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A recent article on Expert Computer Systems carried 
a banner headline that said, and I quote, "Artificial Intel­
ligence is nu lon~er seience theory", end of quote. This 
statement carries the clear implication that the science of 
Artiftcial Intelligence is now a closed book and there is no 
need for further research. I am sure that the writer of 
this headline had no such thoughts but I fear that there is 
a growing tendency to believe the implication. The main 
thrust of my talk today will be to deny this implication and 
to urge that more rather than less atte:1tion be given to AI 
research. 

It is with a profound feeling of personal inadequacy 
that I address you today on this subject. While it is true 
that I have worked in Artificial Intelligence, most of my 
work was done a long time ago when the total amount of 
knowledge i.n this field was much less than it is today. It 
may well be that my concerns are, in part, color~ by my 
lack of complete familiarity with the work that is now being 
done. I agreed to talk only because it seemed to me that 
I should be able to view the field of AI research from a 
perspective that is denied a newer worker in the field. I can 
not hope to say much about AI that you do not already 
know but perhaps the retelling of old ideas will stimulate 
your thinking. 

ln sharing my perspective ·with you, it seemed that it 
might be worthwhile for me to review some of the earlier 
history of AI and to recall what our thoughts were at some 
earlier time as to where AI research was going. By com­
paring where AI is today with our earlier expectations we 
might be able to get a clearer view of what still remains to 
be done. Then, perhaps, we might make some new predic­
tions as to where AI will be at some future time, say for 
the year 2000. 

Recalling where AI has been is relatively easy for me 
to do, since it has been my good fortune to have been 
involved with the moderD. digital computer and with AI 
almost from the start. Recalling earlier expectations and 
earlier events comes rather close to reminiscing and f hate 
tv start reminiscing as this is supposed to be a mark of age. 

You know, of course, that there are three ways to tell if 
a person is getting old. fn the ftr st place, the older person 
likes t.o reminisce. T must plead guilty on this count but 
then I have always had this failing. Secondly, old people 
tend to forget things. And then there is a third way-but 
I have forgotten what it is. 

From one point of view, AI started in 1834 or ~hartly 
thereafter, when Charles Dabbage suggested the possibility 
of having his Analytical Engine play chess. It was not 
unLil the 1940's, with the emergence of the modern digital 
computer, that we saw a renewal of interest in Artificial 
lntelligence. There were, of course, numerous atternpts at 
making automata of various sorts but most of the time the 
aim was to fool the public rather than to get machines 
to exhibit behavior which if done by humans would be 
;:ssumed to involve the use of intelligence. So we can date 
the emergence of AI as a discipline to some time in the mid 
1940's. 

Through a fortuitous combination of circumstances, I 
became interested in AI at its very beginning, not in 1834, 
I hasten to say, but in 1947, when the availability or soon 
to be realized availability of the modern digital computer 
made AI something more than idle speculation. 

Actually, my involvement in computing began even 
earlier, in 1924 at MIT when Vannevar Dush got me in­
terested in his Differential Analyser. When I first was in­
troduced to this device, it consisted of a sin~le stage us­
ing a modified watt-hour meter as the integrat:ng device, 
although Bush was even then planning to use a Kelvin 
Integrating Disk for a second stage. 

One of my first assignments was to see what could be 
done in the way of using the differential analyser to solve 
the non-linear equations in exterior ballistics, which, at the 
time were solved by the elaborate hand process of numcrica: 
integration using log tables and the old-fashioned desk cal­
culator. Trying to solving these equations to the desired ac­
curacy on the Differential Analyser, which was then capable 
of perhaps 5% accuracy, seemed quite hopeless to me. I 
felt that this problem required the accuracy of a digital 
solution and that maybe we should be working on a digital 
computer. Yes, digital computers were being talked about 
in 1924 although the distinction between computers and 
calculators was not then as dear as it later became. Bush, 
with his usual enthusiasm, soon talked me out of any such 
revolutionary ideas and set me to work, with a few hints as 
to how the ballistic problem might be solved. 

