unfortunate accident of history.

One problem with this state of affairs is
that we are reluctant to criticize major R&D
initiatives like Strategic Computing and
Strategic Defense. To criticize one of these
initiatives is, at least in the short run,
destructive to our field of research. We're
financially dependent on these major DoD ini-
tiatives.

As a result, we can rationally support
any major RGD initiative. DoD's academic
RGD initiatives are '"blue sky'" projects. Al-

most certainly, they won't deliver what was
promised to Congress. They will, however,
produce something: some scientific knowledge,
some funding for us, some military payoffs,
and perhaps even something of use to civil-
ians.

Our support for military RGD initiatives
is not in the national interest. Most of us
realize we could do more for the nation if
we spend less time on military projects.

Too many of us are developing Ada and devis-
ing algorithms, software, and hardware for
advanced radar systems. Not enough of us

are worrying about what the nation should do
to maintain its commercial strength in the
fields of computer design and software engin-
eering. Neither are we developing enough
cross-disciplinary ties with other scientists
and engineers. It's not entirely our fault:
the funding just isn't there.

A Call for Change

We, as computer scientists, must prod our
National Science Board out of its institu-
tional lethargy. With our help, it could
lobby Congress effectively for multi-billion
dollar R&D projects of broad-based scientific
and civilian interest.

We, as a nation, must somehow revitalize
our Commerce Department. Our government's
responsibility for promoting the nation's
commerce is at present fulfilled only for the
military-related industries. For example,
Commerce should undertake a multi-billion
dollar initiative in standardizing network
protocols, operating system interfaces, and
typesetting languages. It should also pro-
vide economical and efficient on-line access
to the keywords, abstracts, and contents of
all federally-funded technical reports and
journal articles. With careful guidance
from academics, the results would be bene-
ficial to industry and the nation as a whole.

Finally we, as citizens, must prevail up-
on DoD to stop throwing our tax money at
grandiose and impossible RGD initiatives.
Our scientists and engineers do not have to
be on a military dole; there is plenty of
useful work for us to do.

References
For further information, more statisti-

cal evidence, and detailed references, please
write to the author. Q
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Opportunities for
Information Systems

COMPUTER-ASSISTED QUESTION-ANSWERER
Edmund C. Berkeley, Editor

How does a computer program do what it is sup-
posed to do? How can we modify it?

If there is a corresponding written program in an
understandable computer language including many short
remarks well chosen by the original programmer, we
have a good chance of determining the answer to any
random question.

But if all that is available is a working binary pro-
gram that operates correctly as of now, we have a very
poor chance of knowing what is in the program and
modifying it for some new function. The chance may
be so close to zero that it is only sensible to write
the program over again.

So let us have a COMPUTER-ASSISTED QUESTION-
ANSWERER. For example, once | had a friend Lowell
Hawkinson at the next desk, and | said to him “I
can’t make this sample symbolic program | have con-
structed assemble — what can | do?”” He looked at
my code, and then he said to me ““Hm. Put a car-
riage return at the end of your symbolic program, and
try that.” | inserted one more symbol, and the pro-
gram assembled. (In the Assembler Manual there was
nothing whatever about Lowell’s trick.)

On another occasion, | asked a friend Bob Froehlich,
“How do | use the command TYPE in the CP/M oper-
ating system to type out a single line spaced file of a
paragraph on the floppy disk in double line spacing?

It ought to be something extremely simple, like mov-
ing the line spacing lever on my old typewriter.”” He
said to me, I know of no way you can do that with
the command TYPE.” Wow! | was so happy to know
that my frustrating search was finished. Then he ex-
plained to me another way to get double line spacing
using a different utility program.

A general question-answering program should be very
easy to construct along the following rough scheme:

1. Make a list of a hundred or so topics in a field
(usually, two or more syllable words).

2. Make a list of common ordinary ways in which
common ordinary questions can be asked about
topics (usually, one syllable words in patterns).

3. Seek to recognize the meaning of the question,
no matter how it is worded.

4. Offer the meaning of the proposed question to
the questioner.

5. If he says “yes,’”” give him the answer.

6. If he says “no,”” try again.

7. Improve the question-answering system, through
trials, errors, and feedback.

A market for this general question-answerer should
be very large because it would help so many frustrated
users of computers and other systems. Q

Games and Puzzles for

Nimble Minds and Computers -

Neil Macdonald
Assistant Editor

NUMBLE

A “numble” is an arithmetical problem in which: dig-
its have been replaced by capital letters; and there are
two messages, one which can be read right away, and a
second one in the digit cipher. The problem is to solve
for the digits. Each capital letter in the arithmetical
problem stands for just one digit 0 to 9. A digit may
be represented by more than one letter. The second
message, expressed in numerical digits, is to be trans-
lated using the same key, and possibly puns or other
simple tricks.

NUMBLE 8603
SLOWLY
i RUN

RWNLDTS
YRTSOOU
WYLDUYD

=WSUWOSSUS

X9881 9108X X0117 119

Hint: X is a vowel.

MAXIMDIDGE

In this kind of puzzle, a maxim (common saying, prov-
erb, some good advice, etc.) using 14 or fewer different
letters is enciphered (using a simple substitution cipher)
into the 10 decimal digits or equivalent signs, plus a few
more signs. The spaces between words are kept. Puns
or other simple tricks (like KS for X) may be used.

MAXIMDIDGE 8603

S D@. oochb-fH-*ooo
voEH =H@® D OY:
X@mwXE & X ot XK K

TOEH XtFE )OVYH

Our thanks to the following person for sending us
solutions: Steven Schulman, Edison, NJ — Numble 8511,
Naymandidge 8511, Maximdidge 8511.

SOLUTIONS

MAXIMDIDGE 8601: Times that are are better than
times that were.
NUMBLE 8601: Closed fist gets closed eye.
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