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CMPUTER CENERATION OF NATURAL LANCUAGE
FR(M A DEEP CENCEPTUAL BASE

Xeil Morray Goldman, Ph.D.
Stanford University, 17°L

For ssny tasks fnvolving communication between humans and computers it
is necessary for the machine to produce as well as understand natural language.
¥e describe an {eplemented system which generstes Pnglizh sentences from
Conceptual Dependency networks, which are unambiguous, language-iree representa-
Ltions of mraning. The svstem ts designed to be task independent and thus capable
»f providing the language gencrati{on mechanism for such diverse problem arcas
48 question answering, machine tranglation, and interviewing.

The meaning representation which is our starting point contsins neither
words nor English syntax. Thus selcvcting words and placing a gyntactic siructuse
an the selecled words is a mejor prot'em to be solved. Because of the language-
free nature of the representation, this cannot generally be done by aszociasttions
between acaning elements and words. Nor cén pieces of the meaning structure
simply be replaced by words, since the meaning relations have no direct correspond-
ence to any useful relations such as verb-object' between English words. '

T» encode mesnings inte English both language-independent and language-specific
knovivdge are required. The former is provided by an already exigting memory-
{nference model. Knowledge of conceptual categories, time relatfons, idio-
syncratic beliefs, and contexts sct up by previous language processing or inferency
nay &li affect the wvords and syntactic structures selected. It fs shown that &
wide varicty of world knowledge ts necded for language generation. Unlike enalynis,
where such information s used for disambiguation, generation uses this knowledge

for determining appropriatencss of words and linguistic relationships.
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There &0v several sources of English-specific knowledge. Discrimination

networks permit efficient retrieval of words which express complex meaning rela-
tionahips and interaction with the memory madel. Information associated with

word senses provides a method for mapping language-independent meaning relat{on-
ships into ia;gul:ﬂvdrptndcni syntactic relationships. This knowledge is used

to pake predictions which puide the construction of an intermediate structure,
catled & syntax net. This net s neither unambiguous nor language-free. To deal
with gramaaticslity, a formal grammar is incorporsted. This grammir describes
those sspects of surface Pnglish svntax vhich are requited to complement the
madel s vocabulary and tunceptull_duntinl The final zentence generated iz a result
of & 'linearization” of the syntsx net by the graswmar.

Many paraphrases can be genersted from single meaning representations. The
arobers of these sets are not syntactic paraphreses of one another, bur quits
different ways of cxpressing am underlying meaning. The basic processes and dats
structures of the systen provide an zlternative o previously proposed modeis for
langusge generation. Such &n slternszive model was necessitated by the uze of &
language-{reec neaning representation. Some of the reasons {or employing such &

representation in computer programs are considered. Many features of language

are not deslt with by this swmten, and some depired extensions are discussed.
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PFEREEFACE

Te lock through & [&rge text n gearch o! some stall
portion of interest s not an inviting task for any resder.
To those who were not detetred frolE opening this thesis by
ttes gsheer bulx, I give
it oy thanks, and
=g this pieface, n the bBelief that a few pavragraphs of

autline a4r¢ worth more than the best Tak les of Contents
and Lists of Jllustrations. It 18 hoped that a few
stnutes speht Feading thes preface will mave much

tiee later, both in fiqding matertal which is of
intoredt and fiscardi-g that which (s not.

The INTRODUCTION provides & Briel history of attemptits
at mechanized language processing, streusing those aspects
of natutral language which have been particuiarly troublesome,
1t roguires no knowledge of linguistics or computer
schence to he understood, but will proevide no new InSsights
ta theoese moderately well-versed in the problems of
compuytaticonal linguistics.

Chapter | presents a basiec approach to language
Frocessing which has been adopted 1n this work, 1t dulimits
that partion of the prabler which we call GENERATION, and

provides exanples of computer gencrated English produced

by our model.



Chapter 2 describes seversal aspproaches to mechantcal
language generaticn whick have been previcusly isplesented,
0f course not all work in the ares could be itncluded; ww
have tried to present 8 fair cross=-section of work, with
particular emphatis on those i1deas which tnfluenced this
research. The discussion 1% limited to MACHINKE genesrationg
ne 4ttenmpt 1% made to cover the literature of generailve
grammayr, as developed by theoretical linguistics over the
paest decade.

Chapter § 13 devoted toc the fundamentals cf Conceptual
Dependency representation. Those familiar with the
iiterature in this theory < 3i0, 3il, ¥ may wish toc skip this
chapter of cerely skis the material 1n it. For cothers., a
nore “horcugh reading will be necessary in order to
understand the material which follows.

Chapter 4 discuss+s the considerations which come
inte play when ocne 8 faced with the proeblezm of generating
language from =mecaning, We doscribe very gencrally & process
which produces English sentencesx fros conceptual structures.
This chapter thus provides an coverview of the materisl
presented in the following two chapters. It shaould be
sufficient toc gitve & basic, i1f scmewhat crude, understanding
cf 'ronceptual generation®,

In grder to produce English sentences from their

meanings, sSeveral distinct sorts of knowledge are reguired.

vi



Some ©f this 18 lINQULBTIC 0 Natufesi w.%., How waoatds and

Tranings are related, the notion cf the 9 ntax .f a natural

languags. Qther 1nformation 18 Aot JihguisTic 6 natyre,
but* concokns world Knowledge and beliefs., In Chapter
we detaill this kxnowledage apd |ts organization 6 cur oo fel

fhapter & describes the process which LtilizZer this

knowledge to produce rnatural idnqu&{}r Sehteoncos from oeaning

teptesentatiaons, We show hiow a siople re!ineoent of the
process enables the program to produce paraphrases by
finding diyfferent natural language crcodings of 3 si1ngle
EeAaning.

In Chapter 7 an extension to the impliemented

program 18 described, The eXNtensSion ColdwEIns the generation

of

nouns which describe events, and demonstrates the need
for a new form of interacvticn between previcusly separate
parts cof the generative process.,

Chapter 5 containa a compar:son of conceptual with
non-concepival representatians, and presents some
theoretical arqguments favoring rconceptual ¥FepbFesentations
for certain tasks, The thesi1s 15 concluded with & brie?

sumnmary and & look at sgme i1mportant problems which are

not haendled adeguately f{or at all: by cufrent Thoories.
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IKTREODUCT ok

"And the Lofd rate down Lo See the city and fhe
tower, which the scons 0of men had bueilt. And
the Lord sald, “"Heholo, they ate one people,
and they have 5l] one language:r and this s
chly the beginning of what they will dog andad
nocthing that they vropose toc o will now be
tmpoenible for them. rome, let usn go dowr
and there confuse their language, That they may
not understand one shotheb'sn speesch, S the
Lord scattered theo abroad frop thetre over the
fpce of all the wvarth, sand they left off butlding

the CLLY. Thoetfefore 118 rneame was called Hahel |
hecayse there The Lord confused the languace of
sli the ecapth ., 7

Thus the Bibie explaine the ariging of the world's

many languages. It would appear thet trhe Lord's efforts
were o YaIn == the soend of man have been lLipttle dissuaded
from highrise Huilding and ather evildosingl by lack of
coamPBuntication. But *he job of creating & confudning aet

cf fanguages was (ndeed manterfuolly done.

Through the yearr man hae recmaitned fascinated by
fanguage. He ha=z studied it origing and development, He
nat shown that an individual cap, with 8 moderate amount
cf effort, learn to communicate i1n mofe than one language,
thus making language lees of & hindrance To him,

¥hen the digital computer came Into widespread use,

and its potential as a general symbol processay waes realized,

1T war only natural to try to teach 11 to deal with human

lanquages.



The first human, or "natural' language problem to which
computers were servicusly applied was translation. The
approach used was Lo read sentences (via & teletype or
punched cards] in language L, and produce & smsentence by
sentence translation In lanquage M, But despite much
persittence and many varied sttempts, the translation
problem remained the domain of man and not the machinwe,

Since one of the prime difficulties In translation
seemed to be the lack of one tec one correspondence between
the words vf one language and those of another, it was
hoped that language tasks involving only a Eingle language
might be more casily sclved, Could a computer, feoer
trstance, take in information expressed in English and
later answver guesticns about that information? Or could
the computer's vas®t memory be used like an encyclopedia to
store information, and the machine then companded to
Tetrieve all (t 'knew' about a4 given sublect from this
store?

The resulrs of work on 'uni-lingual' problems, like
the work on translation, failed to justify ecarly hopes .
But in this work it was seen that the d1fficulties which
proved to be the ultimate stumbling blocks wete the same
cned which had stymted the machine tranglatcrs. The
cenfusion in human language lies not in the multitude of

hyman languages, but Ln the nature of language itself,



More particularly, all the early programcs ran into
trouble because they fatled to 'uynderstand' the language
they were dealing wikth <35>, In some cases the ambiguity
cf language caused problems. A translatjon program could
not translate "Smith went to the dentist for a gum infect jon”
ity another language without fipet understanding the English,
Bere ‘understanding' Includes fecodnizing “gum 1nfection™
&g & medical probles with a part of the south. Withouat
this level of understanding the phrase could be read an
enalogous to "virus itnfection® (a medical problen caused
by a virus) and thus translated into something like "a
Eedical problem cauced by a stick of Jutcy Fruir™,

in cgther cases, the many-to-cne relationship between
language fores and meanings s the obstarle, A Question
answerer, having been taold

"Brutus and his cohorts killed Cavsar by stabbitng him"™
might ecasily be expected to answer the question

“"Who killed Cacsar?™
A human could answer this guestion c3ually well having
been told

"Brutus and his cohorts stabbed Cacear to death™
because he 'understands’® the relationship botween “"ktlling®
and "stabbing to death™. But how can we maike the Conmputer
see this relationship?

Our goal (s Lo make the computer use natural language

ifn human-}ike ways.



The problems machines have had to date with naturs! language
edphasize that, while we know how to use language, we don't
¥yet understand how 1t worEks, At least two paths tc our

goal mtight be tried. Perhaps using language is like driving
a car -- 1nferring the operations needed to drive from the
mechanical design of the automobile 12, at beet, an tndirect
approach to ledrning how to drive, If this is the case,

cur offorts should be directed toward finding heuristics to
deal with immediate problems, setting aside questions of
underlyving language theory,

On the other hand, perhaps the problem 13 more
4naloQous to building the car from a roomful of parts,
Unless the principles of operation are understocd, the
chances of stusmbling across the right sequence of moves to
get it 41l together are rather dim.

Bcth approaches have been, and are being, investigated.
At cne extreme are appreoaches which focus on making the

ceRputer accomplish a particular taak, employing whatever

heuristics appesr to help when obstacles arise. At the
opposite end of the spectrum are approaches which ignore
bath specific tasks and computational methods, focussing
only on the formal properties of lanquage itself.

The model of language processing incorporated in

cur program, like many other models, lies somewhere between

thesys oXLreRes.



®Woe have tried to avoid twe major patfallis of the vxtromes,
Task oriented approaches rur the risk af finding scluticns
which faill to generalize tc new problems. The price cause
cf this seemg fc be the tendency to continually redefine
the task domatn, narrowing 1t in order to eliminate
particularly sticky language problens,

Statistical 'word crunching® -- making decistions
tased on freguency counts of words and word satems 1n text --=
13 an approach to infor=ation rfetrteval which displays this
fault. Interesting, &nd even, useful, results can be
obtained as long as the data base 18 appraopriately licited,
But problems arise (f the domain widens. Aand the Techni Jues
used do not appedar eoven Sinimally relevant to other tas&sh
zuch as machine transjation,

The second danger we try to avoid 1s that inherent in
4 pure linguisttic approach. In ignoring the computer
and particular tasks, 1t trying to separate language from
it use, attentlon too often becomes focussed on Tthe gquestion
"What strings of symbols constitute the language?™ This
gquestion is a difficult one: in fact, 1t 1z mAot sven well
defined. Howewver, 1t i3 not a guestlon which arises 1n
any of the tasks we would like computetz to deal with, A&
process which could answor this guestion might well contain
fsubprocessas useful .in &4 performance program. There ia

ne guarantes of this, howover.



We do not beliteve that people have spectalized ways
of dealing with language for each of the preblems they
face. We don't believe the computer should do this pither.
Sur goal is to find general language processing technigques
with & wide range of applicability., In the next chapter
we introduce a8 model based on such technigues, briefly
discuss cach of (ts cozmponents, and define language

genetation, the matn topic of this thesis,




CHAPTER |

LAKGUAGE PROCENSSING AND THE ROLE OF GENERATION

What sorts of pnatural language tasks would we like
foRputers to deal with? Several have beeon Froposed
t Machtine Translation iMt; -- It wauld be uyseful to mave
Zachines which could read fcientific documentu, TewWSD&De
articles, novelsw, ete,, and translate them into Cther
ianguages.
21 Information Metrieval -- The coempyter would have access
to a large body cf infermatian on FOhe Subiect and find rhar
portion of 1t relevant to & specific toptc, For example,
Lt Sight be ysed Like a law library ta help a lawyer fing
Preced ents for a4 case.
3 Informatien Summaries -- pimilar te )V, but the computer
would summarize the relevant tnformation which 1t was able
to find. Humans dewonstrate the ability to sumrmarize 1n
Fieparing abstracts for articles and irn headline writing
‘at loast 1n thoze cases in ¥hich headlines are used an an
indication of article content.
L Question Answering 19A) -~- The machine would answer
Specific guestlions sbhout itts data base. A newcooer to a
CoBpulsr center could sttt down at a terminal and fiud aur
how to gQet an a4ccount, how to log on, how to edit frien,

etc. by typing queries to the computer in English,



Medlcal Irterviewing -- A machine could take a patient’aq
Bedival history and conduct an tnitial Interview to comptle
ci8ts 0Of sSympltols and octher standard informatiaon,

#' Computer Ailded Instruction ICAJ} -- Camputers are
slrvady bBeing used to a1d classroon instructrien. But the
student who uses such a maching today must mold his answors
4nt Juestlons to ite limeprted language handling capabilitien,
Naturasa!l student-teacher interactions are not Yot possible.
Home Teormtnals - - MccCarthy «2il> has suggested rhat
selicius consyderation be ziven to Buprlying the public with
TAME FCless TO computer stored information. No more
telephore bhooks, TV Gu.des, bBus schedules, recipe books,
PO, ciuwttering op Tthe haouse, Many tpecialized guestion
si.fwering and information retrieval prograss could be & part
I osuch & system. A great many sixmple things could be done
=ith l.ttle use of natural language Ly the computesr. Byt ,
in the long run, if tens of millions of peaple LTe to be
SRRERUnicabing wWith COMmputers this way, i1t would be preferable
"7 o have command and response languages which were much Iike

bnglisn and thuye reguired little training of the users.

1. Basic Componentes

Thewe basic mechaniams gre tnvalved 1n these tagks,
fere 13 language analysis, which Zapst surface language Etrings
intd some other fore which we shall call their “"underlying

b



represesntation®, A mecond process is languaqge Jeneraticn,
which maps ‘underlying represSontations” inte surface Etrings.
Finally, there sre cognitive processe® , which operate an
the result of language analysis and produce nmaterial for
language generation.

THE DIFFICULTY oOF LANGUAGE GENERATION AND AMNMMALYSIS,
a8 defined here, IS HEAVILY DEFENDENT ON THE NATURE OF THE
UNDERLYING REPRESENTATION. The closer this representation
i# o natural language, the ecasier will Lo the task of
Jenerating language froo the Eepresentation, Within this
thesis we shall discuss feveral possible forms for this
Tepresentation, and show how the representation: whaich make
analysis and generat ion $iapler tend to make cognitive
Processing more difficult.

®e shall present and work with & model which empleys

4 conceptusl underlying representation. The noction of

conceptual representation will be explained in detat! in
Chapter 3. For now we Eay just think of tt 38 a
Tepresentation of Eeaning abstracted from natural language.
This conceptual Yepresentation ts designed to factlivate
the processing of BEranings rather thejir derivation from or
expression in natyral language.

Let us digress for a2 moment to discuss sane terminclogy
which might make the notton of Conceptual ropresentations

clearer., We shall frequently have occasion to refer to

5



the syntax of natural la guage. For our Pefposes, the

maEt lmportant aspect of SYyntax is surface syntax; in
Particular, constituent s ructure -- the Jrouping of the
words of a sentence tntc units which grammartans cail noun
phrases, verd phrases, clauses, eic. Syntax also covers
fuch aspects of language as d4recment and voice,

We shall also talx about the form in which Seaning
ifs expressed, Fora i1ncluces both the BYntax and the
tndividual words used in a fentence. Many forms may have
the same Seaning:

“"Burton tried the butterscoth fondye™
TBurton tamted thae butterscoth fondue™

In such cases we speak of the pultiple reallizations of s

AeaAning. On the other hand, when & single form has moreg

than one ODeaning, we have anh;gullx!

Alec had thrown the game, {(and the gaczblers were pleased!
Alec had thrown the Fa=e. fand the checkers lay scattered
about the rooml

Fin&lly, we shall speak of the tontent, or meaning of
4 Sentence. Just as syntax is defined 1n terms of abhstrace
toncdepts, S50 we shall def)ne content only in terms of abstrace
Corncepts, These concepts are the units of meaning provided
by a conceprual Fopresentarion, And just as the syntactic
HRite seem to have sole smorrt cf 'realtey' o language users,
#C these me&ning gnits should have a reality for language
dnderstanders, The Roaning of a B#ntence i3 tn part
determined by the E¥yntax used to construct the sentence.

io



It 1s also affected by the context in whi-h The sentence

OCCUrs . ¥hen talking aboul Deanting, however, we shall mot
be including the notion 6f the intent of the STTAFrARCG, e

shall be desigrning a generatar which always “"aays what gt
T=eand®”; not one which says "Your hair was VOTY pretty when

1t was long® when 1t means “Your shorft hairde 1a cutragecus, ™
UTitizmately the best definiticn af EeEAIiNGg We Ccan Five will

be the representation used far v, tt 18 content, without
any feBnants of form, thar conceptual Feprodsentation yttempts
T3 Capture.

We =nall try to ave.d Gsing the ters semantice tn our
descriptions. It has been used in zmany ways in the
iiteraturey I1n fact, almoswt anything which has ta do with
the relation of matueratl language to Braning has beon termed
EMZARtICS a4t mome toime, Fatz and Fodor <11>*> defined it as
"linguist.i: descripfion minus Fraemar™ which s a satisfactiory
definition 1f we know what lirnguistic description and
FTATMAY ATe ., This definition points up one foature of most

SeSAntic represvntlations: they are by nature linguistic.

That 15, they GTTonpt to Topresent SeaRings eXpressed by a
pParticular natural languane, Conceptual representations
dre not linguistic in nature. They ate muant te describe
information derived from BonsOTY experience and mental

pracessing as well 43 linguistic sopurcos.,
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The term anaivels will Le used ta refer to the
discevery of the conceptual ropresoentation of the meaning
cf a sentence. Plru:nﬂ, on the other hand, will refer to
the discovery of the syntactic structufe of a4 menterce.

Finally, we shall call vxpressing & meaning
tvpresentation in natural language ruillzing that
fepresentat ion, Reelization 18 thus & special case of
ianguage Jeneration, distinguished by its use cof a meaning
TepRrfesentation 48 & BOQRTCeo,

Figure -1 cutlines the basic compennfts and
interactions of 4 conceptually based langQuage processing
Yy sten, The thfese main components 8fe Those =entioned
Car . ier, Firat, there 18 & language analyzer, which saps
Burlace strings into conceptusl representaticns:

A 2 4
Fhere 5 a4 language generatsr, which maps conceptual
*Tructdres 1nto surface SLPLnge:

Gt C % 5
Finally, there 18 ¢ 'memory model' which mantpulates
fonceptudl STrucCtures:

M C » C

Butt analysis and generat:on are Beoaning plreserving

processeg, The memory model s probably the least
ynderstond of the three components. With analysis and

Frooration we have fairly concrete tdedas of what the



dostred input - output felat ,onabhips shouid e

we don®t know how to schieve all of fhen, Bat Fap manv
tanks, particularly those which 1nvalve some sort of dialogue

situation, 1t is not even clear what conceptual response

wculd pe sppropriate for a conceptual i1nput "o the memory.
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—
LANGUAGE ] MEvORY R{}DELL__ LANGUAGE

[ g L | T ==

i ARALYSLS IKFERENCE GEMNERAT [ON i

' ¢

|
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F -
rnatural natural
idnguage ELLIEF language
rRpYt TeSpOnsSe
fanyuage LY ¥ STEM tlarguage
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Let w8 see how these processes cozbine to perforns
some of the tasks Tentioned cariter. For MT, a surface
streing in language L 18 analyzed to produce a conceptual
fepresentat lon. Since trannslation requires preservation of
mesning, The memory cperaticon treduces to the 1dentity
function == it merely passen the anadlysis result along to the
jenerator. The criginal surface string can he discarded,.
The generatol must produce an appropriate sSLring in language
M to express this Seaning., Translation is the only Gne
of the Tanks suggested that regquires the output language M
ty datler from the input langasage L.

Foi jiestian answering the analysis would bhe

*inforsaton

sdentical to that performed for MT. In
Fathering' mode, the memory would not be producing material

for *he Jenerstor tc eXpToss. It wauld, however, be

i
intograting the analysis result 1nto 1ts knowledge store .

in "guestioning' mode, the analysis result will indicate thae
teguest for sonme scort of information, The memory, depending
en its sophistication, will eitther try to find the reguested
information, or, failing this, attempt to dJdeduce i1t from

the Sftored tnformation. Ir any case, f an answer 18 obtained,
it will be 1n conceptual form and will be passed to the

jenerstor for linguistic expressicn.
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In theser two tasks the analysis and generarion
processes depend only on the natural language being used,
not orn the particular taek &t hand. %We 1ntend for this to
hold trye across a broad variety of tamks, A different
analyzer waouid be needed for English than for German etrings,
But the basic rontent Of the analysis should not depend on
Whethor the Str¥ing is tae be translated orf used an new
inforsmation, & jiven generator will only express conceptual
snformation on one language. The mapping,. however, should
Ee independent of the feascn the memory mode] has for
expressing *he inforsaticon.

In this thesis we attack the problem of generation.
Generation is defined here o Le the mapping cf conceptual
representations intoc surface strings -- that ts, deciding

HOW TO SAY I1T. Wae define the guestion of chaocsing or

building & conceptual represcentation for sxprossion ==

that i1, the probler of deciding WHAT TO SAY -- as not

being part of the generation process, but of another which

cur model places temporally pricor toc generaticn. Wee shall
not discuss this problem in this thesis, Hovertheless,
we shall assgyme jv hasg bheoen solved. For sope taske, likw

MT iwhere source of Jeneration = result of analygis', the
assumption Ly valid. For othkers, like lnterviewindg, &

Froeat deal of work remains.




BABEL 15 a computer implesentation of a conceptual
generator., It assumes & particuler conceptual represcentation
ldegcribed tn Chapter 1} and s intended toc operate in a
configuration like that shown in Figure [-1. BABEL ras
teon developed 1n contunction with implementattions of
conceptual analysis and memory operaticons. The cosbined
system (8 known as MARGIE Memory, Anslysis, Hesponse
Generfation, and Inferfence on Englisgh} <3ix | BABEL has
also beern developed ocperating in & mode tn which a4 human
performs the conceptual encodinge of meaning and the
deduction required for generation.

BABEL has bween tested I1n Lthree tagk domains. Tha

first 1& sentence paraphrasing. This is described in some

detail in Chapter &. In this task & Eentence i3 typed by
4 human, analyzed by a conceptual analysis program, and
paraphrases, ©F Bultigle rfeoa.lzationg, 4re produced by
BAEEL from its conceprual representation. The second area

might be termed inference expressiaon. In this task, &

gentence 1s typerd to the computer and, following conceptual
analysi1s, the memory @odel produces s set of nferences.
Theee Inferences, themselves conceptual represeontationg, are
passed to BABEL for exgresston in English. Finally, we

have given BABEL sufficient German linguistic data to perform

English # German sachine transiation for a small subset of

the conceptual structures accepied by the present Englizh

conceptual analyzer.
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Fl. 2 Annotated Examples of BAREL ing

We present in this section several examples of the
Frogram’'s responses in the various nmodes aof aperation.
Bith each example 13 a brief description of how the resuglt
ie achieved and notes on points of particular interest.,
Throughout this Section upper case 1S used tao indicate
irput to and output from the program; lower case i85 used
fct coomments.

We first considefr scvera paraphrase examples. These
4re produced with BABEL running as one companent of the
MARGIE system. Conceptual analysis of the input sentence
is not performed by BABEL, but by a program written by

Eirsbook <22%» .

TYPE INPUT
*IJOHN GAVYE MARY A BICYCLE, the input sentence, typod
Ly a human

QUTPUT FROM PARSER;, the result of conceptual analystis.
It commsists of rTwo partsa, FiTAat,
the "meaning® af the utterance:

TIACTOR (1 JOHN) v=> [*ATRANS"! OBJECT I(BIXE RHEF {INDEF!:
FROM (JOHN] TO IMARY! TIME (TIMOl) FOQCUS FHACTORY S

This is the conceptual representation eoaployed by
BAEBEL. Chapter I doscribes this repreecntation in detai],
For this particular exagple, the anslysin s roughly:

"An Actor (whc wan the individual JOHN} changed the

i



‘possesstonshipt of an Gbject {(which was ar instance of

2 btcycle) from the possession of the tndividual JOHN o
the individus! MARY. This event occurred at time TIMOGl and
the utterance focussed on the Actor of the event,"

The second part of the anslysis relates the times
used in the representation to ezch other and te the time of
utterance:

TIMOO + ¢ (VAL EHON®) Y TIMOO has value *NOx+ {which 1s
Glways the time of urrearance|l
TIMOL ¢ ((BEFORE TIMOO %)) TIMDL (s before TIMNQO by an

unspecified amount X

NEXL we have an internal memory format of this informatian:
FARTIALLY INTEGRATED RESULT:
LIYATRANS® (BJOHN1) (GOOO4H (PIOHENLY (WMARYL)) ITIME_(GOQ0&! )}

At this point the original Englisk input is discarded.
Only the conceptuatl analysis i1s used for further processing.
The memory model could proceed to make inferences from the
new informatton. In pParaphrase mode, however, i1t merely
Saves the information and reconstructs ¢ in the format
used by BABEL (which is virtually tdentical to that produced
By the analyzer.} It then becozmes the only item of a2 list
of THINGS-TO-SAY passed to BABEL.

THINGSE TO ESRY:

{{ACTOR ([JOHN) <=3 [(*“ATRANSY) OBJECT (BIXE REF (INDEF}}
FROM (JOHN) TO (MARY)} TIME (GOOD6) FOCUS ((ACTORI)}

PARAFHRASE :

BABEL now produces English sentences which eXpress the
Bedning encoded ip the conceptual representation. The first
ftep tn this process conszists of producing & ‘syntax network®':

GOGI0. OB} 2 (GOGZ3) GODZi: LEX EJOHNY
o8J (GOG22)
ACTERS fGO021L)
VOICE CACTY GOO22: DET (A}
FORM (SIM) LEX {(BICYCLE}
TENSE {PAST)
MooD {IRDIC)
LEX (GIVE} GOOG23: LEX (MaRY)

L8




Unlike the canceptual representation, the syntax
network utilizes English words and Englisk syntactic
reletions. Finally, this network 1s ysed to produce arn
Englitsh sentence,

{JOHN GAVE MARY A BICYCLE?
which tn this caste in idoentical to the original input.

The progean goes on to produce further syntax nets
and sentences to express the same Deanhing.

GOO2 2 B e g B GD 24 DET F B
QB GoO 24 LEX tBECYCLE!
ACTSBJI (G002 1)
VOICE LACT )
FORM™ LEEM) GOO2 % POBI GO0l 6)
TENSE IPAST BFREP (TO!
fafelsde] tINDEC
LEX GIVE) '
GOOE LEX TMARY !
GO02 LE X i JOHMN Y

FJUHN GAVE A BICYCLE 70 MARY!

This paraphrase 1s the result of the fact thatr ‘"give'
car exXxpress the “change osgessien™ Reantn in stther of two
9 3

syntactic frames: "X gave ¥ I* and "X gave ? toc ¥T.
GoOZXY: 1082 s LR GON 2% LEX IMARY
RCTEBS ERO0L S
oBJ IGA024:
YSICE ACT GOOF6G FORJ (G002 T
FORM I5t™y PREP (FROM)
TENSE IPRETY
MOOD [ ITHRDIC!
LEX I GET? GO T LEX {JOHND
GOO24: DET TRt
LEX 'BICYCLE!}

IMARY GOT A BICYCLE FROM JOHN)

Ey ilgnoring the fact that the Actor (JOHN) <as focgssed,
& paraphrase which [ccusses on MARY is produced.
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GO024 TOBD iGOGE2IVY GOO2d LEX (MARY}

ACTSEJ {GR026}
QBJ (GOD2%}
VYOICE (ACT ) GOO2 7 POBI (GOO2E)
FORM is51Ml PREP (FRON:
TENSE (PAST!
MOOD EINDIC) Gid28: LEX (JOHN)
LEX tRECEIVE

GO0IS: DET EARY
LEX {BICYCLE)

IMARY RECEIVED A BICYCLE FROM JOHN)

*Receoive' its conceptually synonyBous with the Sense
gf *get’ used in the preceding paraphrase.

Each of the paraphrases is produced directly from the
conceptual representation of the zeaning being expressed.
BABEL contalns no rules which expllicitly transform “give"
sentences into “"receive™ sentences, et

In the remaining exampies, we shall not zhow the
conceptueal representation or syntiax ners produced by the
process, Rather, an "Englishy' verston of the conceptual
representation will be given to provide the reader with 2
fairly good idea of the nature of the information which
BABEL i1z trying To eXNpress.

TYPE INPUT

*{OTHELLO XILLED DESDEMONA BY CHOXING DESDEMONAY

the current analyzer does not deal vwith pronouns; thus we
cannct type in “by choking her®.

The ~onceptual analysis breaks this information down
inte the conjuncetion of two caéusative relationships:

(AND X ¥ ). The first of these, X, relates Othello's

grasping Desdemona’s neck to its result: namely, that she
wag not able to take in air:

20



N« (CAUSE A B' A= (GRASPF OTHELLC NECERIDESDEMONA!!
B~ (UNABLE ( INGEST DESDEMONA AIR)

The mecond element of the conjuncrtion, Y. relates the result
cf the first, B, to its result: namely, that her ‘health’®
sTate changed to the lowest possible value [-]10:

¥= {CAUSE B C! C=(BECOME DESDEMONA HEALTH -1

After being passed through the memory, the conceptuystk
analysis is given to BABEL, and the follawing paraphrases
are produced:

PARKAPURASE ;

(OTHELLG STRANGLED DESDEMONA

One cf BAREL's mator goals i1s ro find words which express
iarge amounts of conceptual structure, In thais case, Englinh
provides a verh, ‘mtrangle’., which expresses almost
sveryLhing, This i#% the first realizartion BABEL produces,
in general, the most compact way of expressing meanings alun
Bee=8 13 be the way most natural for English speakers tand,
we would expect, for sposkers of other languages!) ., Hecauyse
cf BABEL's organization ¢f linguistic knowledge, the most
compact realization is virtually always the first one
created.

IOTHELLOC CHORED DESDEMONA AND SHE DIED BECAUSE SHE WAS
UNABLE TO BRERTHE!

This and the remaining paraphrasecs use English conjunction

t2 edpress the twoe clefents of the conceptual representation,
The verb ‘choke’ 8 found o express the “"prevention of
breathing by grasping the neck™ 1dea,. The second causal
relation 13 actually expressed usting 'bocause®, BABREL
realizes that English provides & special verb., "breathe’

to eXpress "taking in 4if”, and that the change i1n heslth

can be expressed as "die™,

fOTHELLO CHOXKED DESDEMONA ANMND SHE DIFED BECAUSE SHE WAS
UNABLE TO INHALE ATR}

Virtually identical toc the previous paraphrase. The fact
that English provides 'hreathe' 1s row i1gnored, and a word
far the intake of any gasecus suybstance, "inhale' iz chosen.

0f course, use of this sore general verdb requires cxplictt
montion of 1te objlect.



{OTHELLS CHOKED DESDENMONA AND SHE DIED BECTAUSE SHE COULD
ROT BREATHE!
‘Unable' breaks up tnto the negating of ability.

POTHELLO CHOKED DESDEMONA AND SHE BECAME DEAD BECAUSE SFHE

WAS UMNASLE TO BHREATHE?!

Evern *die’ can be broken dowrn intc separate units in English
which express the "health™ change. The word 'become’ can

be GEeed with & ‘predicate adjective' L0 ¢Xpress state changes
wheneve! the resulting state can be named; this holds true
evern when nce word ts provided for the notion cof changing

ta tha:t state {e.¢.., "to become Jdirty™l.

POTHELLD PREVENTED DESDEMONA FROM BREATHING BY GRABBING

HER NECEK AND SHE DIED BECAUSE SHE WAS UNABLE TO BREATHE)
‘Choke' alsc gets paraphrased eventually. Since its
representation satches the pattern “someone doing something
which Ccauses sOmeonnte® else not to be able to periorm some
gctton' the verbh "prevent' t§ appropriate. OFf course,

two pieces of information which weTe expresaed by ‘choke'
Cust now be explicitiy given; namely, what was prevented
("Breathing'! and how it was prevented ('by grabbing the
neaiy "t

IDESDEMONA WAS UNABLE TO BREATHE BECAUSE OTHELLC GRABBED
HER NECK AND SHE DIED BECAUSE SHE WAS UNABLE TCO BREATHE)
"Prevent' is itself a pretty coamplicated idea, and can

be cxpressed In DOofe Fri@itive terms as & cacsal relation.

IDESDEMONA COULD NOT IXHALE AIR BECAUSE OTHELLO GRABBED
HERF NEC¥ AND SHE BECAME DEAD BECAUSE SHE COULD NOT IRHRLE
T

1f allowed to run on for awhile, BABREL eventually breaks

everything down into small chunks. That 1%, irsofar as
vossible, each conceptual unit and relaticn is individually
vEpressed by an appropriate Eaglish unit. Of course,

interspersed among these last fow realizations 1s a large
nusber of sentences which Serely combine paraphrase in
d1ffeorent ways.

FOTHELLC CHOKED DESDEMONA AND SHE DIED BECAUSE SHE COUlD
NOT INHALE ALR)

{DTHELLC CHOKED DESDEMONA AND SHE BECAME DEAD BECAUSE SHE
WAS UMABLE TO INHALE AIRj)

TOTHELLO CHOXED DESDEMONA ARD SHE BECAME DEAD BECAUSE SHE
COULD HOT BREARTHE)



IOTHELLD

COULD KOT

{OTHELLD
KECY AND

(CTHELLO
HER NECYK

(OTHELLOD
HER NECE

{OTHE LLO
HER MNECE
BREATHE)

tOTHELLO
HER NECE

{OTHELLD
HER KETK
IR}

tOTHELLO
HER NECK

'QTHELLOD
HER KECE

TOTHELLO
HER NECE

TOTHELLO
HER MNECK
ITh

TOTHELLOD
HER MNEC¥

{OTHELLG
HER NECF
IT)

!DESDEMONA WAS UNABLE

HER HRECR

{DESDEMONAR WAS UNABLE

CHOEED DESDEMONA AND
INHALE ALIR)

SHE

PREVERTED DESDEMONA FROM

SHE DIED BECAUSE SHE %AS

FREVENTED DESDEMONA FROM
AND SHE DIED BECAUSE SHE

PREVENTED DFSDEMONA FROM
AND SHE DBIED BECAUSE SHE

FREVENTED DESDEMONA
AND SHE HECAME DEAD

FROM

FREVENTED DESDEMONA
AND SHE BECAME DEAD

FroM

PREVENTED DESDEMONA
AND SHE RECAME DEAD

FROM

FPREVLINTED DESDEMOGHA FROM
AND EHE DIED BETAUSE SHE

PREVENTED DESDEMOMNA FROM
AND SHE DIED BECAUSE SHE

PREVENTED DESDEMONA FROM
AND BSHE DIED BECAUSE SHE
PREVEKTED DESDEMONA FROM
AND SHE BECAME DEAD

PREVENTED DESDEMONA
AND SHE BECAME DEAD

FEOM

PREVENTED DESDEMONA
AND SHE BECAME DEAD

FROM

AND SHE DIED BECAUSE SHE

BECAUSE S5HE WAS

BECAUZE

BECAULSE SHE

BECAUSE SHE WAS UMARLE ToO

BECAUSE SHE COULD

BECAUSE

TO BREATHE BECAUSE OTHELLO

BEFTAME [LFAS BE A7V SF  SHE
BREATHING BY TRABEING MHFk
UNABLE T HREFATHE
BREATHING BY LRABBIMCG
COULD NOT BREATHE
BREATHING BY GRARBRBRING

COULED NMOT INMALE ALR:

BREATHING RY GRARBEING

UNABLE TO

BREATHING BY
EHE (ouln

CRARBING
NidT HREEATHE
BREATHING BY
COULD

GRAHHING
REOT IHNHALE

INHALING AIR BY
WAS UNARLE TO

SRABHBING
INHALE 1T

INHALING
CoUuLD

ALlR BY GRABBING
NOT RREATHE:

INHALIMNG AlWN HBY GRABRING
COULD NOT INHALE ITH
INMHAL NG

ALE BY GRABBING

IHHALE

EMHALING AIR RY GRABBING

NOT BREATHE

INHALING AR
SHE CcouLp

BY GRARBING
HOT IMHALE

TO BREATHE BRECAUSE OTHELLO GRABBED

WAL UMABLE Tu BREATHE:

GREABEED

HER NECY AND SHE BECAME DEAD BECAUSE SHE WAS YNABLE TO

BREATHE )



(DESDEMONR WAS UNABLE TO INHALE AIR BECAUSE OTHELLO GRASBED
HER MNECH AND SHE DIED BECAUSZSE SHE WAS UNABLE TO INHALE IT)

IDESDEMONA WARS UNABLE TO INHALE RIF BECAUSE OTHELLO GRABBED
HER NECY AND SHE BECAME DEAD BECAUSE SHE WAS UNMBLE TO
INHALE IT!

{DESDEMONAR COULD NOT BREATHE BECAUSE OTHELLO GRABBED HER
RECK AND SHE DIED BECAUSE SHE COULD NOT BREATHE!

i DESDEMONA COULD NOT BREATHE BECAUSE OTHELLO GRABRED HER
NECK AND SHE BECAME DEAD BECAUSE SHE COULD NOT BREATHE!

{DESDEMONA COULD NOT IMNHALE AIR BECAUSE OTHELLO GRABBED
HER NECE AND S5HE DIED BECAUSE SHE COUTD NOT IMNHALE ITY

(DESDENONA COULD NOT INHALE RIR BECAVUSE OTHELLO GRABBED
HER NECEK AND EZHE BECAME DEAD BECAUSE SHE COULD NOT INHALE
IT?

*TYPE InRPUT

JOHM PAYED 2 DOLLARS TO THE BARTENDER FOR SOME WINE}

The conceptual analysis of this Sentence eNpresses Lwo
cvents, each being the caume of the cther, Ong event 1§
the transfer of possession cof two deollars from the
tndividual JOHN to & (known) bartender. The second event
8 the transfer of an unspecified guantity of wine from
this bartender to JOHN, Furthermore, the analysis clsios
thers was & focus on the 2 dollars.

PARAPHEASE:

'JOHN PAYED THE BARTENDER ! DOLLARS FOR SOME WINE)

BABEL's first realization employs the verbh ‘pay', as did
the input.

(THE BARTEMDER SOLD JOHK SOME WINE FOR 2 DOLLARS)

The next realization uSes the verb *apll® . It was chosen

as a result of ignoring the focus on the money and choosing
4 Vorh which focuses on the ‘seller’®.

{JOHN BOUGHT SOME WINE FROM THE BARTEMDER FOR 2 DOLLARSI]

The vert "buy' expressces the zace meaning, but with yet &
A fforent focus.
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(JOHR PAYED THE BARTENDER I DOLLARS TO GIVE HIM SOME NIMNE)
When & =utual causatjion between the giving of noney and the
of an object exists, 'pay for' is appropriate. More
goenerally, & sutual causation between §giving money and
arcther action can be expressed as ‘pay to', where this
cther actton must be explicitliy stated,

iTHE BARTENDER TRADED JONY SOME WINE FOR J DOLLARS)
Mutual causation between two possession changes is the
meaning underlying "trade' for BABEL.

BABEL also cxpressess this Zeaning &#s & simple conjunction
aof the two events, tgnoring the relationship beiween them,

{THE BARTENDER GAVE JONHNN SOME WINE AND HE GAVE HIM I DOLLARS:

BABEL alsoc will cothine the d:fferent paraphrases of
‘give’ with theso basic forms, but this produces no other
remnlizations of particular interest 50 we s5hall not Bath.y
to show then, In the remaining exasmples, we shall follow
this practice of showing only those paraphrases which
demonstrate some interesting foature of conceptual
Fenerattion,

The examples presented up %o Lthis point &rv ones which
can be run through the entire MARGIE system. BABEL iwm
capable cf producing sentences fro%x meanings which are
mofe complex than those which are produced from any
sentences Ln the competence of the current conceptual analyzer.
Te run such examples through the genefator, we Tust hand

code the conceptual structure:



CECON L {ACTOR {(IRG) <e>» (®*MTRANS®} FRON (*CP*PART (IAGI}TO
(R o FART (OTH! MOBJECT ({ACTOR (HANDEERCHIEF "OWN® (DEEI
Lz {*POSS® VAL ECASHIY TIME (T-31})} FOCUSE (ITO PARTH!
TIME (T=-311 <3 ((CTON L{CON (| CON {{(ACTOR (OTH) <=>

(*DO* ) TIME (T=-11} <2 ({(ACTOR (DES!} “I3>T (*REALTH®

YAL (=121} TIME (T-Lli1)}) <«<:=C t{ACTOR {(OTH! €T {"JOY%) 0
ERC 3} TIME (T-L10))) <2> (*®mLOC* VAL (*LTM* PART (OTHI! 1
TIME iT=-2111}

expresses & meaning which 15 basically:

"An event caused Othello to bewlieve that if he performed
soke unspecified action which resulted in Desdemona's
becoming dead it would increase Othelic's happiness. The
event which made Othelloc believe this was & CcoZEuURLICATiONn
cf some inforzation by lago to Othellioc. This information
w8 that CASsSic was in possession of a4 handkerchief
cwned by Desdemona.”

BABEL combines chunks of this primsitive zmeaning into
English words and cozmes up with the sentence:
FARAPHRASE:

IOTHELLDO WANTED TO RILL DESDEMONA BY DOING SOMETHING
BECAUSE HE HEARRD FROM [AGO CASSIO HAD HER HANDEERCHIEF)

which does not mike us believe that co=puters are on the
threshhold cf becoming great playwrights, but d0es express

the oeaning ©f the conceptual sStructure reascnably clearly.

TYPE INFUT

*{BILL LOANED MAERY A BOOEK)

This 15 anslyzed conceptually as "Bilil transferred
possessicn of &4 book from Bill to Mary, and at the time he
did this he believed that at some future tisme Mary would
transfer possession of the book from Mary to B111"



PARAPHRASE:

(BILL GAYE MARY A BODK AND HE EXPECTED HER TO RETURN IT
TO HINE *

Generating “give' from a change of possession has alresdy
been demonstrated. BABEL knows that Deliefs about futuyre
events can be realized tn English using the verbh "expect',
The =most interesting part of this exampiv 15 the use of
'‘return® to express the second possession change, althougn
the Cconceptual units which encode 1t do not differ fros
these which encode the tnitial transfer, The di1stinction
Iies tn the context of The action: the second tranasfer of
the book i1s to an indtvidual who previcusly possessed Lt
The use of "return' 18 not & result of the factr that the
particular word ‘lcan’ was used in the input, nor even

af the Jact that the i1nformation which =ade ‘return'’
Appropriate to eAprens this svent was ori1ginally encoded
in the same sfentence 45 The ovent LTself.

TYPE INPUT

* [SOMEONE TOLD CAESAR BRUTUS WOULD ¥ILL CAESAR:

The analysis of this one 18 fairly straightforward, It s
sinply the communication, &4t & past time, from an Unspegi-
fied persaon ta CAESAR, that an cvent would occur at
some time in the futuyre of this communication, That swvient
18 the killtng -- i.e., the dotng of somethihg to CA&USe &
particulas change in health -- of CAESAR by BRUTUS.

FARAPHRASE :

| SOMEQNE WARNED CAESAR BRUTUS WOULD FKILL HIM}

BABEL chooses "warn' ax an appropriate realization of the
coRIunicative event in this case. This choice requires
conceptual knowledge: tn this case, knowledge of the
potential effect of the cozmunicated event an the individual
ta whom 1t was cozmunicated, Now consider another case:

TYPE [HPUT

*IFALSTAFF TOLD HAL FALSTAFF DRANE HALS WINME

Again the analysis indicates communication of an evont®.
This time tt 13 an event in the past of the COREUNLICAL ion.
The meaning of what was told dictates a very different
realization from the 'telling’ in the previous cxample:

PARAFHRASE:

*IFALSTRFF ADMITTED TO HAL HE DRANE HIS WINED

Thigs time the vorb "admit® s selected. In order to gchoose
"warn', ‘admit', or just ‘telil' to express communicative
cvents very sophisticated inference processes are reduired.
Heither the me=mory model now cperating with BABEL, nar

any athet currently available computer progra®™, 18 capable
of performing these processes 1n much generality.
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Howevelt, BABEL presoents a solution to the linguistlic
portien of this problem: that 15, it knows when such
Prfrocesses should be activated, snd what are the appropriate
Jquestions to ask.

¥e¢ present only one example of itnference expression.

From the standpoint of conceptusal generation i1t cakes no

difference that a conceptual representation being expressed

wis created as an inference rather than as an analysis of
natural language input. The ability to express inference
demonstrates two impOrtant points, however:

L The primary omotivation behind the use of & conceptual
feprfefsentation te tts facilitation of meaning-oriented
processes. Tho ability of a program to make tnferences
confirme this,

¥, In paraphrasing, BABEL :s dealing with conceptual
replfesantations created by & concepiual analyzer, a
language ortented progranm. One 2ight believe that
tnis process somehow lesves linguistic elements in
the meaning structure it produces, ¥hen these
Structures are manipulated by the inference progranm,
however, no knoewledge of language 1s being used. It
seexs far lens likely thate language-specific
information Ls being preserved of introduced by this
process. The ability of BABEL to express inferences
thus provides & stronger test of the claim that BABEL

is truly expresssing & Sedaning representstion than
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does Paraphras:ing,

Since inference exkpression does not demonstrate any
new features of the Fenerdator, we shall merely gQive a
simple unannotated exacple here.

