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This presentation for the IntclllanL bystems program is going d;757 B
/’) 64/'0/" caff -
to proceed somcha sticallf—-throup!: parallel and analogy--in o

< ;«- —
SNa I P \
an cffort to show, firsc, Lhe current interconnectedness of approaches

to computer-based intelligent systems with approaches to the study
and description of human intelligent systems, cspecially their language

capabilities, sccond, the interrclatedness between different areas of

research on cemputer-based intelligent systems—-areas such as scene

vnderstanding and man-machine dialogue in natural language~-which
might on the svrface scem quite separate From each other, and third,

some research questions deriving from the need for intelligent systems

s s mreamd
to employ lan*n&ﬁgb. The stress upon intecconnectedness and inter-
relatedness. slould not be taken as in any way a contvadiction of the e—
emphasis d¢n the long-rangze plan Lor the Intelligent Systems program
upon complementarity between man and machine. We arce looking toward
. -‘I*

the use of the computer to perform tasks which complement human &

(S
performance--many of those tasks, such as pre- sorting masses of data

Hr——

or providing otherwise unavailable information through dialogue with

the human being, entail a symbolic processing capability on the part

I~

of the computer. Hence, the inter-relationships explored here are

ffs
rentral to tnL achievement of many of LhL desired compleenrnrym?

. . -
Preliminarily, it should he noted that the centrality of a }vﬂm \ E
b

Jehen o

T . . Ql
language capability for all forms of intelligent systems 1s taken
IAY

to be now seli-cvident. By languages are meant natural lang uages,

pvrogramming languages, graphics languages, indeed any symbolic

representations ond mediations of perception and analyses of




perceptions. The various languages used in intelligent syslems
could seem to be idtewrelated. At any rate, the kinds of notational
schemes and structures (which, of course, are themselves lansuages) aemxas,

suggested for representing the knowledge a computer system has about.

the world show interesting parallels both among themselves and with
representations suegested [or describing human natural language

capacity. Such interrelationships are being explored by research

sclentists from a variety of disciplines. This prescntation will L

allude to some of that research, especially where that rescarch is I

directed toward the languages such as English which are, or at least

have been tacitly assumed to be most 'matural' to human intelligent

systems. TFor the immediate future at least it is with human intelligent ot
-4 v

systems that artificially intelligent systems will most frequently iy

—

interact, thus, it is iu these so-called "natural Llanguages' that
human intelligent systems and computer-based intelligent systems will

frequently find it convenient to communicate.

L want to -urn nov to the [irst main topic of this presentation-- v
the interconnectadness of current apnroaches to computer-based intclligent E?—T-
- . . . . ; . e - . " a [
systems with approaches to the study and description of human intelligent ;
systems, aespecially their language capability. Parallels will be drawn
between two major paradigms--the First, an aspect of the transformational
paradigm for natural language representation, and the second, the frame
paradigm-for representing knowledye in computer-based systens. ;§§§§g~
T
'
i
]




the mosc uséd in their respective fields and the parallels between them
arc sulficiently striking as to demenstrate the intérconnectedness
meaticoned carlier. What 1 anything docs the interconnectedness signifly?
That topic will be ﬁiscusscd more fully later, but at the least the
interconnectedness does represent o prescrviug of continuity in symbol
representation acrvoss two forms of intelligent systems——a continuity
which may help provide some useful insights into how Lo set up computer-
hased systems sc¢ as to deal more adequately with symbolic information.
Now to the exnmplc: displayed on slides will be the so-called
phirasc-structure component of one of Koam Chomsky's carlicst attempts

(Syntactic Structurez, 1957) to describe natural language within the

transformaticnal paradigm. While the slides are being projected, I

want for comparison to read aleud parts of Marvin Minsky's description
L
of the "frame," ge& loveh in his paper "A Franpwork for Represcenting
, 1 ST . _ .

\ R R J-

Knowledge." Mincky says that

N

A frewme is a data-structure [or representing a stercotyped
situation...WVo can think of a frame 2s a network of nodes
and relations.  The "top levels" of a Frame are fixed, and
represent things that arve always true about the supposcd
situation."

Now notice for comparisen that in the transformatiounal diagram the

top level is occupied by an entity which in Chomsky's view of language
is alsc fixed -- that ie, the sentence. Lower levels in Chomskys'
representation arc occupied by.cntitics which, as the level descends,

grow move specific to a particular sentence until the actual words in
) N et
gL
a sentence, called tae terminal string, appear at the lowest level.