The solution method, which Bush suggested and which 
I implemented, was to write a set of diiTerence equations to 
account for the departure of an actual trajectory from a 
simple parabolic path, and then to soh·e these diiTerence 
equations on the Differential Analyser. By this method, 



'"'e were able to achieve an accuracy of something better 
than 1%, not the clesired accuracy, but near enough tn 
hold out hope t.h2.t the desired accuracy could ultimately 

be obtained. 
This solution method was 8ti ll in usc Juring the war 

years, on the very much improved DilJerential Analysers 
tl,at W;:!TC, by then, available. Interestingly enough, it was 
the eventual dissatisfactiOn with this solu tion method that 
led Herman Golcl s tine to press for government support of 
the nig ital computer work at the University of Pennsylvania. 
Contr;~ ry to a popnlar misconception , the digital computer 
appcared on the scene Loo lat e to have any effect on the 
war although there Wl:re a few rather advanced electronic 
caknl<1lnrs that did do useful work, primarily in the field 
of cryptography. 

In retrospect, I wonder what wou ld have happened had 
I bee;~ successful in dcUecting l1ush from his interest in the 
Differential Analyser or alternatively, had we been less suc­
cessfld in applying the di(fercnti a l analyser to the exterior 
balli stic problem . .Just think what would have happened, if 
Bush, with his keen intellect and driving ent,husiasm, had 
started to work on di;,!;ital computers in 1924. 

A brief note in the Fifty-Year-Ago column of a recent 
issue of t.hc Scientific American >viii serve to point out the 
way m:tttc.rs stood in 193:~. Let me quote: 

"The fundament,a l ideas of behavioristic and Gestalt 
p;;ycho logies justify attempts to construct and develop ma­
chines of a new Lype- · machines that think. Such machines 
arc entirely diiTercnt from intcgraphs, tide calculators and 
the like to which the term 'thi11king machine' is sometimes 
applied. Un like the latter they arc not designed to perform 
with mathematical regularity but can ' learn' to vary their 
actions under certain conditions." 

The original writer of this note was, of course. thinking 
about some of the early work that was then being done on 
self-organizing systems and no.t abou t. digital computers as 
such but Ute argument over the rcl;1live merits of these two' 
approaches was already taking shape in HJ33. 

Yes, we were talking about 'thinking machines' in 193:~ 
and even about the use of electronic devices to solve prob­
lems in Artificial Intelligence although the term Artificial 
Intelligence had not yet been coined and the digital com­
puter was still only a dream. I am sure that our ideas at 
the time were hazy in the cxt1cme . One is apt t.o remember 
what one should have thought at an earlier time and not 
what one aCtually did think. On the other hand, there is 
th~ opposing tendency to forget the long graclual evolution 
that usually lies behind any new development such, for ex­
ample, as the development of the modern digital computer. 
I can remember talking with others at the ilell Laboratories 
about the need for better computing facilities ;'.nd about the 
feasibility of using the long-life vacuum tubes, that I had 
worked on, for the construction of some ill defined machine 
that would help me in solving some of my problems. 

The war years put a stop to my id le specu lation and it 
was not until 1946 a[ter I had moved to the U nivcrsity of 
Illinois that I was again able to think about electronic aids 
to calculations and specifically about digital computers . My 
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old obsession with so lu tions of spacr charge problems with 
complex boundary conditions sti ll persis ted and l began to 
agitate for a digital computer. 

Perhaps, it will give you a fl avor of conditions in the 
late 1940's if 1 tell you something ahont. our problems at 
lllinois during this period. After a loL of delays in getting 
started we eventually got an appropri ation of $1 LO,OOO, a 
Ju t of money in those days, t.o build a cowput.cr. 1 was busy 
running an Electron Device Labomt.ory but I did have a 
lot of graduate students tumbling all over themselves try­
ing to find suitable suitable thesis subjects so I put several 
cf them to work on new comp uter components, building 
.1 cathode ray storage tube, developing a magnetic core 
storage scheme, developing sorn'~ special non-sequencia! ad­
der and n-.u ltiplier circuits etc. 

