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The learning theory was shaped to a great degree by experiments
that would have been exraordinarily tedious to perform without
the English interface with which the experimental data base was
prepared, revised, and revised again. Inasmuoh ! as current
work on the learning theory is moving toward a tenfold increase
in data-base size, the English interface is moving from a
facilitating role to an enabling one. The parsing and generation
theory has two particularly important features: (a) the same
grammar is used for-both parsing and generation; (b) the trans-
formations of the grammar are commutative. The language gener-
ation procedure converts a semantic network fragment into kernel
frames, chooses the set of transformations that should be performed
upon each frame, executes the specified transformations, combines
the altered kernels into a sentence, performs a pronominalization
process, and finally produces the appropriate English word string.
Parsing is essentially the reverse of generation. The first step
in the parsing process is splitting a given sentence into a set of
kernel clauses along with a description of how those clauses are
hierarchically related to each other. The clauses are used to
produce matrix and embedded kernel frames, which in turn supply
arguments to relation-creating functions. The evaluation of the
relation-creating functions results in the construction of the
semantic net fragments.
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PARSING AND GENERATING ENGLISH
USING COMMUTATIVE TRANSFORMATIONS
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ABSTRACT: This paper is about an implemented natural language interface, that translates from English
into semantic net reladis and from semantic net relations back into Englis h. T'he parser and companies
generator were implemented for two reasons: (a) to enable experimental work in support of a theory of
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Introduction 0
This paper presents an implemented natural language interface that translates fo m

English into semantic net relations and from semantic net relations back into English. At
present, the system enables. natural language interaction at the Massachusetts Intitu* of
Technology with Winston's learning system [Winston 1961] and at Stanford University with
Binford's ACRONYM vision system [Binford. 1982, Winston et aW. 1982.

To illustrate the parng-. ating Wbi-Wti of e itcelt usfi--th..............
following English sentence: "Othello did not want to kil Desdemona because he loved
her." The parser translates this sentence into the folowing somantic network fhgmnt

CAUSED-BY-I/e ) IDVE-1

iOTHELLO , .. . p DESDEMONA

FALSE

FIGURE 1: A semantic network frngmmt pr~du eW by t $YOeM a ffte * COMMntn "Othell OM
not want to kI Desd because he lbed her."

Conversely, thc l1 i o ? eu q on CAUjE-BY-i (use
Figure 1), produces the original etc.

1. Ths m k ftwsp e dotle mword luig woom Jo1nuIlhf Nmvv an hi bein sethAt

i gneral diedimd besaomminou o~umsdm se *. mmdc alo M qnto-4teEno* output prdm yW dMi F* a d& be fiuu
plitn d *nt on ew vd .of dien m t 7%m qudm w PA be
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PurMse

The parser and companion generator were implemented for two reasons:

o To enable experimental work in support of a theory of learning by analogy;

o To demonstrate the viability of a theory of parsing and generation built on
commutative transformations.

The learning theory is that of P. Winston [1980. 1981. The theory was shaped to a
great degree by experiments that would have been extraordinarily tedious to perform
without the English interface by means of which the experimental data base was prepared,
revised, and revised again. Inasmuch as current work on the learning theory is moving
toward a tenfold increase in data-base size, the English interface is moving from a
facilitating role to an enabling one. This marriage of work on learning with work on
language is an example of the following trend:

o As researchers in Artificial Intelligence progress beyond toy-world domains, it
becomes obvious that data bases prepared and accessed using English are necessary

( for research, not simply for research presentation.

The parsing and generation theory is that of B. Katz [1980. The parsing and

generation programs based on the theory have two particularly important features:

o The same grammar isudsed for both parsing and generation;

o In the generation process, the transformations of the grammar are commutative. ..

The paper is divided into two parts. First, we discuss how the language generation
procedure converts network fragments into English sentences, establish the vocabulary
relevant to the grammar, and give the necessary definitions. In the second part of the paper
we describe the parsing process.