4

Mow, to return & Ffimslly, after noting that the top levels of a
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frama ave Fixed, and represent things thar are always true about the
guppesed situation," e goes on to say that "the lower levels have

many terminals - 'slots' that must be filled by specific instances or

data." N

L

um"ﬂﬂglthc nexct sth; implicit in Chohsky's trec are procedures,
in this case revriting rules (represcented by arrows), indicating how

one can begin with an abstract sentence and terminate with ”phc man

hit the ball." iike Chowsky's rree, Minsky's frame (for which he

provides no diasrammatic description) contains both Jdata anq procedures,
altheuch the rcp:csentution.of knowledge in his frame is considerably
more complicatad than Chomsky's carly description of the'phrasc—

Structure component of a transtormational grammar. DPuc it should be

noted that Chomsky's representations have themselves grown ever more
complex as'he Packs more specific data information into his representation
of knowledge about natural language. The parallels between these two
representations oupht not to po overstressed but they do seoon heuriscically
interesting when consldering modes of representing information and actions

central to intcllipent systems.
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Ancther parallel, suggestive of tpterconnectedness: . between
IS

linguists' approaches to natural language and computer scientists'
approaches to the development of intellipgent systems, scems worth
7

mentioning.  That is, until very recently within the last hal (-

century, linpuists thought it appropriate to divide form f{rom

contant and tu cmphasice form -- for example, svntax -- at the
expense of content —- for example, somantics. Farly rescarch on

computer-based intelligent systems also tended to emphasize form, .
. i ‘o
embodied in preblem-solving procedures, and, insofar as pussible, to
ignore knowledge or content.  Thus, relatively carly, coemputer
. y <=

. : N . T
scientists developed a General Problem Solver Uh.: couldn't solve
many probleis because cssential interrelotionships between problem-

solving methods and problem—-content weve ignored. Now, a number of

Linguists asseve that semanitics has primacy over syntax and nany

Sl et
computer sciontists argue [or a strong infusion cof kon lelpe detail
VIR TEe
into any problem-solving system. This shift coo.ouio -for the pre-
’

ocecupation oif seme linguists witlh the representation of semantic

knowledge and the preoccupation of some computer scientists with

Pty M o ¢ .'._:'."l_-"- M
. - . . . ]
the representation of knowledge, a represcntation which is often ‘
¢
I
;

termed a semantic representation,

One other specific interrclationship between the languages of computer-

N

based systems and human intelligent systems should be mentioned: bt

. e . k3 1 3
it ===t the types of formal languages which have provided the basis
- '/ .
for formal-iathiematical study and development of aspects of programming

i

Lanauages as well as thedir trans ators, sueh as compilers, ave dircctly

borrowed fros the efforts -- nolably by Chomsky -- to provide formal




[

approaches to the description of natural languages. That is, the

I

trasfornational grasuwars used for the generalization and study of

natural lenguages are the Type Zero languages shown in tl. olide, so
called contert-sensitive grammars are Type One grammars as shewn in
the slide, context-frees grammars Tvpe Two, rand so on. It is apropos

to note that these formal grawwars can be represented by Lypes of

gsutomata, or abstract mochines. Thus, a central theoraetical core of

U be . .
cowputer scicnrne can be shown equivalent to formal descriptions of

langvages devived directly from work on the languages natuval to

. ; , ' !
Voo ma . v,

. e S )
humar, Intelliaent systews,.  Agelin, while s2s8 ways of making computer-

RS

based systems hehave more inteiligently arve explorced we have found

an interrelationship which seens heuristically significant. Indeed

an aspect ol this dnterrelationship has already been exploited,
througe the dusign of computer-basced natural language parsers based

on the notion'of transitions [rom one state of an automaton o anolher

2ﬁﬁ//}/w state of thal automaton.

Jow, [ would like to turn briefly,. to the second major topic or
' .

this presentation, the interrelatedness between areas of research on

in

compurer-bascd intelligent systems that night on the surface seem
quite sceparate from 2ach other.
g 'hmu

! The "frame' . proposed as a struclure for representing not only
procedural and factual knowledge but also for a range of typues of

knowledge, docluding visual perceptions as well as linguislic descriptions

nooalit tvpes of perceptions. The effort Lo [ind comprehensive frume-

works fov represeuting knowledsow is of particular interest in intelligent
| 3 )

1
]

Systeas resegrch because a number of tasks for which intelligent

ystems might seom desirable simeltancously entail differcent types of

W




perceptions and responses. Thus knowledge representation is correctly
seen as a core arvea of vescarch in intelligent systems.

