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ABSTRACT¢ The paper describes ga system ot semantic analysls and
v= generation, Programmed in LISP 1,5 and designed to pass from

paragraph length [Inputin English to French via an {inter|ingua]
representation,A wide <class of English input forms WIl|| be covered,

_ but the vocabulary will initially be restricted ¢t0 one of of a few
hundred words, With this subset WOrkinf , wis during the current
‘year (71-72), It Is also hoped to map the Interlingua] representatfon

L onto some predicate calculus notation 80 as to make possiblethe
answering of very simple questions about the translated matter,
The specification of the translation system ltselfis complete, and

| its maln points of interest that distinguish It from other systems
are:
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1)It translates phrase by phrase----with facilities fop reordering
phrases end estab|ishin@ essential semantic connectivities between
ther - - - b ymapping compiex semantic structures Of "message" onto
each phrase, These constitute the .inter|lngual renrasen as lon to be
translated, This matching is done Without the explicit use of a
conventional syntax analysis, by taking as the appropriate matched
structure the "Most dense" of the alternative Structures derived,This
method has been found highly successful in earller versions of thls
anal ysis system

{1) The French output Strings are generated without the explicit use
of a generative @rammar,Thatis done by neans of STEREOTYPES: strings
of French Words, and functlons evaluating to French words, which ars |
attached to English word senses in the dlctionapryY and built into the
inter) Ingual representation by tha analysis routines,The generation
program thus receives an interlingual representationthat already
contains both French output and inplicit ©orocedures for assembliing
the output, since the stereotypes are in effect recursive procedures
specifying the content and production ©f the output Word strings,Thus
the generation program at MNO time consults a Word dictionary or
Inventory of grammar rules,

1t Is clained that the system of notation and translation descrl bed
isa convenlent one for expressing and handling the Itens of semantlc
Information that are ESSENTIAL to &nyY effective MN system,] discuss
im some detail the semantic information npeeded to 6nsuUre the correct

choice of output prepositions in Frenchja vital matter |nadeauately
treated by Virtually all previous formalisms and Projects,



Eo - 1.2)Introduction

N ] call what follows an Artificial Intelligence (Al) approach to the
- problem of Machine Translation (MI) for five reasons!

1)When fully developed the System to be described for representing
natural language wil contaln within Itself two methods f or
expressing the content of any given utterancetone logical, the other

. linguistic, in abroad sense of that term,l%t is at the present time
an outstanding question within Artlficlal Intelligence Which of these

” general approaches Is the nost suitabie,In that the Present system
has both representation capablliltles, it should be able to compare
ther With a view to throwing some Ilght on this Importantdispute,

L 2)lhave argued clsewhere [14] at some |endth that t he space of

meaningful expressions of a natural language cannot be determined or
. declaed by any set of rules Whatevepeewswwe|n (he waythat almost al|

linguistic theories implicltly assume CAN be done,ThatIs because, in
common sense terms, a speaker ajwWways has the option to MAKE any

| string of words meaningful by the use of explanations and
ve definitions, However, any working system of |ingulistle rules does

implicitly specify a «class of acceptable expressions andso,

I indirectly, a class of unacceptable ones, The only way ol combiningt hese two facts of !lfe ls to have a nodifiable system of I Tngulstle
rules, whlch was Inplenented in an elementary Way In an earlier

| varslion of the Present system [133],
3J)Another aspect of the Al approach, if one can use that phrase, has

: been an attraction to methods consistent with what humans THINK thelp
methods of’ procedure are, as distinct from more formally motivated

~ methods,Hence the attraction of heuristics in, Sa¥, Al approaches to
theorem proving,The present systemis entirely semantics based, In
that it avoids the eXpllelt use of a conventional I ingulistic syntax

. at BOth the analysis and the generation stages, In the analysis of
Input , syntax jis avoided bY a tenplate systemsthe use of a set of
semant lc forms that seek to Piek Up the nessage conveyed by the Input

: strlnPg, on the assumption that there [8 a fairly well defined set of
basi ¢ messages tha+ peonle always want to convey whenever they welte

| and speak; and that fn order to analyse and express the content of
discourse It is these simple messages~w=-such as that ‘a certain thing
has a cGertaln part’ for eXamp|®e~=~= that we need to locate, Again,the
overall representation of complex sentences Is that of a linear
sequence Of these message forms In a real time opder ,INnterroliated by
conceptual ties, rather than the hlerarchical tree structure
preferred by |Induists, FrOM the Very common sense forms of

expressionI have had to use to express this method of attack | ¢ wil i
be seen that the meghod itself is one close to ordfnary intuitions
about how we understand, and somewhat distant from the concerns of
formal grammarlans,
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4)The French generation Is done Without the explieclt use of a

generative grammar, In the conventtonal sense, The Interlingua
representation Passed from t he anajysls routines t0 the generation
ones already contalns, as Part of the codlng of the English Input
WOoprpQS, French 8t8r80typOS~=~-~=stpe|Nngs of Frenc¢h words and functions
that evaluate to Fpench words,These functions are evaluated
recursively to produce French output, and the stereotypes thus
oonstltute both French output and ppocedures for assembling that
out put properly,NO other inventory of Frenoeh words OF grammar rules
ls ever searched, and the stereotypes oonstituie a principled way of
coping with linguistic diversity and lrregularity=~==since individual
words have thelr own Stereotypese~==~wWithout recourse tt o what
BareHi | |¢|[1] cal Is "bags of tricks",

S5)A point related to (1) but Inportantly different is that of the
"level of understanding” required for MTe.]t would certainly be

uninteliiligent to develop any level of understanding nore complex than
ls required for any task, and It ls hoped (hat bY the methods
described |[t mmny, be possible to establish a level of understanding
for MT, sonewhat short of that required for question answering and
other more Intelligent behavliors,Whlile agreeing wlth iene’ sts?
unexceptionable ",,we now have as a touchstone _the realization that
t he central operations of the Intel |lgence are,,,.transactlons on a
knowledge base”, it is hoped t hat for | MT I Ingulstic, Or
linguistically expressible, knowledge may suffice,

1% is tha semantic approach that |s Intended to answer the quite
proper question ‘Why Start MT again at all? The generally negat|ve
surveys produced after the demise of nost of the M research Of the
Fifties In no way established that a wholly new approach | ike the
Present one Was foredoomed to fall ===0n|Y that the methods tried so
far had in fact done so0,At this distance In time ,it is easy to be
unfalr to the memory of that early M work and to overexaggerate [ts
simple asumptlions about |anguage,But the fact remains that alnost all_
of It was done on the basis of naive syntactlc analysis and Wlthout
any of the developments in Semantic structuring and description that
have been the most noteworthy features ©Of recent lingulstle advance,

One wordof warning is appropriate at this point about the _ semantic
method and Its refation to the form of thls paper,Thls is Intended to
be a Practical note, cone¢erned to describe what Is being done In a
particular system and research project, so It Is not concerned to
argue abstractly for the value of systems based on conoeatual
connectlionsithls has been done elsewhere by Weplt®eps such as

Simmons[121], Quiljianf9), Klein[3]), Schank [11] as well as myself,
Jam not concerned to argue for a general method, nor Shall | set out
mich In the way of thenow famll lar graph structures [Inking the
items Of example sentences In order to display thelr 'real strycture’
for my purposes,la m concerned more 0 display the Information

structure [ use, and the manipulations the System applies to ocertaln
linguistic examples in order to 98t them into the prescribedfarm for
translation,The display of conceptual ©r dependency connections
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- between itens of real text WII only be made in cases whers

| unnecessary obscurity or oOGomplexlity would be Introduced by displaying
L- the same connexlons between Items of the Interliingual representation,

It has beacons fashlonable recently to ¢lalm that ‘dlctionary based’
systems cannot find a place within Al,[ would lke to argue at the

_ outset of thlspapes that this view, pervasive though rarely made
explicit, la an unhelpful one, and can only inhlbitprogress on the

‘ understanding of natural language In an Al context,

~ The rise of this view can, think, be correlated with the fresh
interest being generated anong linguists and others by new attempts ’
such as Montague’s[7) , to produce a forml logic capable of

oT representing rather more of the forms of language than the classic
‘ attempts of Russell, Carnap, Relchenbach et al, The implicit

argument goesa s follows! that logical structure provides the real
_ structure of language, and there Is no Place In a logic for a

dictionary, hence,,,.,.

But In so faras any premise of this argumentis made precise It can
C- then be seen to be highly misleading, If not downright false,The

relation of formal |o9lc to language Is andalwayshas been a much
disputed matter and cannot be dlscussed here In any detal|, But any

= adequate logle must oontaln a Glctlionary or Its equivalentiflIt Is
to hand|e anything nore than terms With najve denotations such as
‘chair’ ,Anysystemof analys!s that |S to handle sentences containing

Lo , say, ’hand’ Is going to need to have aval|abl|e In some form such
Informationa s that a hand Is a part of a body, and that It Is
something that on|Y human belngs have,lt does not matter whether thls

information Is explicitly tied toa word name In the form of markers,
or Is expressed as a series of true assertlonsjadlictionary_ is what
It Is, and If the information Is adequately expressed|t must be

- possible to construct elther of those forms from the other, Just as
- an ordinary English dictlonary expresses information in a mixture of

both forms, On the whole, the " explicit dictionary" ls a mor e
.economlical form of expression,

= Those who attack ‘dictionary based systems do not seem to se that

L matters could not be otherwlse,,Pressed for alternatives that eXpress.
thelr point of view, they are now Drone t0 refer to Winograd[i161].,But

. that |s absurdiWinograd’s work certalnly contains a dlictionary,The
fact Is not as obvious as it might be because of the highly

| simplifieduniverse with whieh he deals, and the direct denotational
_ nature o f the Words !1t contalns,But my point holds even within t hat

- simplified world,To sce thls one On|Y has to read Winograd’s work
| with the question in mindihow do®s the system know, $a¥, that a bleck
| Is 'handleable’, The answer is put aulte clearly In a text figure:by

means of a small mmrker dlctlonary of course,

Michiel6) has wrlgten of ",,the mandatory relationship, ignored by
L_ some corputational linguists, bet ween what Is monadlc, what Is

structural, and what It epistemic,” In connexion with his clalm that

A
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Winograd’s work constltutss "the flerst successful solution of the
maohlne translatlon problem", But It may not be nere lanorance on
the port of myse|f here, and others @}sewhere,in view of the fact
t hat the dlstinction between what Is "eplstamle" and whatla not
wewee] think Michie neans by that word "concerned with the rea] world
rather than With I anguage", a rather special and nontraditional
meaning ===w==i8 by nM neans as clear as he thinks, It seems to me
that the onus of proof Is on the bellevers-_-that knowledge about
the real world IN SOME: STRONG SENSE OF THOSE WORDS Is necessary for
linguistic tasks | ike MT,1t Is usual to refer ; as Mighle does, to

: examples| lkeWlnograd’s distinotlon between the anaphoras im "The
Clty Councl| refused the women apermlit because they feared violence"
and "The City Council refused the women a permit because they ware
communists",But {f the aplstemlec bel levers nean bY "knowl edge of the
world" the "inductlve knowledge of the average man" then ¢hO8Y are
befng over parochial In accepting such @exampjes atface valusilt all
depends on whether the Clty Council!|s Washington’s or Peking’ s, and
an Intelligent system might be perfectly right to refuse to assign
theanaphora In such trick examples at all,

] am not suggesting, though, that the manipulations to be described
here are merely ‘dictionary based’,[f that Is to be takento mean
having no theoretical presuppositions,There are in fact three
Important [inguistic presuppositions On which the following analvsls
ls based: nanely the use of templates for analysis, and tereotypes
for generation, referred to above and desg¢ribed In detal | 1 the body
of the paper, and In addition the principle , to be developed below,
that by bullding up the densest, or nost tonnected, re resentation
that 1t cam for a piece of language the system of analysis will be
gett/ng the word senses and mugh of the grammar right,What! nean by
ndenslty of connection " here Will be the subJeet of much that

foll ows,

1,1)S0me other Preliminary questions

The last 88ction was concerned WIth the auestion of the content of

the Information reaulred to do MT.Certaln kinds Of Information
dictate thelr form Of expressiontif lt is agreed by all partles that
to -do MI we need to know the fact, that hands have four fingers, then
sone: fopm of representation at least @&8 strong @8 set theory or the
predicate ocalculus wlll be needed to express that fact,The need for
facts of thatsortis a disputed one, but lt is beyond dlspute that
we shall need to know that , say, a soldler iS a human being ,And an
Important question thatarlises Is, what form Of representat bon I's
necessary for facts of that sort,

This oroject IS intended +0 produce3 working artifact and not to
settle Intellectual questions,Nevertheless, because the territory has
been gone over so heav!lyIn the Past Years and because the questions
stil] at issue seem to cause the adoption of very definite pointe of
view by observers and -partlcipants alike, it |s necessary to make
remarks on o@rtaln mmtters before any detajled MT Work can get



oo started, In particular, different views are held at the present time
on the question of whether the intermediate representation bhetwgen

~ two languages for MT should be |oglcal or linguisticin form,

What the K@8Y words In that last sentence, "loglecal"™ and "|inmguilstic”

» actually mean Is not as clear a's mi ght appear; for example, they
are alnost ©@rtain|y not exclusive nethods of attacking the problem;
In that any "loglea| coding "of text will require a good deal of what