Representation

A semantic net is the common internal representation used for all three inteacting
subsystems: the parser, the learning system, and the generator. Each relation in the net is
implemented as aframe, a slot in the frame, and a wzue in the slot. In such a utctuw the
frame position is occupied either by a noun or by an embedded relation; the stot i usually
filled by a verb or a prepoition; and the lmw can be filled by a noun, an adjective, or is
embedded relation. Nodes and relations in the net are created wing the flawt
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RELATION. Consider, tbr instance, the following use of RELATION:

(RELATION OTHELLO

WANT J
(RELATION OTHELLO KILL DESIPENONA))

Executing this expression causes the following list structures to be created:

(WANT-i (FRAME (OTHELLO)) (SLOT (WANT)) (VALUE (KILL-i)))

(KILL-i (FRAME (OTHELLO)) (SLOT (KILL)) (VALUE (EDEONA)))

In addition, a supplementary description node, a comment fiame. is attached to the
frame-slot-value combination and is used for identifction and amu-referencing of
relations:

(OTHELLO (KILL (DESOEMONA (KILL-I)))
(WANT (KILL-i (WANT-i))))

Generation Converts Network Fragments into Sentneu

A network fragment becomes an English sentence in several steps. Fist the
fragment is divided into elements, taking into account the depth of embedding and certain0
values of the nodes. We will refer to these elements askerne elements. Each of the kernel.

elements will ultimately be transformed into a mari or an embedded dause in the
resulting English sentence. In order to achieve ti god we move into the neut evel in the
each kernel element of the semantic network is turned bno a coirro1!'igkernelikum

A kernel frame is constructed from thun types of instantiaed tmplates
noun-template, verb-template, and adverb-teaplat. Ile constittuent strucure of dhe
templates is duow tidow:2

noun-templato (PT) * (pre~. doe adj4 mu

verb-template (VT) - (avxiaux2 aux3 verb)

adverb-templato*(AT) *(mod adverb)

2. Th M lsmm. "Ma" A"ld ae~im 4I* mit co"us mm &Mfd, ra*
Rie phfmu imnuss rub. H=. p* AK * mg. med amn snvd, Abv S hr pmpod*&
deteuiuer4dve Pudluy. miss~f m lbr1 14 1 btu.* a ft of Ol-v uw
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Katz & Winston - GenerationI C Each template is implemented as an ordered list of par. The first element of the
pair is the name of the constituent, the second is its value. All constituents are optional. If
any constituent is absent, its value in the template is nil. Given below are some sample
templates:

NT = ((prep nil) (det a) (adj (young lrtty)) (noun hdy)) "a young pretty lady"
NT = ((prep (from out o)) (det the) (adj nil) (noun dart.e.)) "from out of the darknem"
VT = ((auxi could) (aux2 have) (aux3 nil) (verb moticed)) "could have notioed"
AT = ((mod very) (adverb well)) "very well"

The following two operations on templates are allowed:

1.g jCoct jnaiQ : CONC (X1 X2) ---> Xl X2

2. Conjunction.* CONJ (XI X2) ---> X1 coJ X2

where X1 and X2 are two templates of the same type, and conj is a conjunction such as an4
or, etc. For instance, the noun-template representing the noun phrase "Othello and
Desdemona" involves an application of the conjunction operation:

NT a ((prep .nil) (dot nil) (adj nil) (noun Othello) (conj and)
C) (prep nil) (dot nil) (adj nil) (noun l)esdemna))

This template is also an example of a so called prepositionless noun-template, a
noun-template that does not bcgin with a preposition.

Notice that in our grammar the noun-templates are used for constructing both
noun phrases and prepositional phrases. The idea of having a prepositional constituent
within a noun-template is not as far-fetched as it may seem. In languages with nominal
case marking (like Russian), the case marking of noun phrases serves a semantic function
similar to that of prepositions in English. A noun-template in such a language would have
to incorporate a slot for recording the case of the noun phrase in order for its semantic role
to be determined. Therefore, case marked noun phrases in many languages are used a
counterparts of prepositional phrases in nglish. The decision to include the prepositional
constituent into a noun-template reflects this linguistic generalization.