\Ve were overambitious, and it soon became evident 
that we did not havP the amount of money that it then took 
to build thr. kind of computer that we wanted. The only 
solution seemed to be th;> t ol" putting something togct.hcr 
that was not ideal. The hope was tha.t we could usc this 
interim computer to ·do something sp<>ctacular that wou ld 
induce the University authorities to give us some more 
money. 

Since I had been making noise s about unconventional 
things that one could do with a Computer, someone, I think 
it was Tau be, c;uggcstcd that [ was th(! logical person to un­
dertake the programming task. My first thought was that 
I shou ld fulllll Babbage's old dream of ha·ring it play chess. 
I was disheartened when [ found that Claude Shannon had 
apparently bcat·~ n me to the punch , but then, when I had 
arranged to meet Claude, l learned that he was much less 
far along with the problem that Hewspaper reports had led 
me to believe. My talk with Claude did awaken me to the 
dif!lculties that chess presented. 

Checkers was my next c.l1oice. It happened that a world 
champion checker tnatch was to be held in the neighbor­
ing town, Kankakee, the next sprin ;?; and it seemed quite 
reasonable at the time for us to put together some sort of 
a computer in a few months and for me tn write a checker 
program during this same period of time that could chal­
lenge and beat the new world checker champion at the con­
clusion of this match. This would give us the publicity that 
we needed. How naive can one be? 

So I started to wor!c, writing a checker program for a 
macl1inc that did not exist, using an instruction set that I 
was forced to create as I needed it, writing directly in octal, 
and assign ing fixed memory locations for my variables, since 
the idea of an assembly langu;~.ge and of an a,;sembler had 
not yet been invented. The situation was id<~al to highlight 
the need for a symbolic notation and why i did not invent 
one, I will never know. 

Find;ng myself thwarted in my desires to devote all of 
my time to computer activities by the teaching load that I · 
had to carry, I decided to leave University life in 19,19 and 
go with IBM. I had written a checker program of sorts but 
the computer was still a long way from completion . 

I had, by this time, become a confirmed hacker so 
I wanted to get my checker program to run on an IilM 



1154 A. Samuel 

machine. The prcg;ram, of course, had to be completely 
rewritten, first for an interim ~omputer called the Defense 
Calculator and then for th2 701 as soon as Lhe instruction 
set for this machine had begun to take shape. This first 70L 
version was still written in octal nnd 1 was able to get it to 
run on the very first experimental model of the 701. Late, 
after the idea of an assembly program had been conceived 
and implemented, I was faced with the difficult task of 
converting a running machine-language program from its 
octal form into symbolic notation. This led me to write a 
"Disassembly" program, which was to do yeoman duties in 
converting the library of system and application programs, 
that had by then been written, from octal to symbolic form. 

IBM, in those days did not take kindly to one of their 
engineers wasting company time playing checkers, even if 
it was against a machine, and so most of my checker work 
had to be done on my own time. J had dress<'d my efforts up 
with a certain amount of respectability by adding a learning 
feature to the program but even then it was the usc of the 
program as a computer test vehicle which could be adjusted 
to run continuously that got me the machine time that I 
needed to try out my experimental learning routines. 

Later, during the 704 days, I can remember a period 
when there were often several 704's on the test Boor at 
the same time with test crewti working two shifts a day. 
The test crews would arrange to let me have all the time 
I wanted from 11 PM to 7 AM, sometimes on as many as 
four machines at the same time, in return for reports on 
the machine behavior. 

Several events occured along about this time that make 
it possible for me to recall the exact time sequence of AI 
development during these early years. Two of these events 
had a significant eJJect on the course of future events. 

