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Abstract

ARTIFICIAL INTELLIGENCE

by
Nils J. Nilsson

July 1973

This paper describes current progress in Artificial Intelligence (AI).
Particular emphasis is given to describing AI as an independent field of
study having both applied-technological and scientific-theoretical branches.
The major problems faced by AI research are discussed, and progress toward
thelr solutions is evaluated. It is argued that practical applications of
Al research will most likely be concentrated in computer systems that un-
derstand natural langﬁage and perform-advanced- automation tasks.. It is -
also claimed that AI research will, at long last, make theoretical psychol-

Ogy a possibility.
/
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Technical Note &9

This paper i8 a survey of Artificinl lntelligence {Al),

It divides the field into four core topics

(embodying tho base for a science of intelligence) and eight applications topics {in which research has
been contributing to core idens), The paper discusses the history, the major landmarks, and some of

the controversies in each of these txelve toplces,

Each toplc is rcpresented by a chart citing the

major references, These referonces are contained in an extensive bibliography., The paper concludes
with a discussion of some of the criticisms of Al ond with Some predictions about tho course of future

regearch.

1, INTRODUCTICN

Can wa ever hope to undorstand the nature of intelli-
genco in the same scnse that we understand, say, the
nature of flight? Will our understanding of intel-
ligence ever be sufficient to help us build working
models—machines that think ond perceolve—-1n the same
way that our understanding of nerodynawmics helps us
build airplanes? Intelligence scems so varied, We
see it when a chemist discovors the structure of o
complex molecule, when n computer plays chess, when

a mothemoticion finds a proof, and oven when a child
walks home from Schogol., Are there basic mechanisma

QT processes that are common to nll of these activi- -

ties nnd to all others commonly thought to regquire
intelligence?

The field of Artificinl Intelligence (AIL) has ns its
main tenet that there arc indeed common processos
that underlie thinking and percoiving, and further-—
more that thoso processes can bo understood and
studied scilentifically, The processes themselves do
not depend on whether the subject being thought about
or percelved 1s chepmistry, chess, nothematics, or
childhood novigation, In addition, it is completely
unimportant to the, theory of Al who is doing the
thinking or perceiving=-man or computer, This is an
implementational detaill,

These are the emerpging bellofs of n group of computer
scientists claiming to be founding s new sclence of
intelligence, While nttempting to discover and
undorstand the basic mechonisms of intelligence,
these researchers have produced working models in the
form of computer programs capable of some rather im—
pressive feats: playing competent chess, engnging

in limited dialogs with humans in English, proving
rensonnbly difficult maothematical theorems in set
theory, apalysis, and topology, guessing (correctly}
the structure of complex organfc molecules from mnss-—
spectrogram dnta, nssembling mechanical equipment
with n robot hand, and proving the correctness of
small computer progroms,
Whether the netivities of these workers constitute o
new scicntific field or not, at the very least Al is
& mnjor campaign to produce some truly rcmarkable
computer ahilities, Like going to the moon or
creating life, it is ono of man's grandest enter—
prises, As . with all grand enterprises, it will have
profound influcnces on mon's way of life and on the

way in which he views himself, 1n this paper, I
will try to describe the AI campaigh, how it @eema
to be organized into subcampaigns, whe is doing
what, some of the current internal controversies,
and tho main achievements, There i3 the usual word
of caution: I'vo made some rather large simplifica-
tions in attempting to stand aside from the field
and look nt it with perapective, Not anll workers
would pecessarily sgree with what tollows.__

Bafore beglnning we wmust discusa ao ipportant char-
acterigtic of Al ns a fleld, namely, that it does
oot long retain within it any of its successful ap-
Plications. Computer aides to mathematiclans, such
o8 differential equation solvers, that originated
(at least partly) from Al research, ultimately be-
come part of applicd mathcmatics, A system, named
DENDRAL, that hypothesizes chemical structures of
organic molecules hased on mass-spectrogram data is
Blowxly escaping its AI birthplace and will likely
become one of the standard tools of chemists. This
phenomenon 18 well-recognized by Al researchers ang
has led cne of them ts state that AI is known as the
"no-win" field, It exports all of its winning ideas,

On reflection, this 18 pot surprising, When a field
takes as its subject matter all of thinking, and

then when partlicular brands of that thinking are
applied to chemistry, mathematics, physiecs, or what-
ever, these applications become parts of chemistry,
mathenatics, physics, ete. When people think about
chemistry, we call it part of chemistry--not an ap-
plication of psychology. The more succossful AL be—
comes, the more ita applicantions will become part of
the application nrea, -

Destined apparently to lack an applied branch, is
there a central core or basic sclence of AL that
will continue to grow and contrihute needed ideas to
applications in other areas? [ think the answer is
yes, Just what form these central ideas will ulti-
mately taoke 15 difficult to discern now. Will AI be
something 11lke blology--diverso but still united hy
the common structurc of DNA? What will bhe the DNA
of AlI? '

Or will the science of AI he wore like the whole of
scicnce itself--united hy little more than gome
vague general prineiples such as the scientific
method? It 1S probabiy too early to tcll. The



present central ideas scem more specific than doea
the acicotific method but loas concrete than DNA.

2, WHAT IS HAPPENING IN AI?

2.1 The structure of the field

As a toctic 1p attempting to discover the basic
principles of intolligence, AI resoarchers have set
thenselves the preliminary goal of building computor
pregrams that con perform various intellectunl tasks
that humens can perform, There are major projects
currontly under way whose pgeoals aro to understand
natural langunge (both written and Spoken), play
master chess, prove non-trivial mathematical
theorems, write computer programs, and so forth.
These projects Serve two purposes. First, they pro-
vide the appropriate settings in which the basic
mechanisms of intelligence caon be discovcred and
clarifiod, Second, they provide non-trivial oppor-
tunities for tbe application and testing of such
mechanlsms that are already known, I am calling
these projects the first-levol applicantions of Al

I have grouped these first-level applications (=some—
what arbitrarily)} into eight topics sbown sprend
along the periphery of Figure 1, These are the
eight that 1 think bave contributed the most to our
basic understanding of intelligenco, Each has
strong ties to otber (non-AlI) fields, as well as to
asch otber; the major external ties are indicated by
arrows in Figure 1,

Basic mechanisms of intelligence and implementa-—
tional techniques tbhat are common to severanl appli-
cations, I call core topics. It seems to mo that
there are four major parts to this central core:

» Techniques for modeling and representation of
knowledge.

+ Tecbniques for comwon sonse reasoning, deduction,
and problem Solwving.

+ Techniques for heuristic search.

