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1)It translates phrase by phrase----with facilitles fopr reorderling
phrases end estab|ishing essential semantic connectivities between

themr - - - b ymapping complex semantic structures OFf "message" onto
each phrase, These constitute the .inter|lngual representation to be
translated, This matchlng is done without the expliclt use of a

conventional syntax analysls, by taking as the appropriate matched
structure the "most dense" of the alternative structures derlved This
method has been Tound highly successful in earller versions of this
analysis systenm,

{1) The French output strings are generated without the expliclt wuse
of a generative grammar,That is done by means of STEREOTYPES: strings
of French words, and funect!ons evaluating to French words, whigh ars
attached to English word senses in the dictionary and built into the
fnterl!ngual representation by tha analysis routines,The generation
program thus receives an intarlingual representation that already
contains both French output and impIiC|t procedures for assomb”
the output, slince the stereotypes are in effect recursive p ocedUres
specifying the content and production ©f the output word strinis Thus
the generation program at Nno time consults a Wword dlctlonary or
inventory of grammar rules,

It Is claimed that the system of notation and translation descel bed

is a convenlent one for expressing and handling the Items of semantlc
Information that are ESSENTIAL to any effective MT system,l discuss
in some detail the semantlc information needed to ensure tha correct
choice of output prepositions in Frenchja vital matter Inadeauately
treated by virtually all previous formalisms and projects,



1.8)Introduction

I call what follows an Artificial Intel]|lgence (Al) approach to the
problem of Machlne Translation (MT) for five reasons!

1)When fully developed the system to be described for representing
natural  language wi|! contaln within Itself two methods for
expressing the content of anmy given utterancetone logical, the other
Iinguistlc, in abroad sense of that term,lt is at the present time
an outstanding auestion within Artificlal Intelligence which of these
general approaches [s the most sultable,In that the Preésent system
has both representation capabliltles, it should be able to comparse
themr wlth a view to throwing some |ight on this Importantdispute,

2)!have argued elsewhere [14] at some |endth that the space of
meaningful expressions of a natural language cannot be determined or
deciced by any set of rules whatevepe=e-w-in the Waythat alimost all
Iinguistic theories implicltly assume CAN be done,That |s because, in
common sense terms, a speaker a|ways has the optlon to MAKE any
string of words meaningfu|l by the use of explanatlons and

definitions, However, any working system of {ingulstlie rules does
implicitly speclfy a class of acceptable expressions andso,
indirectly, a class of unacceptable ones, The only way ol combining

these two facts of |1fels to have a modifiable system of |Ingulstlie
rules, which was Implemented in an elementary way In an earlier
varsion of the Present system [13],

3)Another aspect of the Al approach, if one can use that phrase, has
been an attraction to methods consistent with what humans THINK thelr
methods of’ procedure are, as distinct from more formally motivated
methods,Hence the attractlon of heuristics in, say, Al approaches to
theorem proving,The bpresent systemis entirely semantics based, In
that it avoids the expllclt use of a conventional IlIngulstic syntax
at both the analysis and the generation stages, In the analysis of
Input , syntax is avoided by a template systemithe use of a set of
semant!c forms that seek to plek Up the message conveyed by ¢he [nput
string, on the assumption that there is a fairly well defined set of
bas i ¢ messages tha+ people always want to convey whenever they welte
and speak; and that in order to analyse and express the content of
discourse |t is these simple messages~=-such as that ‘a certain thing
has a certaln part” for examp|e=-~~ that we need to locate, Again,the
overal I representation of c¢omplex sentences Is that of a |linear
seaquence OF these mgssage forms In a real time opder ,Interreiated by
conceptual ties, rather than the hlerarchical tree structure
preferred by I|Indulists, From the Very common sense forms of
expression 1 have had to use to express this method of attack It wil i
be seen that the method itself is one close to ordfnary Intuitions
about how we understand, and somewhat dlstant from the ¢oncerns of
forral grammarlans,
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4)The French generation Is done wlthout the expliclt use of a
generative grammar, In the conventtonal sense,The  |nterlingual
representation passed from the anajysls routines to the generation
ones already contalns, as Part of the codlng of +the Engllish Input
words, French stereotypes=--==strlngs of French words and functlons
that evaluate to Fpench words,These functions are evaluated
recursively to produce French output, and the steregtypes thus
oonstltute both French output and procedures for assemb|lng that
output properly,No other inventory of French words or grammar rules
Is ever searched, and the stereotypes oonstituie a principled way of
coping wfth linguistic diversity and irregularlty~~=-=since indlvidual
words have thelr own Stereotypes=-=without recourse t o what
Bar=Hi | |e|[1] cal |s "bags of tricks",

5)A point related to (1) but Importantly djfferent is w@hat of the
"level of understanding” required for MT.]t would ecertainly be
unintel|lgent to devel|op any level of understanding more compiex than
ls required for any task, and It ls hoped that by the methods
described [t may, be possible to establlish a level of unde:stand?no
for MT, somewhat short of that required for question answer i and
other more Intellligent behaviors,While agreeing wlth Migh 0 sfé6]
unexceptionable ",,we now have as a touchstone _the rea|lzatlon that
the central operations of the Intel |igence nrO....transaotTons on a
know|edge base”, It Is hoped  that  for  MT I Ingulstic, or
Iinguistically expressible, knowledge may suffice,

1t |s th3 semantic approach that |s Intended to answer the quite

proper questlon ’Why Start MT again at all?" The generally Miat]Ve
surveys produced after the demlse of most of the MT research Of the
Fiftles In no way establlished that a wholly new approach | (ke gthe
Present one was foredoomed to fall ===0n|y that the methods tried so
far had in fact done so,At this dlstance In time ,it is easy to be
unfalr to the memory of that early MT work and to overexaggerate [ts
gimple asumptions about language,But the fact remains that almost allL
of It was done on the basis of naive syntactlc analysis and Nlthout
any of the developments in semantic¢ structuring and dasc;fnt]on that
have been the most noteworthy features ©of recent linguistle advance,

One worg of warning is approoriate at this point about the semantic
method and Its relation to the form of thls paper,Thls is Intended to
be a Practical note, concerned to describe what |s being done in a
partlcular system and researoh proJect, so It |s not concerned to
argue abstractly for the value of systems based on conoeatual
connectionsithls has been done elsewhere by Wrlteps such as
Simmons(12], Quiljfanf{9], Klein(3], Schank [11] as well as myse|f,
lam not concerned to argue for a general method, nor Shall ! set out
much In the way of thenow faml | lar graph structures anmg the
items of exanple sentences In order to display thelr "real strycture’
for my purposes,l a m concerned more to display the Information
structure | use, and the manipulations the system applies to oertlln
linguistic exanples in order to get them into the prescrlbed farm for
transiation,The display of conceptual or dependency connections
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petween items of real text WIIl onjy be made In cases where
unnecessary obscurity or ocomplexity would be introduced py d]sglny‘lng
the same connexlons between Items of the Interilingual representation,

It has becomne fashlonable recently to ¢lalm that ‘dlctionary based’
systems cannot find a place within Al,I would |lke to argue at the
outset of tnlspaper that this view, pervasive though rarely made
expllelg, la an unhelpful one, and can only InhlbitProgress on the
understanding of natural language In an Al context,

The rise of thls view can, | think, be correlated with the fresh
interest belng generated among |ingulsts and others by new attempts ,
such as Montaguersf?)] , to produce a Tformal loglc capable of
representing rather more of the forms of language than the classlc

attempts of Russell, Carnap, Relchenbach et al, The implicl¢
argurent goes a s follows: that logical structure provides the real
structure of language, and there Is no Place In a logic for a

dlct‘lon&f')’o henoe..,.'.

But !n so faras any premise of this argumentis made precise It can
then be seen to be highly mlsleadling, IfT not downright false,The
relation of formal Jogle to language Is andalwayshas been amuch
dlsputed matter and cannot be discussed here In any detal|,But any
adequate loglc must oontaln a dictlorary or Its equivalentiflt Is

to handle anything more than terms wWith najve denotatlions such as

.

‘chair’,Anysystem of analysls that !s to handle sentences centaining
» say, ’hand’ Is going to need to have aval|able In some form such
Informatliona S that a hand Is a part of a body, and that 1t Is
somethlng that only human belngs have,It does not matter whether thls
information Is explicitly tied to aword name In the form of markers,
or Is expressed as a serles of true assertlons;adlictionary_ is what
It Is, and !f 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 " explijcit dictlonary" ls a more
economlica| form of expression,

Those who attack ’dlctionary based” systems do not seem to see that

matters could not be otherwlse,,Pressed for alternatives that express
thelr point of view, they are now Drone to refer to Winogradf161],But
that |s absurdiWinograd’s work certalnly contalins a dlctionary,The
fact Is not as obvious as it mlight be because of the highly
simplifieduniverse with whleh he deals, and the dlrect denotational
nature o f the words It contalns,But my polnt holds even withln that
gsimplified world,To see thls one onlyY has to read Winograd’s work
with the question in mindihow does the system know, sayY, that a bleck
Is ‘handleable’, The answer is put aulte cleaply In a text figure:by
means of a small marker dlctionary of course,

Michiel6] has wrligten of ",,the mandatory relationship, ignored by

some computational |lnguists, between what |Is monadi¢c, what Is
structural, and what It eplistemic,”" In connexion with his ¢lalm that
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Winograd’s work constltutes "the flrst successfu| solution of <+he
maohlne translatlon oprobiem", But It may not be mere lgngorance on
the port of myself here, and others @l|sewhere, in view of the fact
that the dlstinction between what 1Is "eplistamic" and whatlanot
e==ee] think Michle means by that word "concerned wlth the rea| world
rather than With 1 anguage", a rather speclal and non=traditlonal
meaning=~=<=«is by no means as ¢lear as he thinks, It seems to me
that the onus of proof Is on the bellevers--that know|edge about
the real world IN SOME: STRONG SENSE OF THOSE WORDS Is necessaryY for
|ingulistic tasks | ike MT._Ith usual to refer ,aSMfghTe does, to
examp|es |lkeWlInograd’s distinctlon between the anaphoras |im "The
Clty Counc!l| refused the women apermit because they feared Vviolenee"
and "The Clty Councfl refused the women a permit because they were
oommunligts",But {f the eplstemlc bellevers mean by ‘“knowledge of the
world" the "!nductlve knowledge of the average man" then they are
being over parochlal In accepting such examp|es atface valuetlt all
depends on whether the Clty Councl! |s Washington’s or Peklng’s, and
an Iintelligent system might be perfect|y right to refuse to assign
theanaphora In such trlck examples at all,

1 am not suggesting, though, that the manipulations to be described
here are merely ‘dictlonary based’, If that Is to be takento mean
having no theoretical presuppositions,There are in fact three
Important |ingulstic presuppositions On which the followlng analysls
ls based: namely the use of templates for analysis, and tersotypes
for generation, referred to above and described In detal] ?n the body
of the paper, and In additlon the principle , to be developed bejow,
that by bulidlng up the densest, or most connected, representation

that It can for a piece of language the system of analysis wlll be
getting the word senses and mugh of the grammar right,What ! mean by
ndenslty of connectjon " here w!ll be the sublJeet of much that
follows,

1,1)So0me other preliminary questlions

The last sectlion was concerned Wwlth the auestion of the contgnt of
the Information reaqulred to do MT.Certaln kinds of [nformation
dictate thelr form OF expressiontif It is agreed by all partles that
to -do MT we need to know the fact, that hands have four Hngerao then
some: form of representation at least &8 strong a& set theory or the
predicate ocalculus w!lll be needed to express that fact,The need for
facts of thatsortis a disputed one, but !t is beyond dispute that
we  shall need to know that , say, a soldler {s a human being ;And an
Important questlon thatarl!ses Is, what form of representat lon s
necessary for facts of that sort,

This oroJect IS intended to6 produce aworkling artifact and not to
settle Intel|lectual questions,Nevertheless, because the territory has
been gone over so heav!ly In the Past Years and because the auestions
st!ll at issue seem to cause the adoptlon of very definite polnte of
view by observers and -partleipants allke, it |s necessary to make
remarks on certaln matters before any detelled MT wWork <can get
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started, In particular, d!fferent views are held at the present time
on the questlon of whether the intermediate representatign between
two languages for MT should be logleal or lingulistic in form,

What the k8y words In that last sentence, "loglcal™ and "|ingulstic”

s» actually mean !s not as clear a's might appear; for example. they
are almost certain|y not exclusive methods of attacking the problom-
In that any "loglecal coding "of text will require a good deal of what
Is beat called lingulstic analysis in order to get the text Into the
required |oglcal formisuchas coping "4th sense ambliguity, ¢lause
dependency and so on,0n the other hand few |inguisticall|y oriented
people would deny the need for some analysls of the logical relations
present in the discourse to be analysed, However, for the purpboses
of the present ©projegct <certaln assuthions may be made safejy:

ta)whatever |Ilinguists and phllosophersmay say to the contrary, |t
has never been shown that there are lingulstic forms whose meaning
CANNOT be represented In any logleca| system whatever, so, for
exarple, 1lngulsts often produce kinds of Inference Inference
properly made put not catered for in conventlona| exiating
calcullisuch as the "and so" Inference |n "I felt tired and went

home'™, but nothing follows to the effect that sug¢h an anerenco oould
not be coped With by means of a simple and appropriate adjustment In
rules of inference,