- I's beat called linguistic analysisin order to get the text Into the
required |oglcal formisuchas coping '4th sense ambiguity, clause
dependency and so on,0Nn the other hand few |inguisticaliy oriented
people would deny the need for sone analysis of the logical relations
present in the discourse to be analysed, However, for the purposes

_ of the present project certaln assumptions maY be made safely:
b (a)whatever linguists and phllosophersmay sayto the contrary, It

has never been shown that there are lingulstic forms whose meaning
CANNOT be represented In any loglea| system whatever, so, for

i example, IIngulsts oft en produce kinds of Inference Inference
properly made but not catered for In conventional existing
calcullisuech as the "and so" Inference mn "I felt tired and went

p— hone", but NOthing follows to the effect that sueh an Inference could
not be coped With by neans of a simple and appropriate adjustment In

i rules of 1nference,
(b)Wwhatever |oglicians maybelieveto the contrary » it has never been

ghown that human beings pepform anything |lKe a leglcal transjation

| when they translate sentence3 from one language to another, nor has
It ever been shown that ft is NECESSARY to do that In order to
trans late mechanically, Totake atrivialexample,if one wants to
translate the Engl fsh "is", then for @&M adequate LOGICAL translation

- one Wlll alnost certainly want to know whether the particular use of
"Is"In question Ig best rendered Into logle by {denmtlity, set
membership or set i{ng¢lusion,Yet for the purposes of transiating an

_ English sentence contalning " Is" Into a closely related _ language
such as French It Ils highly unlikely that one would ever want t0 make
any such distinction for the purpose immediately In hand,

The above assumptions In no way close off discussion of the questions
outstanding: they merely allow constructive work to progeed,In
particular philosophical discussion should be continue on (a)exacetly
what _ the 1 Inguist is te¥IN9 to Say when he says that there are
linguistic forms and common senses Inferances beyond the scope of any
logle amd (b) exactly what the logician is trying to say when he
holds Im a strong form the thesla that |ogica] form Is the basis of
braln coding, Or Is the approPrlate basis for computing over matural
language,

There are also Interesting comparisons to be nmde on this polnt anong

contemporary academic developments, and In particular the drawing
together at the Present tine of t he Interests and approaches of
hitherto separated workithe extended set |ogle of Montague for
example that he claimed coped With |inguistic structure better t han
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did MIT |llInguls¢ies, and, on the other hand, the linguistic work of
G,Lakoff [4)lwhich clafmgthatthe t¢transformationalists in general and
ChomskyIn particular ALWAYS WERE seeking for some quits coenvemtionat}
notlon of loegleal form and should have faced up to the fact In thelr
work, But those interesting questions ate not Issues he 8, because
the aim of the present project |s to produce a sml I art]fuct that
not only translates from one natural language €9O another but is also,
potentially at least, capable of some logle translation and so
admitting of question answering and the additional "understanding”
that that Imp|ies,

so, glvenacommitmgnt to aaquestion answering facl|lty as well as an
MT On®, there can be no real problem about the _coex|stence of the WoO
forms of coding, logical and |lnguistic, within a single system
because al| but the most dogmatle linguists would admit ¢he need of
sone log- 1ioal ana|yls Wlthin any reasonable auestion answering
system,Howavar, the coexistence mighta|so preclude what one would in
fantasy (lke (o have, namely a way of testing against cach other the
loglelist and |lnguistie hypotheses about MT,Sueh a test would be
precluded because any J|oglcal transjation (In t he sens® of
translation into logic) wWlthln such asystem would have mueh of the
work done BY the |Inguistic analysis that t he system also
contained,So there could be no real comparlsonof the two oaths

ENGL]SHeeewre==PREDICATE CALCULUS REPRESENTATION» e==~eFRENCH
ENGL] sH========= INGUISTIC CONCEpTUALIZATION=wcewm=FRENCH

because the flrst path would also contaln quiteabit of the |atter

in order to get the natural language Input Intologleaiform, But ft
might, asldiscuss below , be p0SSIbI® (0 get translated _output _by
two different Paths in @& single system and so give sone rein to the
notion of experimental] comparison,

It is Important to be clear at thls Point that the dispute bet ween
the logicligsts and the [ Ingulsts Is often unsymmetrical In form,
One holding a strong loglelst thesis about MI asserts, It seems to
me, that aPC representationts necessary fo t he task, The |Inguist
of correspondingly strong commltment denies hls, but does not always
assert that a linguistic representation is necessary, He may admit

that:'a logical representation is sufficlent, denying only  ghat It isnecessary He might argue that a logical representat!on makes
expllclt more informmtion IN the input text than_ I's necessary, By
this he neans simply that It Is harder to translate intoaloglcal
notatlon than nost | ingulistic ones====a faot well attested to by
research projects o f t he pagtweme=ain that more access to
dictionaries and forms of Information outside the t ext Ttaselft, Is
necessary’ in the logical translation case,

This is what I nean by saying that the |0@1€ translation may contaln
more information than a semantic ON®, even though the text translated
can clearly contain only the Information it contains,The additional
information comes from the extra-textual dlctienarles and axloms,
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The loegiels + wm vite other hand, WII! most |1kely deny that a
linguistic representation is even sufficient for M,

A

However, one must be a little cautious here about the admission that

e logical coding c¢ontalns more Information than a |linguistic=semantic
one, as those terns are usual ly understood, Any | Ingulsttic
representation Is going to tie some such marker as MAN or HUMAN to a
word | lke "soldlep"”, so that when "soldler" occurs in a text that

hg system Is going to be Just as capable of inferring that a'man 18s
being talked about as is a system that contains an ©xpli¢it predicate

- calculus axiom (¥x),SOLDIER(x)>MAN(X),

Wat is usually meant BY an admission that a loglcal representation
- may ¢ontain nore Information than a purely linguistic one concerns

~ the notation for variable Identification (as In the Winograd "women"
example above) and the exlistentlal quantifier notatlion,Thougn, again

- » there IS no reason tO think that a llngulstie marker notation
cannot be adapted to cope with exlstentlal Information for such
purposes as Ml, -
Vhat a Purely_linguistlo notation Will alnost certainly mot be able

~ to do Is to cope with conplex inferences of truths from other truths
~--the purpose for which the predicate oaloulus notation was, after
all, devigsed,But that Will not be so great a |0sS8 when we are deallng

- with Input text of any degree of Sophistication and complexity for
.trans|atlon,For in the world of rea} words, and outside the Wop|ds of
bl ocks and steeples, the kind of inferences that a banausic logle of

~ common sense statements offers Wll| not be of mueh use,

Let me cive an exampleof about Inferences,and from a |lnguistle
source, In a recent paper, Blerwlsch{2] says that an adequate
semantics Must explicate how "Many of the students were unable to
answer Your question" follows from "ON|Y a few students gQrasped Your
question” Now, in a aulte clear sense It doesn’t follow at alljin
that there [8 no problem about considering students who fall to grasp
but nonet hel ess answer,That sltuation should not t88t anyone's
conceptual powers very far, so It cannot be the oas@ that one follows
from the other in the sense that if the premise Is true then the
conclusion cannot be false,We could calI that relationship of

~ propositions "philosophical entailnment", and | do not want $0 defend
the status of the notion here, but ONlY to point OUYt that any
representation of the sentences in auestion,|logical or |inguistic,
that @l lows inferences like that one |% going tO be pretty useless,

There may Indeed be a sanse of "answer" In whieh the axlom

“ Vx,Vy,QUESTIONC(xX),HUMAN(Y) ,ANSWERS(y, X)2GRASPS(y, Xx) would be a good
one toapply, Inthe sense Of producing a true result, BRuUt there are

obviously senses of "answer" In Whieh that 18 Just not 80s and to

” point that out ls to demand, from the proponents of on|y jogligal
representation, sone suggestion as to how to cope With the real Words
people WS8s and to ask them to consider that perhaps real language Is

> not Just an EXTENSION of dlscusslions of coloured blocks,

«
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1,2)The structure Of the translation and organization system

The diagram below !s intended to representthc overall structure of

the system under construction,

direct [nput of axloms In PC notation
d

I toglecal |

| representation |

+

*

11 42
+ 3

ALLL LLL ELE Ie III II I FREY
semantic | ao ssar0rarsepgngwers

acemee——— |representation| Smemmenon-
| | 3 ! | |
ENGLISH |+9waven]| | | FRENCH I
I TEXT | eecetne | | #9wseasa | TEXT |
oro peesvoene 4 Er Y EEL YEE YY EXE XN 5 LF XXEXEEN

+ it * + ¢

input? ¢ + $ ¢
para- system semantic system TRANS ated output
graphs axioms dictionary aXloms paragraphs

entries

| assune [Mn what follows that bProcesses 2, 4 ‘and 5 are the relatively
easy tasks ™===in that they involve throwingaway Informatlion====while
1 and 3 are the harder tasks In that they Involve making Informatlon
explliclt with the aid of dictionaries and rules,

Withalltheparts ¢t0 the diagramand thefacliiities they (mpjyeem=
Including not only translation of small texts via a semantic
representation but also the tranalatlon of aXloms In the bDredicate
calculus CPC) Inte both natural languages =======it |s clear that
Input to the system Must be pretty much restricted If anything Is to
be done In a finlge time, However, therc Aarecleari|y Ways of
restricting Input that would Just destroy the point of the_ Whole
actiIvitytfor cxanple if We restricted ourselves to the translation of
Isolated sentences rather than 90INg for the translation of paragraph
length texts,Whatever Bar=HI|leisays to the oOntrary about M belng
essentlally concerned with utterances £11, 1 am assuming that the
only sort Of M that Will inpress adisinterestedobserver Will be
the transjation of text,In any case concentration on utterances can
cast |¥ lead to what I$ In fact conaenttatlon on the trick example
sentencas of lingulstle text books,
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A So what is to be the general strategy of transjation? 1t ls to
sggmrent the text in some acceptable way, produce a semantic

~ representation as directly as Possible, and generate an QuUtput French
torr from 1¢,This would involve mapping what I call semantie
tenplates dlpectly onto the clauses and phrases of English, and
trying to map out directly from the tempjates into French clauses and
phrases, though with thelr relative order changed where necessapy,
| assure also, that no Strong syntax anajysls, In the |Inguistiec

¢ s8ns@, [Ss necessary for this purpose and that all that Ils necessary
can be done wlth a good semantic representation====which leaves us
with the blg question of what Is in the semantic box, and how Is it
different from what Is In the logic box?

In the diagram, I am using "semantic representation” narrowly to mean
L whatever degree of representation Is necessary for MT;not necessary

for question answering ( that’s what the logle box is for) or for
theories of hOW the brain works-----as I l1ttlerepresentationaswe
can - get away with In fact =e===Wwhich I am personally sure is how the
bralm really works, For thls We may welt NOt need the refinements ot
"ig" that I mentioned eariler, nor, say, existential quantification

- or the analysis of presuppositions given by translation of definite
descriptions, MY malin assumption here about the difference between

| the two boxes, logical and lingulstic, Is that an "adequate" |ogleal
L translation makes all such matters explicit, and thatis why it |s so

mich nore dIfficult to translate into the top box than the bot¢om
one ,BuUt the difference bet ween the ( wo remains a pragmatic

L one; intended to correspond to two "|evaels of understanding” In the
human being,

| wl th t he difflcul¢ t ask 1 achleved, transl atl on from semantic: representation Into a loglcal one, then 1t might be possible to have
the two paths of translation from English to French;nameiy 3=5 and
3=1=2=5,,The translation through the logle and out agaln might not be

_ eSPecglgl ly Illumin ting pUYt It Would pe a e¢ontrol Chat should not
produce a noticeably worse translation than one achieved by <¢he
shorter route,

Inputs to the logic box WHIT be In a Resgrlicted Formml Language
(RFL)(see 5] and It should be possible to Inputaxiomsin it direct
at a-screen or teletype,The RFL will have to be at leastas formalas
the description In McCarthy and Hayes{S]!f the dlagram ls to be of
any use, for there Is no point In having an RFL to ENGLISH
translation routine ff the RFL 18 close to English ----one might Just
aswell wplge In English, The Sandewall form[1@], for example, with
Infixed predicate names 1s probably already too Ilke English That's
no argument against his notation, of course, simplyanargument that
tt might not be Worth wpeltlng a translator from lt to Engllsh,

The nature of the mapping down from I0gl¢e to the |Tngulstic

representation Wil] of course depend on the relative sizes of the
inventories ot primitives and forms In each: however, one May eXpegct
t hat the fleld of logical -primitive Predicates «wil! bealarger one
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and that the mapping down Will be many-one---- with a number of
logical expresslionsmapping onto a single semntic template,

If |¢ should turn out that the level of understanding provided by the

semantic codingIs inadequate for MT, then the diagram cen stilapply to the |logle box funotlonlng as the Inter! inguatthe d fference
being that the semantics W!l| then be effectivelyatrans|atlion stage
bet ween natural language InPUtand the logloal representation,

If the semantic coding does turn out to be adequate fOr som® form of
restricted MF then the function of the logic box Will be In the
anwering o f questions about the content of what has been
translated,In that cas® only those Statements from (he translated
text relevant to the question neced be translated up {Ato the loalec
form,

What follows Is divided Into four parts which correspond to stages on

the dlagram above,

2,1)The processing o f English Input text, 2,2)The |[nterlingual
reprsentation produced, 2,3)The formof the dietlonary used,_ 2,4)The
generation of French ouUtPut from the Interlingual representation,

