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Abstract

We describe the motivation and overall organization of the OWL language for
knowledge representation. OWL consists of a memory of. concepts in terms of which all
English 'phrases ,and all knowledge of an application domain are represented, a theory 'of
English grammar which tells how ._to map. English phrases into concepts, a parser to
perform that mapping for individual sentences, and an interpreter to carry out procedures
vfhich are written in the same representational formalism. The system has been applied to
the study of interactive dialogs, explanations of its own reasoning, and question answering.

Keywords:
Artificial Intelligence, Knowledge Representation, LMS, Memciry Structures,

Natural Language, OWL, Symbol Manipulation
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An Overview of OWL

1. Overview and Motivation

We have undertaken the design and implementation of a new computer language

for knowledge representation, called 4WL.. We have become convinced that recent progress

in Linguistics and in Artificial Intelligence (AI) now suggests a set of principles which are
t2

rI

worth implementing as part of a programming language to make them uniformly accessible

for our further work.

For a computer programas for a personit is more effective to .know haw to do

something than to be able to figure it out. The AI field has made important progress under
0

an opposite set of assumptions: that all knowledge of the domain should be expressed in

propositional form and that a program's action; should be directed by a general-purpose

problem 'solver operating on propositions representing the application world. Such a
.,.

problem solver would always figure out what to do next based on the state of the world
a .

and, its set of general principles. At the same time, most programls which have been used
, ,, .

for their ability to perform in an applicationdomain rather`than for the4r pedagogic clarity
. _. .

. .-.
have used a very different form of organization: the knowledge li of how to perforrri the

task was implicitly built into the steps of th'e program. Of course, such ariorganiza tion as
. .. , 1,

generally accompanied by inflexibility, difficulty of extension, incompreheYiSibility: and
. '.

unprovability of the program, and many other ills. If, however, We could express the
. 4

descriptiOn of the procedural knowledge-of the program in the same formalism as i\ ts
. . , . .. . ..

declarative knowledge. of the &main. of application, then both would be equally aceessifik.

0
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2 - An Otertnetinof CWL

khis is precisely what is done in OWL--the program is just. Another aspect of ,,the

a

. 4

description of the application wo01, and knowledge of how to solve specific, problems of

that world can be explicitly embeddC: in the description.

We hdpe taken English as the basis for our knowledge representation foranalislit.

The greatest attraction of this-approach is that it almost trilially satisfips our need ftir
,

expressive power. 4fter all, native speakers or English can usudtly communicate

knowledge of any oomain of interest In English,1, perhaps augmented by specialized
'

notations and vocabularies particular to the domain. Because we t-lioose a computer

representation which 1, designed to be similar to the'"naturat language employed by a

computer-naive usevof one of our programs, we expect that thetranslation process from

.
English sentences to our internal structures will be straightforward. On we succeed in

,
translating the English phrafe 'into Qui internal re resent that will allow Of OWL'S

,
activities., including understanding the sentence in semantic 'detail, relaying references,

mapping the sentence onto soine 'Capability of the syitem fofAcquiring new knowledge or

answering on the basis of old, etc.: to make use of the same representational formalism.
vs

This, in turn, will help, us Co make the complete operation of the program accessible for

explanation to, and modification by, someone who may well understand the domain of

application but not our computer technology.

I

1'We limit ourselves to "left - hemisphere knowledge, which -does not include visual skills or
Thanipulattve,skills where locarmuseleinerve training -is an essential component, Thus, ourAomains
are restricted to reasoning tasks where- the necessary dara- about a problem. can be acquired
verbally; e4,,.medical diagnosis and ireatment Of the pehich could be done by consultation overt . , the, telephone (probably not, for example,_diagnosi Of skin disease, where visual inspection is a
critical skill), automatic program writing, question nswering.

...
41 . ,,
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Arguments fo r' English as a programming .language have been. made since the
4 '

early 1960's, yet it has not been universally acclaimed astclesiEable...,,The principal objections

to basing a programming language on English (or any natural language) center on the

innate ambiguity of natural language 'and its lack of conciseness when contrasted with

-, . . . . -
special mathematical notations. The second problem is rapidly resolved if wg extend our

-

definition of natural language 'to allow the incorporation of new notitions. After, all, the

natural language of a physics feu is hardly the literary English of the day. The first

problem has both a trivial and a difficult component: ,pure syntactic ambiguity, as created

by thi existence of homonyms for instance, is simply 'controllable, whereas imbiguity arisint

. . .
'rdln the fact that what one (literally) says is not what one actually means is, of coursf,

. ,

diff
4

Our response is simply that we wish to begin by representing precfsely what one ,ere

mot-
says, and we will allow the determination of the meaning of each utterance to be part of the.