(b)whatever |oglcians maybelieveto the contrary ,» It has never been
shown that human beings perform anything |lke a loglical ¢transjation
when they translate sentence3 from one language to another, nor has
It ever been shown that it 1is NECESSARY to do that In order to
trans late mechanically, To take atrivialexample, if one wants ¢to
translate the Engl| fsh "{s", then for an adequate LOGICAL transiatlon
one WIll| almost certalnly want to know whether the particular use of
"is" In question Is best rendered Into loglec by ldentlity, set
membership or set |nclusion,Yet for the purposes of transiating an
English sentence contalning " Is" Into a closely related _ language
such as French It s highly unllkely 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 guestions
outstanding: they merelY allow constructive work to proceed,In
paf-ucular philosonhical dlscussion should be continue on (a)sxactly
what _ the | Inguist is teYIng to say when he says that thera are
linguistic forms and common senses Inferances beyond the sgope of any
logle and (b) exactly what the |ogician is trying to say when he
holds Ir a strong form the thesls that logical form Is the basls of
braln coding, Or Is the approprlate basis for computing over matural
language,

There are also Interesting comparlisons to be made on this polnt among

contemporary academic devejopments, and In particular ghe drawing
together at the present time of the Interests and approaches of
hitherto separated workithe extended set logle of Montague for
example that he claimed coped wilth |Inguistic structure petter than
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did MIT llngulstics, and, on the other hand, the |ingulstie work of
G,Lakoff [4]which claimg that the transformatlonallsts in general and
Chomsky In partlcular ALWAYS WERE seeking for some quits convent!onnl
notlon of loglcal form and should have faced up to the facg In thalr
work, But those |nterestling questions ate not Issues hep e, because
the aim of the present proJect |s to producea smal I art?flot that
not only translates from one natural language to another but |8 also,
potentlally at least, capable of some logle translation and so
edmitting of aquestion answering and the additional "understanding"
that that implies,

so, glvenacommitment to aaquestion answering facl|lty as well as an
MT one, there can be no real problem about the coexistenge of the two
forms of coding, logical and Ilnguistic, within a single system
because al| but the most dogmatlic |ingulsts would adm{t the need of
some log- ioal anajyls within any reasonable ausstlion answering
system,However, the coexlstence mightal|so preclude what one_would_ In
fantasy | lke to have, namel|y a way of testing against each other ¢he
loglelst and Ilngulstle hypotheses about MT,Such a test would be
precluded because any Joglcal transjation (ln the sense  of
translation Into logic) Wlthin such asystem would have much of the

work done bY the |!ngulstic analysis that the system also
contained,So there could be no real ¢omparlsonof the two oaths

ENGLISH====w=w== INGUISTIC CONCEpTUALIZATION=weew~=FRENCH

because the flrst path would also contaln quiteabit of the Iltf:e}

in order to get the natural language Input Intojoglicalform, But it
might, as | discuss below , Ye possible to get translated _output _by
two different Paths in a single system and so give some reln to the
notion of experimenta| comparison,

It is Important to be clear at thls Point that the dispute between
the |ogliclsts and the 1 lngulsts Is often unsymmetrlical In forem,
One holding a strong |oglelst thesis about MT asserts, It seems to
me, that aPC representation!s necessary fo; the task,The |Inguist
of correspondingly strong commltment denies th s, but does not always
assert that a |llngulstic representation is necessary, He mav adm! s
that-a logical representation is sufficlent, denying onlv ?hat It is
necessary , He might argue that a logical representation makes
expliclt more information In the input text than ls necessary. By
this he means simply that It Is harder to translate intoalogleal
notatlor than most | ingulstliec ones=-==a faot well attested to by
research projects o F the pagt======iNn that more access to
dictionaries and forms of Information outside the text Ttself, ls
necessary™ in the logical translatlon case,

This is what I mean by saying that the |0gi¢ translation may contaln
more iInformation than a semantic one, even though the text traH5|at9d
can clearly contain only. the Information It contains,The addltional
information comes from the extra-textual dlctlonarles and axloms,
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The legiecls 4, wvir whe other hand, WIIl most |lke|y deny that a
Iinguistlic representatlon is even sufficient for MT,

However, one must be a little cautious here about the admission that
e logical coding contalns more Information than a |lnguistic=semantic

one, as those terms are usual |y understood,Any ITngulstic
representation I's going to tie some such marker as MAN or HUMAN to a
wora | ke "soldler”, so that when "soldler" occurs in a text that

system Is going to be Just as capable of inferping that a'man is
being talked about as s a system that contains an explig¢it predicate
calculus axiom (¥x),SOLDIER(x)>MAN(X),

What is usually meant bY an admission that a loglcal representation
may contain more Information than a purely |inguistic one concerns
the notatlion for variable ldentification (as In the Winegrad "women"
exarple above) and the exlistentlal quant!fler notatlon,Thougn, agalin

» there Is no reason t0 think that a llngulstie marker notation
cannot be adapted to cope with exlstentlal |Information for such
purposes as MT, -

What a purely_linguistic notatlon will|l almost certainly not be able

to do Is to cope with complex inferences of truths from other truths
---the purpose for which the predicate oaloulus notation was, after
all, devised,But that will| not be so great a loss when we are deallng
with Input text of any degree of sophistication and compiex|ty for
.trans|atlon,For in the world of rea| words, and outside the woplds of
blocks and steeples, the kind of Inferenges that a banauslc logle of
common sense statements offers wll| not be of mueh use,

Let me give an example of about Inferences,and from 2 I]nauisilc
source, In a recent Dpaper, Blerwlsch{2] says that an adequate
semantics must expl icate how "Many of the students were _unable to
answer Your question" fo|lows from "On|ly a few students grasped Your
auestion” Now, in a aulte clear sense It doesn’t follow at alljin
that there Is no problem about considering students who fal| to graso
but nonetheless answep,That sltuation should not test anyone"s
conceptual powers very far, so It cannot be the case that one follgws
fror the other in the sense that if the premise Is true_ then the
conclusion <cannot be faise,We could call that rﬂuﬂc_mshin of
proposlitions "philosophieal entailment”, and ! do not want to defend
the status of the notion here, but only to point out that any
representatlon of the sentences in aquestion,jogical or |inguistle,
that allows inferences like that one |8 going t© be pretty use|ess,

There may Indeed be a sense of "answer" In whlech the axlom
Yx,Yy ,QUESTION(x),HUMANC(Y) ,ANSWERS(y, X)>GRASPS(y, x) would be a good
one toapply, Inthe sense OF producing a true result, But there are
obviously senses of ™answer”™ 1In whigh that Is Just not so, and to
point that out Is to demand, from the proponents of on|y |ogical
representation, some suggestion as to how to cope With the real Words
people use, and to ask them to cons{der that perhaps real language |s
not Just an EXTENSION of discussions of coloured blocks,



8

1,2)The structure OF the translation and organization system

The diagram below !s intended to representthe overall struoture of
the system under construction,

direct Input of axloms In PC notatlon
¢

1 loglcal
| representation |

* ¢
* +
1t 2
* +
R LI L R A L e L I LI L L X L L FRE-T
|semantlc | #o2s00404nvegngwers
- W™ - - IfQUPGSCHt&tionl LI X X KX X X J
| 3| I l l
[ENGLISH |+2wa<qn] | |FRENCH 1
I TEXT | eweetee | |asweesa| TEXT |
enopemrene 4 e L L L L L L X 5 SaoNoeeee e
+ + + + ¢
input? ) * + +
para=- system semant!o system TRANS|ated output
graphs axioms dictionary axioms paragraphs
entriles

| assume in what follows that processes 2, 4 ‘and 5 are the relatlvely
easy tasks===-in that they involve throwingaway Informatign====whi|e
1 and 3 are the harder tasks In that they Involve making Tnformatlon
explliclt with the aid ofdictionarles and rules,

Withalfthe parts to the dlagramand thefaciiitles they [mpiyea=-
Includling not only translatlon of small texts vla a semantlec
representation but also the tranalatlon of axioms In the predicate
calculus C[PCJ] 1Into both natural languages ~====== it |s clear that
Input to the system must be pretty much restricted If anything I8 to
be done In a finlte time, However, there arec|ear|y ways of
restricting Input that would Just destroy the point of the_ Whole
activitytfor example if we restrlicted ourselves to the translatlon of
Isolated sentences rather than g0ing for the transiation of paragraph
length texts,Whateve, Bar=H!||lelsays to the ocontrary about MT belng
essentlally concerned with utterances (11, 1 am assuming that the
only sort OFf MT that Wiil impress adisinterestedobserver will be
the transjation of text,In any case concentration on utterances ocan
east ¥ lead to what I8 In fact conaenttatlon on the trlck example
sentences of |ingulstlc text books,
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So what is to be the general strategy of transjatlion? It I8 to
segrent the text in some acceptable way, produce a semantle
representation as directly as possible, and generate an outout French
forr from 1t,This would 1involve mapping what 1 c¢ajl semantie
templates dlrectly onto the clauses and phrases of Engllsh, and
trying to map out directly from the templates into French clauses and
phrases, though with thelr refative order c¢hanged where nscessapy,
| assure also, that no strong syntax anajysis, In the |Inguistic
sense, |s necessary for thls purpose and that all that |s necessary
can be dopne with a good semantic representation~-==~which leaves us
with the blg questlon of what Is in the semantic box, and how Is it
different from what 1s In the log9l¢ box?

In the diagram, | am using "semantlc representation” narrowly to mean

whatever degree of representation Is necessary for MT;not necessar]|y
for auestlon answerlng ( that’s what the logic box {s for) or for
theories of how the brain works----- asllttlerepresentationaswe
can - get away With In fact=-=-==which 1 am personally sure {s how the
bralm really works, For thlis we may welt not need the reflnements ot
"ig" that | mentioned earl|ler, nop, say, existential auant!iflicatlion
or the analysis of presuppositions given by translation of definfte
descriptlions, MY maln assumption here about the difference between
the two boxes, logical and lingulstie, Is that an "adeauate" logleal
translation makes all such matters explicit, and thatis why it |s so
much more dlfficult to translate into the top box than the bottom
one,But the difference between the two remalins a pragmatic
one;intended to correspond to two "“|evels of understanding” In the
human beling,

with the difflcult task 1 achleved, translatlon from semantic

renresentation Into a loglcal one, then It might be posslble to have
the two paths of translation from Engllish to French:namely 3=5 and
3~1-2=5,,The translation through the logle and out agaln mIght not be
esPeciglty 1llumin ting but It Would pe g control Chat should not
produce a notlceably worse - translatlon than one achlaved by ¢he

shorter route,

Inputs to the logic box wlll be In a Resiirl_ctad Formal Language
(RFL)Csee 5] and It should be possible to Inputaxiomsin it direct
at a-screen or teletype,The RFL will have to be at least as formal as
the descrintion In MCCarthy and Hayes(5] It the dlagramls to be of
any uUse, for there Is no point In having an RFL to ENGLISH

transiation routine ff the RFL Is close to English ----one mlght Just
aswell welte In English, The Sandewall formrig]), for example, with
Infixed predicate names 1s probably already too |lke English,That’s

no argument against his notatlon, of course, simplyan argument that
1t might not be worth weltlng a translator from |t to Engllsh,

The nature of the mapplng down from 1I0gle to the |Ingulistic
representation wil| of course depend on the relative s|zes of the
inventories ot primitives and forms In each: hoWever, one MmMa¥Y expect
that the fleld of logical-primlitive Predicates «#l|| bealarger one
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and that the mappling down wil!l be many-one---- with a number of
loglcal expressionsmapping onto a single semantic tempiate,

1t It should turn out that the level of understanding provided by the
semantlc coding |s inadequate for MT, then the dlagram T stl 11
apply to the logle box Funotlonlng as the Inter!inguatthe difference
belng that the semantics wil| then be effectivelyatrans|atlion stage
between natural language Inputand the l|ogloal representation,

1t the semantic coding does turn out to be adequate for some form of
restricted MT then the functlon of the logic box will be In the
anwering o f guestions about the content of what has been
transiated,In that case® only those statements from the tcanslated
text relevant to the questlon need be translated ur Into the logle
form,

What follows 1s divided Into four parts which correspond to stages on
the dlagram above,

2,1)The processing o f English Input text, 2,2)The jnterlingual

reprsentation produced, 2,3)The form of the dictlonary used,  2,4)The
generation of French output from the lntorllnqua!ronresontation.