» Al systems and languages,

These four parts aro shown at the center of Figure 1.
Again, we hove indicated ties to other fields by
arrows, It must be stressed that most AI research
takes place in the first-level applications arens
even though the primary goal may be to contribute

to the more ahstract core topics.

If an application 1is pﬁrticulnrly successful, it
might be noticed by apecialists in the application
area and developed by them as n useful and economi-
cally wviable product. Such applications we might
call second-level npplications to distinguisb them
from the first-level applications projects under-
taken by the AI researchers themselves, Thus, when
Al researchers work on a project to develop n proto-
type system to understand speech, I call 1t a first-
levol applicntion. If Genernl Motors were to
develop and install in thelr asscmbly plants o sys-
tem to interpret television images of automobile
parts on a conveyor belt, I would call it a second-
level application. (We should humbly note that per=
haps several second-leyel applications will cmergo
without benefit of obvious AI parentage, In fact,
these may contribute mightily te AI science itscli.)

Thus, even though I apree thnt.Al 1s a field thnt
canpnot retain its applications, it is the second-
lovel applications that it lacks, These belong to

f

the spplications nrcas themselves, Until nll of the
principles of intolligence nre uncovered, AI re-
searchers will continue to scareh for them in various
first-level applications areans,

Figure 1, then, divides work in Al into twelve major
topics. I havo nttempted to show the major popers,
projccts, and results ip each of thcso topics in
Charts 1 through 12, each containing references to an
extensive biblliography at the end of this paper.
These choarts help organize tho literature os well as
indicate something about the structure of work in the
field, By arrows linking boxes within the cbarts we
attempt to indicate how work haos built on {or has
been provoked by) previous work, The items in the
bibliography are coded to indicate the subheading to
which they belong., I think that the charts (taken as
a whole) faoirly represent the ilmportant work even
though there may be many differences of opinion among
workers about some of tbe entries” {and especially
about how work has built oo previous work),

Obviously, a short paper cannot be exhaustive, But
in this section I will aummarize what is going on in
Al research by discussing the major accomplishments
apd status of research in each of the twelve sub—
headings,

2,2 The core topics

Fundamentally, AI is5 the science of knowledge-=bow to
représent knowledge and how to obtaln apd use knowl=
edge, ©Our core toplcs deal with these fundamentals,
The four toplcs nre highly interdependent, and the
reader should be warned that it 15 probably wrong to
sttempt to think of them separntely even though we
are forced to write about them separately,

2,2,1 Common-sense reascning, deduction, and
problem-solving {Chart 1)

By reasoning, etc., we mean the major proceases in-
volved in using knowledge: Using it to make infer-
ences and predictions, to make plans, to answer
questions, and to obtain additional knowledge. AS a
core topic, we are concerned malply with reasoning
about everydsy, common domains (hence, common sense)
because such reasoning is fundamental, ond we want
also to avoid the possible trap of developing tech-
nigques applicable only to some specialized domain.
Kevertheless, contributions to our ideas about the
use of knowledge havc come from all of the applica-
tions areas,

There have been three major tbemes evident in this
core toplc, We might label these puzzle-solving,
questicn-answering, and commop-sense reasoning.

Puzrzle-solving., Eorly work on reasoning concentrated
on writing computer programs that could solve simple
puzzles (tower of Honol, missionaries and cannibels,
logic problems, etc.}. The Logic Theorist and GPS
{see Chart 1) are typical examples, From this work
certain problem-Solving concepts were developed nnd
clarificd in an uncluttered atmosphere, Among these
were the concepts of heuristic seareh, problem Spaces
and states, operntors (thaot transformed one problenm
state inte another), gonl and subgonl statcs, means—
ends onalysia,’and reasoning backwards, The fact

L ]

In particular, some might rcasonably claim machine
vision (er more gencrally, perccption) and longuage
understanding to be core topics,
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that these useful idens seem =m0 familiar in Al re-
search today testifies to the success of this early
work, But the very cleanness of puzzles allowed re-
searchers to avoid facing what hos turned out to be
the key problem, namely denling with knowledge, huge
amounts of knowledge, diverse, cluttered and intor—
related,

Question-answering. As one step toword facing the
problem of dealing with knowledge, soveral research-
ers coocentroted on building inferential question—
enswering systems, (See, in particular, the refer-
ences listed under S1R, QAZ, and QA3 in Chart 1.)
Such aystems should be able to store a lorge number
of fscts and should be able to respend to reasonable
questions whose mnswers could be deduced from tbese
facts,, Those systems required mechanisms for logical
inference and led Al researchers into a romance with
logic in geperal and with Robipson's resclution prin-
ciple ia particular, (See Chart 7.} This line of
research clarified our concepts of applying inference
techniques to common-sense knowledge and led to var-
ious useful schemes for associative retrieval of
stored data. We also learned that for large
question-answering systems the question nf wben to
use inference methods was more important than the
nature of the inference mechanism 1tself. Thus, we
leprned that we would need large amounts of secondary
knowledge about how and when to use the primary
imowledge of the domain.

Common-sense reasoning. In 1958, MeCarthy proposed
an ADVICE~TAKER that would be ablo to accept knowl-
edge and use it to deduce answers to questions and
to figure out simple plans for courses of action,
One might ask such o system, for cxample, how to get
to Timbuktu {(a fovorite example of McCartby's), If
the system kpew about airline schedules, alrports,
bow to get to nirports, and other common (but im-
mensely diverse)} knowledge, it might answer thus:
(1) go to your travel agent ond find out about
flights to Timbuktu, (2) using this information,
select a flight and make a reservation, {3) drive teo
the sirport at the appropriate time, (4), park your
car, and (5} get on the nppropriate airplane. Each
of these steps, of course, could be expanded in
detail,

Problems of this sort are clearly not ss clean as
puzzles; they demand the use of large amounts of
knowledge; yet they have in common with puzzles the
feature of planning a course of action to accomplish
a goal, ”

Robotics resgarch {see Chart 9) hns probably con-
tributed the most te our knowledge of how to generate
plans based on largo amounts of commopn—sense knowl—
edge, Resenrchers ot MIT, using an arm in a domain
of simple blocks (called the BIOCKS world) and at
SR1 using a mobile robot in a dommin of corridors
and roows, have developed vaorious reasoning systems
that can genorato plona of action for a robot, Of
these, we might mention in particular STRIPS, SHRDLU,
and HACHER (see Chort 1).

There hes been n lot of useful internal controversy
about how to bulld regsoning systems ond ohout the
best directions for research, For o while, there
wns hope in some quarters that some universal sys-
tem (hased, for example, like QA3 on Robinson's
resolution principle} could be used for all of the
tasks we have mentioned so far: puzzle-selving,

question-answering, and commop-sense reasoning.