.. 4 k J, .

.

eproblern that the system is to solve.

During the past few years, we hive implementtici 'the following components of a

complete system based generally on,tbe above ideas:

A Lingtiistic Memory System' (LMS) D:lawkinson 1975], which is a memory(data
-base) of concepts in which all knowledge in 'OWL resides. LMS, can be
viewed as a semantic network, with a somewhat unusual intel-pretation of- its

, nodes and arcs.' .. . ,
aa .

, A theory of English grammar which sincjfies how any utteranctof English can
v. be represented in terms of LMS concepts.% i

.. ,. ,

A skeletal world -model, organized as' a taxdnomy of concep/s, ihd intinfatelt
related to the theory of English grammar. ''

An- aug rented transition network parser to translate English 'utterances into their,
,p L representations. -

_

A generator to perform the inverse transformation to-the parser. . ,

An interKeter which carries out 'procedures represented in the OWL formalism.
Al explainer which provides English 'explanations ,(via the generator). of -

-, .-

°



'11

(1.it Overview of .OW C,

. .. ,
procedurei and_dati dependencies known, to the interpreter, as well as results ,

of previous eliecultons of those procedures. : ...--

These components are at ilifferttig stages of development. We are pursuingga breadth4irst

approach to implementation, where we try' to have some version of each of these

components before,trying to have the "ultimately" correct version of hny of them.
a

. 4
,In terms. of the aboie components, we have been building the following

1
, .

programs:
.

Programwriter, which takes a declarative specification of simple programs hich
need to be written and designs, optimizes, and codes them. The sco e of its
capabilities includes programs to maintain bank balances and sell tickets for

. scheduled events (Long 19771 %,

Susie Software, which is another automatic programmer; for writing manipulation
programs fpr. the blocks world. It is a research en,ronmentifor developing
a discourse model which lets Susie engage the user in a dialog Concerning
the program it is trying to write (Brown 19771

_Proctor, a program which helps a business manager to design, a procurement
system. It is -an "unstructured" questionnaire which provides a frameWcerk
for I manager to think about his system requirements Mosyj l8761

A Digitalis Therapy.,Advisor, which makes clinical judgments about the condition
of a patient who is receiving the drug digitalis, makes rurther therapeutic
recommendations, and can interactively explain its reasoning steps" to the,user
(Swartout 19771 _

A question answering system for a relatively slmple.data base..

We will give an overview of LMS, the theory of grammar, arid/the interpreter,
i"

and discuss other modules as they relate to those central components.

*
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An Overview of OWL .

II. The Linguistic Memory System
.

5

The OWL 'LMS is a. semantic network with a, single primary data type, the

concept, and a secondary data typi,- the :symbol. Symbols are Inertly strings of, characters

denote senses of English words and affixes and have no innate significance.

Concepts represent the meapings of all wards, phrases, clause's, sentences, etc. of English as

well is' any, needed non-linguistic entities. It is very important to note that, whereas in a \A .

r
traditional semantic-network each node of the network represents a single word or item, in

. -. . .
LMS each node "reprefents any of the higher -level constructions mentioned above. Thus,

/--'
where a typical semantic net would identify the meaning of a sentence as some subnet of

the iwholeetwork, LMS identifies it.as a single node of the network. : , 1,

1.- , 1 . ,
..-

9 ,

ILA The Eh:genii& Structure of Cence;its

Concepti, the modes of LMS, have structure. In fart, we will concentrate on the
. ,

essential structure-of a concept as the parnift-organtzational facility of LMS.

Every concept is defined by a pair, (genus specializer), the essence of that concept.

.-
The genus is another concept,.anct the ipecializer is either a concept oc..a... symbol. The

s'
.

genus specifies the general type of the concept; if the genus of concept C is B (i.e., if

(B spectalizer)), then we imply that C Is-a B, or 4 'is a kind of B.2 .0 is called a

2 The general implication' of ts.-a or Is a' 'Mid of (AKO) links i s that "somethin g" (properties,
features, place of classification, ways to treat, etc.) is inherited by e from B. We will define this
more precisely later;

1

4
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,specialization of 11; apd B ls called. a 'generalization of C. The specializer serves to
. .

, 7
,

distingui$h this concept from all other concepts with the same genus; it does not by itself

define the concept.3 The genus and spfcializer together-identify a concept.