2,1)The processing of Engllsh text,

The alm of the teXtprocessing sectlons of the overall ‘program |s to

derive from an English text an |nterllingual representation that has
an adequate, though not excessive, complexity for tWO tasks:

lY)as a representation from Which outPut In another natural language
we=e=French In this case----can be computed, |l)as a representation
t hat oan also serve as a n analysandum of predicate calcujus
statenents about sone partlculap universe,

The flrst pass made of the English Input text la the fragmentation
and reordering procedure, whose function is to partition and repack
texts of some |ength and sententlal complexity Into the form nost
sultable for matching With the tenplate forms nentioned above,Thls
stage |s necessary because, like all proposed coding schemes, |0¢|cal
, |lmguistic or Wiatever, the tenplate format 1% a nore Or [088 rigld
one and the awful Variety of natural language Must be made to flit, If
the system Is to analyse anYthlng nore than SImMPl@® ecxanple sentences,

As 1 mentioned ear|ler the basic format of a template Is a

gubJece=ve b=oblecy ONG - - - %p In Pup®ly gémanglic terns’ anactor-act-object ope ==--~-=-=-such as MAN HAVE THING, which would
hopefully be matched as the bare tenplate name Of any sentence such
as "John owns a ¢car",MAN, HAVE and THING are Inteplingual ejemensts,

and MAN for exanple would be ©Xpected to be the principal, or head,
element for any SeMantle formula representing the English word "John"
in the dictionary,Similarty. HAVE would be the head element In the
appropriate semantic formula for "owns", and 80 on, A Simple
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| matching algorlthm would then be able to match tho acceptable
N sequence of head elements MAN HAVE THING, whieh is already known to

be a teémplat®, onto asequence of formulas drawn from tho dictionary
for the words of "John owns a car",

The details of the matching algorithm are not of concern here! what

is Important to see Is that an al gorithm for matching a bare three
“ -gjement template onto a piece of language by inspecting just the

head clenents of formulas and Searching for acceptable sequences of
them, Will, In the course of making the match, select not only whe
head element of the Wrd formula, but with it the whole formula of |
which itwas the head, Where "Whole formula" Isto be understoodat
this Point as a coded form that ®eXppesses the whole content of <¢he

CL word Sense In guestion, In the bpesentcase "John", being a nere |
name, has no sense over and above that It refers to a human being,

and its whole formula Would be simply (THIS MAN) which says no more |
than that,

One of the hypotheses at Work here |s that there Is a finite |
_ Inventory of templates adequate for the analysis of ordinary

language~~~=a UsuUable Ist of the messages that people want to convey
wlth ordinary language--and that tn selecting those sequences _of

| formulas for a fragment that are also template sequences (asrecards
their head elenents ) we pick up the formulas corresponding to the
CORRECT, enpropriate, senses of the words of the fragnent, as they

| are belnmg used in that particular fragnent, [am giving only ahlighlygeneral description here, and the details of the applicatlon
of this method of analysis to complicated text has been get out In [

| 151,

~ Moreover , It is supposed that any fragment of natural languag® can
be namedby, that Is to say matched with, at least one such bare |
tenplate , and that the name wll Sepveasabasic core of meaning

~- for the purpose of translating the fragnent, Or In Other words, We
can know how to translate from t he complex Inter lingual
representation of whlch the bare tenplate MAN HAVE THING [s the name |

. simply because Weknow and can reduce to algorithms how to @exbress
the message "a person has athing” In French,The tenplate {a thus an
tem, or unlit, of meganingto0 be translated,

An example might help at this polnt to give the general Idea of What
ties are establishsd between text Itens bY the matching routines J
have descr| bed, Suppose weapply the template mtohing routine ¢o
the sentence: "MY brother owns a large car" And |0t us
suppose furthermore that we are not concerned with the problem of
selecting the CORRECT sense formulas, one corresponding t¢ eaeh of
the words in that sentence, as it is used in that sentence,We shall
make the simplifying assunption that each of those six Wopds has only
one sense ©ONtrY in the dictlonary , and that what we are considering
are the relationships set wuvplndliprectly anong the words by matching
an Interliingual representation onto thesentence,
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From the point of view of the matching routine, the Initial
representation of the sentence Is a string of six semantie¢ formulas,
whose detalisI shall discuss latép,At the nonent what matter8 is

that the formula for "brother" has the head element MAN, Just asdld
the one for "John", and soon for "owns" and "ear", The formulas for
"my " and "larger have the oconventlona| head elenent KIND ,since
they specify what kind of thing Is tn question, The temp! ate
matching routtne scans the formula string from left to_rlght and 1s
able tomatoh the bare template MAN HAVE THING from the temdlate
Inventory ont o the formulas for "brother" "owns" and "Car"
respectively, since those elenents, In that order, ar® the heads of
those formulas, Those three words ar@, as It were, the points in
the sentence at Whlgh the template puts |ts three feet down,

So fears at the word levels, t!188 that oan be Werltten as follows have

been estubl [shed

brother * owns “cap

Those @ape® nuch the sane sort oftlesthat would be estab||shed AT THE
WORD level by any system of conceptual semantic ana|ysisCecf,11)
applied to that sentence,

This word dependency then, Is set up bY matehling the baretemp late of
elements MAN HAVE: THING onto the string of formulasforthewordsof
the sentence, ThisIn Itself Is no vaouous exercise because, given
that alrealistlically coded words In the dictionary would have many
sense formulas attached to them ©ON|Y oertaln selections of formuias
would admit of being matohed by an [tem In the tenplate Inventory,For
example, In the sentence "This green bleycle Isawlnner", the
semant!c formula for "winner" that has MAN aslts head and neans "ene
who Wins" Is never pigked up bY the mmtchin routinesimply because
there Is no bare template THING BE MAN inthe Inventory
To return %0 the sentenoe '*MY brother owns alarge car"t having
matched on the bare template, the system |ooks at the threes formulas
lt has so tled together by neans ofthelp heads to gee It it oan
extend the representation, top-down, bY attaching other formulas and
so create a fuller representation, In this case it looks from the
formula for "brother" to the one that preceded It » namely the
formula for "my",Thls 1t sees oan Indeed qualify the formula for
wprother", and so It opens allst of formulas that can be ¢tled onto
that "brother" formula, Repeating this process we end up with an
inter|ngual representation for the sentence of the following
scheratiec form (that | shall call a FULL TEMLATE----though we shall
see later that the tied itens are not simply formulas 3

FCbrotherl FLowns) Flcarl

(FCmyd) ( Fllargel)
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. where both the horlzontal and Vertical directions represent
i dependency ties of the sort I have described and F{x] simply stands

for the interlingua| formula for the English word x,Thus the upwards
: vertical dependency is that of a [lst of qualifying formulas (empty

In the case of "ownsg") on a maln fornula,

« The corresponding ties between the text words themselves established
by thls method are:

brother * owns ® gap & a

- + ’

ny large
L

| Apolint that cannot have escaped any reader Is that by having a rigld
~ actor-actlon~-object format for tenplates, on? ignores the fact that
| many fragmentsofnatural language are not of thla form regardless

of how the iinlitla| Input text Is partitioned, This Is indeed the
h— case, but , as I shall describe, by using the notlon of dummy Parts

of templates one can In fact Put any text construction into thls very
general format, Since the analysis has no eonventional syntactle

. base, the standard examples of syntactic homonymity, suchas the
various Interpretations that can be thought up fopr®"they are cating
app les", are represented only as differing message

| interpretations,So, for that sentence we Would expect t o match at
least the bare templates MAN DO THING and THING BE THING,

| FRAGMENT AND ISOLATE

The fraamentation routine partitions input sentences atpuctuatlon
marks and at the occurrence of any of an extensive, though finite ,

_ list of key Wor ds, That IIst t hat contains gimost all
subj unotions, conjunctions and prepositions, Thus the sentence "John
is In the house" would be returned bY auoh aroutlneaStwo fragments
(John 1s) and (In the house) ,Withthe first fragment the system would

y match MAN BE DOTH!S, where the D of DTHIS Indicates that, having
falled to find any predicate after "Is", the system has supplied g

| dummy THIS to Produce the canonical form of tenplate,

Wien 1t comes to choosing thecorrect tenplate for the fragment,If
there !s nore than one avallable to choose from the general Overall
rule of choice that I referred to earlier, of always preferring the
representation with the most conceptual connexlons(whligh can be,
thought of simplyasthe nunber of *’8 In the word diagrams), Wil]
always choose one Without a dummy in preference to one with Though In
the Present case only a template withadummy would be ave lable for
choosing, In the case of "In the house” the matching routine finds
itself confronted with a string of formulas starting wlth one for
"In" that has PDO as Its head,Preposlitions are, in general ,
assimilated to actions and So havethe P In the PDO of their heads to
distinguish them from straightforward action formulas, I n this case
the matching routine Inserts @8 dummy THIS as the left~most mnenber of
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the bare tenplate , Since It first encounters an wtlon
formula--<headed by a PDO~--as [t soans the formula string from left
to plight, and, "ln the house” Is finally matohed with the bare
tenplate OIHIS PDO POINT, So then tho sentence "John Is In the
house" Is partitioned Into two fragnents and matohed with a semantle
representation consisting of a 8trlng of two templates whose bare
template names @&re MaN BE DTHIS and DTHIS PDO POINT, respectively,

Another example of fragmenting and matching 1s presented by what
ml ght conventionally be called noun Phrases, If + after fragmenting,
the system Is Presented With "The old black man" as a singlefrasment
[t cal SUPPIY two suoh dummies guring the mgwgh and end UP With a
representation named:by the bare template MAN DBE DTHIS,
The semantic connectivities described so far, elementary though they

Are » have been between formulas that ¢Orrespond to words ocourrlngn <¢he same fragment of texg, The ©reat advantage of the
fragrentation approach Is that It breaks a sentenoe of , perhaps,
thirty Words, Into a number of units of mmnageable internal
complexitys and such that a templat® oan b® mtohed onto each In the

manner described,

But not all semantic ties In such a complex sentence wlij| be internal
to fragments~=---many will be between Items occurring In different,
and maYbe not even textual |¥ oontiguaus, fragments,At a later polng I
shall discuss TIE routines whose function is to provide, 4n the full
Inter |ingual representation, those Inter-fragnent dependencles
necessary for translation,However, the major simplifying role of the
fragmentation must not be lost In all thifs, which lis to _allow_ a
comp ex sentence to be represented by a |lnear sequence of templates
with tiles between themMeee-=pathep than by a far more complex
hierarchical representation as Is usual In |ingulstles,

The fragmentation, then, Is done on the basls of the superficial
punctuation of the Input text and a finite |ist of keywords, and
keyword secquences, whose occurrence produces a text partition,
Difficult but Important oases of two Kinds must then be consdered,
firstly, those where a text String Is NOT fragmented even though a
key word Is encountered, Two Intultively obvfous cases are hen=
subordlinating use9 of "that" as In "] [lke that wine", and
prepositons functioning as "post verbs" a8 In "He gave up hls
post",In these oases there would be no fragmentation before the key
words In other cases text Strings ape fragnented even though a key
word I's Nor present, Four cases are worth mentioning!

[)"] want him to go" Is fragnented as (l wang)(him to go), A boundary
Is Inserted after any forms of the words "say" and "want", and a
further boundary fs fnhlblted before the following "to¥, This
seers Intultively acceptable since "want" In faot subJolns the whole
Of what follows {tin that sentenceWe shall expect to mateh onto
¢hese fragnents bare templates of the form MAN WANT DTHIS and MAN
MOVE DTHIS pespective|y ==-=whepe the first dummy THIS {In fact stands
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| for the whole of the next template, The fragmentation functions
> operate at the |owest possible leva] of analysis, whieh Is to say
oo they Inspect the semantlec formulas oglven for a Word I n the

| dictionary, but they cannot assume that the chole® among the formulashag been mmde,

So then, the fragnentation functions can consider only the range of
~ POSSIBLE senses of a Word,However, In thiscase Inspection of any of

the forrulas for "wants" or "Says" cnables the system to Infep that
the act can subJoinawhole tenplate and not nerely an obJegct, as in
"I want him",A verb | lke "advise" on the other hand Is not Of thls

: sort Since we can infer "I advise him" |n a way we CANNOT infer "I
- want hire" In the garilep case, So we would expect "I advise him to
L go" to recelve no special treatment and to be fragmented as (] advise

him)(to 90), on a key word basls,

[I)Relagive clauses beginning with *' that'* or "wh] ch" are located and

isolated and then Inserted back Into the string of fragments atanew
N point,For example "The gir! that 1 |lke left" is fragmented as (The

girl left)(that I |lke PD)i;where the final period of the sentence
"pp" is also moved to close off the sentenceata new point, Thus

| the partition after "| lke" Is mmde In the absenceofany key word,
III1)"The old man im the corner lef" is naturally enough fragmenged
as (The old man){inthe cornepl)(left),The breach made here between

| the actor and att of the sentence Is replaced later by a tle (gee
below),

IV)The sentences "John likes eating fish" "John likes eating" "John
~ began eat!ngflsh" are at I fragmented before "eating", so that these

forms are all assimilated to **John fikes to eat f 1 sh "(which |=
synonymous With the first sentence above)rather than to "Johnls

. eating f Ish", which would not be fragnented at all,In template torms
"John Is eating fish" [Is to be thought ©fas MAN 00 THING Wwhlje

: "John likes flsh"” is MAN FEEL DTHIS + OTHIS 00 THING Where the first
| DTHIS refers to the whole of the next tempiate, and the second DTHIS

stands Im place of MAN (l,e, John),

"of Isakey word that receives rather special treatment, and la not
used to make 5 partition when It Introduces a possessive noun phrase,
After fragmentation , each fragnent |8 passed through an ISOLATE
function which |ogks Within each fragment and seeks for the right
hang boundariesof "of" phrases and marks them off by inserting a
character "FO" into the text,Thus "He has a book of mine» would be
returned from the ISOLATE fungtien as "He has a book of mine fon This
is done In all cases except those |Ike "I dont want to speak of him»
where "of " effectively function8 as a pOSt Verb,

It may seem obvious enough why "of" phrases should remain within the
fragment , since "of John:, functions as does '*John's", but the
demarcation of the phrase With the "FQ" character oan Only be
explalned by considering the PICKUP and EXTEND routines,
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PICKUP AND EXTEND

The PICKUP poutines have &lrady been described In a oeneral way
they match bare templates onto the Stringof formulas foeratext

fragment,As the routines move through the stringof formulas, those
contained between an OF and aFO are Ienored for the purposeof the
Initial matoh,This ensures that "of phrases" are only treated as
qualiflers,S0, In the sentence "The father of my friend fo Is caljed

Jack", the match would never try to make the head of the forpuater"t plaend® Into the root of a template matchingthe sentence,sl nce It
is scaled between an %of=-=fo" palr, To lllustrate the results of
applying PICKUP, I shall set down the bare templates that would _be
expectedto match onto Nida & Taber’s(8] suggested seven basic forms
of the Engl!sh Indicative sentence,(]n this note| describe only the
indicative mood as Tt Is Inplenented IM the trial vers on of this
system,Guerles and {mperatives,|Ike passives, are dealt with by the
appropriate manipulation of the tenplate order.)