The first event was til<' Dartmouth Summer Research 
Project OIL Artif:cia.l Intelligence that John McCarthy ran 
during the summer of 193G. The name Artificial Intelligence 
was, of course, coined by John in the process of naming 
this project. Only a very few people were involved, but 
never again would it be possible for such a small a group to 
has such a profound inlluence on the course of AI research. 
The interchange of ideas that occurred at Dartmouth did a 
great deal to establish AI as a viable subject for continuing 
research. 

The :"econd event was the publication in 1963 of the 
book "Computers and Thought" edited by Feigenbaum and 
Feldman. This book reprinted twenty papers by twenty 
eight authors that the editors thought would summarize or 
at least would be typical of the state of the art in some ten 
aspe;ts of the genera.! field of artificial intelligence. Most of 
you know this book, I am sure, but I do want to call your 
attention to two rather significant features. 

In the first place, most of the papers discussed wt:re 
what might be called "toy" problems, that is problems that 
were specifi cal ly chosen because they required the deve!op­
ment of new AI principle~ but were, never-the-less, suffi­
ciently well defined that one could measure one's progress 
toward meeting some desired goal. A second feature was 
the sh:up division of the papers into t:wo distinct categories, 

the first. set that tried to look at the way that people solved 
the chosen problem and ape this action by machine, and 
the second group that considered the problem more or less 
in the abstract and tried to invent machine methods that 
were tied to the unique characteristics of the computer. 
This book was to become the bible of the ear ly workers in 
the field . 

It may be instructive to compare a recent publica­
tion, "The Handbook of Artificial Intelligence", for which 
Feigenbaum was again one of the authors, with . this earlier 
book. The dillerence in treatment, and the difference in 
size, attest to the fact that AI is growing up. 

The third and fourth events, not of earth shaking sig­
nificance, but importa•1t to me as mnemonic aids, were the 
publication uy me of two papers, the first one contained my 
assessment of the state of AI in 1962, and the second made 
prediction s as to where computers would be in 1981. 

The fir ~ t paper was called "Artiflcial Intelligence: A 
Frontier of Automation". I am tempted to quote from this 
paper at some length since many things that I said then 
could equally well be said today, but I will forbear . The 
paper ends with a statement that "'We are still in the game­
playing stage, but, as we progress in our understanding, 
it seems reasonable to as,;ume that these newer techniques 
will be applied to real life with increasing frequency and 
that the e!Jort devoted to games and other toy problems 
will decrease." I will have more to say about toy problems 
later because I have come to attach greater significance to 
them than I did in 1962. 

As a minor aside, I revealed my own personal bias 
between the two approaches to AI pfoblems by using the 
phrase "Bird-Watching" to head the section describing the 
how-people-solve-the-problem approach and hy using the 
phrase "Back to Aerodynamics" to head the section describ­
ing the second approach. Here again, there has been a 
softening of my disdain for inquin~ s as to how people handle 
problems and in particular as to the way in which they 
learn. But more on this later. 

I cannot refrain from quoting another excerpt from this 
paper to wit: "Progress is being made in machine learning 
and ... we will be able to devise better machines or even to 
program existing ones so that they can outperform man in 
most forms of mental activity. In fact, one suspects that 
our present machines would be able to do this now were we 
but smart enough to write the right kinds of programs. The 
limitation is not in the machine but in man. Here then is a 
paradox. In order to make machines which appear smarter 
than rnan, man himself must be smarter than the machine". 
This, I think, is the proper answer to those people who 
decry the way that computers are permeating our society 
and who expres~ the fear that the machine will eventually 
dominate man . 

The second paper, published in 1964, and called "The 
Banishment of Paper \Vork", was an attempt to predict the 
state of affairs in 1984. I want to review these predictions 
both to assess our progress and a.s a prelude to making some 
new predictions for the year 2000. 