Wet interpret all the concepts in LMS as forming a single taxonornv or
1.

tree-like classification system in which the genus points "up" in the taxonomy. To do so, we,

mutt des nate a, single concept, SUMIlliM-GENUS, whose gettus is itself, That condition makes

.
SUMMUM-GENUS the root of the tree.' Further, we insist that no loops may occur in the

1

,/
expression of concepts in terms o t or each other (with the above exception for

. SUMUM-GENUS). Then, all concepts will forin a tree structured classification: starting from

/LI

any concept in the conceptual memory and sttccessivelymoving to its genus will alvfays lead'
to the root conceptSURIUM-9ENUS in a finite number of steps. ',That number will be called

-the' genu.st depth of the concept.' We also introduce enotational convenience. So far, weJ,
have only. allowed a concept to be written i(genus specializerj. But clearly, the depth of

parenthesization for writing any-concept will be at hill& its genus depth, and this is terribly
,

inconvenient,-Th so-uriliea ow equivalence datTitittions, ificharAi--(1.-C-)vwhichys any

appearance of A to sta. nci for an appearance of (B C). A is-called the label of (B C).

The notion of derivative iulc/assification [Hawkinson I9753 complicates this `,'

picture 'somewhat It assures that all specializations of a concept are classified the same waly

the, specializers theintelves ire classified in the conceptual memory. For example, if in the

3 For example, we may represent "dog honse".as (HOUSE DOG) ,and 'dog tail" as '(TAIL DOG), and
although, both concepts are specialized by DOG, they aro clearly different.

-\4 .

10
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A

taxonomy both DOG and PIG have genus ANIMAL., then we classify (TAIL DOG) and (TAIL PIG)

under (TAIL ANIMAL). The generalizer of a concept (A B) is he most specific specialization

. of A whose spedalizer is a generalization ot B, or, if there are none of these, just A itself.4

The genus of a concept is thus always', either its generalizer or the generalizer of ifs
"

generalizer, etc. ity moving along the successive generalizers from any concept, we must

finaliy reach SUNitiM-GEiiiiS,.ipd the number of steps-required is called the generalizer depth. ,

of the concept.

We have now described some of the essential structure' or each concept, thus each

node, of a conceptual memory. Before we turn to arguing for the utility of this structure to

represent knowledge, let us see what the essential structure of the nodes already implies for

the semantic network as a whole. In our current impleMentaticin,every concept is directly

11riked to its generalizer and speCializer. Every concept is not, however, linked directly to its

genus, since Ihe genus can easily be computed fron\generalizer and specializer links. A
M

typical, bOt verrsmall, conceptual memory.taxonomy is shown in Figure 1.

11.8 Attachment

S

a

I.

In the previous section, we presented the essential structure of a concept in LMS.

The act of creating a new tiodri .LMS is called specialization, and we say that we
441i

4 An intermediate concept in" the taxonomy, such as (TAIL ANIMAL) in our example, is

automatically created by LMS whenever more than one concept may be classified under it. Thus,
the generalizer of a concept., and hence the number of times that we need to move from a coeceit
to its generaliser in order to reach its genus, will.depend dynamically on what other concepts are in
the tazoiloety.

5
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S-NOUN

WATER

SCALE

.1

COUNT-NOUN

'Tr
ANIMAL

ADJECTIVE

. EMPTY

TRUE

VERB

HIGHT

(HEIGHT JOHN)

WEIGHT

(TREE APPLE)

PIG

PERSON

1

JOHN

'PROFESSOR

APPLE

TAIL

L-----(TAIL ANIMAL) .

(TAIL PIG)
(TAIL DOG)

L----(TAIL FIDO)

r A

MODAL. .

L_---WILL
AUXILIARY .

NON-MODAL-AUXILIARY
-

TRANS

I

GO

HIT

ACT

ATTACH

. .

Figure -A Sample Conceptual Memory Taxcilryry

5 r
This figure shows e classification of some of the concepts used in. this paper into a small'

11conceptual memory xonomy. The taxonomy is a tree which' iishown in the figure by successively
indenting branches, as-in an outline. Note that derivative subclassification causes the stibtree. .

undbr TAIL to be organized4n-asiniilar way to the subtree'under COUNT-NOUN. This sample is of
course very small and sparse; the taxonomy we currently use hai nearly threw thousand -concepts
and a corresponding ly

:

more oo 'Plea organization.
a

_

.

, 12.
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specialize a genus, 6, by "a specializer,S, coform,the concept iG S). As wiE shall argue, any

phrase of Englfsh atiebe suitably encoded as a'single concept (though of courselt may be a

' .