In each caseI glve the baslc sentence, the brie template, and a

diagramatic representation of the corresponding dependencies Imn|Jfed
between the text |tems, where "eo" again |[nks those words on which
the bare tenplate Is rooted or based, and "=" links a dependent wbrd
to Its @ovepnor,
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i) John ran aulckly
MAN MOVE QTHIS

John * ran « [(DTHIS]
LJ

quickly

9

ii)YJdohm hit Bill
MAN DO MAN

John % hit « Bf}

C

ifi)John gave Bll} a ball
MAN (I VE THING

John * gave & bal|
+ *

- (to)RI I] a

The estab| ishment of this dependency by EXTEND Is dlscussed below,

fv)Jdohn is in the house,

| MAN BE DTHIS DTHIS PBE THING
L

John * is « [DTHIS] COTHIS) « In * house
*

- the

| vJohn is slickMAN BE KIND

John « ig « gjck

viJohn is a boy
MAN BE MAN

John * Is * boy
LJ

. a

viidJohn is ny father
MAN BE MAN

John * is « fathe,
4

my
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A natural auestlon at th!s point Is what exactly Is thls Inventory of
bare templates to be used In the analysls of Input language? No -
detailed defense |s offered of the inventory used,nor,] believe gan
one be @lven,The fact Is that one Uses the Inventory that seems
empirically rlght,revises It when necessary,In operation or under
eritliclsm,and concludes that that.alas,!s how things nust be In the
real world of practical language analysts,

The inventory used can be peconstructed from the table of rules set
out below In Backus Normal Form,It Is sec out In terms of the action

: degslgnating semantic elements,such as FORCE,and thec|assés o f
substantive designating. elenents (such as *SOFT mean] ng
STUFF ,WHOLE,PART,GRAIN AND SPREAD) that oan Precede such an action as
a subject ,and follow itas an object to create a three e{ement Dare
template,

<bare templatert:s
<ep0><DO><*EN>|
CoPO>CCAUSEDCHEND|
C#PO><CCHANGED>CEN |

CoANDCFEEL>C#MAD|
CHENDCHAVEDSEND |
Ce ALDSPLEASED>C#AND|
CoALDCPATIR>CHEND|
CePO>CSENSEDCSEND|
CoPO>CWANTOSHEN) |
CoPOOCKUSEDCHEND|
CoPODCTELL>CoMAD | |

C¢oP0><DROP>C#END | |
CoPO>CFORCEDC#END|
CGWENDSMOVEDSDTHIS)|
CaPODSGIVEDCHEN |

CoALDCHRAPD>SSEND|
CAND STHINKDC#MAD |
¢aSO><SFLOW>COTHIS>|
CoPO>CPICK>CSEND|
CoPO>CMAKE>®END>|
CeAL><BE><same member of *AL as last occurrence’

CoALD 1 13¢DTHIS | THIS |MAN|FOLK|GRAIN|PART |WORLD|STUFFI|ITHING|BEAST]|
PLANT | SPREAD | LINE [ACT [STATE
(#AL nmpans all substantive e|ements)

CoEND 1 15<DTHIS | THIS |MAN|FOLK|GRAINIPART[STUFF |THING|BEAST PLANT]
SPREADILINED

(eENmeanseloments that are entitles)
CAND tsCMANIFOLK|BEAST|{GRAIND

(#AN nean8 an]mate entltles,GRAINIs used as the main
elenent for soclal organizations,like The Red Cross)

¢oP0>112¢DTHIS|I THIS |MAN|FOLK|IGRAINIPARTSTUFF |THING| ACT |BEAST|
PLANTISTATE> | .
(#PO0 ncans potent elements, those that can designate actors,
The olass cannot be restricted to *AN since raln wets the
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— and the Wnd opens doors)
Lo {#SQ0>:13<STUFF |PART|GRAIN|SPREAD>

CoMAD I 1=s<ACT|SIGNISTATED

(*MA designates mark @lemants ,those that can designate
itens that thenselves d@signate like thoughts and welitings)

. It Will be noticed that 1 have distorted BNF very slightly so as to
wel te the bare templates oont ai nl ns BE in a convenient and

| perspicuous form,The forms containing MVE and FLOW also coniain a
DTHIS (1,e, they ape "dummy templates") indicating that there _canpot
be obJectsIn those bare templates,Thus MVE 1S used only In the
coding of intransitive actions and not to deal wth sentences like "I

L moved all the furnit¢ure round the poom",

There are dummy templates not included Im this list ~~-=severa| Oceur
: in the descriptiono f the Nida and Taber sentences above, The

remaining rules Specifying them are intuitively obvious,& may be

found in detail Jn [(15),where] also 9ive inportant ancl||iary rules
_- whi ch  specl!fy when dummies are to be generated In  matehing

sentences, Naturally a durmy MAN BE DTHIS is generated for the fipst
| fragment of (John Is) (ln t he house) Simply becaUSe a DrOpP@r_ three
L el enent bare template cannot be fitted on to the Information

avallable,BUut in other cases,whepe a three clenent template oan be

fitted, dummiesare generated as Well,since subsequent routines to be
5 described may want ¢o prefer the d u mmy to the bare template,Forp

example ,is the analysis of the first fragment of (The old transport
system)(whichI loved (In ny youth)(has been found uneconomlic),a

| reasonably full dictionary Will contain formulas for the substant]ve
. sense of "old" and the action sense of "transports" ,Thus, +he

actor-action-object template FOLK CAUSE GRAIN can be fltted on here
but will be Incorpect,The dummy GRAIN DBE DTHIS wll| also be filtered

_ on and WI| be preferred bY the EXTEND procedures | describe
below,Sueh slight complexity of the basic template notion are
necessary If so simple a concept 18 to deal wlth the realitiesof
languade, This matter is described in greater detall In [15],

The matchlingby PICKUP will stii!ls in general, leave a nunber of bare
templates attached to a text fragment, It is the EXTEND routines,

| working out from the three points at whieh the bare tenplate attaches
to the fragnent, that try to create the densest dependency network
possible for the fragment, Im the way I described earlier, and SOt 0
reduce the nunber of templates matching a fragment, down %© one 1f
possible,

In order to show more clearly how EXTEND does this, It ls necessary
to say somewhat mops about the semantic formulas Which mmke UD the
full template, A semantic formula expresses the meaning of one sense
of a natural language word in the dlctlionary,1t is made up of left
and rldht Parentheses andof semantic elements,The latter Include
THING, STUFF, MAN etc, fer basic Items in the world}FQORCE, CAUSE,
DROP, CHANGE to describe basic ktnds of action, and so on,The
formulas are binari|y bracketed pairs ofwhatever depth of nesting is
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necessary to express the meaning of a partloular word Sense, The
formulas are nmde up, and Interpreted, with a dependency of the loft
element, or bracket Qpoup, upon the corresponding right hand element
or bracket group In 8verycase,

S08 (MAN KIND) would be Interpreted as "of o human Sort", which Is to
say» lt is a formula for "human" used as a qualifier, In({MAN
DROP)CAUSE) (he dependency Within the [nner bracket is ot an

actor-act type, whereas that Within the outer bracket =e-~e-«of (HAN
DO) on CAUSE-- Is of the object~of= action on aot type,So the whole
sup= formula IS to be InterPreted a8 "cqUSes go person to renounce
something”, and We Would therefore expect to find thls subformula
within any formulafopr ,say, "blackmail" ~~ Therear e restrictions
on the ways In whieh the elenents can combine contained In a table of
"scope notes" for the system of codingifor exampie, CAUSE cannot be
anything but an actlon so ((MAN ODROP)ICAUSE) oould not be the
spec!flcatlon Of a sort of caws» , but Only the causingof
something,The most Important element In a formula Is Its rightmost
one, or head with- whlch PICKUP connects formulas for words to
templates for whole fragments In the way ldescrlibed,

Formulas that can gquallfy any ,0ther, substantlve formula have the
head KIND) and those that can aua|lfy actions have the head HOW. Most
action formulas have a8 head 00, BE, MOVE ("run" for examp @), Or
GIVE.GIVE verbs are Important In that they oan function In ¢the
representation of actlon constructions |ike "He left John is watch",
where an Indirect oblect of an aotlon can appear w/ thout any
preceding preposition,GIVE verbs functionIn much the same Way as
TRANS verbs In Sechank's anajysisfl1il,and the appearance of GIVE as a
formula head for,say, the actlon"|eft" primes the System to eXpect
such an iIndlpect object,The verb "tell" also has GIVE as the head of
[ts principal formula 8lnee It oan participate in such indirect
obJect constructions as "John tells ne a story",The lack ofnecessary
connexlon between the English word "tell" and the Interlingua]
element TELL Is brought out by thls faet that the formula head of
"tel I" Is not TELL but GIVE,In the case of "say" on the oth®r hand
sthe head of Its hy formula !8 TELL 8lnee 1t oannot occur In the
GIVE=type constructions,

Myst: substantive formulas have a8 thelr heads suoh elenents _ as MAN
STUFF+ THING, ACT(for abstract substantives whioh are the result of
action, such a8 "adjustment"), STATE (abstract substantives such es
"friendship", "happiness"), GRAIN(abetract substantives any sort of

struoture SUgh as "system") gnd 80 on,A formuig for Supstant]ve I'sassumed to be singular unless the e|ement MICH Isles pst tem at
the to0 level,

action formulas can specifya oreferpred class of actors or of obJeects

of the aotlon or both,Preferred rotors are specified by FOR and
preferred obJects by T0,S0 then the formula for the action "tal k "
will econtaln the paler -(MAN FOR) since npnst things thet talk are
human, and If there Isapossibllity of settingup a dependency with
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q a human actor, t he system wll take lt, The restriction cannot be
— absolute In this, Op most other, oases since machines and dogs talk ,

in fable if not in fact, The Importantfacliilityistobe able to
PREFER the usual , If a representation for It |s avaliable, but to be
able to accept the unusual if necessary,

C The sSyntaX of the action formula is as followsti(X FORJOTF (x TO)
appear a8 the flrst item atthe top level of the aotion formula if
they are appropriate ==~==in LISP terminology the pairIs simply
CONSd onto the verb formula, If bath are appropriate, as Ina
fornmmla for "Interrogate", then the (X TO), for the oblects, is CONSd
first, and appears at one level lower in the nesting of the formula

< than the (x FOR), specifying the Preferred actors,ThuUus the formula
for "interrogate" would readi((MAN FOR)((MAN TOXY(TELL FORCE))}. The
preferred substanttives ,o0r classeso f them,for aual|ltlers are
indicated naturally in an exXtenslon of thls notation ,by including _(X
FOR) as t he first item at the top [ ove | In the formula for a
qualifier,

L- In order keep a smal 1 uysuable set of Interlingua semant|c
elements,and tt o avoid arbltrary extensions of the lst of

~ elements,may notlons are coded by conventional sub=formulasi(FLOW
STUFF) is used to destanate |iquids for example,and (WHERE SPREAD) to
oode spatial area of any sort,

¢ After thls brief description of formulas, some further Speclflcatlon
can be given of the EXTEND routine, which Is absolutely central to
the analysis» since it is there that most of the work of a

_ conventional syntax analysls is done by semantic nethods,

. I explained the role of EXTEND In general terns earlier! It inspects
the strings of formulas that replace afragment, and seeks to set up
dependencies of formulas upon each other. [ t keeps agcor®asit
does $0, and in the end 8e@l8ctsS the Structuring of formulae With the
most dependencies, on the assumption that It Is the right one (or
ones, if two Or nore Structurings of formulas have the same

|. dependency score)