2,1)The processing of Engllish text,

The alm Of the textprocessing sectlons of the overall program s to

derive from an English text an Interlinguai representation ¢that has
an adequate, though not excesslive, comp|exlty for tWwo tasks:

1)as a representation from which output In another natural language
we-e=Fpench In this case----can be oomputed, |l)as a representation
that oan @also serve as a n analysandum of predlioate calou|us
statements about some partlicular universe,

The flrst pass made of the Engllsh Input text 1la the fragmentation

and reordering procedure, whose function is to partition and repack
texts of some |ength and sententla| complex|ty Into the form most
sultable fop matching wWlth the template forms mentioned above,This
stage |s necessary because, like all proposed coding schemes, [0g|cal
, |Inguistle or Whatever, the template format 18 a more Or |ess rigld
one and the awful variety of natural language must be made to flit, 1f
the system Is to analyse anYthlng more than SImple example sentences,

As | mentlioned ear|ler the basi|c format of a template |Is a
gubJecg=ve b=oblecy one---a, In  pypsely gomang '

actor-act-obJect one ==-====guch as hAAN HAVETHING.\N?}IC would
hopefully be matched as the bare template name Of any sentence such
as "John owns a car",MAN, HAVE and THING are Interlingual e|ements,
and MAN Tor example would be expected to be the Drfnclbll. or head,
element for any semantglc fTormula representing the Engl lsh WOf'd "JOhn"
in the dictlonary,Sim{lartys HAVE would be the head element In the
appropriate semantic Tformula for "“owns", and 80 on, A simple
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matching algorlthm would then be able to match tho acceptable
sequence of head elements MAN HAVE THING, which is already known to
be a template, onto asequence of formulas drawn from tho dlctionary
for the words of "John owns a car",

The details of the matehing algorlithm are not of concern here! what
is Important to see Is that an algorithm for matching a bare three
-ejement template onto a piece of language by inspecting just the
head elements of formulas and searchling for acceptable sgeguences of
ther, w!lll, In the course of making the match, select not only the
head element of the Word formula, but with it the whole formula of
which itwas the head, Where "Who|e formula" Is to be understood at
this Point as a coded form that expresses the whole content of <¢he
word sense in gquestion, In the presentcase "John", being a mere
name, has no sense over and above that It refers to a human belng,
and its whole formula would be simply (THIS MAN) which says no moere
than that,

One of the hypotheses at Work here Is that there Is a finlte
inventory of templates adequate for the analysis of ordinary
language~~==a uUsuable |lst of the messages that people want to convey
wlith ordinary language--and that in selecting those sequences _of
forrulas for afragment that are also template sequences (asregards
their head elements ) we pick up the formulas c¢orresponding to the
CORRECT, appropriate, senses of the words of the fragment., as they
are belmg wused in that partlcular fragment, | am giving only a
highlygeneral description here, and the details of the appllcatlon
of this method of analysis to comp|icated text has been set out In [
151,

Moreover , It is supposed that any fragment of natural |anguage can
be named by, that Is to say matched with, at least one such bare
template , and that the name will serveasabasic core 'o_f Qeanlng
for the purpose of transiating the fragment, Or In Oother words, we
can know how  to translate from the complex interiingual
representation of whlch the bare template MAN HAVE THING ]s the name
simply because Wweknow and can reduce t0o algorithms how ¢o express
the message "a person has athing"” In French,The template is thus an
ltem, or unlt, of meanlingto be translated,

An example might help at this polint to give the general |dea of What
ties are establishsd between text Items by the matching_ routines |
have descr | bed, Suppose weapply the template matohing routine to
the sentence: "My Dbrother owns a large car" And l@t us
suppose furthermore that we are not concarned with the problem of
selecting the CORRECT sense formulas, one corresponding to each of
the words in thatsentence, as it is used in that sentence,We shal |
make the simplifying assumption that each of those six words has only
one sense entrY in the dictlionary , and that what we are consldering
are the relationships set wlindirectiy among the words by mateching
an Interlingual representation onto thesentence,
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Fron the point of view of the matching routine, +the Initlal
representation of the sentence Is a string of s|x semantiec fTormulas,
whose detalls I shall discuss later,At the moment 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 "largen have the conventlonal head element KIND ,since
they specify what kind of thing s tn gquestlon, The temp! ate
matching routtne secans the formula string from left to_ rlght and s
able tomatoh the bare template MAN HAVE THING from the template
Inventory onto the formulas for "brother"” "owns" and "car"
respectively, since those elements, In that order, are the heads of
those formulas, Those three words are, as It were, the polnts In
the sentence at whlgh the template puts Its three feet down,

So fars at the word level:, tles that oan be Written as follows have
been estubl|Ished

brother « owns «cag

Those ape much the same sort oftlesthat would be estab|{shed AT THE
WORD level by any system of conceptual semantic ana|yslsCcf,11)
applied to that sentence,

This word dependency then, Is set up by matehling the barliembjatl of
elements MAN HAVE: THING onto the string of formu|asforthe words of
the sentence, This In Itself Is no vaouous exerc!se because, @aiven
that allrealtistically coded words In the dictlonary would have many
sense formulas attached to them, on|y oertaln selections of formulas
would admlt of befng matohed by an ftem in the template Inventory, For
example, In the sentence "This green blcyclolsawlnnOr"nfhe
semant!c formula for "wlnner" that has MAN aslts head and means "one
who wins" Is never picked up bY the matching routinesimpiy because
there Is no bare template THING BE MAN lnthag[nvontOry

To return %o the sentenoe “*MY brother owns alarge car"t! having
matched on the bare template, the system |ooks at the three Tformulas
1t has so tled together by means of thelp heads to soo]f it ean
extend the representation, top-down, by attaching other formulas and
so create a fuller representation, In thls case it looks from the
formula for "brothe;" to the one that preceded It , namely the
formula for "my®,This It sees oan Indeed qualify the formuia for
"brpother", and soO It opens allst of formulas that can be ¢tled onto
that ‘"brother” formula, Repeating thls process we end up with an
inter!!noual represantation for the sentence of the followlng
scheratiec form (thaty | shall call a FULL TEMPLATE----though we shall
see later that the tted items are not simply formulas )i

FCbrother) FLowns]) Flcarl
(FCmyd) ( FClapgel)
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where both the hortzontal and vertical directions represent
dependency ties of the sort 1 have descrlibed and F[(x] simply stands
for the interlingua| formula for the Engllsh word x,Thus the upwards
vertical dependency s that of a |lst of aualifying formuias (empty
In the case of "owns") on a maln formula,

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

brother “ owns « carp « a
+ *

my large

Apeclint that cannot have escaped any reader Is that by having a rigig
actor-actlon-object format fTor templates, on? ignores the fact that
many fragmentsofnatural language are not of thla form, regardless
of how tme iinltia| Input text !s partltlioned, This 1s indeed the
case, but , as | 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 analysls has no conventiona| syntactlc
base, the standard examples of syntactic homonymity, sucha s the
various Interpretations that can be thought up formthey are8 eating
app les", are represented only as differing message
Interpretatlions,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 fraamentatlon routine partitions input sentences atpuctuatlon
marks and at the occurrence of any of an extensive, though finite ,
list of key Words, That 118t that contains almost all
subjunotlons conjunctlons and prepositions, Thus the sentence "John
is In the house" would be returned bY auoh aroutlineadtwo fragments
(John 1s) and (In the house),Withthe Ffirst fragment the system would
match MAN BE DTHS, where the D of DTHIS indlcates that, having
falled to find any predicate after "Is", the system heas suppiled g
dumry THIS to Produce the canonical form of template,

When 1t comes to ¢hooslng thecorrect template for the fragment, |f

there !'s more than one avallable to choose from, the general oOVeral |
rule of <choice that | referred to earlier, of always preferrlng the
representation with the most conceptual connexions(whligh c¢an be,
thought of simpiyasthe number of <+’ s In the word diagrams), wIH
always choose one wWithout a dummy In preference to one with ,Though In
the Present case only a tempiate withadummy would be nvui lable for
choosing, In the case of "in the house” the matchling routine finds
itself oconfronted with a string of formulas starting wlth one for
"in" that has PDO as Its head,Preposlitions are, in general ,
assimi lated to actions and so have the P In the PDO of thelr heads to
distinguish them from straightforward actlon formulas, | n this case
the matehing routine Insertg @8 dummy THIS as the jeft=most member of
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the bare template , slnce it flrst encounters an wtlon
formula-=-headed by a PDO-=-as It scans the formula string from lef¢
to rlght, and, "l n the house” Is finajly matched with the bare
template OTHIS PDO POINT, So then tho sentence "John Is In the
house" Is partitioned Into two fragments and matohed wlth a semantle
representation consisting of a string of two templiates whose bare
template names @re wan BE DTHIS and DTHIS PDO POINT, respectlively,

Another example of fragmenting and matching Is presented by what
mlght conventionally be called noun Phrases, |If , after fragmenting,
the system Is Presented with "The old black man" as a singlefragment
[t cal SUBBIY two suoh dummles quring the mmg'uh and end UP With a
representation named. by the bare template NMAN DSE DTHIS,

The semantlec connectivitles descrlbed so far, elementary though they
re 1 have been between formulas that correéspond to words ocourring
n ¢he same fragment of text, The @great advantage of the

fragrentation approach Is that |t breaks a sentenoe of , perhaps,

thirty words, Into a number of units of manageable interpal
complexity, and such that a template oan be matohed onto sach In the
manner described,

But not all semantlic tles In such a complex sentence wl|| be internal
to fragments~----many wlll .e between |tems occurring In dlfferent,
and ma¥be not even textual |¥ oontiguaus, fraﬂments At a later polng 1
shall dlscuss TIE routlnes whose function is to orovido. 4n the full
Inter|ingual representation, those Inter-fragment dependencles
necessary for transiation,However, the major simplifying role of the

fragmentatlion must not be lost In all thlgs, “nlech 1Is to allow a
comp lex sentence to be represented by a |lInear sequence of tempiates
with tles between themee~ee=prathep than by a far more ocoOMp|ex

hierarchlcal representation as Is usual !n lingulsties,

The fragmentation, then, Is done on the basls of the suserficlal
punctuation of the Tnput text and a finite |ist of keywords _, and
keyword sequences, whose occurrence produces a text D&r?'tlnn.
Difflcult but Important oases of two kinds must then be cons|dered;
tirstly, those where a text string Is NOT fragmented even though a
key word Is encountered, Two Intultively obvfous cases are nen-
subordinating use9 of "that" as In "] |fke that wine", and
prepositons functioning as "pest verbs” a8 In "He gave up his
post",In these cases there would be no fragmentation before the key
words In other cases text strings are fraagmented even though a key
word Is NOT present, Four cases are worth mentioningt

1)"l want him to go" I!s fragmented as (! want)(him to go),A boundary
Is Inserted after any forms of the words "say" and "wnnt"a and a
further boundary (s fnhlblted before the following "to", This
seers Intultively acceptable since "want" In faot subJoIns the Who le
Of what follows [t in that sentence We shall expect to mateh onto
these Tragments bare templates of the form MAN WANT DTHIS and MAN
MOVE DTHIS respective|y ==~==whepe the first dummy THIS in fact stands
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for the whola of the next template, The fragmentation functions
operate at the |owest possible leve] of analysls, which Is to say
they Inspect the semantlc fTormulas glven for a Word I n the

dictlonary, but they cannot assume that the chol¢e among the Formulas
hag been made,

So then, the fragmentation functions can consider only the range of
POSSIBLE senses of a word,However, In thiscase Inspectlion of any of
the forrulas for "wants" or "says" enables the system to Infer that
the act can subJoinawhol|e template and not merely an eblect, as in
"I want him",A verb |lke "advise"™ on the other hand Is not O% thils
sort sinmnce we can Infer "1 advise him" In a way we CANNOT infer "I
want hlr* In the earilercase, So we would expect " ! advise him to
go" to recelve no speclal treatment and to be fragmented as (] advise
him)(to go), on a key word baslis,

I]1)Relative clauses beginning with *"that"* or "wh! ¢h" are Ilocated and

isolated and then Inserted back Into the string of fragments atanew
point,For exampie "The girl that 1 |lke jeft" {s fragmented as (The
girl 1eft)(that 1 |lke PD)iwhere the flnal| period of the sentence
"pp" is also moved to close off the sentsnceata new polnt, Thus
the partitlion after "| lke" Is made In the absenceof any key word,

III)"The old man in the corner left" is naturally enough fragmenged
as (The old man)(in the corner)(left),The breach made here between
the actor and act of the sentence Is replaced later by a tle (see
below),

IV)The sentences "John |ikes eating fish" "John likes seatlng" "John
began eatingfish" are at | fragmented before "eating", so that these
forms are all assim{lated to **John |lkes to eat fish ";whlch I's
synonymous Wwith the flrst sentence above)rather than ¢tpo "Johnis
eating f Ish", which would not be fragmented at al},In template teérms
“John Is eatling fish" Is to be thought ©fasMAN 00 THING, whlie
“John likes flsh" Is MAN FEEL DTHIS + OTHIS 00 THING, Where ¢he firs¢
DTHIS refers to the whole of the next tempiate, and the second DTHIS
stands In place of MAN ¢(l,e, John),

