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. Abstract

Computer-based Natural Language Processing (NLP) is the key to enabling humans and their
computer-brsed creations to interact with machines in natural language (like English, Japanese,
Cerman, eic. 11 contrast to formal computer languages). The doors that such an achievement can

open have riade thi. a major rescarch area in Artificial Intelligence and Computational
Linguistics. Commercial natural language interfaces to computers have recently entered the

market and the future looks bright for other applications as well. -

This report reviews the basic approaches to such systems, the technigues utiliz=d; applications;
the state-of-the-art of the techniology, issuss and research requirements; the major participants,
and finzlly, future trends and expectations: i -

. Itis anticipated that this report will prove useful tb engineering and research managers, potesi-
tial usars, and others who will be affected by this f‘%&ia as it unfolds. -

17,

iMuchine Translation; Data Bases, |
{Cognitive Bcience; Man-Machine Inter-

Artificial Intelligence, Computations
Linguistics, Natural Language,

Key Words (Suggested by Authorts)) 48 Oistribution Statement
""" Unclassified = Unlimited

face,Query gystems, Computers I -
_ : Subject Catezory 61

8

e
i 18

Seeanity Oaxit. (ot this report] 20. Security Classit: (of this page) - 21. No. of.Pages | 22, Price
Unclassified ’ Uniclassified : 5% A0%
S K -

ERIC

Aruitoxt provided by Eic:

For sale by the National Technical Information Service. Springlield. Virginia 22161

NASA-Langley,

1983



O

ERIC

Aruitoxt provided by Eic:

N ovnfzvrnw oF CGMPUTER:BASEﬁ

PREFACE

Computer- oased Natural Language Processmg (NLP) is the key to enabhng humans and their

compite: -based creations to interact with machmes i natural language (like English, Japanese
Crey n‘.m etdln contrast to formal computer languages) The doors thal such an achrevemert can
LmLurstx S Lommercml natural language ifiterfaces to computers have recently entered the
imdrket dnid the futiire 100ks bright for other af phcatlons as well:

Thnis repor[ reviews the basrc approaches to such systems, the techmques utilized; applications;

ihe state-of-tlie-art of the [cchnology, issues and research requirements, the major partizipants,
and t:nallv. future trends and expeczauons

7 1[ is anticipated that this report will prove useful to engmeermg and research managers, poten-
tal users; and others who will be affected by this field as it unifolds.

*Tivis 1epctt is part of the NBS/NASA series of overview reports on Artificial Intelligence and Robaotics;

Preceding page blank f o
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NATURAL LANGUAGE PROCESSING

AL Introduction

One major goal of A:mﬁcxal Intelligence (Al) reseaxch has been to dev elop the means 1o inter-
act with mm.hmes in natural languagc {in co.trast to a computer languaae) The interaction mayv
be I\ped printed or epol\en The complementar\ g0al has been 10 understand how humans com-
muncate: The scientific endeavor aimed at achle\mg these goals has been referred to as computa-
tivnal li'n’éiiiéiics an effort at the intersection of Al, linguistics, philosophy and psychology.

Human communication in natural languiage is an activity of the whole intellect. Al reseaichers,
in 1ryiiie to formalize what s reqmred to properly address natural language, find themselves in-

volved in the fong [erm endeavor of having 1o come to grips with this whole acuvn) (Formal
linguists teid to restrict themselves to the structure of language ) Thie ciirrent Al approach is to

cuneeptualize language as a knowledge-based system for processing commurnications and to
credie coniputer programs to model thar process:

A communication act can serve maily purposes, dependmg on the goals; intentions, and

stral rgies of the comminicator. One goal of a commumcauon is to change some aspect of the

recipient’s mental state: Thus; commumcauon endeavors to add or modify knowledge; change a
mood elicit a response, or establish a new goal for the recnptenu

For a computer program to mterpret a relanvdy unrestricted natuiral language communication;
a Gre:n deal of Amowledge 1s required.. Knowlcdge is needed of:
Zthe stitctiire of & sentences
—the meamng of words
—the murphology of words
—a model of the behefs of the sender

—an extensive shared body of general mformanon abotit the world.

Thn body of knowledge can enable a computer (like a human) 1o use expectation- -driven proc-
essing in which knowtedge about tbe usual properties of known objects concepts; and what
tvpically nappcns in situations, can be used to understand incompiete or ungrammatlcal sentences

in dppropriate contexts. -
Thus; Barrow(l979 p. 12) observes:

In current artempts to havxdle natural languzge, the need to use knowlcdge about the subject matter pf the

conversatjon. and not just grammatical niceties, is recognized—it is now believed that reliable transiation is

not possible withott. such knowledge. 1t is essential to find the best interpretationi of what is uttered thet is

consistent with all sources of knowledge—Ilexical, grammatical, semantic (meaning); topical, and contextual.

‘Or more broadly, as Cognitive Science.

i,
<
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Arden (1980, p. 463) adds

In writing a program for understanding languages, one is faced with ail the problems of aruificial intefligence,
problenis of coping with huge amounis of knowlcdgc. of fmdtng ways to represent and describe t.umplc\
cognitive structures; as well as finding an appropriate structure in a gigantic space of possibilities. Much of the
research in understanding natural languages is a,med at these problems.

As mdtl.aled earlter naturai ianguage commumnication between humans is very dependent upon
shared Lnowledge. models of the world, models of the individuals they are comimunicating wtth
and the purposcs or goais of the communication. Because the listener has certain expettattons

based on the context and his (or her) models, it is often the case that only mtmmal cues are needed
in the communication to activate these models and determine the meaning.

The next section, B, briefly outlines apphcattons fUr natural language processmg (NLP)
systems Sectlons C to 1 review the technology involved in constriicting such systems, with
eusttng NLP systems betng 5ummarlzed in Sectmn J

in NLP are covered in Sections K through N:. Section O provxdes a forecast of future

developments.

A glossary of terms in NLP is provided at the back of this report. Further sources of informa-

tion are listed in Section P.

B. Appltcattons

Some of these are listed in Table I.

TABLE 1. Some Appiications of Natural Language Processing.

Discourse
Speech Understandtng
Story Understanding

hzformzmon Access
Information Retrieval
Ques:ion Answering Systems
Computer-Aided Instruction
Information Acquisition or Transformation
Machine Translation
Document of Text Understanding
Automatic Paraphrasing
Knowledge Compilation
Knowledge Acquisition

Interaction with Intelligent Programs
Expert Systems Interfaces
Decision Support Systems
Etpiénatién tvi:%dtiléé F{)r Cbtﬁﬁutéf Aéti()ﬁé

Document or Text Generation -
Speech Output

11
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C. Approach o o

Natural Language Processing (NLP) systems utilize both linguistic krowledge and domain
knowledge to interpret the input. As domai:i knowledge (knowledge about the subject area of the
tomniunication) is so important to understanding, it is usual to classify the various systems based
on iiﬂxéiirireprteseritétibh and utilization of donain knowledge. On thiis basis; Hendrix and Sacer-
doti (1981) classify systems as Types A, B ur C*, with Type A being the simplest, least capable
and correspondingly least costly systems; ’

1. Tape Az No World Models
a. Key Words or Patterns . -
- The simplest systems utilize ad hoc daia siructures to store facts about a limited domain: Input

known objects or relationships. Usifig this approach; early simple teriplate-based systems; while
ignoring the complexities of language, soinetimes were able to achieve impressive results. Usually,
heuristic empirical rules were used to guide ihe interpretations. '

b. Limired Logic Systems o ) 7

In limited logic systems, information in their daia base was stored in some formal niotation, and
language mechanisms were utilized 1o translate the input into the internal form. The internal form
chosen was such as to facilitate performing logical inferences on information in the data base.

2. Type B: Systems That Use Explicis World Models o ,

In these systems, kniowledge aboiit the domain ‘+ explicitly enicoded, usually in frame or net- -
work tepresentations (discussed in a later section’ that allow the system to understand input in
terms of context and expectations. Cullinford's work (Schank and Ableson, 1977) on SAM
(Script Applier Mechanism) is a good example of this approach.,

-3. Type C: Systems that Include information abour the Godls ard Be iefs of Intelligent Entities

These advanced systems (still in the rescarch stage) attempt to include in their kiiowledge base

informaticn about the beliefs and intentions of the participants i the communication: If the goal

of the co:nmunication is known; it is much easier to interpret the message: Schank and Abelson’s
(1977) work on plans and themes reflects ihis approach. :

D. The Parsing Problem 7

Foi miiore complex systems than those based on key words and pattern matching, laniguage
knowledge is required to interpret the sentences. The system usually begins by *‘parsing”’ the in-
put (processing an input sentence to produce a more useful representation for fi

or further analysis).
This represcntation is normally a structural description of the sentence indicatifig the relation-
ships of the component parts. To address the parsing problem and to interpret the result; the

*Other system classifications are possible; e.g.; those based oii the range of syntactic coverage.

12
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coipiitationial linguistic community has studied syntax, semantics, and pragmatics: Syntax s the
study of the structure of phrases and sentences. Semantics is the study of meaning. Pragmatics is
the study of the use of language in context.

E. Grammar 7 ’ . -

Barr and Feigenbaum (1981, p. 229), state; ‘‘A grammar of a language is a scheme for specify-
ing the sentences allowed in the language; indicating the syntactic rules for combining words into
well-formed phrases and clauses.” The following grammars are some of the most important.*
i. Phrase Structure Grammar—Context Free Grammar

Chormsky (see; for example; Winograd; i983) had a major impact on linguistic research by
devising a maihematical approach to language: Chomsky defined a series of grammars based on

rules for rewriting sentences into their component parts. He designated these as, 0; 1, 2; or 3;
based on the restrictions associated with the rewrite rules; with 3 being the most restrictive.
Type 2—Context-Free (CF) or Phrase Structure Grammar (PSG)—has been one of the most
useful in natural-language processing: It has the advantage that all seniterice structure derivations
can be represented as a tree and practical parsing algorithms exist. Though it is a relatively natural
grammar, it is unable to capture all of the sentence constructions found ifi most natural languages
such as English. Gazder (1981) has recenitly broadened the applicability of CF PSG by adding
augmentations to handle situations that do not fit the basic grammar. This generalized Phrase
Structure Grammar is now beinig developed by Hewlett Packard (Gawron et al., 1982).
2. Transformational Grammar . o ,
Tennant (1981; p89) observes that ‘‘The goal of a language analysis program is recognizing
grammatical sentences and representing them in a canonical structure (the underlying structure).”’
A transformational grammar (Chomsky, 1957) consists of a dictionary, a phrase structure gram-
mar and a set of transformations: In analyzing sentences, using a phrase structure grammar, first
a parse tree is produced. This is called the surface structure: The transformational rules are then
applied to the parse tree to transform it into a canonical form called the deep (or underlying)
structure. As the same thing can be stated in several different ways, there may be many surface
structures that translate into a single deep structure. .