First attempts to build such universanl Sysiems were
unguecessful in the incorporation of the necessary :
domain-specific knowledge and techuiques and, as far b
o8 1 knew, thero are at present no serious advocates s
of a simple universal system,

7
b

T
BN

At the opposite extreme of this controversy, however, v
are the proponents of what I would call &E hocism, .3
To them, following any systemotic approach is ana- -
thema, Each task should simply be programmed on its
own using whatever trieks might be nceded. There is
no doubt that this kind of oppertunieém is henlthy for
a growing field still in search of its general prin-
ciples, Still, the following point must be made
against rampant ad hocism: One part of developing a
science i85 to discover these concepts that are im-
portant, We must try to produce intelligent behavior
out of systems limited to verious combipations of
trinl concepts., OQur failures tell us sbere our
present concepts are weak and give us hints abeut new
opnes thet might be needed, 1f our trial concepts are
always allowed the crutch of ad hocism, we do not
learn encugh about whore the concepts are weak.

Another controversy copecerns how much knowledge we
ought to give our ressoning programs, At one ex-
trema are researchera who insist that the progran
should be given only some basic premises from shich
it must derive any intermediate knowledge it needs to
arrive at an answor, At tho other (and impossible)
extreme, programs would be provided explicitly with
onswera to all problems, There are some who feel
that derivation of answers ultimately will play such
a large role in intelligent systems that we may as
well concentrate now on derivation techniques, To
force derivaotion, they tend to work with knowledge-
impoverished systeas,

The consensus just now emerging from this controversy
is that, because of combinatoric preoblems, an inteol-
ligent system probobly will be nhle to make only
reasonably direct derivations at any stage, Thus,

to deal with o large domain, such n system must begin
with g lorge skeletal network of bhasic knowledge
nbout tha domain and knowledge about how to use its
knowledge., Any excursion from the known {explicitly
represented) knowledge into the unknown (derived) cen
thus be well-gpuided (1.e., practical) even though the )
"yolume” of the unknown part itself can be extremely B
large, It is senseless to insist ibat, to aoswer a
single question, an intelligent system must repeat
the tedious trisl and error evolution of a lorge part
of our cultural and scientific knowledge to say
nothing of possibly having to repeat much of biologi-
cal evolution itself, Even the "let's derive nll”
school would ngree., What members of this school and
some others did not realize was just how ouch knowl-
edge would finally be needed by intelligent Bystems,
Given this realization, the only possihle course is
to build "knowledge-based” programs.

2.2,2 Modeling and representation of knowledge
fchart 2) ‘

Our ideas about how to represent knowledge have come
from several of the applications nreas, (Quite

.Hinsky {1974) guensses that a knowledge-based system
rcasoning about visual images {(a system Such as
might be possessed by a typlcal human) “might need
a fcw millions, but not billions, of structural
units, interconnections, pointcrs,”



obviousaly, every Al program uses Eome represente-
tienal schome, We cite in Chart 2 just a few of the
important contributions.) Rasearchers in machine
vision and perception and in notural language under—
stonding were perhaps tho first to reanlize how much
knowledge would be neoded by high performance
programs, These two opplications areas have thus
probably contributed the most to our reperroire of
representational techniques,

The systems montioned in Chort 2 cover sore of the
mapjor suggestions, For example:

Green {1969a,b,c): Statements in the first order
predicate colculus,

Quillian (1968): Concept nodes in a grapk structure
linked by various relationships.

Schank &t al. (1972): Canonical concept structures
baving "slots" for case information,

Hewitt {1969,71) and Winograd (1971): Pattern-
invoked procedures plus assertions,

Rulifson et nl, (1968): Pattern—invoked procedures
plus special 1list structures such os n-tuples, bags
end sets with property 11sts all organized in g dis-
crimination net.

Rewell (1967): Sets of productions organized as
Karkov tables,

Miosky (1974): Hierarchbicaelly organized structures
called "frame systems," These have “free variobles"
(analogous to Schank's alots) that can be aatched
against constants occurring in the data to be
annlyzed.

For a period there was some controversy over whether
knowledge Sbould be represented assertionally or pro—
cedurally. (As an extreme case, a gpirasl, say, can
be represented assertionally by a list of the points
in the plane through which it passes, or it can be
represented proceduranlly by a program that draws it.)
Something of a cult was made of the "procecfural em-
bodding” of knowledge, but this controversy seems to
be settling down now to an acceptance of t-e valuo
of a combination of assertional and procedural
knowledge.

Another concern, having antecedents in logic, 18 how
to represent certain "modal” concepts involving time,
necessity, possibility, and so forth. MeCarthy &
Hayes {1969) have ananlyzed some of the difficulties
in forzalizing these concepts; meanwhile, Fendrix
(1973) and Bruece (1972) have doveloped Systems that
begio to deal with Some of them,

McCarthy and Hayes (1969) alsn discuss two fundn-
mental problems concerning representation znd .
reasoning. One is called the frame problez, and it
concerns certain difficulties of model mairienance.
1f we have o representation of the world at a cer-
tain instant (based on observatidns ond a priori
knowledgo), how should we represent and ust “laows
of physics” to update the model so that it repre-
sents the world (reasonnbly accurately) at some fu-
ture instant? 1f a robot rcmo?es a book from m
shelf, cen we assume thnt a door across the room
remains open without having to derive this fact or
observe it again? There are several ways of denling
with this problem, e.g., Green (1969}, Fikes and
Nilsson (1971}, Sandowall {1972), and Hewitt (1969},
These are nicely discussed by Hayes (1973),

Another problem is the quelification problex. If
8 System uses its representation to “prove,” say,
that a certain plan will achiove g desired zoal

(the goal of being at the airpert), how are we to
deal with certoin difficultios orising when new in=-
formation is received prior to executing tho plan,
Suppose, for example, Someone tells ug that our auto—
mobile is out of gaseline 5o that now our plan {that
called for driving to the airport) xill not work. We
bad proved that it would, and now new information has
rendered the proof invalid even though all of tho
inforzmation on which the original proof wns based is
still present. Hayes (1973) discusses this violation
of the "extension property” ond shows the close con-
nection between the qualification problem and the
framo problcm, System builders [e,g., Hewitt (1969)
anhd NMulifaon et al. (1972)] have invented certain
constructs that apparently get around these difficul-
ties, plthough in a way that 15 somewhat unsatis-
foctory to logicians.