"0f" isakey word that receives rather special treatment, and la not
used to make a partition When It Introduces a possessive noun phrase,
After fragmentation , each fragment |8 passed through an [1SOLATE
function which |ooks within eachfragment and seeks for the right
hana boundaries of vof" phrases and marks them off by inserting a
character "FO" 1into the text,Thus "He has a book of mine" would be
returned from the ISOLATE function as "He has a book of mine fo",This
is done In all cases except those |lke "I dont want to spesak of him"
where "of " effectivelyY function8 as a post Verd.,

It may seem obvious enough why "of" phrases should remain withln the
fragment , since "of John:, functlons as does "*John"s", but the
demarcation of the ophrase With the "FO0" character oan only be
explalined by considering the PICKUP and EXTEND routlines,
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PICKUP AND EXTEND

The PICKUP routlines have alrady been described In a o¢eneral way !
they match bare ¢smplates onto the stringof formulas fora text
fragment,As the routines move through the stringof formulas, those
contained between an OF and aFO are lgnored for the purpose of the
Initlal mateh,This ensures that "of phrases" are only troated as
qunllflcrs.So. In the sentence "The father of my friend fo Is cal|ed
Jagk", the match would never try to make the head of the fOrruafoz
"frlnnd" Into the root of a template matching the sentence, sl nce It
ts sealed between an "of=«fo" palr, To Illustrate the reuults of
applying PiICckUP, 1 shall set down the bare tempiates that would be
expectedto match onto Nida & Taber’s(8] suggested seven baslc forma
of the Engl!sh Indicative sentence,(]n thls note | descrlbe only the
Indlcative mood as Tt |Is Implemented In the trial verfs on of this
system,Querles and {mperatives, |lke passives, are deajit with by the
nooronrlatﬂ manipulation of the template order,)

In each case 1 glve the baslic sentence, the brie template, and a
dlagramagtic representation of the corresponding dopandonclel Tmoiled
between the text {tams, where "e" again |[nks those words on whlgh
the bare template Is rooted or based, and "=" links a dependent wbrd
to Its governor,
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i) John ran aqulck|y
MAN MOVE DTHIS

John * ran « (DTHIS]
'

quickly

ii)Ydohn hit Bill
MAN DO  MAN

John % hig « B1}]

itii)John gave Bll| a ball
MAN GIVE THING
John * gave « bali|
+ * -
(to)BI[ 1] a

The estab| ishment of this dependency by EXTEND

fviJdohn is in the house,
MAN BE DTHIS DTHIS PBE THING
John % ia « [DTHIS] (DTHIS) « In * house
*
the

v)John is slck
MAN BE KIND

Johr « js » gick

vilJdohn is a boy
MAN BE MAN

John * Is « boy
L]
a

viidJdohn is my fagher
MAN  BE MAN

John % is « fathe,p
L4

my

Is discussed below,
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A natural questlon at thl!s point Is what exactly Is th!s Inventory of
bare templates to be used In the analysis of Input language?
detailed defense 1s offered of the inventory used,nor,! believe gan
one be glven,The fact Is that one useés the Inventory thlt sesms
emplrically rlght,revises It when necessary,|n operation or under
erltliclsm,and concludes that that.,alas,!s how things must be In ¢the
real world of practical language analysts,

The |Inventory used can be reconstructed from the table of rules set

out below In Backus Normal Form,It s set out In terms of the aoctlon
deglgnating semantic elements,such as FORCE,and thec|asseés o F
substantive designating . elements (such as *SOFT meanlng
STUFF,WHOLE,PART,GRAIN ANO SPREAD) that oan precede such an QCt!on as
a sublJect ,and followltas an object to oreate a three ejement bare
template,

<bare template>ti:is
<#pO><DO><*END> |
C#PO>CCAUSEDCHEND |
C#PO>CCHANGE>C#EN> |
CoANDCFEEL>C#MAD |
CHENDCHAVEDCHEND |
CeALDSPLEASE><C#AND |
C#ALDSPAIR>C#END |
CePO>CSENSEDC#END |
CePODSWANT>CHEND |
C#POOCUSE><SHEND |
CoPO>STELL>C#MAD |
¢oPO><DROP>C#END |
C¢ePO><CFORCE>C#END |
GOENDSMOVEDSKDTHIS) |
<aPO><SGIVEDC#ENDY |
CoALDCHRAP>SHEND |
CHANDSTHINKDCoMAD |
¢aS0><FLOW>COTHISY> |
¢oPOXCPICK>C®END |
<¢oPO>SMAKEDC#END | _
CeALYCBE><{same member of ®*AL as last occuUrrence>

<»AL> 1 18<DTHISITHIS |MAN|FOLK|GRAIN|PART |WORLD|STUFF|THING|BEAST]|
PLANT |SPREADILINEJACT[STATED

(#AL moans all substantive ajements)
(oEN):3=<DTHISOTHIS|MANIFOLKIGRAINlPAR |S FITHINGIBEASTIPLANTI
SPREADILINED
(«ENmeanselements that are entitles)
CoAND 1 1s¢MAN|FOLK|BEAST|GRAIND
(#AN mean8 animate entltles,GRAIN Is used as the main
element for aoclalorgnnIZatians.llke The Red Cross)
C¢#PO> 1 13<DTHISITHIS|MAN|FOLK|IGRAINIPART |STUFF |THING|ACT|BEAST]|
PLANTISTATE)
(#P0 means potent elements,those that can designate actors.
The olass cannot be restricted to *AN since raln wets the

No
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and the Wind opens doors)

<#SQ>:1=<STUFF |PART |GRAIN|SPREAD>

<#MA>: 1=<ACT|SIGN|STATED
(*MA designates mark @8lements ,those that can designate
items that themselves designate like thoughts and writings)

It wWill be noticed that 1 have dlstorted BNF very silightly so as to
we l te the bare templates oontainlns BE in a convenient and
oersolcuous form,the forms containing MOVE and FLOW also coniatn a
DTHIS (l,e, they ape "dummy templates") indicating that there ocannpot
beobJects!n those bare templates,Thus MOVE IS wused only In ¢he
coding of intransitive actlons and not to deal wfth sentences like i
moved all the furni¢ure round the poom",

There are dummy templates not included in ¢this |ist =~-=sevara| cceur
in the descriptiomo f the Nida and Taber sentences above, The
remaining rules specifying them are intuitively obvious,& may be
found in detail _n [15),where ] also glve important anc!||iary rujes
wh iech speclfy when dummies are to be generated In matching
sentences,Naturally a dummy MAN BE DTHIS is generated for the fi;st
fragrent of (John Is)(lIn the housg) Simply beca¥Se a Proper_ three
element bare tempjate cannot be fitted on to the ]nfOrmatlon
avallable,But in other cases,where a three element template o0an be
fitted, dummies are generated as Well,since subsequent routines to be
described may want to prefer the dummy to the bare template, FO!:
example , fs the analysis of the first fragment of (The old transport
system)(which I loved )(in my youth)(has been found uneconomlic),a
reasonably full dictionary will| contain formulas for the substant]ve
sense of "eld" and the action sense of "transport",Thus, the
actor-action-object temnlate FOLK CAUSE GRAIN can be fltted on here
but will be tncorrect,The dummy GRAIN DBE DTH]S wil| also be flteed
on and W1l be preferred by the EXTEND procedures | _describe
below,Such slight complexlty of the basic template notion are
necessary If so simple a concept Is to deal wlth the realities of
languade,This matter is described in greater detall In [15],

The matchingby PICKUP w! |l stiils in general, leave a number of bare
templates attached to a text fragment, It is the EXTEND routines,
working out from the three points at which the bare template attaches
to the fragment, that try to create the densest dependency network
possible for the fragment, In the way 1 descrlbed earller, and so to
reduce the number of templates matching a fragment, down to one if
possible,

In order to show more clearly how EXTEND does this, It |s necessary
to say somewhat more about the semantic Tformulas Which make UD the
full template, A semantic Tformula expresses the mneaning of one sense
of a nratural language word in the dictlonary,I1t is made up of left
and rloht Parentheses anpdof semantic elements,The latter Inolude
THING, STUFF, MAN etc, fer basic Items in the worldjFORCE, CAUSE,

DROP, CKHANGE to describe Dbasic ktnds of action, and so ©n,The
formulas are blinari|y bracketed palrs ofwhatever depth of nesting is
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necessary to express the meaning of a partlouiar word sense, The
formulas are made up, and Interpreted, with a dependency of the lef¢
element, or bracket group, upon the corresponding rlght hand element
or bracket group In everycase,

s08 (MAN KIND) would be Interpreted as "of a human sort", which is to

say » !t Is a formula for "human" wused as a aqualifler, In((MAN
DROP)ICAUSE) the dependencyY Wlthin the Inner bracket is ot an
ctor=act t¥ype, wheregs that Wlthin the outer pracket =e~=-=of (HAN
B on CAUSE-- 1Is of the object~of= actlon on aot type,So the whole
sub- formula Is to be Interpreted a8 "caUses , person to renounce
something”, and we Would therefore expect to find thls subformula
within any formulafor ,say, "blackmal|"  Therea r e restrictions
on the ways In whigh the elements can combline contalned In a table of
ngcope notes" for the system of codingifor examplie, CAUSE cunnot be
anything but an actlon so ((MAN OROP)ICAUSE) oould not be the
speciflcatlon OFf a sort of causs , but only the causing of
something,The most |Important element In a formula Is lts rlﬂhtmost
one, or head with- whlich PICKUP connects formulas for words to
templates for whole fragments In the way| descrlibed,

Formulas that can aquallfy any ,other, substantlve formula have the
head KIND, and those that can auallfy actions have the head HOW. Most
asctlon formulas have a8 head DO, BE, MOVE ('run” for examp @), oOr
GIVE.GIVE verbs are Important In that they oan function (n the
representation of actlon constructlions |lke "He left John is watch",
where an Indirect obJect of an aotlon can appear w7 thout any
preceding preposition,GIVE verbs functlon In much the same way as
TRANS verbs In Schank's analysis{i1],and the appearance of GIVE as a
tormula head for, say, the actlon"|eft" primes the system to expect
such an Indlprect obJect The verb "te!l" also has GIVE as the head of
fts principal formula sinoe It oan partlicipate in such indirect
obJect constructions as "John tells me a story",The lack of necessary
connexlon between the English word "tell" and the Interllingua]
element TELL /s brought out by thls fact that the formuia head of
"“tell" 1s not TELL but GIVE,In the case of "say" on the other hand
,the head of Its main formula I's TELL slnoe It oannot oecur In the
GIVE=type constructlons,

Most: substantive formulas have as thelr heads suoh elements as MAN,
STUFF y»  THING, ACT(for abstract substantives which are the result of
action, such ags "adJjustment"), STATE (abstract substantives such es
“frlendship", "happiness"), GRAIN(abstract substantives any sort of
struoture Sugh as "system") gnd 80 on,A formui, for supstantive s
assumed to0 be singular unless the ®|ement MUCH sits Irst Jtem at
the toO level,

action formulas can specifya preferred olass of actors or of oblects
of the aotlon or both,Preferred rotors are specified by FOR and
preferred obJects by T0,S0 then the formula for the aectlon ‘"tal k"
Wwill contaln the pals ~(MAN FOR) since most things that talk are
human, and |f there Isapossibllity Of setting up a dependenoy wlth
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a human actor, the system will take !t,The restrictlon cannot be
absolute In this, or most other, oases since machlnes and dogs talk ,
in fable if not IIn fact, The Importantfaclilityis to be able to
PREFER the usual , |t a representation for It |s avallable, but to be
able to accopt the unusual if necessarV,

The syntax of the actlon Fformula is as followsi(x FOR)or (x TO)
appear as the flrst item at the top level of the aotion formula if
they are approprlate ==-==in LISP terminology the palr Is simply
CONSd onto the verdb formula, If bath are appropriate, as Ina
formula for "Interrogate™, then the (X T0), for the oblects, is CONSd
first, and appears at one level lower iIn the nesting of the formula
than the (x FOR), specifying the Preferred actors,Thus the formula
for "interrogate” would read:i((MAN FOR) ((MAN TO)(TELL FORCE)))s The
preferred  substantives ,or classeso f them,for auallfiers are
indlicated naturally in an extenslion of thils notatlion ,by including _(x
FOR) as the flest t!tem at the top I1e&el In the formula for a
qualifler,

In order keep a small usuable set of Interlingual semantlic

elements,and t o avoid arbltrary extensions of the |lst of
elements,may notlons are coded by conventional sub=~formuliasi(FLOW
STUFF) isused to designate |iqulds for example,and (WHERE SPREAD) to
code spatial area of any sort,

After thls brief descriptlon of formulas, some further speclflcatlon
can be given of the EXTEND routine, which Is absolutely central to
the analysis» since it 1is there that most of the work of a
conventional syntax analysls is done by semantl¢ methods,