Each prepouitionless noun-template in a sentence has a particular semantic role
associated with it: agen, g , or Mhom This semantic role indicates how the noun phrase
pati'cip in the cion denoted by the verb.

Agent is an entity tht causes the action to occur.
0 ~ Go it reciwet orte beneficiay of te action

Theme is a entity that undergoes achange of state or podto

--
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The instantiated templates are combined to form a kernelframe with the following general (-

structure:

NT1w NT*P VT N]" NT =, Nir"

Here NT"wM, NT ", and Ni4""" are noun-templates that play, respectively, the roles of
agent, goal, or theme in a sentence. N"" and Nl*w are noun-templates that will be
transformed later into the sentence initial and final prepositional phrases. In addition,
adverb-template constituents can appear in a number of places: in the beginning, in the
middle, or in the end of the kernel frame. 3 Most of the elements in the frame are optional.

For the network fragment anchored by IS-1 in Figure 1 (constructed from "Othello
did not want to kill Desdemona"), the division procem discovers two kernel elements.
WANT-I and KILL-1.

(WANT-i (FRAME (OTHELLO)) (SLOT (WANT)) (VALUE (KILL-I)))

(KILL-1 (FRAME (OTHELLO)) (SLOT (KILL)) (VALUE (DESDENONA)))

The instantiated templates that will make up the kernel frames in this case are
simple, since most of the possible slots ae unfilled:

NT = ((prep nil) (dot nil) (ad3 nil) (nioun Olbell))
NT - ((prep nil) (dot nil) (adj nl1) (noun D)esoow))
VT.- ((auxl nil) (aux2 nil) (aux3 nil) (verb wat))
VT - ((auxl nil) (aWu2 nil) (aux3 nil) (verb ki))

These templates are combNed to form two kernel fianes: a matrix kernel frame" (MKF)
and an embedded kernel frame (EKF). In order to:construct sentences wth embedded
clauses, it is necessary, that the matl frame indicat the position where an embedded
frame will be inserted. This position,. thejoitnkg point, ismwed byACh word it.

MKF - ((NTP" ((PREP nil) (OET nil) (ADs nil)' (NM Odb)))
(VT ((AUXI nil) (AUX2 nil) (AUX3 nil) (VER wm i)))
(I*Tfto ne ((PREP nil) (DET nil) (A6J nil) (NOUN It))))

EKF - ((NTNIe ((PREP nil) (DET nil) (ADJ nil) (NOUN OCkbui)))
(VT ((AUXi nil) (AUX2 nil) (AUX3 nil) (VERB hE)))
(NiTh e e ((PREP nil) (DET nil) (ADJ nil) (NOUN DeOWWnuum))))

Once kernel flaws we constru 1Wd, in .,m r td sto u .1*mu 1 .0 ~
in peration for the *pictlon of Toin s involva =wad= of the

3. IUeWmb-=460 *W be 1 d ink do Ta of mp
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(C noun-templates into word strings, separation of each auxiliary verb from its affix, and the
insertion of certain dummy slots that will be used by certain transformations.

The noun phrases of the transformation frame are derived from the
noun-templates of the kernel frame. Each noun phrase indicates one of three fixed
positions in the transformation frame: NP-position, NP 5-position, or NP2-position. Each
noun phrase is associated with one of the prepositionless noun-templates NI'w, NT1 d.
or NThh" in the kernel frame. We will assume that the noun phrases NP 1 NPL, and NP2

initially obtain their values from the templates NT'Vt ", NI"', and N111 , respectively. 4

If only two noun-templates NTn eat and NP here are present in the kernel frame the
corresponding transformation frame will have only two NP-positions: NP, and NPr5

A special procedure, affix stripping, is performed on the auxiliary elements of the
verb-template to separate each auxiliary verb from its associated affix. The affixes of the
auxiliaries Modal, HAVE, and BE are, respectively, 0. -en, and -Ing. The notation reflects
the fact that, in an English sentence, the auxiliary determines the form of the following
verb: an infinitive follows a modal, the past participle follows HAVE, and the progressive
form of the verb follows BE. If the sentence has no auxiliary verbs in it, the auxiliary do

(- (without an affix) is inserted as a value of the AUX1.