The. dependencies that can be set Up are of two Sopts:A) those
between formulas whose heads are part of the bare template)B) those
of formulas whose heads ar® NOt In the bare tenplate upon those
formulas whose heads are In the bare tenplate,

‘ Consldepr the sentence "John talked aqulcgkly" for which the bare
template would be MAN TELL OTHIS, thus establishing the dependency

- John * talked * [DTHIS] at the word level Now Suppose we expand out
from each of the elements ¢ONStltuUting the bare templatein turn, We
shall find that In the formula for "talked" there |S the preference

4 for an actor formula whose head Is MAN---since talking |s generally
- done bypeopie,This preference is satisfied here, Whlieh we can t hi nk

of as establishing a woed dependency of "John" on "taiked", whloh {a
a type (A) dependency, Expanding again from the ejement TELL we

L
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have a formula for "quleckly" whose head |sHOW, and HOW= headed

formulasare proper qua|liflers for actions, Henee we have been able
to set up the followingdlagramatic dependency at the word level}

John # talked « [(DTHISJ
- *

quick|y

(where " # " Indicates a bare tenplate connectivity strengthened by a

direct semantic dependency~-===springing from the preference of
"talked" forahuman actor In this case,) and we would seore two for
such a peppessntation, Furthermore , the formulas having type B
dependence would be tled In allst to the maln formula on whlch they
depend, The subtypes of dependence arc asfol lows:

A) anpng the formulas whose heads constitute the bare template

{)preferred subjects on aotlons

"John ta | ked" .

i1)preferred obJects of aotlons on &ctlions
"interrogated a prisoner"

B) of formula8 not constituting bare tenplates on those
that do

idaguallfliers of substantives on substantives

"red door"
I1dagualifiers of actions on aotlons
"opened auleokly"
fildarticles on substantives
"a book"

lv) 0feneefOPhrases on substantives

"the house of ny father fo
viguallfiersof actions on qualifiers of substant|ves
"very much"

vi)post verbs on actions

vil) Indirect objects on actions |

"gave John a,,,,," |
vitidauxijlaries on actions
"was going"
Ix)"40" on Infinitive form of action,
"$0 relax"

The searchesfor type B dependencies are all directed in the formula
string In an Intuitively obvious manner!

(I) goes |eoftwards onjyt(ll)goesright and left
(fi1)ieftwaprds onjy:(iv)ieftwards onlyt(v)leftwards only!

(vi)rightwardsonly:(vi{dpightwarde oniyt(viil)|eftwardsonly,
The purpose of the scores of dependencies established wl|| Decome
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clear if we consider an example Of B(vii): the indirect object
& construction,Let wus take the sentence "John gave Mary the book", onto
. which the matching routine PICKUP wi |I have mat ched two odare

templates as follows, since it has no reason to prefer one to the
ot her:

John gave Mary the book
& MAN GIVE MAN

MAN GIVE THING

EXTEND now seeks for dependencies, and since the formula for "gave"

has ro preferred actors or Q00JeCtsS, tne too bare template cannot be
- exterdec at all and so scores Zero,Inthe case of the lower bare

. template, then a TRANS action «can be expanded by any substantive
formula to its immediate right which is not already part of the bare

_ template,,Acain "vook" is qualified BY an article which fact IS not
noticed bY the too bare template, SO then, by EXTENDIing we have

established in the second case the following dependencies at the word
level and scored tWe (of the "=" dependencies),

L— John « gave ¢ book
’ ’

Ma py the

Two Scores higher than Zero and the second representation is
.preferred,This is an application of the general rule referred to

. earlier as "pick up the mst connected representaticn from the
NB f ragreng", I wrote earlier of the relation of "John" to "talked" in

the sentence "John salked quickly" as being expressed tn the fulI
template as a relation Detwean template itens (MAN and TELL belng

theliheads) of mmtual dependency sandsonot really a dependency at
al |» but strengthered in this case bya "semant| c dependency" S inte

8 MAN is a preferred subject head for TELL Vverbs,BuUut this form of
Co expression can be mis|eading because,in this system ,there is no rea;

syntax-semantics distinction at all, Every dependency is expressed by
relations of a single type between elements and formulas and «classes

" of both,even though some such relations (like the MAN TELL one above)
= clearly have a mor e semanticky flavor,while those 1 ike the

k any-sJubstantive/KIND relation Which ties asubstantive formula to a

gualif ler one, is clearly nore SsSyntacticky,

The auxiliary of an action also has its formula made dependent on

that o Ff the appropriat® action and the fact scored, but +he
auxiliary formulas are not listed as dependent formulas elther, They

bh are picked up by EXTEND and examined to determine the tense of the
action, They are then forgotten and an element indlcating the tense is
CONSc onto the actior formula,In its initial state the system WII

a. recognise only four tenses of conplex actions,

PRES! ogoes hide/is "iding/did hide/are niding/am hiding

b_ (MPE: was hlcing/were hiding/
pAgT! ai ahloe/had nidden
FUTL: willhide/wi|| be ™hiding/shall| hide/shal| be hidi~g

L
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In the case of the negative of any of these tenses the word "not"Is
forgotten, and an atom NFRES, NIMPE, NPASTor NFUIU attached to the
appropriate action formula Instead, At present the system does not
dea| With passives, though I Indlcet® later how they Are dealt WIth
within the tenplate format,

Even when the representation with the densest dependengy hel been

found, there may st!ll be more than one representation with that
scorefora given fragnent, So, In the case of "The mn |08%t his
[ eg" there may wel| be two representations of this sentence wlth the
sane dependency score, one corresponding to eaeh of two different
senses of "leg"e~w=one as a part of a body, and one asan inaninnte
thing that supports some other thing (as In "oiano leg"), There Is
a further routine |n EXTEND, called Into play in suoh cases, that
attempts to establish additionaj"semantic overlap" of oontent both
between the actor and obJect formulas of the tenplate, and between
eaoh of the three malin formulas of the tenplate and Its auallfiers,
1f any can be found, the addltlonal dependencies apes ad to choose
among representations that have achleved the sane score Tn the EXTEND
routines describedeariler,S0yinthe present o¢ase, the formula for
"jeg of a person" would be expected to contain the subformula (MAN
PART): Whereas (he formula for "plano 1 eg" would not, and this
connectivity with the Inltlal formula of the tenplate, Whose head was
MAN,» would suffice for one representation to be chosen In preference
to the other, again on the principleof preferring the nost connected
representation,

Not ANY oco=occurrence of ejements would suffice for this Purpose, of
cours®,and an Important open question in any system |Ike the present
one I's what combinations of element8 ate adeauate for the
preferential selection of formulas In SUGh caBes8,An example of a
oomblnatlon of markers that |3 certain to be significant for the
resolution of ambigul¢y would be (FLOW STUFF), a conventional
oomblnatlon used to Fhatoate the ooncept of fluids,So then , In
‘resolving the possible ambiguity Of Interpretationof the sentence
"Thet a ple dripping” we would expect to find that combination of

marker8 present In the APPROPRIATE fornylas for "tap" and "drippingand so to select the correct interprotaion With thelr aldemee=ip this
way-we would be able to discard the "moat fat" sense of "dripping",
The third and last passof the text applies the TIE routines, which
establ!sh dependencies between the representations of different
fragments, Each text fragment has been tiled by the routines
descr! bed so far to one Or more full templates, cach consisting of
¢hres maln formulas to each of whieh a |18t of dependent formulas may
be ¢tled, The Inter! Ingua| representation consists, for each text
fragnent, of ONE full tenplate together Wlthup te four additional
tems of Information called Key, Mark, case and Phase
respectively,The Interilingua| representation also contalne the
English nane of the fragnent |tseif,
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The Key is simply the first word of the fragnent, if it occurs on the
~ list of key words;or,in the cases of "that" end "which" a key USE of
oC the word,

The Mark for a given key IS the text word to which the key word tles
§ the whole fragment of whieh lt Is the key,So, In (He cane home)(fprom

the war), the mark of the second {fragmentts “came" and the second
~ fragment IS tied In a relation of dependence to that mark by the key

R "from", Every key hasacorresponding mark , found by TIE, unless
(a)the key Is "and" or "but" or (b) the fragment introduced by "he
key Is itself a complete sentence, not dependent on anything outs 4de

: itself,The notion wil| become clearer from eXamining the example

C paragraph sat out below,
From the Point Of View of the Present system of analysts, the Case of

3 a fragnent, Iifany,generally expresses the role of that fpagmentin
relation to Its key and mark:lt specifiesthe SORT of dependence the
fragment has upon its mark,

- There !s one Importantecass, OBJECT, whose assignment to a case does

| not cepend on the Presence of a key,S0» in the sentence (] went J(hep

to ieave) the latter fragnent would be assigned the case OBJECT end
L woulc¢ be tiled to the actlon "want" as the markof that fragment, cven

though there Isno key present
|

L But In general case markers are attached to fragments on the basls of
the Key and the mark Jt may be that no caselsfinalliyassignedtoa
fragment, though It will be If a fragment 8 Introduced by a

| preposition, The cases are, In a sense sacross classificationof
prepositions , whose correct rendering Into, say, French is so Vital
for adequate transliation,for example; the English preposition
OUTCF (squeezed into a single Item bY the FRAGMENT routine) can be

— rendered Into French in at least seven ways,

The Provisional Working |Ist of cases and the English prepositions
_ that can Introduce them is as follows;

RECEIVER:to, from for

INSTRUMENTAL twith, by
DIRECTION:to, from towards, outof, for

) POSSESSION:wl¢h |
LOCAT[ON(space and t!me)iat, by, near, after, In, during, before
CONTAINMENT:In

SCURCEioutof, from
GOAL!to:at

The case analysis routines in TIE work by considering t he above

classification of prepositions In reverse » as [t WwWere,So, In (He
strUcK the boy)(with a stick)itlE locates the "With" and flnds in ¢he
stereotypes for "with" (see below for a description of sterotypes)
that"wlth" can Introduce elther a POSSESSIVE or INSTRUMENTAL
fragment, It reads there that If, for example, an INSTRUMENTAL case
is in question 1t Wi|| expect a preceding actlon whose head Is po,
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caUSE or FORCEjand will also expect a substantive In the fragnent E>
introduces whose head |s THING | n the case mentioned I|t finds
these conditions satisfled, since the head of the appropriate formula
for "at i ok" Is THING and so t!e® the second fragnent to the mark
"hit" and assigns the INSTRUMENT&L case to the 98cond fragnent as a
description of that tle,

InanyY other sltuation, wherethesecriterla are not satisfied, the
fragnent introduced by "with" Is tied to the Immediately preceding
substantlve» and the case POSSESSIVE Is assigned to the tle, as _In
the (He struck (he boy)t(with I on9 hale), where the head of the
appropriate formula for "hale" is STUFF.,In one special oliass of
cases, the POSSESSIVE case Is assigned even though a THING
substantive Is found Im the "obJect position" of the seoond template
following on a DO, CAUSE or FORCE action In a_ preceding

template,Those arc the cases Where the object Is a part ef thesubstantive previously mentloned.For, even (hough a 169 Is a THINGwe
would want to 88S{9n a POSSESSIVE C@a%@® to the second tenplate of the
pair (He hit the boy)(with the wooden !®g) How thls TIEls obtained
algorithmically Is discussed in detall in the final section of (he
paper after the description of STEREOTYPES,

This procedure oan be thought of as an amblgulty resolution of the
prepositions, which was not been dealt with atat all by the PICKUP
routines since prepositions are Inserted Into the fornula str]ngs as
a single formula and &p® never considered to b® ambiguous a that
stage, the TIE routines also resolve other semantic amblsulty not
dealt With by the PICKUP routines, So, for ® xanDle, |f our last
exampl|® had been (He struck thr boy)(wlith a bar) we would have
expected there to be at least two forrnula8 for "bar" stl|| In play
jcorresponding t o t he heads THI NG and POINTewswath® latter
corresponding to the place sense Of "bar",Hence there would still be
two full tenplates matching onto the latter fragment at this stage
and both considered by TIE, whloh would thus orefer ¢he _tenplate
econtalning the sense of "bar" coded With the head THING, since only
In that case could a dependency tle be nmde (to "hit" In another
fragment In this case) on the basis of Information extracted from the
formulas, and In doing so the amblgulty of "bar" would be resolved,

Phase notatlon Is nerely a oode to Indlcate In a very deneral way to
the subsequent generation routines whorein the "Progressof the
whole sentence" one is at aglven fragnest,,A Phase number ls attached
to caoh fragment on the fo|lowlng bass ky TRE , Where the stage
referred to appllesatthe BEGINNING of the fraoment to whioh the

nunber attaches,

g-main subJeet not yet reached
1+gubJect rcached but not main verb

2#»maln verb reached but not conplenent or obJect
J=complementor object reached or not expeoted
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| Anaphoric Information of a fairly stralghtforward sort Is put Into
LC the full template itself, So,» for example, as TIE passes through an

: Input text [tt seeks to eliminate all Pronoun formula8 and rep lgcet h e hrnslide the full template with the appropriate substantive
formul@e==~the substantive to Which the pronoun refers ===w=tpryYing as

_ [t 608s so to take account of' a wilde range of except|ons suoh as
Impergona| yg8g of pronoyng that |g would be InBppropriag® to

LC replace, as Th "1t seems that,, ,,", Those uses can alnost alwaysbe
detected by thelr occurrence In company Wlithasmall and restricted
class of act¢lons,