. very. complex one).(, When we wish to reason with ,a concept, however, we will find it
;,

4
- , ...,

, 1. .;
convenient to introduce an ePisterologically distinct meta -level representation.' For eiampleexample,'- . ., -

. . . .
.44

if the concept C encodes the sentence "John Smith is good man" and we wish to represent
- ,

.. . r ,--- 4.c.'"
'our belief*at C is true, we cannot merely encode With, D that "That John Smith is a good

: 3,e', . .

man is true," because now the question of D's truth is, open for discusslon.5 We retreat to a
' . I

formal meta-level to make statements about elements of our universe of cliicourse whih are

to be taken at face value rather than be subject to interpretation. With such an ability for

meta-level description, we see that if C is marked as TRUE at the meta-level,"then that is a

stz''Finger statement than D,' Front the former, the Interpreter may conclude C's truth

absolutely, while from the latter, only conditionally on D's truth. 1

-a

The act of attachntery creates 1 directed /ink in LMS between two nodes. We
e .,

WritditA B] and say that B is attached to A. Unlike specialization, attachment creates no new

concepts. It merely etablishes an (unlabelled) link from A to B. The meaning of that

connection will depend completely on What A and B are and on whateVerls interpreting the

Connection. We give a feW illustrative examples of attachment here

Ali concepts B whose generalizers are the concept A are automatically attached to, A
andare called its indexed branches because they are classifiedJiirectly under
A in the'pecialization taxonomy.

It is not merely the representation of truth that is at iuue here. A similar treatment- is
necessary for supposition, hypothesis, "pouible futures," and in fact all the fundamental knowledge

on the basis of which OWL operates. Of course the effect of the meta-level statements that we
allow could alternatively he introduce# by suitable conventions for the Interpreter. For ezampli,
we could adopt the convention that any statement *bout which no qualifying information is known,
is true. We prefer, however, to make such a convention part of the Interpreter and not part of the
semantics of LMS.

r---
13
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Some concepts (C A) are, attached to the concept A and are called its indexed
aspects. For example, (AGLierHN)-may be attached to JOHN and encodes JOOPI's

AGE aspect. .

Note that both of the above forms of attaehthent are easily recognizable because the

concept to which attachment is made appears as the generalizer or specializer, respectively, .

of the attached' concept. They derivt from the essential structure of concepts and serve

much the same putpose for the conceptual memory as do index entries in a book's, index.

These attach;ntnts do not really bear information; they are established when the taxonomy

is-built and are not subject to interpretation or change. Thus, the use of attachment, a

meta-level operation, is appropriate.

Values may be specified by attachment: e.g., fr(AGE JOHN) 49].

Attributes or descriptors may also be attached e.g., POOH MIDDLE- CAGED],
RAGE JOIl) (EQUAL (TO (AGE MARX)))]

,Characterizationg may also be specified by attachment: e.g., [JOHN PROFESSOR].

- This second set exemplifies storage of information (facts in the object domain), yet we are

representing such information at the meta level. This is because we intend that reasoning

r,
be based on these facts without further verification. We are *illing to guarantee their

truth in this domain of application,.

ill. How Engiist Phrases are Represented as Concept!

,
,`

In this section, we shall f irst argue informally that the combination of concepts

>through specialization provioes a mechanism capable of representing English phrases. ,,Ile
a

will then extend dui. notion oi specialization to deal more rigorously with some problems we

encounter. i

14
4 4

it
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.

(IIA What Does an English Expression Say?
A

A

We view English phrases as expressions built up by combination. To explore

what forms of combination are. necessary, we examine some modes of con in
b

English and see how they are achievid by combining words and phrase's.

1) Designating. Wetisk a conventionalliame-ccir a concept which the listener

may be assumed to know. In its simplest form, the conventional name is a word of English,

e.g., "apple," which we represent in OWL by APPLE (FRUIT "APPLE").6 But we need many

more conventional names than we have words in our language. So, we; permit the

formation of conventional names as combinations (pairs). One member of the pair

indicates the class of the concept, the, other provides a -distinguishing, or. specializing,

f.
element to make the pair unique. For example, "tipple tree ". is a conventional name formed.

by specialization. In LMS, we represent it as (TREE APPLE). NC*, that no strong distinction
,1

is made between conventional names that compound -words and those that are phrases

in English. Compare "fire hydrant," (HYDRANT FIRE), and "firema n", (PAN FIRE).
'

r

2) identifying. We identify ak.unnamed concept, lOixnbining- its class and

some (restricting) Inodif !ea For example, "tall tree," (TREE TALL);and "the apple tree in my-

yard ", (((TREE APPLE) THE) (141-(YARD 14Y))).7 The difference between ideritifYing and

6 "APPLE" is the LMS notation for the symbol "apple". The concept (FRUIT "APPLE") is LMS's
notation for the English concept apple.