A few excerpts will give the flavor of these prediction~. 
In or;e place I say "Given computers that arc pcrh a p~ 100 
to 1000 times as fa st as the present day computers [they 
now bracket this range], cr:1npnt.~rs with large memories 
[and they have gotten large, in spite cf von Neumann's in­
sistence that JOOO words of fa st stor<lgc was all that would 
ever be necdcd], computers w hich occupy perhaps one one­
hundredth the volume that they now do [again, just about 
right], computers that arc much dH,apcr [the current fac­
tor is about 1000] and finally computers that learn from 
their experience and which can converse free ly with their 
masters- what can we prcd ict?" All of this ha~ become 
more or less true, except for the final prediction that com­
puters would learn from Utt,ir experience and that they 
would be abl<' to converse freely with their masters. 

l went on to predict a number of spceific things about 
computers. I will mention only three: 

1. That we would see a rli chotomy in the development 
of very large computers acting as number crunchers and 
as data bases with the widespread usc of small personal 
computers that were quite rcsrwctable computers in their 
own ri ght but that would also serve as terminals for aecess 
to the central data bases. 

2. That all the acconnting work of the world would 
he done by computer, hence the title of The Banishment of 
Paper-Work. 

3. That process control with the attending automation 
would have reached a very high degree of development. 

As for my unrealized predictions rc~ard ing artificial 
intelligence, I went on to say th:-1.L: " ... we have good reason 
for predicting that two rather basic problems will have been 
solved. The first of these has to do with learning .... The 
second difficulty resides in the nature of the instructions 
which must be given ... in short one cannot converse with 
a computer." I still belicv•~ that l was right in assessing 
these two problems as the two most basic problems that 
stood in the way of progress but I was completely wrong in­
my belief that they would he solved in twenty years. 

One can quibble with the soundness of my reasoning 
when I predicted that these problems would be solved. In 
one sense, problems relat ing to the real world are never 
solved, since each new contribution to our understanding 
usually lea.ds to the unfolding of l'accts of the pn;blern that 
we did not previously know existed. This has hap pened in 
the field of AI. \Nhat I did mean w<>.s that our lack of under­
standing would no lon ge r sta.nd in the wny of our effective 
use of machine learning aad of man-computer communica­
tions in the application of AJ to problems of the real world. 
We are st ill some dist;tn~c from this goal. 

The situation with respect to machine learning is par­
ticularly distressing. Wh<tt docs The Handbook cf Artificial 
Intelligence h:we to say about t.hc matter? I quote "But in 
general, learning is not noticeable in Af systems.n 

One might 4ucst.ion the corre<:tness of this str!ctnrc 
when one notes that the third volume of this same hand­
book devotes some 188 pages, out. of the three-volume total 
of 1300 pages to the s ubject of "L.,arning and Inductive 
Inference". Much of this work is really quite good. An 
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embarrassingly large amount of space, however, is used to 
describe some of my own work, work that was done twenty 
and more years ago and work th<•.t :; hould have long since 
b2en su persedcd. 

The stricture in volume 1 is c:;scntially correct, 3incc 
it is refcring to the use of AI karning methods in applica­
tion programs and not to the re searc h on lea-rning as such, 
and not also to the transfer of man der ived knowledge 
to computer programs as is usually none in most Expert 
Syste!lls applications. In fact the stricture ap pears even 
more damning when one considers the large amount of 
good research work that has been done, and the extent 
t.o which Knowledge r~ngincering a.nd Expert Systems have 
been a.dopted by practitioners. 

A considerable amount of work has been done on the 
problem of man-machine communication, and in making 
use of this work in AI systems, if' we include, under this 
umbrella, the work on menu-drive:1 techniques, the usc 
of questioning technique:; in which the computer restricts 
the range of the human responses by asking qu est ions, the 
work on character reading, and Lhc more profound work 
on speech recognition, and on la.n gu>tge understanding, In 
spite of all of this work, we arc st ill a long way from having 
a complete answer to the problem of rnan-mc.chinc com­
munication . I believe that the d cs i•·cd progress in man­
machine communication will not be made until it is treated 
as a lcarlling problem. 