I explained the role of EXTEND In general terms earllert ¢ inspects
the strings of formulas that replace afragment, and seeks to set up
dependencies of formulas wupon each other. I t keepsasco;-easit
does so, and in the end selects the structuring of formulae Wjth +he
-most dependencles, on the assumption that It Is the riaht one (or
ones, if two or more structurings of formulas have the same
dependency score)

The. dependencles ¢that can be set UuUP are of two 80rts: A) those
petween fTormulas whose heads are part of the bare template} B) those
of forrmulas whose heads are not In the bare template upon those
formulas whose heads are In the bare template,

Conslder the sentence "John talked aulgkly" for which the bare
templ ate would be MAN TELL DTHIS, thus establishing the dependency
John « talked ¢ [DTHIS] at the word level® Now 8uppose we axoand out
from egch of the elements c¢onstltuting the bare templagte In turn We
shall find that !n the formula for "talked" there Is the preference
for an actor formula whose head Is MAN---since talking ls genera|ly
done bypeople,This preference is satisfied here, Wwhlich we can think
of as establishing a woed dependency of nJohn" on "talked", whloh [s
a type (A) dependency, Expanding agaln from the element TELL we
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have a formula for “"quleckly" whose head |sHOW, and HOW = headed
formulas are proper qua|liflers for actions, Hence we have been able
to set up the followingdlagramatic dependency at the word level;
John « talked « [DTHISJ
- '

qulck|y

(where " « " Indicates a bare template connectlvity strengthened by a

direct semantlic dependency~-==-=-springing from the opreference of
"talked” forahuman actor In this case,) and we would score two for
such a reppesentation, Furthermore , the formulas having types B
dependence would be tled In allst to the main formula on whlch they
depend, The subtypes of dependence are asfol|ows:

A) among the formulas whose heads constltute the bare template

lYpreferred subjects on aotlons

"John ta | ked" .

il)preferred obJects of aotlons on actlons
"interrogated a prisoner"

B) of formula8 not constltuting bare templates on those
that do

Idaguallflers of substantives on substantives

"red door"

l1)gualiflieprs of actlons on aotlons
"opened aulek|y"

lit)articles on substantives

"a book"

iv) ofu...fOphrases on substantives
"the house of my father fo"
viguallfiersof actions on quallfiers of substant|ves
“very much"

viipost verbs on actlions

"g ! veup” .

vil) Indlirect obJects on actlions
"gave John a,,,,," ‘
vitl)auxi|lapies on actlons

"*was going"

ix)"¢0" on Infini¢glive form of actlon,
"+o0 relax"

The searches for' type B dependencles are all directed In the formula
string In an Intultively obvious manner!

(1) goes |eftwards on|yt(ll)goesright and lef¢

(i11)leftwards onjy:(iv)ieftwards onlyt(v)ieftwards oniy!
(vi)rightwards only:(viideightwarde onjyt(viii)|eftwards only, —
The purpose of the score of dependencles established wl|| Decome
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clear if we consider an example OF B(vii): the indirect object
construction,Let us take the sentence 'John gave Mary the book", onto
which the matching rcutine PICKUP will have matched two ©DOare
tenpl ates as Tfollows, since it has no reason to pre8fer one to the
other:

John gave Mary the book
MAN GIVE MAN
MAN GIvVE THING

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

has ro preferred actors or oojects, tneé too bare template cannot be
exterdec at all and so Scores zero,Inthe case of the lower bare
template, then a T TRANS action can be expanded by any substantive
formula to its immediate right which is not already part of the bare
template,Acaln "oook" is qualified by an article which fact IS not
noticed by the (o0 bare template, So then, by EXTENDIng we have
established in the second case the following dependencies at the word
jevel| and scored ¢wg (of the "<" dependencies),
JoRn « gave « book
4 L ]
Marpy the

Two Sscores higher <¢han 2ero and the second representation s

.preferred,This is an application of the general rule referred to

earlier as "pick up the mast connected representatien from the
fragreng”, I wrote earlier of the relation of "John'" to "talked" in
the sentence "John -alked quicx|y" as being expressed in the full
tremplate as a relatlon Detween tempjate items (MAN and TELL being
theiheads) of mutual dependency s,andsonot really a dependency at
al I, but strengthered in this case by a "semant | c dependency” s i nce
MAN is a preferred subject head for TELL Verbs.But this form of
expression can be mis|eading because, In this system ,there is no rea;
syntax-semantics distinctlion at all,Every dependency is expressed by
relations of a single type between elements and formulas and classes
of poth,even though som™e such relations (|lke the MAN/TELL one above)
clearly have a more semanticky flavor,while those |ike the
any-substantive/KIND relation whlch ties asubstantive formula to a
gual if lerone,is clearly more syntacticky,

The auxiliary of an action also has its Fformula made dependent on
that oOf +tne appropriat® action and the fact scored, but +he
auxilliary formulas are not listed as dependent formulas elther, They
are picked up by EXTEND and examined to determine the tense of the
actlon,They are then Tforgotten and an element indlcating the tense is
CONSc onto the acticon formula,In its initial state the system Wil
recognlise only four tenses of complex actions,

PR gees hide/is hiding/did hide/are niding/am hidina

g3

[MPE: washlcing/were hiding/

pAgT?! «¢iahloe/had hnidden

FUTL: willnide/wi|| be hiding/shal| hide/shal| be hidi~g
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In the case of the negative of any of these tenses the word "net" |s
forgotten, and an atom NFRES, NIMPE, NPASTor NFUTU attached to the
appropriate actlon formula Instead, At present the system does not
dea| wWlth npassives, though 1 Indlcete later how they are dealt wlth
within the template format,

Even when the representation with the densest dependency he8 been

found, there may st!l]l be more than one representatlon with that
scorefora glven fragment, So, In the case of "The man |08t his
| 6g" there may wel| be two representations of thls sentence wlth the
same dependency score, one corresponding to ea¢h of two different
senses of "leg"-e=a=one as a part of a body, and one asan inanimate
thing that supports some other thing (as In "piane leg"), There s
a further routine In EXTEND, calied Into play in suoh cases, that
attempts to establish additiona|"semantlic overlap™ of oontent both
between the actor and obJect formulas of the template, and begween
eaoh of the three maln formulas of the template and Its auallfiers,

1f any can be found, the addltlonal dependencles ape ¢ ad to choose
among representations that have achleved the same scere |n_the EXTEND
routines describedeariler,S0,In the present case, the formula for
"leg of a person" would be expected to contaln the subformula (VAN
PART)s+ whereas the Tormula for "plano 1eg" would not, and this
connectivity with the Inltlal formula of the template, Whose head was
MAN, would suffice for one representation to be chosen In preference
to the other, again on the princliple‘of praferring the most comnected
representation,

Not ANY co=occurrence of ejements would sufflice for this purpose, of
course, and an Important open auestion in any system |lke the present
one I's what combinations of element8 ate adeauste for the
preferential sejection of formulas In such cases,An example of_ a
oomblnatlon of markers that |8 certaln to be slgniflcant for the
resolution of ambigulty would be (FLOW STUFF), a cenventional
oombInatlon wused to fndlcata the ooncept oOf fluuds So then , In
‘reso|ving the possible amblguity OF Interbretation of the sentence
"Thet a pla dripping” we would expect to find that combination of
marker8 present In the APPROPRIATE formylas for "tap" and "dr{ppln "
and so to select the correct Interpretaion With thelr aldesce=in th
way -we would be able to discard the "meat fat" sense of "drippling",

The thlrd and last pass of the text applies the TIE routines, which
establ!sh dependencies between the representations of different
fragments, Each text fragment has been tled by the routines
descrl bed so far to one or more fuil templiates, each cons'stlng of
thres maln formulas to each of whleh a |18t of dependent formulas may
be ¢tled, The Inter| Ingua| representation consiscs, for sach text
fragment, of ONE fu|| template together Wlthup to four addltlional
ltems of Informatlion called Key,  Mark, Case and Phase
respectively,The Interilingual representation also ocontalns the
English name of the fragment ltself,
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The Key is simply the first word of the fragment, If it occurs on the
list of key words;or, In the cases of "that" end "which" a key USE of
the word,

The Mark for a 9iven key IS the text word to which the key word tles
the whole fragment of whieh It Is the key,So, In (He came home)(from
the war), the mark of the second fragment {s "came® and the second
fragrent Is tied in a relatlon of dependence to that mark by the key
“from", Every key hasacorresponding mark , found by TI!E, unless
(a)the key Is "and" or "but" or (b) the fragment introduced by "he
key Is itself a complete sentence, not dependent on anyth]ng outss4de
itself,The notion wil| become clearer from examining <the example
paragraph sat out below,

From the Point OFf View of the Present system of analysts, the Case of
a fragment, ifany,generally expresses the role of that fragmentin
relation to Its key and mark: 1t speciflies the SORT of dependence the
fragrent has upon its mark,

There !s one ImpBrtantcase. OBJECT, whose assignment to a cease does

not gepend on the Presence of a key,Se, in the sentence (] went )(her
to jeave) the latter fragment would be assigned the case OBJECT end
woule be tled to the actlon "want" as the mark of that fragment:, even
though there Isno key present”

But In general case markers are attached to fragments on the basls of
the Kkeyand the mark It may be that no caselsfinallyassignedtoa
fragrent, though It wiil be If a fragment Is Introduced by a
preposition, The cases are, In a sense sacross classification of
preposlitions , whose correct rendering Into, say, French s so Vital
for adequate translation,for example; the English preposition
OUTCF (squeezed into a sinale Item by the FRAGMENT routine) can be
rendered Inte French in at least seven ways,

The provisional worklng |ist of cases and the English prepositions

that can Introduce them is as follows

RECEIVER:to0, from, for

INSTRUMENTAL::with, by

DIRECTION:to, from, towards, outof, for

POSSESSION:wl!th _
LOCAT[ON(space and time):at, by, near, after, In, during, before
CONTAINMENT:In

SCURCEioutof, from

GOALt'to:at

The case analysls routines in TIE work by considering the above
classificatlon of oprepositlions In reverse , as It wWere,So, In (He
struck the bo¥){with a stick)itlE locates the "with" and flnds in the
stereotypes for "wlth" (see below for a description of sterotypes)
that"wl th" can Introduce either a POSSESSIVE or INSTRUMENTAL
fragrent, It reads there <€that If, for example, an INSTRUMENTAL case
is in questlion It wil| expect a precgeding actlon whose head s po,
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CAUSE or FORCEjand will also expect a substantive In the fragment It
introduces whose head |s THING, | n the case mentionad It finds
these condltlons satisfled, since the head of the approprlate formula
for "at i ok" Is THING, and so tles the second fragment to the mark
"hit" and asslgns the INSTRUMENT&L case to the second fragment as a
description of that tle,

InanyYotherslituation, where these crliterlia ar® not satisfled, ¢the
fragment introduced by "wlth" Is tied to the Immediately preceding
substantlve, and the case POSSESSIVE Is assigned to the tle, as _In
the (He struck the boy)(with 1 on9 bhale), where the head of the
appropriate formula for "hair" is STUFF,In one special olass of
cases, the  POSSESSIVE case Is asslgned even though a THING
substantive Is found In the "obJect position" of the seoond tempiate
following on a D O , CAUSE or FORCE actlon In a_ preceding
template,Those are the cases where the object Is a art of the
substantive previously mentloned.For, even though a 189 Isa THING we
would want to a8sign a POSSESSIVE case to the second template of ¢the
pair (He hit the boy)(with the wooden !eg).How thils TIE]ls obtaliped
alfgorithmically Is discussed in detall in the flnal section of the
paper after the descrlption of STEREOTYPES,

This procedure oan be thought of as an amblgulty resolution of the
prepositlons, which was not been dealt with atat all by the PICKUP
routines since prepositions are Inserted Into the formula str]ngs as
a single formula and are never consldered to be® ambiguous a that
stage, the TIE routlnes also resolve other semantic gmb‘gufty not
dealt With by the PICKUP routines, So, for ® xamDle, !f our last
exarpl/® had been (He struck thr boy)(wlith a bar) we would have
expected there to be at least two formulag for "bar" sti|| In play
jcorresponding t o the heads THING and POINTe=wethe latter
corresponding to the place sense OF "bar",Hence there would stlil be
two Full templates matehing onto the latter fragment at this stage
and both considered by TIE, whloh would thus orefer the _template
contalning the sense of "bar" coded with the head THING, since only
In that case could a dependency tle be made (to "hit" in another
tragment In this case) on the basls of Informatlion extracted from the
formulas, and 'n doing so the ambligul¢y of "bar"” would be resolved,

Phase notatlon Is merely a oode to Indlcate In a very deneral way to
the subseauent generatlion routines whore in the "progress of the
whole sentence" one is at aglven fragment,, Phase number ls_attached
to eaoh fragment on the fo|lowlng bas‘s by TiE , where the stage
referred to appllesatthe BEGINNING of the fraoment to whioh the
number attaches,

g-main subJeet not yet reached
i+subJect reached but not maln verb

2+main verb reached but not complement or obJect
Jwgomplement or obJect reached or not expected