2,2)The Interiingua| Representation

- Waat foll ows 1S a short hand version o f the |nmter]ingual
representation for a paragraph, designed to Illustrate the four foruns
of Information for a paragraphe~-=key, mark, case and_ Phase
~--=-c¢@s8cpribed above,The schemn below 9lves only the bare template form
of the semantic information attached to each fragmente====the

| semantic formulas and thelr pendant |1%t8 of formulas that make UP
L the full tenplate structure are all omitted,The French g/van |8 only

Illustrative, and no |ndicetion Is glven at (his polnt as to how It
1S produced,

(LATER CM

. (PLUS TARD VG)

= Cntientisnil:@3No Tenplate3

(DURING THE WAR CM)
- (PENDANT LA GUERRE VG )

. [(DURING:GAVEUP: |locationy@:DTHIS PBE ACT)
_ (HHTLER GAVE UP THE EVENING SHOW NGS CM)

(HITLER RENONCA AUX REPRESENTATIONS OU SOIR VG)

Cniltniisni | $@tMAN DROP ACT]

( SAYI NG)

. (DISANT)
(nit ¢HITLER;Nni1:3:DTHIS DO DTHIS)

} ( THAT HE WANTED)
(QU’ IL VOULAIT)

C- [THATIEAYINGiopJectt3:MAN WANT DTHIS)
(TO RENOUNCE HIS FAVORITE ENTERTAI NVENT)

(RENONCER A SA DISTRACTION FAVORITE)

= (TO: WANT;obJect:;3;DTHIS DROP ACTI

| (OUTOF SYMPATHY)
L_ (PAR SYMPATHIE)

COUTOF $1RENOUNCE: source! 3:0THIS PDO SIGN]

L
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(FOR THE PRIVATIONS OF THE SOLDIERS PD)

(POUR LES PRIVATIONS DES SOLDATS PT)
CFORISYMPATHY: recipient! 3IDTHIS PBE ACT)

(INSTEAD RECOROS WERE PLAYED PO)

(ALA PLACE ON PASSA DES DISQUES PT)
CINSTEAD:nl|snll:@:MAN USE THING)(commentitemp|ate active)

( BUT)

(MAIS)

(BUT:ni|ltni|$@tNo Tenplatel

( ALTHOUGH THE RECORD COLLECTION WAS EXCELLENT CM
( BIEN QUE LA COLLECTION DE DISQUES FUT EXCELLENTE VG)

CALTHOUGH PREFERRED ;:nl 1 :@:GRAIN BE KIND]

(HI TLER ALWAYS PREFERRED THE SAME MJSIC PD)

(HITLER PREFERAIT TOUJOURS LA MEME MISIQUE PT)

Crilsniltnl|$@tMAN WANT GRAIN]

( NEI THER BAROQUE)

(NI LA MISTI QUE BAROQUE )
[NEITHER iMUSICiaqualifler;@:DTHIS DBE KIND)

"(NOR CLASSICAL MSIC CM

(NI CLASSIQUE VG)

(NOR: INTERESTEDni |;@:GRAIN DBE DTHIS)

( NEI THER CHAMBER MJSI C)

(NI LA MISIQUE DE CHAMBRE)

NEITHER: INTERESTED ;n{13@sGRAIN DBE DTHIS)

(NOR SYMPHONIES CM

(N] LES SYMPHONIES VG)

.CNORSINTERESTED!n|| :@3GRAIN OBE DTHIS)

(INTERESTED HIM PD)

(NE L/INTERESSAIENT PT)
Cnilintitn }3110THIS CHANGE MAN]

( BEFORELONG THE ORDER OF THE RECORDS BECAME VIRTUALLY FIXED PD)

(BIENTOT L/ORDRE DES DISQUES DEVINT VIRTUELLEMENT FIXE PT)
(BEFORELONGsniisnt|:;2:GRAIN BE KIND]

(FIRST HE WANTED A FEW BRAVURA SELECTI ONS)

(O ABORD IL VOULAIT QUELQUES SELECTIONS DE BRAVOURE)
Cnilénlitnl| t@3IMAN WANT PARTI

(FROM WAGNERIAN OPERAS CM

(D’OPERAS WAGNERIENS VG)

FROM: SELECTIONS;source; 3sDTHIS PDO GRAIN]
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nN (TO BE FOLLOWED PROMPTLY)
a (QUI DEVAIENT ETRE SUJVIES RAPIDEMENT )

- [TO:OPERAS:n1|33:MAN DO DTHIS)(gommentishift t Oo active template
agaln may glve a different but no-t incorrect translation)

(W TH OPERETTAS PD)

C (PAR DES OPERETTAS PT)
CWITHIFOLLOWED:nj1:3:D0THIS PBE GRAIN3

( THAT REMAI NED THE PATTERN PO)

(CELA DEVINT LA REGLE PT)

(nit 3nil:nl|:@:THAT BE GRAINJ(commenti;no mark because ‘that’ tiles

L to a whole sentence,)

(HITLER MADE A POINT OF TRYING

(HITLER SE FAISAIT UNE REGLE D ESSAYER)

Cnfitnp)iny|t@iMAN DO DTHISI(commgnt ISomg idiom reCognitjon gSSentia|
to Cop® wigh thlg)

> (TO GUESS THE NAMES OF THE SOPRANOS)
(DE DEVINER LES NCMS DES SOPRANOS)

| [TO:TRYING:object:2:0TH]S DO SIGN]
(AND WAS PLEASED)

| (ET ETAIT CONTENT)CANCIHITLERINTJ $3:DTH]S BE KIND]

(WHEN HE GUESSED RIGHT CM

(QUANDII. OEVINAIT JUSTE VG)

= CWHEN:PLEASED: locations 3:MAN DO DTHIS]

(AS HE FREQUENTLY DID PD)

(COMME 1& LE FAISAIT FREQUEMMENT PT)
CAS:GUESSEDimgnnepr:3:MAN DO DTHIS]

J It !s assumed that those fragnents that have no tenplate attached to
ther ==-==such as (LATER)=== can be translated adequately by purely
word=foreword neans, Were It not for the dlffleulty involved in
reading lt, we could la¥ out the above text so as to display the
dependencies implied by the assignment of cases and marks at the word
level, These would al| be cof dependencies of whole fragnents on
particular Words,So, for example the rajatlon of Just the flrat two
fragments could be set out as follows,

(DTH]IS] » dyring « wap «the
:

¢ (location)
¢

Hitler » gavesup » showingse the
J

evening
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The interlingual representation described , as the result of the
analysls of English text, and !llustrated aboveln bare template form
, Is tha Intermediate form handed, as lt were from the Engllsh
analys!sprograms to the Frenoh generation ones,’

However, thls Intermediate stages) 88 It nust be, an arbitrary one
In the English-French processing that It la helpful to examine at the
surface level here for expository purposes and not on/Y in the ooded
form, There Is often a misunderstanding of the nature of _an

interllngua, In that It Is supposed that an Intermediate stage |lke
the present Inter|ingua| representation(lIR for short) must eontain
"all Possible semantic Information" In sone expllelt formIf the IR
ls to be adequate for any purpose,

But the quoted words are not8 and cannot be, wel] defined with
respect to any coding scheme whatsoever, Waat Is the case !8 that
the IR must oontaln sufficlrnt Information so as to admit of formal

manipulations upon ltse|f adequate for Producing transiatlons In
other natural or _formal languages,But that Is aulte another matter of
course,

The fal lacy involved Is analogous to that committed by ¢he
computationally 1||lterat® who SAY that "YOU cant g8t nore out of a
conputer than You put In, can You?"=e===e===whigch Is false If It Is
taken to exclude computation upon what You aut In,. _ (A more
traclitlonal parallel Is the Socratié argunent about Whether or not
the premises of an argument "really" oontaln all possible conclusions |
from themselves already, In that to know the premisses Is already to
know the conclusions),

Analogous|y, the !R for transiatlion need not contain any particular

EXpLICIT Information about a text,The rcal restrictionis that in
creating the IR no information should have been thrown away that WII]
later turn Out to be Important. So, |f one mkes the superficial but
gorrect generalization that one Of the difflicultiesof Eng|ish=Frengh
MI Is the need to EXTEND and make @Xpllelt In the Frenoh thlngs that
are mot so lpn the Epgllsh,thepn It Is no answer to sAY there ls ng
prot lem since, whatever those things are, the IR, If adequate, nust
oontaln them anyway, I¢ Is then argued that If there Is aproblem |¢
ls-a general one about deriving the IR from English and has nothing
at all to do with French,

But ¢thlis,asl have pointed out, need not be true of a n particular
IR, since any IR must be an arbltrary ut off stage !n @olng from one
language to anotherie Slice taken at a particular polnt for
examination, as it were,

Consider the sentence "The house I live In Is collapsing" which

contains no subjunctlion "that", though In French It MIST be expressed
explicitly, as by "dans laque| je", There need not be any
representation of "that" anywhere In the IR, All that Is necessaryls
the subordination of the second fragnent <¢0 the mark "house" Is

®
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| coded, and generation procedures that know In such cases of
¢ subordination an appropriate subjunction must occurIn the French

=~ ouput, It Is the need for such procedures that oconst|ltutes the
sonetines awkward expansion of English into French, but the need for
ther IN NO WAY aictates the expllelt content of the IR,

C 2.3)The Dictionary format,
The dictionary is essentially allstofpalrsiof semantic formlas,

(each corresponding to one sense of an English word), and of
explanations of that sense,By " explanation"| mean not simply an
English word or phrase, Such as was used In eariler versions of thls

¢ system of analysis to distinguish each sense from others, but what I
shall call a French STEREOTYPE,

_ In earlier versions of this method of analysis CI5 J one sense of,
say, the gnglish wopd”colorlass”might have aPpeared In the dictionary
as:

— ((C((WHERE SPREAD) (SENSE SIGN))NOTHAVE)KIND)
( COLORLESS AS NOT HAVING Tee PROPERTY OF COLOR))

- The first half of the paler, the formmla, expresses t he fact that

belng colorless i« a kind or sort which means not having a spatial

. (WHERE SPREAD) sensory property (SENSE SIGN) .The second half of the
_ pair Is a sense eXplanatlon In English that contains the name of the

woraand serves to distinguish that Particular sense of "colorless"
fror other senses---such as one about human charagterese for anyone
reading the dictionary who Was not fam liar With the coding system

— emboajieo[Nn the semantic formulas,

‘ But , the senses of the English words distinguished by the dictionary
- my eQually well] be explained and distingulshed by neans of thelr

French equi val ent s, at least, In cases where the notion of" a French
equivalent to an English word" is an aRproprlate one,S0, for exanple,

_ the French words "rouge" a n d "soclaliste" might besaid to
C distinguish two senses of the English word "red", and we might code

these tWO senses of "red in the diet ionary" by neans Of the sense
pairs:

((CWHERE SPREADIKIND)(RED (ROUGE)))

((((WORLD CHANGE)IWANTIMANY(RED(SOCIALISTE)))

. The French words "rouge" and "soclallste" are enclosed In list

parentheses because they need not have been, ag 1n this g¢ase, single
- French words,They could be Freneh words strings of any |engthifor

exarple, the qualifier sense of "hunting"a s It occurs In a "a
hunting gun" is rendered IN French as "de chasse", henge we would

k expect asthe right hand mnenber of one sense paler for "hunt ing"
— (HUNTING( DE CHASSE)Y),

b



32

This simplified notion of stereotype is adequate for the
representation of npst auallfiers and Supbstantives Below, | ahgl|
generalise to the notion of a FyLk STEREOTrYPE adequate for the
representation of prepositions and actions, In whiah there MaY be
mor@ than one lst after the English word nane In the plight hand
menber of the sense palr,Moreover, they WIlI| be stain whieh
functions will occur as Wel |as the nanes of French words,

But we should pause at this polnt Just long enough to see What the
notions of sense pafr and Stereotype are doing for US in the system,
Earlier on, ] described the structure of a full tenplate ==-=assigned
to some natural language fragnent-----as made Ur of feormula® and
lists of formulas,But these Would nore accurately have been described
as sense pal r8, and Illsts of sense pales, That {8 to say, the
analysls routines in fact build into the template not Just the
formulas but the WHOLE SENSE PAIRS, of whloh the formulas are the
left hand nenbers, even though the crltera for Incorporating a sense
pair Into the template applied only to the formula ltself,

Hence the full ™ template already oontalns tho French egulvalents of
the English words In t he fragment,Moreover ( he sStereotypesfor

actions and prepositions oontain not only French equivalents but
Impliclt rules for assembling these equivalentsso au t0 generate
French output, Thus the generation routines never need $0 consult an
English-French dlictionary,All the gensration program reaulres, In
terms of Frenoh equivalents and assenbly rules, Is already pressnt In
the full template,

Thus the full template maY appear to be 5 complex and Oumbr oud I tom
of Information, contalning a8 It does not only a oonceptualsemantloc
representation of English text, but also French output formsa n d
implicly generation rules, But the avoidance of repeaged
consultation of a large dletlonary of forns and rules In LISP format
Is no small compensation,

The full stereotype them) may contain not only Frenoh words but @&|8o
predicates and functions of Inter|ingual | tems whose values are
always French word strings, or a blank Item ©r NL, The notion of
Interl!nogual Item here covers not only the Interiingual sjements that
make Up the formulas, but also the names’of the cases abbreviated (o
a standard four letter formmt J.,for exampletRECE, INWN5., NIRE, POSS,
LOCA, CONT, SOUR GOAL, OBJE, QUAL (see the |lst ofcases olven
eariior),