Several dummy elements are inserted into the transformation structure. These are
left unspecified until the appropriate transformation activates them and assigns the
necessary values. The elements NEGI and NEG2 that are used for the contracted and full
forms of English negatives are inserted after the first auxiliary verb. The dummy element
COMP is inserted at the beginning of the structure and the element INFL, before the first
auxiliary verb.6 They will be used in constructing different embedded clauses. In our
example, the matrix transformation frame (MTF) and the embedded transformation frame
(ETF) have the following form:

1TF - ((COMP coop) (NPi (Otbdle)) (TENSE put) (INFL infl)
(AUXi do) (NEGI neg.) (UEG2 neg2) (VERB want) (iP2 (k)))

4. By values we mean ie actual word mini derived from a noun unplift plus the inbnnatiom aut

semantic role.

5. Th iremom frd doot he obscure indice 1, 1.5, and 2 for the noun phms.

( ) 6. In the hnplemtaon, the values of unuipeciied elenents NBOI1 NBO2, COMP, md MNFL a s of
thoe denm .

.... .. ... "-. ...-.-.-.... . 4....* *..
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ETF - ((COMP coup) (UPI (Odel)) (TENSE pst) (NFWL itnl) Q
(AUXI ft) (MEGI nog) (MEG2 sejZ) (VERB WE) (UP2 (Dlmdm)))

The network fragment also determines which transformations should be applied.
Once the transformation frames are prepared, transformations are applied. In the current
implementation, there are 21 possible transfornatioms Some of these, the connecte
transformations 7 prepare a matrix transformation frame and an embedded transformation
frame for combination, while other transformations. such as negation. pasivization, or
there insertion, apply to only one frame.

In the example, the transbmation NOT is applied to the matrix frame, ao with
a connective transformation. 00-70, which is applied to the embedded frame. This
particular choice of connective transformation was made by taking into account the type of
verb in the matrix clause, the kind of branching, and theientity of subject noun phrases in
the main clause and in the embedded clame. Herae m altered tsmfonnation frame

NTF - ((COMP cmp) (BPI (Odwmb)) (TENSE 9IW) (INFL/lnfl)
(AUXI 4) (NEGI negi) (NEG2 aot) (VERB wat) (NP2 (it)))

ETF - ((COMP 0) (NP1 nil) (TENSi it) (NE41 8eg1) (NEG2 neg2)
(IMFL to) (AUXI 4) (VERB km) (NP2 (Dedmema)))

Once all transformations have been applied, the altered transformation frames are 0
attacked by four obligatory adjusmm operati

1. GarbqedMeton removes all upecif led deeum;

2. DO-dderCI delews dwe aUsxiiy * wba it buwdau precedes a verb;

3. 4z" W mgtwples *Umim ini" vbwmd aftes a chsd

4. N'Waepp,, ueopacs luslm in whi, uW1liv vbt nd n0 ad0cd

It ,wu s;om iKauz 19S4du thde b~Iowing two comiisma be imposed cis
the adjusunct oeradms to emmee a corm Eu88M IPWUl.

Seq. e a Cmnw*n: Te wdjams motu be ecuted o* aft all the

7. Tbagve muu. bat -1:694 ,0A~.-
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( Ordering Constraint: The adjustments must be applied in the order in which
they are listed above.

In our example, all of the adjustments except N't-hopplng have an effect,
producing the following result:

MTF = ((NP1 (Othello)) (AUXI did) (NEG2 not) (VERB want) (NP2 (it)))

ETF = ((INFL to) (VERB kill) (NP2 (Desdemoua)))

Reading off the values in the adjusted transformation frames and substituting the
embedded frame ETF at the joining point indicated by it in the matrix frame MTF, we
have the final English form, "Othello did not want to kill Desdemona."