TYPE INPUT
*{JOHN PREVENTED MARY FROM BITTING BRILL BY CHOKING MARY!

ENFERENCES:

{JOHN CHOKED MARY)

(MARY DID MOT HIT BILL BECAUSE MARY wWAS UNABLE TO BREATHE !
(JOHN GRABRED MARY'S MHECK!

MARY WAZ UNABLE TO BREATHE"

tMARY BECAME HURT!

IMARY DID NOT RIT EBILL)

TMARY WANTED TO HIT BILL:

iMARY WAMTED BILL TO BECOME HURT)

TMARY WAS ANGEY AT BILL:

'JOHN POSSIBLY CAME TG BE RHGRY AT MARY!

We conclude this section with several exaoples aof
Ergiteh ¥ German machine tLransfstion. The use of a4 more
rEctic foreign fanguage would undoubtedly be a more
Tanvincing demonfatration of the language-free nature of
Gur conceptuyal representation and the cross-linguistic
validity of the generative process, inevitably, the
Bechapical translation capabilities of the program are

limited by the human transjation capabilities of its
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designer; thus the cholce nf Germarn for these oxamples.
We emphasize that BABEL does noe clats to be an MT
program, ¥e believe, though, that the effort needed to
enable the progras to produce German realirations L&
roughliy the same as that which i1z reguired for Englilsh
generation, Little effart has been expoended on German
gencration, The computer examples below were chosen not
te demonstrate the program's generality a2s an English =
German translator, but to show how conceptual analysis
and generation sclve some of the problems which cause

trouble for more conventional avproaches to MT

TYPE INPUT

*{JOHN ATE A BAMANA

TRAKELATION:

[HANE HAT EINE BANANE GECESSEN)

The conceptual anaslysis specifies a past event consisting
of John ingesting an oblect which t8 a banana. The
German rTealization requires the same basic conslderations
as would an English one, although German includes a few
additional syntactic constraints, such as the gender of
the nosne In the sentence,

TYPE INPUT

BiA MOKEEY ATE A RANANA!

TRANELATION:

(IEIN AFFE HAT EINE BANANE GEFRESSEN)

The conceptual analysis of this sentence differs from that
above only 1n the concept which becomes the actor of the
ingeasting event, Gornan feqQuireos the selectlaon of &
different verb, 'fressen', to translate eat in this case,
because cf the fact that this actor Ls an animal rather
than a human. Thuszs the German generator Bust Lake inbko
consjderation inforsstion not relevant to a correspoending
Engliash reallzation,
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TYPE IMPUT
*{JOHEN WANTS TO EAT A BANANA

TRANSLAT ION:

LHANS WILL EINE BAMNANE ESSEN)

The conceptuatl dnalysis is basically "John believes that

‘t would cause hism some sort of benefit 1f he ingestad

& banana™. German provides a verb, ‘wollen', which

eXpresses this sort of ‘want’, A fairly direct translation,
ithout =eaning analysis, would suffice tn this casge,

TYPE INPUT .

*iJOHN WANTS A BAMAMA)

TRANSLATION:

[HANS WUNSCHT LDASS MAN IHM EINE BAMNANE GEBEN WIRD)

The conceptual anslysis of rxe English expresses thae
what John wants (believes would benefir him} g samecne
ta transfer possession of a banana toc him. (¥hat he
ultimately wants, most itkely, is to eat tha banana,
but discovery of this 1% not a linguistic tagk,. ! Englisk
allows the use of ‘want' in this case s well, with a
$ingle noun phrase direct ebiect, o correspoending
cfonstruction for this Beaning is provided in German; an
entire embodded scntence is reyuirted,

Like most progracs Which dea! with ianguage yse,
BABEL (% just & toy. It cannot, ecither aleéne or in
Conjunction with other Frograms currently available,
perfors any useful funct jon, HNor has any attexpt been
Sade to formalize a 'Binlature world' ip which BABEL could
be in Some sense ‘tomplete’, Ke have tried to Take K
Broad view of language production and solve some of thase
Probloms which agre inherent in language 1teself rather thar

those apecific toc a amall domain.
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1.1 Remarks

Language genersation has taken a back seat to langQuage

#nalysis in most computsationai linguistics research,

There are several reasons for this:

1 Language underseanding came to be seen S5% the =ajor
stuabling block tn language processzing, Understanding
= analiystis.

<¥ A proble= which has always concerned bath computational
and pure linguists 1s ambiguity. It was always a
problem of analysis, but could be ignored in generation,
¢ithel because the underlying representation from
which generation took place was assusmed to be
unaobiguous, or because any ambiguily present there
could be allowed o rematn in the surface.

i Many tasks which have been attempred Feguire
sophisticated language analysis, but litrle or no
language generation. ‘Koods' information retrieval
systenm «<l3x iz an example. In general. applications
which &re not intended to simulaste human ilanguage uswe
can be gquite itnflexible or even ‘canned® in their
output, Much greater variety must be handled in the
input dozain, however.

41 As & result, the problem of language generation has

never been well defined in computational linguistics,
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This thesis will attenmpt to provide & clear Ficture
of what 18 invelved ip language generation, when that
Jeneration takes place from a conceptual underlying
fepresaentatian, One of cur goals will be to present ono
Bethed by which this form of Generation can be accomplished,
We will show thar Fenerstion, like analysie, s dependent
@n context and on ‘woarld knowledge®, We sthall also show
how deductian 18 used by & generation program, albeit
for di1fferent purposes than those to which analyzers Fut
deduct jve capabtlity,

Ancther goal of this work 18 to make cleoar a

distinction betwoon linguise o knowledge ang Conceptual

knowledge, Both are used in the generative process.
Conceptual knewledge, however, 1s shared by analysis and
Eelory procoessces, as well a5 by the generator. I
therwfore resides in the Bezory and 1s stored in & non-
linguistic formatr, Other knowledge iz used anly 1in
FEnNEration, We categorize rthig knowledge 1nve geveral
dtstinct classes., and show how each may be represcnted 1n
the computer and how esch contributes to the formation of
the surface string,

Before forging ahead with this descript.on, however,
we will lock back briefly a4t other work an CoORpPULer genterattan
af language, Hone of this work was designed to tackle

the precise problem which CONCLTNE us hege. It =
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worthwhile, however, to see where BABEL fits 1n with,
and overlaps, these other efforts. in so doing some
¢f the i1ssues which convince us of the need for this
different =odel of language processing, with its

inherently different model of Gqeneration, will be clarified.
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CHAPTER

FREVIOUS WORK ON AUTOMATIC LANGUAGE GENERATION

The notion of uing & computer to produce natural
langusge oCutpPul 18 ROt new. In this chapter we fTevicw
several previous approaches to the probiem and FoLnt oyt
o=e of the major Rrrengths and weaknesses of wach.

It was realized very varly in the development of
tomputat:onal linguistics thar a CORPUter equipped with

E1} a randoam nuxber Fenerator, and
| 4 Jenerative gQramoar,

€ould be programmed to pour ocut English sentences in Jreat
profusion. To 4o this, 1t 18 sufficiont To take rhe
Jrémzar's sentence synbol 5 and randanmiy choose tpplicattie
Fewriting rules.

Vicear ¥ngve 44> wrotao SEcCh a randoe FENSrALOTr using
4 Context froe grammar. He chose ten sentences from a
children's story and wrote 3 77 preduction gracmar which
&3 Capable of qenerating cach of them. The grammar
contained soveral types of fecursion, including noun phrase
Tonjunction, adjective Requences, and prepositional phrasos
whase objlects are =modified by other prepositional FPhrases --
“.3., "the ball on the table in the room.™ Thie Jrammar
w33 Then used ro tandomly generate Sentoences, & small

sazple of which i1s reproduced be low,
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¥hen Engilneer Smiall keeps Smal! and four fire-
boxs, he keeps driving wheeis, his steam, i1t,
and four black and oiled fire-boxs.

Water is big.

When he te oiled, the gshiny smoke stack is proud
of four engtnes.

When he makes 1ts little and polished bell, S=all
is proud of the four bells under his four black
head! ightsa,

The water under the whoels in ciled whistles and
ite polished shiny big and big trains i1s black.

Such exazmples point up the difficulty of deciding

the gqraomaticality of Ecaningless Sentencoes. One can

often say little more than that the sentance is gragmstical
dccording to the grammar used to generate [y, A more
scriocus defect of such programs (s thar even 1f they were
4ble to generate randum sentences which English speakers
dgreed weore grammatical, due to their randomness they

could not be used directly for computational models of

feal rnatural language taske such a8 MT. Such considerations
have motivated several efforts at camputer production of

language 1n the last fifteen YeRYE,
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sl ¥lein®s Paraphrase Progra=

Ore of the most glaring deficiencies of carly attempts
37 Machine jeneration of language was the jack of any
theoretical tasiz for the production of szentences, Nany
84 hoe procedures could be devised to handle different
BLTYATIONE 4% they arose, but such &4n approasch was Too
cumbersome for any but edceedingly tiny fragments of
language.

Sheldon Xieitn 18 r designed ocne of the firme PrOdFrans
which sprlied a Linguistic theorfy o the problem of natural
LAGFUAFE Jeneratich 1n 4 moderately asystematic fashion.

The joal of #lein's program was to produce coherent
paraphrases of English paragraphs, The prograz accepted

% InpuY ane of WOorFe paragraphs of English rexe, This

tex® waw analvred, sontence hy sentence, with a dependency
rraz=ar, The important atrribute of a dependency Jransar

4% uSed by Fle:n i3 that 1t specifiles net only a constituent
Atructure Inested brtackevring! for 4 Rontence, but sl=c &
*tee of ‘dependency’ relatiunships between the words of

the sentence.

The progras then used thin dependency parse ang
sapplied & second dependency gramsar fnat necensar by
distinct from the f1r8k) in a generat ive mode to produce

ah English pataphrase of the orig.nal texr,



Froe a generative viewpoint, then, the problem ts to
find a mervhod of controlitng the "ourput" Qrammay sc That
ocnly paraphrases are produced. To describe Kleirn's solution
to this problem, it will be necessary to first describe
the structure and operation of his dependency grammars.

The formal grammar used c&n be thought of as &
context-free grammar with dependency tnformation attached
te each production. In anslysis mode, wach word cf a
sentence itg considered to be & sitngle constituent. The
head of each of these constituents (s defined to be the
single word which it contains, Let RHI(C) repres+ent the

head of constituent €, and let gilw ,%¥ !} be the predicate
: |

"word w governs word {w Lis depeondent on w Y Thon

k ¥ b 1

a gramoar raele:r

=ust have 5530Cciated with 1T specifications

€1l of an h, i4 h§ n, such that HIL} = H{E )i L.e., the
head of the new coanstituent L is the head of one of
the constituents which were grouped to make L

£21 for cach i, 1 ¢Lt&€n, t¥h, an index j, L $I1&mn. 1#i,
such that qiﬂlﬂj}. HiRy))2 1.¢,, the head of each
constituent which does not become the head of the
new constituent 2ust be put in a dependency relation
with the head of one of the octher constituents belng
produced.

Furthermore, Kleoin requires the dependencies to be such that

Giw W ] == W F w

i 3 1 1
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where G 13 the transitive closure of g,

A sample hlovin dependency grammar .s shown 1n Figurws
. Hiz iaplamenvration of phrase strycture rules made
spesial usce of subscripts on the non-terminals. A non-

terminal X on the lefr hand side of a rule essentislly
1

subsuoes all X , & 1. The subscripting enabler the jJrammar
1

to be written more conctsely, but 4oes not distinguish it
“ith Tespect to either power or any formal Prope¥rtices

from other formulations of context fraems JramE=ars,

-
1. hrt * N = N
Ik ) 5
2. hd g + N - N
A o 2
-
1 bt « Mogd - 8
i 1 3
*
4 14 . H - '
i Iy g
S Prop » N = Wod
7 i i
fr . bt - v - [
! 3 1

FIGURE 2=}

A """ prefix on a non-terminal on the lefr hand side of a

rule indicates the 'governor' af the const ituent,
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For example, the untts:

Art M
O <

| |

the man

could be combined by rule I of the sample grammar ko yield

Constityent Structure Dependency Structure
N DaAnN
sl *
s B
A |
- 1 th#
# L
F L1
Art N
E c. ‘2
the man

his formulation 1s mufficient to enable & slightly modified
pPhrase structure analyzer to perfors & dependency parse at
the same time it creates & phrase-marker for a gentence.
The dependency analysis can be represented as & tree giwving
the governor-dependency relationships between the words of

3 sentence, Figure 2-2 shows the phrase marker and

dependency tLree azsigned to the Eentence “The fierce tigers

in India eat mpear™,
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Klein's system perforss such an analysis of each sentence
tn the itnput, and then discards the original sentences and
the assoclated phrase-markers, The final pre-generative
step t8 ta convert the sot cf dependency trees 1nto a
large depevndendy hetwork by adding two-way dependency links
between all like noun tokensg. {Thesa are Tthe only two-way
iinks in the network,) Paraphrase generaticn 1s then
accomplished through semi-random geuneraticon from the
CUTpLUt GEADmMAT. Generarion consists ocf & sizultanecus
construction of & mentence SYyntax (constituent structure!
tree and word dependency tree. Initially the dependency
tree 13 enpty and the syntax tree consists of the symbol
5. At each stage of the generation non-terminal elements
4t the leaves of the syntax trec are expanded by random
chotce of an applicable rewriting rule in the dependency
GLATDAT . ¥henever a new node 18 produced 1n the Lree,

& word must be associated with it. Depending on the
production used and the Jependency information associated
with 1t, the word chosen may be that associated with the
parent of the new node or a new word =f the apprapriate
jrammatical category. Rule | of Figure I1-}1 =might be

used to expand the node N with associated word "man'
L

tnto

42



¥ ({man;

3
F LY
’ L
Art ]
a 2
Ethe! imant

Eizmulitanecusly, the node 'man' in the dependency tree would
have a dependent node "the' asttached to jt.

The random nature ¢f *he generstion is cantrolled n
two ways. Most importantly, no word dependencies are
PeERLtted in the gencfated sentence which d1d not extst an
the dependency network produced by the anzlysis. In crder
tc achieve paraphrate, rather than a fTegeneration of the
SCriginal text, it I% Recrssary to consider the dependoncy
reletionship to be Transitive across most dependency links.
Fiein used the heurietic:

Giw ,w } & giw ,w lema> Qgfw ,w 1,

i 2 Z L i i

provided thart w 18 not

11 & werh ﬂthﬁ; than a form of ‘to he', or

11! a preposition other than ‘of',
The second mechanise used to reduce randomncess i n the output
L8 the usme of arn 'essay format' to guide the legical sentence
flow in the paraphrase paragraphs. Thie format consjists
of & limt ¢f nouns to be used as sentoence subjlecta and &
List of verbs to be used a8 mELn verbs. Two modes of
treat ion ol essay formats wete tried: ditectly from the

f0unk &nd verbs occurring in the pource teoxt, or From the

neuns and verbs tn a humarn generated ‘outline’ paragraphk.
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Following La an example 0f the paraphraszses produced
by this program. Input parsqgraph:

Clever John Bet Mary in the park. John

married Mary., Mary lowved Johkn., Mary wanted

a child. Mary had a child, Mzrey ratsed a
cheld, John was a successful business man who
worked for &4 corporation. Mary was penntless,
John secretly loved Helen who was beauvtiful,
Helen who also loved John was married to Peter.
Mary was a4 friend of Helen., Peoter was a buddy
cf John., #Helen wheo was friendly cfren ate
lunch with Mary. John paayed golf with Peter.,
John wanted Helen. Helen wanted John. Divorce
was tmpossible. The soclution was stmple. John
ltked Mary. Helen liked Peter., John Killed
Perer, Helen killed Mary. The end was happy.

Paraphrase paragraphs:
John who married penniless Mary met her, Clever
John was a busliness man, He loved friendly
Helen. He played golf. He wanted Helen, John
who killed a buddy liked penniless Mary.
Mary tn the park whe wanted a c¢hild leved clever
John . She had a child. She raised it, She
was a friend of friendly beautiful Helen.
Beaut1ful Helen joved successful John. Beautiful
Holen was married. Helen who wanted John ate

lunch. She liked a buddy, Ehe kKillod Mary.

Peter was a buddy.,

Flein's work provided little improvement over that
of ¥Yrgve tn the reale of eyntactic gqualiry, Iv is
isportant because 1T [ook into account the need for

peaningful generated sentences. Its majocr drawback Ls that

the meanting present Iin the output must have tts source

in the input.
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in fack., this mraning must be reflected 1n the consriryent
structure of the input. There 1s no provision for
understanding or reasoning in the model; referential and
meaning ambiquity are allowed Lo remain in the dependency

ETructures created by the analysils routine.

L=
L]

Friedoman's Transformational! Generator

Joyce Friedman «12,13,14> has written a generation
program based on Noam Chomsky's <5» transformational model
zf langusge, While Chomsky™® work 18 thecrotically taken
2as & description of linguistic knowledge rather than of
linguistic progess, 1t L8 forculated as a system of
groduction rules and Btructuyrgwe tranzforming rules. It
is therefore natural to use the theory as the bawis for
a generative procedute,

Friedman's systes= contains & set of context-free
phrase strocture rules, a sect of traneformationsl rules,
and & lexican. A randoo generation algorithe ts capable
of expanding the phrase structure rules to produce a
base tree (phrase =marker) whose root node im the sentonce
symbo!l 5. The bLase tree then undergoes a lexical insertion
pProcess which expands the terminal nodes into ‘complex
symbols' and attaches lexemes to them, The complex symbals
contain both syntactic information -- e.g., [* TRANSITIVE]
-- and fo@e categorical information == e.q., [+ HUMANY.
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Following lexical tnserticon, transformations are applied
to the phrase marker to produce & surface tree.

Such & system could be used to randomly gencrate
English sentenices tn the same fashion 48 early random
Jenerators. The guality of the sentences Jensrated
wauld depend to 4 large extent on the sophistication of
the lexical inNserTtlon process,. A linguist could judge
the sentoences produced as acceptable or non-acceprable,
and oudify the gramzzar and lexicon appropriately.

Byt the progras would be of little use Gnce the
grammar becanme large and conmplex because the probability
ef production of & particular comstruction which might be
0f interest would be very low, In order toc give the user
Frester contyol over the types of mentences generated,
Friedman allowed him to initislize the process not just
with the sentence symbol 5, buot with & partially specified
phrase marker. By increasing the specificity of this
initial phrase marker, i1t iz poxsible to Lncrease the
probability that a particular transformation will bhe
applied tn the generative process, in the 1@plezentation
ZJegcribed tn €132 , the inttital Tree may specify:

L Eranching structure, including the non-terminals to
appear at particular nodes,

31 dominance restrictions -- & node mus? bHe the ancestor

cf a node labeled with a particular non-terminol in
the completed base tree,
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¢ non~dominance restrictions -- & node mAY ROt Be the
ancestor of & node labeled with & particular non-
terminasl in the rampleted base tree,

g Equality - two or mote nodes mest have identical
subtrees in the completed bhase troe,

For example, the skelesvtal phrase marker might by

5
i : - Y -
i H 1 i
NF VP L&) NF
IRESTRICT: {RESTRICT: (RESTRICT:
EQ &1 DOMINATE %p! EQ ]

iwhich guarantees that the final phirase narker wil]l] have
the main verb pnrase Foverning a noun phrase and will
have Ldentical subtrees for two top level noun phrasest,
The random phrase structure Genergtor 18 constratned
By the :1ni1%t:al tree to produce a phrase markor satisfying
#ll restricticons of types (1! - (4} spectfied. The hase
tree produced undergoes lexical insertion and the
transfcroational cycle tc genvrate a sSehLtlence,
The above skeleton could lead to a conpleted phrase

Tarker which looks something like

5
1 1 ¥ 1 [ ¥ 1 ¥
» FRE NP AUX Ve g uP ALUX =
N | |
HNEG o'} ’ !' N
W NP :
H%LR? i E HAREY
REPFESENT N
i
TOw
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and a surface string "Harry deoesn’'t rfeprfesent Tom, does
Harey /"™

Transforzational grammar provides a4 syntactic
description of language which 18 far superior to that
obtained by simpler grasmars. It alegc has the advantage
cf produycing syntactic vartants of a single nheaning from
a ‘canonical' underlying deep structure. Friedman's
systes 18 oriented Toward linguistic research (the
development o0f better transformational grassars)., -
thus does not provide a method for using transformational
JT4EDArE (N a4 CoRputaticonal language processing applicatioen.
The juestion of the usefulness of transfeormational deep

structures for semanttic processes e left open.

b GCeneration in Winograd's Bleocks world

Terry Winograd's "Computer Progras for Understanding
Matural Language™ «4l», although ortented toward natural
language understanding and zemory Bodeling, does & limited
amcunt of generation in order to carry on &4 Cconver SaALion.

The basic generative patasadigs of the systes 18 the
patterned response, A patterned response :8 a string of
English words stored In memory when the systex L8
initralized, The string of worde may contain sEcEe blank

slots o be fFilled in with strings of words chosen when 1t

<8




has been deteoermined that the pattern s an appropriate
fesponse. Variations of this response parad:go have
been commonly used I1n conversational and intwrviewing
programs <440 - , but Winograd iatroduces some new €11}
in the blank' operations which are Felevant fao rh. Fenoral
Fenoeyation problem constdered 1n the following chapters.

in Winograd's program a response Pattern s
astivated by either the syntactic form of the sentence
tnput -- a 'when' question, & command, a declaratue
sentonce -~=- O 4 speciasal cond tion arising during the
interpy¥etatian of the input -- unknown word, ambigucuns
word, undecidable anaphoric 1nferences.

The simplest blank-filling operation 15 to insert
* phrase directly, or with & minor transformation, from
The itnput which stimulated 1t e.3. "1 don'*r knox the
wa T4 e When the nocesrity to resolve ambhigulity
Brises, a list of senses af the smbigucus word or phrase
18 taken from the lexicon and included in the TEesSDanse ,
The human conversant can then resclve the anbiguity by
Shoosing "he ADPropriLate 4ense.

In answering guentiona, s ituations Erise where
sbijects and events stared 1n memory formats must be
expressed in Engliahk, Stall, the type of input determincs

tho resaponse pattern:
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Quwntlﬂn tzge Ralgonie patterqn

Why "because <event:", or
*i1n order to cevent: "

How "by <event»"

When "while <eventa™, or
“bafore cevent»*

what clist of indefinite
abject descriptions:

Which fiist of definite
object descriptions>

here Winograd faces the problem of Jonerating
language from & memory representation of information,

His solution consis*s basically of a set of houristics
designed to provide reasonable responses for the ‘bhlocks
world' dozmain.

Each cbject in the world has & unigue internal name
asscciated with it. Each obiect has & predicate giving
tts clasgs. Finally., cach cbject claszs has an English
noun associated with it. For example, there =ight be an
Ghject with internal name OBJZl, & predicate (ISA OBIZ1
#BALL), and the association ENGLISH (#BALLY=BALL. To
describe an obiject, this noun is combined with sdjectives
and relative ¢lauses to create an Englist noun phrase,
First & color is attached ~- “blue ball* -- and then a
€12 == "big blue ball® -=- and finally relative clauses --

"big blue ball which 1§ te the right of <noun phrase>» ",
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The demcription itz deemed complete 2f &t any time the
phrase specifies 3 untque Internal object, in which case
the determiner *the' 18 attached, Ctherwise, depending
2n the syntactic environzment {sce abaove), a definite or
indefitnite article is attached to the noun phrase. The
selection of coclor and mtre adjectives 185 made 1n a
fashioen analogous to the noun selection. Stmilarly, the
English relationas “to the right of® and “suppart® which
e used tn the reoelstive claukes are direcrtly assccirated
with the memory's Lnternal relations,

Events are dwscribed by Z38CCiating & small program,
of pattern, with each 1nternal svent Lype, Ffor exanple:

Internal event Feneration pattern

ESPUTON OBIL OBJI 2 {<corrvct form of ‘to put'>,

cnoun-phrase for OBJ1>», ON,
choun-phrase for OBIZT> 1

The correcr form of "to put® 13 to be decided on
syntactic grourds -- "Ly putting™ for ‘how’ JuEuestians,
“to put™ for ‘why' guesticns. The noun-phrases far
0821 and OBJ] are generated asn describted above.

¥hile these techniques are capable of generating
COITeCt GYNTACLIC reSspoOnsSes in the situations ¥inograd's
sadel cxpectn te onccunter, they tend t¢ produce unnatural
discourse, Three devices were used to =make the diralogue

irss machine=]ike,
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First, in listm of nnun-phra:;:. identical ones can be
combined 1nto 4 single noun-phrase with a Proper nufterical
modifier, producing, for exdnple, “"thice red blocke™.
Second, when an object referenced tn a guestion 1s also
teferenced in the answel, rather than repesat part or alil
of & noun-phrase it is destrable to use “cne” in The

Tesponse, Thus:

2. is there a4 red block on the table:
A, ¥ws, a large onwe. inot, "Yes, a large red
bBlock."™}

This 1% accomplished by directly comparing the
twa English noun phrases,. Finally, a et of heuristics
enables the generator te use proncuns ‘it' and ‘thar'
in responses,

Winograd's work (8 significant in that 1t demonstrates
the usefulness ¢f combining syntactic Gnalysis with powerful
Se®antic processes and world knowledgoe. He shows that a
Freat desl can be accomplished when language analysis
tesults tn more than syntactic description. The msjor
drawback of Winograd's work ts that zany probleas of
language are avoided by the severe COnRstTraints of the
worid with which he deals.

From the viewpoint of generation, however, Winograd
bastcaliy adopted an approach mentioned in Chapter | =~-

that output can be joft fairly rigid and needn't be
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capable ¢f handling a1l the syntay or meaning ha
the analysis routines, The ‘natural’ guality of
jenerated language % achieved a5 a byproduct of
cenatrainte: of the progratc’s domain, Because hie
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The parsphrases used the same words as the tnput, and
thys wWers mofe sYntactilc than semantic in nature,

Winograd, rather than working or & general theory
aof generatijon, uzed task speci1fic procedures tTo perfors=  wa
generation he reguitred for his blocks program. Signi1ficantly,
he found no use for a randos eledent In generation. Far
4 few simple, well-defitned si1tuationg fill-tn-the-Llank
rodponses sufficed. In other Ccases, Epecisdl purfpose
routines expressed in Englisah the meahing of predicartions
used in wuther parts cof the progras to control cognitive
PEocrTsBEes,

The last formulation cf the proble= of generaticn
which we shall consider atrtemprs To Lncorporate some of
the best aspects of these other aystens, it eoploys a
formal representation and generative grammar,. and fw
4iso designed to be appiicable to interesting linguistic

and cognitive Tasks,

R Sizmons" Semantic Networks

RBobert Stmmona <33, 585,1&6> in recent work on natural
language processing has designed a system for analyzing
Sentences IGTC 4 SeRantic represiontidftion and generating
santences from such a representation. Since Simmons'

appreach points up some of the basic distinctions between
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the general Ve approach esbodied n RBABEL and rhose 3f

cther jJenerators, as woll as fundamental d.fferences betweot
conceptual and other meaning representations, it will be
warthwhile to describe this work in some detail.

Simmons calls his deep structures femantic notworks,
These networks consist of concept nodes connected by
semantic relations. Each concept node L3 distinguished By
the relation TOFen whose value 18 8 lexical sord sense.,
Azmong othet defining propoefties, & word mense has a4 cantext -
free mapping onto an Engliah word, IBy & context-fren
mapping fron word sense Ll we mean one which 18 i1ndependent
0f rthe %omaAntic network containing the pode whose TOFon
it L1.¢ The femantic networks slsc contasin nformation
which 18 not focessarily reflected 'n chalce of words,
but 1n morphology and syntag -=- e.g9., MOOD-INTERROGATIVE,
TENSE-PAST, VOICE-ACTIVE. Some of this information, such
4% TENSE, (8 clvarly semantic in nature, Same aof v,
such &3 YOICE, 1» used only for syntactic pufposes in
FEnNeration,

The choice of semantic relations reflects tThe work of
Filloere %> on decp scomantic case structure of janguage.
Each case reoela®ion 1% presumsd to have ceftain semantic pro-=
porciee, The AGEHNT of action A, for example, murt b
4n animate tnstigater of A. This constraint 1% 1 dependent

of any particular agent, action, of syntactic structure
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used to encode the relation.

& verdb in & semantic network (more precisely, a
concept node whose TOKen 13 a lexical word sense which can
te mapped ontec & verb) has sssoclated with i1t & set of
Case argueents, each case arguBent beitngd 4 case relatian,
suchk as AGENT or GORL, and & valuw. The value cf a case
felation 18 another concept node, which =ay be expressed
linguistically as either & noun phrase cor an embedded
genhtenced,

The haslc semanti< network represenration for

T"Johsi broke the window with 3 hamser®

might look like:

TOK
¥ rouHn

AGENT R
Hioa et

B SING
DET
—# WINDOM

| OF f‘“‘ 5 ING
1 m*

TOK
——23 BREAE

- DEF

£ C3
| DET
| I ¥ DEF
TIME
——PAST !—' HAMMER
TOE MR

iﬂ, g [ —*siuG

RET _, inpEF




Thia car be more cofciwely Wrltien as!

Cl TOE BREAF 3 TO¥ WINDOYW
AGENT -3 NEE EING
OBt i | DET DEF
IN ST &
T IME FAST 4 TO¥ HAMMEE
HEBH S1HG
o2 TGE JOHN DET INDEF
KBR Siuo
beT LEF

Three distinct PrOCeBEC S GPEI‘EtE cn these networks,
A nnn}zzer encrodes Lnglish sentenced into Semantic noliworks,
A generatot ptoeduced English sentences from the networlks.

A rtrarnsformational DToCen® maps Eemantic networks inte other

retworks, and i1 reguired for certsin typet of paraphrases,
a8 well as for :nference.

Both the asnajyrer and tThe generatoer abrec implemented
at Augmented Firite State Transitlon Hetworks (AVETHsY,
a% cdepcribed by Moods <d.s, A AFSETN has the structure of
a finite RTAte Transit | on nRetwork, owever, the arc jabels
na longer name terminal elements to be produced in the
Jutput fry scanned 1n the input stream), but may specify
toi prwdicaten which =must be true :f the arc 18 fo bo

followed, (1 "subhroutlne’

tranefers tc octher pleces of
network, and i, storage of information in spectal
rogisters, The added mechanism enablies AFSTH: to perform

tha %A%c uofts of operations as transformationatl gGrammars .,

Lut with certain computationsl and conceptual advantages
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ek the transformational grammar formalimm.

To sve how AFSTMe can be used to map sedBantic netwarks
tnto Englienh, constder the following networkh which Simmons
ysnew far

"HMary was wriesntiung with & botrle®

T TOX WRESTLE o3 TOF WITH
TiM FROG PAST Py Cd
AGT c2
838 ci C4 TOKF BOTTLE
DET INDEF
TOK MARY NAEE SING
KBE SIHG

irn nimmons’ formulation. the relations marked TOK dc not
rave words a5 thetir vajfuoss, Byt polnters to word-sense
ledical rRtries. Thiese ntrics In Lurn &fe assoclaltsd with
sty vidusl words, as wel as syntactic information f2ucn as
fast fen=e forme! and mesant e information fsuchk as synonyos!

it couwr the wobds,



The genertatton <can be accomplishod with the sizple grammar
shown graphically below:

Tim Vs
I__L.l"__"
—p
VPO H§] v

mik

Suppose 1t ip desired toc generate a sentence from the
gemantic concept structure Cl. This structure is labelled
£ and the grammar is entered at the node with the
corresponding label. Thefe are two paths leaving this node.
The one labelled AGT can be followed only 1f & correspanding
SCeZ&Atic relation oXisStS In the cCurrent semantic structura.
In this case it does, %0 scvers] actions take place:

Zrructure €} 18 relabelled as VPO fthe node
a4t the end of the path followed?

Structure U1 18 "puxhed® onto a list of
structurenr to gcome back to
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The gracszar (8 re-entered at node AGT with
se@antic concept € (the value of the AGT

relation ta the SeBRantic net! as The active

node
The path from RGT (s labelled (A 1. This means it can be
unconditionally followed to NPO. Two paths leave NPD,
The first s labelled POBJ, but cannot be taken because no
POBY relsation exists in concept CJ. The other can be
anconditicnally followed te node NPL. To leave this node a
feiation NBR must be present in the femaniic SLructurfe. It
is, and has value (SINGI, N8R t8 & function which ts Then
sppited. and creates & noun from the TOKE and NBR valuos tinm
vther words, goes off to the lexicon and finds the singular
of plural form of the noun), In this case, the noun will be
TMARY"™ . HER then adds & relation NS (Noun String) to the
@astive nade (in this case C2) of the semantic network with
th:6 noun &% its value, The path DET from NP2 cannoct be
LTaken, since The corresponding relaticn dces ROt exisat in

The Active SeSantic structure, {If it had, *a’' or ‘the’

woudid have been sdded to the NSI. The unconditional path is

tThus taken to NPI. Here a sequence of ¥ODs tadjectives! is
purmitted, Eventually lin our case, i1mmediatelyi *the
unconditional path to HPY 1s taken. The relation NS exists.

and trhe function NS 1s applied. placing the value of the
telavricn iin our example, “"MARYY! in the cutput string for
the sentence being formed. The node i(abelled T in the
Jram=ar 1% thus reached,
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Thiz 18 4 terminal; the effect s te ‘Fap' rhe pushndowrn
118t cf interrupted structures, resltoring €1 to actiwve
gtatus,

]l was labelled VPO before beiagd "pushed®y the
Fenerat .on Fevorts ta that node of the gragmar, The cnly
relatiun leaving VPO 1s TIM, TIM ia a function RN -SRI ¥

ta NBR; it creasates 3 Vert Ftring (V5) which 1n this came

i Twad wmfestlinag™, The seXt transition th the grammar

adds the VS to the cutput HEtTing. The *ranattion frono
VB. te YPY Feguites PIaCessIng the semantic telation ORI,
Thaes feesgltes tn art  vating concept nodes o3 gnd Cf and
adding the 3LTing “with a beottle®™ te the Qutput string.
NeTthing else of interest sccurs and the final output
BIEINg 18 "Mary was wres?'ling with a4 hoterio=.

The grammar used 1mn Fhis cxanple consisted of tws
basyr parts. The wasx a "noun phrase' Jrammar which Fenerated
noun phrases {ro= appropriate seRantic structures. The
T her wasS a3 ‘sentence’ ararmar which Feneratod the wvorh

#tring and caused

o

4t the proper *ime

1 ofFder

SeRlenoe

e peoerforz a4 jeft-to=vighe

activation of the noun phrase grammar

far the

ApPPropriate Scomant Lo Structures

Fenaration of the

fentence paraphrase say be accomplinshed 1n weveral

#3YS In s4dch & SsyYStem. If the generatiocn AFSTN 1s non-

drterministic fi.e,, thefe exist disvinct paths through

i1



The network which may be followed far 3 GLVen semant o
network! syntactic paraphrase should result. ToORern

Felat jons may speclfy not Just a single word senze, but g
st of synonymous word senses. S1EmOns Vviews paraphrase
a8 being handled, at least tn part, by & transformat . cnal
conpoRent Ooperating on the semantic networks, Paraphrase
trapslormat 1ong would sllow zappings between seots of Case
relations, and might (ntroduce TOFen Subsat ivarion a% well.
Glven the semantic structure ) for

"Juhn bought the boat from Mary™

o | TOR BUY o TOR MARY
SOURCE L

SOAL 3 Ci Tow JOHN
THEME &8

4 TO¥E ROAT

the Fule B

[y
oy

BUY SELL
SQURCE vl fem T SOURCE %]
GOAL P2 GOAL LR
THEME i THEM®E LR

van be applied to produce the structure CL°

cr TOE SELL | gy TO¥ MARY
SOURCE ca

CGOAL cl €1 TO¥ JOHN
THEME C4

a4 TG BOAT

from which the paraphrase “Mary seld the boat re John™
Bmight be Jeneratoed. The rFule Pl 183 interpreted as by~
difwctional, thus enabling paraphrase from '"sell’' to

"Luy' as well. Suchk a rule could alsc be used to
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paraphrases “John gave Mary the Look™ as “John gave the

book to Mary.,™ Whether the latter transformation should
exist, or whether this should be handled by non-determinacy
in the generation grafsar, depends in part on the amount

of word dependency allowed in the generation process,

More abcut this probles will be Bentioned tn Chapter 6.
Sinmons distinguishes two types aof paraphrase
transforsatione; those which change the cholce of lexical

entries &re terfmed "sexantic', &l others are termed
‘syntactic’. The 'buy =« Sell” rule above t8 an exanple
cf a semantic paraphrase, and 185 one in which only rthe
TOXen 183 altered. tIn another paper ¢ 36>, *John' 13 the
AGENT of 'buy' and "Mary' the AGEXNT of 'sell’'. With this
configuration, the 'buy - 2ell’' transformatica invalves
#a change of case relations as well as TOEons, ) An exanmple
of a4 syntactiz paraphrase transformation would e & change
from agtive to pass:ve VOICE,
Siooons' semantic notworks provide & represcontation

of the content ¥ rnatural language utterances which im
appraling for machine ioplezentation on sceversl grounds;
bt In the realn of syntaN, these networks, coobined

with AFSTH analysis and generation, provide the

deacriptive advantages of rtransformational grammar,

2t It s possible o define the networks i: such a
wady that they are unasmbigucus,

iy The same represontaticon serves as a recult of
analysis and a source for generation,
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2t Forsasl rules can be written to perfors inferences
and deduction within the network structures.
These rules can be used to produce network
‘responsés’ in applications, providing for &
natural input-process-respond cycle with ne need
for random generation.

5} Since & single theoretical! framework is provided
for generating from any zemantic net, ad hoc

Tuliecs oY wxpressing particular seanings do not
ADpEAT NeCLISAry.

The major drawback of these sefantic nets is thetw
language~dependency. That ts. the set of basic meanings
and relations between these meanings provided by the
Retworks i1s determined by the particular language te which
they are applied. MNevertheless, we shall see how a
pertion of this generation system has been adapted for

Us® azx part of BABEL.
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CHAFTER 13

CONCEPTUAL DEPENDENCY REPRESENTATION

LI | Conceptual Fepresentation: bLasic requirements

Ea<h ¢f the endeavors reviewed in Thapter ! was
rased on & 21 ffoerent gnderlying representat:on for the
content of matural lanquage. Elein and Fricdman used
Fepresentations which esxplicate EYNtactic strocture, The
PLANNER a<sertions of Winograd and SCZantic nets of Simmons
are oriented toward explicating Seaning. A guestion which
iThus a&rifcs 8 “What are the desirahlae PEOportivos of a
feprescntation of linguistically encoded inforzation,
when this information ts to be used in o computer
epplication?™

Syntactic formulations are unsatisfacrory because
inferences and actions cannot readily be based on syntactic
EtTUCture, The semantic formulations work well on smagll
vocabularies in highly restricted domatns. we shall nee,
however, that when they depend on Tepresenting meaning by
ditectly assaciating language units with eoxecutable
prograne and implicasaticnal rules, they make unreascnable

processing and storage requircelents 4% the domain of
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discourse expands.

Conceptusl representation has been proposed as a
solution to some of the problems inherent in semantic
representitions. A level of meaning distinct froz any
linguistic eapresszion of that mesning L= hypothesized.
Language units are defined in terms of combinarions of
Bedning unite. Only the meaning units are actually
d3soctated with inferences and acticns for the computer
model to carry out. Conceptual representation is

distinguished by several features:

(Al A conceptual representation must be 'language-free®
== that i{g, the zanme zet of units and relations Bust

be usxed to describe meanings which may be encoded
in any human language.

3. The representation must be unambiguous. This ByUst
be true even Lf the words or word combinations

which express that meaning are themselves ambiguous.

tC} The representation provided for natural language
sentences which are 'similar® tn mEeaning should
directly exhibit this *similartty‘. Closenvss
of meaning need not be formally defined; it is
simply the feeling of speakers of English, for
instance, that ‘running' and *walking*® are closer
in meaning than *running' and *killing'.

{D} The representations &re¢ oriented toward use in &
computaticonal memcry model and inference systen.
One ramification of this is that the units and
relations used L0 represent meanings derived from
ianguage =must be the same ones used for internally
generated information.

tE} The representations are frequently proposed as

psychological models of husman cognitive Strucrures.
The psychological ramifications of the representations

will not concern us in this work. It is certainly
not clear that a conceptual model must have any

peychological validity in order toc achieve successzful
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results i 3 computer applicatrtcr,

.z Conceptual Dependency: repreoesentation detazls

CONCEFTUAL ODEPENDENCY (C.D.) im a conceprual
feprefentation which oncoRmpasses & particular set of primitive
vonceprtual units and relations. It has been developead and
described by Schank <3]> | We ghall not delve jnto the
distinctions between C.D. and other conceptual systems
“28>» here. This section is devored to a GUICKk cverview of
C.0. and examples of its uie to encode sentence TOANLNGE.

This presentation has twe Bain purposes;

£ e Five the reader a fewling for the flaver af
cgnceptual representaticons.

t1t to introdyce terzinclogy which will be used in the
description of SABEL in Chapters 4 through 6,

We defer until Chapter 8 a thecretical
conpariscon of this conceptual representarion, and the
lanjuage processes which it necessitates, with other

approaches, such as those described in Chapter 2.

3. 2.1 EVENTS

Natural language often uses single words o convey
many pleces of information. This makes for efficient
comBuUnication, but can Cause problems 1f the individua:l

pleces arce needed rather than the entire conglomerate.
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Engltish verds demonstrate this phenomenon. *Sell*, in
Lt ao¥t common usage, indicates thatr some object came
into the possesston of the buyer and that some BONEY was
transferred to the seller. It im ea48Y to construct
Situations in which & single one of these events, rathesr
than the entire "sell® complex, becomes central.

In C.D. all actions described in language &re brokxen
down tnto & set of primitive ACTSE. ACTs aTe performed by
ACTORs, and this relationship iz symbolized:

CACTOR> <wam> <R0T>

‘Eating' is represented by the prismitive ACT '*INGEST*',;
‘John eats' is represented as:

TIOHER® <mmm> EINGESTS

Hot sll ACTOR-ACT relationships describe physical
events; "giving' is an abstract notion invoiving change of
POssession and i3 represented by the ACT "*ATRANSZ*', For
‘John gives' we have the representation:

YJOHN® ceommp SZTRANGY

The concepts of 'eating and *Fiving' involve more
than just ACTORS &nd ACTs. One must eat some physical obiject,
An object cannct just be given by an ACTOR) there must also
be some recipient of the giving. To represent relationships
between ACTs #nd entities cother than ACTORs, C.B. provides
a set of conceplual CASEs. ERach ACT Tequires the presence

of & particular subset of CASEs.
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Mozt ACTE require an OBJIECTIVE case sysholirzred:

o
e mew=TORBIECT >

Exanples of this relationship tnclude:

-
-

“"Yohn drinks malk"® *IOQHN Y cmamy FINGEST e === WgrrEe

e
"¥red breathes™ *FRED® cwamy *INGEST®* --- *31R*

the latter example desmonstrates how required conceptusl
«35%%¢% will be present I1n ropresentations even 1 no
carresponding surface case exists.}

When the 'possession-ship’ of an obhject s changed by
an action, there must be both & DONOR and 3 RECIPIENT of
the pustesrinn The RECIPIENT CASE 13z provided to represent

this relationship, and 1s denoted

« <RECIPIENT>

o

e & DONOR>

The ACT "ATRANS* requires the RECIPIENT CASE. Some exanplies;

“"Jahn gives Mary a book®™, or
"Mary receives & book from John™

L= R g r WY RY
FIOHN* Ca> FQATRANS® e egOOE" ................1

g e '.}(JHH"

%



In this example we see¢ how conceptual representation =may
provide tdentical analyses of sentences which differ not
only in syntax, but in the asctual words used. Different
words, like 'give' and ‘receive', may map into identicsal
conceptuyal structures even if they are not synoeny=2s in the
normal sense. All that 1= reguired is that they convey the
same meaning in the contex: 1n which they occur.

*John takes the book from Mary"™

o R > *JOHN®
*JOKN® ¢mn3 *ATRANS¥emeuna¥ BOOKS *======

—t ¥ MARY "

Here the conceptual analysis captures Tthe similarity between
"give® and "tike', both of which communicate a possession
change. In English these words are conztdered 'antonyss?,
conceptually they differ by 4 reversal of recipient cass
roles.

The ACT *PTRANS* (s used to represent actions af
changing location. *PTRANSY requires an OBJECT (whcse
location 13 changed} and & SOURCE and GOAL locatian. The
DIRECTIVE case provides slots for these locations, #nd 1%

syabholized:

p—2 <GORL>

Al i — v < A el

t—l <GOURCE>

10
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| SRt S, STATE® « & STATE-CHANGES

some of the infor™.tion atored In a memory and

commgnicated 1n languagey 18 not represented as EVENTs, but

48 STATEs. The notation used tn C.0. for such information

VAL
CCONCEPT» «: - - x 2R TEIBUTE?> +---ee <VALUE>

For exanple, "Fred has ti.ce book™ t8 represcnted as

VAL
TROOKT ¢-2:23 * L OEEYsm e ma e~ F¥FRED®
A osybset of the ATTRIBUTES used in C.0. are SCALEs.
Wher tne ATTRIBUTE of & STATE relation t4 a4 SCALE, the
YALUE =1]l De an LREeger Fepresenting a polnt on the SCALE.

"foecrateds | dead™

VAL
FEOURATES® < ”: .2 *AEALTHY e m - =103
"kEill 16 happy"™
VAL
*BILE® «¢_.-": P IOY Y hn e 3]

in other Ccases. Cchanges in state must be represented,

Tre ETATE-CHANGE rmot (Ll ok 181

12



;mq-qﬁw——---iﬁb {ﬂEH‘?#Lﬂ!#
«<CONCEPT> [—----<ATTRIKUTE>
\-—.—.—--—-n--r—ﬂ--i. f\:ri:!-L*ﬁL[}E:-

Commonly only the terminal state (ATTRIBUTE » new-
VALUE] cf a STATE-CHANGE relation it known, and we wtil sos
Dother putting anything in the initial stare slo:r,

"Socrates dies®™

;__-_‘-.--——-----? f"'iﬁ]’

YSOCHRATES® |====-eHEALTH®

When the change of state is along & scaie, it is
common that neither the precise initial or tertinal state i1s
Enown, but only the direction, and perhaps amocunt, of
change. A STATE-CHANGE can be podified by &n INCrement
to Bhow thint
"Truman's condition detericrates®

fﬁ—q"-ﬂ-**———ﬂ'?