3. Case Grammar , 7

Case Grammar is 4 formm of Transformationat Grammar in which the deep structure is based on
cases—semantically relevant syntactic relationships. The central idea is that the deep structure of
a simple sentence consists of a verb and one or more noun phrases associated with the verb in a

particular relationship. 1nese semantically relevant relationships are called cases. Fillmore (1971)

proposed the following cases: Agent; Experiencer, Instrument, Object, . Source, Goal, Location;
Type and Path. ‘

*Charniak and Wilks (1976) provide a good overview of the various approaches:

4.

13
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The cases for each verb form ani ordered set referred to as a *‘case frame.” A case frame for the
verb “‘open’ would be:
(ObjCLI {insirument) {agent))
which indicates that open always has an object but the instrumerit or dgefit can be omitted as in-
dxcateo by their surrounding parentheses. Thus the case frame associated with the verb provides a
template which aids in understanding a sentence:

4. Sermantic Grammars
In limited domains;to achieve praencal svstems;it 1s often useful instead of using converitional
s)ntactxc constituents such as noun phrases, verb phrases and prepositions, to use meaningf{ul

semantic components instead. Thus, in plice of nouns when dealmg with z naval data base, one

might use shrps captams ports and cargos Thts approach grves drrect access to the se'nantrcs of
proach are referred to as semantic grammars (see e.g., Burton, 1976)
5. O'h'o'r Grammars.

pected to be devised in the fiiture. One e\ar'tple 1S Montague Grammar (Dowty et al:; 1981) »\hrch
uses a logrcal functronal representatton tor the grammar and therefore is well suited for the

DO\hl{a 1982} for their future AT work as embodied in their Fifth Generation Computer research
project:

F. Séﬁéﬁiiés {xnfl ifré Cintankerous As’p"e’cts' of Lﬁnguﬁgé
words. Unfortunately, Engirsh does not make this as simple as lookmg up the word in the dic:
tionary, but provides many difficulties which require context and other knowledge to resolve:
1. N'Iiiliiﬁlé Word Senses

Sy nitactic analysrs can resolve whether a word is used asa noun or a verb, but further analysrs is
reqguired to sclect the sense (meanmg) of the noun or verb that is actually used. For example,

;“ﬂy" used as a noun may be a wiriged insect, a fancy ﬁshhook a baseball hit high in the air, or

several other mterpretatrons as well: The approprrate sense can be determmed by context (e g.,

for “ﬂv" the appropriate domain of mterest could be extermination, fishing, or sports), or by
matching each noun sense with the senses of other words i m the sentence Thrs latter approach was
taken by Rerger and Small (1979) using the (strll embrromc) technique of ‘‘interacting word ex-

perts’’, and by Fifiin (1980) and McDonald (1982) as the basis for understanding noun com-

77777777777 L4

Madzﬁer Atrachment
thre to attach a preposmonai phrase to the parse tree eannot be determined by syntax alone
bul requxres semantrc knowlcdge Put the plant in the box on the table, is an example illustrating

.the difficuliies that can be encountered with prepositional phrases:

wnl

14
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1. Noun-Noun Modification o 7
Choosmg the appropriate relationship when onc noun modifies another depends on semartics.

For example for “apple vendor”’; one's knowledge tends to force the mterpretatxon “vendor of
apple, rather than *‘an apple that is a vendor.’

4. Pronouns
Pronouns allow a simplified reference to prevrously used (or implied) nouns; sets or events.

Where feasrble pronoun antecedents are usually identified by reference to the most recent noun
phrase having the same pragmatic context as the pronoun.

5. Elliﬁs‘is and Substitution

Ellrpsrs is the phenomenon of not statmg explrcrtly some words in a sentence, but leavmg 1[ to
the reader or listerier to fill therm in. Substitiition is srmrlar—-—usmg a dummy word in place of the
omitted words: Employing pragmatics; ellrpses andr substitutions are usuallg resolved bry matchrng
the incomplete statemerit to tlie structures of 'p"r'evi'o'us recent semences:f‘ﬁding thé best partial

6. Other thf:culnes
In addition to those jUSI mentroned there are other drff'cultres, .,uch as anaphorrc references,

G. Knowledge Representation*
As the Al approach to natural language proeessmg is heavrly knowledge-based it is not surpris-
mg that a variety of knowledge representatron {KR) techmques have found their way into the

field: Some of the more important ones are:

1 Procedural Representatzons—’l‘he meamngs of words or sentences being expressed as com-

2. Declarative Representanons
a. Logic—Representation in First Order Predicate Logxc, for example
b. Semannc Nelworks—Representauons of concepts and relationships between concepts as
graph structures consisting of nodes and labeled connecting arcs.

3. Cuse Frames—{covered earlier)

4. Conceptual Deperidericy—This approach (related to case framies) is an attermipt to provide a

representation of al} actions in terms of a smail number of semantic primitives into which input

15 ,,
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ccntenc"s are mapped (see, e. g Schank and Rresbeck 1981) The system rehes on 1] primitive '

phy Slu’ll. instrumental and mental ACT’s (propel; grasp; speak; attend; P tramns, A trans, etc.},
pius sev eral other categories or concepl types:

. Frame—X complex data structure for representing a. whole situation, complex object or series
of-evenis. A frame has slots for objects and relaiions appropriate to the situation:

6. Strzprs—-l—‘rame like data structures for represeniing stercoty ped sequences of events to and in
undersianding simple stories.

H. Sy ntactic Parsing
Parsmg assignis structures to sentences: The |: nllowing types have been developed over the years

ror NLP (Barr and Feigenbaum, 1981)

1. Te pIa‘e Maiching: Most of the early and sotrie current; NL programs perform parsmg by
matching their input sentences against a scries of stored templates.

2. Transition Nets

Phrase structure grammars can be syntamcall) decomposed usmg a set of rewrite rules such as
mdxcated in Flgure 1. Observe that a simple sentence can be rewritten as a Noun Phrase and a
Verb Phrase as indicated by:

§ — NP VP
The noun phrase can be rewritten by the rule
NP — (DETY(ADJ*)N(PP*)

where the parentheses indicate that the item is optronal while the asterisk mdrcates that any
number of the items may occur. The items; if they appear in the sentence, must occur in the order

“shiown. The Tollowing example shows how a noun phrase can be analyzed

NP : DET ADJ N PP
— e,

The large satellite in the sky-———-The large satellite in the sky
where PP is a preposrtlonal phrase:

Thus, the parser examines the first word to see if i 1[ corresponds to its list of determiners (the a.
one; every, etc:). If the l‘rst word is found to be a determiner; the parser notes thrs and proceeds
on to the niext word otherwise it checks to see if the l‘rst word is an adjective, and so forth. If a
preposmon is encountered 'n the sentence, the parser calls the preposmonal phrase (PP) rule

A NP transmon network is skown as the second dragram in Figure 1, where it starts in the
initial state (4) and moves to:-state (5) if i 1t fnds a determrner or an adJectrve, or on to state (6)
when a noun 15 found:. The loops for ADJ and PP indicate that more than ore ad}CCIlVC or
prcposmonal phrase can occur. Note that the PP rule can in turn call a NP rule; resultlng in a

nesied structure: An example of an. analyzed noun phrase is shown in Figores 2 and 3.



;i GRAMMAR
” | " S —=—NPVP

NP —— (DET) (ADJ") N (PP*)
PP ——» PREP NP

VP —® VTRAN NP

Figure 1. A Transition Network for a Small Subset of English. Each diagram represents a rule for

finding the corresponding word pattern. Each rule can call on other rules to find needed patterns.

After Graham (1979, p214.)

oo




o NP
— ,A , 7\
The payload on a tether under the shuttle

R . DET N PP
> The payload on a tether under the shuttle

PREP NP

L

on a tether undar the shuttle

DET N PP

a tether ander the shuttie

PREF NP

- o under the, shuttle
DET N

the shiuttle

Figure 2. " nple Noun Phrase Decompositior.

The . payload on a tether under  the shuttle

Figure 3. Parse Tree Representation. of the Noun Phrase Surface Stricture,

| Y
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As the transition networks analyze a Sentence, they can collect information about the word pat-
teriis thev recognize and fill slots in a frame associated with each pattern. Thus, they can identify
noun phrases as srngular or plural whether the nouns refer to persons and 1f 5O therr gender etc:,
needed to produue a deep structure A Srmple approach to collecting this information is to attach
subroutines (o be called for each transition. A transition network Wl[h such subroutmes attached
is called an “augmented transition network,” or ATN. With ATN’ s; word patterns can be

rccognued For each word pattern, we can fill slots inn a frame: The resulting filled frames provide
a basis for further processing.