The general form of the stereotype Is a |Ist of predicates, fol lowed
by & string of French words and funotions that evaluate ¢0 French
word8sr0 rto NL (In whloh ease the Stereotype falls), the
functions may also evaluate to blank 8Ymbols for reasons to be
described,
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The predicates-----which 0OcCuUr only in preposition stereotypes-- -
K normally refer to the case of the fragment containing the word, and
~ toits markrespectively,lf both these predicates are S&tlsfieod (he

program continues on through the stereotype to the Freneh output,

_ Let us consider the verb "advise" rendered In Its nost
straightforward sense by the French Wwod "conselller", lt is |lkely

¢ to be followed bY two different constructions as in the Engllshii)I
advise John to have patience ii) I advlse patience

Verb stereotypes c¢ontaln no predicates, so we might eXPpeet the MoSt
usual sense palr for "advise" to contain a formula followed by

« (ADVISE( CONSEILLER A (FNq¢ FOLK MAN))
( CONSEILLER (FN2 ACT STATE STUFF)))

The -role of the Ste@reotyPes should by NOW be becoming clear $lin
generating from, in, thls c¢@&Sesanaction, the system looks down a |
list of stereotypes tied to the sense of the action fn the full

L- template, If any of the functions it now encounter8 evaluate tO NL
then the whole stereotype contalning the function fails and th® next
is ¢trled,If the functions evaluate to French words then theY are

— generated along with the French words that appear asthelr own nanes,
. like "consel|ler",

= The details of the French generation Procedures are dlscussed in
section 2,4 below, but we can see here in a general way how the
stereotypes for "advise" produce corregt translations of Sentences
(1) and (11), In the case of sentence (i) in the form of ¢WO
f ragrents (I advise John)(t0 have patience), the Program begins to

C generate from the stereotype for the formula In the actlon “position
in the first fragnent's template,lt moves rightWards as described and

— begins to generate "conselllerag ",Then (FN1 FOLK MAN) {8 evaluated,
which Is afunction that looks at the formula for the third, oblect,

.position of the current tenplate and returns ITS French stereotype

_ only If Its head is MAN or FOLK-----that is to say if It is a human
being that is being advised,The formula for "John" satisfies this and

‘ "Jean" is generated after "consel| ler a", seww~-eproper nanes are
translated here for illustrative PUrpO888 only-----and so We obtaln
the correct construction "Je consei | 18 a Jean,,,

But hag We been examining sentence (il) "1 advise patlence” this
Co first stereotype fop "advise" would have failed since (FN1 FOLK MAN
. woul@ not have produced a French word on being applled to the formula

for "patl ence", whose head Is ACT,Hence the next stereotype would

_ have been tried and found to apply,

The stereotypes do more than Simply avoid the expllglt use of a

e conventional generative @rammar (NOt that there !$ much precedent for
= us1 M8 one of those) In asystem that has already eschewed the Use of

an analysis grammar,,They also direct the production of the French
translation bY providing complex contexXxt~sensitive rules at the polnt

h
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required, and w!thout any Search of a large rule lInventory,Thls
method | 8s, In principle, extensible to the production of reasonably

complex Implicit rephrasings and expansions, as IN the derlvatlon of"g| Intelligent softe=lI" from the second fragment of (NO mn
)(however Intel |lgent)(can survive death), glven the appropriate
stereotype for "however",

Preposlition stereotypes are nore complex In general than those for
actions, but before !llustrating them I should mention a polng that
arises In connexion wlth stereotypes and their relation to the
enumeration of the senses of Input (English ) worde,As |h a v e¢
described the dictionary so far, many output Stereotypes may be
attached to one sense of an Eng|lsh word, that 18 to say, to a single
semantic formula, In the example sentences above, "adv fhe is taken
as belng used In the same sense In the two sentences, even though
dlfferent constructions follow the word In the two cases,

So the nation of stereotype In no way oorresponda to that of word
sense, Indeed, the notion of Word-sense |8 an extrenely unclear one
and resistant to any formal analysis,WIthout In any way claiming that
the senses of a Word can be oompietely enumerated,!¢ Is nonetheless
clear to commonsense that In "I have a bar Im ny new hQuge" and "we
have a bar against foreigners here” the word "bar" Is being used In
two different sensesIn terms of "conceptual separation of contexts",
even though It Is not possible to explicate that |ast concept In
terms of nalve denotatlon, Or fornml specification of contexts,

In the case of prepositions] take them as having only a single sense |
each, even though that sense nny glve rise to a great nunber of
stereotypes,Let us consider, by way of example, "outof"(consldered as
a single word)In the three sentences]

1Y(It was made)(outof wood)

11) (He kil|ed him)(outof hatred)
d11)CI 1lve )(outof town)

It seens to ne unhe|pful| to say that here are three senses_of "outef"
even though 1ts occurrence In these oxamples requires ¢ransiation
Into French by " dew, "par" and "en dehors de" respective|y,and other
contexts would require "parml" or "dans",

Given the convention for stereotypes described earl|ler for actions ,
let US set down stereotypes that would enable us to deal wlth these
cases #

Si) ((PRCASE SOUR) (PRMARK #DO0) DE (FN1 STUFF THING))

SII) ((PRCASE SOUR) (PRMARK #p0O) PAR (FN2 FEEL))
S11) ((PRCASE LOCA) EN DEHORS DE (FN1 POINT SPREAD))

Wiere #00 Indicates a wilde class of action formulas: any in fact
whose heads are not PDO, QBE or BE,
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In the case of the sentence fragments (lt was made )(outof wood),
. when the program enters the second fragmentIt knows from the whole
= interilrgualrepresentatlion described ear|ler that the case of that

fragment Is SOURCE and Its mark |s "made", The mark Word has DO as
its head, and so the case and mark predicates PRCASE and PRMARK In

- the flrst stereotype are both satlsfied,Thus " de" Is tenatively
L generated from the flpst stereotype and FN1 is applled, because of

its definition, to the object foemujaIn thls template » that 8 to
say » the one for "wood",The arguments of FN1 are STUFF and THING and
the function finds STUFFas the head of the formula for "wood" in the
full tenpl ate’ is satisfied and so generates "bolls" from the
stereotype for "Wod"'

‘ In the case of the second fragment of (He Killed him)(outof hatred)
the two predlcates of the flrst stereotype for "outof" would again be

. satisfled, but (FN1 THING STUFF) would fall With the formula for
"hatred" whose head is STATE,The next stereotype (Sil) would be
tried; the same two predicates would be satlsfled, and now (FN2 FEEL)

- would be applled ¢ o (NOTPLEASE(FEEL STATE)) the forml a for
"hatred" ,But FN2 by Its definition examines not formula heads +» but
rather seeks for the contalnment of one of Its arguments withln the
fornula,Here It finds FEEL Within the formula and so generates the

~ French word stereotype for "hatred"

L Similar considerations apply to the thlrd example sentence Involving
the LOCATION casetthough IN that case there would be no need to work

through the two SOURCE: stereotypes already discussed since, when a
case is asslgneg to 8 fragment during analysis, only those
stereotypes are eft in the Interiingual representation t hat

” correspond to the assigned case,

. The description of the assignment of case tO a fragment was deferred
— from the <ecarlier discussion of TIE routines, since |¢ requires US® of

the stereotypes at the analysis stage,In the caSe of fragments Witha
- key, TIE routines search the stereotypes for the key unt!| they fInd

. one that matches the fragnent and 1ts mark except In respect of
L case,S0, in the sentence (I |ive)(outof town) the analysis routines

assl9n LOCATION tO the second fragment in the first place because
they locate In the third Steretype for "outof"™ a formula for the

~ object of the preposition whose head is POI NT,

-
244) The generation of French

_ Much of the heart of the French generation has been described In
outlinein the last section' since It ls impossible to describe the

dictionary and {ts stersotypes usefully wlthout describing the
generative role that the stereotypes play,

.
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To complete this brief skegch all that It Is appropriate to add is
some description of the way in which generations from the stereotype
of a key and of the mark for the sane fragnent Inter |O00Kw=wes the mmrk
oelng In a different fragmente-==as8 oontrol flows backwards and

forwards between the stereotypes of. different words in search of a
satisfactory French output, There is not Space avaliable hare for
description of the bottom level of the generation program===the
concord and nunber routines-- which in even the simplest oases need
access to mark information, asin |0cating the gender of "heureux" In
(John seems )(to be happy) translated as "Jean aemble etre heureux",

Again, much of the detai led content of the Qeneration is to be found
in the functions evaluating to Frenoh words that I have arbitrarily
named FNl,,s8tc,Some of these 888k detail down to 9ender mmrkers.

For example, one would expect to Qct the oorreet translations "Je
voyageals en France" but ",, +a Canada™ with the aid of functions,
say)» FNF and FNM that seek ot only 9peclifle formula heads but
genders a8 Well,So, mong the stereotypes for the Engllsh "in" we
would eXpeeot to flng (glven t hat formula® fOr land areas have SPREAD
as thelr hegds): b seseesecA (FNM SPREAD)) and es ero EN (FNF
SPREAD) ) , |

It Is not expected that there WIl| nore than twenty OF so of these
inner stereotype functions in all, Though It should be noticedat
thls Point that there!s no level of generation that does not reaulre
qulte oonplioated semantic information Processing,! have In mind here
what one might call the bottom level of generation,the addltlon and
compression of artlcles , An MT program has to get "Jo bols du vin"
for "] drink wine" but to "J’alme LE vin" for "I |lke wine" Now there
is no analog for this distinetlonIn English and nothing about the
meanings of "llker and "drink" that accountsforthe differenceIn
the Frenoh in a way intultlively acceptable to the English speakerAt
represent we are expecting to generate the difference by meansof
stereotypes that seek the notion USE In the semantic codings ===whigh
will be looated {mn "drink" but not in "|lke",and to use this to
generate the "de" Wiere appropriate,

The overall control function of the generation expects five different
types of tenplate names to OeeuUr:

1)#TH]S #DO #ANY where *THIS is any substantlve head(netDTHIS)

#0g Is any real action head (not BE, pBps, DBE)
and *ANY is any of #D0 or KIND or DtHlg,

With thls type of template the nunber, person and Qender of the vrrb
are deduced from the Frenoh stereotype for the subJec: part,

1a) type *THIS BE KIND !s treated wlth type 1,

2)DTHIS *DO *ANY
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These templates @rlise when a subject has been spilt from its action
~ by fragmentation,Tha mark of the fragnent is then the Subject.Or, the

template may representan obJect action phrase, suehasa simple
infinitive with an impliclt subject to be determined from the mark,

J)#THIS DBE DTHIS

= Templates ©0f this type represent the subject, SPllt off from its
_ actlon represented by type2 tenplate above, The transiatlon IS

simp |Y generated from the stereotype of the sublect formula, since

the rest Is dummies, though there may arise cases of the form DTHIS
. DEE KIND where generationis only possible from a quallfiepr asinghe

C second fragnent of (I like tail CM)(blond CM)(and blue-eyed Germans),

4)DTHIS PDO «REAL

Templates of this type represent prepositional phrases and the
translation is generated as described from the key Stereotype, after

" which the translation for the tenplate object 18 added (#REAL denotes
any head In *THIS or {s KIND),

The 9eneral strategy for theflnalstages of the MI program Is to

generate French Word strings dlrectiy from the template Structure
assigned to a fragment of English text, The first move 18 to find

. out whigh Of thg five major t¥Ped of temPlgqte gistingUisheg apoVe Is
the @N® attached to the fragnent under examination,

I So then, for a fragment as simple as "John already owns a blg redcar", the program would notice that %he® fragnent has no mark or Kay,
hence, by default, the generation Is to Proceed from a stereotype
whichIls a function of the general type of the tenplate attaching to

| the fragment,The bare name of the tenplate fOr this one fragment
sentence la MAN HAVE THING and Inspestion of the types above wit
show thls to be a mnenber of type (1), whose general form |s #THIS «DO

| #ANY,The stereotype Is a functione=-=j@t Us SY FTEMPewmwe of (hattemplate type and + tu conform With the general format for
stereotypes described earller, this can be thought of as being one of
the Stereotypes for the "null word", since we have no mark or key

_ word -to start from here,

In ¢hls case the generatlon of French i838 simpllcigy itselfithe
function FTEMP ecvaluates ®0 a French word string whose Order18 that
of the stereotypes of the Ensllsh words of the fragment,Thls order Is
directed bY the presence of the first tyPe of tenplate oomprising an
elementary 9equence subject=action-object,This Is done recursivelyso
t hat » alon6 with the French words generated for those Eng! lsh words
whose formulas constitute the bare templatel(l,e, "John", "own" and
"car") are generated those whose formulas are merely dependent on the
main formulas of the template---1In this case the formulas for
"already", "big" and "pred",
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If complex stereotypes are located while generating for any of the
word8 of the f ragmgnt===="comp|ex" simply neans full s8tereotypes
whieh have constl¢uentgs that are functions as WwWe|| a8 Frenoh
words-----then generation from these newly found stereotypes
Immediately takes precedence over further generation from the last
stereotype at the level above,

In the Present case "own" create8 no problens ] since It Isa
completely regular Frenoh veeb, and 80 [¢t8 stereotypes oontafn
nothing but Frenoh words,]ngeneral, It Is only lrregular Ft enoh
verbs that contaln complexity In thelr stereotypes 80 as to dictate
the form of what follows them In a sentence,(]t shouldbe understood
that I am using "irregular" here to meean Irregular With respect to
this system of classification e==weemy usage Is not |ntended to
correspond to the standard opposition of "regular” to "lrreguiar” in
French grammars),