Thus, we have introduced two different classes of operations on the transformation
frame: the optional transformations and the obligator), intrinsically ordered adjustments,
which are always activated after the last transformation has been applied in order to obtain
the necessary English output. In contrast to adjustments, transformations are part of a
planning vocabulary, that is, a decision must bc made each time about the application of
any of the transformations. Adjustments are meaning-preserving, purely syntactical

r' operations on the transformation frame. Transformations, on the contrary, help determine
the meaning or focus the emphasis of a kernel sentence. This separation of all syntactical
operations into two distinct classes (transformations and adjustments) plays an important
role in constructing our system. It isolates the semantically empty component of the
generation process and clears the way for making the semantically relevant part of the
system commutative.

By the commutativity of a set of transformations, we mean that any two
transformations can be applied in either order, and both orderings produce the same
result 8 Commutativity makes system implementation and maintenance easier because no
attention needs to be paid to transformation ordering and interaction.

Modularity is an important feature of the generation system. The production of
kernel frames and the list of transformations to be applied are determined from the
semantic network alone. This is completely independent of the production of
transformation frames and the transformation process itself. Therefore, the bulk of the
system is useful in other applications,

OS. We amnc here that all the sentences involved belea to the domam of defl iton of the cm rwondins
wansfouttios (see [Katz 1980M for details).

. 4. "
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To see some of the real power of the generator, we will illustrate the effect of
applying particular transformations. Suppose that the transformations were specified for
iae kernel and embedded transformation frames which correspond to the following kernel
sentences:

This man asked it.
Othello killed Desdemona.

Given these kernels, the program can apply different sets of transformations sequentially to

alter the individual sentences or combine them. Among the possible outputs are: 9

1.After O-NPI-TOI: This man asked Othello to kill Desdemona.

2.After QUESTION: Did this man ask Othello to kill Desdemona?

3.After NOT1 : Did this man ask Othello not to kill Desdemona?

4.After PASSIVE: Was Othello asked by this man not to kill Desdeona?

5.After N'T: Wasn't Othello asked by this man not to kill Desdemona?

Connective Transformations

Connective transformations are used to construct sentences with embedded clauses.
In order to form such sentences, the system needs two kernels as input. Let us denote the
corresponding transformation frames as MTF and EIF. They will be used as the basis fbr
the matrix and the embedded clauses. The application of a connective transformation to

the ETF produces an altered frame ETF* which is in the form appropriate for an
embedded clause. Other transformations may change the frame MTF into MTF. After
all the transformations have been applied, the two altered frames are combined by

substituting the embedded frame ETF at the joining point it in the matrix frame MTF.
A connective transformation is defined by three parameters, each referring to a position in
the embedded transformation frame:, the complementizer COMP, the first noun phrase
NP 1, and the complementizer INFL. COMP indicates the element that introduces the

embedded clause. It can receive one of the following values: {POSS, THAT, FOR, 01.10

9. For convenience, we append "1" to the name of a tramformation dit will be applied to an embedded
clause, and "2" to a transformation dint wil be applied to a relative clain. Nothing is appended to the matr x 0
clause. The snifcance of die names of trsmfomatlonsch as 0-NP,-TO, will be explained bdow.

10. 0 means that there i no over affix in this position.

4 6Q
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The parameter NP, takes on one of two values: {NP, 01 indicating whether oi not the first
NP of the embedded clause is present in the resulting sentence. These values encode
whether the subject of the matrix clause is coreferent with the subject of the embedded
clause. INFL is considered to be an affix specifying how the verb in the embedded clause
should be inflected. It can have one of four values: {ING, INF, TO, 0}. Since a particular
set of values of the three parameters COMP, NP1. and INFL is sufficient to determine the
form of the embedded clause completely, we will use them to form the names of the
Connective Transformations. Each name is represented as a triple consisting of the current
values of the parameters in the following order: COMP-NPI-INFL. A general description

of the action of a connective transformation can be stated as follows:

(a) Current values of the parameters COMP and INFL are inserted into the
transformation frame;
(b) If the value of the parameter NP1 is 0, the element NP1 is removed from the
structure;
(c) If the value of INFL is not 0, elements NEGI and NEG2 are moved before
TENSE.

An example of the application of each of ten different connective transformations is given
in Table 1, below:11

TABLE 1

Transformation Matrix Clause Embedded Clause Sentence

THAT-NP -0 It angered lago Othello ignored the letter That Othello ignored the letter angered lago

THAT-NP INF lago suggests it Cassio is silent lago suggests that Cassio be silent

0-NP-INF Jago watched it Othello read the letter lago watched Othello read the letter

0-NPI-0 lago knows it Othello ignored the letter lago knows Othello ignored the letter

FOR-NPI -TO It angered lago Othello ignored the letter For Othello to ignore the letter angered lago
0-NP1-TO Cassio asked it lago wrote the letter Cassio asked ago to write the letter
0-0-TO iago claims it lago has written the letter lago claims to have written the letter

POSS-NP-ING It shocked lago Othello ignored the letter Othello's ignoring the letter shocked 1ao

O-NPI-ING lago saw it Othello read the letter lao saw Othello reading the letter

0-0-ING It angered Othello Othello read the letter Reading the letter angered Othello

11. The computer otu does not always adhere to historical reality.

. .. - . .
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The main verb of the matrix clause determines which kind of clause may be
embedded under it. and, therefore, the kind of connective transformation that may be
applied in each particular case. Consequently, the dictionary entry for any verb which may
appear in a matrix clause must contain a list of permissible transformations.

A family of ten transformations for generating embedded clauses was introduced
in this section. This family is completely defined by the values of three parameters COMP,
NP, and INFL and, therefore, can be considered a single connective transformation whose
surface manifestation has several different forms depending on the values of these
parameters.

In summary, the language generation procedure converts a network fragment into
kernel frames, chooses the set of transformations that should be performed on each frame,
and then executes the specified transformations, combines the altered kernels into a
sentence, performs a pronominalization process.12 and finally produces the appropriate
English word strin&

Parsing is the Reverse of Generation

The first step in the parsing process involves splitting a given sentence into a set of
kernel clauses along with a description of how those clauses are hierarchically related to
each other. For instance, identifying the type of the verb and the values of
complementizers COMP and INFL in the sentence appears to be sufficient for
reconstructing the kernels (matrix clause and embedded clause) which form every gomplex
sentence in Table 1.

Consider again the sentence "Othello did not want to kill Desdemona because he
loved her." In this example, the because-clause is detached first. Now, since the remaining
sentence consists of a matrix clause and an embedded dame, the problem is to determine
the connective transformation involved and the position of the joining point. Ths poMition
is determined trough an examination of the branching structure of th sentenc. The
analysis of the "want to kill" construction leads to the conclusion that a AiAht-brmcla
connective transformation 0.0-TO (see Table 1) is involved. As a rualt, the pmr
produces the following kernel claus:

12. Boththhe pmer and the geerator hkdu e h pm10m (uon Appemd br amwpk*
Pronlnal~uio. however, will nt be dimmed in ds peper.

AM. _
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( Othello did not want it.
Othello kill Desdemona.
Othello loved Desdemona.

The parser analyzes every word in the input kernel sentence, scanning it from left
to right and mapping the appropriate pieces of the word string onto the corresponding
noun-template, verb-template, or adverb-template. The templates must be filled out from
left to right. If any element in the template is left unspecified, the parser inserts nil as the
value of this element. When all the elements of the template are filled, the parser.
depending on the next word and its place in the sentence, either begins to fill out the
elements of another template or continues the construction of the current complex template
using one of the operations of concatenation or conjunction. The procedure described
converts the kernel clauses in the example into the matrix and embedded kernel frames
below:

MKFI ((NTagent ((PREP nil) (DET nil) (ADJ nil) (NOUN Othello)))
(VT ((AUXI did) (NEG not) (AUX2 nil) (AUX3 nil) (VERB want)))-
(NTtheme ((PREP nil) (DET nil) (AOJ nil) (NOUN it))))

EKF1 * ((NTagpnt ((PREP nil) (DET nil) (ADJ nil) (NOUN Othello)))
( (VT ((AUXI nil) (AUX2 nil) (AUX3 nil) (VERB kill)))

(NTtheme ((PREP nil) (DET nil) (ADJ nil) (NOUN iDesemona))))

MKF2 = ((NTagent ((PREP nil) (DET nil) (ADJ nil) (NOUN Othello)))
(VT ((AUI nil) (AUX2 nil) (AUX3 nil) (VERB loved)))
(NItheme ((PREP nil) (DET nil) (ADJ nil) (NOUN l)esdenem))))

These kernel frames supply arguments to instances of RELATION, the
relation-creating function mentioned earlier. In the case of a simple transitive sentence like
"Othello kills Desdemona", the nouns and the verb of the kernel frame provide the values
for the arguments.13

(RELATION OTHELLO KILL DESDENONA)

If a connective transformation is involved, as in the sentence "Othello wants to kill
Desdemona", the function RELATION must be applied again using the embedded
relation (RELATION OTHELLO KILL DESDEMONA) as its argument:

(RELATION OTHELLO
WANT
(RELATION OTHELLO KILL DESDEMONA))

0
13. Tense infanation. supplied by the pa, is not carried into the semninc network repseuwlon.

Currently, the learning program experiments do not use ime.

---
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The position of the embedded relation is determined by the type of branching bound in the 7
structure. Here the embedded relation is used as the third argument to the Runction
RELATION because the first step of the parsing process determines that the sentence has a
right-branching structure. In the case of a left-branching sentence. 'Mhat Othello killed
Desdemona is terrible," the embedded relation will be the first argumnent:

(RELATION (RELATION OTHELLO KILL DESDEN OUA
is
TERRIBLE)

For our first sample sentence, "Othello did not want to kill Desdemona because he loved
her," the parser produces the following output

(RELATION (RELATION (RELATION OTHELLO
WANT
(RELATION OTHELLO KILL DESDEMNA))

is
FALSE)

cAUSED-BY
(RELATION OTHELLO LOVE DESDENA))

The evaluation of this expression results in the construction of the semantic net fraigment
shown at the beginning of the paper in Figure 1.L

To demonstrate the parser's capabilities, a number of English sentences
successfully analyzed by the parser are listed in the Appendix, together with the systm's
output in the form of relation-creating functions. The examples include a variety of
syntactic constructions. Among them are sentences with multiple~.embedding. cor*Aoned
noun phrases. possesive noun phrases negation, prepositional phruea relative cluses.
raising, cleft-sentences, passive sentences, and other syntactic coulftsiOu

Summary

Stages in language generation and parsng, a eshiUte by an hupeme ted~m
have been shwn. ari s essentially the reverse of Seratios Most of the sy~Me is
independent of the semantic network reprtat invov dkteexaMPles.hdhtat
its use in other applications. Thus independence is kopmutat becaus the syasm wa bulk
with a view toward producing a interae enabling othecrscrd eft raher tha
strictly for its own ice.

AckmWledmis uta

7bis pape wa knproved abaaatally by cnainents ftsu 3dk Lawi. Ridut
Berwick, and Randy Davis.
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(I Appendix

Example 1:

One application of the natural language system is to prepare semantic networks
from abstracts for use in information-retrieval experiments. This summary of Macbeth is a
typical abstract:

MA is a story about Macbeth, Lady-macbeth, Duncan, and Macduff. Macbeth
is an evil noble. Lady-macbeth is a greedy ambitious woman. Duncan is a king.
Macduff is a prince. Lady-macbeth persuades Macbeth to want to be king
because she is greedy. She is able to influence him because he is married to her
and because he is weak. Macbeth murders Duncan with a knife. Macbeth
murders Duncan because Macbeth wants to be king and because Macbeth is
evil. Lady-macbeth kills herself. Macduff is angry. Macduff kills Macbeth
because Macbeth murdered Duncan and because Macduff is loyal to Duncan.
Remember MA.

Macbeth is retrieved when the system is asked to find a situation similar to the following:

Let E be an exercise. E is a story about a weak noble, a greedy lady, a loyal
prince, and a king. The lady is able to influence the noble because he is married
to her. The noble murders the king because the noble wants to be king. The
prince kills the noble because the prince is loyal to the king.

The actual terminal interaction for the example above, highlighting the system's generation
ability, is as follows:

=-> find a situation similar to exercise-I.