3. Other Pursers

Other parsing approaches have been devrsed but ATN s remam the most popular syntactic
parsers. ATN’s are top-down parsers in that the parsing is directed by an anticipated sentence
structure. Af alternative approach is bottom -up parsing, which examines the input words along
the string from left to right; burlolng up all possible structures to the left of the current word as

the parser advances A bOttom up parser could thus buxld many partral sentence structures that

that are not clearly detineated seritences or contain ungrammatrcal constructrons or unknown
words There hawe been recent attempts to combrne the top down with the bottom up approach

" For a recenit overview of parsing approaches see Slocum (1981)

1. Semantics, Parsmg and Understanding

The role of syntactic parsing is to construct a parse tree or similar structure of the senternice to
indicate the grammatical use of the words and how they are related to each other. The role of
semantic processing is to establish the meaning of the sentence. This requires fac1ng up to all the
cantankerous ambrgurtres drscussed earher . ,

In natural languages {unlike restricted languages, e.g., semaritic gram'marsj it is often difficult
to parse the sentences afrd hook phrases mto the proper portron of the parse tree; without some

knowledge of the meaning of the sertence. This is especially true when the discourse is ungram-

matical; Therefore it has been suggested that semantics be used to help gurde the path of the s syn- -
tactic parser (see for example Charniak, 1981). For that case, syntax presse< ahead as far as 1t
can and then hands off its results to the semantrc portlon to dlsambrguate the possrbrhtres Woods
(1980) has extended ATN gramimars for this purpose. Barr and Felgenbaum (1981 p 957) in-
dicate that present languaoe understanding systems are indeed tending toward the use of multrple '
sources of knowledge and are mtermrxrng syntactics and semantics:

Charnlal\ (1981) indicates that there have been two main lmes of attack on word sefise ambrgur-
tv One is the use f)f drscrrmmatron nets (Rexger and Small; 1979) that utilize the syntactic parse

trec (by observing the grammatrcal role that the word plays such as taking a direct object, etc.) i i

helpmg to decide the word sense The other approach is based on the frame/scrrpt idea {used,
, for story comprehensron) that’ provrdes a comtext and the expected sense of the word (see,

e: g Schank and Abelson; 1977).

10
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Another approach is “‘preferenice sema nt-cs" (Wilks, 1975) which is a system of semantic
primitives through Which the best sense in context is determined. This system uses a lexicon in
which thé various senses of the words ars defined in rerm> of semantic primitives- (grouped into
eutities: acuons cases, qualrfrers and ty pemdlcators) Representation 6fasemencers in terms of
these primitives which are arranged to l\.ld[k‘ agents; acuons and obJecrs These have preferenual,

relations [o each other. Wilks’ approach lxr‘da the match that best satxsﬁes these preferences.
Charniak indicates that the semanitics a: the level of the word sense is not the end of th€ parsing
process; but \»hat is desired is underﬁmndmg or (.'o”rnp'rehensron (as;ocrarcd wnh pragmatics).
Here the use of frames; scnpls and miore advanced Loplcs such as plans, goals and knowledze o
structure (see; e:g:; Scharik and Riesberk; 1981) plivs an 1mponant role. '
J. NLP Systems o
Ay indicated bel'ow)—,vari/éué NEP systemis have been developed for a variety of functions. )

1. Kinds /'// : . e o ~.
G. Que stion Answermg Stszems : '
/Quemon answering natural language svirems have perhaps been the mosr popular of the NLP
resedrch svstems. They have the advarn: age that they ucually uulxze a data- base for a limited do-
main and that ‘most of the user drscourSe is limited to questions.

b. Natural Language {merfaces (NLI’s)

These wsrems are des:gned to provide a painless meaiis of commumcatmg quesnons or msrruc-
tions to a complex ¢ computer program

. Compurer~A zdea' Instruction (CA 1')

Arden (1980, p. 465) states: T

On' type of interaction that calls for ablluy in natural- languages is the In!er tion needed for cffective
teaching machines; _Advocaies of computer-aided instruction have embraced numerous schemes for purting
the comiputer to use directly in the éducational process. It has, Jong been recognized that the ultimate effec-

v

tiveness of teaching ‘machines is linked-to- fhe-emounk! intelligence embodied in the programs. That is, &

more xntelnzenr program would be better able to formulatethe, qucsuons and presentations that are most ap
pr(mnar; at'a given point in a te aching dlalog and it would be\hezlcr cqunpped to undersiand a student’s

e rcsponsc even to analyze and miodel the knowledge state of the: stud”e(xl in order’ {o tailor the teaching to his

meeds.. Several fesearchers have already uséd the teaching dialogue” as“the basis for looking at niatural

- languau‘ s and reasoning: For -example, the SCHOLAR system of Carbonell and Collins tutors students jn

geocmph\ doing complex reasoning in decrdmg what to ask and how to respond’to.a question. Meanwhxle.

SOPHIF teaches electronic circuits by integrating a natural- language component with a $pcc1a system for

simulaiiiig circuit behavior. Although these systéms are still too costly for general-use, they will almost cer-

tainiy be developed fur!her and-become practical in the near fatire,

d. Discourse
Systemc that are desrgned to understand discourse (extended dxalogue) usually employ

pragmancs Pragmatlc analysrs requires a model of the mutual beliefs and knowledge held by the

speaker and listener.
e. Texr Una’erstandmg
Though Schank (see Schank and ,msbak 1981) and others have addressed themselves to this
problem; much more remains to be done. Techniques for understandmg prmted text include

scripts and causative approaches:

o 2 0 = ) /
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Ardut (1980, pp. 465-466) states:

T'o' 'u'n'd'ersta'n" a text. a systemi needs not only a knowledge of the structure
“*world knowledge“ about the domain discussed in the text. Thus d comprehenstve. text- undcrst nd ng

system pruuppoies an extensive reasoning system, one with a base of common-sense and domain-specific
l\no»'«ledgc., - .

The problem of *‘understanding™ a piece of text does, howcver. sérve as a basic framework for current

research in natural languages. Programs are written which accept text tnput and illustrate their understanding

of it by answering questions; giving paraphrases, or simply provtdmg a blow-| by blow accouant of the reason-

ing that goes on during the analysis. Generally, the programs Operate only on a smalil presclected set of texts

created or chosen by the author for exploring a smali set of theoretical probleriis.

f Text Generalzon ] )
There are two major aspects of text generanon one is the determination of the content and
textual shape of the message, the second is transformmg 1[ into natural language. There are two

approaches for accomplrshmg this. The first is indexing into canned text and combrnmg it as

.Jppropnate The second is generating the text from basic considerations. One need for text
generation results from the situation in which information soiirces nieed to be combined to form a
new message. Unfortunately, srmply adjommg sentences from different contexts usua‘ly pro-
dm.es confusmg or rrirsleadmg text. Another need for texi generation is for e\tplanatxons of Expert
System actions. Text generation will become parncularly important as data bases gradually shift
to true knowledge bases where complex output has to be presented lmgursttcally Mcbonald’s

thesis (1980) provrdes orie of the most sophisticated approaches to text generation.

g. System Building Tools
Recently, computer languages and programs especrally desrgned to ard in butldmg NLP systems

represen[atlon language for use in constructing natural language questron answermg systems.

2. Research NtP Syszems

a. Interfaces to Cormiputer Programs

b. Data Base Retfieval

c. Text Underst/andmg _

‘d: Text Generation L

e. Machine Translation ) : i - A

A few of the more prominernt systems are briefly reviewed in thns s/cnen/

a. Interfaces to €ompuzer Programs

One of the most 1mportant early NLP systems ;HR‘B’! U, was a complete system combmmg
syntacttc and semantic processmg Thrs ystemn, -designed as dn 1nterface to a research Blocks
World simiilation, is described i §

SOPHIE (Table 11b);-aComputer- -Aided Instriiction (CAI) system, made use of a semantic

gramimar to_parse the input and to provrde instruction based on a srmulatron of a power supply
_ circuir: .

i2



DiiS (Table llc) uses a procedural network (which encodes basic repair operanons) to inter-

prol a dxalog with an apprentxce engaged in repair of an electro-mechanical pump.

b. Natural Language Interfaces to Large Daza Bases

One of the important and prominent research areas for NLP is mtellxgent front ends to data
base retrieval systems LUNAR (Table 11d) is one of the most often cited earlv svstems It utilized
a po“ erful ATN syntacnc parser which passed on its resiilts to a semannc aralyzer.

PLANES (Table I1e) was a system designed as'a front end to the N:n v's database of mamten-

ance and ﬂrght records for all *mval arrcraft Thrs semanuc orammar based s) stem rgnores [hc

ROBOT (Table llf) Uises an ATN s syntac:ic parser followed by a semantic analyzer to produce a
formal query language representation of the input serterice. ROBUT has pro\ed to be very

\ersaule ‘
LlPER/LADDER (’I able iig) uses partex ns or templates [o m[erprel sefiterices. It employs a

and pronouns.

S Texr Undersmndmg L :

SAM (Table IIh) is a research systemthat- attempts to undcrstand rext about ever)day evems
Knowledge is encoded in fra'nes called scripts. SAM uses an English to Conceptual Dependency
parser to produce an internal representation of the story

PAaM (Table lh) is one offsprmg of SAM PAM understands stories by determmmg the goals
tha: are to be achieved in the story. It then atiempts to match actions of the story with methods
that it knows will achieve the goals.

d. Text Generation »

Winograd (1983) indicates that the difficult problems in generation are those concerned with
meaning and context rather than syntax. Thus, until recently; text generation has been mostly an
outgro»\th of portions of other NLP systems:

e Machme Transiatzon
Th0ugh machine translation was the first attempt at NLP; early faxlures resulted in little
further work bemg done 1n thls area until recently.
f Current Research NLP Systems
- Table I lists NLP Systems currently being researched

3. Commercial Systems
The commercxal systems available today together with thexr approxrmate prxces are lxsted in
Table 1V. Several of these systems are derivatives of the research NLP systems previously dlS-

cuswd
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TABLE Ila. Natural Language Understanding Systerms.

Approach

Combines syntactic and se-
mantic analysis with a body

of world knowledge about a
limited domain to provide

a NI to deal with manipalating
blocks in a simulation of an
artificial ‘*Blocks World.”"

Starts the analysis of a

user’s sentence by syn-
tactically parsinga
meaningful portion of the
sentence. Then semantic
routines are called to
analyze the unit. The
definitions of words ii
the dictionary are in the
form of procedures (pro-

cedural semantics) to an-

alyze the unit. These pro-
cedures set semantic markers
of possible relations to other
words: If there are no semantic
objections, the syntactic
parsér continiies, otherwisé it
will try another [.rse.