We are still quite a way, it socms, from having a
sound theorotical basis for lmowledge representation.
1t 15 my viow that the necessity of developing large
and complex roasening systems will produce the new
concepts out of which the peeded theories will be
constructed,

2,2,3 Heuristic search {Chart 3)

One of tbo first results of early Al research was tho
development of a point of view toward problem-sclving
sometimes called “the heuristic search paradigm.”
Thore are two closely related vorsions of this
psradigm. ln one, ® "problem” is transformed into
the cancnical preblem of finding a path through a
"space” of problem states from tho initial state to

8 goal {i.e., solution) atate, In the other, a prob-
lem i8 "reduced” to various subproblems that are also
raduced in turn (ond So on) until the ultimately re-
sulting subproblems have trivinl or known Solutions,
Each version is merely a slightly different way of
thinking about basically the same problem-solving
process, In each, tho process involves generating
alternntive patbs toward solutions, setting up cer=-
tain key milestone states (or subproblems), and
managing search resources wisely to find acceptable
solutions,

The word "heuristic” is used because theso techniques
emphasize the use of special knowiedge from the prob-
lom domain that "aids in discovering & solution” by
drastically reducing the amount of search that would
otherwise have to be coployed, Often thig knowledge
tgkes the form of “"rules-of-thumb" that help to limit
or direct the search, Sometimes they are constrain-
ing rolntions that can bo employed to limit the
search needed. [A good example of the use of con-
straints is the work of Waltz {1972).]

1 have already referred to some of the heuristic
search paradigm ideas (subgoals, ronsoning backwards,
and s0 on) o8 being basic to common~senae reasoning,
deduction, and problem solving (Chart 1}, Here (in
Chart 3), we went to cito mninly those aspocts of
houristie search dealing with the scarch process it-
self, Once 8 problem iS repreaented as o Sosrch
problom, how can a solution be found efficlently?

Tho searching occurs in one of two graph Structures,
ordinary graphs (or trees), and AND-OR graphs (or
trees}), deponding on whcther the problem is viewed
as one of [inding o path to o goal atate or ono of
reduclng preohlems to subproblems, respectively., Tho
scarch tcchniques that have been developed (by
workcrs in AlI, control thcory, nond opcratiions



yegearch} are now commonly used inmany Al progroms
and in many of their applicotions, .Maost of ‘theso
twchniques make nse of henristlcnlly~bosed evaluation
Sunetions that ramk-order the unexplored nodes -in the
wroph and thues Apdicate vhere .scarch con most -affi-
<lently proceod, Furtheomore, there are some
thearems [Hart ot nl, (1968)] .stating conditions
amder which these sSegrch methods are .guaranteed ‘to
Find pptimal paths, Tho prohlem of cfficlemtly

- megrehing ¢ graph has =ssentinlly been Hnlved and
+hiis no lsnger oecuplias Al resesrchers, This .one
«ore wrea, At lenst, seems to be well under comtrol.

2,2,4 Al systems and Jonpuages (Chart 4)

The progrmmdug langunpes -doveloped and uaed ‘hy AL
‘meseprohers are dnctuded omong tho core toples be-
caugse they exbody the most usefnl af the corve ddens
alrendy discumsed, Early Al reseaorchers .saow +the need
dar yroprams that could store, ncceas, mmd mantpulate
Tdgte of symbolic Anformation, 7The mems for .achiev-
Ang these aml other operations were bui'lt dmto vari-
coms 1ist processing loaoguages, prizmrdly IR~V _and
LISP.

After some years of Tescarch wging ‘these langunges,
it becsme mpporent ‘thet A systens hod 4 womman, Te—
exrring peed for operations much ns gexrch,
expressivn-retrieval, mnd pottern-matching. The
mext siep =8 1o build these mperations into tho
lzrgumpes themselves, Thos, Ain the late 1560a,
anrther generation of Al langunges emerged, lnnguages
murh a8 QA4 and PLANNER.

Edward Fedgronboum tnee choracterized -progress dn Al
xesenrch n8 progress along the “whuteto-how” apectrum
@f computer languages, Al the "how' end af this

spectrun nre the machine langages used by programmers

who must give the most deiniled Anstractinns to “the
Towputer, As ome progresses toward the "whot' end,
the programmer leaves more und more :0of the details

of how pperatinns sre to he oorried .ot to the lan—
limygiage and orm be more and more concerned onky with
what im 10 be done. Al loanguepes :are mow moderoctely
Inr alomg towsrd the "what' @nd, mod the proper goal
of Al resegrrh (according to this - view) 18 te create
langnapes #vwon closer to the "what” and. It moy well
e that, uwlidmately, the field of A1 will dn large
mart e conoermed wdth the deviilopment of Ruperpower—
ful rompuiing ionguages. Im this light, the hest
wEy in meestro Al progress 48 1o leok mxt the Al
Arugmapes,

e o not haee space bere 4o trace the development
af AT langnppes nor to dexcrdihe the speacisl foptures
thot they maite mvailable ¥o Al xesearchers, For-
Iunately, there 18 gn excellent ‘tutorial paper by
Bobrow and Ropbael (1973) that pives o very clenr
socount of the mew langunges, -

Cimrently, s large part of Al mesenrch A5 heing wone
dorbed by experdimenting with systems writien in the
mew lmpusges, The lanpuages jprovide -especially
porerinl mechmmenyg for repreeenting the -extensive
Imowledge needed by present prograns. -Furthermore,
this &nowledge ©on now be rensily tdded tneremcntolly
s the propran evolves umder the tutelage of human
experis in the domoin, Winogred’s (1971) notural
Amnpunpe amderstapding Aystem and Waldinger and
Levitt's {1974) system for proving assertions .obout
Frograne ore good exomples of how the 'power of stheac
2anguapes 18 being used,

o0

- by dvgust 1978,

It would not be unreosonable to expect that current
and future experimentation will lead to the crystal-
lizantion of additionnl concepts {such ss, perbaps,
Minsky's (1974) Frame Systems] that will be ipcor-
paroted in a new round of Al langungoes, possibly in
the late 19708,

2.3 First=level opplicntions topics

2.3.1 Lame playing {Chart 5)

Frograms have been written that can play several
guooes that humans find difficult, As the most famous
wxpmple, w¢ might mention the choss playing program,
‘MAG-HALE, of Greenblatt et el..{1967). A version of
+his program achieved a United States Chess Federn-~
tion xating of 1720 in one tournament, Sanuel's
proprams for checkers have beaten experts in the
game,  Several other programs are mentioned in the
xhort,

levy {1970) described a program written by Atkins,
Slate, mmd Gorland at Northwestern University and
mald that he thought it wos8 strooger than
Orpeshlott’s. He estimated its rating at about 1750,
which would make it, he claims, the 500th best player
An Britain,

Lomputer chess tournaments are now held routinely,
Resylts of these nnd other news about computer chess
:have been rather extensively reported in the SIGART
[Kewsletter since 1972,