NoW suppose we consider the two fragnent Sentence "I order Jbhn to
leave", The fragments wlll be presented to the generation program in
the form described earller with Key, Mark, Case and Phase
Informaglon attached to saoh dragment,
(I order John) ntlsnl|ini|:@
(to leave) toiorder:0BYE:2

Also attaohad to the fragnents WlLl be full tenplate8 Whose bare
tenplate naes in this case will be MAN TELL MN and DTHIS MOVE DTHIS
ragspectively,

The generation program cnters the flrs8t fragnent Which has no mark or

keyssolt starts to generate, a8 before, from a stereotype for the
null word whlch agalnls one forthe first tenplate type,This gets
the subject right "Je" from the stereotype for "I", later to be
modif led to "J' by the concord routine,It then enters the
stereotypes for the actlonithe first being
( ORDONNER A (FNL MAN FOLK)) The head of the fepmygafor "John" |,
MAN, and FN1 here ls an arbitrary name for a fuhot on that looks Into
the formula for the obJect Place of atenplate and, If the head of
that formula Is any of the function’s arguments, lt returns the
stereotype value of that formula.In thiscase ¢ he fungtfon FNL Is
satisf led by "Johnw, so by definition that Stereotype for "order"ls
satisfled, and the program 9enepates from lt the sequenge "ordonner a
Jean", glving the correct sequence "Je$ ordonnerS a Jean"se== where §
Indicates the need for further minor Processing by "the ooncerd
routine,The stereotype has now been exhausted=====nothing in lt
remains unevaluated or ungenerated===~=simijarly the fragment Is
exhausted since no words remaln whose stereotypes have not been
generated, olther directly or via the stereotype for some other word,
and $0 the program passes on to the second fragment.
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The program enters the second fragnent and finds that i¢ has a mark,
. namely "order",It then consults the Stereotype in hand for "order"In

~~ fragment (|) to seeifit was exhausted or NOt, [t was, and 90 the
program turns to the stereotypes for "to", the key of (I) Anong
those whose flrst predlcate has the argunent OBJE willbe the

— stereotype

. ((PRCASE OBJE)(PRMARK FORCE TELL) DE (FNINF *DO))
[f we remember that the head of the current formula for "order", the

mark of fragment ({i!1), Is FORCE, and that PRMARK seeks and conpares
Its argunents With the head of the mark formula, then the predicates
areseentobe satlsfled and the program generates "de" after seeing

- that FNINF is satisfied, slnee an aotion formula for "leave" follows,
.“ whose head MDVE is in the class #*DO,

FNINF on evaluation finds, where necessary’ the inplicit subject of

the Infinitlve,That Is unnecessary here, but would be essential In
examples only slightly nore complex, such a3 "Marie regrette d c

| s‘etre rejoule trop tot ",Finajly FNINF itself evaluates to the Frenoh
“- stereotype selected for "|eave",This might Itself give plse to to

mo.e gea,ching If the ug® of "leave"diciaied lgg own s®quentgs 2a, In
"I order John to leave by the first ¢traln", Here however the

= evaluation term nates immediately to "partie" since the sentence
stops,The program makes no attempt now to generate for "leave ©

| again’ since It reallses it has already entered its stereotyne |ist
ht via the "to" stergotype, Thus the correct French string "Je$

ordorne} a Jean depart!r" has been generated,

The last exanple Was I1ttle more than a nore detalledre=description
of the processes described In the dlctionary section (2,3) In

| connexlon with the example "! advise John to have pat ience'", However,
‘ now that we have dealt fully wlth a fairly standard case 3nd 8hown

the recursive use of stereotypes In the 9emeration of Frenoh on a |
fragment~by=fragment basis, we oan dlseussafinal pair of examples

.in whlichamore powerful Stereotype,asit were, oan dleotate and take
over the generation of other fragnents,

“ 1f we were to consider in detal| the generation of Frenoh for the ¢Wwo
fragment sentence (I! throw the ball){outof the window), we should
find the process almost identioal to that used In the last example,In
this case, too , the maln stereotype used t0 generate the French for
the flrst fragment Is that of t he actlon===="¢throw" In this

. case--and the stereotype for "throw! is exhausted by the flpst
‘ fragrent, so that nothingIn that stereotype causes the programt o

inspect the second fragnent,

= Now consider, in the same format, (1 drink wWline)(outof aglass),
Following the same procedures a3 before We shall find ourselves

. processing the stereotype for "drink*' whlch reads ( BOJRE (FNL (FLOW
~ STUFF)) (FNX1 SOUR PDO THING)+ DANS (FNX2 THING) where"?" Indicates

a halt-point, The program begins to generate tentatively, evaluating
the functlons left to right and being prepared to cancel the Whole

.
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stereotypeIf any one of them falls ,FN1 is applied to ths formula for
"wine" and specifies the Inolusion in it8 formula, not Of one of ¢wo
elements; but of the whole conventional] subfopmula for Ilaqulde (FLOW
STUFF), Thies It finds, is satisfied, and so evaluates to "vin", to
be modlfled by concord to "du vin", |

The program now encounters FNX1, a function which by definition
applies to the full tenplate for some FOLLOWNG fragment,At thls
point the program evaluates FNX1 which returns 'a blank symbol |f and
only if It finds a followlngtthough not necessarily Immediately
followins ) fragment wlth a SOURce case and atenplate, the last two
elements of whose bare name are PDOTHING.I.e, Te Is a preposition
type fragment With a physleal object as the obJeect of ¢he
preposition,This situation would not obtainif the sentence were "]
drink the wine outof politeness", If FNX1 1a satisfied, as In thls
case, It causes the generation from this stereotypetohaltafter
generating a blank symbol, Halting in an evaluation is to be taken
as quite different from both exhausting (all functions eva] uated to
French word Strings or a blank) and falling (at least one funotlon
evaluates to NIL),

The main oontroi program now PasS809 to the next fragment, In thfs
case "outofa g9lass”,lt asks first if It has a mark, whigh Tt has
namefy "dr| nk", and looks at the stereotype In hand for the mark to
see If is exhausted, whieh it is not, merely bhalted,The oprogram
therefore continue8 to generate from the Same Stereotype, for
"de ink”, producing "dy vin", then "dans",foI lowed by the evaluate
of FNX2, name !Y "verre", thus @lving the oorreot translation "Je
bols$ du vin dans un verre",

The important point here Is that the stereotypes for the key to the
seoond fragnent ’ "outof", are NE VER CONSULTED at all,The
translations for al| the words of the seoond fragment W!|| have been
entered via a stereotype for the previous fragnent, the one for
"drink",The advantage of thls nethod wl|| be cloeartbecause [t would
be very dlffiouit, conceptually and Withinthe framework [ h a v e
described » to obtain thetransiation Of "outof" as "dans" in this
context from the stereotype for "outof", because that trans lat! on is
speciflo tothe occurence of certain Frenchwords, such as: "boire",
rather than to the appllealon of certaln oonoepts, In this way the

stereotypes oan 6¢ope With lingufstio l!dlosyncrasyas Wel] as WIthconceptual regularity,lt shou Id be noted, too, that singe "dans" Is
not generated unt!| after the halted Stereotype restarts, there Is no
requirenent that the two exanple fragnents be ocOntiguous,The methodI
have described could cope Just as well with(ldrink the wine)(l|Tke
most) (outsofasliver goblet),

The Poi nt here (about what words are generated through the
stereotypes for what OTHER words) can perhaps be made |lttiealearer
with & diagram in which ||nes connect tho ENglishword through
whose stereotype a generat!on is done to the word for Whlghoutputis
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generated,A|| generations conventionally start from @ the null Word
- mentioned above, {t 1IS,bY convention, the word for Whleh the five
~ bas i ¢ Stereotypes are the stereot ype' SO then, the nore

straight forward case (] threw the bajl)(outef the window) would be
generated as follows:

— 2

. Pe 0 |
’ é \

— ¢ é \ |
’ \

' ¢ '

_ | throw=+bal| outof=+=+window

~ Articles are omitted for simpllelity,In this case the new fragment
starting with "oygof" ,e¢yp,Ng again to 0 to begin gene.a¢lng agaln,
In the rore complex case (! drink wine)(outof a glass) the generation

pattern would be as follows:

‘a

_ ’ $ |

I drink ==<ew|ne |
é

- $& | |

_ \ . |
outof glass

Where the subjects and objects of a sentence are considerably
“~ separated by Intervening clauses ,these generation diagrams can
_ becore considerably more ¢omp|lcated,

The general rule wlth aotlon stereotypes then, is that the more
irregular the action, the more [nformation goes Into its stereotype

. and the less Is neededIn the stereotypes for [ts seaquents.S0, for
“ example, there is no need for a sereectyppe for "outof" to contain

DANS at all,Again, just as the regular case "] order John to leayer
- produced the transiation "J'ordonneaJean de partie" by using the

stereotype for the key "to", the less regular case "! urge John to
| eave" which requires the quite different construction ©J’exhorte

| Jean a partir” , would be dealt with byahaiting stereotype for
“ "urge" whose form Would be

( EXHORTER (FN1 MAN FOLK) (FNX1 OBIE #00) *» A(FNXINF #D0))

and in this ¢8Ses the Steredtypg for "to" WoU|q never Pe onsulteq at
= all’

Finally It should be admitted that |n the actual computation of the

“_ analysls and generatlon system described above, two tems of
information I have described, case and mark,shrink In
importances,though by no means dlisappear,Thelr role has been

\" |
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overstressed In the paper,Iin order to make a oloap distinotion
between the analysis and generation routinesand so present a olear
Inter !lngua| representation format,open to Inspection by any In ulst
unfamiliar with,and uninterested In,the ajgorithmie trchnlaues
employed, What 1 sought to avold was any referencetoa "seamless
computational whole" aj| of whose levels seem to presuppose all of
the other Jlevels,and which cven If It works ,cannot be fn any way
Inspected or discussed,

[hinted In the body of thepaper that the assignments of the case
and mar k Information Itself demands accessto the French
stereotynes,and It would clearly be absurd t0 consult the stereotypes
to assign this Informmtlon and then ,later,consult them aga in In _
order to make use ofIt In the generation of French, I n fact, the
analysls and generation routlnes fuse at this point ,and thecase and
mark are located during the generation of the French output,

The ¢hange In the format that this requipes Is that the mark

predicate PRMARK {Ss not now simply apredicate that checks whether
the ALREADY ASSIGNED mark for the fragment In hand meets the
specificatlontit Ts apredicate that at the same time actively seeks
for a mark meeting that speciflication,And ,as with the stereotype
functions a/ready descrlbed,the faljure to find sucha naurk falls the
whole stereotype cOntalning It,There Wil now be not a single mark
predicate. but a number of them fulfl|iing different roies,The case
predicate, conversely, !s not diversified but vestiglal,because there
ls now no PREVIOUSLY ASSIGNED case to a fragment for thepredicate to
check,and the cas® Is now Just alabel In the dictionary of
stereotypes to ald the reader,

A aulak last look at a previous example should make all this
clear,Consider agaln (He hit the boy )(with the wooden |eg) as
contrasted W!th the a|ternatlive second fraoments (with a stlek) and
(with long halr),Let us consider the analysis routines terminating
witht h e provision of full tenplates for fragments (and phase
information) ,and let us oonsider everything that follows that as
French generation,

Let- wus now consider the generation program entering the second
fragment,armed with the following |ist at stersotypesfor "wlth":

((PRMKOB #ENT) (POSS) A (FN ®#ENT))

((PRMARK #DO0)(INsT) AVEC (FN THING))
((PRMARK #ENT)(POSS) A (FN #REAL))

PRMKOB Is adlrected predicate,as It were, thas seeks for a mark In a

preceding fragment (Wlthin a range of two fragments),It |ooksonlyat
candidates whose heads are IPM the <class *ENT,that Is ¢o say
THING:MAN, FOLK/)BEAST or WORLDjentitles{n some sense (hat., ©ap have
parts,In the same sense the heads ACT,STATE,POINT etc,ar® n ot
attached t0 ward senses that We can speak of as having parts, PRMKOB
compares the formulas for Potential marks In the thlrdsobJect,
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| position of preceding fragnents Wlth the formula for the obJect In
| the template for the fragnent In hand,And It Is true if and only If
~ the latter formula indicates that It tiles to a word sense that oan be

a part of the entity tled to the "candidate mark" formula,

- So,In the case of (He hit the bo¥)(with the wooden |eg) PRMKOB finds
itself comparing the formulas for "bay" (head MAN) and "leg" (which

« contains the sub=formuia (MANPART), In thls case PRMKOB is satisfled
and the generation continues through the flrst stereotype gorrectly

— generating "a" for "wlth" and then the output for "wooden ieg",The
«REAL In the function tn the first stereotype merely |ndicates that
any obJect In that fragment should then have Its Stereotype generated

~ (any substantive head |[|s in the class *REAL) because | tx
| appropriateness has already been established by the satisfaction of

PRMKOB,

Following exactly the procedures described In other exampies K wii
be seen that (With a stick) tails the flrst but Is transiated by the

| sgcond stereotype,whi|e (withlonghair)falls the first two but Is
“- correctly generated by the third,

.

“

|
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