Facts are expressed in First_
Order Predicate Logic. Verifies

iiypolhcscs by theorem-proving:

Generates text by “fill in the

patlerns.:

1 li:iii’iSliCéllj uscs pronouns
for noun phrases to reduce
the stilted naturc of the

. 1ext response.

'i‘ype B Sy.ﬁcm

Capabilities

One of the first systeims to
deal simultaneously with
many sophisticated issiiés

of NLP:
~—parsing

* —semantics .
—references to previous

discourse

—xnowledge reoresentation

—problem solving

d

an
o

Limitations
Assurmes it knows everything aboiit
the world.
Assumes world is logical; simple;
small and closed.
Required familiarization by user
to use it successfully: .
Was a prototype that proved to be
non-portable and non-extensible and
is 1o lbiigéi' in use.
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SOPHI E
(Sophlsma!qd
Ihstructional
Envirgniment)

{Browi, and
Biirton, 1975),

BN

‘Shooting.

O
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TABLE 1Tb. Natizral Language Uhdé'r.’siéﬁﬂi‘frg Systems.

Limitaticiis

""""""" Capabilities
* Skipping words mxghtrc.hangc .

* Could run simulations;
meaning of sentence s:gmrcanlly;

abstract them and use -
- the results.

lncorporalcd a snmulauon
of a power 3upply circuit

to test student suggcsuons:

* Responded in a few

using consnlu!cnlﬁsf]:kc _ Secomnds;
Request, Fault. Instrament; ) ,
Node/Name, anii Jumnon/ - Comd sklp words

Type. lhal did not match

thé grammar rule.

Thc scm:mlu. _gramimar worl\cd
much 'ike a syntactic parser,
but nodes in resulting

parse tree were meaningfiil
semantic units.

* Vary siiccesstul and Tobust;

Grammar opc(nlcd top-down in

a recursive fashion:

Each giammar rale was a LlSP
procedure that generated a
semantic representation of a

" subtree in the parse.

Type A + Systemn.
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Sysieii7 Use
TDUS (Task
Oriented
Dialogue System)

-SRI

Interactive Dia-
fog in coutext.

Guide repair
operation on
electromechanical
equipment;

TABLE Ilc. Natural Language Understanding Systems.

Approach

* Goal was 1o lollow the context
as an apprentice moved from
task to task and respond suc-
cessfully to his remarks and
requests for guidance.

Various tasks to be per-

formed were encoded it

procedural networks—an

network formalisms to
allow encoding of
quantified information

and information about
processes. .

* Uses procedural network

to interpret dialog.

Assumes thiat referential
statements refer to objects

task or higher in the task
hierarchy. Uses context

and discourse to identify objects
referred to by definite noun
phirases.

* Type B+ System.

Capabilities

Understands contexts,

so it can interpret

remarks such.as

‘‘should,”” ‘‘done ii;;;

etc.

Can follow particular
instanitiations of actions.

Realizes the program

does not knowall

things. (Does not _

operate on ‘‘closed

world’’ assumption).

Uses procedural network
system to infer unstated

intermediate steps.

Linitations

* Little understanding of the goals.

and motivations of the apprentice:



TABLE Ild. Natural Language Understanding Systems.

i;illlliﬁiiéﬁs

System/Use Approach’ Capabilities
LUNAR ¢ Simplified Data B;'i's"c - ¢ Cun handle amnhonc « As ATN and <ém'\nt|\. an4llv7cr are
—-Oiily 4 sinall vocabulary references (pronoun separafe, the semantic analyzer
BEN {3500 words) required references to previviis Must grope thrii parsed errors such
for moon rack data base; phrascs). as prepositional phrases bcmg
—LUNAR data base eticoded o attached al thie wrong point in the
(Woods 1973 in the data base query ¢ Could handle 90% of the parse tree.
languagc L o questions posed to LUNAR S i
' —Seven data domains; Sets by geologists: *® Utlerances were limited 16 striet .
o of data clements that could o data base inquiries.
Natural Lan- be members of each doiisiii ° Overall formulation so ~
guage Inter- were mutually exclusive. clean and ncat that it : ¢ Based on a “’closed world"’ viewpoitit.
face to Moo N has since becn used for '
Rucks Data . 'd a powerful ATN syntactic most parsing and fan- . portable and fivii-
Hase: parser. guage understanding extensible; No longcr in use.
systems. (Waltz; 198];
* Parsed s‘cnlcnce sent on to p.10);
the semantic program for
translation into a query. -
The resulting query was thei -
execiited.
. Scmnnl}c analyzer gathers
information from verbs and
thieir cases, nouns, noun mod-
ificrs and deteriiiiniers to build
the data base query. The qoery
is built in tering of the conceptual
primitives of the dara base; Uses
) rules (6 eomipare the syntactic
. - structure of the question withi a
syntactic teimipiate. If they maich,
the semantic part of tiie rifle is
added to the dcvclopmg query.
. lypc B- Syslem.
O

ERIC
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System/Use
PLANES/JETS
(Programmed
l.anguage-based
Enquiry Sys.)

M:LT:

(Waliz, D.L.,
1975)

Nririririji'ﬁl
Interface
to a Large

Data Base

TABLE Ile. Natural Language Understanding Systems.

Approack

Data base is the Navy's 3-M
relational data base which
holds the maintenance and

formal language query expres-
sions:

It looks for semantic _
cornstituents by doing a
User's seritence: Semantic
constituents include
iteinis which belong to

PLANETYPE, TIMEPERIOD,
MALFUNCTION CODE; HOW

MANY; ACTION, elc.

Uses an ATN parser. The
top level calls various
subnets Lo analyze the in-
put for semantic constit-

Utilizes concept case frames
which are strings of constit-
uents of reasonable quieries:

After application of the con-
cepl case frames; the resulling
semanltic constituents are passed

alonig to the query generator.

Type A System:

Capabilities

Can handle ellipses and

pronouns.

Can deal with some

nongraminatical sen-

tences.

« Asks for a rephrase

if it doesn’t under-
stand.

Limitations

Relatively inefficient, could benefit
from a look ahiead. A look ahead
could result in an order of magnitude
reduction in number of arcs tested in

the parse of a sentence.

Problems with word sense selection
and modifier attachment. PLANES
telies too heavily on its particular
world of discourse for eliminating

In a 1980 test, PLANES understood
about 2/3 of queries correctly.
Coiild be ihade into a useful practical

program with further work.



Systermi/ Use
ROBOT/INTEL-
LECT

(Harris; 1977)

Dartx Base
Question
Answering
System.
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TABLE Hf. Naturai Language Understanding Systerns.

Approsch

* Uses an ATN syn(acnc parser
(with _backtracking) followed
by semantic analyexs to pro-

duce a formal query language
representation of thie
ifiput sentence.

. Hrmdles a large vocabulary
by building an inverted file
of data element names indicating

the data domains in which each

hame occurs. In addition, the
inverted file contains

words and phrases that are

interpreted as data element

names.

A dictionary pficpmmon

English words is also
included.

* If two "?SE'I[",BS of the
inquiry appear likely, and
only oiic returns hits; that

one is interpreted (6 be the
appropriate one.

Capabilities

INTELLECT is ‘one of the
first N.L. Data Base Query

systems to be aviilable
commercially.

Cin handié idioms.

via special mechanisms.
Can adapt INTELLECT 1o
a ncw data basq in
approximately one week:
Can handle some proiioiins
and ellipses.

Limltations
- A Lo o
* Does not consider context
excepl to disambiguate
pronouns and ellipses.



TABLE Ilg. Natiiral Language Understanding Systems.
Sy steni/ Use Appreach  Capabilities Limitations
versation is limited stricily io
guestions about a small domnain.

LADDER o Application of LIFER parser.  » Can correct spelling.
¢l.anguage ' )

O
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Auvess 10
Distributed

“Data with

Error
Recovery).

SR1

(Hendrix et al.;

1978).

Natural
Duta Base
Query.

Uses patterns or templates
to interpret sentences.
Associates a function with
each pattern.

Uses a Semantic {pragmatic)

tions to imp
knowledge about language and
the world: The grammar
contains much information
abou! the particular data

base being queried.

Type A System.

Can handle ellipsis.

Can inlerpret pronouns.

Can deal with large
and complex daia

—100 ficlds in 14 files
—records of 40,000 ships:
Can answer certain
questions based upon

its own N.L. proc-
essing system:

Can be 1aaght synonyms:
Can be taught new
synlactic constructions.
Can accept a defined
input sentence as cquiv-
alent to a whole set

of questions.

—causality
—possibility

Closed-world viewpoint

Acts as if it was dcaling with

a world

—containing a fixed number of
objects and relationships
between them .

—with objects and relationships
being immutable.



Rasieni/Use

SAM (Script
Analyzer
Mechamany

Yile

(Shaiik et al.,

1975).

Undeistands
CVCILs tising
‘prototype
dcsmpuuns
of them.
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TABLE 1th. Natural L

Approach

. h.nmlul"c ol prototypical
cvents is encoded in fiinies
villed scripts,

. Uiiliiéi a iidiii:ii'ii ui{iiéﬁi}'y

prondcd i)y _the seript) is

sclected. (Thus scripts are
a tonvenient means for inter-

preting .words with nialtiple

scnses).

Understands storics by fitting
them 10 a seript i 4 thiee part
process:

1. Parser generates a coneeptiil
i!'cii'chd'cii()” (CD) representa-

2. A script applicr (A}’Pl:Y)

glvcs it a set of verb-s scnscs to

usc once a script is identificd:
Thien it checks to sce if the
CD sentence rcprc:emauon
matclies the current script or
any other script in the data
base. If this matching is
suceessfol; APPLY makes a

sct of prcdlcuons about

steps in the current scrlpl

that were left ott in the story,’

are filled in.
3LA nieniory module takes re-

sultant references to people;
placcs things, ctc. and

fills in information aboat
them;

~

* Type B Systerii;

anguage Understanding Systems.

Capaliilitics

Can produce a suiiina: v
of the story fin

several differenit
languages) o1 answer
questions about it.