‘Tauﬂhﬂ' i-bb———- ‘HE&LTH‘
\ ————— W e o

INC

(=%}

Ho one has yet proposed a closed gct of state relations
and dcales for canceplual representation. Xhile such 4 Ent

i necessary for theoretjcal compiceteness of the

T3



representational system, it has no beari:g on the methods
used in conceptual generation. For BASr we have aFsgmed
s fairly zmall set of such cnits, suffic ent for testing

the varicus sorte of English structures +hich =ust be

generated from state relationships.

SCALE dime: .ion measured
EHEALTHY phys:ical health

FJOYe ment 1l pleasutre
EANCGER™ ange -

*EXCITE® sefnt 1l excitation
SPSTATE® gene cal phy=zical stale
*RBENEFIT®™ gent ‘&l well being;

affe 1ved by change on
any »ther scale

*EIZE™ SiZe
non=gcale ATATES MIoperty

*POSSE" <CONCEPT> posscised by
CYALUE>

*OWNY <CONTEPT> cwned by
“VALUE>

"LOoCe CCONTEPT> located at
“VYALUE=

*MLOCY mental locationy ses

section 3.2.4

EVENTs, STATES, and STATE-CHANGES are &ll types of

reiastionships which are termed conceptualizationz .

¥.2.3 CAUSALz and CONJUNCTION:

Three types of causal relationship are previded. The
first 15 a relation in which the cccurrence of an ANTECEDENT

conceptualization causes & RESULT concepltualization:
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“ANTECEDERT » P

I\ the causal relation sysbol s
¥ _ w:ll sometitieg be writien
<RESULT > «

"Brutus kKilled Cavsar"

LERUTUS® LRl b+ [o i
i%
)
.!‘
ik
J_--i-:l——-..-n.-.-.--.—----‘-n.---:,., 'hin}
*CRESARY --=-=-- = *HEALTH"
%

R A a - g

YDO* 1% & "dummy’ ACT used te hold the place of some actual

Bat unknown, ACT and 1ts required cases.!)

The second causal relationship provided for is the

CAN-TAUSE rejationt

<ANTECEDENT

/<y
ey the causal relation symbol |!!
will saometimes he writtern
«BRESULT » .

This relation indicates that the accurrence of the ANTECEDENT

conTeptealization wauld cause the RESULT conceptual jzation,

but dows not indicate the acteal occurrence of rither.

T



"Mary likes to eat chocolate®

o
*MARY* <ea=3 ¥INGEST® (==n-=-a*CHOCOLATE®
ey
i
femmmmmeeaoann,
TMARY® [------%JOY*
x-*--------- = A
ic |
be2}

The third type of causal relattonship i1s "mutual

cadsation®:

ANTECEDENT » Fay
Fday the cauvsal relation symbal b
;1_ w1l]l sometimes be written |
_:5 P ) T#
\a /s

«RESULT .

This relation tndicates that the ANTECEDENT and RESULTYT
conceptualizations werwe caused by gach other. The
relariconship t2 completely symmetric (and thus the terms
ARTECEDEXT and RESULT do ne have the mnemomic value they
have in the other forms of causal relationshipl. Mutual

causation (8 used Lo Feprfezent 'buying', as in

T



"John bought r*he car from Pred™

=] R

*IOHN® vman: TATRANGE® --. *NOMNEY* .____.]
A AN

R

N
Ay o R,
SPRED® <ewms> *RTRANS® caco- spurne <--—i

*FRED"

*JOHENY

e —
g 1 *I0HEK®
T ———

*FRED®

The zame represcntation 9 used for “sell™ and "pay far®

- L]

asg for buay™.

All the CAUSAL relationships sfe themselves
canceptualizations, Furthermore, any twoe conceptualizations
can Le joined by the saymbaol "M " to fors a CONJUNCTION, or

By the synhol "% ' to form a DISJUNCTION, Sorh CONIUNOCTIONS

and DISIUNCTION: arve also conceptuslizaticons,

cfonceptuslizations «conceptual izations

o W
rConceptualizations cconceprual ization,

1oe. 4 Mental ACT= and LDCations

Mary English verbs «= tell, remember, teach, read --
invoclve the transfer of information. Conceptual primitives
for representing these Nesnings are discussed in <32 »,

The 'Mental' ACT *MTRANS® (s used to vrepresent transfors
st information, This act requires a new CASE, the MENTAL-

NBJECT MOBJECT) .
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An MOBJIECT must itself be some conceplualization. TMTRANS®
alss reguires the RECIPIENT CASE, with the DONOR and
RECIPIENT being 'mental locations.' Allowsble mental
loacaticns itnclude ‘conscious processors’ (*CP*! of human

Lbeings (the consciocus mindl, the 'long-ters melories’

I*LTM*] of human beings. and physical cbjects which in
some sSense serve as informartion stores (books, Tolevisions,

+ o' They npotation fTor an EVENT using "RTRANSEY 1s:

M ] “RECIPIENT>
sACTOR> cmmay EMTRANS? <-==- <NOBIECT > "-"“{
cDONOR»

EMTRAMNSE® 18 an abstract ACT which itndicates the tranzfer
of the inforzation contained in the MOBJECT from the
DONDE to the RECIPIENT.

"The professor tells Bob thar Socrates 18 dead™

FART
by ] B ey *"CP*emn= *ROB*
*PROFESSOR® (nas»*MTRANS?® ccu- @ o--—d BART
] et S PP Canns *PROFESSOR™

'.
H VAL
*SOCRATES® ~:::5 *HEALTH® <e==== (-10)

PART
iThe novation *CP*y=-=-=- *BOE* indicaies the conscious
procesnscy af the itndividual *BOB*. ¥Xhen conceptualizations
age ombedded Ln other concepiualizations, a # will cfeen

e used a% & "place holder® and will be connected to the

T8



Baih relational Ling of rhe eabedded concoptuld..zatson,l
Mon®s! lacatong can alsc 11} ®he *VALUE » sins

Tt OETATE relations which have a3 their “ATTRIBUTE»

e iMent sl -LoCat ioni, The “CONCEFT* in such felations

TURY be an anvt g e Tondeptual i 2ar 1an, For exasple.

VAL PART

i s . 'HLGE‘ R Ty "l TMe “---*--’FH’EE‘
L]
f

. —

TINHN® coa: . spps
P Y
J®oam e - o omowmow [ |"iﬁ‘-’
LRy Ko *HEALTH®

Y= -== s e -y

TiTeRents the mesning of "Prog Eelioves that Jaohn killed

o i T ol S
The *UpP*2 -4e Contaln Aarbitrary “onceptualizations,
© FLTM™®, mn Thoe othor hand, conrains only ‘believed®

Tutieptyslizations, sithough they Bay be stored with &
"certainty’ raviny. A non=fol teved canceptual ization will
+¥ be 8Tored espedded another conceptualirzaticn, as

R T"Palrtaovap laim they are intorested 1n gur welfare, ™

7%



Y235 TiNFs and other modifications

S¥il] to be accounted for is the concept of the tize
af occurrence of an event, which usually ts reflected in
verbal tensisg in language. BABEL deals only with points
in time, not intsrvals, The symbols ¢TI, TI, Tk, . . .}
will be used for times, a4nd drawn with pointers 1O S0me

conceptual kinks

Tl
+
CACTOR> «wuwmax <ACT>»

The spectal symboal *NOW* represents the ‘current' time =--
i.¢., the tize of an utterance ©r, =ore exactily, the time
of creation of a conceptualization. TIME relations will
be shown on a4 tise line, left representing PAST right.
FUTURE.

{tndicaten the relations
Ty <« T2 « *HOK®*

* £

whero < means ' HEFORE"Y

Ti T2 *HOW®

In the 1mplementation, every EVENT, STATE, and STATE-
CHANGE has a TIME associated with it. In our diagrancs
nowever, TINE will be left cut uniess tt ts relevant to the
paint boing discussed.

Although BABEL does not deal with time intervals, it

is necessary to talk about the beginning or end of an

4]



EVENT or STATE-CHANGE

in arder o
Yerbs in our examples

by a modify:ing

Fepresent saze of the

fe.3., "arrive™ Th:is 13 done
jiny labeled TS ('time start'i or TF

I"time “inish') with & time point as

1ts value:

i
« RTTOR» ‘e

Megarvion 18 indicated

t':}' a8 "=

through the main
2f thye

conceptualization

link
= cwmgdmy, eF2FE, erc,
interrogatives of two catogories are dealt with. ¥hen the
truth of a conceptualtzation s being questioned, this
#11l be symbolized by a 7" artached to the main fink:
"Dbid John drink the beer?®
? o
PIGHNY | mawma EINGEET® pms--- *REFR*
{f the content of a particular conceptual role 18 Fuest toned,
that rale 158 filled with a4 2%
"Who drank the beor?™
O
? oemsmy EINCEST® #~wwe- *REER®
Ancother modification ts the NODE ‘CANNOT®
an EVENT, and

which can =modify
is symbolized by a P on the

T o om B

Bl



*JOHN® cwxw> DO

ALY
PART
L EF e *CP % _FHARY®
TMARY* ,mup> TNTRAMNSY suee *CONCEFTE® «- -
’ e " BOOE®

i2 the representation provided for “John prevented Nary
fron resading the book™. {(*CONCEPTE® is ancther “dumsy’
canceptual unit., It roepresents unspecified concepiual
inforcation., One property of C.D. which 18 important for
making tnferences is its explicit representation of ‘missing’
coticeptusl tnformation. For instance, the *DO* in this
example might lead the model to try to discover “how did
John prevent . . .3 the *CORCEPTS* might lead it to
wonder what sort of information was in the book.)

hny conceptualization may be modified by a FOCUS
relation. FOCUS always specifies one particular siot in &
conceptuslization, such as the ACTOR of the RESULT. FOCUS
will not be noted in cur diagrams; while it s anticipated
that the memory model will find cses for FOCUS, it is
currently used oniy bY the generation routine to choose

between words like "give™ and "receive™.

82



.2 6 Conceptual nominals

The reader may have wondered aboul the usge of units
*JOHMN®, *BOOK*, etc., in conceptualizations, C.D. has
provided a great deal of analysis of verbs and relations
found in language, but little analysis of concrete and
dhstract nominals. The current program does nat deal
with words like "happitness® and “"involvement™, bhut 1=
limited tc nouns which name physical chjects and pecple.
The unit *JOHN™ tn a conceptualization i3 & pointer to
a mensry node, 3t which are pointers to all
conceptualizations involving *JOHN®, tncluding such
conceptual tnformation as

{HUMAN *JOHN®} and [IMALE *JOHN*)
The relation most used by the generation system, however,
IENGLISH=NAME *JOBR* JOHN
Where we write *BOOE* in a conceptualization, we raalily
have a pointer ®B to & se¢t of relationz which includes
(TOKEN=-OF ®E *ROOKE:
*BOCK* 18 the conceptual concept of *beok® and ts ttself
a4 node associated with all the tnformation about this
cencept (not about a particular book, however), Included
in this information is

TEMGLISH-HAME *BOOK* BOOR)

L s

In other words, we are assuming that for people and physical

objects, we will find an "ENGLISH-NAME' etther directly
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sesociated or associated vis & teval of indirection i{and
found by following a TOXKER=-OF relationl}. in writing
conceptualizations ih this thesis, however, ¥Wo shall not
gensrally bother to distinguish these two cases, but
rather will just represent the pointer to & BEmOTY nade
by the English name with '*' tacked onto the fromt and
pack. Chapter 7 discusses the sorts of extensions which
will be necessary to deal with more complex Englizh

nominalizations.

Remarks

it is obvious thatz the conceptusl representation
presented here iE pased to & great extent ©On intuition
about language and psychology. ¥o procf of the adeguacy
cf the reprasentatien to deal with a given d&tad bhase LS
provided. Nor 18 there any test for the t ndependence of
the various units and relations, From & computstional
viewpoint the ACT *PTRANS® could be replaced with the

representation

<ACTOR? <=n=u> *Dho*
/.
il
f-—-—-—-l------t—l----'--—-:l t‘LﬂCZ‘:
<OBJECT? |mvenncnsccaaa "LOCH

‘-----—-—-ﬁ----———*i---f {Lﬂcil

84



with no less in the get of meaninge representable.
However, the goals of conceptual dependency are in part
psy holeogical. The representations are not itntendod as
sodeles of the phystclet's universe, They are EBvant to
model the worild as perceived and described by peopleg
particularly thoee aspects of the world dealt with in
natural language. The conceptusl approach to language
processing is clearly a cognitive processaing model rather
than & pure A.I. approach.

An jntuitive approach has heen traditicnal in
titnguistic studies of both syntax and semantica, Khethey
describing sentences in terms of "noun phrases'® &nd 'verb
phrases' or mesanings in terms of "agents', ‘mourcest,
and 'goais', the representations proposced are based on an
intwitive chotce of units and relations. A Buperstructurce
cf operatiorns ie then placed on this representation and
used as & teet of tts adegquacy.

€.0. ir rot presented here a6 & finishod product to
which janguange processing must conforms. it t8 nevertheless
ugeful az & bazie for testing models of analysis, Bomory
functions, &and generation. The reprezentations must he
allowed to change in detail as inadegquacties are uncovered.

The detatils of C.D. are not important tc the generatlve
ecdel presented tn this thesis., Only the most haslc

aspects 6f conceptual representation =-- the use of language
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free units, the extstence of patterns relatable to
litnguistic units -- detersine the nature of the geunerative
process,

A natural Questicon toc ask when first presented with
the conceptual approach to language is "Why bother?™,
Breaking down language into conceptual units rather than
eyntactic or ‘semantic” units adds one more level of
complexntty toc language analysiz and one more level to
generation. The fact that othet sppY¥oaches have not yet
gucceeded in ‘solving' the natural language problem 1=
not in itself evidence that this sdditional complextity
1s regquited. In shart, what afe the advantages to this
approach which overrtde the handicaps i1t introduces?

Several points of a2 thecretical nature can be made
favoring the use of coencepiual representations over
tanguage-based ones. ¥We shall defer a general discussion
of this matter until Chapter 8, after the BABEL model of
cohceptual generation has been fully presented. Hopefully
this presentation will itself point up certain advantages
of conceptual Tepresentation, asalthough we will not dwell
of fuch potnis.

®e conclude this chapter with an example of conceptual
procesten; that L9, how a conceptusl smemory might sanipulate
conceptudl stryctuted to achieve ruesults difficult o

obtain with a language-based meaning representation.
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Since none of the material of Chapters 4-7 18 necessary
for understanding the material i{n Chaprer 8, the reader
stii}l borhered by *Why bother?® may wish to read that

chapter immediately after this one.

1.3 Conceptual processing: an example

Conceptual representation is really designed to
separate meaning from language. We should therofore expect
to #ee it put to greatest advantage in that portien of a
linguistic task which involves operations on meaning rather
than language -- namely, memoTIy processes. Consider a
conceptually based system operating in a dialogue format.
We gshail fellow through 4 sample exchange and soe how the
breakdown of language into non~linguistic units, the
same units in which knowledge and beliefs are ptored,
affectes the process.

HUMAN John advised Mary to vead the book,

MACHINE: Did Mary buy & copy of the book?

A conceptual analyzer would produce &8 meaning
representation of the input, which would look something

itke:

87



TL BART

¢ " Ry > SCR¥* ==~ *HARY®
vIOHN*<me> *NTRANS®+--- & *--{ PART

I CACPre-as *JORN®
iy 7 =3 PART
1 H ™ R 2 SOP *w- FMARYS
i *HARY® commd -nﬂtmsu----*coucrrr---—-—r
feh 9B
= i*| 1
% _
P i o b
*MARY®| ---=-=--=-*BENEFIT® - {TOKEN-OF * |
R |
+ + \ i
¢ | T3 L
.2 {1SA pBOOY}
+ * L3 * *
Ti T2 3 Tl tHOW®

{The untt #B is & pointsr to & memory node, which
represents a token of a concept such as "J.L. Seagull”™
which 1% itself & member of the class PBOOK. An *Englishy’
version of (H} would be "John communicated to Nary that
tf she were to transfer tnformation from a particular

book to herself, this would result in some sort of nenefit
for her.™}

The output would be produced by questioning iverbally)
the validity of one of the inferences made from (H) ==
in this case, tho

inference whose conceptual representatlon

iz



T4

& o 23 ¥ ADNFw
(M} *MARY* <ume> *ATRANS® +---= SNONEY® ----‘

/a\ *MARY*

]

G/ o £ 3> *MARY®
EONE e cmmmy TETRANSY svnna '{g ‘_--_r

¥ by ®OMHE®

T4
4 L . f * ¥ *
TL T4 T2 T3 T1 T4 ERON®

iwhich 1s approximately “"Mary transferred szcze Zaney
t¢ g#omecne, and that semecne transferred a particular book
tc Mary, and these two events kRutually caused sach other.™)
The production of (MY from (H}) =-- the ‘what-to-say"
problem =-- :ix the problem which conceptual Teprescntations
are designed to facitiitate. Processing is done entirely
at & conceptual level. The linguistic problems of ambuigity

and multiple representation are eliminared hefore this

by
process buagins.

How zuppose the mAchine has a belief that *Mary
believes John™., This is not stored linguisticaily, but as

& conceptual causal relationship:

¥IX, T) T PART
% " R AP Yy m e "MARY*
PIOHN® c===®3x *MTRANSY svene X w=--— PART
(B1) Y et VOB ¥ . *JOHNE
PART
Hi ! ... S
EMARY® «ssa>3 SMTRANSY sem=a A PART
L et ¥ P Y s TMARY S
T
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i"Any inforsation communicated by John to Mary will
result 1n Mary*s storing thar information in her “LTM*™)

This belief can be used as an inference rule. (H!}

matches the antecedent of [(Bl), where the bindings T = T!

and
FPART
T2
] ] YR T e - *MARY™
EMARY® ;e w3 *MTRANS +---- "CONCEPTS® e---

PAR Y [j:‘ln
= |}

R »

SMARY® | oecewe. *BENEFIT*
T e e S gt

INC +*
vl T3

have bDeen made. Therefore the conseqguent of (Bl), CR

i"Mary stofres X ia her LTM™) « T be inferred.

Note that the machine does not need a separate belief
iinference ruleil tc cover each type of comzunication
itell, advise, warn, etc.}!, sitnce they all get converted to
*MTRANE" to which (BlIt could apply. A representation
based on lsnguage units would need eilther a separate rule
for each of these verbhs, of & rule for ‘comsunication verhs'
with appropriate senses marked I&caunun1¢ativq}. The
probles of keeping the nuaber of such sarkers finite
appears difficuit to surmount. K systes which captured
sufficient generalitiesn to keep the nushber of markers
reasonable would probably end up looking very much like

a conceptual system which broke down information
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into its conceptual form edach time 1t was used instead af
storing 1t in that form.
An imsediate conseguence of CR {"Mary stores X in her

LTM"} i CR{™X is located 1in Mary's LTM™)

Tl

_ VAL PART
X5 X <mdms “¥LOC®wacome PLTMSwoooo___ SMARY®

where X has the binding found carlier, f.e., X is the °R
1“Mary could benefit from reading the book™} This inference
could be expressed verbally as "Mary wanted to read the
book®,

Ancther helief the machine zight have (s CR (="1¢
#0necne believe: that some event will benefiz hiz, he pakes
that event a goali™):
¥ #, E, T. % =0}

: VAL PART

3 CMLOC*ecanas YLTM® sewe- P

PR !

P FART

' i ™ R > *GOALSET*wmss-e p

s "MTHANS Y = e E g = EART
‘ — ‘LT“‘ t‘w!ip
T

F
P| ===aa--®BENEFIT*

\h‘--—.-‘-ﬁﬁ---t

INg T

N

S1



tHere °"“*GOALSET*' 13 that set of things which & perscn
currently (8 acting to bring abour.)
{Il} matches the antecedent of (B2}, with P Z *MARY®

and

PART
M B r—> *CP*e——-- *MARY
E : *MARY™ q.i.>-n1anns*---- *CONCEPTS® - - —

T2

8 the program can infer CRi"Mary puts £ inioc her goalset™;,
and i(ts Lmmediate conseguent, CR{"E 1% in Mary's goalaser™i:

VAL PART
'E:! E t;f‘;) 'HLDC" - . ‘Gﬂll.ﬁﬂ" L R ] 'Hna?‘

How all]l the beliefls abour how a person’s behaviour 1s
affected by the presence of a goal in his goalset come into
play. Anmcng these Ls the fact that actions sufficient for
achieving the goal =may be added toc the goalset and carried
our, hizs =may tnvolve using inference rules 'backwards® --
£ the result is in the goalset, then the antecedent action
zay be taken. One enabling condition for *MTRANS*ing
tnformetion from a book is being in possession of the book.
But this iz not an action which Mary could take, so the
machine may infer that she added that to her goalset as well.
There are many wiays to caome into possession of an
uhjne;. ¥hich 1s most appropriate depends, among other

things, on the nature of that sbiect.
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For books one particular way 8 ta go 1o the likrary, and
Lhe machine might wish itnfer CRi"Mary went to the l.brary™:
and gquestion that inference. For a much larger class of
chiectes the natural way to come to FossSess then i1s through
an *ATRANSY . If no reascnable way exists for Mary tao
*ATRANS® the book to herself (such as by stealing 12} thean
it a4y be inferred that she adds vo her gralset & goal for
somecne else 1o YATRANS® the book to her. Gne wiy Lo cause
that 1% o *ATRANSE® some money o Soteone who has the
hook, Thraygh such & chain of reasching (MY might be reached,
*f zourse many problems have been overlooked in this
Fuick analysis. A real memory model will have te consider

Etrength of beliefs and probabilities associated with can=-

Causke relarions. And &t evvery stage of this dedyction,
alternative paths could have been folliowed, Some wayld
lead to interveting results, others would not. Effgctive
Sanagement of such a search 1s & classtc A.[. problen, but
not one which woe ghall touch upon here. Even the guesttan
2f knowing whether & given inference §g 'interssting' does
NGt Seex to have any simple sclution, The matn points of
this sanple analyais are:

& in providing a linguistic response to a linguistic
input, a grear deal of Processing which is notr
inherently linguistic takes Place,

Bi A representation based on linguistic units could
perfors these procosses. However, the ouitiple

reprnientation problem alone wougld eXpand hoth the
Bea¥Ch space and the necessary base of inference

213



rules tremendously These problems would be

aggravated by the problem of lesving ‘similar’

meanings implicit in the Tepresentation as they aTe

tn languasge, since the similarity could be macde

explicit oniy through more inference and deduction.

Conceptusal representation provides & framework within

which this non-linguistic processing <¢an be forsmalized. It is
specifically designed to aveid multiple representations of
meaning and to explicitly represent related meanings. The
conceptualliy based memory should require fewer rules in its
rule base to pesfore & given sot of inferences than would a
neBory based on some "shallover® representation. This not
only saves space, but since fewer rules will be apgplicable
toc & given structure, the conceptual semory will have a
szmaller *inference space' branching factor. Of course,
there 15 siways the possibility that this advantage could
be cffget by the necessity of performing & deeper search
with & conceptual memory to reach a given i(nference.
Unfortunately, no examples of conceptual and non-conceptual
memories with reasonably broad and comparable inference

domaing exizt, Thus no data is avallable which might shed

more light on the nature of this breadth-depth tradeolf.
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.4 Sumbary

¥We have presented a systemn for concoeptual
Tepresentation and examples cf fts use to repres. .t
Teaningys encoded in natural language. de have sesn how
a conceptualliy=based memory model might operate with the
result of & conceptual analysis of an Fnglish input.
Thiz opersation would take place 1n a language=-free domain
and would result 1n & conceptual response to the inpat,

Parhaps the greatest price pald for the henefits af
conceptual representation i1s the necessity of performing
language jeneration froem 3 non-linguistic hase
representation. The perforzmance of this rask by BABEL
ig described 1n the next three chapiers. Azong other
things, the existence of a progran lLike BABEL demonstrates
that conceptual representations do not break down
information so far as to rendey it inexpressable in
language. Conceptual generators are tndeed feasible; :n
butlding then, a great deal can be learned about the nature
of language generation., about the relation of syntax and
meaning, and aboul the relationship betlween linguistie

knowledqge and conceptual knowladge.
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CHAPTER 4

KHAT BABEL DOES --- HOW BABEL DOES IT

BABEL is the generative component far a conceptually
based language processcr, More specifically, BABEL 13 a
procoess for carry.ng oult 4 representational change -- from
meaning structure to natural fanguage sentence. The only
natursl language we shall be concerned with is English.

%e shall indicate later what portion of the generative
process 1s really English dependent., and what partion 18§
interlitngual -- in other words, what smust be changed orF
added to enable BABEL to produce realizations in languages
other than English.

Although other generative systens alsc perform
tranzsformations from underlying representations to English,
wo noted several reascne why theose woere not applicable to
conceptual generstiont
A) Syntax based represeststions (like Friedman's)

ytilize unitas such as Hous Phrase, Verb, Auxiliary,
etc. in the underlying structure. BABEL STARTS
WITHOUT A SYNTACTIC REFPRESENKTATION OF THE SENTENCE
TO BE GENERATED.
B} Semantics based representations (like Simmons'),
even if they can eliminate syntactic reliations,
stiil incorporate iingutstic units in the form of
word mzenses. BABEL STARTS WITHOUT EXONLEDGE OF
THE ¥ORDS TO BE USED IN THE SURFACE SENTENCE,
#e can recognize at least three BEajor problems which

mu=t bhe gsolved in transforming & conceptual representatilon
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intec surface English:

it ¥Worde must be chosen Lo use in the sentence.
These should be the wordg {cf those 1n the
program’se vocahbulary) which 'best’ convey the
meaning represented by the conceptusl structure,
The words must be tiled together by English svntax
relations (or relatlone from which the syntax can

be produced).

114! The words and refatlons muet be linsarized to fore
an Engliish sentence,

4.1 ¥Word Selection

Consjider first the probles of word gelection. By
far the most jnteretting of the words to be chosen lat
least with respect to English) are the verbs, since they

generaliy carry & large amcunt of conceptusl informatton

which 15 spresd throughout the underly¥ing structure .
But this 1nformation (& not marked In any way at the
cencefptuyal level ag beling relevant to verb scelection.
BABE]L muyst somehow notice the presence cf the relevant
information units and reaiize that they can be encoded into
ar English verh.

Let 48 look &t sSome cokamples to better understand
thie problem:
"John drinks melk™

o
ted-1: TIOHNY capmnx FTIMNGCEST® wwao-. *RILE®
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In order to generate arn English resliza®tion fron thas
conceptualization, the fact that "MILEK® (s & FLUIE iw cf
interest, since English makes verb Jdistinctions on the
baste of physical properties of INGESTed objocta. That
L8, an INGEST event may be realized with ‘eat’®, ‘drank ",
‘inhale', of one of meveral othor verbs based on the
nature of the conceptual OBJECT, However, inp

*The bear ecats f1gh™

=2 *RERAR™ swmmys *INGESTY wweeo-o *PISHT

it iE ROt tmportant that BEARRs are ANIMALS and nmot HURANS ,
However, to generate & German realization of IC4=1) the
distinction 18 important, since German makes a
differentiation which English doos hot. iGerman uses the
verb "fressen' to degcribe eating when done by an animal,
but the verb 'ecgsen' whorn a human agent is ynveolwved, !t

Although the fact that *MILKY is & FLUID is relevant
in CA=1), 1t is itrvelevant |n

"John put & cup of Bilk in the refrigerator.”

a o a3 Y"REFREG™
iC4=-3} *IOHN* cossay YPTRANE® wowo YCUP* oy
I ——
CONT !
*MILK*
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Thues the relevance for generation of & conceptual
pattern or relation ix dependent:

A on the language chosen {examples (C34-11 and {C4-23},
and

B} on the conceptusl context itn which it oceccurs
iexamsples (C3-11 and (C4-31)

In general, every verb (actually. every verb sense!

has assoclated with it a4 set of Defining Charactelist ics,

or DCs. These are predicates which oust be satisfied by

& conceptual representation tn corder for 1t to be realizable
uging that verb. To make the notion of DCs clear. we
Present scmEe cXanples, vach consisting of

It an English verb

it an English sentence which should put across the
scnge of the verhb we are tnterested in

' a "skeletal’ conceptual dependency representation
for that sense

4t the azsocilated DCs
1wl DRINE as 1in “Umpires should drink carrot juice.™
o
X Cuxey EINGEST® o e cOBIECT »
DCs: 1 structure 2>f the representatrion is
an EVENT

ist < ACT> - *IKRGEST™*
118} «<OBJECT> has the property FLUID

English prevides snother sense of “drink™, as in

“U.8. Grant drank even more than most Presidents™.
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This sense has the same DCs as liated above, but regquires
that the OBJECT be the conceptual unit *ALCOHOL® [which

of courze, i® the substance with the English name “alcohol™1.
Since “ALCOHOL® has the property FLUID, the DCs of this

sense of “drink™ are & special case of the DCs of the more
general seonse. TFor the generator thiz oeans that any meaning
expressable by the more specific sense could also be
expressed using the =ore jeneral one, although possibly at
the cost of making sdditional information fi1n this CRSC,

the ingested substance) explicit in the jencrated serntence.

'Vl EXPECT &« in “Lear coxpected his daughters to grant
his evory wish™,

T2 TL
“ * VAL PAFT
< CONCEPTUALIZATION> <.:!3 *NLOC® seaceceaa-n TLTM® rewvaa= X
D= L gtructure 1% & STATE

bttt <ATTRIBUTE> i1m *MLOC
Lt} <WVALUE> 185 *LTM®
ivi the times ssatisfy TI < T2

It is the last DC which makes “expect™ nean “to believe
something about the future.” Some dialects use ‘expect’
interchangeably with 'believe'. We can have BASBEL speak this
dialect Ly eliminating the fourth DO, which will permit
sentencee like,

"I wxpect he is at the race track.,"
"1 expect the butler did it.”
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é
F

i¥il  WANT as in “Lady Macheth wanted to become the gueen
cf Scotland”

b

VAL PART
FHLOT * L LT L X BCa: 1) structure ts s
STATE
il1) tATTHIBUTE: =
tMLOC*
111} <VALUE> = w=pTmu™
1wl «CONCEPT> ta1 a
<IC mtructure
~CONCEPTUARLIZAT ION vi <RESULT» of
<CONCEPTY 13 a

1w =

(1
W

L ]

ff? STATECHANGE on
R iii the *BENEFIT®
=3 scale by a
POSIT tVe LlRCrement
vil the two posivions

PG e |

X | w-===="BENEFITs

\*:__--:---" ftlled by X 1n the
skeleton zatch
f i ft.e., the "wanter’
EHC T ts the 'benefitees'
tZ: T 03 vit} the tices satisfy

Ti< T2

jome vVery ifnteresting tHings happen when conditions t-vt

are sstisfied but T2 comes before Tl. Rezenber that the . :C
lcan=cause} relatlon says nothing about the actual cccurrence
af its antecedent. In the sityation we are hypothesizing
T2« Ti) it becomes important whether X belicves that the
<CONCEPTUALIZATION > ha® not occurred, or believes that it

may have occurred. 1f x kxnows it d4id not oecur, then the
verb “wish® i1s appropriate -- “Alex wishezx he had read the
book®™, On the other hand, 1f X is "in the dark® as to the
actyal cccurrence of «CONCEPTUALIZATION:, then the verh

‘*hope’ may be chosen =-=- “Alex hopes his sister read the

the bhoak™,
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fwdt ADVISE aw 1n “"Polontus advised Leartes to ko truthful.,"”

T! PART
+ o E APt = ¥
X armsd *MTRANS w=aa g --—1 PART
{ el E PR = = ¥
]
" i
DCs; LY mEir¥yucrure 18 an EVENT
' T2 1) <ACT>» = ®RMTRANS®
5 h 131) structure of
YewwurAlT - “MOBJECT 18 < AE
el relstion between

EVENT and STATECHANGE
iv}l! this STATECHANGE 1=
i on the *REMNEFITH
i scale with 3 positive
iRCrolkent
v} the two positicons

!
i
i
i
!

e e e s aa——s

¥ | -~~-- "BENEFITY

. . A Tt filled by X in the
. skeletorn match
f ! “i1) the three posSitions
i filled by ¥ in the
i ;3 skeleton match
(Z: 7O Yiii the titmes satisfy
P M2

If predicate ivii) 15 not satisfiecd, the use of the verhk
"adviste’ is prohihited. 1f T2 <Tl the realization must

becomy scmething like ---8should have..." or ".,.would have
benefitted from ...*

Suppose, now, that all the predicates eNcept ivil
were satisfied, In particular, suppose the "¥* in *he
STATECHANGE part of the relation were changed to an N, Wa
would have & skeleton expressing °X conmunicated to Y that

¥ would benefit 4f ¥ (did nomethinglk™ This might got

Froalized as "X roguested . . ." or "% asked ¥ to =

L] * -
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We have shown how local changes i1n conceptrual
*tructures =ay result in vastly different surface
realizations. Defining Characteristics ArTe properties which
BUSt be met if a word is to be utilized inm fealizing a
conceplualization. Thus we cannot eXPECT To choose words
by defining a ‘matching metric® and choosing a word whose
OCs aTe the ‘best matsh' to the idea being expressed.

The DCs we have found useful! in choosing words f£al}
asturally tnto twe classes. Class 1 Dredicetes perform pattern
Datching within the stimulus conceptuslization., These
include tests fer the tdentity of two canceptual fields,
€-9.. & predicate ACTOR = RECIPIENT which would be needed
to distinguish “take™ from "give®, Other predicates in
this class test for the Presence of particular conceptual
vicments tn the meaning representation == T.F., 1% rthe
ACT of & conceptualization YATRANS®*T -- or test its
sftructure -- e,9., i85 it of the form EVERT-CAUSE-EVENT?

intraconceptual pattern martching (s itself a
sufficiently powerful toocl to make & crude choice of words
LC express & conceptusliration. But many of the most
interesting distinctions belween words are encoded not in
the structure but in the content of their conceptual
representations., Class I predicates test Froperties which
d¥e conceptual in nature. They all involwve ilnteraction

¥ith the memory modwel.
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The simplest example of suchk predicates 1s the use of
what i1s generally considered categorical informavion. it
was shown carlicr that the fact ehat *MILE* {w a FLUID 1s
iEportant to the generator in Cwrtain ({nstances, "MILEKS,
when i1t appears 1n a conceptyalization, 1% neot an English
word, but a pointer te a node in moBery. And FLUID 19 not
* Property shared by the English word “"mplg” and the German
“Milch™, etc., but a property of the concept *MILE*, Thus
this tnfor=ation is not stored as linguistic tnformation
in & lexicon, but te stored in the me=ary and saccessed
through the node *MILXKS®, Thete aTe two resscns fer nuch
% destgn, Fron a generattve ViewDOint, tt Turns our rhat
in choosing a verh for g meaning structure BABEL may need to
Access the information in this way. In distinguishing

between “eat™ and “drink™, far instance, the distinction i
=made on the basis of whether the OBJECT of *INGEST* is

a FLUID. This OBJECT of course is a4 conceptual, not a
itnguistic, unit, Even more izportantly, this sort of
knowledge is slso needed in the syatem for entirely non-
linguistic PUrpcses == o.0., tf & suybstance i dropped on
the floor, is a broom or Eap the &sppropriate rool o get ?
By making properties like FLU1D conceptual information,
iocated in the Tenory model, the information is sharahle

by language analysis and gencratlon, &85 well as non-

lingutitstic processoes. Categorical snformartion is therefore
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ROT a form of LINGUISTIC KNOWLEDGE in a conceptual
iystem,

In addition to categorical information of rthis sort,
the memory is the scle repasmitory of relartonal informstion,
Such as BEFORE-AFTER time rolationships. W¥hen a
conceptualization is passed to BABEL, such relational
tnformation is not included unless it is specifically
destired that it be expresszod. However, linguistic cholices
may be dependent on this (nformation, We saw in examples
(v2}1=-(¥4), for instance, how time relationships were relevant
te choosing verbs like “advise™, “want", and “"request”.

Sti1ll other linguistic choices are made on the basis
of non-linguistic context, Making such choices involves

another form of interaction between BABEL and the DemoTyY

model . Consider.
T
1 [ R e SHRARYSs
icd=41 *JOHEN® <esmm> FATRANS Y+ mnae vEQOEY®— -
e, T OHN Y
+ *
Tl ERON

This can, of course. be realized asp
{S4=41 “John qgave Mary the book."
But $tf tt is known that there iz mome time T previocus to the

time of this event (specified here only as ‘past' but
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Fotentially more explicitiy given, e.g., "at two c'clacsk
last Saturday™) such that Mary was in possession of the
bock at time T, then {Cid-1} may be realized as:
i54=4"} "John returned the book to Mary™.

The decision is made on the bariz of the context

existing In the senary at the time the generation takes place.

in this case, the gJenerator passtes to Rmemory the Frequest ;

FIHD:
: Tﬂ| T™ = T1¢ such that:

TO
IC4-5i " GEL
*BOOK® <:::> #POSS¥e======-=- SMARY®

{where T1, “"BOOR*, snd *MARY* are the sanme pointers
#8 in the stimulus (C4=4))

f.&., waz thersy & LiMe previous to Tl at which the book was

in Magy's posseossion? [f memory finds such a time, (S4-4"')

Eay be generated; otherwise, (S4-41 will result

In this exazmple a pilece of information about the worid
tn which the generator is operating has been useod to make a
linguistic decision. English provides many such pairs like
'give=return' which are distinguiszhed on the basis of such
knowledge, Exasples like "go - Teturn' and many verhs with

re' prefixes such as ‘resubmit’, and 'restate' conme

immedistely to mind,
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These exanples 211 use information which couyid
Teazonably be presumed to be findable in EeROTY rather than
requiring deduction. But situations exiszt in which
linguistic considerations Tequire &ccess to deductive

capabilities of memory as well as itg information retrieval

capacity. Consider the conceptualization:

(Ca=61 T1 PART
¥ m ® pr—— PP 4 EMARY*
FIOHR® caans SMPTRANS 0w [ ISR PART
“ eyt SCPE e mm s YIOHNY
T2
+
TIOHN® <omm> L e B
A
.« (11
fotmmmma e, »E~10)
Nary's husbhband| ~-=ac-aa *HEALTH®
 TCROUESI . oo
L5
i
T)
¥ ¥ * ¥ 2
TI T2 T3 Tl *NOuW"

This can be realized as
(544 “John told Mary that he was gaing to kill her
husband®.
A reazonable paraphrase might be
(S4~6"*) “John trestened to kil} Mary's husband™.
But one can imagine Circusstiances tn which (S24-5"}

would be & very poor realization and 4 much better one would
be
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(Z3=4"'") "John promtised to kil]l Mary's husband™.,

In order to choose beftweon "tell”, '"threaten', and
‘promise’ BABEL must interrogate its worid model. The
digtinction 18 @ade on the basis of whether the MOBJECT
of the *MTRANS® could cause the RECIFIENT cf the *“MTHANS®
to become much more unhappy [or much happier}. &

conceprualization:

T
L
{C4=-71 *JOEN® cmea> *DO*
P
11
frm s cs e e mnmnny {=E 1
"‘f}r. B huﬁbﬂ-ndE mmmmmree=-= SHERLTHY

\—--—-——w--—-—u-n—(
L 3

T3

s W
el
)
frmemmmnaany
PMARY® scmea- - =IOY
‘-- -------- “
C
tHCi T}
1%: Xg=31

ts formed, and 1f it can be proved then *threaten' ts chosen,
On the cocther hand, ¥ this conceptualization with INCrement
iX: Napl) on the resulting state-change can be proved, then

i
*promise’ may be selected

It i3 not being clatmed that (S4d=-6""} should bhe
considered a paraphrase of (54-4). But the BABEL model of

geneTration makes & cl&ai®m that this i2 only becauyse
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SENTENCE PARAPHRASE HAS GENERALLY BEEN CONSIDERED ONLY IN
A NULL CONTEXT. Of course a truly 'nuli’ context would
not even permit (S4-6') as a paraphrase of (54-6). 5o
what s meant here by null context might better he
described as & nevtral (for a given group! context. (There
Say exist groups in current U.S5. sOoClety whose nuil cuntext
would paraphrase "tell . . . would kill husband™ with
"promise™ as often as with “threaten™.}

The femory-inference model (n the present progran
i not capable of proving relstions of this complexity =--
L., whether a&n arbitrary conceptualization describes
something which could please or hars a particular itndividual.
Such theorex proving is in fact beyond the current
capacities of all language processing sysctems. Our progras
resorts to hyman intervention to anaver such Questions; &
conceptual structure like that above is typed out at the
censole when the progran needs the information and & human
tnformant responds TRUE or FALSE.

It 15 important to realize that such & capability is
not specific to the task of language gensration. It is
in fact needed ro disapbiguat® the sSentences:

“The Mets are threatening to fine Willie Mays®
"The Mets are threatening Lo win the pennant™

A psychiatric tnterviewing program would very likely need
the ability to analyre what was said to it and determine
tf 1t was ‘threatening', ‘hostiie', etc.
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The desire to perform such &n action has nothing *o do with
the program’s expressing in English the fact that what was
2a1d was & threat, Nor dovs it have to do with perforsing
fanguage analysis, at leoast in so far as this is defined
4s transforeing language SIrings into CONCLPtudl structures.
Since the need for such a capacity can be justified on
grounds independent of generation, no unreassonanle a3RUSptian
i8 being made in making it availlable to the Fenerator. i
demonstrates cne interesting lnteraction between finguistyic
knowledge -- that English provides & verb “threaten™ to
describe an informaticon transfer Bmeeting certain conditions
== and non~linguistic capability =-- the ability ro decide
whether & given piece of information has particular
iaplications 1n a particular Ccontext.

This use of the powerful deductive capabilities of
# memory model during generation cannot be left undefended.
It i3 certainly not the only way of agconmplishing the same
ends, and has several ramifications which stand in opposition

Lo previous masulptions ahout goeneration. Foremost of

these Srv:

Generation not only fails to be a stepwise inverse of
analysis, but is not even a functional inverse -- that

i8, it 1S not universally true that ANALYZE{(GENERATE
(C¥} = C.,
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Kow Lf we consider the context within which language
Frocesses occur &% well &2 the words and information being
transmitted, analysis and generstion do look more like
theoretical inverses. Even here, though, there are sore
d1fferences, due to the fact that the context for analyasie
inciudes partial, but not complete, information about the
context tn which an utterance wi&s Qenerated. The fact that
the processes are not Stepwise Lnverses is of greater
teportance for & performance model, since it means that a
soiution to one probler will not be & sclution to the cther,
b stepwise inverse of BABEL would end up ECCeusing
inforzstion about the word “trade” tn order to analyze “buy”™.
A stepwise Lnvetse of most anaslyzers would end up =making
tonsidersations about possession in Fenersting “give & party”.
Both sityastions are undeslrable. Finally, from a practical
Foint of view, & computer mode)l which forced a human user to
understand sentences generated from a fairly lim:ted syntox
#ould be making no unressonable demands. A model which
forced a human te produce only such xentences would be.

A conceptusl analyzer must encode both the event belng
relsted by & verb like '‘return’ and ‘promise’ and the
connctations inherent in their use, Il it ditd not, it
would be impossible to correctly understand statements like

“Berths threstened to give MNorman a kiss®
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BABEL may choose these ctake words to express a
conceptualization which encodes only the event being
described, however. Thus the analysis of & generated

sentence may contain more tnformation than the conceptual

sourca from which the Sa%ec sentence is tC bBw generated,

It therefore makes no sense to speak of THE conceptual
representation of & word-sense.

It was slways realtzed that & given sentence may haveo
multiple snterpretations duye to syntactic and semantic
ambiguity which zust be resclved by the use of 'context'.

It was also realired that the mapping from ECAning
Fepresentation to language represcntation wag ons to many;
there are many ways to 54y the same thing in a given language.
In this model, the set of ways of expressing something ls
DEPENDENT ON THE CONTEXT in which the generatton 1s taking

place.

The notion of sentonce realization takes on & new
ctharacter, being seen as a linguistic problem which
depends on a conceptual context.

it is not the intent of BABEL to provide a ‘competence’
model < 5> of the ideal human spoaker's capacity for paraphrase,

People have di1fferent standards for what they ccnsider
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paraphrase; furthermore, a given individual will accept
di1fforent paraphrase sets for a given utterance in different
contexts. BAHEL le concerned with the problen of finding
linguistic encodings of conceptus)l information in conceptusl
contexts. This is certainly related to paraphrase, but is
ot meant to be & formalization of what linguists and
speakers oean by paraphrase.

The importance of a4 conceptual context cannot be
overemphagized. It t8 necessary to draw conceptuatl diagrans
4 1f they were isclated entities. Such & presentation is
sufficient for most explanatory purposes. Byt the
commitnent Lo &4 conceptual representiticon tncludes a
commitBent Lo &4n A§s30Clative memoTY Storing these
conceptualizations and an inference mechanisz operating orn
thesm. In such a syste® no conceptualtzation 1s truly
izclated,

It s1ght be asszuled that
"John returned the hook toc Mary"

should be geonerated from the conceptusl structure:

t i
C4-81 y

R > YMARY
+ 2 RIS
l‘JOHH'I SRR *ATE‘HE.*---- 'BE}DI‘*--
] e . # JOHN™

by

VAL

*BOOR*<Z::>*POSSEY wmma- ¢ NARY®

t
T2

T2 T1 EROW
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which is something like what we would expect an analyzer

to produce from the sentence. This seems more natural

than generating the sentence from & repressntation which
encodes only the ATRANS event, particularly in view of the
ASSOCIALIVe DmeDOTY ABEUMpLlOn, Sincy a4t generatian time the
links between cccurrences of *MARY* and *HOOGFE* in the
*ATRAKS® conceptualization and their occurrences in the
*POSS* conceptualization already exist. It would cnly be
necestary for the "WHAT-TO-SAY' device -- the process which
builds or selects & conceptualization to be expressed ==

1o choose to attach these links to the conceptual structure
being built in order to produce structure (Ca-8! for
eRpresslan,

This course has been rejected because of 2 baszic
assuiption that the WHAT-TO-SAY decizxion should be made on
nen=linguistic grounds. Given that soONe mOLIVALion ¢XiSLH
for expressing the *ATRANS*®* conceptualization, the WHAT-TO=
SAY process will fan out acToss associative links deciding
whether asacociated conceptualizations should be exprosged
as well, For instance it might be necessary to give further
information about *BOOX*, such as the fact that it ts about
matheBatics, to avoid referenttal ambiquity. But of the
potentially enormous set of associated conceptualizations,
what &re the appropriate grounds for choosing the *POSS*

relationship?
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The grounds 4fe almost certainly LINGUISTIC; English
frovides a compact way of expressing this Telationship, -
ramely, the word ‘'return’'. English does nor provide a
cofcise way of saying that an object was ‘purchased at a
drugstore’; thus we do not expect such information to be
Bentioned generally. The exchange:

@: “Has Fred resd the book yetr?*
A:  "No, he lost the book, which he bought at che drugstore.™

would bes unususl, even though the information about the
tocok's source may be new to the guestioner. On the other
hand, the exchange:

Oy “Does John still have Fred*s math book?™
L "HNo, he returned the book to Fred.™

15 perfectly acceptable, even though the use of ‘returned’
instead of ‘gave' clearly provides no new information to the
Juestioner. In fact, it seemws much more natural to use the
redundant ‘teturn' in this case.
Since BABE. hax &2 one of its undesriying assumptions
4 Testriction &gainst lanQuage dependence in the WHAT-TO-SAY
zechaniss, the course of 'discovering' linguistically relevant
tnformation during the course of generation has besn adopted.
in going from meaning representation to Scnignce, &
Freat deal of compacting is taking place. & gingie word,
like the verb “poiszen”, may encode & large conceptual
ttructure (“to do something which causes someone to tngest

* potsonous substance™}. BABEL must recognize such conceptual
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patterns which have special word encodings. The process of
ward selection {8 basically one of putting back together
pieces of conceptual structure which the target language
provides words to exXpress. There are, in general, =any ways
to accomplish this compacting. In developtitng BAREL, we have
taken It as an axicsm that & good generator will Taxisize The
anount of structure encoded 1n the words .t choosen, thus
producing the most concise realization possible for a

conceptualization,

.2 Syntax HRepresentation

Although language understanding may not require the

detailled syntax analysis predicated Lty most exi1sting
linguisetic models, generation of natural language sentences
certainly does reguife a detailed krnowledge of syntax. Since
the study of syntactic rules 8% not the facus of this work,
and since a4 great deal of work has already been done in this
arca, it was decided to design BABEL so that 1t could empley
an existing formulation of English syntax.