To illustrate my point, let me raise t.he question as to 
how a child learns to talk. You will note an implication in 
the very way that we phrase the question. The question is: 

How docs a child learn to talk?, not, How do we store in 
the child's brain all the inform;ttion that he or she will need 
in order to be able to talk? Children learn to talk willy­
nilly, whether there is a conscious effort on the part of their 
parents to teach them or not. 'vVe explain this by saying 
that children are born with an instinctive desire to learn, 
an d with an instinclive ability to learn. Computers do not 
have instinctive desires but they arc obedient servants and 
if we tell then to learn and if we tell them how to learn, 
they will do it. So all we have to do is to tell them how, 
either by wiring this knowledge into their very structure or 
by supplying them with the necessary software. This we 
have failed to do. 

T n fact, I look on learning as the central problem of 
AI research, and I believe that our failur e to address this 
problem with enough vigor is the chief reason why the en­
tire Eicld of AI has failed to come up to my expectations . 
Oh, ol' course, you will say that my expectations were highly 
inllated and based on a gross failure on my part to rcalir.e 
how difficult the problems really arc. The fact remains, 
that my 1963 AI predictions arc nearly as far from realiza­
tion today as they were in 1%3, and this in spite of the 
fact that there has been much more research, and good re­
search, done on AI in general, than I envisioned possible in 
1963. 

As an example, I said in 1963 that; "Computers will 
perform yet another function - - that of language transla­
tion. Not only will we be able to obtain information from 
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the central files in the language of one's choice, but auto­
matic translation via the telephone will abo have come into 
usc---although perhaps not general use, because of the cost 
and because of the gradual drift toward a universal lan­
guage. It will, nevertheless, be possibl2 to dial anywhere in 
the world and converse with anyone speaking a di!Terent 
language with only a slight transmission delay to allow 
for the differences in sentence structure and word order­
ing between the languages ." The drift toward a univer­
sal language has been painfully slow and does not lead to 
any simple solution because of linguistic loyalties although 
English has become the lingua franca in some situations 
as evidenced by this conference that is being conducted in 
English in a German speaking country. There is still need 
for a telephone translation system which would be techni­
cally feasible to implement today if we only knew how. 

Perhaps it is time to pause and see where all of this is 
leading us. 

In the first place, there is an apparent inconsistency in 
my remarks. I am advocating an increase in research effort 
in the field of machine learning and yet the deficiencies 
that I have been citing all seem to be in the application of 
learning principles to problems of the real world . I think 
that this can be explained by remarking that the users of 
Al systems and particularly the designers of these systems 
would be anxious to add more elaborate learning schemes 
to their systems if they could. This, they are not able to 
do because there seem to be missing links in our knowledge 
that it is your business to supply. 

Let me see if I can point out some of these missing 
links . I will do this under the four headings usecl in The 
Handbook of Artificial Intelligence. These headings are: 1. 
Rote learning, 2.Learning by being told, 3. Learning from 
examples, and 4. Learning by analogy. 
Rote Learning 

Rote learning was one of the first form s to be studied. 
As the Handbook points out, rotc learning is useful only if 
it takes less time to retrieve the learned information than 
it docs to recompute it. 

Ther-e is an interesting parallel, where, in the early 
days, the Mark I computer at Harvard was constructed and 
used primarily for the purpose of computing mathematical 
tables that were bound into books and offered for sale. Most 
of these books were never sold and those that were sold 
were never used because the computational speeds of the, 
soon to follow, true electronic computers made it easier 
to recompute mathematical functions as needed than to 
store and retreive them. We did go through an interesting 
transition state in which key tabular values were frequent.ly 
stored and used with interpolation routines, but even this 
use of stored values has largely disappeared.· 

So I look on rote learning as ancient history. 
Learning by Being Told 

Learning by being told also appeared on the Al scene 
at an early date with the publication of John McCarthy's 
paper on advice-taking systems. But here, future work fol­
lowed two diverging paths, the one envisioned by McCarthy 
in which the system would be able to accept abstract, high-

level advice and turn t.his advice into ru les that would 
govern its subsequent behavior, and the second in which the 
emphasis has bee n on the development of tools that make 
it easy for an expert to transfer his detailed and extensive 
knowledge to the system. 

This division between the Advice Taker and the more 
recent work on Expert Systems may seem unnatural and 
may even be resented by devotees of the expert system 
approach. In support of my view, I can reference a recent 
rather long review paper on "Expert Computer Systems" 
that lists some fifty references and that neither references 
nor mentions McCarthy's work or any of the much more 
recent work typified by the work of Mostow, Hayes-Roth, 
Klahr, and Burge that can be considered as a follow up on 
McCarthy's original ideas. 

By and large, there has been a hiatus in the work 
on McCarthy's Advice Taker that is, in my opinion, very 
unfortunate. There is some work being done, as previously 
noted, but not nearly enough. This is not the place to try 
to' develop a procedure for rectifying this deficiency, and 
indeed I am afraid that I have .nothing constructive to offer. 

A great many tools have been and are being developed 
to simplify the task of transporting specific and sometimes 
abstractively formulated expertise from a human expert to 
a computer program. In fact the entire field of Knowledge 
Engineering and of Expert Systems, as commonly under­
stood, is based on this work. I certainly do not want to 
belittle this work but much of it is application engineering 
and not research. 
Learning from Examples 

If we again judge the effort in a fie ld by the number 
of pages devoted to the field, in the Handbook of Artificial 
Intelligence, then cert<1.iri.ly learning from examples is the 
most extensively studied phase of learning, with 150 out of 
188 pages devoted to it. So I believe we can conclude that 
this form of learning is being given enough attention. 
Learning by Analogy 

Refering to the Handbook, which is my bible on these 
matters, we note that it leaves this form of learning undis­
cussed " ... since this area has not received much attention." 
So here is a neglected area, that is, if it is important. I 
happen to think that it is. 

Perhaps there is a slight misconception here that con­
fuses the issue. By and large, people do not often learn by 
analogy. People reason by analogy in order to try to make 
sense out of a strange situation but then, if they are smart, 
they try to confmn the correctness of.the analogy by some 
independent method of evaluation. If computers are to ape 
the way that people learn, they must somehow be given this 
added ability. 

And speaking of the way people learn, this brings me 
back to a point that I have been on the verge of making 
several times during this talk . When we speak of research 
in machine learning methods we are reallly concerned with 
a problem in human learning and in how we can best devise 
experiments that will make it possible for us to learn how 
to tell a computer how to learn. So we must, after all, look 
into the way people learn, taking advantage, when we can, 



of the work in the emerging field of Cognitive Science. 
Also, there is still a need for C<intinuing work on toy 

problems, since it is ofLcn quite impossible to control, or 
even to know about, all of the variables that are involved 
when one deals with a re::tl-life problem. 

Perhaps I have said enough. Tt wa~ my original inten­
tion to cite chapter and verse as to why research in artificial 
intelligence was in danger of being neglected, but you al­
ready know these reasons and they have even been discussed 
in the public press. 

So it is time for me to make my prediclions for the 
year 2000 and to sit down. 

As far as computers arc concerned, T predict: 
1. The present trend toward personal computers will 

continue and two disLinct types of small computers will 
be available, a home computer and a much smaller pocket 
computer. 

2. The pocket computer will be a rather modest sixteen 
bit computer with, perhaps, 128 K bytes of a non-volatile 
memory. Its chief function will be to communicate by radio 
with one's home computer or one's office computer either 
directly or via an exchane;e system ;vhf'n far away. lt will, 
in effect, be a very smart terminal. It will also donhle as 
a telephone so that one will be able to speak with anyone 
any place in the world who has a phone connection. One 
will also be able to send voice messages to those computer 
systems that can receive such messages although the pocket 
computer itself will not be able to receive voice communica­
tions. Video-phone equipment will still be rather bulky and 
so most people will not include this facility in their pocket 
compu~.crs. 