Eqp producc para-
phrases of the story
and make intelligent
inferences froii it.
Can infer mlssmg

information by using
the script.

Limitations

* Knowledge is pnm.mly dbisiii every-
day woild, rather than about natural
hnguabc.

()nlv a smglc ObJCLI can serve the

role of a player or a prop:

a
w
o
2.
?.
o
-
9.
=
Q.
2 F |
o

5
g
2
w
[x]
‘3
=]
[x]
3
(2]
i

can't dcal wx(h allcrnallvc
possibilities.

Difficult to determine whnch
scripts arc appropriate for a

given story:
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PAM

Yile
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Understands stories by deter-

inining the goals that areto _ .
be achieved in the story. PAM

" then attempts to match aclions

of the story with methods that
it knows will achieve goals:
Has a knowledge base of plans

and themes.

A plan is a set of actions

and subgoals for accomplishing
the main goal:

Tlieires are basic situations
encountered in life; such as
"Ib\?é "

Program starts by convertiiig
written text into CD repre-
sentation {(as in SAM).

Goals of an actor are

“determined in the following

ways.

“hotiiig them explicitly i story.

—using plans, establishitig them
as subgoals to a known goal.

" —inferring them from a theme

noted in the story.

Type B-C System.

of the characters.

éiijiﬁiméi Limitations

* A great deal of inference can be
required by PAM to establish the
goals and subgoals of the story
from the input text.

Can summarize a story.

Can answer guestions
about goals and actions

Can extend SAM to
stereotyped sitn-
ations.

of the story to be sure that the
needed stored plans and themes are
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TABLET [iT. (‘urrcnf Rcsoarc/z NEDS }54 enis.

l'urpose

l)c\ (-l(mcr

Coblinienls

Eviln
(Und-User Friendly
hiterface o Ditay

NLI to DBMS

System Dc\clopmcnl Corp
Sania Monica,
California

* Application Indepeiideni.

* Uses an lmarmedlatc Language as
the output of the NI analysis

system. Then iranslate: from ™~~~
this to the target DHI\‘S query

hnguage

ask
(A Simple Kiiowledgeable
System)

e

NLP v DBAP

ERIC

Aruitoxt provided by Eic:

NLI Tor users creating
own data base

CA lnsl o[ Technology

Pasadena;

California

limited 10 Classes, Objects, -

Uses 4 limited dialect of English:

. Devclops a Scmantic Net with nodes

Attributes and Relations; and the

appropriate corresponding arcs.

NELie d DB

Bell Labs
Murray THill,
New Jeisey

Consists of 1%o parts, a Natural

Language Processor (NEP) diid a
Data Base Application Program

{DBAP).

® The NLP is general purposc Ianguagc
processor which builds a formal

representation of the input.

The

DBAP'i is an algorithm which builds
a_query in an augmnieiited relational
algcbra from the output of the NLP;

very robust;

Syqlcm is poriable and said 10 be



O

ERIC

Aruitoxt provided by Eic:

‘System

TABLE Ill. Current Research NLP Systems. (continued)

Purpose

Developer

Comniments

IR-NLI o
(Interml Rc.prc:scnt.mon
-NLI)

NLI for an on-line
information retrieval
systen.

U. of Udine
Udine, ltaly

Uttltzes a base of expcrl knowledge

which concerns the evaluation of
the user’s requests the management

of the research interview; the selec-
tion of search strategy and the

scliedaling of the lower level modules:
UNDERSTANDING and DlALOGUE

REASONING and FORMALIZER.

The UNDERSTANDING and
DlALOGUE Module translates the user’s

representation. .

TEAM:
tTransportable English
Access Data Manager)

Transportable NL1

- SR1 Inter.

Menlo Park;
California

33

Has thiree major components:

An acquisition component

The DIALOGIC Language System
ijaia-Access Component.

Utilizes. the acqutsttton compgnent

with the DB management personncl)
the information required to adapt

the system to a particular DB.

Translates English query into a DB
query in two steps
— The PIALOGIC system conslructs
a logical represcntation of
thie qaery.
— The data‘access component trans-
lates the logic form imto a
formal DB query.



TABLE H11. Cuirrenit Research NLP Systéms.-{continiied)

Nystein Purpose Develuper

Coniiieiits

NOMAD

/\l l’mjccl

U. of Califoriia
Irvine,
California

Text Und&slandlnrz

c\pcq.lallons to understand uncducd
naval ship-to-shiore messages.

Utilizes a la;gc data base of domain
specific knowlcdgc

Oulpuls a corrected well- Formcd Enghﬂl—/
lranslauon of the message. o
Ullllzes knowledge O)ynlax scmamié's';
and pragn tics at-all stages of the

understanding process o cope v.xlh
erroLss
-~

{Satom;
of Descriptive Tuts)

U, of Strathelyde e
Glasgow, Scotland

Text UndersEndiig

lllbl"'l'la‘LS d lomain dependernt
bierarchical frame-like siractures
{(written in PROLO(:) by identifying
key words and using a domain
dictionary.

/l.

-

U. of Manchester

Mactiiite Translation
' England

/\mlyzc urce Lext 'md translates
it inte an intermediate (Inter!
language. Then synthesizes target

language text froni this;

Allows o ly a conlmllcd vomhulary
and a ref od syntax; with the
aim of mi("roprocc or-based MT.

Kyoto U. : .

{Inglish-Japanese MT) Maching Translatio
o Japan

O
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Aruitoxt provided by Eic:

Uses Monhg,uc Grammar to generats
an mlermcdidu. representation of

ic relations in

ional logical form: (:omcrls

tlic logical rorm to a LOnchllldl

. phrag stiucture foriii a<mu.jled
-with J

apinesec.
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/// — TABLE [I11. Current Research NLP S ystems. (commued) \\
System Purpose Developer Comments e
LRC MT Machine Translation U. of Texas for Siemens - * Employs a phrase-structure (PS)

Munich, W. Germany grammar augmented by lexical controls.

- : ) the source language (Germa
nearly 10,000 lexical entries iy
each of two Ianguagcs (Ger
the target language—English);

Utilizes over 400 PS riiles ¢ Q‘i‘:ﬁﬁﬁ@
and

n and

Uses an all-paths, bottom-up parser

Uses special procedures to cope with
ungrammatical inipiit.

(Nol Named NLP NLI to an inferencing Hg@lbj@ifﬂi:kﬁi'd . SYéi’cﬁiéiijijiljiﬁijij'[iiﬁi:jiicjijs; are:
System) 7 KB ) : Palo Alto, - — A Geueralized Phrase Slruclure .
’ ) California Grammar =~ -

- - _ ’ — A lop-down parfscx/‘”

— A logic transducer that oulpuis

- a first-order logical rcpresémauon
- . — A ‘“‘disambiguator” that uses sortal
’ ‘informalion to convert Iogical

KLAUS isition of a  SRI International e Uses SRI's DIALOGIC NLP Syslcm
ikiiﬁ@iéijgé Lééihiﬁé and modei of a domain of __ Menlo Park; California to translate English sentences into logical
""" ) iiterest by being mslructed in representations of lhelr Illeral mieaning in
English. s : the context of the utterance.

* KLAUS is a DARPA-sponsored long-term
research project to develop techniques for

W
ot

facilitating the acqaisition of knowledge by
computer.

ERIC
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TABLE I Current Rescarch NLP Systeiiis. feontinued)

Purpose

U of Pennsylvania . e Schemas which cncmlc aspecis of
Phila;; discourse structure; are ased (o guide ilic

Pennsylvania discoiirse process.

TEXT . Text Generation

° A Focusmg n)cchannm monitors the

use of the schemas; providing
constraints on what can be said

al any point.

* On the basis of thc mpul qucsllon

semantic processes produce a relevatit
knowlcdgc pool. A partially ordered
set of rhetorical 1 lcchmquc: are
selected as appropriaie for the pool.
A 1nessage is generated by maiching
propositions in the pool to the

associated rhc(oncal (echmqucs.

e Utilizes an nugmcn(cd phmcr structure

MSTLE Text Understanding . 1BM C.S. Depi.
and Texi Generation Yorktown His:; gramniar.
i New York

of a set of 300 syntax rulc<

. /(mblgu:ly is rcsolx(cd by using ¢

inctric that ranks alternative parses.

* A “fitted-parse”” technique is uscd
1o produce reasonable approximate

parsces (o upgrammatical inputs.

-7 ; * Uses an on-line dictionary vulh aboiit
130,000 entrics.

ERIC
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TABLE 111. Current Research NLP Systems.

System Purpose

Deveioper

{concluded)

Comments

TOPIC Automatic Text

Condensation

U. of Constance

Infor: Sci: ﬁcp!;
West Germany

* Uses frame-oriented knowlcdge
representation models.

Utilizes “initeraciing word experis”

approach [0 aid in textual parsing:

KANDP- NL Ceneration

SRI International _

* Plans NL utterances; Siériing with a high-
level description of the speaker’s goals.

* The heuristic plan generation process is by
.a NOAH -like hierarchical planiier, and
verified by a first order logic theorem
prover. )

* The planner uses knowledge about the dif-

ferent subgoals to be achieved and
. linguistic rules about English to produce

utterances that satisfy muttiple goals:

O
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Syatern

INTELLTOT
{(Deriviiting
of ROBOT)

TABLE 1V, Somie Comniercial Natural Langriaze Systems.

Orgitiration

Purpose

Comments

AtV Intelligence Corp.

Walthant; Massacliusetis

NLI for Dwa Base
Retrieval.

{Other extensions

Several hundred Sysieinis sokd.

Takes about 2 weeks (o iniplenrent
for a new data base.

$SOK teim
{:tlso distrib- uniderway).

ated as ON: . ¢ Written in PL-1.

LINE ENGLISH aiid {Culliane)

GRS Execiitive) (Informition Scicnces) * Available for mainframes:

PEARL
(Rased on SAM
and PAND
g

(Denvative
of LITER)
660, systcin

Cogiitive Sysicms
New Haven;
Canitiecticat

Custom NEI's:.

The first sysicii —

Esplorer—is an ineface
(O an existing tiap zon-
crating syetem. Orhers
are dniteifaces io daia
bases.