27

Anaphoric Information of a fairly stralghtforward sort Is oput Into
the full template i{tself, So, for examp|e, as TIE passes through an
Input text |t seeks to eliminate all pronoun Tformula8 and repliace
t h e Inside the full template wlth the appropriate substantive
formulae===the substantive to whlch the pronoun refers ==e-wetrylng as
It do6s so to take account of" a wlde range of except|ons suoh as
impergona| yg® of pronoyng that Iy would be Inappropriage to
replace, as ?n "{t seems that,, ,,"., Those uses can almost always be
detected by thelr occurrence In company withasmall and restricted
class of actlons,

2,2)The Interliingua| Representation

What follows is a shorthand version o f the Interlingual
representation for a paragraph, deslgned to Illustrate the four forms
of Information for a paragraphe--key, mark, case and_  Phase

---descrlbed above,The schema below glves only the bare template form
of the semantic information attached to each fragmente====the
semantic formulas and thelr pendant |1%ts of formulas that make up
the full template structure are all omltted,The French g/van !s onlv
Illustrative, and no Indication Is glven at this point as to how It
|'S produoced,

(LATER CM)
(PLUS TARD VG)
(ntisntl:ni|:@3No Template3

(DURING THE WAR CM)
(PENDANT LA GUERRE VG )
(DURING:GAVEUP: jocations@:DTHIS PBE ACT]

(HITLER GAVE UP THE EVENING SHOWINGS CM)

(HITLER RENONCA AUX REPRESENTATIONS OU SOIR VG)
Cnyltnilsnt | $@tMAN DROP ACT]

(SAYING)
(DISANT)
CntitHITLER:;Ni 1 :3:DTHIS DO DTHIS)

(THAT HE WANTED)
(QU’IL VOULAIT)
CTHATSEAYINGiopJject: 3:MAN WANT DTHIS)

(TO RENOUNCE HIS FAVORITE ENTERTAINMENT)
(RENONCER A SA DISTRACTION FAVORITE)
(TO;WANT:0object:3;0THIS DROP ACT]

(OUTOF  SYMPATHY)
(PAR SYMPATHIE )
COUTOF $RENOUNCE: sourcgi3:DTHIS PDO SI1GNJ
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(FOR THE PRIVATIONS OF THE SOLDIERS PD)
(POUR LES PRIVATIONS DES SOLDATS PT )
CFORISYMPATHY:recipient!3tDTHIS PBE ACT)

(INSTEAD RECOROS WERE PLAYED PO)
(A LA PLACE ON PASSA DES DISQUES PT)
CINSTEAD:nl|sntl:2:MAN USE THING)(commentitemp|ate active)

(BUT)
(MAIS)
(BUT:nli:nils@3sNo Templatel

( ALTHOUGH THE RECORD COLLECTION WAS EXCELLENT CM)
( BIEN QUE LA COLLECTION DE DISQUES FUT EXCELLENTE VG)
CALTHOUGHsPREFERRED;n! 1:@:GRAIN BE KINDJ]

(HITLER ALWAYS PREFERRED THE SAME MUSIC PD)

(HITLER PREFERAIT TOUJOURS LA MEME MUSIQUE PT)
Criltniltni|s@IMAN WANT GRAIN]

(NEITHER BAROQUE)

(NI LA MUSIQUE BAROQUE )
[NEITHER{MUSICiquallfler:@;DTHIS DBE KIND)

"(NOR CLASSICAL MusIC CM)
(NI CLASSIQUE VG)
CNOR:INTERESTEDtn{|:@:GRAIN DBE DTHIS]

(NEITHER CHAMBER MUSIC)

(N1 LA MUSIQUE DE CHAMBRE)
[NEITHER:INTERESTED;n{ | ;@83GRAIN DBE DTHIS]

(NOR SYMPHONIES CM)

(NI LES SYMPHONIES VG)
-CNORSINTERESTED:ni1:@3GRAIN OBE DTHIS]

(INTERESTED HIM PD)
(NE L’INTERESSAIENT PT)
Cnilsnlitnt |311DTHIS CHANGE MANJ

(BEFORELONG THE ORDER OF THE RECORDS BECAME VIRTUALLY FIXED PD)
(BIENTOT L/ORDRE DES DISQUES DEVINT VIRTUELLEMENT FIXE PT)
(BEFORELONGsni|tn!|:2:GRAIN BE KIND]

(FIRST HE WANTED A FEW BRAVURA SELECTIONS)
(O"ABORD IL VOULAIT QUELQUES SELECTIONS DE BRAVOURE)
Cniltnlisni | 3@IMAN WANT PART1

(FROM WAGNERIAN OPERAS CM)

(D’'OPERAS WAGNERIENS VG)
[FROM;SELECTIONS:source;33DTHIS PDO GRAIN]
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(TO BE FOLLOWED PROMPTLY)

(QUI DEVAJENT ETRE SUIVIES RAPIDEMENT )

[TO:OPERAS:nti|$3:MAN DO DTHIS)(gommentishift T O active temoiate
agaln may glve a different but no-t incorrect transiation)

(WITH OPERETTAS PD)
(PAR DES OPERETTAS PT)
[WITH:FOLLOWED:n]|:3:DTHIS PBE GRAIN3

(THAT REMAINED THE PATTERN PO)

(CELA DEVINT LA REGLE PT)

Cnit tnil:nlli@sTHAT BE GRAINJ(comment:no mark because ‘that’ tles
to a whole sentencs,)

(HITLER MADE A POINT 0F TRYING)

(HITLER SEFAISAIT UNE REGLE D"ESSAYER)

CannH!n”m:MAN Do DTHISJ(OOmmant lsome ‘dlom retognitijon ass’nila‘
to Cop® wlith thig)

(TO GUESS THE NAMES Of THE SOPRANOS)
(DE BEVINER LES NCMS DES SOPRANOS)
CTO:TRYING:object:2:DTHIS DO SIGNI

(AND WAS PLEASED)
(ET ETAIT CONTENT)
CANCSHITLERSNn||13:DTHIS BE KIND]

(WHEN HE GUESSED RIGHT CM)
(QUAND Il. OEVINAIT JUSTE VG)
CWHENIPLEASED: location;3;MAN DO DTHIS]

(AS HE FREQUENTLY DI1D PD)
(COMME & LE FAISAIT FREQUEMMENT PT)
(AS:GUESSEDimgnnep:3:MAN DO DTHIS]

It I's assumed that those fragments that have no template attached to
ther=~--=such as (LATER)=== can be translated adequately by purely
word=for-word means, Wwere It not for the difflculty involved in
reading It, we could {ay out the above text so as to display the
dependencles impiied by the assignment of cases and marks at the word
jevel, These would all be «f dependencies of whole fragments on
particuler worcds,So, for example the rejatlon of Just the flrat two
fragments could be set out as follows, '

[(DTH]IS] » dyring « wap «the
+
¢ (location)
&
Hitlep » gave+up » showingse the
L4

evening
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The interlingual representatlion described , as the result of the
analysls of English text, and Illustrated above In bare template form
, Is tha Intermediate form handed, as |t were from +¢he Engllsh
analys!sprograms to the Frenoh generatlon ones,"

However, thls Intermediate stage I's) as It must be, an arbitrary one

In the Engllsh=French processing that It la helpful to examine at the
surface level here for expository purposes and not on/Y |m the ooded
form, There Is often a misunderstanding of the nature of _an
interllngua, In that It Is supposed that an iIntermediate stage |lke
the present Inter|lingual representation(lR for short) must e¢ontain
"all Possible semantlic Information" In some expll¢lt form If the IR
ls to be adequate for any purpose,

But the quoted words are not8 and cannot be, well defined with

respect to any coding scheme whatsoever, What |s the case !s that
the IR must oontaln sufficlrnt Information so as to admit of formal
manipulations upon |!tse|f adequate for Producing transiatlons In
other natural or _formal |anguages,But that Is aulte another matter of
course,

The fal lagy Involved Is analogous to that committed by the
computatlionally 11|lterat®e who say that "You cant get more out of a
computer thanYou put In, can You?"=======which Is fajse If It ls
taken to exclude c¢omputation upon what You aut In._. _ (A more
traaltlonal parallel 1Is the Socrati¢ argument about Whether or not
the prerises of an argument "really" oontaln all possible concluslions
from themselves already, In that to know the premisses [s already to
know the conclusions),

Analogous|y, the IR for transiatlon need not contain any oparticular
EXpLICIT information about a text,The real restriction [s that in
creating the IR no information should have been thrown away that wWll]
later turn out to be Important., So, If one makes the Superflclal but
gorrect generglizgtion that one OF the difficultiesof Engjish=Frengh
MT |Is the need to EXTEND and make explielt In the Frenoh thlngs that
are mot so lp the Eqollshythen It Is no answer to s&y there Is g
prot lem since, whatever those things are, the IR, If adequate, must
oontaln them anyway, !t Is then argued that If there Is aproblem It
Is-a general one about derliving the IR from Engllish and has nmothlng
at all to do with French,

But thls,as| have polnted out, need not be true of a n ypartlicujar
Ir, since any IR must be an arbltrary cut off stage In golng from one
language to anothgria sllice taken at a particular polnt for
exarination, as it were,

Consider the sentence "The house I |ive In Is collapsing” which
contains no subJunction "that", though In French 1t MUST be expressed
explicitly, as by "dans laque|le", There need not be any
representation of "that" anywhere In the IR,All that Is necessary s
the subordination of the second fragment to the mark "house" Is
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coded, and generation procedures that know In such cases of
subordination an approprlate subjunction must oceur [n the French
ouput, It Is the ngad for such procedures that constltutes the
sometimes awkward expansion of Engllish into French, but the need for
ther IN NO WAY alctates the expilclt content of the IR,

2.3)The Dictionary format,

The dictionary 1is essentially allistof palrsiof semantic formulas,

(each corresponding to one sense of an English word), and of
explanations of that sense,By " exp|apation" | mean not simply an
English word or phrase, Such as was used !n earller versions of this
system of analysis to distinguish each sense from others, but what 1
shall call a French STEREOTYPE,

In earlier versions of this method of analysis CI5 1 one sense of,
say, the gnglish word"colorless"might have abpeared In the dlctlionary
as:

(CC((WHERE SPREAD)(SENSE SIGN))INOTHAVE)KIND)
(COLORLESS AS NOT HAVING The PROPERTY OF COLOR))

The first half of the palr, the Fformula, expresses the fact that

being colorless is a kind or sort which means not having a spatlal

(WHERE SPREAD) sensory property (SENSE SIGN).The second half of the
pair Is a sense explanation In Engllsh that contains the name of the
woraand serves to distinguish that Particular sense of "colorieas”
fror other senses---such as one about human character==- for anyone
reacging the dictionary who was not familiar With the c¢oding system
embodjeg {n the semantic Tformulas,

But, the senses of the English words distlnguished by the dlctlonary
may equally well| be explained and distingulshed by means of thelr
French equivalents, at least, In cases where the notion of" a French
equivalent to an English word" is an approprlate one,S0, for example,
the French words "rouge" a n d "soclaliste" mightbesaid to
distinguish two senses of the English word "red", and we mlght code
these two senses of '"red in the digt ionary" by means of the sense

palfrs?

(((WHERE SPREAD)KIND)(RED (ROUGE)))
(CC(WORLD CHANGE)WANTIMANY(RED(SOCIALISTE)))

The French words "rouge" and "soclallste™ are enclosed In list
parentheses because they need not have been, ag in this gase, SMGIQ
French words,They could be French words strings of any |engthifor
example, the qualifier sense of "hunting"a s It occurs In a "a
hunting gun" is rendered In French as "de chasse", henge we would
expectas the right hand member of one sense palr for “hunt ing"
(HUNTING( DE CHASSE)Y),
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This simplified notlon of stereotype Is adequate for the
repreSentgtlion of most aqugllflers and supstgntives,Below, | 8shgl|
generallise to the notion of a FyLlk STEREOTYPE adeauate for the
representation of prepositions and actlons, In whiah there MmaY be
more than one |1st after the English word name In the plght hand
member of the sense opalr,Moreover, they wlIl| be IIsts?n whieh
functions will oce¢ur as wellas the names of French words,

But we should pause at thls polnt Just long enough to see what ¢the

notions of sense palr and stereotype are doing for US In the system,
Earlier on, | described the structure of a full template ==~-=assigned

to some natural language fragment----- as made up of formujas and
lists of formulas,But these wou|d more accurately have been descriped
as sense palrs, and Ilsts o f sense palrs, That Is 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 members, even though the crltera for Incorporating a sense
pair Into the template appilied only to the formula |tself,

Hence the fuil ™ template already oontalns tho French equlvaients of
the Engllsh words fin the fragment,Moreover the stereotypesfor
actions and preposftlons oontain not only French equivalents but
Impliclt rules TfTor assemb|ing these equivalents soau to generate
French output, Thus the generation routines never need %o consult an
EnglisheFrench dictionary,All the gensration program reaulres, In
terms of Frenoh equivalents and assembly rules, Is already present In
the full template,

Thus the Tfull tenplate may appear to be® a comp|ex and Oumbrou8 |§pm
of Information, contalning a8 It doas not only a conceptua|semantic
representation of English text, but also French output formsa n d
Implicly genera¢lon ryles, But the avoldance of repeaged
consultation of a large dlotlonary of forms and rules In LISP format
Is no sra)| compensat]|on,

The full stereotype then, may c¢ontaln not only Frenoh words but ajso
predicates and functlons of |Interl|ingual | tems whose values are
always French word strings, or a blank Item, or NIL, The notlon of
Interlingual Item here covers not only the Interlingual siements that
make up the formulas, but also the names'of the cases abbreviated to
a standard four letter format ,for examp|etRECE, IN®5:., N]RE, POSS,
LOCA, CONT, SOUR, GOAL, OBJE, QUAL <(see the |lst ofcases olven
earifor),

The general form of the stereotype Is a |Ist of predicates, fol lowed
by s string of Fpench words and funotions that evaluate to French
worags»o0 rto NIL ¢(!n whloh case the stereotype fails), the
functions may also evaluate to blank symbo|s for reasons to be

described,
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The predicates----- which oocur only in preposition stereotypes---
normally refer to the case of the fragment containing the word, and
to its markrespectively,lf both these predicates are 8Satlsfied the
program continues on through the stereotype to the French output,

Let us consider the verb "advise" , rendered fn Tts most
straightforward sense by the French wod "conselller", 1t is |lkely
to be followed by two different constructions as in the Engifshi i)l
advise John to have patience ii) 1 advlse patience

Verb stereotypes c¢ontaln no predicates, sowe might expect the most
usual sense palr for "advise" to contain a formula followed by

(ADVISE( CONSEILLER A (FNqy FOLK MAN))
( CONSEILLER (FN2 ACT STATE STUFF)))

The -role of the stereotypes should by now be becoming clear tin
generating from, jn thls case,an action, the system |00KkS down a
|ist of stereotypes tied to the sense of the action fn the Tfull
template, IT any of the functions it now encounter8 evaluate to NIL
then the whole stereotype contalning the function Tails and the next
is trled,If the functions evaluate +to French words then they are
generated along with the French words that abPpearagthelr own names,
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
(i) and (i), In the case of sentence (f) in the form of ¢gwo
f ragrents (I advise John)(to have patience), the program begins to
generate from the stereotype for the Tformula In the actlon .ooslthn
in the first fragment's template,It moves rightwards as described and
begins to generate "consel |l lera ",Then (FNL FOLK MAN) {8 evaluated,
which Is afunction that looks at the Tformula for the third, oblect,
position of the current template 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
nJean" is generated after "consel| ler a", -e=w--eproper names are
translated here for illustrative purposes only----—- and sowe obtaln
+he correct construction "Je consei |18 a Jean,,,

But haa we been examining sentence (il) "1 advise patlence” this
first stereotype for "advise" would have failed slince (FNi FOLK MAN)
would not have produced a French word on being applled to the Fformula
for "patl ence", whose head |s ACT,Hence the next stereotype would
have been tried and found to apply,

The stereotypes do more than simply avoid the expll¢lt use of a
conventional generative grammar (not that there |s much precedent for
us 1 ¢ 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 context-sensitive rules at the polnt
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required, and withoyt any search of a large rule Inventory,Thls
method | s, In princlple, extensible to the production of routonably
complex Imp|lclt rephrasings and expansions, as In the deplvatlon of
vns| Intelllgent solit=lI" From the second fragment osll(‘No man
)(however Inte||lgent)(can survive death), g¢iven the appropriate
stereotype for "however",

Preposition stereotypes are more complex In general than these for
actlons, but before I|lustrating them 1 should mentlen a polnt thut
arises In connexlon wlth stereotypes and their relation to the
enumeration of the senses of Input (Engllsh ) words,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 |s to say, to a single
semantic foemula, In the examp|e sentences above, "ady L." is taken
as belng used In the same sense In the two sentences, even though
alfferent constructions follow the word In the two cases,

So the notlon of stereotype In no way oorresponda to that of word
sense, Indeed, the notion of Word-sense |s an extremely unclear ene
and resistant to any formal analysis,Without In any way claiming that

the senses of a Word can be ocompletely enumerated, It IS nonethe|ess
clear to ocommonsense that In "Il have a bar tn my new hquge" and "we
have a bar agalnst foreigners here” the word "bar" |s beling used In
tWo different senses (n terms of "conceptua| separation of contexts",

even though It Is not possible to eXpllicate ¢that |ast concept In
terms of nalve denotatlon, Or formal specification of contexts,

In the case of preposlitions| take them as having only a slingle sense
each, even though that sense may glve rlse to a great number of

stereotypes,Let us consider, by way of example, "outof"(oonsldered as
a single word)ln the three sentences|

13¢It was made)(oytof wood)
11) (He ki|led him)(outef hatred)
111)CL Ilve )(outof town)

It seems to me unhe|pful to say that here are three senses of "outef"
even though Its occurrence In these examples requires ¢transiation
Inte French by " dew, "par" and "en dehors de" respective|y,and other
contexts would require "parm|" or "dans",

Given the convention fqr stereotypes desoribed earller for actlons ,
let uUs set down stereotypes that would enable us to deal wlth these
cases |

S1)  ((PRCASE SOUR)(PRMARK #D0) DE (FN1 STUFF THING))
S11) ((PRCASE SOUR)(PRMARK #D0) PAR (FN2 FEEL))
Si11) ((PRCASE LOCca) EN DEHORS DE (FN1 POINT SPREAD))

Where #D0 Indicates a wlde class of actlon formulas; any In fact
whose heads are not PDO, QBE or BE,
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In the case of the sentence fragments (]t was made ) (outof wood),
when the program enters the second fragment It knows from the whole
interilrgualrepresentation described ear|ler that the case of that
fragrent Is SOURCE and Its mark ls "made", The mark woerd has DO as
its head , and so the case and mark predicates PRCASE and PRMARK In
the flrst stereotype are both satlsfied,Thus " de" !s tenatively
generated from the flpst stereotype and FN1 is applled, because of
its definitlon, to the object formuja in thls template , that Is to
say » the one for "wood",The arguments of FN!l are STUFF and THING and
the Tunction finds STUFF as the head of the formula for "wood" in the
full template* is satisfled and so generates "bols" Ffrom the
stereotype for "Wood"*"

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
trled; the same two predicates would be satlsfled, and now (FN2 FEEL)
would be applled t o (NOTPLEASE(FEEL STATE)) the formula for
"hatred",But FN2 by Its definition examines not formula heads » but
rather seeks for the contalnment of one of Its arguments withln ¢the
formula,Here It finds FEEL wlthln the formula and so generates the
French word stereotype for "hatred”

Simllar consliderations apply to the thlrd example sentence Invoiving
the LOCATION casetthough !n that case there would be no need to work

through the two SOURCE: stereotypes already discussed since, when a
case is asslaned to 8 fragment during analysis, only those
stereotypes are Jleft 1in the Interiingual representation  that
correspond to the assigned case,

The description of the asslignment of case to a fragment was deferred
from the earlier discusslon of TIE routines, since |t reaqulires use of
the stereotypes a the analysis stage,In the case of fragments With a

- key, TIE routines search the stereotypes for the key unt!| ¢they flnd

one that matches the fragment and {ts mark except In respect of
case,S0, in the sentence (1 live)(outof town) the analysis routines
asslgn LOCATION tO +the second fragment in the first place because
they locate In the third steretype for "outof" a formula for the
object oOf the preposttion whose head is POINT,

2,4) The generation of French

Much of the heart of the French generation has been described In
outline in the last section” slince It Is Impossible to describe the
dictlonary and 1{ts stereotypes usefully wlthout describing the
generative role that the stereotypes play,
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To complete this brief sketch al| that |t |s appropriate to  add is
some description of the way in which generations from the stereotype
of a key and of the mark for the same fragment Inter|00Ke=w= the mark
oelng In a different fragment---=-as oontrol Tflows backwards and
forwards between the stereotypes of. different words in search of a
satisfactory French output, There is not space avallable hare for
description of the bottom level of the gdeperation program===the
concord and number routines-- which in even the simplest oases need
access to mark information, as in locating the gender of "heureux" in
(John seems )(to be happy) translated as "Jean semble etre heursux",

Again, mueh of the detai |ed content of the Qeneration is to be found
in the functions evaluating to Frenoh words that 1 have arbitrarily
named FN1,,..2tc,Some of these seek detail down to 9ender markers.
For example, one would expect to Qet +the correct translations "Je
voyageals en France" but "., .au Canada" with the aid of functions,
say» FNF and FNM that seek not only spec!fle formula heads but
genders a8 Well,So. mong the stereotypes for the Engllsh "In" we
would expeot to fing (glven that formulas for land areas have SPREAD

as thelrp hﬂad!)‘ ' vesreeneA (FNM SPREAD)) and . n'ootEN (FNF
SPREAD)), :
It 1Is not expected that there wW!|! more than twenty or so of these

inner stereotype functions in all, Though It should be noticedat
this Point that there s no level of generation that does not reaulre
aulte oomplioated semantic information processing,! have In mind here
what one mlght call the bottom level of generatlon,the addlitlon and
compression of artlcles , An MT program has to get "Je bols du vin®
for "1 drink wine" but to "J’alme LE vin" for "1 |lke wine",Now there
is no analog for this distlinetlon In English and nothling about the
meanings of "llker and "drink" that accounts for the difference In
the Frenoh in a way intultlively acceptable to the English speaker, At
represent we are expecting to generate the dlfference by means of

stereotypes that seek the notion USE In the semantlic codings ===which
will be looated {n "drlink" but not in "|lke",and to use this to

generate the "“de" Where appropriate,

The overall contro! functlon of the generation expects flve different
types of template names to oecur!

1)#THIS #D0 #ANY where *THIS is any substantlve head(notDTHIS)

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

With thls type of template the number, person and Qender of the vrrb
are deduced from the Frenoh stereotype for the sublect part,

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

2)DTHIS *DO *ANY



37

These templates arise When a sublect has been split from its action
by fragmentation,The mark of the fragment is then the subject.Or, the
template may represent an obJect action phrase, suehas a simple
infinlitive with an impliclt subjegt to be determined from the mark,

J)#THIS DBE DTHIS

Templates of this type represent the subject, spllt off from its

action represented by type2 template 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 generation is only possible from a quallfiepr aSinzthe
second fragment of (1 like tail CM)(blond CM)(and blue-eyed Germans),

4)DTHIS PDU «REAL

Templates of this type represent prepositional phrases and the

transliation is generated asdescrlibed from the key stereotype, after
which the translation for the template object 18 added (#REAL denotes
any head In *THIS or }s KIND),

The g9eneral strategy for theflnajstages of the MT program Is to
generates French word strings dlrectiy from the template structure
assigned to a fragment of English text, The Ffirst move i{s to flnd
out wnlech OF thg8 flive myJor t¥PeS of temMPlate gistinguisheq apoVe Is
the one attached to the fragment under examination,

So then, for a fragment as simplea as "John already owns a blg red
car", the program would notlce that *the fragment has no mark or kaey,
hence, by default, the generatlon Is to Proceed from a stereotype
which ls a function of the general +type of the template attach{ng to
the fragment,The bare name of the template for this one fragment
sentence la MAN HAVE THING and Inspection of +the types above wlj}
show thls to be a member of type (1), whose 9general form |s #»TH]S DO
#ANY,The stereotype !s a function=~-=let Us sa¥Y FTEMPes=we Of that
template type and 1+ to conform With the general format for
stereotypes described earller, this can be thought of as being one of
the stereotypes for the "nuill word', since we have no mark or key
word -to start from here,

In ¢hls case the generatlon of French 8 simpllcity itselfizhe
function FTEMP evaluates %0 a French word string whose order 18 that
of the stereotypes of the Enslish words of the fragment.Thls order |s
directed by the presence of the first type of template comprising an
elementary 9equence subjesct=actlion-obJect.This Is done recursively so
that » alon§ with the French words generated for those Epndllsh wgopds
whose formulas constltute the bare template(!,s, "Jjohn", mown" and
"car") are generated those whose formulas are merely dependent on %hq
main formulas of the template---1In this case the formulas for
"a.rsady"‘ ”b;g" and "red""
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1f complex stereotypes are located whlle generating for any of thc
word8 of the f regmgnt===="gcomp|ex" simply means Full stereotypes
which have constltuengs that are functions as Wwe|| a8 Frenoh
words-——-—-—-— then generatlion Ffrom these new|y found stereotypes
Immediately takes precedence over further generatlion from the last
stereotype at the level above,

In the Present case "own" create8 no problems  since It Isa
completely regular Frenoh verb, and so |ts stereotypes oontafn
nothing but Frenoh words,lngeneral, It Is oniy lrregular Ftenoh

verbs that contaln complexity In thelr stereotypes 80 as to dictate
the form of what follows them In a sentence,(]t should be understood

that 1 am using "lrregular®” here to meean Irregular With respeot to
thls system of classiflcation e=wweemy usage Is not [ptended to
correspond to the standard opposition of "regular” to "{rreguiar" in
French grammars),