:~. The home computer will be a thirty-two-bit machine 
and it will have at least ten 1nillion byt<~" of memory. This 
Jnay usc a non-volatile ~torage medium although such a 
memory will have to corupel.e with volatile storage schemes 
that eons11me so little power that they will normally he left 
on at all times. 

This computer will be capable of communicating with 
the many large d;cta banks that will be available and with 
other personal computers, al!, of course, under suitable 
protocols which attend to Sllch matters as file integrity and 
secrecy. It -..viii <tlso he capable of communicating via radio 
with one's pocket computer, a3 mentioned earlier. 

The home computer will be capable of receiving and 
transmicting pictorial materi:,J ::-swell as textual material, 
and it will function as a video·teicphonc v:hen this is desired. 
Since there will still be an occasional need for printed out­
put this computer will produce book quality out.put and 
a,icquate paper handling facilities will be available, prob­
ably at an extra cost, to enable one to receive printed 
and pictorial material, the morning paper perhaps, without 
ha.ving to be present at the computer when it is arriving. 

The tendency will be to leave one's home computer 
operating at all times so that it can receive and store mes­
sages that m~y be sent to it and even acknowledge the 
receipt of such messages. Most home computers will be 
battery powereJ with a trickle charger so as to be inde­
pendent of power failures. 
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1. Many large centrally located computers with as­
so<:iated large data files will be available for public use, 
rather later than I predided in 1963, but diliering from 
those predicted for 1984 by the routine use of the knowledge 
engineering principals that arc currently being used in pres­
ent day Expert Systems, even augmented by principles yet 
to be discovered through future research. These systems 
will be, in clicct, expert systems for the non-expert. 

As I said in J963, "One will be able to browse through 
the fiction section of the central library, enjoy an evening's 
light entertainment viewing any movie that has ever been 
produc~d (for a suitable fee, of course, since Hollywood 
will still be commen:ial) or inquire as to the previous day's 
produdion figures for tin in £3olivia- all for the asking via 
one's remote terminal". 

But even more than that, these systems will be able 
to acquire knowledge and to learn not only from experts 
but also from their experience in dealing with the general 
public. Information acquired from the public, and general­
izations based on this information, will probably still have 
to be u.pproved by a panel of experts before being incorp­
orated into the Jata base available to the public. 

5. Large centrally locat.~d computers will still be used 
for large calculat ions but they will have reached a practical 
limit in size as set by velocity of light limitations. The 
general trend will be either to partition large problems so 
that they can he solved in pieces or to tie many separate 
machines tog•.•Lhcr on a temporary basis for truly large 
problems. Newer methods of storage will have made it 
lJOssible to construct very large memories so that thi~ will 
not be a bottleneck. 

6. I arr. less sanguine now than I wa~ in 1963, about 
the prediction that: "Libraries for books will have ceased 
to exist in the more advanced countries except for a few 
which will be preserved as museums" although, I do believe 
r•ow as I then said , "and most of the world's kno><ledge will 
be in machine readable form". 

Having lived with computers for many years, with a 
t'•rminal in my cffice and one in my study at home, I 
still find printed hooks to he very comforting. I suspect 
that many people feel this way and I now wonder if this 
feeling will somehow keep libraries in existence in spite of 
the fact that, and I again quote, " ... the storage problem 
will make it imperative that, a more condensed form of 
recording be used, .. " Almost all of the new knowledge 
that is being gen~rated, even at the present time, is now 
in machine readable form because or the wide spread usc 
of word processing systems but we may still have a way to 
go before the machine-readable form will be the only form 
in which this knowledge is preserved. 

7. I am much less s.u re as to where AI research will be 
in the year 2000. Perhaps I should leave this, as they say in 
some texts, as an exercise for the reader. If I let you make 
the predictions then, perhaps, you will feel a compulsion to 
do the necessary research to guarentee that your predictions 
come true. It is up to you to decide what the future will 
be. 