'Y

Large start-up cost in biiildiig
thc Kiinwledpe Base.

B

Highly portable Nt
for DBMS for micio-
compters:

Witlten in-PASCAJ . ijk‘si}‘liifi’ o
be very coiipiict aind ellicient.
Available about Nov: 1983

User customized.

SAVVY
39S07 sy stetii
O

RIC
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SAVVY NMketing
Intcrnational
Sunnyvale,
Califorian

System Itei Face
for micro-computers.

38

Not linguistic. User .‘id;'imir\;i.jj}w.{i
fit) pitiein matching (o strings of
characters.

Released 3/82:

User customized:
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System
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TABLE IV. Some Commercial Natural Language Systems. fcontinued)’

Comments

Weidner Systeiii

$16K /language
direction

weidner Communications  Semi-Automalic
Corp. _. Natural Language
Translation.

i:in'gﬂisiic appraach: Written in
FORTRAN 1V.

Translation with_human editing is
approximately 1000 words/hr (up to

eight times as fast as human alone).

Approx. 20 sold by end of 1982; mainly
i large mulii-national corporations.

ALPS

ALPS ’ Interactive Natural
Ptovo, Utah

Language Translation:

Linguistic Approach.

Uses a dictionary that provides the
various translations for technical

words as a display to human translator,
who then selecis among the displayed

words.

NLI to Relational
Data Bases.

Texas Instrumients, Inc:
Dallas, Texas

Menu Driven NL Query. System:

All queries constructed from menu

fall within linguistic and con¢eptual
coverage of the system. Therefore,

all querics entered are successful.
Grammars used are semantic grammars
wriltei inn @ contexi-free grammar
formalism.

Producing an interface to any arbitrary
set of relations is automated and
only reqnires a 15-30 minate interaction
with scmeone knowledgeable about the
relations in question.

System will be available late in 1983 as a
software package for a microcompulter.
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K. Staié of the Art

it 1s now fLHSlblC 1o use computers to dcdl \’th natural language lnpul in hlghlv restricted con-
rexts. Ho“e»er, 1n[eract1ng wnh people ifi i tacile munner is still far off requiring understanding

of where pcople are commg from—their ’womrdge goals and moods:

In today’s compuung env1ronmenl the only systems that perform robustly and cfﬁcnently are
T\ pe A sxstems—[hose that do not use EYDlluL \xoxld models but depend on key word or pattern
m:mhlnrz and/or semantic grammars. In dctial worl\mg systems both undcrstandmg and text
generation; ATN-like grammars can be considered the state of the art:

L Problcms and Issues

lanv of the issues in nztural language understandng center around the way pec,:le use

lduguaac Given °peech acts can serve masny purposes; dependmg on the goals, intentions and
Strategies of the speaker Thus methods for determlmnfz the undcrlymg motivation of a speech

act Is a major issue. Another j issue js understa ndmg how humans process language—both in fori-

ing oulput and in mterpreung input.
It also appears that knowledge-based inference is essential to natural lanzuage unders 'ndlng,
as laneuaee jUS[ provides abbrev1ated cues that must be ﬂesncd out using models and expectanons

resxdcr in the recewer Flnally, We do nol even have a good handle on what it means to under-

2. Linguistics

A major lssuc in NLP is how io resolve amblgumes in word meanmgs 1o determlne the1r ap-

propriate sense in the current context A complementary problem is dealmg with novel language

such as metaphors, 1dloms similes and analogies:; :

yatactic ambiguity is a common sourcc of trotible in natural language processmg Where to
attach modifyving clauses is oné prob!sm. However even handllng adverbial modifiers has proved

dzf’"lcull
Another major issue is pragmatlcs—thc study of language in context. Arden (1980, p: 474)

nOt"S'

\mn. of hc issues discussed under frame systesis are pertinent to pragmatic issaes: Tha prototypes stored ir a

R LLL d to_the conver-

sational situation. In a travej- plannmg System, then, a user responds to the questjon, * Wha} time do you want

to leave?"" with the answer: ‘‘l haveto bec at a neeting. by 11.” Ini planning an appropriate ']xght the system .

makes assuniptions about the relevance of the answeér to the question; .

- frame system can include both the prototypes for the domain being discussed and those re

ThlS aspeci of language is one that ls;ust bcg}nnmg 1o be dealt with in current systerms, Although most large .

systems in the past had specialized ways of d=aling with a subse of przgmatic problems; there is as yet no
theoretical approach. As people iook 15 interaviive svstems for teaching and explanation, however, it seems

likely that this will be the major focus of research in the 1980 5.

3. Conversation
In the area of everyda} c0nversat|on thc real world is extensive, complex, largely uanown
and uanowable This is quite differen: from the closed world of many of the research NLP

systems:

31 40



o~ Though all.natural-language processing systems contain some sort of parser; the practical

Q
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**A major problem for NLP systems i3 following the dialogue context and being able to ascer-
tain the references of noun phrases by taking context into account.”” (Hendrix and Sacerdoti;
1981, p. 330) o o :

Another major problem is understanding the motivation of the participants in the discourse in
order to penetrate their rémarks. As conversational natural-language cominunication between if-
dividuals is depenident on what the participants know about each other’s knowledge; beliefs,
plafis, and goals; methods for developing and incorporating this knowledge into a computer are
m.jor issues.

4. Processor Design 7

“‘While many specific problems are linguistic; . . . many important problems are actually
general Al problems of representation and process organization.” (Arden; 1980, p. 409)

A major issue in the design of a NLP system is choosing the tradeoffs be:ween capability; effi-
cieficy and simplicity: Adso at issue are-the language constructs to be handled; generality; process-
ing time and costs. The choice of the overall architecture of the system and the grammar to be
used is a major design decision for which there are as yet no general criteria,

design of applications of grammar to NLP has proved difficuit: The désign of thepaiserin-both-
theory and implementation is a complex problem. Also at isstie is the top-down (ATN-like) ap-
proach to parsing versus bottom-up and combined approaches: In addition; how best to utilize
knowledge sources (phonemic, lexical; syntactic, semantic, etc.) in designing a parser and a

system architecture remains a major issue. o : _ .

A problem with the ATN parser approach; with its heavy dependence on syntax, is how can it
be adapted to handle ungrammatical inputs. Though considerable progress has been made, there
is as yet no clear solution. INTELLECT (a commercial ATN-based system) handles ungram-
matical constructions by relaxing Syntactic constraints. IBM’s Epistle System (Jensen and
Heidorn, 1983) uses a fitting procedure to ungrammatical inputs to produce a reasonable approx-
imate parse. Seniartic grammars and expectation-driven systems have an advantage in overcom-
ing ungrammatical inputs: i , 7

Another major issue is: Is it appropriate to keep the semantic analysis separate from the syntac-
tic analysis, or should the two work interactively? (see Charniak; 1981)

Also, is it fiecessary in NL translating or-understanding to utilize an intermediate representa-
tion; or can the final interpretation be gotten at more directly? If an intermediate representation
is to be used, which one is best? What is the appropriate role of primitive concepts (such as found
in case systems of conceptual dependency) in natural language processing? -
How can we make restricted natural language more palatable to humans? A mijor problem is
the negative expeciations created in the mind of a naive user; when a system doesn’: understand
ar input sentence: Naive users have difficulty distinguishing between the limitations in a Svitem’s
conceptual cverage cnd the system’s Linguistic coverage. A related probler is the systzm return-
ing a nuli yri>'ver: This may mislead the usev as an answer may be null for many reasons. Another
problem is insur’ig a sufficiently rapid response to user inputs.
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Sonie of thei 1mportant problems and issues have to do with knowleoge representation:
~\\ hrch Rnowledge representatton 1s appropr-ate for a gtven problert"

represented?
—How should items in memory be tnde\cd and accessed?
—HoW should context be represented?
—How should memory be updated”
——Ho“ to deal with mconsnstencres”
—How can we make the representattons more precrse"
——How can we make the system learn from experience so as to build up the necessary iarge

——Ho“ can we butld useful mternal repreSentations that correspond to 3D models from infor-
mation provided by natural language?

l\LP usually tal\es the sentence as the basic umt to be analyzed Asslgnmg purpose and mean-
mg to lar ger. uits has proved difficult. The NRL Conceptual I:mgunsucs Workshop (1981) con-
cludedthat “Concept extractron was the most difficult task examirned at the workshop. Success

depends on the adequacy of the situation-context representation and the development of more

- scphisticated models of language use:”’ .

iy

NLP has always pushed the litnits of computer capability., Thus a current problem is desrgnmg

specxal computer architectures and processors for NLP.

. Dara Base Ih'rérfdcés
Hendrt\ and Sacerdoti (1981, pp 318, 350) pomt out:iwo problems pamcularly assocxated with
data base interfaces:

. Thc need to understand context throws considerable doubt i thé rdca of bulldlng natural languagc in-

terfaces 1o systems with knowledge bases independent of the language processing system itself:

(23, One of the pracucal problcms currcntly limiting the use of NLP systcms for accessing data bases is the

lack of trained people and good support tools for creating the knowledge strictiires needed for each new data
base:
6. Text Uhdéi&idfzﬁi@

Text understanding systeris havé encountered problems in achrwmg practrcalrty, both i ifl termis
of extending the knowledge of the language and in provrdmg a sufficiently broad base of world

l\nowlcdge The NRL Conceptual Linguistics Workshop (1981) concluded that “Gurrent systems

for extracting information from mrlttary messages use the key word and key phrase methods
which are incapable of providing adequate semantic representation. In the immediate future;
more general methods for ¢ concept extraction probably wxll work well’ only in well defined sub-,

fields that are carefully selected and pamstakmgly modcled »

[ Y
pY
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SRI dnd the National Ltbrary of Medtcme have text understandmg systems in the research
stage: SRI handcodes logic formulas that describe the content of a paragraph. Queries are

‘matched agatnst these paragraph descrtpttons

M. Rescarch Required -
Current research in natural language processing systems includes machine translation; informa-

uon retrteval and 1nteracttve tnterfaces to computer systems Important supportmg research

modeltng, reasontng and knowledge representatton
- Much of the research requnred (as well as the research now underway) is centered around ad-

dressmg the problems and issues dtscussed in the following areas:

I. How Peopie Use tunguage -
The psychological mechanisms underlying human language production is a fertile field for in-
vesttgatton Efforts are needed to build explicit computattonal models to help explatn why human

languages are the way they are and the role they play in human perception:

"

Further research is needed on methods for resolvtng ambiguities in language and for the uttlrza-
tion of context in language understanding:

3. Conversarton S

is actually sard but the underlyxng intention as well
Research is now underway by many groups on expltcrtly mOdelng goals, intentions and plan-
mng abtlmes of people Investigation of script and frame- “based systems is currently the most ac-

tive NLP Al research area.