The twa best models now avatlable for dealing with the
syntax ¢f natural language are trancformational gramunar,
&8 developed by Chomsky et al., and the AFSTHs of Woods, et
al. Tither approach could have been adopred.
Tréansformational deep structures were rejected because the
tree format which they assume does not naturally arise in
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conceptual generation. The tree repPresentation is a direct
resule of the production (or description) of sentences by

& context free phrase structure hase SrTammsr. Since such a
Gramzar has no pliace in & conceptually based system, thers
1% no natural socurce for tree Structures.

Simmons' work, desrcribed in Chapter 2.4. has shown
that AFSTNE ci&n be used to generate natursl language fros
networks which include the words to be used in the senteEnce
and sufficient structural information to deal with natursl
language syntax, Such networks turn out to be a4 much |moOre
natural intermediate step for BABEL than do phrase markers,
¥e can takes the conceptual structurss to bhe realized,
convert them to networks, and then linearize the network
with an APSTN.

What BABEL dcoes iz to tie together the wards it chocses
and put the® tnto a SYNTAX NETHORE. Like semantic nets,
these syntax nets can be ropresented ap a set of ‘structure’
nodes fnamed Gl, G2, G}, . . .} With each node will be
azsocisted & set of relation-value pairs. The relations
are elezents of a gmall set of syntactic relationships
handied by the grammars: the value of a relation may be
4nather structure node, a lextcal entry pointer, or one of
a set cf termwinal gramsmar elements. As an example consider

the sentence

"John adviscd Mary to reed the book™
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¥hich would be generated from the Synfax ne?wore:

EiNG=-11

Gl LEX ADVEZE G4 LEX READ
ACTEBRD [, ACTERD e ¥
aJ . G RS G5
IKF; G4 TENSE PAST
TEMSE PARST MOoD IKDICATIVE
MO0 INDICATIVE VOICE ACTIVE
YOICE ACTIVE

Gl LEX JOHN G LEX BOw g

GET THE
Gl LEX MARY
This network consists of fiye nodes IGl=G%) The syntax

relatiocns included arv: TGE, ACTSES, GBI, IMF, TEKSE,
M3ICD, VDICE, DET. Five lexical entry Pointers, ADVISE,
JOHN, MARY, READ, BOOE, and THE arze Present, and the oniy
terzinal wlements used 4Ffe PAST, INDICATIVE, and ACTIVE.

THE LEMT, &Y ERTRIES TADVISE' and *READ® DO nwoT
CORRESPOND TO WORD SENSES aw they do In Simmons® NETWarks.,
The sentences

"The Lone Ranger mounted Stlver and rode off=
"The lepidoptarist mounted nhis Danaus BenLppe *

“ill have Lhe same leoxtcal entry pointer MOUNT aan the value
2f a LEX relationship 1n thesr BYntax nerwotrks. The notion
of word sense sti]] cElStE, 45 will! be seen shoretlyy (s
vXistence, however, 1t not at the lexical tevel. Only

fyntactic wnformation is contained in BABEL's lexican,
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Such information as trregular past and perfect forms for
verhs and piurais for nouns wiii be stored 1n 8 Lexiecal
entryy the fact that "mount™ has a4t least two distinct
=eanings will not be found in the lexicon.

A mecond major theoretical difference between these
EYNtEX networks and Simmonzs' semantic networks is the
set of relationships allowed. THEE SYNTAX RELRTIONS OF
BABEL's NETWORKS HAVE KO CONCEPTUAL SIGNIFICANCE
whatsoever. JOHM, MARY, and BOAT will have different syntax
relationships to BUY and SELL 1n the scntences

"John scld the boat to Mary*
"Mary bought the boat from John™

although & semantic neiwork might azxign the same roles in
both senteoences < 3S» .

In BABEL's syntax nets the relationships between
enbedded sentences and cmbedding sentences are chosen on
syntactic grounds. Thus

“John told Mary Bill drank the beer™

will have a8 itS sSyntax net:

Gl: LEX TELL Gd: LEX DRINEK
- . ACTSHS G3
. . ORy Gb
SNT L - .
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stnee SNT (s 4 relati1on whaich causes (ta value STrict are
1M thls case G4l 1o be redlized a3 an entifte sentehce.

However |

"John advised Mary tc resad the book™

had a4 network (Hi-1, abrval which tontained the structubre

+% Tor

"Mary read the book®

cenhedded a3 an IMNFP relation. This will resultr in the
serd string &f od being transformed into am infinitive
t®"ro read™) and having 1ts ACTSEBRI (“MARY™) 'delcted’.

Howeyer the s¥ntax network for

“TJahn wante i Mary to read the book®

Gl LEX WANT 8 LEX RLAD
ACTsSHR] L ACTSES o4
INF?2 e | OBJg a5



INF.! 14 a syntax relation which, like INF, perfor=s an
infinltive Eransformation on a verh SEring. The genersation
ifamear also skips the ACTSHES of a structure erbedded i1n an
IHFS relation 1F it matches the ACTSBI of the structure
o whaieh it 18 related by INF2. The two fall to mateh
i the above example bDut would match in the networks for

Tlohn wanted to reasd the book™

"John expected to get a4 Talse™

The syntax revlations have two basic =ffects on the
Feherative procuvss. They determine transformationa, like
Prhe snlinitive and optional deleti.n transformations juse
menticned, and they determine the left-right order of
feal:zatisn of noun and verb phrases and ecbedded sentences
i Lhe gencrated lanquage string, It 15 necessary to have

B ostrusture for “"Mary® related 45 an OBJY to & 'GIVE'

ST TLOTULRDG tO Genergte

"John gave Mary the book™

Bt the structure "to Mary" related as an IOBJ to a "GIVE®

*tFuUCt ufFe LG generate

“John gave the book to Mary™
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In & semant | network we would expert ta find #ARY in thae
Same case, =ay GOAL, in both oxamplos, Having d:fferent
relaticonships In the SYR1aX netwarks enables *he Fenerat lon
Fram=ar ta Lhandle the different word orders simpliy.
Vonceptually, of course, both exasples have the same
reprefentation, with Mary being the RECIPEENT, Similarities
and 1dentities in meaning must be ceXpressed in the conceptual
Tepresentationg the syntax netwofkn are gsed 4= an
intermediate representalion in the ge-erative RProcess and

need ROT Teet thia regulrement,

1.1} Syntax Ne' Production

BABEL's syntax nets, then, are related *o Fillmore's
rafly proposals on case Srammar, The basic net conmists of
& vert and a set of relation-value pairs which relate noun
phrases and enbedded sentences to the werh, Tha Jracz=ar has
Phe tob of choosing 'subjects', ‘direct objects', etc., of
performing "deletions' and previding for ‘agreement', and
TArrying out other syntactic functions,

The kay to producing a syntax net 1s realizing that
Chee & verh has been chosen, an entire syntactic framework
hrcomes known. For exasple, 1f ‘convince' -- as tn *"The
tensplrators convinced Brutus that Cacsar wasn danierous™ ==
1% the verb chosen, we would know that the sentence bheing

Fenerited Bgst have
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1?1 4 Noun Phrase which wi'i bhewoome the "subject’
{in most cosen!

X3 a3 MHoun Phrase which will bBecome the ‘direct

object’
B an embedded sentencs
Byt tnp fact even DZOore 1% KOOowWn. *Convince" would

shly be chosen because 8 conceptusl representatian which
w3t 15fied 1ts o was being realized, This would be a

structure Like:

FART
| R P PCPRE e meew ¥
N e FMTRANE s ae-a Z gu—% PART
\ TP e X
FART
} = 2 s TLTM%saaaas ¥
¥ == YHTRANS¥*s em == 7 1.-..—| FART
bl ¥

Tnce .f 18 Enowr that ‘convince’ can be used to realize this
gtructure, 1t 18 known iesediately that

¥ must pe made into the ‘subject’ noun phrase
{the convingcer)

¥ will become the "obiect (the convincest

7 %ill become the embedded sentence

In cther words, once & verd has been chasen, the fors
of the syntax net to be created is known, and farthermors
mappings bDetween pieces of the syntax net and pireces of the
catceptyal reprosentation are known ax well, Thus the
creoation of the remainder of the net 18 a very strongly

Euidkd pEoaCess, not & large search.



The process underlying BAREL, then, can be
summarized aszs follows:
Choosy an appropriate veorbh i(sensed

tlse the information associated with The verh to
create & syntax network

Use the AFSTN to produce & surface string

For exanmple, starting with the conceptusal structure:

Ti
5 VAL PART
. - 3 SMLOC® emmme= SLTM® scceew *RILL®
+
1
T—-—n: T &
i
#
1 SEILL® «emas #INGEST® v-o- SREER®
fey
28
— ]
P S S
*BILLS am------ *HENEFIT
\-------‘--‘-t
£ ]
INC I T

{1+ 3

BABEL might choose the verh sonse KANT! and produce the

SYRLAN fNeLwo¥ik:

Ml LEX WANT M3 LEX DRINE
ACTSHBY ul ACTSES N
INF ni OB M4
NOOD INDIC MOOD INDIC
V3I1CE ARCT VOICE ACT
FORM Siw FORM 5IM
TENSE PAST

2 LEX BilLlL N4 LEX BEER

DET SOME
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trum whech pte AFSTN could generate the 31ring:

"bBill wanted to drink some beer ., "

We nawve feefi the scrts of consilderations which mgat
bt 2vveunted Torf in the different phases of the process,
fwveral sorts of Wnowledge, some of 11 about lenjuage,
af sure of 3t pufely non-lingulsEtlc, afe heeded, Let us
Baowe on to the Gguestion of how thise khnowledge can pbe
teptesented and crgantzed to effect computerl guneration tron

o pt ol structufes.
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CHAPTER &

THE STRUCTURE OF BABEL -~
THE ORGAMIZATION OF LINGUISTIC ENOWLEDGE

in any large computler program, whother it be 4
cognitive model, 3 compiller, or a payroll procoesscr, it is
tEporcant to maintain a design which distinguishes data fros
Process. In many cases this is done for practtcal advanvtage
== the salartes used by a payroll! program must he frequently
changed while the process which operates on thez remains
relatively fixed, In other casces, proper design results
in & progran which 8 applicable to an entite class of
problems rather than & specific instance of that class ==
thus the trans:ition fro: ad hoc compilers for sndividual
languages to compllers enbodying analvzers for particular
language claszses and on te compiler-compiLlers.

Both of theer considerations have affectod the design
cf BABEL. Certainly & component like vocabulary must be
permitted to grow independently from the program which
Dperates with it. Furthermore, it §8 desirable to have a
procesrs which provides a Lasis for the proeduction of syrface
ELEINgs in many natural languages. Thus we have a clmse of
tasks across which some paramaters -- nfzely, conceptual
fepresentation and memory organizaticon -- remain conseLant,

But ancther, linguistic knowtedge, changes drastically,
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For this reascn, an effort has been smade to treat linguist..
knowledge az data wherever possible.

From another viewpoint, MT, Q-k, interviewing., and
conversation alsc form & 'class’' of generation tasks, The
varrable factor acroz: these, however, Svels to be what was
varlier referred tc 43 the WHAT-TO-SAY problem. There is
ne reason to view this as & fundasmentally linjulstic task
and the current verston of BASBEL itncludes no conmponent
which will make the progras’s behaviour task-dependent scrcus
thi1is class of rasks, The program iLs designed to be usable
4 part of a more sophisticated system which makes this WHAT-
TO=-E5AY decision 1n a task dependent fashion,

in a cognitive podel therfe 8 & third advantage to the
separat ton of data and process which perhaps cutwelghs the
sther two, The separation makes theoretical clalms about
what winds of knowledge must eXisftt to perform a4 task and
how thia Knocwledge 18 organtzed irn the human mind,
Furthermcre, it becomes Ccloar winal Cconceivable sorts of
tnowledge cannot extst within the framewosrk provided,
tFor example, BABEL makes no provision for mrtoring the
correspandence between the English *give' and the German
"gebven'; nor the fact that *give' t8 related to "have' 1n
any wayil. And when the processes which operste on these
ntructures are understood, 1t bocomes apparent what BOTLS

cf tnteraction between the varicus forms of knowledge are
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Possible and what sorts are NOT possible within the model,
An explicit understanding of what gorts of knowliedge are
provided and the achievable interactions has proved te be
a4 considerable ai1d in the development of this program,
BABEL can be zeen &% & collection of linguistic
knowledge files accessible by a central generation rouline,
which 1s itself activated by and conversant with & combined
zamnory-mode!l and deduction devieces. Figure 5-1 sketchesz
this organization.
A simple example will demonstrate how each Component
of the system onters into the Feneration process. Suyppose

BABEL isx given the conceptusliization

Tl
+

f-‘.—---“lb‘------*-‘-‘-} [‘lﬂ]
*KENNEDY® | wocaceeeoas "HEALTH®

‘ -t----—-n-q-----li--*----—{

P
AR

e R T P, » ‘_gi
*MARY® l o PR — A T L

‘ ----*------—--—-—nn----—{

*
T

*
T T2 tHOWe

to realize. The DISCRIMINATION NETS are used to retrieve
& CONCEXICON entry, which might be BECAUSEL in this case.
This entry puts the word "because” into the syntax net and

guides BABEL into waorking Separately on the <ANTECEDENT>
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and <RESULT>» conceptualizations. The DISCRIMINATION NETS
fetrieve CONCENICON entries DIELl and BECOME]l for the
respective conceptuslizations, which results i1n the verbs
"die" and "become” being added to the syntax net and in
LANGUAGE SPECIFIL FUNCTIONS being applied to determine
tense and other informaticn. In processing the CONCEXICON
entTy for BECOMEL, the SCALES are consulted and the word
“"depressed” found from the elements in the <RESULT>
cohceptualization, Both the discrimination nets and the
language specific functions may require action by the
MEMORY MODEL. A complete Syntax ned is passcd to the
GRAMMAR CONTROL ALGORITHM, which forms the surface sentencoe,
icoking tn the LEXICON for the past tense form of "hecome™
tn the process., Finally, the sentence “Mary becsme

depressed because Fennedy died™ 13 produced.
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o1 DISCRINMINATION NETWORES

it was exphasized previously that one masjcr linguisx
task 1n generating from a conceptual base 18 that of
Sselecting individual words LCc use in eXpressing the content
©f a given conceptualization. & word 18 choser because the
conceptualization satiafies the set of Defining
Charsctertsttcs (DCs) for sonme senge of that waord. A
cenceptual generator must therefore know the DCs for the
wards 1t deals with, The sizplest Way (o organiXe such
krowledge 13 to simply have & direct A3iactation, as on 4
LISP property list, betwwen a word and 1ts DCw,

1t no further organization is Placed on ehis knowledge,
NoWever, the prograr would be forced to choose words by an
CRUBCr4Tive process -- j.e., look ar each word and choose
the first one whose DCH are tatisfied. This approach must
af course bwe inzediately rejocted on efficiency grounds
slone. wince 17 resuits i an expected Yetrieval time which
fignoring word use frequencies) increases linearly with
Yocabulary size.

A linear search has several characteristics, in
addition ta tnefficiency, which make it Eszchnlﬂgx:allg
undesirabfeo:

Lt There 18 a vast discrepency between retrieval times for
various words, It would be desirable to hawve & scheme

which mado a8 word®'s retrjeval time dependent on the
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‘inhercent complexity' of its DT, This predicts
differeoences in retrieval times far wards, porhaps

constderatle in some cases, but nonc dapproaching the

H
linear search discrepencies .
= The enumvrative process makes no use of the (nformation
from *faslures', When & predicate in the DC set of

some word fails, it should be realized that all other
WOrds which have that predicate tn their DE set wifl
fa1l as well. And when a predicate succeeds, it should
nOt be Recessary to re-evaluate 1t later. Furthermore,
fuccesstul predicates should help guide the search by
directing i1t toward other words which have the same
predicates in their DO set,

AL least one methed of tnformatian organization does
nave the craractoeoristics woe dosire. It is caltled the
‘dfscriminat ion network'.

Discrimination networks, or discrisination trees, have
teen widely used 1n models af verbal learning tasks <7,1%>
Discrimination nets are generally i1mplenonted as binary
trecs, Each non-terzinal node of the tree 19 associated
#ith & predicate which must evaluate to either TRUE or FALSE.
Fach terminal node is associated with some "responso®
information, in operation, a discrimination ner is applied
'3 & “stimulus’ -- in our casc, a& conceprualtzation, The

predicates in the tree take the concoeptudl lzation as &
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Farameter. The algortthe for Sppiying the discriminatio:s
net can be STated as follows:

. Set CURRENT-NODE to the roct node of the net,

- 1f CURRENT-NODE 1s & tercinal, go to step &,

. Evaluate the predicate at CURRENT-NODE.

. 1f the value is TRUE, set CURRENT-NODE to i1s 'Tight
hand® son and go to step 2.

i B If the valuw t2 FALSE, det CURRENT-NODE to it "lefy
hand' son and go to step 2.

@, Return the response associlated with CURREMT-NODE.

The terminclogy used in connection w=ifh these treecs
has derived from the sorts of verbal learning rasks for
which they have served as models, An example of this 18 the
Paired-associates nonsense syllable task, Figure =} Jgives
4 list of nonsense syllanle stizulus-response paire and a
discrimination net capable of finding the correct responge
for any of the stimuli. Notice that in crder ta find the
Correct response, the set of tests performed on the »timulus
need only distinguish tt from &ny stimelus Tegulring &
different response, but not from any posstble stimulus,

Frevicus use of discriminstion nets has usually
medelied the learning as weil as the rTetrieval of informarion.
BABEL contains no provision for ACqULIring new knowloedge
during operation; its discrimtination trees are treated as
data and are not modified by the program The ‘stimyglus’t

Ffesented to & tree ts all or part of & conceptualization,
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The responsges found 8t Tthe terminals are lista of
‘concexicon® entries. A CONCexiCON @RIy coftresponds

closely to the notion of word sense, 8incCe each 15 ssscciated
with a particular lexical entry and since azbiguous words
will have sSeparate concexicon entries for ecach sense. &
conceRicon entry 1= precisely definad by the attributes
dsscciated with 11, Details of the concexicon are givern

in section S.2.

Fetgenbaum <7> ledins nets which grow until any two
distinguishable stimuli can be discriminated. Hunt's <le-
wOrk Oon concept lesrning roeguires neate whick tasnt ankly those
features of stimult which are relevant to the concept being
iearned. BABEL has nets of the latter sort: only those
disctinctions needed for the purpose c¢f generation need Lo
be made. While there are potentially tnfinitely many
Fatterns and relationships which could be detecred, only a
fintte, and relatively small, subset of these will be
interenting for the purposes of generation of g Fiven
language. Furthermore, as we saw 1n section 4.1, even
the relationships which affect word choice in & particular
language are important only in particular contexts.

One of the majer advantages of BABEL's uyse of those
nets is & CONTEXNT DIRECTED FOCUS OF ATTENTION. The
diECri®ination Lrees OpPCrate in an environment where

FLEponies are not asscciated with & finite set of known
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Stimuiil. Context directed focus of arttention 1% achioved
LY Building into the trees the knowledge that certair
fvatures of stimuli are salient in certa:in TONLe Ly,
Scmewhat the same 1dea was used by Simon < 37> 1n nis mode!
o! numan memory for chess positijons. Here dlscrimination
nets woere used to find common configurations in a compleote
Che s pPosit iong the notion of saltent features Keyed the
search for these Configurations,

In describing BABEL's discrimination nets, as well a-
tn desctipricnes af other parts of the Frogram, we ahatbl
“ewd to refer to substractures within a conceptaalizaerion,
fuch 4 reforence is called a FIELD SPECIFICATION and consists
s list of clements from the set

{f ACTOR OBJECT WOBJECT To FROM <an PR «.T « _F
ANT A . € <€:D CON VAL PART TIME MODBE )

sTese are the internal names used by the systen to refer to
foles 1n concegptual relations as indtcated 1n Figure &5+ 3,
The value cf a4 FIELD SPECIFICATION (FS) applivd to a

runceptusalazation ix computed as follows,
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1¥ Set VALUE to the entire conceptualization.

2} In the current VALUE, find the field referted to by
the firs: element of the F3 (CTAR FS1. Make the new
VALUE the conceptusl structure filling this field.

}' Remove the first element from the FS (FS « DR F5)

4% If the F5 is exhausted (NULL FS) return the current
VALUE; otherwise., go to step 2.

1f at any point a field sought itn step . 18 not
present, NIL is returned as the VALUE.

The value of the FIELD SPECIFICATION IMOBIECT AXT ACTOR)

spplied o
FART
M 4 p——— PPy s e mwwa *FRED®
TYIOHN® coamy *NTRANS ¥ una B smm FART
F weeef " e mm - *YOHNEY
i *JOHN® <==w> *DO*
| A Y

* 1

fremma oy | ™ EG]
*BILLY] --===e *EEALTH®

‘l-——-“-‘--'ﬂ#i--- -='

is the PP ®JIOHN* .,

tAs & shorthand, the clements of the <ANTECEDENT: of
& Causal relation may be referenced without specilfying ANT
== thusz, the FS§ (MOBJECT ACTOR! would alsc refercnce “JOHN®
in the above conceptualization. Of course, no anb iguity
is introduced by this convention.) The predicstes at the
nodes of BABEL*s discrimination trees contain FIELD

SPECIFICATIONS which apply to the stimulus conceptualization
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ROLE HAME

ACTOR

CON

OBJECT

ROBIECT

FROM

T T s

AT

V&L

USE
refers to the <ACTOR> in EVENTS:
the <CONCEPT> in STATEESE and STATE-
CHANGEs, unless this 18 an entire
conceptualization

refers to the <CONCEPT: in STATEs
in which this field 19 an entire

conceptualization (tf.e., when the
SATTRIBUTE> s YRLOC*:}

refers to the <OBJECT> in EVENTs

refers to the <MOBIECT> 1n mental
EVENTSs

refors to the <RECIPYENT® in tho
Fecipient case, <GOAL> (n the
dirtective case

refers to> the <DONDR* in the
Tecliplent case, «<SQURCE» in the
dlrfct;vv_ca:e

refers to the <ACT> tn EVENTs
refers te the <ATTRIBUTE> in STATEs

refer to the initi1al and terminsl
vilues of a statechange relation

refers 2o the <ANTECEDENTY in
causal relations, the first
conceptualization of conjunctive
relaticns

refers to che second
conceptualization of & conjunctive
relation

refers to the <RESULT> of the
correspending type of causal
relationship

refers to the <VALUE> part of
STATE relations

FIGURE 5-3
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FART

TIME

MODE

refers to a PART modification of
& Structure ==

FRRT
f.e., *"MARY®* 1n *CP?* w-----a®MARY"

refers to & TIME moditication ot
a conceptualization

refers to & MODE modification
& conceptuslization

& f

FIGURE %=1
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being "filtered’' through the btree.

it was mentioned in Eection 4.! thatr tws basic types
of predicates are necesssry for distinguishing words. The
first are basically pattern matching predicstes, ad come

tn nine flavors:

L. fEQU «¥Field Specificattion> Token)
EQU tests whether a particular conceptual token fFilis
& particular field. For instance, one of the defintng
characteristics for “breathe™ is

FEQU {OBJECT) *RIR*)

Z. (1D «<Field_Specification> tField Specification-!
ID tests whether two field specifications reforence
the same conceptusl structure. For exanple, one DC
for "give® ism

tID LACTOR) {iFROM) |

3. fDIF «<Field_Specifications «Field_Specifications

(DIF X YI = 5{ID X ¥}

4. IKMQ <Fileld _Specification Token)

MMQ tests whether & particular conceptual token is a

member of & field. The MODE modification of &

conceptualization is represented as & l1ist whick may
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contain elements like *HEG* (negatiuon particle’

and “CANNOT®* (“cannor™ (@} particle'. pPgr ex=mrle,

"trevent™ has as one of i1ts DCs

(MM fe MODE? ®*CANNOTE)

5 tMNLK «Fleld Specificaticn: “"conceptual _link™)
The “conceptual _link" is one of the syzbols
fe=s i <. <L 1D}, MNLE tests whether a field
Contains & conceptuslization with tne specified

“"conceptual _tink* as its “"matn link",

t . {MHMLEC - Field _Spec:iftcations "link code™!

Each cf the main connective links of conceptual

dependency has been assigned a code, as follows:

LINK CODE Mnemonic

. mmE E Event

¢ 5 g State

< : RIE E Eausal

L+ & Doubie-

CHUSe
M A And

o e,
oenmns € stateChange
\ ““““ e 2 4

MHLEL tests whethotr the code for the main link of
the contents of a field 18 that specitfied by

"link_code™,
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7 {SKEL <Field Specification> “skelcston_code™)
A “skeleton™ code is defined for SVery
conceptualization. It iz tdentical toc the link_code
for thoses conceptualizations whose Bain links have
codes E, S, A. or C. For causal structures the
skeleton code 18 2Ky, where x £3 the link code for
the main link of the <ANTECEDENT> and ¥y the code
for the main link of the <RESULT>. SKEL tescs
whether the skeleton cade for the contents of a

field ts that specified by "skeleton code",

8. (LESSS «<Field_Specification> crnukhers)
“Field Specification> will reference a field which
marks a pointer on one of the scales or an
INCrement on & scale. It will thus have some

nunerical value X. LESSES tests for X< <numbers

3. {GREEAT cField Specification» <numbhers)

GRREAT 18 analogous to LESSS, testing for

X » <nusbhers .,

The second basic clasz of predictions consists of those
which interact with the memory. There are now four of

these predicates:
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tPROP  «Field Spectfication. . Propertyst
The specified ficid should contain & conceptual
nominal (PP, such as YJIOHN®* or *MILKEY®, PEOpeTEYS
zust be one of & set of concepruasl properffties, like
HUMAR or FLUID,. FROFP test whether the PF has The
property specified. ¥For example, one of the DCs
for “driask™ is

{PROP GORIECTY  FLUIDS

These properties are like semantic markers -t} -,

but are gasOCiates ith concopls rather than words,

iTIME _REL *Field Spec Liat:
{ BEFORE/AFTER “Time_spec: Tize spec |

he Field _Spec_list -+ consists of ane or rwno Freld
Epecificetions, which must evaluate te tise references.
A «Time _spec> 13 wither the atom *T*, which represents

nOwW ltime of utteranceg!, or 1% cf the form % nj
£or m=l or nel. In the latter case the <Tine spec.
represents the value of the nth slosent af the
"Field Spec_list> . TIME REL calls on Eemory to
dttenpt a procf of the specified time relationehip.

For exabplo, one of the ODCs for “"want™ s

(TINE_REL CECOMN T IME! (TIME TAFTER ¢ |y 14

Fd
o
—

(MEM _QUERY <«<Field Spec lists
-Conceptualizations “Restrictionse>
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“Field Spec_list> is a list of field specificazions.
“Conceptualization™ 1z an arbitrary conceptualization.
Some Of ite fields may be filled with the pattern

i% n¥, in which case that field is replaced by the
contents of the field specified by the nth element

of the <Fteld_Spec_list>. In addition, fields of the
conceptualization may be filled by the pattern (3 xiI
where x i85 any atom. In this Ccase x will be
congidered & variable and Restrictions wmay further
specify x, msuch as reguiring (FROP x HEUMAN} or

{BEFCRE x *T%).

Htﬂ_ﬂﬂ!ﬁ? agks memory to verify & conceptualization

€ formed by the substitutions from the “Field Spec_
lList> values into <Conceptualizatien>, by finding or
inferring a conceptualization C' which matchas C in
#l1l non-variable positions and contains elesents in all

Z
viriable positions which satiszsfy the <Restricticns>

The «<Restrictions> may alsc use values computed by

the «Field Spec_lizst> . This 13 indicated by tha
t*+n) pattern as used in the TIME_REIL predicate. The
predicate which tests whether an "ATRANS® g¢vent can
be realized using “return™ is

{MEM_QUERY i (OBJECT) {TO) (TINE} i
{((RCTOR (3 1) <Z> (*POSS®™ VAL (¥ 211}

TIME (3 2))
{ {BEFORE 2 {* 3§} }
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The second line of this predicate shows 4 LISPE version
of a conceptusl dependency structure. This fors
consists cf aslternating field nazes and field values,
The 'top-leve]l' field t8 the entire conceptualization

and Lt has no nabe. Since this form 13 d3ffsculer to

[

read, particularly for non-trivial conceptualizations,
our discussions will generally stick to the disgranm
forzat we have been using of soLe ERore '"Englishy”
version such as

"was the [(OBJECT! possessed by (TO) at some tLime I
pEICYT to (TIMEY P

Be menticned 1n Chapter 1 thar (¢ would probably be
desirable to add an asdditional parameter, an effore
cooffipLlent, to Such & predicate. Sitnece we daont

yet have a deductive model capable cf performing the
gsorts of veritfications teeded, however, the value

of such 3 coefficient would have tgo be chosen
artsirrarily. ¥e have thus chofen Dot o IMCOGTpOrate

one at all.

(FUKC _OF «Fleld Specificastion>
«Conceptualizetion> ~Restrictions: |

“Field_Specification. must evaluate to a conceptual
nominal. *Canceptuaiization. 15 any concepiualization,
which may contain fielda friled by “"#C*, Such fields

are replaced by the value of «Fleld Specifications.
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Conceptusl memary knows about the functiors of
obiects. FUNC_OF asks memory whether the concept
specifierd by <Field Specification» has as one af

its functions that sapecified by <Conceptualizsations.

For example, the specified function might e

o
« HUMAN> «<*=33 *[NGESTY* wee-a- @O
fey
O |
PhE
I
f"ﬁ.L\.-n-—--}
« HUMAN, | -----“HEARLTH®
y-----=-= «
inc
tE: x>y

fepresenting "a husan ingesting *0 could cause that
human’'s health to isprove™. if #C were replaced hy
the congept *ASPIRIN®, mencry would verify that this
was one of the functions of "ASPIRIN®, which might
glrimately lead to generstion of the sentence “"John
teok an aspiTin'.

A sinmple oxample shows why this cannot be handled by

one of the MEM_QUERY predicates described above.
Suppose #C referred to *MILEY., Certainly itngesting
*MILY® can-cause a4 pOSitive 1nCrement in "HEALTH®,

This 13 not, howewver, noted as & function of *MILES
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tn the Eenarvj. By separating FUNDT OF fros
MEM_QUERY, BAREL avoids expressing

"!ﬁGEST'*-—E-- EMILE*" as “"take malk™, Tne

Gight consider having a conceptual cliaszification
"substance-.ngusted-to-cause~better-healtn™ tust as
we postulasate &8 classification FLUID, If msuch &
classification existed, the PROP predicate cauld be
used rather than FUNC _OF, &t lesst in the oxample w-
are discyssing, Such a4 classificarion should wxi=T,
howewer, only 1f non=-lingQuistic jJust:fication faorp

it can be found; creating such markers to simplify

the job of generation will lead to a3 langusde-dependent

Fepresentation in the memary.

Predicater of types 1 and I! are sufficient tc oake
il the distinctions between conceptualizations which BABEL
it capable of making. Experience i1n writing ‘grammars’ to
generate fros conceptual representations han shown that a
third type of DC, while lagically redundant, 1 of
praciical use,

This third type allows a single “super' DC to specify
an entite set of predicates. An example will clarify the
tdea behind this, The English verdb “to breathe™, in its

mOSt common sehfe, (5 f¢eprescnted concepitually as=

L+
K « sm= ; ‘IHG:EST"-—-—--*“I“‘
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while “"to choke (scmeone'™ 18 fepresented gn

[a]

X & m oy * O RAES P *r i == L2 A
F
I ; E’
1] PART !
i
R o

Y T E N, PIHGEETY b= "hIR™

&

The «<RESULT» 1n this repredsentaticon of “choke™ 18 (48t tha
representarion of “breathe™ modified by #. Rather than
fepeat the DOs necessary fof defining "BEREATHEL" in thoe
definition of "CHOFEL', the characteristic
POT _HEAD : : = BREATHE!

can ke gased.

evaluwation cf the predicate

IPIT_HEAD *Fileld Specification’ “word-senser)

unBiEts of festing whether the DCs for .word senses: fagnd
an its property list) are satisfied Ly the conceptualization
found in the spelifiled f10ld 1i.e,, whether <word senzeas
15 & POTential "HEAD' of a syntax net for this structure,|
The 1dea 8 & concoptual analog of the definition of wards
by Felaticns betyeoen other words i(n a4 sesant e merory ik
that of Quitlian <29,

de now have sufficient background for investigating in
isme detatl the discrimtination nets used by BABEL. Each

tree 5 designed o enable discrimination toe be made botwean

EdH



4 class of word senses which &re in scme sen#e "simailar?,
All discriminavion tree nodes are indexed as follown:
1 the root node receives index |

2} the 'left-hand-son’ {(*false' subtree! of a node with
tndex N 18 assigned index 2N,

B the "right-hand-aon' ('true’ subtreel of a node with
tndex ¥ 18 assigned index JH+l,

In diagraeming the trees, each non=-tersinal node will

be reproesented by &5 boxg

~index> 15 the tndex af the node, detersined by the index:- 3

Eystem just presoented. The P #re¢ prodicates of the sort
i

we have just defined. The predicate evaluated at a node s

the conjunction of the predicates P
!

It sometines turms oul that several prodtcates wall
te#sSt true leading the program to 'believe’ 17 1% on the
right path to a response. But it 2y be that one (or more}
of these true results was Berely fortuitous and it would have
been bettior toe have ‘ignered® the fortuitous relation and
followed a4 "false' branch., The matursl thing to do when this
18 discovervd i3 to ‘back up’ to the node which would have
been reached had the original fortuitcus relation not mislod

us. This will ke indicated by & (¢ <integers) av thwe end of a hranch
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ifi *he ftrecs. In the implozentation, &4 branch cf this Type
1% actually 2 pointer tc the node with indewx integer .,
This meaps that BABEL's discrimination trees are not truly
tree structures, bul networka. The procedure for appliy.ng
discrimination ne*s Qiven above remains applicable, and,
Blnde CAFe LS Taken to avoird any cycles in the nets, the
Frocess 1. st1ll guarantecd to terminate,

Fo: example, constder the sentence

*

ek told Jum that Mary would like 1t 1 f Jim took ner to the

[]
=

-

-

The zearning of rhis sentence would be represented 1n C.D.
5 ar MTRANE wevent, the MOBJECT of which t8 &4 cAR-cagse
rejatian somet hing fone Ly tim could cause Mary some
terelait . This representation bears a 3reat deal of
STrACtLrel gimilaFity to thase which resul® in the choibce

¥ verbs ltike “"advise", “"recommend™, and "ask-ta®™, The net
<5ed to delect g vwerb to express This meaning does not
tectognize’ the crucial differonces which prohibit the use

wl

thaede verbhs umtil the !incarrect! deciston has been made
that the “"cauld cause benefit™ structure of the YOBJECT i1a
BEFraficant, When the mistake is realized, one of the
'peinter' nodes leads the process back to the node which
wiouwld have beon reached had the MOBIECT fatled the tost

frr a "could cause benefi'™ srructure. From this node

flete if 00 path back to any node already passecdy Thus

voon,ng is avoided,

15D



At wvach tersminal node of & trew w. | . . vt
responisesd (the exact nature cf these Fesp.ora. 1t.oma 14
explatned Ln section 5.2; they may be considere i <ot d sens
for the time beingl., The (* vinteger> ' fForm ta slso
Fresent at softe of the terminal ‘respunse® acdes n the
trees. These pointers are ysed only in parapbras .ng and
“ill be explained tn Chapter o.

BABEL currently contains 15 dsfferent tta.eiminat. -
net=z. We shall now look at a few of them v ot o],

The first tree we shall look at crgab.ces srowledis
about verb senses which afv encoded conceptually as EVENT
4Eing the ACT *INGESTS, Figure %=5% dopi.re ¢, LAF R
Node | tests uh#tﬁrr the OBJIECT Of tThe niesf 'nj nas as

P R g o

B

one of 1ts functions the “"causing of & pe *
in the *HEALTH* of one who i1ngests v, ™ fIn wus
descriptions and drawings of the nets we shall goe
‘anglicized’ conceptual deperdency rather fthan ' he more
formal driagrams or internal LISP notat jopn. 1 thiim
functional relattonship holds, node 3} i3 reached with the
fesponse TAEEZ, the "take dedeoctine™ sense af the verb.

Irn general, English 'ingesting' verts distinguish

between the itngesting of solids, liyurds, and gases, ThHi®

knowledge of English, in BABEL's Lerm: . =car . v P Todt:
an the physical propertics of the OBJECT. XNode vhecks
te sew 1§ 1t 15 & GAS. Ef so. BABEL hax thrae | ~uthle
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verbs for exptessing the evert, Ef the OBIECY 1s *SMOKE®,

the verb 'to stoke' may be appropriate But 1nQesting SMCke
&

ir a forest fire doeasz not constitute “smoking’ + BS

further tests &re¢ needed, Hode % makes# these tesLs, The

moat important of these 18 one which tests the function of
the cbtect which 18 the source of the smoke. Hemory must
know that one of i*e functions 18 for somecne toc ingest

smoke from that gobject 1n srder for node 11 with rhe response
EMOFELl to be rteached. iIf any of the tests at node % fail a
test L8 made Lo see¢ 1f the OBJECT 18 YARIR® inode 1@, it

B, the rTeasponse BREATHEL s found; ctherwise, [MHHALE!]

18 returned,

Ef the OBJECT i8 not & gas, but a FLUID fnode §4). and

it te tngested through the *MOUTHY » Bome sense of "draink’
will be found. If the OBIECT is “ALCOHOL* inocde %) the
respoense DRINKEZ 1s found; cthetwise the fesponse will hbe
DRINKI,

Finally, for OBJECTE which are neither GhSes nor
FLulDs , a test (s made inode B to sev (f the tngesting LS
tnrough the "MOUTH® of the ACTOR. For cur examples this is
always true, s EAT] inode [T! i85 the response sclected.

For this reascon, INGEST! inode 16 8 never found as &
primaby reading for any of cur concoptualizations. It Is

however, [found when generating paraphrases, as will be seen
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when the omultiple realization process i85 described in

Chapter 6.

The next tree we shall look gt deals with

conceptgalizations of the form:

M B e ¢ RECIPIENT"
SRUTOR> cmmas FMTHANS Y+ e c MORJECT » s

“« . DONOE

whitch 1a used for 'nentsl information transfer’ events.

The trec 15 depicted in Figure 5-6,
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several verhs are candidates: WARMN, THREATEM, PROMISE,
SUGGEST. Fither WARM or THREATEN is chosen tf » Check wit!
mamory 1ndicates the SMOBJECT: 18 potentially harmful to
the -RECIPIENT>. They ate distinguished by the fact *hav
THREATEY regutired the s MOBJECT>"s ACTOR tvo bhe Jdentical tco
the ACTOR of the NMTRANS, rRAOAMISE 18 choser 1% rhwe
MORJECT: could cause 4 P oouifiVe LnCrelent 1t the poritiorn
of the RECIPIENT: on the *JO¥* scale.

ir =he cane that ncne of these verbs i3 applicable, a
cherk with memory i3 =ade to see 1f ADMIT can be used o de
7§ == does The » MOBJECT. 1mply something bad about the
< RCTOR=T . Finally, :f the - RECIPIENT: s specified only
by & DUMMY (a PP representing "gomeone™1, the verb STATE 1=
solected, eherwise a4 chotce between TELL and HEAR-from 1
nade, tased on the FOCUS sarking of the conceptualization.

Phe sebhtree rfooted at ncde I oin considerably lesn
compiex. 1* distinguishes =sevefsl sensory perceptlaon verha,
which are representesd as "MTRANSing a conceptualization from
4 sense organ 'EYE., EAR, NOSEY to the *CP®*". Two iypes of
“ope™ are accountoed for: SEEC, "to see an obilect™, and EEEL,
"ta Eee AR GYenT T, Two types of "smell® are also taken care
s€: SMELLL, “to smell an object™, and SMELLY, Tan object
cmeliw f= “"has an odor™ , “can be smclled by semeone™!.

A few non-porception verbs are also part of this

nht e, Thear include twn typos of "remember™: REMEMRBREERL,

[E81}



"to rerrieve informatton from the "LTM* , and HEMEMBEN_,

*to store informaticon into the SLTMET, FORGET 18 faound ir

reEpOnsEe TOo ANy conceptualization which satisfies REMEMBERL

but 12 modified by a "*CANNOT®*', with the further condiv..-,

verifited by a check with memory, that the ~MOBIECT: waw

previously stored in the *LTM* ¢).e,, “forget™ =~ “<ACTOR:

cannot recall X: %X previcusly located 1n YLT®® of ACTR-"
Finally, this subtree distinguitshes the stasdard

sense of "read™ IREADL! and, just for fun, a4 "zind-reading”

senze, READI, which has the concise C.0, representation:

PFARET
A Rf—.—u.- P Y a e BTN
« ACTOR» «===: tMTRANS® --+—i*UEJECT}*—~j PART
P— -"i}‘l ----- L1

In nets Like Tthe ones just described &4 response #
¥

18 appropriate for any conceptualization which satisfies

¢ set of DCa b . When there exist 4, } sych that D 2 0,
i b 1

then, for a conceptualisstion which satisfies the conditiens

b, wither B or # could be used a8 & respgonse. it is
i H 1

vory important that the Ltrecs be organized, as they siwsys

can be, G that response R « 4 Foesponse which exXxpresses

‘more" of the conceptualizsation, 18 found In sych Ccases,
ftherwlse sentences fitke "John tald me 1t would he good for

me to take the courses™ would boe genvrated from

lad



concepruslizarions which could be expressed more S:mply:
“John advised me to tske the course, ™

By this time the reader has undoubtedly found several
poccastons to look sskance 2t some af the reprosentations
being assumed for worbs. wWe Take no claims *hat these Frocs
fully characterize the vert Senses they are deosigned to dea,
with. in mome Casrs Lt 13 clear that ocur ‘urder-
Teptesentations’ would be unsati1sfacrtory in an operating
zmocdel. in many others 1t 125 not ob¥Viocur that attyar,ons
would arise where the mimplified represectations woulsd causs
Eroubae, For instance, a8 true characterization of *ssx=-to”
shouid probapcly tnclude the fact that the tntention of tho
'asker® i that vhe 'asked' do the scticon reguested. But
1t would be very rare for our lack of checking intention teo
result in the use of "ask-to™ when it was .nappropriate,

In aorder *o write a conceptual generator, 1t was
necessary to rchoose a particular conceptuyal representation.
Conceptual Dependency was chosen because 1t is currentliy
better developed than any other conceptual representation
avatlanp!e, o clatim is =ade that 1t 13 yer ccmplete, in
the senze of satisfacrtoritly rTenresenting 211 natural
ianguage '‘meanings’ or even those of the vacabulary umed
by BABEL. & more camplele feprestontation wi!l certainly
resul® in larger trees and thoerefore more searching. Thare

1% no reasan o believe 1t will alter the fundamental

iod



nature of the generaticn process, which is the centrsal

insue.

) T Concexican

The tesponse found &t the terminals of the
discrinmincation nets arfe pointerd 1o oniries® 10 a limguis?t:
knowledge ftie called the CONCEXICON. This file 18 %the
zajor source of knowledge about the syntactic realization
cf conceptusl relations. Thizs information &8 crosnized

by ‘word senses’. An entry tn this file has three firelds:

CONCEXITON ENTHRY

LEXICAL POINMTER FRAMERGRE SPECIAL ACTIONS

The lexical pointer ts & reference to an entry tn the
lextcong the pointer for GIVE]L 13 to the lexical entry GIVE.
ConcaXtoan entfies cofrespond closely to the usgal notion
of word senses, $C Wmany concexicon entries may refer to a
single lextcal entry. The c;ncextcan entries FLYL ("to
piior an atrcraft™). FLY¥! {(“"to travel by plane™:, and

FLYY ("to move through the air") all poitnt To the lexical
entry FLY. Thiu ledxtcal pointer 15 actually the 1nfiritive

forms aof a4 verb. The lexicon 1tself, which includes other

information about the verb, 1s described in segtion 5.6,
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The FRAMEWGRF of the conceXdicon entry contains the
realliy sianificant information about Lthe word sense tc whi b
it corresponds; namely. the syntactic eavirorment which
#Bust be placed around tr tn the flpal syntax network, Thtis

FRAMEWORY consists of a Liznt of FRAMES, wherse cach FRANE

has three fields;

FRAME

TYNTAX REL&T!GHE FIELD SPECIFPICATION SPECEAL REQHEREKEHTﬁ
i —_—

The EYNTAY RELATION 1= a menber of 8 ftxed sat of
relations which can oofur 4n The EBYRTaAN nets. These 1ncluie
ACTSEBS, ORJ, and [0O8) mentioned egrlier. Each SYNTAX
RELATION 18 known to the surface Qr4mmar; sost have
specialized funrctions associated with thems, The syntax
relsticns provide the information necessary for the granmar
to string &4 sentence togethsr in proper lefr to right
crder from ‘te components and *o perfors NeECOSSETY
acrphclcgy while doirng zo.

FIELD SPECIFICATIONs iFS8) were described in dotatl in
the pProvicus Scoction, in &« FRAME, the FS indicates wherc
in *he conceptualization the itnformation which will be used
TO Joenerate the value of the synrax relation will by found.

For example, one of the PRAMEs for the concexicon AnLTY

FILL] Aas<sociatves the swyntax relation 0OBY' with the £S
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i ATTORY . Sincw KILLLE will be found as & response LO

XK ewmwmy <ARCTY
/A

FH

___...----—---*f-l#i
ﬁ am==w SHEARLTHY

1--- -— e e e T

the syntactic realtzation of ¥ will be put in an OBJ
reglation to KILL in the syntax net, &nd ultimately &
sentence like “% Kiil ¥ f(by ...1" will be generated.

The SPECIAL REQUIREMENTs (5Es) of a FRAME are matinly
used tz tntroduce prepositlions, One FRAME of the entfy
for ARRIVEL indicates that it ;tqutrus & syntax relation
'*LOC® with SR (MARPREP ATI. This will causze the syntax

net to have *he form:

Gl: LEX ARRIVE G o PREP AT
; " n PORS G
i ; n+i
LOC G
0

The only other SR used is (QTHD X). This causes a
specified lexical unit X to be inserted directly into the
syntax net a4 the value of the syntax reliatiorn with which
the 5R 15 associated, vather than having the value
jenerated from & pert cof the conceptudlirzation as 1%

usuaslly done, For snstance,
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iCn -l X «suma £ ACT

can be realized as "X be unable to . . .~ The discriminar:
nets will fFind the concexicorn untry UHABLEL, whuich har s
lextcal potnver BE, Ane of the PRAREs for UNARLEL has a
iyntax relatior *P ADJ" ipredicate sdjectivea' which has a
ER iQTHD UNABRLE: Another use for OTHD is% Yo enter
"parriclesr” of rarba like "puick up' and ‘give back' nro
the 2yrtax nots,

The "hird field of the concextean ARETY 18 Fhe
SPECIAL ACTIONE r3Ax: SAs, [ike SRa, are sprrialired
funcrions, But rarher than offecting charaes in the TYNT ax
Rel bLeiny creared, SAs modify the conceptual repressntar,oan
rontroliing the generatign. The only SA now provided for
L &one which deleftcs wlaments of the can-eptyalizration,
Consider the case af UNABRLE! just ment isned, Grne of the
SR8 needed 18 INFJ, a4 type of ombedded seniense, Tto ECCount
for the “te . . .Y in "X be uynable to . . The
itnfor=ation for 'KF. zuamt come from the entire

canceproalizartion ‘Ch=l1, minus the MODE marker =g=. ITE

Lhe "2% wers net 1gnored, the program could et ipnre
infin.*e fecursian, ennrating & syntax net for ¥ he unable
'3 be unable ta be uynable o . PR A FS docs not per=t
tpecifying "all of a canceptualization minus . . The

L3

solubtion 15 *o have the FS for the INFI telation spocity
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Al . atd have s CPEULAL ACT IO "LELETIONM Mg " delete
"he "FF gsssccoisted with UNHABLE] and Le s2on;ie ™ -
FRAMEWORKE for UNABLE] tw processed,

CrrtEin syntan felations tend to v wl wilh graat
fFruguvney in particulay concepiual roles, For - haspl-,
ACTABSs are fregquently found as conceptual AC TR, Fog
Fraes reasson, 'detfault' field specificatiorns have tewen
areusiated with several of the relationas. When The
chfermatioen ta full a esyntax reletion ts8 (ndeed foumd n
detfacir lacavrion, the FIELD SPECIFICATION mavy be omitted
free rhea FRAME.,

S¥NTARE RELATION DEFAULT FIELD SPECIFICATI1oON
AT EBS IACTOR
8 3 (BIECT
G2 1T
Lo I T
IMNEYT. £ 0N
F_ADS be = >}
FLRE TN
BEC s A
Ikl tTO

Tre anformation specified by the FRAMENORE must be

avan: i8ted with Lhe CcORCexicon ontry |i.e., at The word
I'I‘

et e ge¥ell rather than with the vert ttsolfl 1R The

.wna:ur.t Tnis van be seen from cul siople viampie of

ARt e mentioned gn o section 4.0 One senae of drainikg

tejaires an Bl e direct cbhiect), whitle the @ther ecense

1o 7

E
*

L
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Feslized on oan nfransitive  form, Aw ancathel cEample,
thore eE18t three principal senasss cFf "wynt™:

"Jlohn wants an apple”,
"luhn wante his mather™.

"John wantw to play baseball”.
vach with 1ts® own syntactic environment, The first twe
Senked have ar Ok relaticr, while the third sense rezuires
ar INF relat:ion, Furthermore, even the fifst tws Benses

Stfter with respeo-t to the (unfceptual locatior of the ORI,

"

il
[
L
4
-

it the resea, "apple® would be faynd asz s ronceRt aal

BITTT in

B wecand sencsre, "mother® wrould be &4 conceptual
AOToR
BABkLls TONCENICON, in e LISP formartr, s shown @r

FL;...‘.rl' A &

o 3 Fralen

Engigesh g8 iwect ives, whille compri=ing & "unified’
E¥nTATY.Lr category for 4ome jrammatical theoriown, do rot
fent tremecjues to o oany aingle ToONCepPtual tredthoent ., There
are parficipial forms <= 3 defeated player, a Btnolen
FiTyTae m= whiboh are depived frod verbs and relate

Grceprfually tao the gnderlying Cfepresentations of thosa
verts. Trther sdtectiver nafie Bofe or leas rompli ~ated

Fhyesiral proprrtics poasossed by soxe obiects == 4

Apotted horse, a louvered window.
o T Bt Al



FOUY OF Lar» EFTRY IS

{<¥OAC-SEYEL HEAD» (A EXITON POIRTERS) (<FRAVEWCRYE > ) <SPECIAL-ACTIONSs )
< RAVERNEY s tia <FRALE> | <FHAVES <FRAVERCRES

<FHAVES 118 {<CACE> «FlELD-SPECS «SPECIAL ~REQUIREMENTS> )

CABCUTY BE ({ACTSCJ) (LOC (e=» VAL) (LR¥PREP ABCUT))))
{ACCEPTY ACCEPY ((ACTSH. (<=> VAL PPRATY) {0BRJ {CO™}1))
EAD"TITY ADVIT {{ACTSBU) (SP) (PPt (T PrPRY}(VANPREP TD))))
EADVIST Y ADVISE ((ACIEEQY (0RO (10 PrT}Y (Ind2 (PCLJECT CONYYYY
A0t Axe (EFINS) (GBICSYE )
{ArD2 AND ({F1PS) (SEECS {<zzx1)) )
{ARGRYY BE ({ACYSDJ)Y (I1CEJ [VAFPREP AT)) {(P_ADJ (GTHD ARCRY}}))
(ARRIVEY AARIVE ((ACTEBJ) (LOC [YFRPALP AT})})
{ARRIVED? ARRIVE ((ACTSEJ (ORJECT}Y (LOC {“AXPREP AT)))})
(ASx~FCR ASx ({ACTSPJ) (OBEJ? (10 PRATY)
{ICLY (VCBJECY CEJECT){MACPRE® FOR}I))

{ASx-TC ASy ({ACYSEJ) (OBU? (10 PERTIM{INF2 (MOBUECY COLIILY
{BEY BE ((ALTSELJU} (P_ADJY})
€ 3 0L ({rCYSEQ) (PCSS fcE» VAL)IYY)
{BEATY Be#T  ((ACTSLo)} (OUg (I0)) {IRST (0BJECTI(MARPREP WIT+)}})
(EECeuSE: PFCAUSE ((FIPS (eZ)) (SECS {COMIIYY
{HECCVEY BECOLE ([ACYSE.) (P_ADy (ADDINT)}})
(HELIEVE® BELIEVE ((ACTSEU {<z» VAL PARTI} (52 (CON))))
{2ELCCY FE ({ACTSEG) (LOC fez> VAL} {(MANPREP NEAR))))
{UELONGY BELOLD ((ACYSBJ) (FPY (<os VALY {QARPREF TCYI)))
{HRIATHEY PREATHE [(ACTISELIYY
tHUY s Buv ({ACTSFe (COH ACTOR)) (CPy fezz» OBLECT))

{108y {[<=:zs BOTLK)(L. rREP FRCL})

{IMST (CC? DEJECTI{U2vPRe® FCORYID)
{CErsc Y CE#SE ({INF2 ALL)) ACUITIONS ({TINE {TF}}) OELETICHS ({TF}}}
{CR0r =Y Drlri ({ALTSEL (CON ACTICH)) (OB {<z ACTORIIY)
(CnDxE2 Cn0rt ({ACTSBY (<3 ACTOR))} (INST {CON GBJECT)(“AFPREI® ON})})
£C YEY COVE ((ARCTErd) (LOC (MAKPHE® TCIIY)
fCOvED Cowt ((ACTSE. (DBJECTIY (LCC (VAXPALP TO)IYY
(CIRed COve ((IRF3 ALLYY ADDITIONS ((TIYE {TS}}) OELEYIONS ({TS}}}
{CrvPLazty COVPLATY ((ACTSES) (DPJ (VORJECT CONYIIY
"LONSIDERD CONSIPER (([ACTSES {<2> VAL PART)) {(C8J42 {COM ATTDR})

(P, ADY {CPY <23)3))

f0IE Y Ot {(fARCTSEUY))
(D15 IxEY LISt I®E ({ACISI L [ez ACTCR)}) {OBy {DEJECTINY)
(RISLIvEY DISLIxE ({ACTSE9) (O0g {T0}})})
ftisSiIvee DISLIRE ((ACYSI. ([<z ACTCR}) {SH {CONDDY)
fNoY D0 ((RCYIBIU) 'C0O [(BTHD SOYETHIAG))) }
(ORIt DRive {{RCTESY [OBJ))Y
ety pRINE {{ACYISELY))

FIGURE 5-7
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{£aTy EAT ({ACYSOZY (00 1))}

(EMPELEY EPAETE {{refﬁfJ Y (180 f<ez}) [INST2 {CONI))
PELEYIONT (f.: wOTE}))

(EYur¥Y Exuly {{acT.uJ fe: ACTORYY {52 (%)Y ))

(EXPECTY ENPECT {1ArTSE) {ez» wAL PART)) (InF (COMID))

(EXPECYD EXPIET (1 Tebo (<z» VAL PRRT)}} (OBg (CCW¥ ACYTRIIYY

(EXPECTY L*PECT {(ACTH:i g fez> vAL PRATY}Y 0B (CPR DBUECT)))

(FEARY FRen ((ACTSHS [<:z» VAL FARTY} {62 (COn CONGYY)

(FEAR? FEsk [[ACTSEY f(cz» VAL PART)IY {00y (COH CON ADYOR}}})

(FE&RT FEAR [(ACTSEJ {<:» VAL PArT}} {08y (COR COK GBJECT)I))

[FLEDY FEEC ([ACTSBU) {Cbu {3 DBUECTIY (0842 (< ACTCR}}DD

EFLYY FLY ({RCTEFOY fLDTH))

(Fe Yl Fuy ({RCTE: » (INS) ARCECRIY {084} (LOTI))

(Feya FLY TLR0TSE Y (LOTY )Y

(FPRCETY FORCETY ((ACTSESY |

fGE TS GET {{00a) (ACTBE. (T

{Gi T~ GEY {{opo) (ACYSBL (T

{GIvEY CIve {{ACTSEi s} {CE2)

3

frog ECY)Y))
j {1084 (ACTCR) {(vaxsReP FRACYI)Y))
) (IDGg {[ACTUR) {waxpki P FROV))))
Ovr?Y 3}
{
f

57
o
(48 )

f

(GIVETY Blive (CACTSHELY (OBJ) (IrEu {¥AXPREP TO})})
(GIvik GIvE T(RCTS: ) (CBa) L1082 {WAKPREP T0})
{RaRTT (LD BRIK)IY})

(G0 G0 ({ACTYISEO) "L0C) )}
{nefir GReD ((ACTSCY (CBIY))
(wETEY MATE ({PCTIEE.) "< ACTOR)Y [OBo (QOOETTYIIY)
(HaTL A wWATE ({ACYSIL [<: BOTOR)Y (GTB2 (CONYYE)
FHAVEY sVt ((ACTSty (x> VALD) (BB2 (ACTTR}}))
(M ARY MESR {[ACTSE.)Y (PAGLT [VOIUFCTIY)Y
(HEPR? M tn [[2CTSPy (10 RERTII(ICEY (ACTORY{WAKPREP FRACR]I{SZ])})
[HETY il f:arTs 3} (CBa (TR} )Y)
[HIT12 o] (ieCiota) (082 (T0Y) (INST (QUJECT){¥AYPREP #ETe})))
{289 Wbl (CETTSEL feZn vBL §7RTIY (57 (€N CONYIYY
v RYY HLERY (FACTEF ) {LCC (v2«BREP TN}}))
foemTt Wi ¥ F2ACTSEOY (CE2Y (DM ST2 (CONYEY)
fIFTwis s ¢ ([FIPS fez}) {SECS fCONYY))
EINTESTY  ~LeET {farvctiga) (0Euld)
{INSPLEY MELE [{ACTER:] (Ciov))
(IRTESLEYT  ISTEREST ({ACTSEJL (CT°% OLJELY IdvwlLV)) fOBu)))
FRiEeD KE o ((ACTSCJY [CBIY {I0BL (Vprknie FACYILY)
¥ib R we & (TAITERLY [DLD) fLOL (FRATYY)G)
{rIeLY %I v {{ACTSiUY §Oky f<z ACTCOR})} (In:T2 (CONIEM)
{x* ey v ¢ ([ACTS o fvss RS B {Co%ii i}
FE FVEY L oavi (FRCTSBUY (LID fReav) [WE«PRER FRIPV)IY)
ft.xit L7 ¢ [{ACYS: o (ex ACICRYY 7By (CRIECTHYY)
feies vy o1 ¢ (dacTsr ) dewr (T0013)

fp et LT b ({sCYS Ft'; ﬁf?:“}:’ {ItF t_r{'1|:,|}}
fLOui Y Lo ¢ P{arTries te. ROT @)Y (000 (CoCTYIND)
PLOVES Lrvi FIADTERY fex ACTLRY) fIrF (CON}IYY
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(LOFERY ¢ O®ER ({ACTSEDY {Ova) {LOC} D)
{rvEr vaveE [[ECYSE ) {PRSET {ez)}}})
(vover COvE ([ACTSBOY {Q0J) (LOCYY)
08 JECTY DEVECTY ({ACYSE S [z VAL PART)Y Inpg fCDF ECN)Y
[PERTY £0TwD TO)))Y
{oert Ony (PACYSEY fe:x> VALYY {CBJS (2CTORIDY)
[PAYFLR PAY ({ACTSi o (CI% ACTOR}I{CE. (CON DBJFCTY)
(OB g2 (c=z> BCICR)Y
{1080 [ez:n DFJELT) (VAYVPREP FDALIY)
{PavaTD PEY {{ATTSi g (CON ACY R} V(Db (COF DBUECTY)
fopar {ez:» RCTORY)
{IVE [=:23)))1
{PLEASES PLERASE ((C=fo (CIN)) (ODu (e ACTOR}IMY
(#oIsoky PrIsct ((ACTSEY)Y {(CE0 (<2 ACTOR})
{I!;ﬁ‘i f=: E?I;:JEC‘!}{!:’#*FH{_P EITH}]}]
(POuRY POUR [(ARCTISEY) (Db0D [EuJECTY) {LOC{VAKPREFP INIDY)
{i10p. (FROEY{rAvFR:© FROTY)YY
(PHREVICTY PREVIPT ({ACYSEY) (SPRE foz))) CELFTICNS (< wLPE}Y!
{PREVEST? FREVE'T ({ACVSE. ) "SPRC {<z )} (INST2 {CCH)))
(PapeISEY FROVISE [LACYSHOY 'C832 {70 PARYYY (52)))
(HAISEY RaTsE (FACTISELY {O0DRJY (LDC)))
(HEADY PLED ([ACTSL oY (CDo {FRCOEYIYY
(READ2 ®E#D ((ACTSE LY {OBJ (FADEIYYY
(RECEIVEY FECEIVE {{CB.) {(ACTISH. {1C})
{1700 (ACTCRYI(MEXFREP FRIEYYD))
ERECOVVENDY RECTRYESL {IACTSI 3} (PP [TC PART}{UAXKPREP TC))
(52 {WCBJECT CLn)ldd
{HEFUSLEY PEFUSE ({ACTYSBSY (INF {VCDUECTIE))
fHELTIEVEY RELIEVE ((ACTSELY (CBa) (InSY2 ICTHIM))
{HETEV“SERD RETEYEER [ {(ACILT2Y (S2)1))
{HEVEYBERY REVEY D6 R {(ACTISEJSY [S2) )
{MEGUEETY FIQuUEST ((ACTSIL) (CBJ (YDEJECT OEJECTII}Y
{HEQUE ST? PELUEST ((ACTSEJ) (INF2 (LOLJESY CONYYD)
{BRLTLRT 2 ReTuR* ((2CISEJ) (CRo) (ICEL {(WARKPRER TGY)))
{#IDEy wipe ({ACYSE.) (CBg (I®ST ACTrRY) fLOC))}
{Run* Ru* ({RCTSBSY (L CY))
{SEL? See (PATYSDL) (CBJ (VDEZECTYIYYY
{StE3 SHE (CRACTSHY (OB [YDEJECTY ACTCRYY)D
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{SELLY SELL {{ACTSE. (<:z:> ACYOR)Y(ODJ fe::z> DEJFCT})
{OEJ2 (COK ACTYCH))
{INST {(Crk DRUECTY) (UA»PREP FOR))))
{SEHDY SEMD {{ACTSFEJIY (CBJ) {CEJ2}))
{SENDY SEPDY ((ACTSBU) (DBa) (I0ua (NPYRRIP TC))))
(SMDR_UPY SHET_up ({ACTS10) (LOT (WAFPRiP AT}}))
{SvELLY SVELL (LACTYSEU) {GLJd (V0P JECT AETCR} YY)
SPELL2 S™EL {[RLTSEL (VOPJLCY ACTIOR}Y))
BrOFES SvOvE ({ACTSEJ) {082 (INSY FROV)}Y)
(STALY STRE ((FCTSHIY (000 (Yo #IWT:)
LTt {ORJRCT {WrePREP BITKY)))
(STARTZ SYART ({INFY &L )} ANDITIONS ({TIVE (TS5}})
CELETIONS ({¥S}))
(STATEY STATE ([ACYS#JY {Ohy [v0u08CT)}))
(STRACGLE® STRZYCLE ({ATTSB: {CC* CON ACTUR}) (OBJ (T0R ~ ACTORIY))
{SUCOESTY SUrCEST ({ACTSPU) {S2) (PPY (10 PAAT) (MAKPRIP TC1)))
[TRREY TavE ({ACTSig) {0y} {INBs (FROVI{VAYPREP FROV))))
{TACED Yawt (AL TSERL) (O0a)))
(YAER TawD ({ACYSES) {Ora} €D0i2)3}
(TRLLY TELL ((ACTSRUY {S2) {Chy” (10 PART}I})
{THIkx TyIne ({ACTSi2 {<z» VAL PARTY) {S2 [CONYI)Y
{TRREATEVY ToREATE: [{ACTSEL) (IMF (UOBJECTI)))
{‘EEU{-"-‘ gL {{#{:TEBJI frey EFHEPREF" I‘i}{ut“ﬁ E:*-‘I‘ﬂfjl
{I00U [<zv VAL)IIVAYPHEP &£ITk)}) }
{TRAUEY TREDL {{ACTSE, fCTH ACTCWYY (Db 02 (=22 ATTCRYY
{CBy (CC™ DUUECTH)
LIPS {ezz> CEJLCT) [WAePREP FQR)}))
{uvEBLEY B ((ACTSEL) [INFD BLL) (P ADJ [GTIND UNAPLE YY)
ODELETIINS f{vrDe)))
{w2int wALx {{ACTISTJ) (LOCH)Y
{WENTY BANY {(PCTSPU (<35> VAL FART)) [INF (CON CONIID)
(¥2v 12 wesT {{27%¥S8y les s VAL PERTY) (CiJd (CON Chn ACTTAIYIYY
{#ANTY weNT ((ACTYEES {cz> VAL PAnT)) (DBJ (CON COM DEJECTYIND
{FrANY wARY ({RCTSES) (CBJD (TO PART)) {E£2)))
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Another 'class' aof adtectives name [ocations along
containuous dipendlol 8, Many of these dimensiocns are
physical. English jravides an abundance of adtectives tco
describe the physicel sitze of cobjects -- big., large, huge,
vYast, enormous, !Ohense, tiny, =iniscule, small, little,

L 5 R Ke can find sets of adtectives for specific dimensions
itke helght, mass, &nd sven velocity listed irn & standarda
thenauras 77>,

wards 1n osuch groups are clearly related in meaniny,
gnd this relation =must Le eoeXfplicit tn & Cconcoptual

repfsgentation, These words are all relat  vey that 1s,

ARy L% not & measurable or percepiusl gquality Like "3
-ubig tnches™,. but & relative gquallty. A Ttuiny" X 15
somewhere on the si1ze dimension betweon 4 “3mall™ X and a
"minute™ X. The words aze not only relative o ofthe? words,
but, mote importantly, are relative to & norm for objects

af & given claegs, The norEal size of slephants snd the
nrr=al sizZe of rabbits are pileces of conceptual knowledge
and are 1mplicitliy rofwrenced by such phrases as “"a btg
wlepghant® and "a big rabkbit™.

In Conceptual Dependency such relationships are

represented with ncales. A scale 18 a4 list of the form.

{F w I
2 @ i i

wl
£
bl
E
=
I
p—
a
bt |

whars ecach n 1% & real nunber and
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Each st ts an adjective for, more precisely, & fotnter tgo
the lexical entry for an adtective!, The C.0, represoentation

for the location of an aobject on & scale is

VAL
~CONCEPT> 12! «SCALE-NAME te=anan CIntoGer s

For objects whose location or & scale 18 at a point K,

n 5 K 4 i

i i+]
BABEL uses w, 4% the appropriate adiective to describe the

LE]
relationshaip

How are these relative scales to be related to the
actual percuptual representation cf the tnformation? The
Juestion of how perceptual information i3 best encoded for
computational operation 1s by no zeans solved and we do =ot
tntend to make new proposals for this here, For specificety,
though, let us assufie Lhat we represented the perceprual
information on a linear scale proportional to same
measurable qgquantityy height, for instance, might be mrazgred
iho4niteE proportional to feet on an ‘absclute’ height scale.
In order to decide the position of & butliding X fecet high
on the "telative' height scale --= that it adjectives *talliv,
"short™, “tower:ing®, etc. -- we need tw. pileces of inforsation

about bHuzldings:
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E -- the sverage or expected position of & butlding
an the apsclute scale

D -- & relation, specific to butldings, Lelween
interval! lengths on the absclute 3cale and
those on the relative acdle -=- e.3., “4 abs.
units = } rel, unit

Tc determine the positicn R on the relative scale of a

building at positicon % an the absolute scale we coald gse

the folation!

The =ost iLmportant aspects of representation by
scales ared

1) words correspond to ranges (not points; on relative
scales

!t the relative properties have corresponding ‘absolute’
propertieds.

Whatever representatians are used for these "absolute’
propertiecs, & two-way Bapping betwesn the relative and
apsalute must be provided.

HAHBEL does not operate with any absclute CeprosentaTion
Lut assumes conversion to relative scales has taken place
prior to any reguest for generaticn.

The use of scales has been extended Lo CcoGver Certain
‘emotional' or "mental' states as well 2§ phystcal attributes.
This ts not done to provide gquantitative explanatiorns for

phrases lLike “double your pleasure, double your fun®, but
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toe expltain groups of adjectives which behave valy smuch

like the physical attribute adjectives, For exanple,
English provides many words toc express 31fferent degrees of
"excitation': excited, overwrought, agitated, raging, calmn,
placid, scber, tranguil, peaceful, halcvon.

The abstract scales of ‘excitation’. ‘joy'. 'healths’',
ete., do not Rave abhsclute counterparts ok do the physizal
scales. in fact, it i8 not ohvious in most cases whethers
these scales should be thought of as absolute or rFelative.
There 40 exXist cases, however, where the notior of relartive
scalez 18 cleariy applicable. Even though there are no
perceprual units for intelligence, we speak cf ‘s=mart dogs®
and "smart people” without tmplying that both possess the
game amount of 1ntelligence, Linguisticaliy, at least, wao
geam to use an "i1nteliigence’ scale tn the same fashion a3
a4 Sife or weight scale. And while there oxista no
trrafvtable evideonce for the psychnoclogical realiry aof such
scales, they have bteoen found useful in paychological models
< 28> which have been izpleosented on compulers,

Figure 5-B lists the scales actygally included in
BAREL. Two polnts noet Sentioned in the explanation of
s*alew above becoke apparent from these exazples. First
ot alil, there in on every scale an arva 4bout the ‘nors’
which Englisth tust provides no adijective to express,.

{This may be becausze of the scarcity of 1nstances in which

1T



each eniry consists of

i} scale nare lan atonmd

o} iewicat pointer for change in positive direction

31 texical pointer for change in negative dirsction

4F iist of atternating lexical pointers, numerical scale positiona, beginn
ng and

® ending with lexical pointers. Assigns npmes to intervais on the scals.
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tt t8 desirable to express such 1aformatioen, ! In most
Ltnstances, 1% it actually guite d1fficult s come up with
4n Endlish sentence to eXpress the notion, snd we must
resort to such exXpressions a% "nejther happy nor unhappy™.
BABEL fai1ls to find & realization for these concapPtuasl
Eoranm.

The second point concerns The actusl choice of the

T ibresakpoints) on the scales, XKe have no evicence which

ieads To particulay gquantitative chotces for positioning

tha adjectivez on tne scalex. The relative positions of

the ranges for “"big™ and “"gigantic™ are. of course, derived
from their uste in language. The actual values chomen

for the dirfferent ranges are Ltaportant for two reasons:

LY In translation, the Tanges on corresponding scalces
far d1fferent languages =ust be =uch that words
with corresponding meanings lie 1n the sale range.

BY wWhen tnferences are made, they will]l change scale
location values based on events which changs such
relationships. The intervals on the scales and
the inference rules must correspond to the extant
that inferences which are rvesiized linguistically
will be reassonable. That is, {uniess we mode]
characters in TV commerctalsal, people don't get
‘ecstatic' over a good cup of coffee, nor do thoy
get "suicidally depressed’ over irregularivy.

Since wo have not had adeguate expericnce 10 either

creating scales for other languages or writing tnference

riles which manipulate thesme =caleg, the current a  Are
I

purely ad hoc choices.
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5.4 Language Specific Functions

the information in the concexicon is sufficient to
produce a 'core' syntax network once 23 verh senze has been
chosen, The net thus produced, however, will oniy express
those parts of the conceptual structure being realized which
can be predicted fyom the verh sense chosen. That (=, only
thoese parts of a conceprtusiization which fuifill synstactic
relations raquired by the verd sense &Te processed in the
course of interprettng the concexicon entiry. Two other
sorts of information oust be added to the syntax net to
complete LU
1} The conceptuslization may express more than staply the
required informazion. 't may, for instance, specify
the tisme or location of an event, or some "parenthetical”
information about an event == e.3., the fact that it
gltizately nad *good' resulrs, which might isad Te the
incluston of the adverb *fortunately' in the syntax nat.
7} The target language may reguirs the inciusion af
certain relationships in the syntax net in order to
generate correct surface structures. *Tense” in
English i3 such a relation, in that =main verbs of
English sentences must be inflected to indicate one of

s ftixed ser of tenses.
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The functions which add such addirional informatien
to the syntax nets we call *Language Specific* (L5}
functions. Not all! processes in BABEL which are specific
o » particular lsanguage are included among those we refer
to as LS functions. We shall ses in mection 5.5 that the
functions which make up the surface grazmar are Eng.ish
Epecific. There are two properties which distinguish LS
functions from others. First, they Sust incorporate
knowledge of & particular language. Second, they must
require accesa to conceptual knnowledge or to the canceptubl
structures being realized. It is the latter requirement
which separates LS functions from the functions of the
surface grammar.

Let us proceed to loock in detail at the individual
LS functions employed by BABEL to Froduce Engliish

realizations.

5.4.1 Determiners

The conceptual nominals {PPs) handled by BABEL =ay
have REFerence modifitcation. Suchk sodification is currently
lizmited to two values. 'DEF' and *INDEF'. In the generazion
of English syntax nets such 4 modification results in the
iatorporation of a new relation in the net.

The PP, when it is being reelized, causes & node tao
be created whose LEX value t= the English noun which names
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that concept. This noun 18 the nate found stored in the
El&tion:

IENGLISH-NAME <COMCEFT> «<LEXICAL UNIT>»}
®. Q. , FENGLISH-NANE *DOG* DOGH
The functicn which handles REF wodifications attachesz a
syrntax relaticn ‘DET' to this node. The value of this
relation §s 'THE® t1f the REF value 18 DEF. If the value of
KEF is [NDEF, & check is made to see tf the concept has

the property ENTITY. I¥ w0, the value "A' L& chosen

atherwige "BEOME' 18 solecrted. Thas

{*BALLY EREF (DEF'!! -3 Ml LEX BAL L
BET THE

t*BRLLY REF [ IHDEF)!~-=3 Ml LEX BALL
DET .

i*BEER® REF {(IKDEF}l==» Wi LEX BEER

DET SOME

Selection of determiner ts Rore complicated in German
than English because determiners are inflected to show
gender . This can be handlied by tncluding gender in the
'naBe’ pEedicate:

FGERMAN-NAME <CONCEPT> <GENDER . LENICAL UMIT>)

€®.G. . {GERMAN-NARME *DOGCT iMAESC . HUKD ' }
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5.4.1 PART, POES, and OWK

PFs may alsoc be modifiesd by the reiation PRART, as :in
{*HAKD®* PART *JOHN®*) which specifies & hand which 13 a
voedypart of John, The effecr of such a modification 18 *ao
433 & relation POSS to the node cTeated For the PP, The
value of this relation Ls a new node which L3 ezpanded to
the syntactic representation of the velue of the PART

relavion., Thus:

F*HANDY PART (¥MANY REF (DEFI}} —-—. MNl: LEX HAND
pOSs w2

M2Z: LEX MAN

DET THE

The syntax rejaticn PFOSE causes & '"possesstive' fore to be
produced by the surface gramsmar., The above pilece of network
might eventuklly be linvarized to “"the man's hand™.

A PP may alsc be modified by the conceptual relatian

POSE iindicating the poisessor of the objectl or OWR
ttndicating the owner cf the chiject). In BABEL, vach of
these modificartions has precisely the same eoffect on the
gyntax net ag the PART mocdification,

Although we haven't implemented functions to desal with
these relations i producing German rfealizations, we note
that, while posscession and ownership are cYpressced with
genet ive possessive]l Ayntactic structutes 1n German,

the PART relationship cannot be handled this way,
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in general, German expresses the notion of "bodypart' with

the use of definite determiners (“Norton broke Ali the jaw™),
Thus the procssées which handle these relationships lor at

ieast the PART relation) msust be LS functions.

It has been noted 9> that ‘bodypart' relations in
English are not always expressed with possessive forms.
For eXamnple, we gay (1) "Een kit Al: tn the jaw™ rather
than (11) "Ken kit Alt's jaw®™, But while we =ay 111} “Joo
hit ARlt's trainer™ we cannolt express this meaning as

tivi "Joe hit Ali in the trather™.

Svveral ways to deal with these facts might be con-

sidered, We could adopt & transformational component to
operate on the syntax nets, essentially deriving i1} from

(40 1 B But such & transformation could not be guaranteed to
preserve meaning, because our syntax nets are {(potentislly!
ambiguous, “The dealer hit Hank's hand™ would be generated
froe the same syntax network whethey it were (n the context
"treagktng three fingers™ or “giving him twenty-one™. Only
the former LS a meaning paraphrasable az “"the dealer hit
Hank in the hand™,

A workable alteornative would be to allow the LS
function which handles PART relations to hunt around the
conceptuadization being expressed and decide whethey it is
appropriate to transforms the net, But rathey than looking
pack and possiply changing the net, it s far siepler to
look ahead when the concexicon entry HITL {(the “"forceful

phystcal contact™ sense) (s selected. If the conceptual

1813



ebject of the "hitting® iz & bodypart, & framework which
directly produces the “hit _ in the _" net would be chosen.
If not, the standard “"hit <OBY>" framework would be the

one used,

5.4.3 TEXSE

TS every node which has & LEX value which is & vert

{henceforth called a2 verbal node) BABEL axdds a SYntax

relation TENSE. The value of TENSE :s chosen froR the seb:

PAST PASTFAST PASTFUT
PRES FRESFPAST PRESFUT
FoTt FUTPAST FUT'FruT

ARE the syntax net :8 being built, Ttwo variables, BASETIME
and BASETENSE, are maintened. Initially, SASETINE=*NOR*,
BASETENSE=PRES., In order to choose the TENSE for a verh,
a variablioe HENWTINE (8 se® to the TIME of vhe
conceptualizarion from which the verb was derived.
NEWTENSE (s chosen as PAST, PRES, or PUT according to
whether NEWTIME 1s before, the sace as, or after BASET INE,
IT BASETINME i1s PRES, TENSE ix chosen to be REWNTENESE,
Otherwise, BASETENSE is PAST or FUT, and TENSE ts chosen
to be BEWTENSESBASETENSE (8 =comcatenate!. Finally,
BASETEMSE (s updated to the value of HENTENSE and BASET [MF

18 updated to the value of NENTINE.
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The precise eifect of each of these nine Tenses on
surface realizations i described in xection 5.5, We note
here that this set of tenses handles oniy & small part of
the English verbal tensing system, although our nine
Tenses 4re among the most frequently uysed, Bryce «< 1>
describes a formal sodel for dealing with TENSE itn natural
fenguage which employs both points and Time intervals. His
mode]l specifies how to relate English tensex to chaing of
referonce times. In order to usSe this formalisE: 1o &
conceptual sodel, 1t i3 neceusmsary to choose & chain of
teference Tides to use. Insofar as this questicn can
be trested on a language-free plaln -- that 13, &5 &
subprobler of WHAT-TO-SAY -- SABEL 1s not designed to solve
tt. BRBEL'3 tensing algoerithe essentially employs the
focllowing heuristic for English:

i' ALl sentences begin with only time of utterance &8
¢ reference point.

£ A sentence eRbedded in & past or future sentence
uses the time of the enbedding sentence 3§ &
reference point,

Langyages J1ffer drasticalily tn the set of time
relationships which can be expressed «<ithin their tensing
systems, &nd in the methods used for expressing those
relationships. For exanple, the tTelattonship expressed by
the saimple past tense 1n English may be expressed as a past
perfect 1n German [tn conversation) of &f a sizple past

fin narrativel. Tenaing thus falls in the domain
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af LE funcrtyons.

S5.4.4 FORM

Engliah sometimes places verbm 1n a progressive

t*ing®Y form. In genaral, this form ts used to exXpress
events taking place during some interval of time rather
than *he ocourrence of an even®t at & point in time, S5ince
BABEL does nor* know aboutl Tile lntervals, we have no
conceptual source for the generaticn of such pregressive
forms. However, English alsc uses progressive forms in
the present tense [or most verbs, since simple present
denaotes habitual action or ability, rather than ongoing

ACTLIONg ﬂ-‘qkt

“John plays baseball” ihabitual action)
"2ohn is playirng basechballi”® fongoing a4ctiond

Excepticons to this rule szeem to be verbs which express
stative, rather Tthan active, relaticnzshipe: e.g.,

“Yohn knows Biil went home®
"Nave wanti to hecome & doctor™

¥hen a verk is added to & syntax net, BABEL <isc adds
&4 FORNX relatian. The value of this relation is '"SIN'
isimplel eXcept when two conditicons hold: (1) the TENSE (s
PRES, FPRESPARST., or PRESFUT, (11! the conceptual structure
from which the vert was derived iz not &4 STATE. When both

these conditions hold, the value of FORM (& chosen as "PROG®.

1 86



This results in verbs like ‘hit', ‘throw', *gaive",
‘tell’, etc. heing put in Progressive form when used in
present tense, but leaves verbs like 'hope’, ‘want’, ‘know !,
‘believe', etc. in simple form regqardless of tense. This
heuristic correctly produces sentences like the exXazTples
sbove, but fails for another class of English verbs which
US# Finple present tense. Theze are the perception verbs;
e.g. .,

“I hear the dog barking”
*E111 sewes the red block"™

Since these verbs are represented as events {using the ACT
-urﬂans*¥ in €.D., they are generated in progressive form
in the present tenge. Whether the use of progressives 1n
English t3 best treated as a set of special cazes -~
verbs derived from STATES, perception verbs, 7?2?27 -« or
whelher some guneralization can bette:r explain thetir use is
ian open Jguesticon,

Fora must, of course, be treated as a LS functian
%inCe 1t 1s English specific. German, for exdanple, doss
not make & progreszive - nonm=progressive distinction in

any of itz tenmnes.
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ST T MOOD and VOQICE

Besides TENSE and FORM, every English senternce
exhibits & ~haracteristic WMOOD. Ta every verbal sodes BPABEL
ad iz the zyntax relation MOOD, The value of MOOD 18 chose:
from the ser {INDIC, INTERROG, COND, SUBJUNC:. INDICative
mood i1m that exhibited by "i1nformation-giving' sentences,
such as:

"He expected to fail the exanm.™
INTERROGarive mood 18 seen In sentences which ‘gquestion’
inforsation:

"ptd he expect to fai]l the oxanm?™
"wWho expected te fatl the exam?”

interrogative mood 1s reflected by (i) word crvder, and.
sometizes, [LiY by the intreduction of the auxtliary verk
"do".,

SUBJUNCr:ive and CONDiticonal =mood are used in
cantunction to relate counterfactual information:

"1f he had come to the game, then we would have won.™
The subiuncrtive posits an "untesl” situaticon:s “if he had
come™, This i nffected throogh a change in the tensing of
the sentence. The "conditional” relates an ‘unreal’ result
zf much a mityation: “we would have won™., This is effeczed
through The use of "would™ in the verd string.

When choosing the value of HOOD, the program first

checks to see if INTERROGative (s appropriate.
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Thufe are two condifions dader whaich pr will be chozen.

The firut i3 when & MODE = © sodifiese the main [ini: of a

3
V

~ONCERPTUE: ILATEOD IW.ig. . v===> |, Thas indicates that “Lhe
sruri value of the conceptualizacion 1s to be guestioned,

The #oevond situation in which INTERECCative iz selected 18

when the marker "7 21liw a (onceptusl sole, This role may
be une of the cases of an ACT, e.g., ACTUR ‘usually
resulitng 1n & "whoa' guestion , OBJECT I "what '), RECEFPLENT
T whos o7 SOUURCE or GOAL ‘wnoral b, It may be cne of

the slots af & causal Telation. English provides the word
for waestiofnlng Tthe ANTECEDENT of most causals, but
o wpyclaél guestiorn word for RESULTS. The '}' may alsc
occpr in o modifying fole, such as TINE (‘when®! or LOC
I "whesrs '

SERIONCLive and CONDiIticrnal moods sre selected by
BABEL when it realizges & + ¢ (can-cause) relation. NWhen
realizing thix as an "i1f~then' gyntactic constructicon,. the

LY

antecedent s realirzed as a2 sentence with SUBJUNCtive mood,
and the RESULT az & sentence with COMNDitional mocod. This
produces sentences like:
ittt ™John would have died 1f Mary had atabbed him with Lhe

knife”

L3

In scme cases “iC relations are realized with a mingle verd,

when this ocours, BABEL places the sentence in CONDLtTiconal

moods
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E1ad “Bill would like the movie™
Itn a4il other cases, INDICat:ive =mood 1w chosen,

Unfort snately our definition af the ¢« .0 rejlation does
not tustify the stmple aigorithm which produces ' ii sabove.
The «<3IC relation may I1ndicate & counterfactual, or may
simply express an 'open' condition, without placing a truth
value on its cooponents. In the latter case, English use
tndicarive mood in expressing both condition and resule:
frril "1f Mary stabbed hims with the knife, then John died”
There (% no way to know E (8) ofF (i1if s the appraptiate
realization from the information 1in & ¢:C relation itself.

Twa temedies to this probliex might be constdered.
in expressing &4 ~IC, BABEL could ask the memory whether a4
caunterfactual is being expressed -- that 1s, whethery
Ze=ory believes the corresponding <: relation actually
does not hold. WEGOD would then be chosen based on the
cutsase af thid desistion. Altecrnativaly, we could modify
Cur represontation in some way &0 that the open --
counterfactual "ambiguity' of <FC d:d not exist.

More study of the use of sublunctives and conditionals
in both Englisn and other languages 1§ noeeded bLefore a
satisfactory treatment of these noticons on & concepiual
leve] willi be posaible. While their use certainiy itz
related to conceptual relationships, 1t 18 cleay that the

English subjunctive cannot itaelf be cansidered a conceptual
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reotationship iwhich (2 onfovrtunate, at least from the point
2f view of generaticrl. The Sersan subjunclive can e used
in the same sitoations as the English, but can he uswd

in cthers as well. In Exglish, the sentence:

"Phe report indicates he 18 very brigo-*
=tdtlaew nothing about the speaker’s belief of what the report
tndtcaces. Mop can this be done sxcept with the sddition
of an "and” ocr & ‘bBut'. In Cerman, howsver, the e=hedded
ggntence “he (& very bright® may be realized with
SUBJUNCrive mood to indicate disbeltief on the speaker's
Fart. We claim that this use ashould have the sane
conceptual source I(distelie! Dy the speaker} as the
counterfactual use. Thig of course refutes any suggestion
that the English subjunctive is co-occurrent with this
cunceptual relation.

h note of warning toe the reader i1s in order here.
Although throughout this discuszion we have exemplified the
Various =zoods with sentences, the choice of mocd by BABEL,
with which we have been concerned, consists toleiy of
attaching the syntix relation MOOD with an appropriate
value 0 & syntax net. The extent to which the program is
able to perform the correct syntactic manipulations ko
express this mood with word order and tensing will be

indicated in the surface grascar descriprion in section 5. 5.
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VAICE 18 a Teature of English syntax distinguished
by both word order and verbal fors. Traditionally two
voices are posited. ACTIVE votce 13 that seen In sentences
tn which an ‘&sgent' 18 the sublect:

~John threw the ball"®
In PASSIVE voilce the ‘agent' 1s no longey the subject, an
auxtitary 'be' is added to the verb string, and the
participle of the verb i1s used:

“ene Dall was thrown by John™
Since we afe uncertain as to the conceniual undeTplnnings
of VOITE (is 1t more than the simple notion of FOCUS we
uge?! BABEL perfuncrtorily places the relation-value palrs
VOICE-ACTIVE on every verhal node and completely ignores

the real problem of choosing VOICTE.

. % mvansition MNMetwark Grassar

The knowledge needed to preduce a sentence from a
syntax net resides in en AFSTH granmmar. depicted in Figure
t-%, The control algortths for the grazmmar 18 very close
to tha: described by Simmons tn < 34>, ies function i1s tao
take & syntax net node fwhich we shall rall the current
node) and & State of the granmmar and performe all actions
necessary to reach a terminal state of the gramnar.

tTerminal sStates are those labeled T in Figure 5-9).
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Which actions are necessary depends on the relaticns
attached to the node in the syntax net. The set of
relatione, and the functions associated with them, are
gquite different from those used by Stepmons, and will be
detatled in thig mection.

The syntax relations of the syntax net accur a% &rc
Labele land, zometimes, as state names) in the grammar.
Each &s¥¢ connecis & source, or 'tail’, state to & goal, or
'head', state. There are three sources for these relations
in the network: (i) the 'syntax rFelation' field cf a FRAME
in & concexicon entry, (ti) the relatjions added by the LS
funcrions, and {441} certatn relations added by the suyrface
FTammsr ttself. Each reiaticon belaongs to one of the
following clasmes:

TE == "Terminal Element' == &n arc labeled with & TE
telation can be traverzed Lf that relation occcurs
in the network attached to the current node when
the arc Lts reached. In traversing the ar<c, the
vaiue of the relation is concatenated onto the end
of the output string being built. Generation
then continuesn from the head ztate of the arc.

SF -- "Simple Puncrion® -- An arc labeled with a SF
relation cen be traversed only (f that relation
SCcurs in the ayntax net, In traversing the arc,
the function with Tthe same namne 4% the arc label
Eust be oxecuted, Gencration then continues from
the head state of the arc.

Ef =-- 'Embedding Functicn' == An arc labeled with an EF
relation alsoc requiresd the presence of that

felatioh in the syntax net for 1ts traversal.
Three things ar« doner
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el The funoTiom with *h¢ same 5400 49 *be EF
relation % oERer Ut ed,

iJ The value of the relation wiil slwaye “e ano?her
noade of the syntax -#t, Th.% mc e and the gramen:
ST AYte NaAY.nT *he HaRe nato ab The EFY relar o
are used as AarJuaments T the Joneration Sontral
algori*hs.

i Getgration resdmes from fhae Hheoad st ate ¥ *he ar
Sipce execution of o t Fhe EF relat ,imns T4y resai .
further encounteres with PP relatico=-s, The JFehefst | on
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traverted, 1 Li0! aan those ,abeiwd with BFsp i EEAEYCLS: 3
free afc, howewegp, “hepre | Tt A XL F e epemcouted,
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This represents four Sifferent states, {(SUBJ, OBJ, OQBJZ,
FOBJY, each having but one outward path, which is & free
&ETT e the state NP,

Following Simmons, we have & grammar composed of three
LasLc SecLiconu: a verb string Constructor, &4 noun—-phrase
cOnSLYUCLoY, 4nd & Sentence CoOnBIrucCtar. We now describe

the relations and associated functions coBprising each,

551 Verb String Constrution

This portion cf the grampar operates first whenever a
sentence i2 to be generated. [T begins &t state £, which
may be reached ewither as the starting point for generation
from & net or recursively through one of the states {FIRS,
SECS, S2, PRSNT, INF, INFI, INSTI, SPRG, GSBJI. ihe ncde
cf the net being operated on must be & verbal node. using
the relacions TEKSE, FORM, VOICE, NODAL, and MOOD associated
with the node {ai! put on by L5 functions) a verb strimy is
created and attached toc the node as the value ocf a new

syntax relation., VS,
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YOICE -=- class - SF

Thiz function perfnras ftwo aciions. It creates an
tnirial wvaluye for VS, and chooses the node which will
eventually become the ‘subiect” of the sentence. ince wa
cnly have one posstble value for VOICE 'ACTive), this 1s
agcoeplished very staply. The wverb which 12 the value of
the node's LEX relation 15 made the inttial ¥5. The node
which i3 the valus of the node®s ACTISABS relatiacon, 1§ thar
relation 1S present, (% choson as "he subjoot., Thisa choicw
i recorded by attaching the relation SURY to rhe verbal
node with the chosen node as ttas value, Wher this 13 done,
the relatton TYP 1s alzc asttached to the werbal node, to
tndicate the "type’ tperson, singular or plural)l of the
subiject, since the final verb string 2ust be nflegrted To
re¥flect this. The Oonly woerbhs in BABEL's vactabulary which
do0 not have an ACTSH! relation are those llke ‘"annoy' which
which have gerund phrases as subject. For these, no SUBJ
relation is formed, but TYP 15 labvled as S5IMGI, since
Engliah uses ird person singalar inflecticon for these:

TWriting this paper Annoys me,"

A pore complica*ed function would be needed to handle
passive vwoice,., but ne theoretical probleoms are posed, since
rone Sf The necessatry manipulations i1nvolves the uge of
conceptual knowledge, or of any other 1nformation not present
in the syntax new.

198



FORM -~ (class = 5F

If the value of the FORK relation i the sSyntax net
18 Simple, this function does nathing. 1f it s FPROGUressive,
the function changes V5 rto BE+progressive formivs), Thus
s VE = RIT and FORM weore PROG, VE would be tranzformed to

BE*HITTING.

MDDAL =-- class = 5F

# verbal node may GF may hot have & MODAL relation
gsscciated with 1%, In the current Rrogram, it will be
present only 1f the vetd s a realization of a

[~
cswwy GLructure, 1in which case Lt will have the value CAN,

The SF NMODAL simsply concatenstes the value of the relstion

onte the front of the VES.

TENSE -- rcliass = SF

This function gets the viElue asscciated with TENSE
and applies another function (whose nhame i§ the same £% ths
TEHRSE value!) to the first word of the current V5. The
result 18 then caoncatenated onto the front of the remainder

af the V5, These tense functions are:
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PRES (V) = the present tenze fors of ¥
FAST (V) = the past tense form of ¥

FUT (V) = PRESI(BEI +GUING+TO+INFINIW)
PASTRPAST (V) = HADepast-participle(Vv)
PRESPAST (V) = PASTIV)

FUTPARST (W) = PASTI(BEY! +GOINT+TO+INFINI(V!
FUTFUT ¥} = FUT (V]

PRESFUT V) = PRES V!

PASTFUT (¥) = PASTIV)

In general, the detorzination of present, past, or
future form of a verd must take into account the value of
TYP, originally set by VOICE. That i1s, PRES(BE! may be IS,
AM, or ARE, depending on TYP. The two cases where IRFINIYT
Eppears are needed to handle cases Ln which CAN is present
in the VS, We define CAN to have The INFINitive BESABLESTO.

For 4l orther forms, the INFINitive Ls itdentical to the

value of the LEXN relation in the syntax net.

MOOD == clasms = 5F

MOOD is a function which serves to change the current
sta&te in the granmmar. The new $ta&te reached 13 the one
whose naxe (8 the same as the value of the MOOD relation,
which must be one of { INDIC. INTERROG, COND, SUBJUNC}.
MOOD is the only 5F in the grazmar which changes the state

to one Other than that &t the head of fts arc.

CHOIT ~- clams = OF
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The function CNDIT is performed for sentences with
CONDitional MOOD. Mo CNDIT relation is ever aciually present
in the syntax nety the function is performed because it is
in the DF class and (2 the only path our of the state COND.
The function converts VS to WOULD+INFIN(VS{i]i1+vsSii, where
vEll] indicates the first eclement of VS and VvSil tndicates
the rematnder of VS after the first element has been Yemaved.
Thuos the VS "WAS+COING+TO+EUN™ i3 converted Eo

"WOULD+BE+GOINGTO+ RUN"

VT == gl&sng = DF

IVT 18 the analog of CHDIT for INTERROGaTives. This
function does the correct thing enly for 'yves-no' questions;
BABEL does not have a general English guestion syntax. IvT
creates & new syntsex rTelation VS]l, whose value will be a
verk stiring which ultimately precedes the senténce sublect.
IVT also alters ¥S, the verb string which will foliow
the sentence subject. This ts accomplished as shown in the

foliowing flow chart:
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’ \
YES / LENGTHIVS) » 1 NG

/ \
£ O
ks / !
INFINIVS! = BE /
\ !

i

! &

H f_ B

-vsl » vs{i] ¥S1l & tensed form |
F of DO

Y& » Y54l
VE & INFIN!(VE)

produces S3 like: produces S8 like:

"HAD JOHN BEEN EATIRG..." "DID JOHK GO..."

"WAE JOHMN AT THE STORER™ "DOEE JOUHN BELIEVE..."
SBINCT -- class = D¥F

No function has been izplemented to hindle the syntax
cf subjlunctive mood. The suyrface grammar generates sentences
from nets marke} with SUBJUNCtive MOOD exasctiy as thaugh
they had been marked INDICative. Thus we get:

"1f John went o the store ..,.", instead of
"1¢ John had gone te the store ..."

b S 4 ¥oun Phrase Construction

NHoun phrases are constructed by the grammar segnhent
beginning with state NP, This state i3 reached by rLraversing
the frec arc from one of the states [SUB), OBJ, OBJ2, FOBY ),
The current syntax net noda at the time state NP is reached

will always have a LEX value which is & noun.

202



¥e shall refer to such & node &% & noElnal node. in

addirion, & relaticon CARASE with value NOMinative, OBlectlve,
or FOSSessive will have been sttasched to the node.

& new syntax relation NS, the analocg of ¥5 1in the
verb string constructioar, 185 added to the node. The value
of this relaticn 18 then transformed inte & complete noun
phrase, which ({8 ceoncatenated onto the ouytput string. We

now dgescribe each of the functions involved in this process.

PREON =-- class = SF

If the relstion PRON is assoclated with the nominal
node, its value will be a pronoun in nominative casze. This
proncun, in the case form specified By the cagse relation,
L5 wade the value 5f HE. Thus, if PRON has the value HE,

S may be ser to HE, HIM, or HIS.

POSS -- gclass = EF

I1f the relaticon POSS iz gssociated with the nominal
rnode, 1ts valuv will be ancther nominal nods. (This
reiation may have come from & conceptual POSE OWN, or PART
relation, o, 1f the conceptual representation wers sxtended
from that permitted by BABEL, from meanings like “John's

uncie™, “"John's responsibility™, etc.!
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The function POSS attaches the relation CASE with value
FOSS o the specified node. Since POSS is an E¥, the
geneTator algorithm t8 then applied to this node starting
froz the state #053. This results in the format:on of a
string like "RARY'S™ or “THE DOG'S™, which 13 concatensted

onto the end of the output stream.

DET == clasg = =¥

The value of DET, which will be A, THE, or EOME, tw

zade the first plement of NS,

QUANT -- class = SF

The value of QUANT, which is dlways an integer, is
concatesnated ontc the end of NS. In addition, 1f the
inteqger is greater than 1, the relation MER with value PL

if attached to the nominal node.

KBR -=- class =« DF

NBR takes the noun of the nominal node, Flaces it in
pPlursl 1f the relation NBR with value PL 15 associated with
the node, and then puts the noun tn the cortect CASE. The

result of this process is then concatenated onto the end

204



ot NS, In addition, the relation PRON 1s attached to the
node, with its value being the nominitive case pronoun
appropriate for the node's noun, If this node Ls ever again
used for NF¥ generation, the PFRON arc will be followed., This

15 the only way proncuns become part of the output string,

HME& -- class = TE

The noun phrase built up as the wvalue of NS is
concatenated onRto the end cf the ocubtpast string.

Prepasitional phrases are Jenerated from the grazmar
seghent beginning with state PNP. Thiz state can he
reached cnly from one of the states {LOC, FPL, INST. IOBRJ).
When the state PNP is reached, the current syntax net node
»tll have two relations: it} PREP, whose value iz &
preposition, and (ii! POBJ, whose value (8 & nosinal node.

The effects of these relations can be sieply described.

PREF -- class = TE

The value of the relation PREP, an English proposition,

ls concCatenated onto the ocutput SLring.

¥OBJ -- class = EF
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The function POBJ attaches the relation-value pair
CASE~ORJ to the nominal node which i3 the value of the
relation POBJ. Since POBJ i3 an EF, the generator proceeds
to genersats frosm the state POBJ using this nominal node as
the current node. The stare POBJ leads via A free arc
to the state NP, rezulting 1n the production of & noun

phrase obiect for the preposition.

5%, ) Eentence Construction

Production of the complete sentence bheging af the
state IKDIC, which 15 rtvached either because the relatiaon
MOOD had value INDIC, or because a path to INDIC ¥from one
of rhe other 'cood' states was traversed., The current node
will always be a verbal node at this potnt. The granoar
now cosbines the verk strings, ¥S and VEl, with generated
ncun phrases and other =lempents to produce the final
sentence in a lefi-to-right fashion. The funcrions which

accompiish this arvre:

¥5)] -- class = TE

1f the relaticn W51 is present {which will be the
case i1f and only t1f the sentence iz in INTERROSative MOOUDY,
the value of V5l becomes the first olement of the output

ELTLNG.



EUBS -~ plasa = EF

If the relaticn SUBJ is present (tt will have been
attached by the VOICE funtioni its value will De & nominal
node . The function SUBS marks this node as beling
KOMinative CASE, and, since SUBS 1e an EF, contrcl passes
tc the state SUBJ with the notlinal node as current node.
This leads to the producticon of &4 noun phrase as the next

eiement of the ocutput SELELng.

GEBRY -- cliama = EF

In no SUBS relation existe, a GEBS iGerund SUBJect:
relation will. This relatlicn 1s part of the framework in
BAKEL's concexicon for every verb scnee which hsas ne
ACTEB) frame, The vajlue of GSBJ) i3 always & verbal node
B The function GS5BS affects this node, iz attaches &
telation VE to the node. The value of VS5 18 the progiesslve
form af the verh asscclated with W (this verb Ls the vajur
of N's LEX relation.} GSB) also attachen twe flags to M,
YS-RADE ang DEL-S5UBY., GS5ESJ, bheing an EF, ceutet &« transfer
te the state GESBJ with N as current node. The =tate GESBJ
ivads to Etate 5, and & mentence 15 generated froa B oand
pisced 1r the cutput string. The flags affect the

gehefakbion of Lthils sentence, VE-MADE inbhibits all the
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regular VS butlding acticong of VOICE, TENSE, FORM, etc.

And DEL-5UBJ inhtbite expansion of SUBJ i1n the gereration

cf this sentence -=- that 1s, no subject HPF will be producerdt,

Thure, Lf the network sttached To N might normally preoduce
"John sold Bi1ll & bike for 50 dellare®, 1ts geperaticn as
& GS5BJ within éncther sen?ence would produce "selling Bill

8 bike for 50 dollars™.

MANM =-- class ~ TE

MAH 18 the relattion added by the LS furction which

handles CERTAINTY. its value 18 alwayes an asdverh, which

t# placed directiy ir the cutput string,.

KGT == classe = &5F

If this relation is presgnt, it will have the value

ROT. The function NGT inserts KOT 1nto the V5 as showrn in

the following flow chart:



LENGTHIVS] > 1 4
YES \ X0
{ o% )

INFIN (VS) = BE '

/

*

¥V + tensed form

of DO
| NOT
l | + INFIN (VS
k
vs vs fi} -
NOT
VsS4t

Vg -=- glagss « TE

The verdh gtring which 15 the value of the relation

V8 ts placed in the cutput string.

PAET]! ==~ class = TE

Certain verb senses are expressed in English with
*PART1cles' attached to the verb string: “He sat in at
the adeainistration buitlding.”™ These particlesx are placed

in the output immediately after VS.

0B22 -- class = EF

Certain verbs of English can take two objects --

that i1E, a deciarative, active volce sgentence using these
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voerbs will have two noun phrases following the werr .

GBJ. i85 the refation for the "lefetmoat’' of thete: |
icaned John the screwdfi.ar.,” The function ORI, serely
marks t!le pominal node which (8 The value of the relstios
DR ) as being "objective® canc. The NP gragmar segment
comelr nta play tdst as Lt does with SUBS t> place @ noun

phrése i1n the output string.

PPl =-=- zlass = EF

PPL i% & relaticn for the leftmost prepcsitional

phrase of the sentence, 1f 1t precedes TLhe chiwe: o

iy

-
o
]

verb: "The witress ad=itted to the 1udge he had heen at

the Seetirng. ™ The stare PPl has o free are to state PP
from which prepositicnal prhtsses arte produced, Mo change

1% made to the syntax net,

P_th == class = EF

This is the Fredicate ADJective slet: “Jokn 18 Rick™,
The valye of the relation P ADJ 1% a4 node whotie LEX vaiue
L% an adiective. The state P _ADY leads via a free &rc
t2 tne state MOD, from which adjecrival modtfying strings
are produced, The gygrammar provides for the node having &

relation DEG with value COMPArabive or StiPerjartaive, baz
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there are Ao cases where BABEL actuaily generates a DEG
relation. The adjective value of the LEX relation

becomes the modifying string.

oB2 -~ class = EF

The OR) relatton tw for the direct object of & verb:
“John hit Mary because he di12liked her.™ The state O8I
leads to NP via a free arc . The funceton OBJ marks the
nominal node which 18 the value of the OBJ pelation &=

being in OBJective CASE.

LOC ~=- class = EF

LOC ts another relation which leads to the inserticn
of a prepositicnal phrase in the ocutput string. It i
generally provided for 'locative’ phrases: “He read the

tock 1n his room™. It could be used for any prepositional

phrase which fits st this spat in the sentence, however.

The state LOC leads via &4 free are to PHF.

PART -- class =~ TE

Th.,. :s for verb "particles' which do not ‘stick to’
theit verhs {see PART! abovel. “The prosecuter handed
the document back toe the witnezs®™. The word which is the
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vajue cf PRRT.] 13 concatensated onto the oulput STTLIOT.

IGB) -=- ciass = EF

This 1% another slct for prepositional phrases; to

particuiar, for those which follow the direct object af the

verk., "The President asked his staff for a report.™

The state [ORS leads viea a free arec rto PNP.
The transition from state WPY to VPLO provides for

the insertion of several 4different types of ombedded

sentence in the coulput BTYLGG. Each of thesv types has
i1t own relatian, belonging te the EP clats. The value of
these relations i3 slwayrs a verbal node . The embedded

gentance 18 genersated by passaing this node back to stare 5
of the grammar, i(ust a8 wan done with the GSB) relatton.
A% in that case, the cxact fores of the eobedded sentence

i8 determined in part by flag settings.

£} == ¢lass = EF

This 15 the simplest form of embedded sentence,

being generated Just as Though 1t were not embedded, 5

o

performs no special actions and sevs no flaga. *Jahn

told the jibrarian Bill had taken the book,™
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INFI == class = EF

The function of INFZ adds the relattion VS to %,
The value of V8 (3 TO+value of N's LEX relation. INFl
also puts & VS-MADE flag and & DEL-SUBJ flag on N, The
affect of these flags was described with the GSB) functicn
above., *ADVISEL', for exanple, has 4 fraow with an INFJ

reiation “The colonel advised the genera! to order a

Futreat. ™

PRENT =-= class = EF

Certain etbedded Sz have verb strings which uriliswe

the infinitive form of the verh without the preposition

TO: "¥We watched the Giants lose the game” "His mother

Dade him stay at nome™. The function PRSNT attaches a VS

relation N, 1ts value being N's LEX value. PRSNT then

Scts the VE-MADY flag.

INF -- clagzz = EF

The function INF 13 i1dentical to INF2? with cne
vxception, INF does not put a DEL-SUBJ flag on M. instead,
INF adds the relation IKFOF to N, 1ts value Lbeting the

verbal node governing the INF relation {i.e., Lhe exbedding
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jentence, | SUBY checks for this relatian, If i1t :s
Proedécnt, and the SUBRJect relations of both embedding and
ezbedded sentences have the mame node as thetr value, the
Subjec* XP 18 not gencvrated, exactly a&s if DEL _SUBJ had
bean set,

“John wants hiE® fathey tc take hiz= to the ball zame.™
isubyecrs don't matchil

“John wants to GG te the ball game.® (subjects mateh)

EPREG ==~ rclass = EF

This handles exbedded S5s which usSe progressive verk

forms preceded by "fram®: "He tried te prevent the Senstor

from making & bBig mistake™. The function SPRGC adds a v3

relarion *c N, tts value being FROM+progressive of M's

LEX value. SPRG sets the VS-MADE flag.

INET «- claszss = EF

This 15 another preposttional phrase relaticn. L
i3 fregquently useful to enter those prepositional phrases
tomatimos termed “instrumental’ in English: "He tightened

the holt with & wrench.® We d0 not restrict 1ts use to

such cases, howsver, it 13 merely & sicot for the insert:on

of & prepositional phrase which Bay come after an embedded
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fefitenCe: "Wy advised the owner to have his braxes

checked 1n the letter.”

INST2Y -- clags = EF

Kany English sentences have "instrufiental’ phrases
whitch have the form BY » progressive {orm of verb +
predicate: "The Jdoctor reguested that his patient pay the

Pill by sending the patient a letter.” These are handled

by the IKST? relatien in BASEL and are placed 58 the
‘'rightmost”' construction in any sentence. INSTZ 1=
identical to SPRG except for twe festures: 'iF INSTI! uses
BY rather than FROM in the VS, (ii{} INSTZ sets a DEL_SURD
£lag on H.

Finally, sentences which &re canjuncilicns are

gunerated by the path:

Y FIRS LEX ~ SECS

= e e S _--,|5H-rz--______, T
1IL—-'_ L#‘J -

FIRS and SELCS are EFs which lead to state 2. Each of then

theyeby causes & sentencte to be produced from the verbal
nodes which are their values. LEX i1s a TE which simply
inserts 1ts value ("ARD' or "BECAUSE") in the cutput

Loetween these {(wo sentences.
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b T 1 Remarks

Cortainiy BABEL's suyrface ﬂﬂﬂﬁtitﬁt-tﬂﬁtﬂiﬂi neither
descriptive formaliszs nor i1mplementation mechanisss
drastically different from other currentiy popular systems
~- #.3.., transformational grammar, Semantic hets,. of
Systenmic grammar. Philosophicalily, however, we have taken
positions which differ markedly from those generally
ascribed to other grammars:

1y BABEL"s surface grammar is not destiqgned To relate
meanings to strings. It i1s concerned solely with
constitvent ftructure and constituent ardering.
This is not to deny that these features ars ofgen
related to meaning. BAREL employs such knowledge,
however, in creating 1t3 EYNLax nets: the process
of generating & sentence from suck nets, which 18
logically distinct, makes no use of this knowladge.

2) BABELs grammar i ane~-directionals: it is noz
intended te be useful for language analystis.
Riesbeck <27%5> discusses why it is neither
necessary nor desirable to produce & syntaclic
description of & sentence |(such as is embodied
in our Syntax neti=} in the process of conceptuyal
analysis.

1) The surface grazsar Lz definitely o performancs
and not & competence grammar. Mo claim ts made
that wither BARBEL or ifts surface grammar should
generate 4ll "grammastical’ English sentences.
There will exist possible syntax nets which would
iead the grammar to generate ill-formed sentences:
theoretically such nets should not he created by
the conceptual + syntax mapping. Az far as meaning
i3 concerned, there 18 absclutely no check anywhere
in the BABEL zy=ates that the information being
expressed askes sense, NOR SHOULD THERE BE ANY SUCH
CEECKE. 1t is the task of uenderliving conceptual
Eechanisme to see that & conceptualization ‘makes
sense”. If that mechanism decides that the tdea
of "colorless green tdeas sleep furiously™ makes
sense, well, 8o be (L. There i1s no reasocn for
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the generator ta decide an tdea shouzlidn’t be

cEpressed. its zo0le joblr 13 to find The Ei1ght
seguence of words Yo express the mdaning 1t 18
Fiven. If 1t 18 given semantic nonzense the

responsibtlity fand the blamel? must lie with
the ptocess which produced that nconsense.

The grammar described above (s edtreom=ely limited in

the range of English constructions it can produce, even

by current computer standards. And even those produced s:e
sometimes handied in cverly saspecific ways. For instance,
cpur nmotion of SPRG -- enbedded S8 with progressive VEs

introduced by FROM, as .n “prevent him from falling™ --
shoultd be generallzed to make the prepositicn a4 paramotier,
thereby handling “talk him into selling™, ask about buy:ing”™,
eto. The maln fe&scn this has not been done i1s that we

have tried to focus on those aspects of language productien
which invalve conceprtusl knowledge rither than pure
syntactic Enowledge. ¥e believe the format :n which syntax
ts handled 13 adeguate %o ifcorporate the sorts cf eyntactic
knowledge used by tmore advanced grammars.

One interesting featute of BARABEL's surface grammar is
1te categoerization of embedded Ss into syntactic classes
tiHF, LNFI, SPRG, etc.) based not on the content of the
ezbedded sentence, but on the msin verd of the embedding
sentence. We make no clatm to having exhauvsted the types
cf exbedding found in Engliash, but the work done to date

would tndicere that the number ts not large i(probably no
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more THan Two to three times the nudber discriminated by

BABEL:Y .

5.6 Lexicon

The lexicon used for surface gensration by BRBEL .=
vrivial, This lexices (2 in no way lLike the concept of 3
lexicon postulated by transformational grammarians which
would include things lLike "complex symbols’™ arnd syntactic
environnent framowolks, It 158 not intended to be useful
for language anaslysts in any way, bul only to serve 3 fow
sinple morphological reguirements of the surface Fenerator.
It consists of a set of properties and & ligt of "object -
property value® pairs associated with each. The entire
lexicon & shown in Figure S-10. The properties used are:
PAST ~-- lrregular past tense forms are glven explicitly +n
the lextcon, All others ars computed by appending
*a* or “ed™ to the infinitive form cof the verb.
The infinitive ts the printname of the lisp aton
used as the naxe for a lexicon entry and found in
the first field of & concexicon entry.

IEN == frregular past participie forms ars given expiicitly.
21! others are formed by appending “d% or “ed™ o

the infinitztive form.
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SIn0s
{
{8t 1L )(GO COtS){HAVE HAS)IDD DCES)ICAN Can)
}

PAST
{

{Bt FIRFY(PECOYE BECAVE }(DUY BOUTHT)

{CA" COULDM(CO"™ CAbE

{00 017 M{DRIMR DhAMY Jiin., ATE)

{0+ ¥ GOYY(GIVE GAVEI(GD #s%T){GRAL GRELBED)

{HEAR HEFRDI(maVE MHAL Y {wWIT HITI{en0#® KrE#)}[UacF QAD: MIREAD RE--
ok T Yos F BREI{StLL SCADM{Y ke VOCW JETELL TOLO}{Tei*s T+ (w1,

}

{
{HE PEI1C) (WAVE WAVIAG) (CREE CRAFEING) [STAD STAe: ;D)
}

{

{Hf BEEF YIEUY PrUrwTI{C0%E COYEY{CA* BEES=Pi(E=Tl)

{00 Oohe MIDRL ¢« CRUPFILLFY ERTEN)

{GET GOTTEP MIGIVE CIVEMMIGE GOMED

fHeve RACHIALY wITY(MERR »EReD)

{¥RO& nUw. J{WP»i WPACE ) (Re£D RLAC)

fHed BtE* J{SELL SOLCYLIYAwT TPAvEr A{TECLL TOLCYIThINK Thryurst}
}

IR

tEr

PROE
{ :
faus® BEY (BI1L HE) [PEBY Sei) (FRED ME)
£ R Y e ILPEPTIC ME) (OTHELLD WE) (JRAGD wE)} [CASSIC RHE)Y
(D8 n{EVirE ExE)
{FARUETFCF wmE J{SOVECRE wi)

}
crer o
{
{#~0 ) (FECEUSE T)
}
Cu.u
£

{8 BIV] (Srf MEERY TIT ITY (YeEY TwEVv)Y (I YEY (YDUL YOUu) {(#f ut)

FuSS

fre wIS) (S50 RERYT (X1 ITSY {Tugy TREIRY (1 ©¥) (YOU YOUR) for ¢ s)

1mF
¢
€Li* CL-AUTE=T1DY (¢ BB (PPt HE J(®2D MAVE Y {niC wiyl)
}

FIGURE S-1IcC
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SING3

PRON

obJ

POSE

Irregular third person singular forms for verbs
are given explicitly. All others are formed by
appending "s™ te the tn{lritlve forms,

All nouns which require the proncuns 'he® or ‘she’
in the third person nominsative singular are
explicitly given, AlLlL at#eqs are assumed Lo use
'it'. and all nouns arv assuZed to use ‘they"

in the nominative plural.

The objective case form for pronouns is [isted.
All nouns are assumed To have identical olject ive
ar.d nominative forms.

The possessive case for proncuns (s listed.

Possessive case for nouns is formed by eppending

8" to the nominative (singular or plural) forms,
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CHRPTEER &

THE PROCESS OF GENERATION -- THE USE OF LINGUISTIC FNOWLESGE

The task of converting a conceptualsization tnto an
English sentence, referred to &5 realirzing that conceptual-
Lzati1oh, Foguires more than the mtatic linguistic and
conceptual information detsiled in Chapter 5. Thore must
cxlegt 8 process which utiliges this knowledge toe produce the
Tealigation, The comprehensiveness of this process -- thar g,
the domain of meanings for which 1t ts caparie of produc:ng
‘acceptatble’ realizations -- provides a messure of the adeguacy
@f the knowledge base. The efficiency of this process provides
en indication of how well organtzed thie knowledse 18 -- w.nu.,
how well 1t captures lingutstic generslitiesn, We have presented
the knowledge base of BABEL with but few argumenta to BUppREoYT
CuY orgaenization over other possibilitios. BAREL's dilscritsin-
ation nete, for example, &fe wrganired avound conceptual ACTE.
One could crganize the nets according to time of cvents ipast,
present, or future with respect to time of generationt or some
even L¢S% Zeaning orfichted fesdture such azs the number of corn-
ceptual cases present in a stimuius, Altermatively, one might
encode this sape knowledge in & format guite difforent from a
dincrimination nev. Thers are Ccountless ofganizational

pessibhiliitlen which will provide equivalent tnput foutput

3
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bBehavivr. The differences lie in processing efficiency. wNo
attempt will be made to justify our particular crganizationatl
decisions for two reasons:
A} ¥hile numevrous other possibilities eXist, none has
been seriously proposed. Some could be elimtnated
for obvious, but UNIRECYESLING reascons, In othey
Cases we could give only inteitive, bLut perhaps
URCohViIinCcIing, arguments.
B} iny argument favoring a particular org&nization will
be based primarily on vefflciency considerations. But
there i% no acceptrted standard for measuring effictency
in the task of conceptual generation. Shoutld
'eRpected' generat | on time, or ‘maNtmun’ generation
tife, or some function of time and REeECTY Tegquitrcebents
be mintmized? More importantly, are we i1nterested ;o
changes with respect tc vocabulary size, conceptual
doma.n, or what? While these are interesting gQuestionsa,
and ones which must be pursued eventuslily, a discussicn
of then wouwld add little to an understanding of BABEL.
In thte chepter we will dexcribe the process by which
&h English realization of a C. 0. Elructure is produced, This
Procesy takes an arbitrary conceptualization as input and
CTresates a 2ynlax net. The functions which sccomplish this have
acces: tc the conceptual memory model, and thus to conceptual
knowiledge. Once the syntax net is comploted, the conceptual-
ization ts5 discarded and &2 smecond set of functions produces an
English sentence from “he net. These latter functions have no
access to conceptual knowledge, but are concerned sclely with
what we consider surface syntax of Engliah,

Once the method of productng single realizations of

conceptuali1zations s understood, it fequires but slight
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expansion to understand the production of multiple realizaticons

froe a4 single conceptualtitzation, or paraphrase productton.

6.1 Infttalization

Before realizations of conceptual structures can be
produced, an initializatton process must be carried ocut, This
procens asxocliates: various linguistilc knowledge data files
desc¢ribed in Chspter 5 with LISP atoms and sets up snternal
pointers ta enable the prograg to access: the information,

For the most part this operation 18 guite smtraight-feoerward,
being accomplished by storing information on LISP property
lisrs (P=-l1sts)]. #%We shall use the notation

cproperty-name > [catoms) = <value:
Te reprosent the association of value» wilth “atom under
<property-nanes, Such operations wil! be mentioned only
briefly. In a few cases: more complex processing of the files
takes place, involving manipulation and addition of potnters
in list structuresn, Thesze cperations, and their purposes,
wiil be described in more detatl.

For ecach syntax relatton ( <SR>) with a8 defauit field-
specification (Section 5.2}, the default value is placed on
the F=list of the .« 5B+ under the property nanme FRAM-STDS --
©.G., FRAM=-STDS {(ACTSEBE) = ACTOR .

Each conceptual dependency link 18 repretented by a

LIZF atom. The code (section 5.1) associated with each link
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18 placed on the P-list of thizs atom under the property nace
LNECODE -- e.g.. LNECODE (<cs>} = E

Each of the conceptual relations which has & language
specific function assoctated with 1t (Section S5.4! has the
nazme of that function placed on tts F-list under the property
rame LSF -- e.g., LSF (REF) « CHOOSE-DETERMINER .

Each of the syntax relations which requites & new syntrax
net nade as 1te value (these are tndicated below! has the flag
HNETRUC placed on fta P-fisat -- e.g., NSTRUC (ACTSHIY =« TRUE .

Each property scale ifigure 5-8) 18 placed on the
P-lsat of its scale-name unde: the property SCALE --

#.3., SCALE 1*JOY®"} = (-}0 DEPRESSED , . .!

Each entry in the Concextcon file {figure %=7} i3 a list
cf the form:
il<entry-name> clexicon-pointer> <frameworks» <special-actionsa)
“enliry-name 18 & unigQue atom for each entry le.g., BUYL!), and
<lextcon-pointer> is ancther atom, whose print name ts an
English word (usually the infinitive form of a verb!}.
cframework> and <special-actions> were described in section
T 2 The initialization process places the clexicon-pointers
onte the P-lList of centry-name> under the property LEX --
€.9.. LEX HAVELl! = HAVYE -- the «framework>» onto the same
P-list under the property FRAMES, and the <special-sctionss
cnto the P-1ist under the property SPECACT.

The file of predicates used 1n the discriminartion nets 1s
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initially stored tm & LISP array ALLPS. ¥e denote the Ith
predicate in this [File as PltnI {it must bre one of the forms
described in section 5.1}, Each element of ALLFES consists of
a2 predicate and 4 flag;y all these flags are 2et to NIL during
initialization. Following initializationg
ALLPS LI} = ernnnl . BILY Iel,2Z, . . . N

where N i3 the total! nusber of distinct predicates., The
purpose of the flag will be described shortiy.

The next phase of initialization is the construction
of the discrimination nets (D-nets). The external farmat of
4 Donet =-- that ig, the form in which One is constructed by
the user of BABEL == (5 & binary Lbtres structyre canforming

te the following syntax:

“D-net> ::= (<cnOn-terE node> <l=subnets sr=-subnets!
i*response node>» <hack pointerx}

“i=-subnegt® 1= Ctaugbhnet>

fr=suhnet> rrm < subner>

<subnet> ii®= <D=net> | <hack pointer>
<back pointer> ::= c¢positive integer, | HIL
<non-ters nodesx :1:= ¢positive integer lists
cresponse nodesx t:= cconcexicom-entry lise,

A <non-ter® node> 13 a list of integers which are
tndices of predicates in ALLPS. An integer occuring as o
<bickpointer> in & D-net must be the index of somc node of
that D-net. These indices &re determined by aEgigning the
roat node tndex 1| and the left and right sgubnets of & [D-net

¥hose root node has index M the tndices 2N, 2H+l, Tespeactively.
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A «<concexiconi-eRtTy List,. ¥ & list of atoms which
SCCUr 48 «<entrIy-nafiess tn the concexicnn file.

The i1nitialization process converts this external format
to &an tAternal one. In doing 50, the tree structurs LS COn-
verted tTo & network. Esch integer ] 1g the list comprising a
wpon-term node>» ls replaced by & pointer to arLrps . Each
branch to & non-null <«back pointer, % replaced by & pointer

to the node which that .back pointer, references. Az a result

af

these replacements none af the hets contain indirect
references to either predicates of D-net nodes. Each
inftialized D-net 1% stored as the value of & distinct LISP

stom. We shall refer to the Donets by the names cof these aloms,

BABEL itncludes 1% d1fferent D-nets:

NET NANE APPLICASILITY

AND < COHJUNCTION>» &

ATRANS +« EVENT>s with the ACT *ATRANS®
BELIEV « STATE>as with the <ATTRIBUTE *MLOCO®
DE sutual causatian

EEC « EYENT> Ccause <« STATE=CHANGE>relationz
EXE « EYENT> cause < EVENT> relations

EEKS « EVENT> cause =« STATE> relations

EVT « EVENT> =

GRASFE t EVENTr3 with the ACT *SRASPT

INGEST < EVENT>s with the AT ®IUGEST*

BRUS « CAUSAl>relationships

MTRANGS «t EVENT»g with the ACT *MTRANS®
FTRANS «+ EVENT>n with the ACT *PTRANS®

SC + STATE~CHANGEr 8

STAT all < STATE> s

The AFSTN grammar (section %.51 18 stored entirely on

P-liats. Every non-terminal node in the Qgrammar hias & list
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of <FATH>»s stored onm its F-fistc under the property nawe AFSTY.

Each <«<PRTH> is either & pair of atoms (<arc label> “goal node ¥y,

OF in the case cf a ‘free are’, simply the atofic <goal node ==

AFSTN (NP} = ¢ (PRON NP1} (POSS NPL) 'DET NPiL) NPL} .
Finally, the lexicon tf1gure 5«10} 18 set up. For each

Froperty type fe.g., SING3I}, each of rhe atom-value pairs

iisted with Lt is processed by placing on the P~list of the

dtom under the property named by the Eype the valuw indicated --

SINGY (BE} = 13

The tnitialization process is perforosed only omnce; it

L2 not necessary to reinitislize the systenm for each roalt-

Zation.

#,¢ Selection and Application of Discerimination Nets

¥hen BABEL receives a conceptual representation (C.E.
to be realized, its first action its to select a set of one cr
TOTe D~nets to usSe in an attemp: to discover & masin varh for
the cutput sentence. The choice is made by =¢ans of & quick
Structural matching of the C.R. against kncwn patterns. The

tkeleton cf the C.R. lsection 5.i1 is formed.

Lf the SEELETON $§: the set of D-nets used is:
A AHD
< &c
E¥C EXKC  KAUS
EXE EXE ,KARUS
EES EES,RKAUR
xEy {other than ERUS
above threwa)
o DE

227



If the skeleton is S5, and the <ATTRIBUTE® of the conceptual-
fzation t§ *HLOC®, the D-net BELIEY 18 used; for conceptual-
trations with skeleaton 5 and othery «<«ATTRIBUTE> f[ields, the D-net
STAT is used. If the skeleton i3 sisply E fan EVENT), the D-net
EVT will be in the set used, In sddtrion, 1f the ACT of the

EVENT is one of {GRASF, INGEST,., PTRANS, ATRANS, MTRANS), the D~not
of the sanme nace will alsc be placed in the set.

The D-nets tn the set thus sslected are sequentially applied
to the conceptualization until & response :tE found. The algorithnm
for applying a D-net is basically that given in section 5.1.
Certain detajils were comitted from that algorithm and wilil now be
presented. Ir ghould be borne in mindg that this discussion
applies tc the application of D-nets toc embedded conceptualizaticns
a3 well as those passed to BAREL by the memory for rsalizatieon.

Each time a D-net is entered, the variables TFLAG and FFLAG
are assigned unigue values. Each non-terminal node of a D-netr,
afcer injitislizaction, is composed of a list of entries in the
array ALLPS -~ thatr ts, & list of predicate-~flag pairs. The
value of a predicate &t & non-terminal node iz taken to bhe the
value of the conjunction cf the predicate parts of those patirs.
The evalustion takes place from left to right,., stopping az scon
as one of the predicates evaluates false. Before the predicate
part of any pair is actually evaluated, howsver, &4 check (s
made to see if the flag part matches the value of either TFLAG

cf FFLAG. 3If a match 15 found, evalustion of the predicate s
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inhibtted and the value TRUE or FALSE i1s assused, depends ng
whether the match was with TFLAG or FFLAG,. respectively., e

no match is found, evaluation of the predicate takes place and
the result s saved by storing TFLAG or FFLAG in the fiag parse
ef the pair, depending on whether the value obtained was TRUE

or FALSE. This use of the flag assoclated with each predicate
en3Ures that no predicate will he evaluyated mpore than once % -]
the application of a D-net teo & conceptualization, regardiess

2¥ haw many nodes cof the net reference & Jiven predicate, Figure
6-1 depicts 1n flowchatt form the process which cvaluates &
predicate at & non-terminal node for a conCueptoal stimulus STIM,

The cverall nect application process 1s depleted in Figure
G-, Inttially the variable XET is set to the entire hnetwork
$tructure of the D-net fas defined by the tyétal in the proeceding
sgection and modified by the tnitialiszetien process| . It tu
HRRECoEBArY LO make special checks for chack pointer>s i1n this
slgortthm, because the initialization has aitered the 'parent'
node of each <hack pointer> by replacing one of its c<subnetss
with a pointer to the subnet indicated by <back pointers,

The result of thisz process ts either a list of response
ttems found ar & <response node>, or fajilure, indicated by
toliowing a branch ko a null <back pointer>. In the case of
failure, the next D-net frox the list ig tried. Ef all nets
farl, the program i1s forced to give ups T cannhot procduce a

realization for the stisul us. It a response liEt is found, the
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Process of syntax net counstruction can take place.

6.3 Syntax Net Constructiom -- Sentence Production

A syntax net (SN) consists of NODEs, directed labeled
ARCs ., and TERMINAL UNITs. Each ARC has a NODE at its source
and & syntax relation (secrion 5.5} as its label. &An ARC =may
have either a NODE or a TERMINAL UNIT at is goal. The syntax
nets are built as LISP P-list structures. The NODEs and
TERMINAL UNITs are atoms. An ARC labeled “L™ from X to ¥ i
created by adding to the P~iist of X the pair (L Y).

The syntax relations are of two classes, NODE-NODE and
RODE~TERMINAL UNIT.

HODE -+ HODE relations: NODE = TERMINAL relations:

ACTSBZ GSBJ INF ) VOICE DET
OB PLRS $ FORN QUANT
0BJ2 seCs 82 MODAL MAK
POBJ ¥OSS IRST2 TENSE ASP
PP1 F_ADJ SFRG NOOD PARTL
Loc INF FRSNT LEX PARTZ
108 INF2 PREP

An ARC with a NODE-NODE class label c&n only connect two
NODEs of the SN. An arc with & NODE~TERMINAL ciass lahel can
enly lead from a NODE to & TERMINAL UNIT.

At &11 times during the generative pProcess there is a node

marked as the &ctive node (<AN>), a syntax relation marked as the

active syntax relation (<ASE>), 4 conceptus] structure marked

as the active conceptusl structurs {(<ACS>), and & push-down

stack (<PDS>} of triples: {frames, conceptual structure, SHN-nodel.
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Inttially the 5N comnsists of an tsclated node TOPNODE.
Thizs node is markes as the <AN>. The inttial <ASR> 8 5
tSentence! and the initial <“ACS> is the conceptuaiizaticn Jiver
to BABEL for realization. The <PD5 is initidlly eppty. we can
now give & concise explanaticn of the process by which the 5%
i8 constructed.
BASIC GENERATIOM ALGORITH®M

il [f the ACS is a conceptualization, a set of D-nets s
selected and applied,. This rezults either in Ffa:lure, i1n
which case the realization alsc fails, or the discovery
ef & list of concextcon entries, Astume for the present
that this [ist contains only one element. ©0F 1t contains
2ore than cne, we take the $irstl. This entry will have

the form:

ity St
l <LEXICAL POINTER> “FRAMEWORYE ™ <SPECIAL ACTIONS- _j

k Lo s e T L i g o S b

1f, on the other hand, the SACS> t= not & conceptuealizatiaon,
it will be &8 [ist with a PP as itts first element -- e, 3.,
{*HANDY PFART |®JOHN™)}. In this case. BABEL retrieves the

ENGLESH~KAME (zection 3.2.67 for this PP.

(& A new ARC 15 added to the network, labeled wikth the <ASE>
and leading to a new IIDDE created at this time. The newly
created ARC has the «AM» 48 118 source. The now NODE then

bvcomes the <Ahl>.

t3) &An ARC labeled LEX t2 added to the petwerk. This arc leads
from the «AN> to either the LEXICAL POINTER of the

concexXlcon entry or the lexical unit retrieved from The

ENGLISH-NAME relation, depending on the result of grep 1,
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(d)

£E5)

(&)

For example, i1f the D-net application returned the con-
cexicon entry ASK-TO (which has <LEXICAL FPOINTER* ASK!
in response to & stimulus given to BABEL, steps (Li=-(3}

would producae:

TOPNODE: 5 Gl
Gl: LEX ASK
AN = G}

If a concexicon entyy was found in step (1}, any
<EPECIAL ACTIONS> {section 5.2) are now taken. <SPECIAL
ACTIONS> can only affect the <ACS>; they have no direct

e¢ffect on the syntax net.

The modifying fields of the <ACS? {zection 3.2.%) are now
processed by language specific functions (section 5.4).
Theses functions add only NODE<TERMINAL arcs to the networs,
2ll of which lead cut fron the <AN>. This process might

expand the network depicted in step (3} into:

TOFPHRODE: 5 Gl

Gl: LEX ASR
TENSE PAST
FORM SIN
VYOITE ACT

MOGD INDIC

1f & concexicon entry was found in (1}, the variable FRAMES
iz 2et to the <FRAMEWORE> of thar entry. Otherwise, FRAMES

iz set Lo MNIL.
*

if FRAMES 1is NIL, there are no further ARCs to be connected
toc the <AN> and control passes to step (7). Otherwise. the
first frame of FRAMES ts picked off and the triple
[REMAINING-FRAMES <ACS> <AN>} 13 put ontoc the <PDS>. The
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frame tc be processed will have the fors;

’ |
COYRTAX RELARTION- ! FI1ELD SPECIFICATLION=! - SPECIAL FEQUIREMINT S -

i - o

- HYNTAY RELATIOGN: 8 made the *AJk®, If the ~FIELD
SPECIFICATION: 185 omitted, the default field-spe. for the
given - SYNTAX RELATION s filjled in, The “SPECIAL
REQUIREMENTS® :'weoction .40 are disposed of next. Of patos
interest hefe 8 the preposition inserting requitrefent,
IMAEFHREF FREPOSEITION . MAREFREF genviates a new noade

and an arc jabteied with “ASE® fyom the “AN® to the new noite,
Arn atc labeled FREF (s generated from the new node v~ the
“PREFOEITION', the poew node 1ls made the “AN-, and the rAik-

tecomes POBS Prepositional OBJect!, Thus, for examjplie:

RE FORE ! CAN' = GTE SR =« LOEC *SPECIA&L FEQUIREMENTS - =

EMAEPREF TO:

frocesaslng the speci1al regquirements the network contaihes

G745 LOC GE Y
GRS, FERER T ICHEY 58 & newly generated poded
AN = GE CARGR: = PORZ

Finalliy, tne *FIELD SPECIFICATICGN® 15 applied to the -ARCL»

the rFesul? beconing the new “ACE . Thig may be a8 con-
ceptuyalization =——+.9., if the field zpec i3 MOBJECT -- -1 a
g1ructure headed by a PF -= o, 3., 1f the field spec i=
ACTGE. In wither case, the syntar net creattioh algorithe

i wnteped Fecursively at stegp (1) te eupand the net, rarher

tharn pFocewding toc step (70,



171 It the <PDS» g empty,., it sndicates that all requsred
processing has been done and production of the syntax net
18 compliete. Othervise, FRAMES, <ACS>, and <AK> are re-
stored from the top triple of <PDS» the triple iz remaoved,

and step (&) is re-entered.

One detail left cut of the abeove algorithm i3 necessary to
complete the description of network construction. As stated,
the aigortthe would produce only tree structufes. This s Loecause
arcs added to the net always $oint te newly created nodes (except
for these which point to TERMIKAL URITs!}. En actuality, thers
1% a ‘memcry’ which recognizes cases where & - ACS- reoccurs and
generates &n &XC back to an existing node of the eyntax net.
For example, given the conceptual representation of

"The woman begged the tourist Lo give her scRe EmOnREY™
BABEL wi1ll first find & conceXxicon =ntry, say BEGl, corresponding
te this sense of "beg®™., The sssociated FRAMEWORE > will include
an ACTSE) syntax relsation with & <FIELD SPECIFICATION: which
rettieves some Cconceprtudl node (Cl} Tepresenting “the woman”.
The same memcry node €l will eventually be referenced in
procetsing the <FRAMEWORK: of the concextcon entry ﬁIﬂEl.l
Rather than regenerT4te the syntax net corresponding toc this
conceptual node, a second arc to the syntax net node aslready
genevated for "the woman™ s added., Pictorialiy:

after procesEing Lthe ACTSED frame of BEGL:

TGP HGLE » L Gl G2 LEX WOMAN
] TH
GiL: ACTSBS G2 L %
LEX BEG
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after processing the OBII frame of GIVEL:

TOPNODE : 2 Gl Gt LEX WOMAN
DET THE
Gl ACTSBS G
INF? Gi G LEX GIVE
LEX BEG ORI G2

This "reuse"” of portions of the syntax net 18 accounted
for by the following modification of the algeortthm described
above . An association list, initiaily empty, cf conceptual
structure - syntax _net _node pairs 15 maintained. Each tiee
step (1" 18 entered, a check 18 made to see f the <ACI* 17
associated with & node in this list, 1f 8o, the arc created
in step [J} lead® not toc o pnew node, but to the node asscciated
with the =ACS>», and contrel passes immediately to step (7)),
bypaesing all processing of the <ACS>», The asgsocistion ltst
15 butlt up by adding the patr (<RCS* <AN") to it each tine
sltep (1) of the algorithm 18 enterecd,

The linearization of the syntax net is accomplished by
the AFSTN grammar. The dertatis of BABEL's particular grammar
wore Jiven in section 9.5, The oramma¥y (s entered at
grammar_node 5 and syntax net node G, where G is the node
related by syntax relazion 5 Lo TOPNODE. The algorithe which
ctontrols flow through the grammar and syntax net 1s that described
in connection with Simkons' work fsection 2.4). The reoader is
reforred to 342 for a more detailed specification of this

slgorithe,



Appendix 1 shows an exaspie cf BABEL realizing 5 stimulus
conceptualization with cutput from the program augmented to

deplct the sSyntax net constyuction process tn det&stil.

6.4 Paraphrase Froduction

The algoriths of the preceding ssctisn deponstrates how &
conceptualization can be used teo produce a syntsx net which an
rurn can be used to produce an English sentence. Since ¢ach
step of the procezs 1is dererministic, some additional mechanisn
i needed to produce paraphrases, oF muitiple realizations, from
a single conceptualizaticon.

Ons way to do this would be o define meaning-preserving
trangformations on the syntax nets -=- changing vOICE from
ACTive toc PASsive would yield a different surface sEring.

BEut such syntactic paraphrasing i clearly not the mcusce of
the paraphrases produced by SBABEL. In fact, we have not
incorporated any fors of syntactic transformational component.
Rather. BABEL's paraphrases are obtained by ailowing the D-net
applicaction algorithm to find more than one response. Distinct
syntax nets are then produced for each responss.

1t was pointed out earlier that there Eay e more than
ane D~net applicable to & glven stimulus., By aliowing all the
nets appliiceble ro & given stizuius to be tried, rather than
StOpping 4% Toon 48 one produces & response, aitiple responses

can be found. Since the nets are organized to group ‘related’
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fednings into a single net, however, 1t is often the case that
more than one Sppropriate response exists within a singie net.
Thety are two ways in which such responses =ay be found.

Firse, a <response node> consists of a 11st of con-
CeX1Con entries. A stimulus which finds the response RETUHEN]
may sSisultanscusiy find GIVEE {(“give back™i, becausw both are
part of the sahe -response node>, This handles cawmes of what
we term ‘conceptual synonymy . such caxez do not explain & Fresl
deal cf paraphrase, however, i.nd become r&rer a&s cohccptual
representations are refined toc reprosent TWeATIiNngS mOTe precisely.
The mOSt 1mportant source of paraphrase genvration 1§ the
+back pointer> field asscciated with each <response noder, {%e
represented these fields by ¢+ < INTEGER>) at the <regponse nodes
of the nets in Chapier 5.t These <bDack poinier>s weore ignored
it the baslc geneoration algoriths stated above, since that
algorithn always halied when & <response node> was reached.
it i3 poastble, however, to save the concexicon entry list atrt &
<regsponte noder and follow the +back pointer> associated with i1t.
This process can continue unti]l & nyll <back pointers 1% reached.
In this way, & Iist cf conceprtuaslly ZListinct responses ¢, 3.,
THRETN, WARNM1, TELLI!', can be found within 6 single D-not for a
single stinmulus, inturtively, following the <h&ck pointer> from
4 “response node> corresponds to ‘ignoring’ some fematureis) of

the stimulus which English provides 8 special way of expressing
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and finding & more general way to express that inforaatian.,

More precisely, we must modify the flcw chart aef Figure o-.

at follows:
A} Initialize a variable RESPONSES to NIL

(B} At @, eocdify the action taken wheh & «ITe€sSpOnIv node .
iz reached:

'y
i

o ..__.] r - o
RESPUNSES + ' HET frcilon

Appent ) E . - LR T
x FRRpOnEe : RESPONSES, pointer ¥
H‘Qﬁ?‘ pesponse Lisy) LEFT (RET!

vl At @, modify the acticn taken whan KET becomws MNIL
inc more paths can be followed in the net!:

T I
RETURN

RESPONSES

e .- il
RESPONSES will now be & List of concexicon entries. Some

of these may be Conceptually synony®Eous, cthers concaptuslly
dystinct., But wach of thes ifs turn may be treated as though

1t were the result of step (1) of the bastic generation algoriths,
resuiting 1h a distinct syntax net for each.

The control structurle reguired to produce all pEraphrases
af & given conceptualization is that cf an AND-OR tree search.
Foughiy. this i3 because each spplication of & set of D-nots
yields a set cf responses Ra' Since ¢ach response can bo used

te generate a different s=clution (paraphrasei, the setl af responses

yields a distunctive node ip the sclution space. gach fteSponse
!L hai a swt of frames Fl in its concexicon entry, aiil of which
L]
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must be processed 1n order Lo genvrate A xtngln solution. Tha

F thervfore resulx

Lo in & conjunctive node in the scliution

space. By finding all solution paths in this AND=-OR tree,

paraphrase 13 accompiished.
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Cur model shows how & Sentence can be constructed by
first choosing a verb whirh conveys some of the information
content to be expressed and then using informaticon associated
with that verd to guide sentence formation. The ezphasis
has beven on verd selection; nouns héve Lesn restricted to
thofe which name either people of classes of physical
cbhbiects. For these we have used a siomple associative
sechanis® (the ENGLISH-XKAME rvlation, sectrtion 3.2.6F to
fetrieve the nouns,

For exazple, we have assumed that there exisgts
pemory acde SCISSORS which represents an sbhstiract "concept'.

Azgociated with this node are:

al the ENGLISH-NAME relation

bi a physical description of the "sbstraci’® SClssSors
c1 & functional description of the 'abstract' scissors
d) inforzaetion about “scissors™ -- o.4., found in desk

drawers, purchased at department stores, cost about
§2.00 erc.

e} ‘i1dicsyncratic' beliefs about sCcissors == £.g.,
"ECl83018" welw given to man by the devil and all of
ther: should bhe destioyed,

£ token® finstances! of SCISSORS -- rthese are the nodes
which represent particular physical objects tlike the
ECLSEOTS on By desk) and which appear in the kinds of

conctuefhtoalizations we have dealt with.
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How there 18 pothing novel fiwrr cozputier adels kRave
Tonmonly dealt with such archetyrbe nodes and instance nodes,
and natural language programs ], ke Kinograd®=! have always
dafociated English words with these archetype nodes, This
15 & pertectly nartural way to desl with cosman noung whipch
name classem of physical ablects ana Froper nouns which naze
tokane of such  laseeg, Fut there are maAnRY comsman Enagi.sh
ROUNE == w.g.., "croellisies", "murder”, “destractianT, "degtp”
== ‘wiiech oo notl nawe phys.cal ocbhyect s, Farh words express

BeAnings whicr C,.0, represcnts with CenCoeftualilsfations ard

which BAREL now w¥presses srly with vertw, More
speciitcally, we posit that for any of the verb-acun pairs
below, the verd and ~he noun TUSY nDe gonerstod from
iderntical underliying conceptual repregsentaticons:

icollide collimien teurdesr murdert tdestroy destructicond
idie death:

AL¥en that these mnouns have canceptual representatior .
tdunhtical Ta fhouse of the Yerhs, 3t is a simple =zatter to
tutend BABEL to f.nd these nouns fron their mean)ng
stfuctures, L ous necossary only for the nous te be
A380CLatod wWith The =ame FrefPLIBinATIOn het torminal nade
aHOES thRe rarfeaponding verb,

Ir ordes to use the nogns i Ernglisn sentencen, thouagh,

*t i3 hecedsary to specify thotr SYRTACTIC environRments.,

By the syntactic envirtrpment ot 4 Word W owWe mean the syntagx
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net relations invelving a node N which has an ar: labelsd

LEX pOitnting Lo the word W. There are two aspects to this

environEent:

1 What arc typss can lead out from node N7 We shall
trefer to these arc Lypes 63 syntastic predictions of

M. If ¥ 18 the verh “murder™, for exa=mple, there
exigt syntactic predictions for TENSE, ACTSBI. and

OBJECT arcs, asong others. The nounh "murder™,
however, makes Jifferent predictions, as we shall
Eow

14' What arc types can levag into node N7 0 We shall
refer to these arc types as thomse with which N
has syntactic compatibclisty. If W i1s the vertb
"die™, 1t 1% compatibie with the relation INF but

not with the relation OBIJS, The notion of
coapatibilitly will Be movre precisely defined
shortly.

"Murcer® inoun) and “murder” iverb), “death™ and “die™ =may
look the salke 1n & wﬂan;nq representation, but they are not
mutually suybstitutable in English sentences or English syntax
netda. For this feasfon it 1s not possible Lo hHave & single
concexloon entry DIEL with 1ts LEXICAL POINTER field
conitaining pointers to bath “die™ and “desth™.

BABIL slready deals with the guestion of syntactic
predictions for veibs, The program contains two sources for
such predictions. Language Specific functicns attach
relaticons like TENSE and MGOD to verbal nodes. The
FRAMEWORE field cf a concextcon entry makes predictions
specific to the particular verd to which that eniry
cCofrosponds . The concexicon entey COLLIV for the verdb

"collide” would have 3 FRAMEWORK which specified an ACTSBRJI
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and a PPl requiring the preposition “with®™, From this
FRAREWORE smentences of the form "X collided with ¥™ wogld
e generated.

The syntactic prediction probliem for nouns could be
handlied analogously -- that 12, by having CoORCEXICOn entrios
for nouns as well &s for verbs. Por "collision” we want to
genwrate a noun phrasze of the form “colitistion berween X and
¥, ¥e Lnvent a4 new syntax relation NFF to handle
prepositional phrasex placed after their governing nous
phrases, as in "dog tn the back yard®., #%€e then create a
concextcon entry COLLIN, with "collision™ in tts LEXICAL
POIKTER field, gnd & FRAMEWORE which would generate a piece

of syntax net like:

MNET: LEX COLLISION H59: LE X ARD
XPP L8 HPA K&l
K¥ER Kel
FREPR BETWEER
POHD MLO ne0; LEX CHEVY
Mizl: LEX FORD

Fointers to COLLIV and COLLIM would exist in the
response (i8Y of the sape ktorminai node of zone
discrimination net,

1f the AFSTN grammsr t8 sodified to handlie the NFPP
frelation and "conjunctive’ noun phrases, the zhove piace of

net will produce “the collision botween the Fard
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snd the Chevy™ (we have omittod determiness in the synlax
net abovel. An alternative FRAMDWORE could be used to
groduce "the colliston of the Ford with the Chevy™.
Similariy, “death™ would have two FRAMEWORKS, one of which
would produce "X's death®™, and the other “death of X",
“Anxiety”, on the other hand, would have only « FRARERDRE
fogr producing “X's aaxiety” (at least 1f our model was
based op the asauthor's dialectl.

The use of Larnguage Specific functions to make
syntactic predictions can be cxtended to rouns a3 well.
Just as & TENSE i1s produced whenever & veroal node 18 put
i1ate the Syntax net, so a (possibly nuell) DETerminer shouid
be chosen whenever 3 nominal node it created, The program
currently tswe sectioen %.4.1) chooses determiners not by
predicticn, but from the existence of & REF link in the
conceptual structure. This i3 theoretically unsound, fince
1t lcaves what 13 really linguistic information in the
conceptual fapresentation. What tu needed 18 & sophisticated
$focess, activated upon crestion of a pnominal nede, which
decides on an appropriate determiner.

ir discussing syntactic prediction, we have made no
distinction betweun the notioas of ‘noun’ and ‘verb'., We
have, rathv:i, beun treating them symmetrically:
i5} both make syntactic predlellons

Tatd both may be generated through the D-net geneIalion
process of by assoctation with & cemoery concept.
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There comes & point, howewver, shere the JesicTarcr car
na longer ignore the granmatical category of the word i1t
choGseRr., Once generation beginsg and choices are being made,
these choices pust not only direct the geheration proc.ess
through the conceptual netwerk, but smust alsgo place

Eyntactic cOnsStraints on later choices, in pasrticular,

whenever a chojce ouzt bhe made betweesn a conceptually
EYNONYyROUS noun-verb pair, the one chosen must bw
syntactically compatible with the prediction shich led to
*hét cholce. This can be tllustrated with an exanple.

For simplicity, let Xi be the conceptual repressntaticn
&f "the streel was wei™ and let A2 be the conceptual
representation of “the Ford colltded with the Chewvy™.

Suppose BABEL were given the task of realizing:

(CT=1 xt
.Y
11!

X

~Coantider the following realizations af (€7-11:

&) The Ford collided wath the CThevy becauze the strect
was wWet,

%) The Ford colitded with the Chevy because of rthe wot
ELrewl.

cl The wet streel resuited in the collision betweeon the
Ford and the Chevy,

4} The collision botween the Ford and the Chevy resulted
from the Stivet"s boing wel.
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e The coiligion between the Ford ang the Chevy was due

s ——

Lo thie wet pEreet

H The wet gtreet caused the Ccollieion bebtween the Ford
and the Chevy.

The point of trese examplee 18 that the ynderlined
telations, Bome of thek verbs and others conjunctlons but
all poessibly found as lexical potnters of sntries used in
ITrsiizZing a4 cohceptual causal relatiocn, sel wp syntactic
ConstEatnhts ¢n the manner of resalization of W2, fThey 4o
the dafe for X1, of couree!.

Now suppose that cur model had only che concexicon
efitiy 1n its Yuudbulary suitable for expressing the causal
telatlonship oh {0 7-0:, Aesume Lhis wes the ontry RESF|
cerresponding Lo the use of “resglt from™ in idy abave,
The entry would Rave

il @ lvdical pointer to the verbh "resule”™

% o a FRAMEWORY which included a FRAME with ACTSBJ
aE 1ts Eyntax Relation and (RESULT) -- which
in this case spocifles X -- as the Field
Specification,

in realsging 'CT7-11, BABEL would first find this entry RESFL,

It processing the ACTEB) frame, BABEL should soe that X2

reuwld be CcEpTetuned with elther of the concexicon entries

COLLIY or COLLIN ment oned vatlier, But only the latter
rthe Teolliisier® entr 0 1s compatible with the dectsgsion

already m&Eds Lo realize C7-13 with RESFI. How (8 the

pfogdian Lo realige thisr
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we can sclive the probles by defining “"classau®™ of

syntax refations. Lot us define the following two clasmes:
V-PREDICTIVE H-PREDICTIVE
INF FIES SU8J
INFI SECS oBRJ
L GEBJ oB32
Bl BRENT FOBJ
IRsT) SPERG ACTSHRS

At Can be seen from figure 5-7, the V-predictive rTolations
are those which arve alsc states Jeading directly to the
srate 5 in the AFETH granmar. N-predictive relaticne hear
this same relatton to the NP state of the grammar. That 1%,
the "enbedded gsentence™ relaticns are S-prediitive, while
the "noun phrase” relavions are H-prodictive,

Koxl wo mark overy concexicon entry as S-compatible
or N-compatible, dccording to whother its lextical pointer
correspohds Lo & verkh or a noun., When X7 1% to Loe eMprested
1n our example -- thal 18 in the terminology of chapter i}
mhefth X becotes the ACTIVE CONCEPTUAL STRUCTURE (<ACS»} --
there 15 avasilable & piece of information ready-made te nelp
make the choice bLetween COLLLIV and COLLIN. Thigs 18 the

ACTIVE SYHTAX PELATION (<RSR-) ., The value of <ASR* would be

ACTEERZ, which s N-predictive, Since, of the wptions open

te uws, only COLLINW s M-compatlblie, it would be chosen and

the syntax net for the noun-phrase “the collision between
the Ford and the Chevy®™ produced from XZ. Finally, sentence

ted) would be generated by the AFSTH grammar.
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¥, on the other hand, BABEL had conly the entry
BECAUS] to express this causal relation, the <ASH» would be
FIRS when X! bLecame the <ACS™, Since FIRS 18 S-predicrive.
BABEL would choose COLLEV which 18 S-compatible and generate
sentence fa).

To handle syntactic comspatibility, we have proposed
three additicns to BABLL:

(5t classifyting the syntax relaticns &% S-predictive
or Ne-predictive

tas} merkEing the concexicon entries as S-compatible
of H-compatible

FLid} Choosing & concexicon entry =@nly &f (vt i@
compatible with The <ASR>,

These modifications wil! enable the program to choose & fcrm
which 13 compatible with syntactic predictions of previous
chotces. Since no syntax relation 1s simultanecusly S5 and
k-predictive, the probles of chocsing belween neun and verb

forms 418 handled sipultasncowusly, provided the choice can bLie

postponed until after a syntactic prediction for an 8§ or W

compa _ible concexicon entfy has bLeen made.

The wvalidity of this provision depends on an assumption
which has been made :mpliicitly throughout BABEL. This
asgunption was that, when & rosponse list 1n a discriminat.oon
net had Bultiple entries, 1t was sufficient te make 4 random
choice among thes. That s, the prograc makes o uUusage

distanciions belweon cohnceptual sSyhonyms.
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U*rfortunalvly, this assumpticon factually & practice father
than &n assuRptiont may limit the gquality., oF at least the
na4turdlness, of the language produced by the prograoc. i=
heés been ocur feecling that whenever random selections are
made in generation, it i% probable that & Tr&l probiem s
being bypassed, The discudsion of noun-verd choicee points
out the probled tn this casce, Our proposed solution tfo
ncun~verb choice was not itself random selection, but o
CeTtaln Cases our salytion mak#s this decision the direct
tegult of ecarlier random mRelection.

Returning to ouf vxample (C7-11, consider the case when
a model 13 allowed to have n 1T858 vocabulary several
coenceptuyal ly synonyrmous ways of expressing the causal
relation, £.3. “because™, "because of™, "result :nT, "resujt
from®™, “due te", . . . Thesv CURNCORKLICON entrlied cannot bo
distinguished on the basis of SynEdctic compatibiriity with
previcus choices, becsuss &1l are S-compatible. ke can, of
coutkse, Dake & randors choice &8s 318 done currenily. once
thig choice (x made, &2 prediction 8 ge¢t up which determines
the selection of “"collide”™ or "collision®™ in reslizing N2.

Ehould not the fact that "“result in™ leads to the uyuse aof

"collision” rather than “collide™ help determine whother

“reauwlt in 18 chomen?

The snswer (s “yos"., This (8 only & claim that the

cffects of particular chotcen should be part of whe crizeria




used in maxing 4 cholce. iThe Teader may well wonder

whethetr thete s any reason for the prograr to discover the
chotce of caugzal relations prior tc constdering the noun-verh
alternative. This 1ssue, which has tsplications far teyond
nounh-verk selecticn, is considered 1n the finsl chapter.
BABEL, a3 develcped so far in this thesls, produces guch
gftuations in the course of generation. Letr uys sev how

they might be dealt withi .

How given two conceptually SYRonyEGYys responses K and
H

B such that B predicis & neominal realization B for some
d i

structure C while B predicts & verbal realization Vv for C,
how can the program uyse this nformation in an itntelligent
fashicn to decide betwesp ﬂi and ﬁz?

The Rey Bust be (n the different effects of W and V.

We sre now considering the eoffects “once removed® of

chocsing B &% opposed to B . Great care must be taken here;
i :

like making a move in & chess game, the progras cannot lock
st all effects of & decision tndefinitely far into the
future. No proposal for & general cut-off heuristic will
e given here; we do not know what all the effects of
choosing & noyn vs. a vordk, of of choosing between
conceptually synanymous verbe, are. It can be seen that
these cffects extond oven beyond msentence boundaries,

Bowever ., Consider:
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A "The news sefrvice reported the deatrh of anorther

Haples' citi2en 1n the chalers epidemic, |

was the third one this week 7
PED "The news scfvice reported Tthat snother Naples®

elti1Zen died 1n the cholers epideatc. It was

the third one thias week,”
fA1 s guite ac-eftable (in this suthor's Hdialecti, whiivw
the secand sentence of 1% would pot be praduced as a
tollow-up to the frrat, but' rather something fike “It wan
the third swch death thin week, ™ The d1fference Svoma To
ke tne existence of the noun “death™ 1n the first seontence
of (Al To serve as g referent when the sscond sentence s

ncountered. fince BARBEL dows not presently da-aj with
connectTed Jiscoutdec. st 8 unlikely that any Mminor additicnd
te the progras will enable ' to take Buch CcORSLJUEnRCCS

LTS account,

There are, hawevel, ohe (ntra-sentential effeocrs of
rount=verkt chowce wh,ch could be considered. The moat
obvicus of thess 18 "nformat,.on prediction™, ConcexXioon
enteles "ot only make syntactic predicitions fthrough the
Syntax Foelations in their FRAMENOFES) but make 1nformat:ion
predictions as woell | This i=s done through the FIELD-
SPECIFICATIONsS ot the FHAMEWORK=, which indicate which
portions Gf the conceptual stimulus will be Yealized i the
syt ax vt and thus the sarface BETUCLuUFe,

ir nappens that nouns and vorbs which are conceptually

SYROUnNYECUE may neverthe lose sake d1fferent nforsmation



predicrions, "Collide™ requires some menticon of the chjects
invalved -- "The Ford colflided with the Chevy™, "two C&TS
colltded” -- Dut "colliston™ can be used to dexcribe an
+vent without Bention of these objecis:

! saw & collision at Grant and Broadway.”®
The reascn for leaving out information say be that the
informaticon 18 unknown of LFFelevant, or 1t may be that
context maked clear the event being referred to, as in

"The guerillas captured the city and put the mayor

tec death., While world opinion was sympathethic

tc thelr cause, the assazsindtion was & greal
migtake.”

There (8 =o way to roefer To the event with & Propoyn ib
this cont:xt, 8c either Tassassination™ or “"asssssinate™
must be used. vsing the wverd, though, would reguire

repeating l(at least)! the information about the "vwictis':

- - . it wam & great mistake (for the guerilias)
Lo assassinate the mayor.™

It s sometices the case that information which is
v4ly L0 eXpress in conjunction with & wverd form fs difffeult
te expres: (f the nominal form (s usod:

"The history book demcribezx how Archinedes destroved
the enexzy flevt by concentrating the sun's rays on
their ships."”

i3 fine, but 1§ “destruction™ is used:

"The history book describes the destruction of the

enexy fleer by Archimedes by concentrating the

sun's rays on their ships.,”

iz difficult tu complete in a natural sounding mapnner.



For simpli. sy, seppose we tmadine JFLving HAREL s
Fifforent concextcoan entry for cach of the possairle
tnforsation pfediction combinstions which can ooodr w.th
3 verb like "assassinste™ ar a noun like "desmtrurtion™,
iln practice we would want to 4eal with the netioan of
regyired and oprional fnforsation, as dovs Frillomore « %0,

For rhis discus=ion the distinction betlween o a4 Singile
entry »ith aoptional clements, and (1)) separste entries for
drffproeny rophinatyons, dovae ROt matTeTri . Theses cOnCexl b
rrtfien are formal obiectw, not plLeces of Cconpuler oode, ac ]
can ke manipulated by the program. In partyculsr, the

Fersrator regld compare the nformation predictions 2f tur

cand:date sntries andt deterfiae, 1h Ccollaborsticn with The
zemory, which made "preferable’' predictions,

Far examplie, let the -onceptual st imuiusy

FCT= 21 - s

[

<
1

- W W mwow w E"l'l':_*.

'
1; semme== FHRBERITH™
\ [ T T
e the one on which the jeaerator i8 working teshedded, i(eov
4% A&y, as the "RIECT of an MTRANS:, For the zozent let
the remainder nof the ANTECEDENT > remain unspectited, Supposy
that, LYy checkling tofme conditiond used to distinguish

"murder™, "assagsinate™, and k111", BABEL reached a response

node with pointers to CoOnCexicon entries MORDERIV (the wverb

256



"surder®) and MURDERIN (the noun “murder®™). An entry for
the verbal form which predicted realszation of the "murderer',

the *victim*, and the ‘method of murder' would look like:

(FT-L}
S¥K. REL. FIELD SPEC. SPEC.ACT.
ACTSEI {(CON ACTOR) KIL
082 1 is: AUCTOR) NIL
INSTZ (CON} EIL
i

A& FRAMEWORE for MURDERIN, predicting mention of the “victie®

only, would appear as:

EFT=21
S¥N.REL. FEELD SPEC. SPEC. ACT.

KEP { <3 ACTOR) MARPFREP OF
L ]

Infcrmation predictions can be compared by comparing
the sets cf FIELD SPECIFICATIONS. In this case, it is easgy
to se¢ thet the predictions of F7-2 are a proper subset of
those of TP=1. In particularyr, F7-i predicts realization
of the (CON ACTOR) (s*murderer™} and {CON) (w"method®). HNow
it may bhe that the memory model would have information that
these things were known from copntext,., or unknown altogether
fe.g., “ANTECEDENT» = ‘*ONE*cw>*00O%}, In either case thers
would be no desire to express them and F7-2 could be

selected, generating a sentence Like
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'The newspaper fepafted the murder t & Fore,ge

diplomat,
Orn the octher hand, both Digh? Le jzportant pieces of
information to communicate, in which case Fi-1 couold pe
crosen and the surfs e sentence produced migi-* be

*The newspaper Tep:rted that a local fesdet

curdered 3 foresgn diplomat by placing a boeb

In Buy car.,”

bn general thete % na Fuarantes that a concesi s

entry will exist which presiots all relevant and oo

superfliucds infarmation, in such casos an evaluavrion Las
e made ‘how Zportant 2 ' 'o eXpress, of oNit, TEFléun
informatior | Thus *he jF 3tam Zay have no alternative - .°

to gentrate eitier

"The newspaper feported that soSeone murdered a
forelgn dipiomat Ly plantuing a bombk ifh his car .7

“The newspaper Feported the murder of a foreign
drpliomnat . ™

even though its preference might have beer to Sention _nly

the “vicrim™ ang tro “method” leaving the "murdezey”
ynTentl i oned,

ln Summary,. sevetal propouasls have now been made for
gralihy with the problem of utiltzing 'event' nominals. A
| tion ©f syntactic preg:ction for nouns was introduced,
analoguus te that which already exists for verbhs. Congextcor
sntrLes for nouns, which guide the encodtng of conceptual
intfurmation into a noun phrase description aof a
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conceptualization, take care of such predictions.

The next problem faced 1s that of selecting a noyn or
a4 verpb, when either ts capsble af expresfing a given Zeaning.
Kers the noticn of syntactic compatibility is inrtroduced,
to be implemented by cresting "classes”™ of syntax relations
and marking CcoOnCeXicon entries &5 compatible with relations
of a given class. A requirezent i3 made that an entry be
selected oniy 1f 21t s syntactically cospatible with the
Eelation it 1s to participate t(f.

These cechanisass guarantee that the nozinal and
verbal [orms will be used gragmmaticslly in the sentences
genefated, This does not saolve the selection problem in
3ll cases, however. Khenever & cholice oCccurs belween entries
which are of the sape compatibility class it may be
necessary to lock at the effects of the individual choices.
“Learn of™ and “learn thatr™ both fall inte the S-compatibility
class, but the forzer predicts & noun phrase to exprezs
tnformaticon whicn the latter exXproesses with &8 clause.
Provided both predicttions are fulfillable i(how often thisw
cccurs 1% a function of the wocabulary and syntactic
krowledge of & parcicular model) it was proposed that the
Seivction Lrocess consider inforsation predictions of the
noun=-verb alternatives. This could be done by allowing the
Frogras tc CcohRpaére the alternative concexlcon sntries and

determine which most effectively sxpresses the information
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which the memory model desires to EXPross,

Beyond the nottion of E¥ntactic and tnformariaon
considerations are other, still less understood, cffocts cf
noun=verk choice. For one thing., there i1s the netion of
"focus',

"The car cclliided with the truck®
and

"The collision between the car and the truck™
toth impatt the ssme information, but the toreer 1ncludes a
focus on the “car™ whichk tre latter do#s not. The notion =t
“topic of conversation™ may slsc be a factor, In a
discussion of the “"gffoct of losing a war or a EGCilety ™
i% it prefsrable, in &q&tr:blnq & pPATticuler instance of a
nation lOSing & war, to use the noun "deTeat” rather tharn
the verk "defesz=: Such psychological! arnd stylistic aspercts
«f word choice remain urnaccounted for by the modifications
Proposed in this chapter,

From a projram mtructure ttandpoint, the entife probler
of word cholce irn the fenerator could be deslt with by
allowing each response node of o discrimination net to have
an arbiitrary progranm assoctated with Et. This program coul d
Ferforz whatever actions wefre needed to chonse one of the
enirios in that node’s fesponse list,

Khether such a noR-restrictive, and ineiegant, ssliution

Can he entirely avoided romains an open gqueztion,
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We have shown 1n this chaptey that there are consideraticons
cosmon to many word cholce problems. BY allowing BABEL to
cake use of its own linguistic - conceptusl knowledge as
sata rather than as program, the generator could effectively
take these coneiderations into Account in & mannel CORMMmMOR

to & large class of response sels,
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CHAPTER B

WHERE FROM, WHERE AT, WHERE TO

Artificial Intelligence. like any other academic
discipliine, has 1ts own set of well recognized research
areas. Scme of these are tn the realm of practical problems
itke "destoring an intelligent question answerins Bysten”
or “developing automatic scene analysis routines®, Others
are the BmOYe oscoteric probliems which seen to bhe tne
current limiting factors th the field -- gquestions like
“how to usv context to direct and limit search.™ MNow it is
certainly well recognized that thers exXiars sose prohlem
which could appropristely be termed "language generation™ --
one which i3 & subpart of the practical protlems of
machine transiation, Guestion SnEwering, otc. But 1t is by
no means Accepied that that problem ts “"producting English
sentences from conceptual representaticons™ which 1s what

this thesis has been concerned with,

B, i The WHY and WHEN of Conceptual Representation

What 1s post likely toc be disputed about our definition
sf the problen of generation is the nature of the
representations uned &5 the scurce of geherattorn -- that i35,

whether conceptual representations (whether or not simtliar

g



t. Luncwptuyal Dependencyt ere 1ndeed "he Dest ONeS fce a
vEputer te use for language pIGoUsElRg taske,

It weould be very nice (¥ we ctould give a foreal
gefinition of ‘cwrnieplual fepresentation’ and proceed to
Eruve that, for wome clase of Taskhs, such fepfosental lOnRs
- e Eﬁii&ﬁi‘ We Ccaptro, atiat we can, and wiii, 4o, howeVvel! ,
is to Compare such fopfeselitations with the slternat)ves
Cafrently propuosed, pointing ocul the sdventages and
tisadvantages cf cach. Trnis wiil, at the very lesst, glve
b he teadefr &n insight inti the mativetions wmhich led to the
rodel of gereration preswnted .0 the preceding chaptels.

e Tuul debatwed imsue 10 the fepPescntationsl gquestion
iwm the noticn of precedutal s6. wlatlce Tepresentatiaon, A

preptual swyartern could use cithefy none cf the arguments

whicl we make ful (Ghieptua. repre-entaticon will depend on

which ditefnative s Cchosen, Another poitnt of debate

LfreThe the nhatuare of the bLasic elements which makes up
tre representaticie, end, in particular., how they relate 10
janguage . This i1s# gunerally referred toc as the guestion of
“depth” of representati: on, and 1t 18 here that conceptual
tepfricrtativee differ fistingtly from Others in ways which
I e mpartatt seplical one foar language pProceBBing.

Thete Ate THTew [ @4 is jurslicns wWhich we Cak afk

b waght i,-[r,-putit-ej Tepreser &b b onn

4'tr!



Bt Can they be readt .y derived froc natura; lanjuaar

strings’

tthe ANALYSISE problem)

bii? Car natural language strings he Produceyd from thenm,
ithe GEMEERATION problen)

thegt Can they be manipul
perfors useful task

‘the MEROGRY proplen

ated In Ehe ways necessary 4o

5w T

L

®o can compare proposed representatione with Yospect to 'oe:

ability tu rope mith these
we &fe scldom 1 E evet pres
ane L8 fuPerior un all ewnr
tradecifs involved arnd ask
‘overall' performarce tor
It = moy difficult
have Leen propused tnto Lk

i word hased (WR1 O -- 15
information cloement

re ¢ Eerse based ' ER: -- T
of networks of relarti
words of 4 particular

three probhilems, Hot unmsurprisi:o gl

vrted with two prapozals of whoot

Ct &KICaN. We muost losok avr otk
which representation optic: zer-

a glven tashk .,

T pArTIlion reopreErntations whioh
Iee Ccatefaoriey:

“LTh & Feprescraaticon, tone
# the |Englieh: word,

bose represSentatlions cohnsist
chihipys between seonges of the
language .

FeL renceptuaily haesed (OB, -2 Such a Tepreeentation

contitts of networkas

abistract corvepts. T
Lelfekpendenhcr holwee
senses Sf a Jiven lan
there 18 sofe Joneral
tf concepts correspar

Seyue,

Huw 1t would be possible
rrpresentations for which
impreclar a8 Yo bLe abnurd,

producerd ro onuch roantinuuk

aof telationships between

here may be a direct

T oEHOme Cconcepts and word

Guadage | h SEO0me Ca&sSen, Lut

1y a complex relationship

ding to a particular word

o drftne a8 "contipuumt of

sucrh categoriczations would bBe mo

Hut actual propomals have

g Thete have been dimtinctly
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WH systems Kletrn ~lésr, distinctly 5B systems iSicmorns
~ i, Sendewall <0921, and dtettnctly CB systees  RuDerinar:
et albl. Jty ., BSchank et &l, < 833!, bet litrtle :f anyLhing
=hiich falls into the potential gray arva: betweern categofics.
Fur this reascon we shall discuss the relative merits of
these classes of tvpresontat ton rather than the perils of
pEartigulay proposals,

Wold based Ivprescentations afe no longer proposed for
wLrIs in tomputational linguistice. Ferhape the sieplest
Fess.ble Such repreBentetioch 1% the fatutas!l language

¥

sehtehce 1Tself, o

e d

whilch the only unite &afe words and
the unly Telatioun & transitive "leoft cf* which orders the
words., More sophisticated WEB systerms would have trees or
networks o! deperndency relaticns between words., The nmost
fundarmental probles with such representations i3 their

retention of linguistic asbhiguity. Thus srtaplifics the

4.1

problems of analysis and generation, but leaves tnformation
vntoded 1n & fofm requitTing a4 great deal of processing

nefore it can be used for Bost purposes. Having parsed:

tSk=-11 "The nowsboy delivered & paper ko the journalism
dejpertment”

188~ "Jack Anderscon deliveted a paper to the yoyrnalise
departoent ™

a Wi representatacn like Klein's no more represents thae
raturel lnterpretation of these sSenlences than -ne tn which

the ewsbioy 18 o swught-atrey lecturer and ®r. Anderscon'e

Pl U



enexies 1n Washington have succeeded beyond their wildes®

dreass . it is unsversally recognized that disambiguat:on

ef such words as "deliver' and "paper' above, at least tg

iCome word Eense fovel, 13 necedrary for taske jike O-A and
nt.

WE systens have the flaw that disanbigusticn must bwe
redone every time the ambiguously represented information 1s
neaded. We can contrast this with 8 CB system which pays
for i1ts retenticon of an unambiguous representation by
neCeEsltating Lthe re-spcoding of the informatior into
natural language whenever it 18 to bhe expressed.

A Sense Based syster sllows arbitrary word sense uynaits
in 1ts repremsentarions. These units are unaxzbiguous and
thus permit cnacmhiguaus representation of sentences like
rE8-1, &' above. This of course cumplicates the process of
anelysis by forcing 1t to gcive the disambilguation problen,

The generaticn problen, howevelr, (s net necessarily
complicated Ly the transition from word to sense. ane of
the most salient {eatures of a SB system, from a viewpoint
of languags Zenersation, 15 that tke mapping fraomx a2 sense to
a word t8 independent of the context in which the sonse
oLCuEN, The woard to ecxpress: the sense can thus be found
Fuite stmply fthis ts generalily done by means of a direct

linkisl froz the sense Lo one (or =Zore! words., !
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The malor d1fforences: boeltween S5B and CB systiems &Ire
those which coencern the memory probiem. One of the Dozt
tzportant such differences i1s in paraphrase capacilty. By
pEraphrase we don't mean the literal generaticn cf paraphrase
sentences a% was demonstrated by exampi.es tn Chapiler 1.
Rather, we¢ mean the ability of a system to recognize
different ways of saying sczeth 09 &% conveying the sase
infoymation, This 18 &cceprted as & necessary capability of
an intelligent system; we shall give some examples of how
this capacity 15 used (and what goes wrong if ¢t fen'ed
oomentarlliy. But first let us see how SB and CB approaches
ro paraphrase diffor.

Suppote we Classify paraphrases of individual sentences
into Lhfge CALtwQOofles;:

Al SYNOKNYMY-based -- a8 trivial forwm of paraphrase can be
achiceved by having a dictionafy of word eguivalence
classes, e¢.3.. the mutual substitutability of ‘mare’
and ‘female horze', or, core properly, one Benie of
'mere” and a semantic Feletionship beltween particular
sennes Gf the words "female' and 'horse’.

B+ EYNTAX-based -- mporfe intefesSting pearaphrases can be
chtained Ly the applicatioen of synrtactic transformations
to the constltygent structure of a sentence, FParaphrase
Sty PRsSIVe Father Than active Voice, OF relative

tlawtes Féthey than adjectives, are possible.
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In a 5B system, these transformations are distinguieliod
by the fact tnat they do not alter word serse choices,

C!  COMPONENT-based -- many of the paraphrages Bont natarasi
for humans are of nesther of the above mant joned Types,
Conslder:

Johr gzave Mary & book =ses Mary received &8 book from John

JOoRn wants o 0at The Joo Cresm esma
Jenn beliteven that he would ¢n ey eating the 1ce cream,

These are not paraphraces of type 'BY), since they are
inttmately related te tha Seaningsd of tndividual worda
Tather than to the structure of the particular sentences.
Neithor are they paraphraces nof t¥pe fA:, since they do 100
invoelve word, or word sense, BYTIC RAYmYy, Rather, they seem to
involve the kncwledje of word component a&enf;tv.

Cozpanent bDased paraphrases can be perforned from a
SE represeontatior. Simmonns, for example, has adopted the
Feasonable selution of implicational rules. These rules
FAp vhe word sense onto ancother and map the case relations
of one onto case relations of the second. The BUY-SELL rule

w&#5 itllustrated 10 section J.4. Ax further cxanples constdery

P2 GIVE RECE IVE
AGENT (Vii AGENT (v })
YN RTaE Team OB VI
GOAL vy SOURCE (V11
. LIKE PLEASE
DAT (vl OAT (Vi)
o o LA SR 082 R LR

in this model, there 15 no distinction between paraphrase

Sh B



rules and i1nfertence rules fike:

18-4: Give HAVE
AGENT (¥1) B BAT v}
oB2 (Vi) OB (v
GOAL (V3

The traneformation of & structure A into 4 Structure B
according toc one of the rules is & deduyction; 1t is also a
paéTaphrase in thosSe cases where B could be transformed inrc
A

There vxists & reacnsable argument for not distinguishing
pataphrases from infetences in & SB systex, If as part of
& G-k rask the system 18 told:

{1l "Mary stole a boar™,
41 "John then bought the boat froe Mary™.

ang Ls later asked:

1%} *"®Who scld John the boag?™
td*t *Is John the legal owner <f the boat?"

it 2an answer (1') Ly application of the BUY-SELL paraphrase
rule Pl, but can answer (2°} only through inference rules
wRich do not produce paraphrases. But since the paraphrase
*rules have the same form as the inference rules, and since
there 1% no way to know from the fors ar content of &
Ruestion whether it can be snswered by a paraphraze rule,
there sSeems to be Ro reason to distinguish parsphrase fprgnm
genieral 'nfertence rules lexcept possibly for performing the

scmewhat artificial task of sentence paraphrase}) ,
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Toe Lmplesent this method of paraphrase for a set of u

:
mutually paraphrasable word senses requifes O{N ' such rules.

One could of course chain the rules - there would be no
rule like P3 but & rulec associating LIKE with ENJOY and
ancthey assoctating ENJOY with PLEASZE - and only N rules
would be required, but at a cost of performing, on the
average, the application of %,/2 rules to ocbtain a giver
paraphrase,

There 1% an sbvious arjuzent here tn faver of a systes
witth & single underlying representation for the N words,
which t3 what &4 cofhceptusl syster provides. It 1% the same
arguxent which has been used 1n faver of an interlingual
representation for MT. The argument 18 that, for MT via an
tnterlingua, one needs only N programs (rules) to translate
% languages into the interlingua, and N additional PEOFTARS
T translate from the interiinguse intoc the ¥ languages.
With iN programs 1t it then possible to perform translation
betwewn an arbitrary patr of the N langusges, WwWithout the
interlingua, the pair L, M of languages requires two
Efo3rtama: Al: L = M, and AJ: ¥ = L. The total requirenent
12 then

L 2
E*C =NEIR-11=0({N )
.
profgrabs,

470



Besides theoretically requiring more mechanisz, at
ieast as measured by number of rules, for paraphrasing, the
WS asystem poses additicnal wmemory organization and processing
problems which do not exist in the conceptual model. The
=0t obvious of thege ts the prechlem of multiple coples of
information in BeROYY. imagqine a piychiatric interviewing
progras, for ifnstance, which might be told:

"My father likes to ber. . ."
“"He enjoys gambling so much that..."®

1f the model stores both LIKE(FATHER, BET 1} and ENJOY
(FATHER.GAMBLE) 1t will be, first of all, tnefficient in
BmeRCIY Storage, and, more jimportantly, lacking im
reasonable Bemory organization.

The former problen (multiple storage) could result
irn aberrant behavicur:

FATIENRT “¥hat did 1 te'l you ahout my father, other
than that he .njoys gasbling?™

FEYCHE. "That he likes to bet.™
MODEL

Such repliez could constitute & danger to the physical well
being of the machine harboring the 2odel as well s the
ment4l well being of the patient.

To aveid this problem in 3 XS system, however, would
Bees to reqdulte making all inferences for at less: all
Faeraphrazes, Lf they were distinguished from inferences!
4t s0Re point. Thiu seems bad encough only considering a

paraphrase set such &%
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{LIKE. ENJOY, PFLEASE, BE FOND OF. . . .t
But i1n the above example 1t 12 not just paraphrases of

‘like’ which must be coneidered; those of 'gasble' land '"my
father', for that matter! must be looked at as well, The
proble=s 9 cogbinatorial a#and the number of word-soense
paraphrases possible for a4 sentence With evern sieple
ezxbedding can be very large, as has been seer 18 the
description aof BABEL's applicatian to ehig rask.

The argantizstion probles t8 difficult to analyze
withoul congrete proposals abeout the structure of =zmemory.
The problem 1s how to tntegravte new tnformation inio an
eRisTing memory mode]., Te stofe esvery new fact as arn
stolaved entity 15 clearly absurd, ¥hen words have
gomMcn CORpOofents, however, thase can be used by a
cohicrptually based systen to 8id integration. A 58 pygtenm
can only find the rwlationship through inference. ™ take

& concrete onanple, the two fagrs:

1l The LGreeks DoOlLSORed SOCTALRE.,
td1 focrates swalloved hwemlock.

are rejated representationally in our conceptual systenm,

for example, o6t just by wirtue of being facts about Socrates,
but by virtues cf being facts about Socrates INGESTing
something ithat "momethting' being an unspectified poisongu=
substance 1n Ope -ase, hemlock® (n Lhe other! . Thae

trlaticnship betwern *potson' and ‘swallow' can be

discuvered only through fprobably Ltwo of more leveln of)

Par
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tnference in 4 SB system,

%e thus gain two very important advantages in & CB
Ey¥tem over a 5B system:

CE systens DO WNOT NEED TO FIND LINGULISTIC

PARAPHRASES FoOR STORED INFORNATION. The

existence of @ single underlying reprezentation

for paraphrases obviates the necessity of

finding these paraphrases in order to recoghnize

inforsation with di¥faerent linguistic encodings.

CB systems AID IN MEMORY INTEGRATION. The

deeper level of analysis makes explicit

relationships between Lnfor®maLtion in Cases

where the same relationships could be uncovered

only by deduction from & ‘shallower’

representatLion,

Sgmantic pets (such as Simmcons’') do not claim to be
language independent. A simple example from the realm of
MT will demonstrate why no such claims can be made for any
5B system. Suppose Lt LS desired 1o transliate into German

the two English sentences:

“The boy ate the berries.”
"The boar ate the berries.™

In particulay, 'ate' is to be translated by the verbs ‘essen’
and ‘fressen’ 1n the respective examples. If the semantic

nets for the twe sentences both us¢ a single word sense for

L] +

ate' the transiation 18 tmpossible, since the word sense
potentially maps onte f(at leasi) two different German

lexical entries, and the decision cannot be made on
cuntext-Sree grounds.

if, an the cother hand, it is clatmed that the semantic

representations of the sentences involve two senses of ‘ate':
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the translat ion
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1f generation for a 5B systelR Dust L# context
senzsitive to solve the MT problem, then it iz redscnéble T
Ak where the 5B systen d1ffers from the concepiual systes
tn this task doemaifn. it 1% only natural ta look &t
analysis and assume that, as :1s cfiten claimed, {t 1s simpler
to perforn an analysis to the word sense level than 1t 14
*s the conceptual level. To =make this discyssion coRncrete
consider the two examples:

A' Thoutands of public enployees are being coverpatd
because the city council cave in to labor demands,

EF

! Thessnands of public enployees ate being overpasid
becayse the city council purchased an 1BM ol for
for the payroll Jepertuent.
iFurther rescafch 18 nevded on why ‘city councal®
exdmples are inherently usetul for M7 related
problenms. !
1t i3 reasonable to sassume thaet many languages will
reguire di1fferent means of expressing the two "meanings' of

‘acverpaid’

OVERPALIDL -- tal1d more than the valur: of the work
performed

OVERFPAIDS -- pal1d more than specifted Ly a contract
Clwarly a greoat deal of welli-directed deduction will be
regquired of 3 Systelh To make this distinction. If it 1=
net made during snslysis, then 1t sust be done by the
FOLRULALON . tHere the standard assumptien 15 bDeinyg made that
everything done after analysis in BT can bhe termed

"Jenerastion .| Thieg of course inbtroduces & whole pew



cemplexity inte the concept! of genersticrn, Fufihermore,

it means Lhat znalysis wil)l Have B-gged +7Ff the truly
difficult pertion 2f _he task, &t least in this example,
Bttt & better arjument car bo Jtven AFJALINSE cons;dering thus
a tagsk for the generator. ¥t these two rxamples were J3ive-
to & O=-A system, which was then asiked:

"Are the epployees legally obliged to refray the
TtNtra money?™

the answer depends in part on makXing the same Zistinct jene
abaut 'overpaid' as weore reqguitred for the MT task. The
distinction 1s ne longer nhecded for & linguistic PUTpOSE
howaver ., Rather than cleim that the di1sarbiguation sheuld
be made by the joenherstor 1o sp BT Task and a memnory mode !l
in & g-A system, it 15 WoSY consistent TO have it =ade as
a part of asanalysis 1o both cases. Such an analysis regu. ten
LhAL the S8 synten have The same sort of sophisticated
COmRMURLICATION botweon 1ts anniysis algorith= and general
deductive syster as (s regquired in a conceptual frameworhk
in this discussion of the relative mprits of W,
iB, antd CBR representations, ne clats of uncond: t:i:ona.
Bupericrity Yor one fore of ropresentat iR wWaS rade, Gawver
any ~! the three altermnatives, problemss could be designed
for which that alrternative was §n fact preferable and ol
Ren Sive Yhe appesrance of " ntelligent® PEOCOS s g, We

Fave strossed the ynderlyirng components cof tasks which make

conceptual repfesentation the proforable alternative,
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SUMMARY

In order to attack the problem of natural language
ati1on, 1t wan firet necossary to provide a defimitiop

is problem, This was done by coneidering a design for

a4 Jeneral paitposce computer system FOr communication ip

bLutman

seedmed to naturally €11 one's intuitsive feel for “geoneration™.

language snd selecting & reqguisite subprocoss which

The subtaskh choren was that of BMADDLRG meanings inp contex?s

into

EinGLe ECRTOnCES,

togt

conds

repre

r¢gwd

af an

¥ attempt has been dade Lo give & hard and fast
for what constitutes a meaning, bBul Cefialn St¥ingent
tivne were placed on the "objects’ whicrh served as
EentatIions of thowe meanings. Irn particulasr, it war
Fard that these repres+ehtations ke free af the syntax

y natursl language, asd free o! the words of any

particular natural lancuage. More precisely, the meaning
E 3

Tepre

£ b o

(LI A

any L

TR A

sentalions weoebke cOoBRposed of felations between

Btaty units, Therte was no general mapping from singie
'2f relationsl ftrto grouvps of words, nor wag thorte

rdication within the Eeaning representation of which

and relations wefe 1o be combained inte sipgie

binguistic ent,ton cwnrds nr Syntactic foatures),

LR TR |

qLCnig

The cuntexts in which meanings afe realised gre

ied ornoa mems 1y mode | The gQunerator has complete

5 T the wots kpowledae, hehavicouye belivcin, and

;A



solweponioe Lapacity ol this model. A RITT e ReanRlhg Bay L
Foaloded with diffeorent surtface strepgse n Jiftoring

e htewxt g,

We have triled to sepafate the Dot | s I ‘I_."'”-"S":“"“‘
v clfic 1niormEaTIen, ©f wev swiely bn the task of Fedabaidic g

* Reating, and nen-linguisti. i1nformalice, Wwhioh may be gued

vr lahduade Jefcrations bul is slse uwawfal 201 processcs s,
1o tRfElenoe OF ReDROFY Grganizal fong
canguage shec tflc ont dmatich apd PEOCeases Must ba

fuily sproafivd as part of *the Tase we hE8We _alied

TFenofabt ionT, it owouwld thoes be unac.eptalle to have "Eia. s
Les™ funotianse of the forszs MAINVEHH | concoptualization: .,
=My Wy od Feturr a verth t0 b gaed n o Fedalidrng

LhRoeptualizations ., or PLUHALD t-word-: o feturn the

tlurae, tore =f &4 worid, Hoen-lipguist le prolvsses wora
Treatad orn "tlack bBux® fashion., howover, We did not reguilte

-at o omededl te npectify how ' preditate |(PROPERTY TABLE!D

FLUIL: wwuwld Le vvalaated, ot how untormatioun about Time
telat, nships 4% stured in seRory, BABEL duwwm, w! course,

spt oty FThe purnty bn the generat ive pPocves at which these
blace EBomke$s are ac  ossedd, In othey watdse, while the generatlos
sttt Lo indepesnient ! mes o ory capabilities, thute ta oA

whSt s witourt IR The ty-tem dieveioped oo ThHis thesld Lo
Bake Yhe Gefwefator an (hidefeodent ag possible w! details

Fofu by wifant gatyun and b censing.,

Sy



This leaves apen the gratus of a third sors of
informaticon a language Jenorator zight conceivably uwtilize,
Thie ts tnformation which is uswd anly for language
Jenerati1on, bat 18 not apecific ro STy Bingle natural
language. Irn & sense the data structures of BAREL
'EISCTImINAtION NetS, Concexican wntries, 8Tc.t and thwe
Foutines which manipulate thes are candidates for the
3tatus of "generartive uniVersals®. Such was CuUr 1Rtent
in designing the syntenm, Buf a8 yet ocur attempts to
FeNerates lanjuades atMer tharn English have not bheen
sufficiently extrnsive to make a8 truly cenvincing claim in
this arca.

The actue}l jrocess of Jeneration takes place in two
phases, The Tirst phase, which 1% the one enxphaetired
thfoughaut The thesis, consists of COnStruUcting a syntax net
Ifom 4 mecaning Stimules, To accomplish this (¢t 13
DRCCEEATY Lo thaoose words 'sonsexl to eXNpresy mosanings, and
t< relate these words sSyhtactically. The Qreatest part of
the word selection 1s nandied by discrimination nets. &
BETL 0! "synthesis by analysis™ procedure inspects Lhe
Etumulys, detect ing patterns and Traning® which are
Fignef i ant for word <eleoct jon in the targes languagwe. A
Ireart doal of canceptual and contextual informatiocn must
e artrssilile ta diwtingu. sh between cendidate words, andg

PEHSL anleFente Capuabii it ies munt be itnvaked a¢ Lices.
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There are Two math soufces 0F the indfcimation froe

shich BABEL e#tablishes syntactic relaticnships between

worTds. Kord Ss€nEcs afe SSsoclated with syntactic predictions
&
+fuound in the concextcon file:, These predict one Ihdicat.

the Syntactic fole t'o be plaoyod Ly 4% yeut unrtealizea

[

conceptual information. That L&, concehtual relations 1o &

9

-vaning stimulue do not correspond directly tu syntactac

Frelatians., But cnce 1t has peen partially determined hows

e

nat stimulus will be eapfvssed == e.g., what verh wi!ll be

4¢3 - 20me CcOoRCehtudl-syntactic Corfruspondehcon can bBe

cade . The predi Ti1ons set up by wobrd mencses 1hRoclyde Dot

Shaly Byntactic relations, but prfepositions te be used, Thus
*he modui tfeales prepositiong, 'O & Freat extent, 4% words which
Englaish rather (apriciously uqses to relate other Se&nings

tng s 1t has been decided how These Beahings arfe to be
CEEY e Rsaed,

The second scurce f inforeation for establishing
Eyntactiie telationships ks the LANGUAGE SPECIPIC functions.
These handle notions lisw TENSE, which avre Tequirfed ih the
target language but which are net cEpressed with words which
Fealidse a poftioen of the ronceptual stimulaes.  They also
tandie ronceptueal anformat,on whiobh may te present in the
stomulas Luat nut! predictatle from any word guravrsaed i the
prucess: L f rFealizing that =t . maluas. T tin onceptual PART

ated P L Pelatbtondg, which ate both fealized with a

%4



sYNtactic possessive in Fnglish, are coxamples of such
information.

The svrond phase of generation linecarizzes the
previcusly constructed syntax nef. This 18 accomp!liabed
through the use of a&an Augmented Filoite State Transition
Network grammar. This grasiar Lhacorporates lanjuage

specific, but @eaning independent., knowledge -- €.3.. how

verbs must be tntlected to oxpress a particular tense, or
the arder of constituents in a noun phrase, This prodess
accesses neither the conceptual stimulus nor the moenory
=odel.

The tesult of this destign 18 a pigidiy "srratified’
mode i, It assumes the existence of some language-froe
procens (EHAT-TO-5AY) which decides or intaormation to be
expresscd, The first phase of generation (SYNL4&X nel
construction) operates on this information and deals with
all *hat tnformation which Telates meaning to languadge.

A firal process lnet linvarization) operates on the output

cf this phase and deasls with meantng-free aspects of language.
fyuch & Beqguential processing represents & ‘fairst order’
approxination Lo an itdeal generator. & more Bophisticated
model would treat these aspects of generation &% co-
prToCesues, pefmitting far more nteraction Delwenn meahing
pased  oppetations and the develeping surface detall ot

The fohtelRie,

I'\fh
=]
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In testing the model only one Deaning Tepresentation,
Conceptyal Dependency, was used, We firmily believe, however,
that netther the detasils of this representstion nor even Lits
wo#t basic properticves, (primittve ACTSE, o conceptual case
iyREten) are exgential parts of the genefative theory
developed here. The language specific information, which
makey BABEL produce English, has been mady quite visible and

caEyY TOo Change. it 18 repreosentation specific intormation

which makes BABEL work =ith Conceptual Dependency
fupfvsentations. This irforsaticon, from a programming
viewpoint, 12 mote deeply esbeddod 1n the model. But even
tt could be altefed to accommodate a radically different
Topfoesehtatl ion withowut Slteritng the basic Fenctative LthoeQry
enpgodied 1n the progranm.,

In retrospect, we feecl that the specific task swlectwd
for atudy in thiz thesis wam s resscnable one. It would
have besn posslble to define “"generazion™ i1n a broader senze,
vither &y including "meaning selection™ art the stare of the
task of by rFemoving the Single sentence restriction on the
GOTPWE . But tn spite of jgnoring these problems we feow!l
thatl the resdultant theory could be extended to dval with
then without fequiting df¥astic itnternal change, At the
=a%v Li%v, the task chosen was brosd enough To encompass
the major language specific aspects of even 3 Buch mOPe

all evncompassing view of genvration. A pattower damain

JEY



might well have led to unwarranted assusptions abosut the
capabiittivs of other procensys and thereby to & noh-

extendible theory,

Faycholeg: af Considerations

Throughout thie thedisn BABEL has been refeptred to as
& "generation maode ] 7, in hindstght, The use aof the ter=
"model™ was probably rot a4 wime {dea. Qur 908k was to
CXDIEES TeANINge 10 languaje. nocl to produce sentences by
pPrecesses dtepwine analogous to thaoase ysed by humans .

Regardless of our intwentions,. 1t 18 drfficult ra
aveid psychological speculation 1n looking at & prograns
shich performs an intrimsstcally husman taey, Brcocause ou:l
tmplercontatian wtil.2es Concepiual Dependency, &
Fep¥esentation for wt i h scoe paychological validity has
been claimed - fl*, sugh sperulations are ceTtath To be =made
by cthers,

One mi1ght &858 what sotts of predictions BABEL,
vivwed as a psychuologucal model, malNes abour chaxervable
human lanjuage Jensfa*ion. Stmply looking avr isclated
sehtencrs proaduced by the program 18 unenlightentna, The
sentences arce ‘grammatical’ and ‘meaningful’, but clearly
=uch =more limited o ayntactic vatiety and moaning domain
thah those of any buman speakor, Bur no particular syntas
e meaning limitation appears tnoherent in the methods used.

T



Of mofw Ltnterwest .4 the fact that BABEL makes no dsclsion
abvout splitting infviBaticn 1nto senlences. Thus, we Could
devise concepiualicattons which would yield very long orv
deeply nested sentences which would not be observed in
human greoerIaxiicn == ..«

*"John heard that Biall told Jia that Mary . . .°
it 48 conceiviabie that thie 1% net &h AFGument against the
seychological valitdity of BABEL. if Bocne conceptusel procesd
viperating tesporally pric: tu BABEL selected sentential
st@e informavion chunks, then RABEL could rematn gnchanged
arnd would not generate such awkward sentencess. Intuitively
it Swums impleavsiDle that this fragmentation could take
plage pricy to goitwfation, bHut Bt 13 sizply not &
pehavious which 1s revaedily cbservable L1n humsans.

BABEL alsoc waites predicitons about pal aphrasing.
Actual exporiments <Jé* indicate that huymanys can producs ths
kinds of paraghrases produced by BABEL. 45 well &5 BYyntactic
angd "synonys substitytion™ paraphrases. So people at least
have the knowledge that, for instance, "give”™ and “ger™
have the sage, of cliosely reiated, meanings. Such
XperlCenty are subject to two sources of confumsion, though.
First, when subjoecis afv GLveh Sullehceds to paraphrase,

they &fe¢ sStartting with linguistic matter. BABEL starts with

neanifigs. There 18 no way to observe what part of the

subjects" bebaviocur 15 & rtesult of his Rnuwiedge about the

8%




particular words and syntax of the stimulus senten-e, and
what s dug to 1% AN i, Serond, sublects will 1 ffer onm
their inierpretat lon of 1nstructions to “paraphrase™ a
Soflencs, of produce sentences which "mesan the same thing™.
There 18 RO PfOofFFfect answer (0 the t43k; vach subiect may
have his own interpretat:cn of just what he 1s to do,

The most -~ lefesting prodictions made by BAREL are
perhaps those whi~h make word choice a function of conteoxt
and world knosledge a3 wel! as geaning. Abtlity to test
such a predictior ts &ga.n limjted By the tEpossibilivty

L]

of presenting A% & stimujus to A huSan. We

§ .tr wants
might try ar experiment using pictures r&thar than Sefnterses
te avolrd limguictie Llases imn the stimulil. Using sequences
of Eovie sTeres, se isid set ugyp 41 ffering contexts for some
‘target’' scene. BABEL would predict different descriptions
2f the tarjer scene tn 341 ¥fe7i1ng contexts. ¥hile such an
fxpari®=ont might well ‘coifira BABEL'S predictions, i1t would

feave 11 douybt *re guosticn of whather the CORTOXT wWis

affecting the genctation of language Lo exprest moahing, or

mefoly affe-ting the analynin of the sScene,

Father than loock at predictions sade by BAREL, anc
could =rrely winspe st the payshological evidence available
prrtatning o langdage generation. Agsain, the inability o
Efeatt A pure Teahind stibulu% severely l.mits
edpefimentatiGn,  We an lugk &t wtritten and spoken

{1



swhlencez, but this reveals vittuslly noethiug of the

@cans by which these sentences were produced, which is what

we are intercsted in. More useful 1w terpocral and

ENLECipective L1nformation:

Lk sentences are spokasn fros "lefr to right!

+7 pPausSes between words are Irtogular: it sonmutimes
apbears that part ¢f a sentence 18 spoken before
the words, or perhapms the 1deas, for the remainder
cf the sentence have even been determined,

i3t the ‘tip of the tongue' phenomRenon -- people are
sSGReLibes positive that they know the =meaning

they want (¢ @xpFress, but just can't find the
ward for it,

Now 1) provides very little information; ¢ deals with only
the tip of the iceberg. The AFSTN grampat #4ps SYntax nets
Lnte sentences from left to right; an slgorithm which

reads off terminals from a phrase marxer does the same.

tl) alone simply doesn't tell us anything aboul the arder

in which words snd phrases are thought of, it one is
willing to accept that pauses are tndicative of time taken
o choose words or idvas, then such pauses are eovidence
agarnst BABLL. This 18 because BABEL produces an entire
s¥yntax net before beginning the linearization process. This
PrOoTess 18 carvried out by the AFSTN grammar, and the only
pauses 1t predicls are due to difforences in complexity of
iyntaciic processing == that ts, processing of TENSE and

VOICE, vonstruction of noun phrases from thetir wlements, etc.
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If the pauses reoprfesent word selection pProCessing,

then BABEL fails becduse the syntax net includes all words
gsed in the sentence. Evern in the creation of the syntax
net, BABEL doe= not operate on information in the order
tn which that information appears i the surtace. Kathel,
1t chocses verbs befors reo3ll2ing the information which
pecomez subject, dircogt objiect,. et This 15 done hecaung
*he sclection of a4 vert i= used by the proorve=x, as has been
described, to guitde the geoneration procass. v dges not
see® that the sviection of a subject first could be used
ra guch computational advantade. fecause of Lthis nom
*purface order® processing, the faclure of BABEL to catoh
apparent human periormance . thi® area could not be dealt
with by Rerely argutng that people spusk words &8s they thaink
of ther, and that therefote The pauses are dus to processing
times, predicted by HABEL, utes irn finding words o express
1deas.

1f, however, the pauses arc geen a2 Liswe spent
generating ideas, then T becomes necossary Lo =ike generatior
IDECF&CT with the WHAT-TOU-SAY process. Such & model would
decide to talk aboul soke mempry node MIES; while deciding
how to express MIEY iax & sen*ence subject, perhapsl, 1%
would Le choosing conceptual 1nformation Lo exprevss about
MIES, The pracesses of idesa generation, word selecticn, and

syntax become feftibLly intertwined, Even Jiven the great
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gyntactic vartety of naturai ilanguasge 6! English, &t any
fatwl, it wowld be d3fficuit to averd blind alleye vreguiring
b-ack - of . Froe a psychologrcal etandpoint, howevwet, such a
medel might be preferstle tc & computationally more
efficient one,

The tip w! the tongue pheonomenon 11 iw not predicted
by BABEL. A prediction 1s made, however, that words which
canvey & givat deal of conceprusl information and which
have to be discrimineted from many 'simitiar”® words will
Take jonger toc jetrieve thar jess ‘compliex’ words, That! 4=,
BREEL does tresat wotd selection at & gulte dlrfficult task
and rnot as a QueeTion of simety following pouinters from
‘concepts' to words. 1f the tip-cf-the-tongue feeling i&
w*i4tl 1t seems, rther BABEL's treatment 18, to BOBw oxtent,
reavychologically corrmct ,

In summary. BABEL does not provide anything like an
tntuitively adegyuate psychological model of the vast Froblen
“f languege generfatilon. Some nadeguacics could be cured
=ithout major revision of the rmode] ialthough possibly
with lcew of copputational efficiency!l; othere would requlre
thanges to some of the pasi: amnumptions of the model. Since
af Goals un ConstrucTing this RroOgYam wele Root in the datva
8 pesyclvlogical moedelliing, however, suth r1evisione have

rut buen attemplteg. le 18 entively possible that furthor

researcl, pattacularly In that 4Fea we have termed

89



WHAT-TO-SAY, w:1! reveal a gtecater unity of process between

good psychological models #nd good compurtational models.

The {Kear or Distant) Puyrtyre

Many problems re®main to be solved before computers
become uwusaful devicesn for the production of human languaoe,
Open any book, choose any paragraph ialmost any gentencse,
for that matteri; 18 virtually cerftain to Bring up some
guestlons ot eve: "fudged over', ouch less salved, in this
thest ., The following litat includes some of (what curient iy
apprat o bed) the most fpporvtant LEfSues:

ill Many arcas . f nmeaning are not readily tepresented

using only conceptual structures thuys far presented,

Ea Spatial relations nred &8 unifore treatment,
A model based on physical reality (g almast
cortainly desirable tn the reprosentation.
But finding these relationships from the
natural Janguage construction? used to
descyibe them will require consitderable
knowledge of normal spatial relationships
in the world, "aA fence around a vard,™
“"chairs around & table®™, and “pecople arcund
# fireplace™ asre guite different spatial
“around® relations,

() guantification han bren theroughly avoided uin
thi1s throeis, What are good reprepentations
ocf the meanings of sehitences whitch une words
like “cach™, "ail", "some™, "few", etc.?
Or sentences like "The stateMent was widely
disbelivved® or "The war caused great misery?”
Khat rroechlems may arise in the generation of
such sentences?

P L]



e Nouns which name neither physical object
cilasges nor siEple cvents &fe comECh in
English. What should be done about words
like “"war™ and “"party”, which represent
large complexes of wvents and situations?
01 velation namking nouns, fike “father™ or
"bprother®? Oy nouns like “"present™,
“"decrsion®, and "miatake™?
tdt Verbs and adjectives which depund on
detailed phyastcal feastures are d3fFfyicult
to represent fn terms of the conceptual
e chaniens uysed by BABEL. What consritutes
“dancing” or "marchtng®? Should “spurred®
and “striped” be represented . nore
Frimitive terms.)
Thesy are but & few of the fepfesentational Juestions yet to
te solwved, Et iw entively possible that they are purely
reprfesentationsl juestions, and will present no particular
difficuities for generatiorn once solved, On the other hand,
we Day not be 8o lucky.
i Eh kow should a given oblect be expressed! The sase
purson may be sioultaneousiy “Birlil*, “cne of
Guorge's coustns®™, and “the man standing on the
corner™. Of primary congcern here are the QuesLions:
‘11 When dovs an object need to be uniquely
sprcifted and when are only certain of jts
properiies of interest? f11) When an obhiject must
be uniguely specified, from what set of obiects
Bust (' bLe evxplicitly distinguished by the
language chosen tc rfealige it:? i"thy spare tire®

tlwarly veters to the one in the trPunk of Lhe

Laf with &4 flat, nut to any of the spare tites
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in trunks of cars gqoing by on the roady.

{3} To what extent must sSyntax interact with word
selection? The beginnings of such interacticn are
discussed in Chaprer 7, where the notion of
syntactic compatibility was introduced., Hers we
were dealing with aoun-verbh diffsrences., BRBut =more
cosplicated situations required gredater sophisticaticn.
In generating "John asked Mary to 5 the exbedded
gentence 5 must have "Mary® as a deleted logical
eubject, Thus if the meaning underlying 5 were

o a I---—-&‘ﬁ!:—i—‘
.Hin?‘ N 'ﬁ'l'#*}iﬂ‘*t-- ‘laa:-"-‘---i

" mm—t TMARY

it 1% alright to choose “give™, which cakes “Mary™
the subivct, 48 the main verbh of the embeddeod
soentence, bBut ROt airight to choozxo “receive®. it

is simple enough to devise rules teo block the
generation of such sentencer in the AFSTN stage of
generation. To forsee the problesm and aveid choosing
"receive" i1z smuch more difficult.

f{4) The conceptualitzationesentence relationship should
be climinated, it should be possible te express a
large conceptusl network as & seguence of sentences.
What are good rules for organizing the information
into individual sentences? To what sxtent are such

233



rules dependent onr the information content of
the network, and to what extent dependent on
iltnguistic considerations?

L&Y At what point must Lhey generaroy grtuaslly worrey
about potential asmbiguity in Lts generated septlences’
To what extent does this feguife the generator to
incorporate, or have access to, & mode. ef language
analysis?

L b At what points in the generatlion Lrocess shouwld a
podel! ©f the hearer’'s world be ftaken nto
consideration’

T The WKBAT-TO-35AY problem remaln® & huje obstacle to
many tasks involving natural langusge gunergarion.

A theory of information flow in COnVOrESETIONE 18
needed, as well a: better Selory organization and
scarch techniguus than any now exitsting.

Perhaps the most fundemental problem to be faced by
tesesrchers in natural language processing :3 & methodological
ane. As we progress more deeply into the interactions
Lutwoen knowiedge and language, we arve forced ko limit the
domain of inveavrigation. This can e done on & linguistic
level, through limitations of wvocubulary and syntax, on &

copceptual level, by limiting the warld af diyscoutde, and

ot a task level, by designing algoritnms specifically for
sachinw Lranslation oy gueslion AansSwering.
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The art of choosing & limevred yor fruieful domasa s meiil
inn s3teg tnfancy.

¥e helieve the work described 'n this thesiz Fives
teason te be confident that machines will someday ke able
to CORVETrSEe Wlth hymans (o natural language, But [ooking
ar thy many praoblems which remsin the area of generaticn
aione, we See No reason to claim to have yet reached the

proverbial corner “"asarcound which the solution 1% just™,
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NOTES

CHAPTER |

l. The proper organization of a ronceptual Cemary s stil.
an unsolved problem. AssCcisative networi structures are
coemmanly proposed for such cemorlies. Riege: .4+ describes
a mode! based on concepiual representaticns,

CHAPTER 1

l. C.D. separates the "mind' 1nto three areas CONBCICus
Processor, [mmediate Nemory, and Long-Terms Hemory. The

nsture of these mental locations, and some psycholugical
and linguistic ramifications of this divietaon, are
discussed 1n <3},

<. The guestion of whelher conceptual repregsentations
really can provide 8 Canohical form for & Given ‘meaniog”
Tannct bLe sansweled without! some itndependent test of megn:: 2
ihdentity. Gf far greater importance 1% the property of
similar representations for mimilar Teanings. If thne

input had been “John told Mary that reading the book wouad
Fick her up® the conceplual snalys:s would not have beern

tdentical to 'HI, but would have been very s:milar. In
particular, the "Benefit' scale would have been replaced
by scme less genoral one, like *J0¥*, 1B} would be an

itamediate inference from this representaticon, and the

remainder of the jnference path described i1n the text could

be foliowed.

t. Xe shall use Lne notatlon CR i"language string®) to

stand {or the Conceptusl Representation of the “ijanguage
£ 3

ELTIng .

CHAPTEFR 4

i. W .hall discuss 1n Chapter 7 how many nominals and

sdvert ials also convey a great deal of conceptual 1nRfOrmACLIOn.
From the standpoint of word selection, we will show how

these can alac he handled Ly the sechantses gyscd for verbs.
The nominals handled by the curzently izsplementy.d BABEL.
however, 4re simply names of objects and peocple and do not
Lfveak up tnto large conceptusal Structures.
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- It may be rlateed that condition (C4=%) 48 *op weoesk faop
the choicr of the word “return®. Events w=hich lnterverpe
between TU and Tl, such a5 Mary's selliing the book, might
make "return' inapplicable. English Speskers undoubtedly
have differing reguirenments for the use of the word, aad
until the sode]l 15 actually tesred tn &4 realictio
application, 1t 13 impassible to say how complex a tesrt
will be necessary to cobtain resscohable realizat:i:ocnz, The
Point of the example in that, whatever conditions are
chosen, they will neicssitate AICCEENING the MeNOry s world
model.

L 3 In & running model one would probably not want to make
the absolure distinction made heye beotweesn "Finding' the
feguested information and ‘proving' e, Ratheor, the
xemory would probably be asked to slliocate & given azaunt
of efforr to voartfying tne | nfarmgtion. In no case woyuld
“e want ta acftually turn » theorem prover loose spending
arbierar:ly larde amouynts of time on Such & probies, since
faitlure *o uwtilize the *bheat”’ word in certatnly nox
IitAaBrFOuS, 17 uwhould be noted that a model which
Peroitied mul® iple represcntations fO0r &4 given meaning
would te muych lrese [iKely o be able to find the :nformar:cr
alresdy stored and thys would generally have to 4ttemnt
ctony sGrt of proof.,

CHAPTER &
l. There a¥te *wo aspectn to the retrieval complexity ww
a¥e hypothesizing. “ne 18 the scrt of complexity tnherent

lh concoeplual representations, which could be made explicat
By defining a complextty on conceptual structures itn much
the =ane fashicr a9 has been Jone for formal grammars <93,
The second aspect 13 ‘evaluation' complexity of predicates
dsed as DO, Those which interact with memory presumahly
dfe mAre time consuming than the simple pattearn matching
Qnegs .,

P30 BABEL currently deals only with eRistontially qgquarntified
“ariables in 4ts coanceprusiilzationn. Little work has bheon
done on the uses O0f guantification tn carceptual structuoros,
and 1% remains 1o bhe seen whether sityations CXIEY in which
Universailly gquanti1tied vartablens wogld a3lse Be usnfyul in
word scvlecrion prodicates,

}. Funetional information is presont barically for
inferenres abrut what &4 person will do with an abhject 1f he
Hag 4t -- drinke beer -- of why he might wWant it == t§
nomegns wants an apple he Bay be hungry.
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Engleon bancs |inguistic distincEiona o ey few of n-
tuncitional relarionships which eXi47 I1n a condoepluysl Zes
See Rieger < 4> for furbther discuyssion of this tSELo.

4. The C.0. represvntidtion of this vert tnvalves [NCESTin:
PEMOHE® py PROPELLIng 1t from some QDI®CT . Ehe "Moo v,
This 13 an example of slaboration' of am ACT [in Thia 3
thye ACT *INGEST®'. C.D. represents this LY telating an
entlte conceptualization (it this case uhv savolving
“PROPEL*! to the ACT &8 an [NSTrumental. F bl T R SU A S
describes the usexs of this “onstruction. *Amear o ¥ R Foatwma ¥
ne new problems or (nsights 1h Jgeneratior, ot - =ot
detailed in this thesis.

. C.0. asssociates a DIRECTIVE case with *INOESTS Simos
all our "INGEST® exampies deal with the *MOUTHE® 23f *ho
ACTOR ags SOURCE and the *"INSIDE* of the ACTM aun 3AL, -
simply omit theno freoem the dragrams. They atw present i
the 1nfefnal Frepresentar jons gaed Dy the program. Jther
Yetbs, such as ‘asbesrb', would use d3fferent valuwes 1o
These Flots.

€. By usang inte iral values in conoeptual representatio
and real valued "breaspoints’ on the soalww, we avard
ZaAKIng Jhoices Letween two appiicabie ranges,

CHAPTER o

K The urder of processing of the two frases which
FeleferCe U] cvould Le reversod, but this wodld have oo
effect an the firal form o! the ayntax nev.

CHAPTER 7

. This s mot rotally true. The prograz Jdoes Dake & fow
ssstainctiend hased oh focus -~ ¢.G., (gdive - Teceivel, (tell
- hear from). In our sepieoentation, th:s 1y sccomplieshed
Ly & predicate in the discr.ainatiorn ne?r which looks for
FOCHE markersin the conceptual stimulus, branching to
different response nodes depending on their presence. To
borr CORapateont with the Suiiest tons wih1of fwilow, we ahoul].d
feally wtafe these responsen at & 5179 e tesponse node.

The Jeserator would then infure me®mory of variouw focdssing
futdib Lt ies 3% had found and allow memory to tnf cato 4
preference, +f st nad one. The contexicoen vntry for GIVEL,
for whanple, wrouid inciude an ndrcarior ot ar ACTOR fo:.8,
The wntry BRECRIVE | would indicate WECIPIENT tocus,

£97



Ll >

L.

(3)

Lqr

&
h"“
W

LA 3

L

e s

“li»

REFERENCES

Abelson, R., and Carrol, J., "Computer Simulation of
Inarvidus!l Belivct Systems™, Amer. Boehav. Sci., Vol R,
Mo, B, 195,

Bobreow, D., "Haturas! Lanquage Input for a Computer
Problem Solving Sysrtem™, in Semantic Information
Froccaning, M. Minsky 1ed.i, MIT Preaw, Cambridge.
Mass., |3a#,

Bruce, B., "A Model for Temporal Reforences and 1ts
Applicatior an a Question Answering Program®,
Artificial Intelitgence, Voi. 3, No. 1, 1972,

Charrniax, F., "Towards & Model af Children"g Stary
Tomprehension®, Al TR-l66, Maszachusmetts Tneriroto
uf Technolagy, Cambridge, Massachusetts, Decenber,
1372,

Chomegy, N., Aspects of the Theory of Syntax, MIT
Press, Cambriize, Yann,, 6%,

Colby, F., #Weber, 5., and BLYf, F., “Art;fticial
Paranoia™, AIM-1 %, Computer Science Department,
frantord tniversaity, Stanford, Califernia, July,
EvTD,

Feigenbaur, E., "The Simulation of Yerhal Learaning
Rebavicr™, in Computers and Thought, Feigenba s
and Feldman todu.), McGraw Hill, New York, 1941,

Feld=an, J.A.. "Some Drcidability Results on
Grammarical Inference and Complexity™, Information
and Contral, lW72.

Fillmoare, C.J., "The Caze for Came™, in Universals
in_Linguistic Theorv, Bach and Hares {eds.i, Holt
Eineharr, and Winston, New York, 194K,

Eyllmore, ©.3,, "Types of Lexical Information™,

®Working Papers in Linguistica, Mo, 2, Novesber,
e |,

Fodor, J. and ¥atz, I., “"The Structure of a
Semantic Theory™, in The Structure of Language,
Prentice-Fall, Englewocod Cliffe, NHew Jorssy, 1044,

296



“]135>

L T

15>

11{11

« 18>

vl

"-22'!'

« 1hs

Friedman, J., "Directed Random Genheratin of
Sentences™, CACM, Vol, 13, Ho. |, Januasry. 1949,

Friedman, J.., "A& Conputer System for Transformatiotial
Grammar™, CACM, Vol. 12, ¥o. ©, Junwe, 1949,

Friodman, J.. A Computer Model of Transformational
Gram=ar, American Elsevier, New York, [471.

Hintzrman, 0., "Explorations with a8 Discriminabion
et Model for Paired Associate Lvarning™. Journal
of Math., Pmych.., VYol. %5, 19468,

Hunt, £., Concept Learning: an Information
Processting Problem, Wiley., New York., 968,

Joocsg, M., The English Verb: Form and Meanings,
Unitv, of Wisconsin Press, Madison, Wis., 1868,

Klein, 5., “Autoumatic Paraphrasing in Eusssy Formar™,
Mechanical Translation, Vol. B, Ho. ¢, June, 136%.

Kiein, §., "Control of Style with a Generative
Grammar®T, Language, Vel. 41, Ho. 4, Decenber. [965.

Loeniin, J., Computer Models of Permonality,
Fandom Houyse, Hew York, 1948,

McCarthy, J., "The Home Information Terminal™,
Man and Computer Prac. Int. Conf., Bordeaux, 1370,
5. Karger, Bazei, L[GV2.

guam, L. &nd Diffite, W., "Stanford Lisp i{.& Manual®™,
Stanford A.1. Lab. Operating Note 6.7, Stanford
University, Stanford, Caltfornia.

guillian, K., ™Semantic Memory™, 1n Semantic
Information Processing,. M. Minsky lvd.t, MIT Prexs,
Camhe 1dge, Masz., LGGH.

Rieger, €., "Conceptual Memory*, Ph.D. Thesis,
Computer Science Dept., Stanford University,
Stanford, California,., 1974.

Fivsbheck, C., "Coaputaticnal Understanding of Natural
Language Using Context’, Ph. D. theris, Computer
Sctence Dept., Stanford University, Stanford,
Califarnia, (forthcomingl.

299



*le> Roberts, ¥.H., “"An Investigavtion of Paraphrasing:
The Effects of Memory and Complexity™, Tech.
Repoart Ne., 60, Human Performance Center, University
of Michigan., June, 1371,

27> Roget's Thesaurus, St, Marrin's Prexs, Mow York, L[9o5,

<28> Rumelhart, D., Lindsay, P,, and Normarn, D., "A Process
¥odel for Long-Term Memory™, in OrganizaZion and
Memory, Tulving and Donaldson (eds.), Academic Press,
Noew York, 1972,

$I1%* Sandewall, E., “Reprementing Natural Language
Information 1n Predicate Calculus™, Machines
Intelligence v, Metzler and Nichie teds.b, 1971,

“30> Schank, R,, “"The FouTteen Primitive Acticns and
their Inferences™, AIN-181, Computer Science
Pepartment, Stanford university, Stanford,
California, March, (9373,

< 31> Schank, R.,, "Conceplual Dependency: A Theory of

Hatural Language Undorsvanding®™, Cognitive Psychology.

Yel. 1. Ho., 4, October, 1972,

< ¥la fehank, R., Goldnman, R,, Rieger, C., and Riesbeck, C.,
"Primitive Cancepts Underlying Verbs of Thought",
itanford Artificial Intelligence Project Memo 162,
Februagy, 19272,

<3¥>» Schank, R., Goldman, M., Rieger, C., &aad Riesbeck, C.,
"MARGLE: Memory, Analysts, Responss Generaticon, and
Inference or English™, Proceedings of the Third
internsticnal Joint Conference on Artificial
Intelligence, L9713,

« 14 Simmons, ®., and Slocum, J., “Generating English
Dincourse from Semantic Hetworks™ CACN, Vol. 1%,
Mo, 10, Nortober FPOT2,

<i%» Simpons, F., "Semantic Networkst Thoir CORPULATiOn
ard use for understanding Englizh Sentences”,

fomputer Hodel® of Thought and Language., Schank and

Colby 'nds,., Ban Francisco, 197%.

T Himmene, R., "Sarr Semantic Structures for Representing
English Meaninga™, in Language Comprehension and the
Aoquiraition of Knowledge, Freedle and Carrol (eds., |,
V.4, Winston and Sons, Washington, 1972,

300



v¥7> Simon, H. and Gilmartin, K., "A Simulation of
NMemory for Chess Positions".

<}g» Smith, D., “"Mlisp™, AIN-11}5, Computer Science Dept.,
Stanford University, Stanford, California, October,
1270,

<3%>» Su, 5. and Harper, K., "A Directed Random Paragraph
GCenerator™, 196%, Intertational cCoriference on
Computational Linguistics, Sweden.

<4C>» Welizenbaum, J., “ELIZA - A Computer Program for the
Stucdy of Natural Lanqguage Communication between
Man and Machine™, CACM, Vel. 9, Ko. i1, January, 1%64.

<d4l> Winograd, v., "Procedures as & Representation for
Data in & Computer Program for Understanding
Xatural Langasuge™, TR-84, M.I.T. Proiect NAC,
Febiruary, 1971,

«4d» Woods, W., "Transition Network Grammars for MNatural

Language Analysis™, CACM, Veil. 13, Xo. 10, October,
19790,

<d43>» Woods, N. and Xaplan., R., “The Lunar Sciences Natural
Language Information System™, BBN Report No. 2265,
Boit, Beranek, and Newman, September, 1971,

<4 Tngve, ¥., "Random Generation of English Sentences™.,
19¢1 International Conference on Machine Translation

of languages and Applied lLanguage Anaivsis, Teddington,

Her Najesty's Stationery Office, London, 1962.

“4%> V¥ngve, V., "Isplications of Mechanical Translation
Resvarch™, Proceedings of the American Philosophical
Socsety, Vol. 108, Ne. 4, 1964.

3ol



APPY YD |

Follewing s anncotared Gutpur praduced by BABFL

PN CONSEructing a syntax mnet Foap o ovhe TrAnceptua, BYlemolus

cis PART

* *!I E {.-un;-—;‘p {Fx W - ﬂﬁ;v
SN - s AMTTHANG W oeeee e PART
* [ommmms #lPR emmme  OHN
———————— — — TR - —-l—'--'——---i-——lii
B
bi Y

£
)’—q-"-t--—-l---'—"i"‘la;
MARY ¢ cewe. @HEAL THa

'I'\ih——-—-l---——--t

*x
b

—— - T — — i — —— —— - Py

* ¥
Cis o CiS  «NDus

Which Cogresponds te fhe chTernal LISF fForm:

‘et WGS D TR
IR 720 070 - 4 TRANGw) MOBJECT ((CON (1RCTOR (BILLI <> {a00x}=
SR T elhF ek TIME QDS FOCUS ({ACTDRI)) <x {TACTOR {MARYI <x>fFe
Pued A Tt T GaHEAL T VAL 418000 TINE (CROBGHI Y FROM (a{Pa REF~
tadet P& 00 TE ta[Px REF (wkwd PART {MARYIF) TIME (CARLS) FOC~
o HRCTDRG

-

Beosgse the ssclirtan of tns stimulus 48 "E™, andg
the AOT os *MTEANS®, the "MTRANS™ discrimination ner

tfigure Sttt | caplayed, The responsc SARYN) 14 selected:

LR



LORD SENDE SELECTED « WARNI
WO SPECIAL ACTIDNS
PROCESSING MCOIF JERS

WNiw SYNTAX NET

HEQOS:  MIOR iDL
vip ICE 18l T4

POk 1S
TENAE {PPA5710
bX LARN)

TENEE, FORM, VOICE, and MOOD are determined, Maxt

the progras begins to process the FRAMEWORY of WARN]:

Iem 0T S5 ING TRAMTUORY

P ZOMIGING NEET FRAME.

SNTAX RELATION - ACTGRU

o USPEL P ICATION « (ACTOR)
P DiAL REULIREMERTS = NIL

~J L GENGE CELECTED o JOHN
WO DIag AZTIONS
P27 S3iNG MODIF ERS

Taom cYNTARE R

TSI N e RPN 2371 s ' NOOB7: LEX 1 JOHNY
2, DR
W, T (&L T4
o ™ (5™
o hle PAST
LW {mAREY

The ACTOR of the MTRANS {(JOHN) is made the ACTSEJS

cf "warn".
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O GIMNING MEXT FRAME;

SYNTAX RELATION - OBLS
FIELD-SPECIFICATION = (10 PARTI
SPEC 1AL REQUIRENMENTS - NiL

WORTE SEWSE SELECTED - MARY
NO SPECIAL ACTIONS
PROCESSING MUDIFIERS

NEL SYNTAX KET

NDODG:  CHUC iNQODEY HRR7: LEX { JOHN]
ACTSRY NOQOTY
MoCn HE N NQBBR: LEX (MARY)

VOICE  {ACT
FoENM 151N
TENSE {Pas1
{F¥ (LaANT
The RECIPIERT (TO PART) of the LTRANS, (HARY),

tbecomes the DBI] of "warn®™.

BESINNING HEXT FRAME:
SYNTAY T4 ATION - 82
ENELI-SPRCICICATION « (MOBJELTY
SPrllAE REQUIREMINIS « NIL

The MOBJECT is a conceptualizatton which has the
skelcton “ERCY (event=causcve=statechangel, Thus the
E¥C discrimination net = tried Yirmst, The responses

FILLY 3 selectoed:
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HORD SENSE SELECTED « XILL1
NO SPECIAL ALTIONS
PROCESSING HODIFIERS

NEW SYNTAX NET

He@be: 52 haat 3 NDO@7: LEX {J0HN)
CBJ2 {NEPas)
ACTSBY  (NRdAT) LEX {MARY)
molU 11601CH

g

¥OICE  {ALTYH
Form 1SNl
TEMSE  (PAST)
LEX {ARN)

NOE1 3. MOOn {INDICY
voICe  talY)

FOim sim
TENSE  (FUTPASTY
LEX (KILLY

The FRAMEWORK of RILL! must be processed next. Aav
remaining FRAMEs for the concexicon entry WARN] iin this
case there are none) are saved on the push-down list.

The first FTRAME for KILLI specifies an ACTSEJ to
be found a3 the ACTOR of the ARTECEDENT of the
active conceptual ztructure, This turns out to be

the node ¥for BILL:

PROTE ST ING FRANT LR

BEGITNING HENT FRAME;

GeTAY TELATION - A0TSRy
FILLD=S1t Cis ICATION = CACTOR)
SErOTAL RREQUIREIFNRIS « NIL

WOEl SELGE SELECIED « BILL
B0 SPECIAL ACTIONS
PRSCESSING mODIF TERS

jos




th e SYMNEAR MR

Hodve: 5O 15001 31 NOB@7: LEX 1 JOHNT
of i el o |
'if TSRy (NRDEBTY NDOBR: LEX {MARY)

MoCU tINDICH

HH?EE (ACT) NeBl7: LEX {BILL}
Fonm isiMm

YEMSE {PAST

LEx ARN)

NOR13: ACTTHBY  EeL7y
nooh (INDICH
vOICE  (ACTH

FORN {51t
TENSE  {FUTPASTY
LEX iLL

“hne next FUIAYT of KLUl epect fip=e an ON2

{direct objecti:

ACCINNING NENY BRAME
TYHTEY RELATION - TBJ
FITTN-SPfCIFICATION a t<z ACIOR)
SETCIAL ROQUIFEMINTS « KiL

The conceptual node tor MARY

was processed eariier, and
LYNIAN MODE ALRE ADY EX[STS: NDOOB syntax net node NE2PE alread-

v GYRIAW NED exists for tt.

NRRDL: 52 1NeBL 3 NODO7: LEX { JORN]
G2 1100831}
£D1SRS 0BRTY NODGE: LEX {MARY)

MCoH (BRs 1HE%

vOICE ALY NOl7: LEX {BILL}
LQin i1

TEHGE  IPASTY

tEs JRF A

M S Ohe (LOD03
A R 1
Mool FITAICY
gl FAME]
if,ﬂ ESiM
1138w (FYIPASH
tE¥ (wILL}
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REGINNING NEXT FRAME:
SYNTAN BELATION = INST2
FIELD-SPECIFICATION « (LON
SPECIAL REQUIREMENTS « NIL

BABEL doezan'® *now that the expression of the itnstrument

{meansl of "killtng™ is optional tn English,

In thits case,

since it is a ‘dumsy’ (the ACT *DO%, which i1s serving merely

4% & place holder), it would be better not to express it,

Nevertheleas:

WwlRD SENSE CELECTED « DO
NG SPECTAL ACTICNS
PROCESSING MOOIFIERS

NEW SYNTAN NET

N@os: &2 Heal 3 NOBR7: LEX
8.2 1N2@D2}
ACTSBY  padh - NOBBR: LEX
MeCh {8310
vICE  1AC) NOOL7: LEM

FORT  iSIm
TENSE  (PASTH

LEX {WARN]

NQOE2:r  INSTID iNREDDY NDOZZ: MOGD
CRJ (PR3 VOILE
RCTSRY ORI FORN
[givi § FINDI0) TENSE
VOICE  ALTY LEX

ronm (5i9
TeNGE  (FUTPASTH
LEX HILLE

Hext the FRAMENORE for DO}l (s processed,

The first FRARE vields an ACTSS2 for “do™:

in?

(JOHNE
IMARY}
fBILL

{INDICH
1AL}
1Sid
{PRESFUT)
{00}



PEOCECSING | RAM DY

BCGIHNING HEXT FRAME:

SYNTAX RELATION « ALTSHY
FIELD-SPECIF ICATION = (ALTORE
SPTCIAL REGQUIRFMINTG = KIL

The conceptual node for BILL

eNTAX NOIE AR ANY ENISTS @1 heel? was processsed ecariter. Syntax
Pl SYMYAR NOT net node NPPLTY exists for it
Lo oo {081 31 NOQ®7: LEX {1.J0HN)

CRkAC (e Pt EE

AL SHL BR8N NOBBE: LEX {NARY)

R HNBIOY

¥OICE {ACT1 HN@Rl7: LEX {Biil})

DA™ iSlm
TENSE {PRSTH

LEx JLARNY
NORZ2: ACTSBY N9l

N CO S L S . Moo 1INDIC)

i T iNPR0E ) _ YOl {ALT)

ACTSEL NROETY FDAM 151

Moch R Hin TENSE  {PRESFUT)

VCITE  &lTH LEX 110G

boi Sty 1S
TENSE  AFUTPASTH
LEx KiLLY

Finally, the FRAME for the OB {direct chject) of
“do™ specifics that, for this ‘dummy” sensc, English uses
the noun "something™, Thiz information {3z encoded az a

SPECIAL REQUIREMENT itn the FRAME:
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b GIRNTNG MEXT FRAME:

SYNTAY PELATION - OBJ
FIOLNSPLCIFICATION « (DBJECTS

=k D1AL REQUIREMENTS = ({QTHD SOMETHINGH)

Bl QYNTAN NET

v, oo 10D 3 NOB@7: LEX { JOHND
i 3y 1HED051
ACTSHY  1NRROTH NOD@E: LEX (MARY]
roon 1IN
¥OICE  1ACTY NOBi7: LEX {BILL}
EQun iSIMy
TENSE  (PASTIH
LEX LWARN] NO2Z: DB {NOAZH)
ACTSBS (N@@17)
NN S INSTY 2BElD rao0 {INDIE)
Ot {NQDDEY VRICE @alh
AZISBY PRy FORM {Sim
s {INDIC) TENSE (PRESFUT)
vOIiCE ARLTIH LEX (B3}

FgHN 15in
TENSE {FUTPASTE
LEX iiLL) NBOCH: LEX (SOMETHING)
No FRAMEs remain for D01, and, in popping the stack, the Programn
finds that none remain for XILLI or WARRl, either. Thus the syntax

Aet i3 complete and linearization produces the surface form:

.ol WARNE DI TARY BILL WAS GOING TQ KILL HER BY (OING SOMETHING)

Jog