Meost gnme playing programs atill usn rather straight-
dorward tree-searching idoas and are weak in their
e of high-level strategic concepts, It is gener-
ally agreed that advances in the use of strategy and
4n £nd-gane play are necossary before chess programa
«en berome substantially better, and they must be-
fome substantially better before they can heat human
champdons, (World Champion Bobby Fischer is rated
ot about 2810.) Levy (1970) 1s rather pessimiBtic
=sBbowut the rate of future progress in chess and has
made a £750 bet with Professors McCarthy, Papert,
ond Michie thot a program cannct beat him in a match
{Levy's rating in 1970 was 2380,}

2.3.2 Mnth, science, and engineering aids (Chart 6)

The ximrt 1ists just ¢ few examples of Al techniques
+hat hove been applied in systems that help human
pmfessinnals, The early Al work on symbelic inte-
gratism, Together with the work on algebraiec simpli-
ficatimm, coniributed to a number of systems for
Sysholic nathenatical computations. Noses (1971b)
FoEsenty o good review, Systems presently exist
that can solve symbolically an equation like

2% — 3y% + 2 = 0 {for x)}, and that can integratn
msymhnlirally an expression like j'(x + e"‘)2 dx, Such
mygtews are guite usefully employed in physics re-
search, Jor example, in which expressions arise
dmving fmndreds of terms.

Another quite saccessful applicatien is the DENDRAL
progrmm that hypothesizes chemical structures from
& tomhinogiion of moss spectropgram and nucloar mag-
metic resanmee data. The system is presonted with
tiis satn from a sample of o known chemical compound
(thet 13, its chemical formula is known). It uses
sreveral 1levels of knowledge about chemieal strue-
dunes aml how they break up in moss spectroscopy to
dnier tho strueturc of the compound. 1t can deal with



a large number of orgunic compounds including complex
amines and estrogenic steroids., Its performonce on
the atoroids often exceeds the best human ‘performsnce.

The DENDRAL project typifies a style of Al systenm
tieilding that has been guite successfully applied to
chemistry and some other domonins, This design séyle
involves intensive interaction hetween Al scientists
and applications orea sclentists, The latter nre
queried in the minutest detnil to oxtract from them
rules and other knowledge thot are oporationolly use-
ful in the domnin. These ore then coded into tho
aystem by the Al scientists and tosts are run to
Judge their effectiveness. The process is long and
involves sevornl iterations, Tbe npplications scion-
tists are often confronted with apparent contradic-
tions betweon how they say thoy moke decisions and
how they actunlly make decisions, Few of them have
any really global or completely accurate theory of
how they apply their knowledge. Furthermore, this
knowledgo is often informal and heuristic, As a re-
gult, the emerging system is a collection of "mini-
theories” and special rules of only local effective-
ness, To use this design strotegy, tho system must
ba one that can deal with many, and sometimes con-
flicting, mini-thcories. 1t must also bo a system to
which new knowledge can gradually be added and old
knowledge modified.

After soveral montha or years of this sort of gradual
shaping of the system, 1t comes to simulate the por-
formance of the human experts whose knowledge it bas
gained. This general strategy 1s beginning to be
employod extensively in Al applications. [For ex-
ample, see nlso Shortliffo et al, (1973).]

2.3.3 Automatic theorom proving (Chart 7)

There are three major themes evidont in attempts to
get computer programs to prove theorems in mathe~-
maties and logle. First, early work by Al research-
ers produced heuristic programs that could prove
simple theorems 1n propositional logic end high-
school level theorems in plane geometry, These pro-
grams used (but mainly helped to refine) concepts
like reasoning backwards, mcans-ends analysia, usco
of subgoals, and the use of a model to eliminate
futile search paths, The fact that logicinns hod
already developed powerful procedures that effee-
tively eliminated propositionnl logic ns a domaln
requiring heuristic problem-solving techniques does
not detract from the value of this carly work.

Logiclians wore also developing technigues for prov-
ing theorems in tho first order predicate caleulus,
J. A. Robinson (1965} syanthesized some of this work
into a procedure for using a single rule of infer-
enco, resclution, that could eansily be mechanized in
computer programs, Bulilding resolution-based provers
quickly became a second theme in automatic thecorem
proving, while other approaches languishcd. Resolu-
tion had o great influence on other applicotion arcas
ags well (Charts 1 and 8), Performance of the reso-
lution systoms renched impressive, if not superhuman,
levels. Programs weroc writton that could prove ren-
sonably complex, sometimes novel, theorems in certnin
domoins of mathematics. The best performance, how=
evor, was achieved by man-mochine systems in which a
skilled human provided strotegic guidance leaving the
system to verify lemmas and te £111 in short chalns
of deduction. [Sce especially Guard ot al, (1969)
and Allen ond Luckham (1970),. Tho laotter systcm

has bcen uscd to obtain proofs of ncw mathematical

11
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rosults announced without proof im tho Hotiees of the
American Mathematicol Society. ]

Yarious strategies were developed to improve the
efficiency of the rosolution provers., These strote-—
gles were mainly bosed on the form er syntax of the
expressions to be proved and not on any special knowl-
edge or semantics of the domain, In automatic theorom
proving, just as in other npplications arens, sempntic
knewledge was needed to improve perfermance beyond tho
plateau reached by tbo late 1960s,

Tho work of Bledsoe and bis students is typical of

tho tbird ond lotest thome in automatic theorem prov~
ing. Although they emphnsize the importance of mon-
machine systems, their programs themselves bave become
knowledge-bnsed specinlists in certaio mathematical
domnins, The use of semantic knowledge in thecrem-
proving systems has also renowed interest in heuris-
tics for subgonling, and sc forth. The programs of
this group are caopablo of proving some rather improse
sive theorcms, and it can be expocted that the present
mon-machine systems will produce ever more competent
and morse completoly automatic offspring.

2.3.4 Automatic progromming (Chart 8}

Work in automatic programming haos two closely inter—
related goals, ©One 15 to be able to prove that a

Elven program acts in a given way; the other is to

synthesize a program that {provaopbly) will act in n
givon way. The first might be called program veri-
fication and the second program generation, Work on
one goal usunlly contributes to progress toward the
othor; hence, we combine them in our discussion.

Most of the work on program verification is based on

o technique proposed by Floyd (1967), This technique,
inspired by Turing {1949), involves sssocisting asser—
tions with various points in the flow chart of o pro-
gram and then proving these nssertions., Originally,
the assertions hod to bo provided by a humpn, but some
recont work hos been devotod to generating the asser--
tions automatically. Onco proposed, ono can nttempt to
have the assertions proved eithor by a human or by =
The latter coursc involves a close link bo-
tween this field apd that of automatic theorem proving.