7 Some linguists might Feel that this phrase should have a different structure, such u.
(((TREE APPLE) ( IN (YARD MY))) THE). We do not claim to have the final answer 4.411 such
structural questions, but our forinsliir allows us to capitalize on whatever insights, linguists. may
have. Where structures are in dispite, ee have chosen what seams beit-to us.

a .
C 1

..



12 An Overview if OW L

designating is often slight. In desig ating, we assume that the hearer aireitily knows. he

concept, whereas in-identifying, we ask him to come'to know it from what he knows of

components and whatever else we may later tell film. Thus, a "shoe tree," which we inig

/initially accept as an identifying compound without a conventional designation, may
\.. ,

to designate a concept If shim, trees becom'e a poptilar consumer item. Just as cont. pouild

word develop from Conventional names that are .phrases,' the latter develop from
I

. . I'
identifying phrases.

3)_ Specifying a grammatical or interpretive aspect. Chiefly; by words

gloms, English marks 'phrases and giveues to their use in forming sentenaii.and to

*IF proper interpretation. for example, for books," (BOOK)-S), the -S is A grammatical
7

marking for plural on the base concept BOOK. In "hitting," (HIT.,,-ING), and "Go jump,' (JUSW

TO), the -ING and To play a similar role. This form of marking allied:Inflection. In LMS.

inflection is expressed by specializing the concept to be inflected by the affix (47-other

marker).

-04) Specifying a seisantic aspect. We also represent
4a

semantic itpecti by
o .-

.: .-. ..,,..,,s,, 7,1

specialization. For example, "Wee apple," (SIZE APPLE). s,
-,.. ..1-i

,.,..01.

5) Predication. When we want to say something about an object or action in a

factual or hypothetical context, we use predicition. jeipersen (1933) calls this Rana:

If we compare the red door and the barking dog, on the one hand (junction) and on
the other 110 door is red and Me dog barks or (he ,dog is barking (nexus), we find that
the former 'kind is more rig-id or stiff, and the latter more pliable; There is, as it Were,
more life in it. A junction is .like J; picture, a nexus is like a drama or process; In a
nexus something new is idded to the conception contained ip the primary: the difference
between that and a junction, is seen clearly by comparing, t.g.

16
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1

The blue, ress is the oldest.
The oldest dress is blue.
A dancing Woman charms. .

A charmini woman dances:

13
N..

S

in or termi,.a junction identifies or designates. A nexus, or predication, makes a'statement

and depends on interpretation for its meaning.

4

Its LAMS, we introduce a new notation to exprest predication: subject / predkats.

For example, Jespersen's 'sentence "the oldest. dress is blue" becomes

((DRESSAOlitEST) THE) / BLUE. For uniformity of representation and implementational

convenience, however, we will implement predication in LMS using specialization by'

adopting the rolloWing convention: The predication will be implemented as`

((8 NEXUS.) A).

4 8) liemization. To specify a group of things related in some :Imp way,

itemize them. Particular types of itemization are sequences, con junctions, disjunction'.

sums, products, contra4ig pairs, etc.. Fol example "red, white and' blue: "3449: and

"input/output" are all itemizatiOni LMS introduces an external notation for such

itemizations but implements them by a conventional use of specialization and attachment.

The details are unimportant and will not be pursued here. We should add, however; that

we feel the notion of sequence to be fundamental.

7) Mimi% This important mechanism of English' will playa major role in our

representation formalisM. Language often uses context to say concisely what might

A
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otheiw require a,verbose specification. In particu *e often use part bf a compound to

name t \ GENERAL for (OFFICER GENE , CAPITAL for (LETTER CAPITA1:1. and EMPTY

for CONTAIN6t EMPTY). In each of th cases, the specializer in context names the whole

cept. We shall encounter more general uses of naming below_

KB Kinds of Specialization,
e

1
Our treatment of specialization-tioutlined.aboyr is inadequa for some subtler ,

issues of representation. Although weiave identified several uses of compound formation

in English communication, we hive represented them all by the same specialization

operation. We form, in a completely similar manner, compound phtases likehe dog," (DOG
=

THE), ; "sheep dog," (DOG SHEEP), wallah dog," (00G .SMALL), and "dog in the pird,"

(DOG (III' (YARD TNE)) ). For these examples, no problems arise because we an recapture

from the specializer itself what kind of ,compound we have formed. But that will not
,

generally be the case, as we shall see below. In this section, we introduce seven distinct
t

kinds of specialization to enrich our representation scheme.