One rescarch effort (at the University of Pennsylvania) currently
supported bf the Intellipent Systcms Program is cndeavoring to borrow a
represenctation scheme used for simple two-dimensional shapes and put
it to new use, representing natural Languaze data. The recognition
of shapes is central to the avea of scene understanding, which forms
one major straad of current rescarch on intelligent systems. The
representation cf natural lapguage data is of interest to the Peunsylvania
group because their research is directed toward facilitating man-marchine

dialogue in Earxlish. The next two Tiguves (8 & 9) show the lattice

representation used both for the shape recognizer and for the lexical string

recoegnizer. The general goal, for both the shape recognizer and the lexical

string recognizer, is to succeed in matching a pattern when only partial
information is available. Thus, iun the case of the Shape Recognizer in
Figure 8, Node A is identified eveniwhen oenly P1 and P3 are available,
P2 is "ecovered" by the ave extending from A to P3. 1In the case of Figure
9, if inputs contained the notions of "Benign" and "Give," then the
notion of "Belong" would also be dircctly accessible under Schemata-1
(Borrews) even thouph this latter notion does not appear in the input.
The significant poiut here is not the detail contained in the lattices
but rather, at a more abstract level, the fact that the lattice structuros
which seem suitable for the representation of shapes also secm useful
for tﬂe representation of natural language strings.

Another issue raised in the research at Penn leads d}rcctly into
this presentation's third major topic, which is identifiﬁation of suome
¢f the research issues derivin

3 fvom the wveed for intelligent systems to

[}
]
&
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employ languapres.  The issue raised i whether the approach to
knowledge representation should be primarily procedural or declarative.
This dssuc is by no meons restricted to lTanguage vescarch, in one
sense, but since knowledge of all forms can almost alvays be said to

be represented by lanpuage (and on digital computers it is), in a
N

larger sense language is the point ab igssue here.  The rescarch group
at Fenn favors a declerative approach to the representation of knowledge:

this approach separates the data from the procedures which manipulate

'
I [ . '

it. They argue that by factoring out the procedural component and

making the data structure a precisely deiined entity, increased

comnlexity cra be manased. "
(LkA;&AﬂﬁOg;i
One of the carly prime advocates (Wincgrad) of the procedural

A

approach, which embodies the facts or inlormation in the procedures
which manipulate that information, is also supported by the Intelligent
Systems Program.  Tn o recent paper entitled "Frame Representations

and the Declarative/Procedural Qontrovorﬂy." Winoerad conrludes that
what Is needed is o svnthesis of the twe approaches. lle contends

that the flexibilicy aond econoumy of declarative knowledge come from

the ability to decompose knowledge into "what' and ”ho&if LoarnaBiLity
and undevstandability of deelarative knowledge are said to come from

the strong independence of the individual axioms cor facts. On the

cther bhand, Winograd believes that procedures give an ilmmediate way

of Tormulatiny the intcractions between the static knowledge and the
reasoning process, and allew a much vicher and more powerful interaction
1

beiween the "chuaks" into which knowledge is divided. Winograd argues




that in trying to achieve a syntihesis ve must ask not "How can we
combine programs and facts?", but ."How can- our formalism talke
advantage ol decomporohility without sacrificing tha possibilitics for
interaction?’ As a step toward such synthesis, Winograd and Danicl
Bobrow are designing a Knowledge Representation Language intended to
facilitate boch declarative desceription and procedural description.

On the subject of declarative description, Winograd and Bobrow
belicve "tha! the description of a complex object or event cannot be
broken down into a single set of primitives, but must be expressed
through multinvle views." 1n contrast to logical notation, they
belicve "it is more uscful and perspicuous to prescrve in the notation
many ol the couvceptual differences which are refleeted in natural
language, cven though they could be reduced to a smaller basis set."
They nold "that multiple descriptions containing redundant information
are used in the human representation system to trade off mamory space
for computation depth, and that computer systoems can take advantage of
the same teciiniques.”  They note that the chnice of where ro put
redundancy provides further structure for memory and can be used to
limit search and deduction. &3 a simple cxample, they suggest an
understander system which might know that every plumhber is a person
and_that Havy is a plumber. Thq memory unit for HMary would coﬁtain
a descriptor stating that she is a plumber and would very likely also
contain an ecxplicit descriptor saying that she is a person.  This is
redundant, but without it the system would he continually rededucing
siwple facts, sincee "personhecod" is a basic property often used in

. - Hemor . . '
reasoning about enticies. ilemery structure in KRL (Knowledge

F?""""
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lepresentation Language) dis ovrganized 'noa way which makes it possible
to include redundant information for iamediacy while keeping the ability
to derive information which hias not been explicitly stated.

Winograd and Eobrow's approach is perhaps best summarized in a
statement by Winograd elsewhere: "Current research and that of the
next: few years will be strongly focused on exploring different reprae-
sentatiocns, and in particular the effect they have on trying to build
large knowledye bases. Many clegant schemes scem to break down when
welLry to include a domain whose size realistically approximates cven
a small sub-part of a person's knowledze. Our explorations of repre-~
sentation must pay special attention to problems of modulavrity and
intercomnecction which will make large systems possible, and. must
underly the human reasgoning system. Dy focusing on what is common in
intelligent systems, we are working toward a general theory ol
representation and kaowledge."

With reierence specificnlly'tO'natural language, Winograd notes
that "an utterance is like a rough sketch which allows the hearer to

" Anotier rescarch effort supported by

reconstruct the meaning.
Intelligent Systemg. this one diracted tmwﬁrd building computer-hascd
consultants, is attempting to deal directly with some of the implications
of the "rough sketch' nature of an utterauce.’ txnmbles drawn from this
research, being concucted at thie Stanford Research Institute, will deali
with the finest level of detail under Tobic 3 of this presentation:

yesFrmt
rcsanrchszpjaJ deriving from the need for intelligent systems to

caploy languozues.  Althoush the examples may lool trivial, the problems

they excemplifly ave not at all trivial in the context of undurstanding

Pou

i
A
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natural largucges.  In part, trivial-appearing examples are used so

as to underiine the cemplications poscd by even simple-looking problems. R

For example, one of the problems to which the SR1 group is addressing
itself is the d;Lcrminution of antecedence of definite nonn phrases.
Knowing the antccedence of noun phrases luntroducaed by the definite
article is koncwledge any natural languape understanding svstem should
have. 3But such knowlodge is not as 2asily come by as might be supposed. {
One approach to what would scem to be a straightforwvard problem has
been to kecp a history of the dialogue and Lo have the computer go

_ abyed
back as far as necessary to Find the ot mertioned. A problem with
this approaci s that the system may remerber too much; in particular, fre—

it may consider some item as still in [ocus when the user has forgotten Famts

it. Tor exomple, given the seontence: "Ts the wrench lying on the

! A

tablie brokcn?”:é1c'systcm may remember scme wrench mentioned ecarlier
in the conversation and assume that to be the wrench in questcion,

concluding that "is lying on tha tabie" is the verb phrase.  In fuct,
1

as the human intelligent svstem can sce, "lying on the table" modifiocs p—
=
f

"wrench' and the wrench "Jyiog on the table" may ov may not be the

S

same as sorie virench mentioned carlier in the conversation. How 475,
t . Y

L

TR
Ct

Cat . : ’)‘;"
the computer system know,which "wrench is in qucntion?/[@r, to take

an example illustrating another problem, we have the sentences shown
lewll.  in this case, the system lLas to know that the cover is !

going to be attached with scrows. Such knowledge must snmehow be
represented in the systen's memory so that the relerence for, "the
screws," can Lo ascertained.  Thoe SR1

sroup proposes to supply the

system with models of taskis buing discussed which. will enable the e



gystem Lo deducce the relevance of, for example, "the screws." An
example of an overall task model for a pump installation is shown in
Figure 13. Presumably, a much elaborated set 9[ boxes for the one in
this figure stating "Connect Belt lousing Cover to Belﬁ'Housing Frame"
would include information about screws being used to do the connecting.
The SRT research explores a range of approaches to problém-solving
as well as tu questions of general interest to the study of natural
languages -- topics such as fragmentary and anomalous senteuces and the
treatwent of time. Within thcse.lnrger fermal contexts, it is also
ncce;ua‘y to cope with content. The task model, or plot, shown in
Figurc.lB is ore of several current appreaches to the representation
of knowledye specific to a given task. As should be evident by this
point, a cutting edge in Intelligent Systems rescarch entails the
intchaces'hetwcen form and content and between procedures and
declarative knowledge: What should the balance Le? What should the form
of the interface be? Ilow should the procedures and knowledge be
represented?
There is not time to refer tou the many inpchPEing problems to
be explored under the rubric of Intelligent Systems, or even under
the more restvicted aspects of intelligent systems discussed in this
prescntation:; (Sce Fipure 14). The goal in this presentation has been
to convey throush analogies and parnllbls, first, the current interconnected-
ness of computer-based approaches to intelligent svstems with approeaches
to the study and description of human intelligent systems, especially as
to their languege capabilities, sécond, the interrelatedness betwceen areas

of rescarch on computer-based intclligent systems—-arcas such as scene




10

understanding (shape recognizer) and man-machine dialogue in natural
language--which wizht on the surface scoem quite sepnraée from each
other; and, third, scre rescarch issues deriving from the need for
intelligent systems to employ languaypcs.

it is surely lepitimate to ask whether the percceived inter-

connectedness is no more than an accident of paradigmatic lashion;

that is, certain approaches come and go and, when popular, an effort

is made to apply them to 'everything.' The answer to this question

is that while, of éoutsa, approaches do come and go, some do prove to

be encrmously nroductive of scientific insight. In the case of intelligent
systems, an interesting point at the woment is that so many different

modes of perception and structurings of perception are being bound up
Logethicr through represcntation schemes which are parallel. This Linding
together may ultimately prove to have been overly attractive, but it

also could prove a source of streagth as attempts are made to define and

integrate the various capacities characteristic of intelligent systems,

whether biological or artifactual.
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