A recent system developed at the Stanferd Rescarch
Institute [Elspas et al. {1973)] 1s typical of one in
shich the assertlons are both produced [Elspas (1972)]
and proved [Woldinger and Levitt (1973)] automatieally.
This system has been used to verify several programs
including a renl-number division nlgorithm and some
sert programs, 1t has anlso proved theorems about &
pattern matcher and a version of Robinson's (1965}
unification algerithm. It 15 n goed example of o
modern Al progrom in that it mokes effcctive use of n
large ameunt of domain-specific knowledge,

The closely related work on program generation has
succecded in producing some simple programs., Typieal
of this work is the system of Buchanmn and Luckham
(1974). Ercadly vicwed, the problem of constructing

o computer program includes the problem of construct-
ing a plan, say, fer a rohot, and thus thcre are close
1inks between work in automatic programmibg, robetics,
and commen-sense reasonlng and deduetion,

Sussman's 1963) ‘NACKER 18 another system thot writes
simple proproms for 3 limitced domoln (the BIDCKS
wnrled), Sussman's poal for HACKER 15 for it to Simu=-
late his oun progroemalog style.  An Ispoctunt fvature
of NAUKER i5 1ts steatepy of attempling [lrst to



writo o simplo "let's-hope-that-this-will-do” program,
and thon debugging it until it docs succeed at its
tosk., To employ this strategy, HACKER uses a great
deal of knowledge obout likoly classes of ﬁrozrnm
bugs and how to fix thom.

Again, some of tho most successful work has been in
connection with man-machine systems, We include in
this category certain aids to human programmers such
a8 thoso found im the LNTERLISP system [Teitelman
(1972a, b, 1973)]. 1n fact, any techniques that help
make the production of programs more efficicnt might
he cnlled part of putomatic programming. DBolzer
(1972) provides n good summnry of this broad view of
the field.

2,3.5 Robots (Chart 9)

Every now and then, man gathers up whatever tech-~
nology happens to be around and attempts to bulld
robots., During the late 19608, research on robots
provided a central focus for integrating much ef tho
Al technology. To build an intelligent robot is to
build a model of man, Such a robot should haove gen-
eral reasening ability, locomotive and manipulative
skills, perceptual {(espocinlly visual) abilities, and
facility with natural language. Thus, robot research
is closely linkcd with several other applications
aroas. In fact, most of the rescarch on mochine
vislen {Chart 10) was, and is, being performed in
connection with robot projects.

Our problem-solving and representational techniques
are prohably nlready adequate to allow usoful general
purpese robot applications; however, such robots
would be porceptually impoverished until we develop
much more powerful visual abilitles., Robotics is a
particularly good domain in which to pursue the nec-
essary vision rescarch,

The rubot research of the late 1960s produced systems
capahle of forming and then intolligently exccuting
plans of action based on an internal model of the
world. The Edinburgh, Stanford, HITAC, and MIT sys-
tems consisted of manipulntor arms and TV cameras

or other visual input devices. These becime capable
of building structures out of simple blocks. In one
case (Stanford), the system could assembloc en auto-
nohile water pump., The Stanford Rescarch Institute
system consisted of a mohile cart and TV camera (but
no arm). It could form ond execute plens for navi-
gating through a simple environment of rooms, door-
ways, and large blocks, and its visual systom could
recognize and locate deorways, fleor-wnll boundaries,
and the large blocks, The system hod sophisticated
technoiques to aollow it to recover from errors and un-
foroseen circumstancos, and it could store (learn)
generalized versions of the plans it produced fer
future use.

Since practical applications of general purposo robot
systems seem more remote than they do in other appli-
cations arcas, tho incrensingly pragmatic research
climpte of the early 19708 has seen a lessening of
activity in genera) robotics rescarch. In the moan-
time, various projects with the practicol geoal of
agdvancing industrial putomation have begun te apply
some of the alrocady-developed manipulative and visual
skills to factory nssembly and inspection problems,
It scoms reasonable to prediect that man's historie
foscinotion with robots, coupled with a néw round of
advances in vision and recasoning abilities, will
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lead to a resurgenco of intercst in general robot
systcms, perhaps during the late 1970s,

2.3,68 Machine vision (Chart 10)

The abllity to interpret visual images of the world
is adequato encugh even in some insects toc gulde many
complex behavior patterns, Yet the analysis of
everyday visunl scenes by oachine still remains a
lorgoly unconquered challenge tc AI rescarchers.
Early work concentrated almost exclnsively on design-
ing systems that could classify two-dimensional
images into a small number of cotegorios--plpha-
numeric charsctor recogoition, for example. 1In
fact, much of the Al work during the 19505 was con-
cerned with pattern rocognition. Researchers, such
as Frank Rosonblatt and Oliveor Selfridge, were influ-
ential in shaping this early pericd. Pattern classi-
fication (or recognition}) continues as o separate
active research interest, but since about 1965,

Al inteorest in vision has centered on the more dif-
ficult problom of interpreting and describing complex
throe~dipensionnl scenes. Both aspects, classifica-
tion and description, are thoroughly and clearly
troated in an cxcellent textbook hy Duda and Hart
(1973),

Much of the scene analysis work cam be traced to
Robert's {1963} influcntial thesis, It established

" a trend of analyzing scenes composed of prismatic

solids {the so-called "hlocks world"). Working with
these (somctimes complex) scenes composod of simple
objects helped tc establish a wide range of tech-
niques for converting raw videc images into symbelic
descriptions based on concepts such as lines, regions,
and simple shaopes. The M1T “COPY"” system, for ex-—
ample, can use a visual input device to look at a
scene consisting of a structure of blocks, The sys-
tem can analyze the scene to form a ropresentation

of how the blocks are arranged, This reprosentation
can then later be used (with the robot arm system) to
reproduce tbis exact bleck structure from disarranged
blocks.

Some successful excursions outside the blecks world
have been made. (See the entrios to the right of

. the dashed line in Chort 10}, Indeed, many re-

searchers contenad that continuing to werk with
blocks has actually hindorcd research progress in
machine visicn beeause it has allowed workers to
avoid facing certain key problems associated with
demain semantics, distinguishirfg footures of complex
cbjects, and new representational schemes, In any
caso, working with more complex scenes is now well
egtablished. The spirit of recent work is well de-
scribed in a note by Tencmbaum (1973). Again, -
knowledge about the domain is crucinl to scene inter-
pretationd

2.,3.7 Natural langunge systems (Chort 11}

Processing written and spoken forms of matural
languages has becn the subject of so much research
that the task of surveying progress in this field
alone should humhle anyone, How, then, are we to
say anything very helpful in just a few sentences,
The intcrested reader should sce the GEWERAL volumes
cited in Chnrt-. 11,

Porhaps o deseription of the power of some repre-
sentative systems will suffico. Winograd (1971}



implemented o system that carried on "blocks-world"
written diolegs like tho fellowing:

Mon (typing into a terminnl):
on the table?