The English phrase 'fat man" is ambiguous. In its common meaning, it stands
.

for a 14a who is overweight to some degree. The same phrase, however, also describes a

I professional circus performer of great girth, with whom we issociate characteristic forms of

dress, behavior, etc. In terms of the modes of communication listed above, we are either
,

(1) designating the circus performer *his conventilnal name or (2) idkntifying the man

18'
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who is overweight by his genus and a distinguishing characteristic.8 OWL is unique in

that we make a procedural distinction between these two senses of "fat man." In .the first

case, "fat" is combined with "man" to identify a pattern in memory, and then that pattern is

used to find the referent. In the second case, "man" alone is used to find a pattern in

memory, and then items which match this pattern are further checked to see if they pass

thg p4ttern designated by "fat." We could imegint a skinny fat man only in the first sense,

as referring to the circus performer. But our representational schenie, as presented so far,
. .

offers only (MAN FAT) for "fat man," and fails lo distinguish the two senses we have

discussed.'

. To preserve the desired distinction between these' readings of "fat man: we
4

( ,mark every spedalization with its meta-type, which indicates the relation between the
10k

concept and its genus.9. We will represent our overweight man by a restrictive'

- specialization, (Miti*1! FAT). A restriction 1A*R B) may always be paraphrased as "an A

which is B," e.g., "a man who is fat," and a, restriction ilwayi represents a concept which is a

kind of its genus with the additional attribute which is its specializer. Note that a tall fat

' man, ((MAM*R FAT)*R TALL) is not the same as a fat tall man, ((WAN*R TALL)*R FAT), either

in real life or in conceptual memory. In a stereotype, (MT B), the specialize has some c

a.

'cfN.

In spoken language, the compound representingenting dee conventional name is spoken almost aiVif it
, were the .compound word *fatmsn." This additional clue is not available 'to us via-written
language.

9 We are introducing a minor inconsistency here, because we change the Inman* of 'game
somewhat. BY the rules of LMS, the genus of the concept (MR Brig MR, yet we will refer here to
A. the concept's linguistic genus, as its genus.

1'
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relation to the. genus but is not necessarily-a property of it. Consider not just our circus

performers (RAPT FAT), but

"hydnint" is a complex one:

.out efire.*

A form mutually exclusive categories. 'This is a.-powerful tool for dalebase seardi
,

represents an instance of k Instances, as species, ate mutually exclusive." We `thus
, .

also (HYDRANT*T FIRE), where the relation between "fire" and

"a hydrant which.is a source of water with'which one can put

The leVen OWL meta-types and their notational suffixes are:

*R

011"

AS

*.1

restriction
stereotype
species
instance

%lab

*A aspect
*X Inflection
*P partitive

4:1

, (A *S B) represents a subspecies of /,,..:Where B is often just a symbol. This

represents a Linnaean classification system..1ff iyliieh We assume that different subspecies of

provide a, distinction between,, classes and inciiiiduals by distinguishing Instances from e

speties.
f,.

'. Art aspect specialization (C*A B), is :a kind of its genus C, which is closely
''',"....;:,

associated with its Ipeiializer B. For example, "height of John," (HEIGHT*A JOHN) and(

"John's leg, (LEG*A JOHN). Aspects zso play the traditional role of PrograMming language

variables. For example, if we have a recipe for pancakes which calls for one egg, that egg

will be reprOsented by (EGG*A (RECIPE*T PANCAKE)).

10 Some systems further divide instances into manifestations: e.g., "the' yOung Churchill.' We
would handle this as (CHURCHILL*R YOUNG), where CHURCHILL a (MAO I "CHURCH 1 ).

,

21)
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\

An inflection, (AitX B), is used to specify a graminitical or interpretive aspect. It
b 111. 3

has the unusual behavior that it inherits properties notIpnry frodi its genus, as all othOr-
' /

specialization types 4, but also from its specializer.` In fact,,properties inherited from the

spedalizer, override any inherited from the genus: 'Fbr erainpk, "books; (BOOM -S), is

plural even though- BOOK is singular, because -S carries the plural property.

.

s'
The partitive, 1,013.1), is like a semantic irrsion of inflection. The partitive

inherits properties from both its genus and spetializA., where context determines the

appropriate interpretation. Thus, one may first open and then eat a can of beans, first

openitig the can and then eating the beans. - .

The above is a short/sketch of our approach le...representation. A much more

complete treatment will be found'in (Martin 19771

III.0 Parsing

(

sos<" .

To translate from Strings of English ,words to their representation, we use an

augmented transition network parser based, on Woods 19701The owl. par er uses+ no

.

r

registers but maintains a constituent stack) of concepts with each phrase 5or which a

transition network (TN) is being followed. AN every arc is an OWL concept. which must

be Matched-for that transition to apply and a set of combining functions which manipulate

.

A

the matching concept and

It is the task of the combining functions to compose OWL concepts-representing

21-
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.
-?4 ., ,.

4 .. parts of a phrase into the concept representing the whole phrase. The role of ;the TN is to
'. . , . C

invoke the .4ombining functions in the appropriate siquence. The parser operates
4

*1
,

-.nondeterministically (via backtracking). Failure leading to backup "may occur either, beciuse

the input string fails to-meet word-order constraints.(i.t., no mitch can be found for any arc

from a non-terminal node of a TN) or because -a combining functiog rejects a proposed
0

phrase. The conceptual memory contains (expressed wia'attachment) strictly enforced

soe

constraints on case slots of all grammatical-concepts. Using these constraints, the combining
. .

. ,
-...

functions control all
-

.compositions such as adjectival and adver 1 modification and case
-..->., J

to. -^`4:::?:=

assignment" for verb phrases. The word-order constraints of t ,)TN's,plus the concept-

formation constraints in-, the conceptual memory (as they are used by the combining'

functions) thus express our grammar.
,

e 4

Two mechanisms, of special inter=est should be mentioned: the. use of naming to

&
postpone the introduction of ambiguity, and bid.dirli. Because many English words and

phrases have alternate interpretations in 1 MS (eg "ft ma" example), if we were. to
(

, .e.

split our computation'nondeterministically every time alternative interpretations of a phlase

were available, we would spend a lot of processing effort carrying all those interpretations

along ;until all but one could be eliminated. Further, if ,more "than one interpretation
.3

succeeded and the sentence parsed ambiguously, *e would have a difficult task localizing

the cause of the ambigu,lty. To avoid these problems, we take a "wait and see" approach 11

aid try not to choose the-appropriate interpretation luntil some further constraint forces Tat

oe.

6. 1
C. l'

, - . ,.
II This technique is motivated by Malts 1972] and also -applied in a parser by Marcus [1975].

1".
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choice. Postponing the choice is accomplished by use of the naming Mechanism introduced

above:" In our "fat man" example, we say That conventionally we will form the restriction

(MAN*It FAT)' as the interpretatirof the phrase-and we, will have in the knowledge base an
4

indication that (MANAR_FAT) names (MAN*T FAT). In this case, the distinction may never have,.

to be drawn during parsing, since no grammatical decisions will depend on it, and it will bp

some later"step, of reasoning in the system that -May have to choose the "circus performer"
. )

interpretation.

In a-typical situation where grammatical distinctions arise early in parsing, "we

take a slightly different approach from. the previous example. The word "drinks" Is either

,the plural of the noun "drink," as in "We had a few drinks," or the third person singular of. ......

the Verb "drink," as in 'Joe drinksbeer at dinnertime. Here, rat an cheostrig, one. of

these as a primary interpretation, we create the neutral (DRINKAX-5) and say that it names

batik (DRINK** PLDRAL4IDDN) and (DRINK*X pipto-PERSON-SINGULAR=VERB). To make this

scheme work, every combining function must succeed not only when the concepts giver: to it

may be directly combinechbut esti-whin any concepts named, by the given ones may b
I

combined. Matching of concepts on TN arcs is similarly augmented. Further, rules like the

above for "drink" generalize, and OWL encodes those generalizations rather than specific kr

naming.rtiles for each concept.12

Bidding is another mechanism for deferring a choice among alternatives and

-., 3 .\
12 These naming generalisationi are called productive naming rules. They are applied gy the
normal inheritance mechadism of LMS, so' of course they may be overridden by more specific
infotmation in any particular case. ' !fro

iJ ,r ,23
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avoiding undue nondeterminism. Its application is but seen when considering the -

attachment of prepositional phrases. For example, in "I. rode along the .highway if' my -

limousine." we may eliminate "the highway in my limousine' as implausible nd 'attach the

prepositional phrase to the'predicate (or predication). By contrast, in "I ilk e phone' in

my limousine," the prepositional phrase clearly belongs with "phone." We cannot always

-make such a definitive judgment": "I saw the man beside our house" places either me or the

man beside the house. *From further context, the ambiguity may be resolved: l'As I"
approached, I saw the man beside 9ur bouse." We Areat this problem by suspending a path

In parsing at a point where it is about td'take an arc - transition for a prepositional phrase

until all possible pad's leading to taking such a transition for that sane phrase ATe

identified. Then, a conflict-resolving routine is tailed to permit any number of the passiblea
0interpretations to proceed That routine will,. in general, invoke the Inlerpreter to try to:

decide which interpretation(s) are--btkIts- success will depend on the sophistication of

world knowledge in the conceptual memory and on iexistence of appropriate strategies

available to the Interpreter to apply that knowledge. A more specific mechanism which

similarly addresses the problem of "selective modifier placement" is presented in (Woods

197!i We have not yet made any sitmificant use of this bidding strategy.

IV. Reasonini

We have implemented an initial version of an Interpreter for OWL, which is the

Csasis of the System's ability to reason. It is large program with many interesting -

I
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,capabilities, of which we will hem describe only the central ones. Sunguroff [1976] describes
.(

the implementation details of the current version, Brown [1977] is concerned with use of the

Interpreter for dialog and the handling of .failure, Long (1977] gives another view of the

Interpreter's use for automatic programming, and Siartout [1977] discusses the Interpreter's

recordkeeping and updating capabilities and their relation to explaining ,program

behavior. -

So far, we have interpreted OWL concepts' as static entities, mere translations of

English phrases. The system's action when given the sentence "Prescribe. an appropriate

dosage of Digitalis for `Mr. Jones" cannot be merely to translate that sentence into its

internal representation and then stop. But how is it to know what the procedural meaning

of some sentence is?

If an OWL concept has a METHOD aspect, then it is called a PLAN and Is sorftething

which the Interpieter can carry out. Whin the Interpreter is called (its argument is the call),

it performs the following steps:
O .

I) It tries to match the call to a known plan in the knowledge base. The search
- for a matching plan proceeds "upward" from the call, so that the most

specific plan which matches will be selected."
2) It checks that any required properties on the cases (variables) of the plan occur

. also on the concepts which will be matched to them.

13s This is a very important 'idea. With it, we can embed completely specific ,plans to solve
any problems which we know will arise often and will be critical to, the system's Performance.
We also use it to express plans when their choice is dictated not by a reasoned choice but by
convention in the application area. If a specific plan is unavailable, slightly more general
plans will be attempted, and only if all such plans are found inapplicable will the lystem
resort to some general deductive scheme. We have noted that Only when a great majority of
specific plans for a 'domain is available_ will the system's performance be at an "expert" level.

'alrhis-agrees with our observations that human experts seem to have large 'portions of tkeir
ordinary professional _behavior "precompiled" into fixed routines.

25
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.
3) .It creates a new et/ent, to record the initiation of execution of the selected plan,

and binds all the Matched variables.
4) If the plan contains a PREREQUISITE aspect, it checks if it is already TRUE and if

not, then it tries to make it true. This subgoal step of course once again uses-

the Interpreter. .

5) it carries out the steps of the METHOD, either in parallel or in -sequence,
'whichever is specified.

_ We 'attempt always to use the Interpreter to salve subproblems of an initial

0 .

. .
I .. .

problem so that the general matching and reasoning `resources we build up will be available

at all levels. Ear example, if X is a prerequisite which, is not yet satisfied,-we merely WI the

Interpreter with the call (GE -TAT X). Classical goal-directed behavIcti can be achieved by use

of the PRINCIPAL- RESULT case on a plan; w,Kich identifies the teleological goal of the. plan.

Then, if a GET is unable to find a 13 /by its upward search of the concept tree, it may

search. for a-nlatching principal result and select ihe:plan whjh prolmises that result. One

other important aspect of the Interpreter is that. aftr every. step of interpretation, it

dispatches to its ,next step thrOugh 'the main top-lei/el loop. There, failure-handling and ..

advice-giving procedures may Always be invoked to redirect the course of computation by
, .

.1)

'backing off" from unproductive lines (if they can be recognized).

f

We are continuing to refine our understanding of the representation of English

phrases in the formal notation of OWL-arici the use of a complex Interpreter which works.

within that formalism to perform all reasoning talks which .arise in language processing

and various application areas.

26
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