Now suppese we consider the two fragment sentence "I order Jbhn to
leave",The fragments wl!l| be presented to the generatlon program In
the form described earller with Key, Mark, Case and Phase
Information attached to saoh ’ragmont:

(I order John) ntjitnljini|i@
(to leave) tosorder:0BYE:2

Also attaohad to the fragments wlll be full template8 whose bare

template naes In this case wil|l be MAN TELL MaN and DTHIS MOVE OTHIS
respectively,

The gensratlon program enters the flrst fragment which has no mark or

keyisolt starts to generate, a8 before, from a sterectype for the
null word which agaln |s one for the firlt template tYDa.Th(l gets
the subJect rlght 1"Je" Ffrom the stereotype for "l“.lutor to be
modIf led to "J' * by ¢the concord routine,It then enters ¢he
stereotypes for the actlonithe first being ,

( ORDONNER A (FNL MAN FOLK)) The head of the fo pMya for "John" |,
MAN, and FN1 here !s an arbltrary nlmiforafunot on that looks Into
the formula for the obJect place of a template and, If ¢the _head of
that formula Is any of the function’s arguments, |t returns the
stereotypes value of that formula.In thiscase the fungtion FNL |s
satisf led by "Johnn, so by definition that stereotype for "grder" is
satisfled, and the program 9enerates from |t the sequence "ordonner a
Jean", glving the correct seguence "Je$ ordonner$ a Jean"ewe= where §$
Indicates the need for further minor processing by ‘the concerd
routine,The stereotype has now been exhausted=====nothing in |¢
remalins unevaluated or ungenerated=~=~=simijarly the fpragment Is
exhausted since no words remaln whose stereotypes have not been
generated, ®lther direotly or via the stersotype for soms other word,
and so the program passes on to the second fragment,
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The program enters the second fragment and finds that it has a mark,
namely "order",It then consults the stersotype in hand for "order" In
fragment (|) to seeifit was exhausted or not, It was, and 80 the
program turns to the stereotypes for "to", the key of (11) Among
those whose flrst predlcate has ¢he argument OBJE willbe the
stereotype

((PRCASE OBJE) (PRMARK FORCE TELL) DE (FNINF *D0O))

If we remember that the head of the current formula for "order" , the
mark of fragment (it), Is FORCE, and that PRMARK seeks and compares
its arguments WwIlth the head of the mark formula, then the predicates
areseen tO be satisfled and the program generates 'de" after seeing
that FNINF Is satisfied, since an aotion formula for "leave" follows,
whose head MOVE is in the class *D0,

FNINF on evaluation finds, where necessary”™ the implicit subJect of
the Infinitlve,That |s unnecessary here, but would be usgnglal in
examples only slightly more c¢omplex, such a3 "Marie regrette d e
s‘etre rejoule trop tot",Finajly FNINF itself evaluates to the Frenoh
stereotype selected for "|eave",This might Itself glve rlse to to
mo.e géa,chling If the uge of "leave"diciated l4g own ge yengy a, In
"I order John to leave by the first traln", Here however the
evaluation terminates immediately to "partir" since the sentence

_stops,The program makes no attempt now to generate for "|eave v

again® since It reallses it has already entered its stereotyne |1st
via the "to" stersotype, Thus the correct French string "Je$
ordonne$ a Jean depart!ir" has been generated,

The last example was Iittle more than a more detalled re=descriptlon
of the nprocesses described In the dlctionary section (2,3) In
connexlon with the example "] advise John to havVe pat ience", However,
now that we have dealt fully wlth a fairly standard case and 8hown

the recursive use of stereotypes In the generation of Frenoh on a
fragment=-by=fragment basls, we oan dlscussa final pair of examples

. in whichamore powerful stereotype,asSlt were, oan dlctate and take

over the gensratlion of other fragments,

1f we were to conslder in detal!| the generation of Frenoh for the two
fragment sentence (]! 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 to generate the French for
the flrst fragment Is that of the actlon===="throw" In this
case- -and the stereotype for 'throw" is exhausted by the flpst
fragrent, so that nothing In that stereotype causes the program to
inspect the second fragment,

Now consider, in the same format, (1 drink wine)(outofaglass),
Following the same procedures a3 before we shall find ourse|ves
processing the stereotype for "drink*" whlch reads ( BOJRE (FNi (FLOW
STUFF)) (FNX1 SOUR PDC THING)t DANS (FNX2 THING)) where"?" Indicages
a halt-point, The program begins to generate tentatlivel|y, evajuatling
the functlons left to right and being prepared to cancel the Wwhole
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stereotype If any one of them falls,FN1 is applied to ths formula for
"wIne" and speclifies the Inolusion in it8 formula, not of one of two
elements; but of the whole conventiona| subformuia for |laqulds (FLOW
STUFF), Thls 1t flnds, is satisfied, and so evaluates to "vin", to
be modlfled by concord to "du vin", '

The program now encounters FNX1, a function which by deflinition
applles to the full template for some FOLLOWING fragment,At this
point the program evaluates FNX1 which returns “a blank symbol| If and
only if It finds a foljowingtthoush not necessarily Immediately
followins ) fragment w!th a SOURce case and atemplate, the |ast two
elements of whose bare name are PDOTHING.I.@, t Is a preposition
type fragment with a physleal object as the obJect of ¢he
preposition,This slituation would nOt obtainif the sentence were "]
drink the wine outof pollteness", If FNX1 la satisfied, as In thls
case, It causes the generation from this stereotypetohaltafter
.generating a blank symbol, Haltling in an evaluatlon ls to be taken
as quite different from both exhausting (all functions eve | uated to
French word strings or a blank) and falling (at least one funetlon
evaluates to NIL),

The main oontroi program now passes to the next fragment, In thfs
case "outof a glass",]t asks Ffirst if It has a mark, whigh Tt has
namefy "drink", and looks at the stereotype In hand for the mark to
see If is exhausted, whieh @It @S not, merely halted,The Drogram
therefore continue8 to generate from the same stereotype, for
"de ink”, producing "du vin", then "dans",fo | lowed by the evaluate
of FNX2, name!y nverre", thus glving the oorreot transiation "Je
bols$ du vin dans un verre",

The important point here |s that the stereotypes for the key ¢0 the
seoond fragment ’ "outof", aré NEVER CONSULTED at all,The
trans|atlons for al| the words of the seoond fragment w!l| have been
entered Via a stereotype for the previous fragment, the one for
"drlnk",The advantage of thls method W!|| be cleartbecause [t would
be very d|fficult, conceptually and Wwlthinthe framework | have
described , to obtain thetransiation Of "outof" as "dans" {n thls
context TFrom the stereotype for "outof", because that trans latl on is
speciflo t0 the occurence of certain Frenchwords, such as- "bolre",
rather than to the appllecalon of certaln oonoepts, In this way the
stereotypes oan ¢ope wlth lingufstio ldlosyncrasyas el | as with
conceptual| regularity,!t shou Id be noted, too, that sincs "dans" |s
not generated unt!| after the halted stereotype restarts, there Is no
requirement that the two example fragments be contiguous,The method !
have described couldcope Just aswell with(ldrink the wine)(lilke
most) (outofasliver goblet),

The Point here (about what words are generated through the
stereotypes for what OTHER words) can perhaps be made |lttieglearer
with a diagram in which ||nes connect tho Englishword through

whose stereotype a gensration is done to the word for Whlghoutpoutls
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generated,A| | generations conventionally start from @ the null word
mentioned above, it |s,bY convention, the word for Whigh the flve
has i c stereotypes are the stereotype” SO then, the more
straightforward case (] threw the ba|l)(outof the wlindow) would be
generated as follows:

2
LR
’ & \
(] Fy \
’ & \
’ ¢ \
| throw=+bal| outof+=+w|ndow

Artlcles are omitted for simpllicity,In this case the new fragment
stept!ng with "oygof" ,etu,Nsg again to O to begin gene.a¢lng agaln,
In the more complex case (] drink wine)(outof a glass) the generatlon
pattern would beas follows:

- )
LY
4 ¢
’ n
1 drink ==++<wine
)
¢ \
& \
outof glass

Where the subJects and obJjects Of a sentence are considerably
separated by Intervening clauses ,these generation dlagrams can
becore consliderably more comp|licated,

The general rule with aotlon stereotypes then, is that the more
irregul ar the actijon, the more Information goes into its stereotype
and the less Is needed In the stereotypes for Its sequents,So, for
exarple, there is no need for a ttesettype for "outof" to contaln
DANS at a]l,Again, Just as the regujar case "] order John to |eaye"
produced the transiatlion "J'ordonnea Jean de partier” by using the
stereotype for the key '"to'”, the less regular ocase "] urge John_to
| eave” whlch requires the aquite different construction "J’exhorte
Jean a partir" , would be dealt with byahajiting stereotype for
"yrge" whose form woujd be

( EXHORTER (FN1 MAN FOLK) (FNX1 OBJE #D0) » A (FNXINF #D0O)) _

and in this ¢2Sgs the Steredtypg for "to" WoU|q neVer bg consulteqd at
all*

Finally ,1lt should be admitted that In the actual computation of the
analysls and generatlon system described above, two Jtems of
informatlion | have descrlbed,case and mark,shrink in
importancerthough by no means disappear,Thelr role has been
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overstressed In the paper,In order to make a oloear distinotion
between the analysls and generatlion routines and s¢ present a olear
Interilngual repreaentation format,onen to Inspection by any |ln ulst
unfamillar with,and uninterested In,the algorithmlie  trchn3ques
employed,What 1 sought to avold was any referenceto a "seam|ess
computational whoje" al| of whose |evels seem to presuppose all of
the other levels,and which even If It works ,cannot be fn any way
Inspected or discussed,

| hinted In the body of thepaper that the assignments of the case

and mark Information Itse|f demands access to the French
stereotypes,and It would clearly be absurd t¢ consult the stereotypes

to assign this Informatlon and then ,later,consult them aga 4n In .
order to make use of It In the generatlion of French, I n fact,the
analysls and generagfon routlnes fuse at this point ,and thecase and

mark are located during the generation of the French output,

The c¢hange In the Tformat that thls requires Is that the mark
predicate PRMARK s not now simplyapredicate that checks whether
the ALREADY ASSIGNED mark for the fragment In hand meets the
specificatliontit 1s apredicate that at the same time actlvely seeks
for a mark meeting that speciflecation,And ,as with the stereotype
functions a/ready descrlbed,the fallure to find sucha mark falls the
whole stereotype coOntalning It,There wl|l now be not a slingle mark
predicate. but a number of them fulfl|ling different rofes,The case
predicate,conversely,|s not diversified but vestiglal,because there
Is now no PREVIOUSLY ASSIGNED case to a fragment for thepredicate to
check,and the case Is now Just alabel n the dlctionary of
stereotypes to ald the reader,

A aulak last look at a previous example should make all this
clear,Consider agaln (He hlt the boy )(wlith the wooden 1e8) as
contrasted W!th the a|ternative second fraoments (With a stlek) and
(with long bhatr),Let us consider the analysis routines terminating
With t h e provision of full templates for fragments (and phase
information) ,and let us consider everything that follows that as
French geperation,

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

((PRMKOB #ENT)(POSS) A (FN #ENT))

((PRMARK #D0)(INgT) AVEC (FN THING))
((PRMARK #ENT)(POSS) A (FN #REAL))

PRMKOB Is adlirected predicate,as It were,that seeks for a mark In a
precedling fragment (wlthin a range of two frlomonts).ltlobkgcnlyt%
candidates whose heads are In the class *ENT,that Is ¢to say
THING+MAN,FOLK,BEAST or WORLDjentitles [n some sense that., ¢ap have
parts,In the same sense the heads ACT,STATE,POINT etc,ar® not
attached to ward senses that we can speak of as having parts, PRMKOB
compares the formulas for potentlial marks In the thlrdsoblect,
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posltion of preceding fragments wlth the formula for the obJect In
the terp jate for the fragment In hand,And It Is true if and only If

the latter formula indlcates that It ties to a word sense that oan be
a part of the entity tled to the "candlidate mark" formula,

So,In the case of (He hit the boy)(with the wooden |eg) PRMKOB finds
itsel|f comparing the formulas for "bay" (head MAN) and "leg" (which
contalns the sub=formuia (MANPART), [n thls case PRMKOB is satisf|ed
and the generagtlon continues through the flrst stereotype gorrectly
generating "a" for "wlth" and then the output for "wooden ieg",The
«REAL In the functlon tn the first stereotype merelyY |ndicates that
any obJect In that fragment should then have Its stereotype generated
(any substantive head |s in the class *REAL) because | ts
appropriateness has already been establlished by the satisfaction of

PRMKOB,

Followlng exactly the procedures described In other exampjes it WIII
be sSeen that (With a stlck) tails the flrst but Is transiated by the
second stereotype,whije (withlonghair)falls the flrst two bput Is
correctly generated by the third,
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