System (gencrating text on a display): The large
greon ono which supports the red pyramid.

M: 1s there a large block behind a pyramid?

S: Yes, throe of them: A large red ono, a large
green cubo, and the blue ono,

M: Put a small one caoto the green cube which sup-
ports a pyramid.

5: OK

M: Put the littlest pyramid on top of it.

S: oK

Which cube 1s sitting

The gystem demonstratos fts understanding of the last
two commands hy having a simulated robet arm carry
cut appropriate actions in a simulated hlocks world.

The wark of Schank (1972) typifiecs a rather success-
ful trend in natural language undorstanding. Many of
the rocent systoms, in one way or another, attempt to
match o section of input text or utterance agninst
semantically likely stored structuros (that are more
or loss compleX.) These structures asre themsolves
schemas or scenaric families having variables that
are bound to constants in the input during motching.
Tho instantiated scenarios serve as a sort of deep
gtructure that represent the menning of the utter-
anco, [Seo also Minsky (1974).)

The goals of a coordinoted scientific effort to pro—
duce systems to understond litited utterances of
continuous speoch are clearly outlined in a plan by
Hewell et al. (1973). 1If the goals aro met, by 1976
a prototype System should be able {(in the context of
a limited domain of discourse) to understand (in a
few times real time) an Amorican {whose diglect is
not extremely regional) speaking {(in a "notural
wanper} ordinery (although perhaps sowewhat simplce)
English sentences constructed from a 1000-word vocab—
ulary. These projects bring together workers in
acoustics and speech research as well as in AI, The
projects seem to be more or lcss on schedule and will
probably achieve creditable performaonce by 1976, (1ln
the spirit of the vagueness of the phrase "a few
times real tima,” tbo projects ought to achieve the
1976 gosls at least sometime in the late 1970s.)

In my opinion, the work in natural language under—
standing i1s oxtremely important both for its obvious
applications and for its futuro potential contribu-
tions to tho core topies of AI. 1t is the prime ex-
ample of a field in which reasonable performance
could not be achieved by knowledge-impoverished sys-
tems, We now know that understanders neceod large
amounts of knowledge; the chollenge is to ottempt to
build some roally large systems that have the ade-
quate knowledge and to learn, hﬁ our mistakes, the
organizationnl principles ncedcd to keep thcse large
systems from hecoming unwioldy.

2,3.8 Informpotion processing psychology {Chart 12)

Cotwmputer science in general and AI in particular have
had o tremcndous impact on psycholeyy. They have and
will continue to provide the concepls and the very
vocgbulary out of which to construct the most uscful
theories of human hchavior, In my opinion the rcasen
that, say, prior to 1955, there were, ln fact, no
adequate theories of human hchavier, perception, and
cognition 18 hecouse the concepts cut of which Lo
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congtruct these thoories had not yot been formulated.
Before wo have the cencepts (and they sre now grodu-
ally nccumulating) it is aos imposgible to undorstand
human thought-aos i1t wos impossiblo to understand bat
navigation, sny, beforo wo had the concept of sonar.
Man understands the werld by constyucting medels, and
his models aro often based on concopts drawn from his
technological inventions, We may not understand man
immediately after bullding the first robot, but we
certzinly won't undorstand him beforel (W¥e noto in
passing that knowledge obout the structuro and func-
tion of the neuron—or any other bhaslc component of
the brain--1s irrelevant to the kind of understanding
of intelligence thot we are seeking., Sc long as those
components can perform some very simple logical opera-
tiens, then it doesn‘t roally matter whether they aro
neuronsa, relays, vacuum-tubes, transistors, or what-
aver.)

An excellent short nccount of the relationship between
Al ond psychology has been writton by Newell (1970).
While he, perhaps prudently, adopts a somewhat less
extreme position than mine about the dependence of
psychology on AI, he nevertheless shows how thor-
oughly information processing ideas have ponetrated
paychelogical theory.

Most of the information-processing-based paychology
to date has been devoted to explaining oither memory
{e.g., EPAM and HAN in Chart 12), perception {e.g.,
Sternberg {1966)], or problem solving [0.g., Newell
and Simon (1972)]. Prohably the mest complete
attempt at understanding humgan problem-solving abil-
ity is tho lost-mentioned work of Neowell and Simon,
This volume proposes an information processing theory
of prehlem-seolving based on the rosults of many yegcrs
of rosearch in paychelogy and AI,

Animnl behavior, while long the special intercsat of
experimental psychologists, has had little
information-processing-based theoretical attentioa,
Some modols inspired by ethologists have been pro-
posed by Friedman (1967)., I think that the produc-
tion system model advanced to explain certain humnn
problem solving bohovior by Newell (19673 ond col-
lepgues might be a starting point for an extensive
theory of animal behavior, Newell, himself, notes
that these production systems con be viewed as gon-
eralizations of stimulus-response systems, {Inciden-
tally, the entire repertoire of what was called
“intermedinto-level actions” of the Stanford Research
institute robot system (Raphael et al. 1971) was
independently programmoed in slmost exactly this pro-
duction formnlism, Production systems have been used
in othor Al pregrams as well,] HNewoll and Simon
(1972, p, 803) have also stated that they "have n
strong premonition that the actunl organization of”
human problem solving programs closely resembles the
production system organization ...," 1t would seem
profitable then to attempt to trace the evolutionary
developmont of this hypothesized production system
organization down through some of tho higher animals
at least,

3. CONCLUS1ONS

In summary, we sec that the Al campaign is being
woged on several difforent {ronts, and that the vieg-
torios, as woll as the sethacks, contrihuto to o
growing common core of ideas that aspires to be a
scienco of lntclligonce, Ageinst this background,



it is worth mentioning somo of .tho popular criti-
cisms of Al: T

(1) AI hasn't renlly dome anything yet. There are
a few "toy” programs that play middling chess and
solve simple puzzles like "missionaries and canni=-
bals,” but the actual accomplishments of Al measured
8gainst its promises are disappointing, [See, for
example, Droyfus (1965, 1972).] [My comment about
this kind of criticism is that its authors baven't
really looked at AI research past about 1960, )

{2) Mot only has AI not achieved anything, but its
goals are actuanlly impossible, Thus, AI is something
liko alchemy, It is impossible in prineiple to pro-
gram into computers such necessitios of intelligeace
as "fringo consciousness’ and "perspicuous grouping.”
[Agnin, see Droyfus (1965, 1972).] [This kind of
criticism i3 actunlly rather brave in view of the
fato of many previcus impossibility predicticns.

This attack simply looks liko a poor bet to ma. )]

(3) Tho subjoct matter of AI, namely intolligence,
is too hread. It's liko claiming sclence 15 a field,
[This criticism may have some merit,

(4) Everything bappening in AI could just as well
happen in other parts of computer science, contrel
engineering, and psychology. There is reslly ne need
for this AI "bridge” betwecn mlready cstablished dis-
ciplines, [Beo Lighthill (1973),] [This kind of
criticism caused quite a stir in Great Britain re-
cently, I think I bavo shown that the so-called
bridge bas quito s bit of internal structure and is
-contributing a heavy traffic of ideas intec its
tormind, ]

(5) AI is iwpossible becouse it 13 nttempting to re-
duce (to understanding) something fundamentally "ir~
reducible,” Furthermore, this very attempt is pro-
fone; there are certain awesome mysterios io life
that best remain mysterious. [soc Roszak (1972).]
[My prejudice about this view is that, at best, it
is, of course, neasense. A blind refusal even to
attempt to understand is pateatly dangerous. By all
weans, let us not foreclese a "rhapsedic understand-
ing” of these mysteries, but let us glso renlly
understand them, ]

(6) Al is too dangerous, so it probably -uught to be
abopdoned—or at least severely limited, [Seo
Weizenbaum (1972).] [My view is that the potential
daoger of AI, along with all other dangers that man
presents to himself, will survive at least until we
have o science that remlly understaonds human emotions,
Understanding these emotions, no less than under-
standing intelligence and perception, will be an
ultimote consequence of Al rosearch, Not to under-
atand them is to be at their mercy forever, any'lny.]

The one criticism having any weight at all, I thipk,
is that A! may be too hroad and diverse to remain a
cohesive field, So far, it has stoyed together rea-
sonably well, Whether it begins fo Iractionnte inte
separate exotic applications sreas of computer seci-
ence depends largely, 1 think, on whether these ap-
plications continue to contribute core ldeas of great
genorality,

What is the status of these coro ideas today? There
are two extremte views. 1 have heard John McCarthy
say (porhaps only provecatively to students) that
really intelligent programs are a long way off and
that when we finally achieve them they will be basod
on ideas that aren’'t sround yet. Thelr builders
will lcok back at AI In 1974 as being a peried of
pre-history of the field,
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On the othor haond, what 1 we already hove most of the
idens that we ore going to got, idens like millions of
coordinated mini-theories, procedural embedding of
knowledge, associative retrioval, and scenario fromes,
Suppese that we hove now caly to dovoto tho large cof-
fort required to build really huge intelligont systems
based en these ideas. To a2y knowlodéo, no one advo-
cates this alternative view, hut congidor this: W%hot=
ever the nature of an intelligont system, it ‘will bo
excecdingly complex, Its performance will derive in
large part from its complexity. We will not bo sure
that Al is ready to build x large, intelligent syatem
until after wo have done so, The ologanco of the
basic ideas and tho new and powerful languages aleng
will net bo sufficient indication of cur maturity.

At somo time, we will have to put togother exceodingly
cooplex systems. The time at which it 45 appropriate
to try will always be a guess.

My guess is that we still tave a good deal of work to
do on the problem of how to obtain, represent, coor-
dinate, and use tho extensivo knowledge we now know
ia required. But these ideas will net come to those
who morely think about the problem, They will come
to those who both think and experiment with much
larger systems than wo have built se far,

Another prablem, of a more practical type, concerns
knowledge acquisition. Today, the knowledge in a pro-
gram must be put in "by hand” by the programmer al-
*though there are beginning attempts at getting
programs to acquire icnawled;e through on=line inter-
action with skilled humans. To build really lorge,
knoxledgesble systems, we will have to “educato” ex-
isting programs rather than attempt tho almost impos-
sible feat of giving hirth to alresdy compotent ones.
{Sqma researchers (e.g., Papert, 1972} expect that at
least scme of the principles we discover for educating
progrn.n{s will have an impact, perhaps revolutienary,
on bow we educate peoplo.]

In this coonection, we have already mentioned that
severel successful Al systecs use a combination of men
and machine to achiove high performance levele, 1
expect this research strategy to continue and to pro-
‘vide the setting in which tle human expert(s) can
grodually transfer skills to the machine, [Woods and
Yakhoul (1973) conscicusly zpply a strategy such as
this and eall it "incremental simulation,"]

I have not yot mentioned in this paper the subject of
learning, It is because I kave come to agreo with
John McCarthy that we connot have a program learn a
faot bhefore we know how to tell it that fact nnd be-
fore the program knows how t> use that fact., We have
teen busy with telling and using facts, Learning
then is still in the future, although some isolated
suceesses have, in fact, occirred. [See ospecially,
Samgel (1959, 1967), Winston (1970}, -Fikes et al,
(1972a), ond Sussman (1973)..

Contiauing our discussion of the likely future of Al,
we note that the increasingly pragmatic ottitude of
those who have been sponsoring Al research will have
a great offect on the course of this research. There
may even be a temporary reductien of effort by Al ro-
searchers 'in the core topics and the first-lovel ap~-
plications aress in faver of increased support of
engincers and scientists building second-level appli-
caticns, The results of these socond-level efforts
may, in fact, be rather spectzeular, I havo in mind
such things as automated facteurieca, automotic robots




for foctorien and warehouscs, medical diagnosig sys-
toma, aystcms that will automato o largo amount of

of fico work, lcgal nida, tcaching aids, interactivo
software production systems, and so on, [Firachein
et nl, (1973), mako some predictions about.when theso
and gther intelligent systems may come.)

Tho' short range result of this increanged progmatism
may tend to Iractionato tho fiold. In the long run,
though, if thero really are many more coro idoas to
be discovered, these technological offorts will stim-
ulate their discovery, provided that a sufficient
level of basic invostigation continuos,

In closing, I have ono fioel prediction. As Al suc~
cessos grow, so will tho criticisms of A, especinlly
from those who cro cortain that intelligonco connot
be mechanized. These critica, having been forced out
of various mysticel trenches in tho past, will be
espacially vigorous in thelr defonse of what littlo
ground remains to them, ‘The ensuing debates will have
the crucielly important side offect of gotting us all
to consider bhow we wnat to use and control our new
intollectual powers, 1 hope that socioty assesses
those powers accurately and 1s not lullod by certain
otherwise well-meonipg bhumanists inte bolieving that
Artificial Intelligence is not real.
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