You asked for a situation similar to EXERCISE-I. MA Is similar to
EXERCISE-1 because:

IN MA THERE IS A WOMAN, LADY-MACBETH, HO IS ABLE TO INFLUENCE MACBETH
BECAUSE HE IS MARRIED TO HER. THERE IS A PRINCE, MACDUFF, WHO KILLS
HIM BECAUSE MACDUFF IS LOYAL TO DUNCAN. MACBETH MURDERS DUNCAN BECAUSE
MACBETH WANTS TO BE KING.

Example 2:

The generator is also used to describe if-then rnles produced in learning
experiments. For instance, one experiment produces a if-then rule that is represented
internally in gobbledygook like this:

- . *.
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(RULE-2 (AICO (RULE (AKO-62)))
(PART (NAN-la (PART-la)))
(THEN (AKO-64 (THEN-3)))
(IF-PLAUSIBLE (AKO-84 (IF-PLAUSIBLE-i))

(IS-47 (IF-PLAUSIBLE-2))
(TO-8 (IF-PLAUSIBLE-3)))

(CASE (STORY-i (CASE-i))))

Translated into English, the same rule becomes transparenLt

Rule-2 concerns aman. If the man isntmaried and he is an adult then he i
a bahelor, assuming heis expected tobe married and heis able tobemnied.

Example 3:

In another application, the system is used to prepre semantic network in for
learning experiments. Some of these experiments involve functional descriptions of
objects:

Let Xbe astoy. X is astory abouta person. an object. and some soup. The
object is a spoon because the person uses it to drink the soup, which is fod.
The person can use the object to eat the soup because the object is graspable
and because it holds the soup. The spoon is graspable because it has a long and
thin handle. The spoon holds the soup because the spoon's end i an open
cavity.

Example 4:

Finally. here are the results of parsing an asortment of sentences. The finctlo
(GET- INSTANCE NAN) creates and returns mN-li if there we no mea yet in the curret AMy;
otherwise (GET - INSTANCE NAN) return the man most recently mentiomed in the aMq.

The me* wanat expected to help th ee with a lear.

(RELATION (RELATION (RELATION (RELATION (GET-INSTANCE MA)
HELP
(BET-INSTANCE W01))

WITH

is (BET-INSTANCE LOAM))

EXPECTED)

FALSE)
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C It has been shown using an analogy that a man who Mary loved did not want
to help Bill because Sill was loyal to her.

(RELATION MARY LOVE (GET-INSTANCE MAN))

(RELATION
(RELATION (RELATION (RELATION (RELATION (GET-INSTANCE NAN)

WANT
(RELATION (GET-INSTANCE MAN)

HELP
BILL))

IS
FALSE)

CAUSED-BY
(RELATION (RELATION BILL IS LOYAL)

TO
NARY))

IS
SHOWN)

USING
(GET-INSTANCE ANALOGY))

John knew about the man's desire to find the woman.0
(RELATION JOHN

KNOW
(RELATION (GET-INSTANCE MAN)

DESIRE
(RELATION (GET-INSTANGE MAN)

FIND
(GET-INSTANCE WONAN))))

Tom and Bill knew that it has been proved that John found her.

(RELATION TON
KNOW
(RELATION (RELATION JOHN FIND (GET-INSTANCE WOMAN))

IS
PROVED))

(RELATION BILL
KNOW
(RELATION (RELATION JOHN FIND (GET-INSTANCE WOMAN))

IS
PROVED))

- ..
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The malt love for the woman forced him to tied her.

(RELATION (RELATION (GET-INSTANCE MAN)
LOVE
(GET-INSTANCE WOMAN))

FORCE
(RELATION (GET-INSTANCE MAN) FIND (GET-INSTANCE WOMAN)))

John was known by Mary to hae helped Sill's triend.

(RELATION (GET-INSTANCE FRIEND BILL)
RELATED-TO
BILL)

(RELATION (RELATION (RELATION JOHN HELP (GET-INSTANCE FRIEND SILL)
is
KNOW)

NARY)
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