4. Processor Design -

Architectures; grammars, parsmg techmques and tnternal representations needed for NLP

systeins remain tmportant research areas:
One parttcularly fertile area is how to best Ll[lllZe sernantics to gurde the path of the svntacttc
parser. Charniak (1981, p 1085) mdtcates that a relativety unexplored area requrrmg research is

the tnteractton between the processes of language comprehensron and the form of semantic
representanon used

pragrr'anc and contextual) to bear on understandmg a natural language utterance, bur stu ' 'eepi
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tification, xmphcauon causahty and possrbrhty Also needed are better methods for handimg

e
/

v

open worlds,"”. where all things needed to understand the .world are/n/t in the system 3

: knowledae base. p N

Further research is also necessary to axd with a common source of/trouble in NLP, that is, deal-
ing with syntactic and semantic ambrgumes and how to -handlé¢ metaphors and idioms.

Finally, the problcms of efﬁcxency, speed; portabrhty,,e( discussed in the previous chapter,
all are in need of better solutions. . :

. /

5. Dara Base Interfaces ;

A current research topic is how ¢ (zlata base schemas best be ‘enriched to support a natural
languagc mterface, and what would’ the best logrcal structure for a particular data base.

Research is 4lso needed ere efficient methods for comprhng a vocabulary for a particular
application. :

6. Texz Understa mg

Seekmg genéral methods of ¢ concept extraction remains as one of the major research areas in

" text undg rétanding:

< Principal U.S. Participants in NLP
1: Research and Development* -
Non-Profit '

SRI

MITRE
Universities

Yale U. — Dept of Computer Science

- U of CA Berkeley — Computer Scienice Div., Dept of EECS

Carnegre Mellon U. — Dept of Computer Science:
U of Iilmors Urbana — Coordlnated Scierice Lab.
Browi U — Dept of Computer Science

Stanford U. — €omputer Sc1ence Dcpt

U of Rochester — Computer Sc1ence Dept
SUNY Stoneybrook — Dept of Compnter Sclence
U. of C4; Irvine — Computer Science Dept

e ———— T

“A review of caifent research i in MLP is gtven in haplan (1982).
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U ul PA —= Dept of Computer and Infor Scrence

USC — Infor. Science Institiite.

MIT — Al Lab.

NYU — Computer Science Dept and ngursuc String Project : :
U. of Texas at Austin — Dept of Computer Sc1ence o

Cal. Inst. of Tech. - )

Brigham Young U. — ngurstlcs Dept
Duke U — Dept of Computer Science

Oregon State U. — Dept of Gomputer Scrence

Industrial

TRW Defense Systems ‘

IBM, Yorktown Heights, N.Y. :

Biirri:iiighs

Sperry Univac

Systems Development Corp; Santa Momca : : T '
Hewlett Packard S
Martin Marietta, DeriVer

Texas Instruments; Dallas

Xerox PARC

Bell Labs

GM Research Eabs; Warren Mi
Honeywell

2. Principal U.S. Government Agencies Funding NLP Research
ONR (Office of Naval Research)
NSF (Nanonal Scrence Foundauon) )
DARPA (Defense Advanced Research Pr0jects Agency)

'Symantec Sunnyvaie CA

‘Texas Instruimerits, Dallas T‘{ : /
Weidner Communications, Inc.; Provo, Utah 7 :
SAVVY Marketing Inter., San Mateo, CA. -~ _
ALPS, Provo, UT. - // e
. 7 // N V/V/,/// .
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4. Non-US. ) . ' T

l\' 010 U .l.,pan
SIETT‘E'I~ Corp Germany
U of Strathcl\de Scotland
Gent .'\atlonal de 1a Recherche Scic entifique; Paris
FASE di udme, Italy
" U of Cambridge, Engiand
l’mnps Res. Labs, The Netherlands

O. Forecast :
Commercial natural laneuage i'n't'erfaces (NLI s) to computer programs and data base manage-

ment Systems are now becommg avatlable The imminent advent of NLI’s for 1 MICro-Computers is
~the precnrsor for eventuall) makmg it possible Tor vrrtually anyone -to have direct access to

powerful computattonat systems:
As the cost of compUtmg has/eontxnued to fall but | the cost, o’ programmmg hasn’ t, it has

already become cheaper some applications to create NLI SVStems (that utilize subsets of
l:n«zltsn) than to tram people in formal proorammmg languages ‘
Computauonal lmgmsts and workers in related fields are devotmg consnderable attention to the

rough progress has been made, and feasxbtltty has been demonstrated more than a decade will

be reqtnred before useful systeriis with these capabilities will become avallable

Orie of the problems in 1mplementmg new mstallatlons of NLP svstems is gathermg informa- -

tion about the appheable vocabiilary and ihe loglcal structure of the associated data bases Worl\
is fiow underway to develop tools to help automate thts tasl\ Such tools should be available

within 5 vears:
For text understandmg, cxperrmental programs hth. been developed that “stm” styhzed text

Such as short disaster storles in newspapers (DeJong, 198") Despite the pract1cal problems of suf-
fxctent world knowledge and the extension of language knowledge requtred _practical tools emerg-
ing from these efforts should be available to provide assistarnce to humans domg text understand-

ing mthm 'hrs decade.

- The NRL Computattonal l:mgmstlc Worltshop (1981) concluded that text generatton tech-

vears. S o
The NRL Workshc ~Iso indicated that:

Machine aids for human translators appear to have a brighter prospect for immediate apphcatron than fully’ -

automatic translation; however; the Canadian French- Engfltsnygath;rl;ullcun project is a fully.automatic
systemn in which only 20% of the translated sentences

20% of th ¢ minor rewording before public reledse. An am-
bitious common market projecr lnvolvmg machine translation among six European langauges is scheduled to

begin shortly. Sixty peonle will be lnvolved in that undertaking which will be-orie of the largest projects under-
taken in computationa! hng

/
cs.* The _panel was divided in it forecast on the five year perspective of
machine translation but the majoritv were very opu'msuc‘ e

—

- -

‘&L ROTA —A machmc transiation project sponsmed by the European Common Market—8 countries, over 15 univer-

sities, 524 M over several years. it
- _7/
,»,//
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proble sof NLP systeris that understand the goals and beliefs of the mdlvtdual commumcators.?"" :




demonstrated ln addltion the recently initiated Japanese Flfth Generation Computer effort haS_
) computer -based nataral langua understandlng as one of its major goals B
In summary, natural language 1nter£aces usxng a limited subset of Engllsh ire now becoming
available. Hundreds of specialized systems are already in operation: Major efforts in text
understandmg and machine translation are- underway, and useful {though hmxted) systeiiis will be
available within the next five years. SVstems that are heavrly knowledge-based and handle more
complete sets of Engllsh should be available thhm this decade. However, systems that can handle

unrestnctcd natural dlSCOLl['Se and understand the motwatlon of the communicators remain a dis-

As natural language 1nterfaces coupled to 1ntelhgent computer programs become w1despread
major changes in our socxety are likely to result. There is a trend now to- rcplace relatwely un-
sl’qlled whlte collar and factory work wrth trmned computer personnel operatmg computer-based

ing systcms and automanc text generatton from speech) relatrvely unskilled personnel will be able

to control complex machines, operations, and computer programs As this occurs even relatwely )
) kllled factory and white collar work may be taken « over by these lesser skxlled per sonnel with their
computer aids—the experts and computer personnel movmg on to develop new programs and ap-
phcatlons
The outcome of suich a revolution cannot be. fully predrcted at this time; other than to suggest
that much of the power of the computer age will become available to everyone, requiring a
rethlnkxng of our national goals and life styles

l5 N i-‘uriher Sources of information

] Amerzcan Joumai of Computatzonal nguzstzcs—pubhshed by the major society in NLP;
the Association for Computat.onal angmstlcs (ACL):
SIGART Newsletter—ACM (Assocxatlon for Computmg Machinery).
. Aruj‘ cial Inteilzgence -
€ogmt1ve Sczence—Cogmtwe Scierice Socxety
Al Magazine—American Association for Al (AAAI)
Pattern Analysis and Machine Tnteiixgence—-IEEE : o

International Journal of Man Machine Interactions

o

2. Conferences
. Computatlonal Linguistics (COLING)——held biannually: Next one is in July 1984 at Stan-

ford Unxversrty
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AAAL annual conferences: : ' R ]
ACM ccmferences ’

IEEE Systems; Man & Cyberneucs Annul Confererices. o o
Conference on Applied Natiiral Language Processing: Sponsored jointly by ACL &
NRL-=F ¢b. 1983 in Santa Monica; CA ' -

3. Recent Bool\s
e W 'nograd T., Language as a Cogmme Process Vol I, Syntax; Readmg, Mass: Addxson

Wesley, 1983, :

Lehnert, W:.G: and Ringle, M.H. (eds.), Strategies for Natural tanguage Processing,
Hxl!s:!ale N.J. Lawrence Erlbaum; 1982;

Sager, N , Natural Language Informanon Processmg, Reading, Mass: Addison- Wesley,
1961 :

Tcnnam H Naturai tanguage Processmg, New YOrR Petrocelh 198i

.e‘

Joshx A K ; Weber, B:L: and Sag, 1.A. (eds), Elements ofstcourse Understandmg, Gam- T
brmze Cambrldge Umversxty Press 1981. -

¢ L. Bolc ted.); Natural Language Com'numcauon with Co mﬁulers, Berlm Sp/r}nger Verlag,
198; ' /

s I.. Bolc (ed ); Data Base Questzon Answermg Systems Berlm Sprmger Verlag, 1982,

¢ Schank; R C and Rlesbeck C.K., Inside Compu/eVUnderstahdmg Hillsdale, N.J.:

Law rence Erlbaum; 1981. /

e

-

4. Overviews and Surveys e o
* Barr;, A and Fewenbaum,/E/A Chapter IV “Understandmg Natural tanguage ” The
Handbook of At;uﬁcml Intelhgence Vol 1. Ltos Altos CA: W. Kaufman'n' 1981 pp

223-322. .~
-
e S:1. ,Kapldn “Spec;al becuon—Natural Language;”’ SIGART Newsielter No. 79 Jan,
.,_.:,/rﬁsv pp 27-109. _,.//

e L harmak E. “SJx Topxcs in Search of A Parser An Overvxew of AI Language Research ”

IJCAI-8I, pp/l/ 079-1087.
- e \\/ ai[z D L ““The State of the Arl in Natural Language Understandmg," ln Slrareglesfor

. Sld/ um “A Pracucal Companson of Parsmg Strategles for Machme Translanon and; "

.
:IJ
0o

=X

D..
=

X

0
Q
w

(=2

[a B
w
0

ol

o

-

Q.
9

2
m
U
Z
L4
c
Bl
E’_
e..
B
(=1
hiich
c
o
!
o
ol
-
o}
o
ol
wn!
<N
=2
9
-
=3
al
=
o)
a
51
U
o
-
el
hel
[<§
v




REFERE&'CES ] __5_,.,_;:»»5""'

s Arden; B.W. {ed); What Can Be Automarezz’” (€OSERS), Gambrldge Mass: MIT Press;

_’,..

book ofAmfrczai Imeﬂ’gence, Los Altos CA w. Kaufman 198] pp 223-321.
. Barrew,ﬂ"(: *‘Artificial Intelligence: State of the Art;”” Technical Note 198; Menlo Park;
_CA: ~SR1 International, Oct. 1979. : :

e Brovun J.S. and Biurton, R.R.; “Multiple Representations of Knowledge for Tutorial
Reasoning:”” In Represenzanon of Learning, D G. Bobrow and A Collins (Eds.), New York:
Acadernic Press, 1975. '

* Burton, R.R:; ‘‘Semantic Grammgr{’{ﬁ Engmeermg Technique for Constructmg Natural -
Lanszuasze Understandmg Systems ” BBN Report 3453, BBN, Cambridge; Dec. 1976.
e Charniak; E:; ““Six"To oprcs in Search of a Parser: An Overview of Al Language Research,”’

UCAI 81 pp 1079 1087 / ’ P

. De.long, G,; “An Overview of the FRUMP Syszem ” In Srraregzes JSfor Natural tapgxzage

Processmg, W.G. Lehnerr and M.H. Rin’gle/(eds) Hlllsdale N J.: Lawrence Erlbaum 1982, pp
149 176 - .

p.C:: Georgetown U Press, 1971 pp: 35- 56
* Finin, T. W, , ““Thé Semantic lnterpretatron ofCompo"nd Nominals;”’ Ph D. Thesrs U. of
IL; Urbana, 1980 ) 4 -~ : , -
e Gawron, J.M. et al.. “Processmg Enghsh with a Generahzed Phrase Structure Grammar A

Proc of the 201/1 Meerzng ofAGt U of Toronto Canada 16-18 June 1982 pp 7 ,

- . Gevarler W B An Overwew of Co'hi]bu'té'r stzor' N

1983

¢ Hendrix, G. G. ant oaeerdotl,.E D
tive;’ Byff/cpc 1981; pp: 304-352: 4 »
‘ endfix, G.G., Sacerdoti, E.D., Sagalowrcz D., and Sloeiim Js “DevelopmgaNamral
_ -’.'Luage Interface to Complex Data;”’ ACM Trzznsacnons on:- Dznabase Systems, Vol. 3, No. 2,
June 1978.

““Natural- Language Processmg The Freld in Perspec~

f Preceding page blank




e Jensen, K. and Heidorn, G.E., “The Fiited Parse: 100% Parsing Capability in a Syntactic

- Granmar of Enghsh * Conf on App!zea' NEP; Santa Monica; CA; Feb 1983 pp: 937 -98.

- , Kap’lan S.J., (Ed ), “Specral Section—Natural Language, " SIGARTNEWSLETTER #79
Jan 1982 pp 27 109 =

Pittsburgh; 1982
. McDonald D.B., “Natural Larrg’ua’ge Production as 4 Process of Decision- Maklng Under
Constraints;"’ Ph.D. Thesis; M.L.T; Cambrrdge 1980:

. Nrshrda T and Doshita, S.ﬁ “An Apphcauon of Montague Grammar to Enghsh Japanese )
Machine Translation,’’ Proc. of Conf. on Applied NLP, Santa Nionica; Feb: 1983:

® Reiger; €. and Small S.; “Word Expert Parsmg," Proc. of the Sixth International Joint
'Conjerence on Aruf icial InteIIrgence 1979 pp. 723-728.

* Robinson; A.E;; et al:; “‘Interpreting Natural Language Utterances in Dialog about Tasks,’
A! Center TN 210, SRI Iiiter. .; Menlo Park, CA; 1980. - : -

. Schank R C. and Abelson R:P:, Scrzpts, Pilans, (.:oaz‘s and Una’erstandzng, Hillsdale, N.J.:

Dept of Cornp Scr Yale U., 1975.
. Slocum J “A Practrcal Comparrson of Parsmg Strategles for Machrne Translation and

° Waltz, B L “Natural Language Access to a Large Data Base,”’ In Advance Papers of the
International fomt Conference on Artrf cial Intelligence; Cambridge; Mass; MIT, 1975.

. Waltz, b.L.; “(fhe State of the Art m Natdral Language Understandrng," In, Strategres for
Naruaral Language P ocessmg W.G. Lehnert and M.H. ngle (eds), Hillsdale, N.J.: Lawrence
Erlbaum, 1982, pp\ -32;

s Webber; B.L. add Finin, T w.; “Tutonal on Natural Language Interfaces, Part 1—Basic
Theory and Pracuce AAAI 82 Conference, Pmsburgh PA, Aug. 17, 1982.

. erks Y ' “A Prd{érenual Pattern- Seekrng Semantics for Natural I:anguage Processrng,

e

. Wmograd T i:anguageasa Cognmve Proeas‘s, Vol I: Synzax Readrng, Mass Addrson-
Wesley, 1983.

® Woods, W.A; “Progress in Natural I:anguage Understandmg—-—An Apphcauon 1o Lunar
Geology,”’ In Proc. of the National Computer Conferences, Montvale, N.J.: AFIPS Press; 1973.

* Woods, W. A., ““Cascaded ATN Grammars,”’ Amer. 7. of Compmanonai ngmsncs, Vol
6No 1 1980 pp112 »

. “Apphed Computanonal Lrngurstrcs in Perspecnve * NRL Workshop at Stanford Unrver-
srty, 26 27 J une 1981 (Proceedrngs in American Jourral of C'omputanonal nguzsncs, Vol. 8

No. Aprrl -June 1982 pp 55-83. )

ar
<




O

ERIC

Aruitoxt provided by Eic:

 GLOSSARY

“naphora: The repetition of a word or phrase at the beginning successive statements, questions,
etc. '

€A I.: Computer-Aided Instriiction

Case: A semantically relevant syntacuc relauonshrp

Cuse mee* An ordered set of cases for each verb form: : .

Cuse Gramiar: A form of Transformationai Grammar i which the deep structure is based on

cases: :
C‘ump.uauonal ngursncs The study of processmg language with a computer

Comcptu :d Bependency (CD): An approach related to case frames; m whrch sentences are
translated ifito basic concepts expressed in a small set of semaritic primitives.
3B Data Base : -
B’VIS Data Base Management System
eep Structure: The underlymg formal canonical syntactrc structure; associated with a aentence
“that indicates the sense of the verbs and includes subjects and ob;ects that may be 1mphed
but are mrssmg from the orrgmal sertence. :
Dlscourse Conversatron or exchange of ideas: ' -
Domain: Subject area of the communrcatron
Frzzme* A data structure for grouping information on a whole srtuatron complex Ob_]CCl or series
of events. : .
Grammar A scheme for specrfymg the sentences allowed ina language mdrcatmg the syntactic

rules for combmrng words mto well formed phrases and clauses.

KB: Know.edge Base

Lexicon: A vocabulary or list of words relatrng to a partrcular subject or activity:
ng.usucs The <cieritific study of . language: ~ ¢ :

Morphology: The arrangement and mterrelatronshrp of morphemes 1n words.
Morpheme The smallest meaningful unit of a language whether a Word base or affix.

Network Representation: A data structure consisting of nodes and labeled connecting arcs.
M.’: Natural Language

. NLI: Natural Language Interface

NLP: l\atural Language Processrng

NLU: Natural Language Understandrng

Parse Tree: A tree-like data structure of a sentence, resultmg from syntactic analysis, that shows
the grammatrcal relatronshrps oLthe words m the sentence :

e n——
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grammars defmed by Cbomsky A relatively natural grammar it has been one of the most
useful in natural- language processmg :
Pragmatics: The study of the use of language in context:
Scrzpt A frame-like data structure for représenting stereotyped sequences of events to aid

understandmg sxmple storres

sy ntactrc constituents such as noun phrases; uses meaningful components approprxate to the
‘domain. :

Sémantzcs: The study of meaning:

Surface Srructure: A rarse tf;’é obtained by applying syntactic analysis to a sentence.

Synrax: The study of arranging words in phrases and sentences. .

Temp/ate A prototype model or structure that can be used for sentence mterpretatlon

Tense: A form of a verb that relates it to time.

Trans formanonal Grammar: A phrase structure grammar that mcorporates transformatlonal

rules to obtain the deep structure from the surface structure:



