STANFORD ARTIFICIAL INTELLIGENCE PROJECT
MEMO AlIM-161

STAN-CS-264-72

AN ARTIFICIAL INTELLIGENCE APPROACH TO MACHINE TRANSLATION

BY

YOR ICK WILKS

SUPPORTED BY
OFFICE OF NAVAL RESEARCH
AND
ADVANCED RESEARCH PROJECTS AGENCY

ARPA ORDER NO. 457

FEBRUARY 1972

COMPUTER SCIENCE DEPARTMENT
School of Humanities and Sciences
STANFORD UNIVERSITY







|
L

STANFORD ARTI FI CI AL INTELLI GENCE PROJECT FEBRUARY 1972
MEMD AlM=~161

COMPUTER SCIENCE DEPARTMENT
REPORT CS-264

AN ARTIFICIAL INTELLI GENCE APPROACH TO MACHINE TRANSLATI ON
by

Yorlck Wi ks

ABSTRACT $ The paper describes a system ot semantic anpalysls and
generation, Programmed in LISP 1.5 and designed to pass from
paragraph length {nputin Engllish to French vlia an inter]ingual

representation,A wide «class of Engllish input forns wl|| be covered,
but the vocabulary willinitially be restricted to one of of a few
hundred words, With this subset wWorkinf , wniu durling the ocurrent

‘year (74=72), it Is also hoped to map the Interlingual repreaentatlon
onto some predicate calculus notatlon SO0 as to make possible the
answering of vepy simple questions about the transjated matter,
The speclficatlon of the translation system |tse|f is complete, and
Its maln polnts of interest that dlstingulsh It from other systems
are:
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1)It translates phrase by phrase----with facilitles fop reordering
phrases end estabiishin@ essential semantic connectivities between

themr - - - b y mapping compiex semantic structures Of "message" onto
cach phrase, These constitute ¢the .inter|lingual representation to be
translated, This matching is done Without t(he explicit 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 found highly successful in earller versions of this
analysis system

11) The Frenoch output strings are generated without the explicit use
of a generative grammar,That is done by neans of STEREOTYPES: strings
of French Words, and functlons evaluating to French words, which ars
attached to English word senses in the dlictionapryY and built into the
inter)!ngual representation by tha analysis routines,The generation
program thus recejves an interlingual representation that already
contains both French odtput and inplicit procedures for a_gscmbl!ng
the output, slnce the stereotypes are in effect récuUrSive procedures
specifying the content and production ©f the output Wword s_trinﬂsoThUQ
the generation program at NO time consults a wWord dietlonary or
inventory of grammmr rules,

It Is clainmed that the system of notation and translation descrl bed

is a convenlent one for expressing and handling the Items of semantic
Information that are ESSENTIAL to &ny effective M system,] discuss
In some detail the semantlc informatlon needed to ensure the correct
choice of output prepositlions in Frenchja vital matter Inadeauately
treated by Vietually all previous formmlisms and Projects,



1.8)Introduction

I call what follows an Artificial Intel]jlgence (Al) approach to ¢the
problem of Machlne Translation (M) for five reasonst

1)When fully developed the System to be described for representing
natural language wi |l contaln within Itself two methods f or
expressing the content of any given utterancetone logical, the other
linguistlc, in abroad sense of that term,It is at the present time
an outstanding auestlon within Artifliclal Intel|igence Which of these
general approaches s the nost sultable,In that the Present system
has both representation capabliltles, it should be able to ¢compars
ther Wlith a view to throwing some l1ght on this Importantdispute,

2)1have argued elsewhere [14) at some |endth that the space of
meaningful expressions of a natural language cannot be determined or
declaed by any set of rules Whatevepeew=we|n the waythat aimost al |
Iinguistic theories implicltly assume CAN be done,That {s because, in
common sense terms, a speaker a|Ways has the optlon ¢o MAKE any
string of words meaninaful by the use of explanatfons and

definitions, HOWevepr, apy working system of Iingulstlie 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 Ilfels to have a nodifiable system of Hngulsiilg
rules, Wwhleh was Inplemented in an elementary Way In an earl|ier
varsion of the Present system [13],

3)Another aspect of the Al appProach, if one can use that phrase, has
been an attraction to methods consistent with what humans THINK thelp
methods of’ procedure are, as distinct from more formmlly motivated
methods,Hence (he attractlon of heuristics in, Sa¥, Al approaches to
theorem proving,The opresent system s entirely semantics_ based, in
that it avoids the expll¢lt use of a conventlonal |Ingulstic syntax
at BOoth the analysis and the generation stages, In the analysis of
Input , syntaX is avoided by a tenplate systemjithe use of a set of
semantlec forms that seek to Plek Up the mnessage conveyed by ¢he [nput
strlng, on the assumption that there i8S a fairly well defined set of
bas i ¢ MmMessages tha+ people always want to convey whenever {;hey wf[ta
and speak; and that In order to analyse and express the content of
discourse It is these simple messages~=-such as that ‘a certain thing
has 8 certaln part' for eXamp|®e=~ that we need to locate, Again,the
overal I representation of complex sentences Is that of a |linear
sequence (Of these message forms In a real time order ,Interrelated by
conceptual ties, rather than the Hhlerarchical tree structure
preferred by |InJuists, From the VeryY common sense forms of
expresslion I have had to use to express this mnethod of attack 1t N*I‘li
be seen that the meghod itself is one olose to ordfnary i{ntuitions
about how we understand, and sonewhat dlstant from the concerns of
formal| grammarlans,
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4)The French genmepation Is done wWlthout the expliclt use of a
generative grammar, in the conventtonal sgnse.The Interlingual
represertat!on Passed from the anajysls routines to the generation
ones already contalns, as Part of the codlng of the English Input
words, French Stereotypes~--==strlngs of French words and functlons
that evaluate to Fpench words,These functions are evaluated
recurslively (o produce French output, @nd the sterectypes thus
oonstltute both French output and ppocedures for assemb|ling that
output properlyY,NO other inventory of Freneh words OF grammr rujes
s ever searghed, and the stereotypes oonstituie a principled way of
eoping with linguistic diversity and lrregularlty=~==since indlvidual
words have thelr own Stereotypes=-=without recourse t o what
BareHi | 1e|[1] cal |s "bags of trlcks",

S)A point related to (1) but Inportantly d]fferent is w'E!'IM: of the
"level of understanding”™ required for MTe.]t would ocertainly be
uninteliligent to deve|op any level of understanding nore compieX than

ls required for any task, and It Is hoped t hat by the mothods
described |t my, be possible to establlsh a level of unde;stand?no
for MT, somewhat short of that required for question answerl and

other more lIntelligent behavliors,Whlle agreeing with Migh o 8fé6)
unexceptionable ",,we now have as a touchstone _the rea|lzatlon that
the central operations of the Intel |lgence uro....tranaaotlons on a
know|edge base”, it ts hoped t hat for MT 1 Ingulstic, or
linguistically expressible, knowledge may suffice,

It Is th3 semantic approach that |s Intended to answer the aquite

proper questlon ’Why Start MT again at all? The 9enerally n'Q&t‘VG
surveys produced after the demlse of nost of the M research Of the
Fiftles In no way @stabllished that a wholly new approach | (ke the
Present one Was foredoomed to fall ===0n|Y that the nethods tried so
far had in fact done s0,At this dlstance In tIime ,it is easy to be
unfalr to the memopy of that earlyY M work and to overexaggerate [ts
gsimple asumptions about language,But the fact remains that alnost _all_
of 1t was done on the basis of naive syntactlc analysis and NlthoUt
any of the developnents in semantlc structuring and descpfotlion that
have been the nost noteworthy features ©Of recent lingulstle advance,

One Wword of warning Is approprliate at this point about the vsomnniic
method and Its refation to the form of th!s paper,Thls is Intendad (o
be a Practical note, c¢oncerned to describe what |S being done fn 2
particular system and research proJect, so It Is not concerned to
argue abstractly for the value of systems based on conoeatual
connectionssithls has been done elsewhere by Wrlteps such as
Simmons[12], Quiljianf9]), Klein[3]), Schank [11] as well as myse|f,
lam not concerned to argue fOPF a general methed, nor Shall ] set out
mich In the Way of thenow famll lar graph structures [Inking the
items 0f example sentences In Order to display thelp 'real structure’
for my purposes,l a m concerned more ¢t0 display the Information
structure [ use, and the mnipulations the System applies to oertlln
linguistic examples in order to 9@t them into the prescrlbed farm for
transiation,The display of conceptual ©or dependency connections
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between items of preal text WIII on|ly be made 1IN cases where
unnecessary obscurity or complexlity would be introduced by dlsgltyvfng
the same connexlons between 1tems of the Interlingual representation,

It has become fashlonable recently to ¢lalm that ‘dlictionary based’
syste8ms cannot find a place within Al,]1 would Ilke to aprgue at the
outset of thnlspaper that this view, pervasive though rarely mde
expllelt, 1la an unheipful one, and can only Inhibitprogress on the
understanding of natural language In an Al context,

The rise of thls view can, Ithink, be correlated with tbe fresh
Interest belng generated anong |Ingulists and others by new attempts

’
such as Montague’s(?) , to produce a forml loglc capable of
representing rather more of the forms of language than the ¢lasslc
attempts of Russell, Carnap, Relchenbach et al, The impllele
argurent goes a s follows! that logical structure provides the real
structure of language, and there Is no Place 1In a logiec for a

d‘ctlonEFYv henoe......

But In so faras any premise of this argumentis made precise It can
then be seen to be highly mlisleading, If not downright false,The
relation of formal Jog9lc to language Is andalwayshas been a much
dlsputed matter and cannot be dlscussed here In any detal|,But any
adequate logle must oontaln a Glctionary or Its equivalentiflit Is

to handle anything more than terns With najve denotations such as

‘chalp!,Anysystemof analysls that 'S to handle sentences containing
, say, ’hand’ 1Is going to need to have aval|able In some form such
Informatglon a s that a hand Is a part of a body, and that 1t Is
somethlng that onlY humn belngs have,lt does not matter whether thls
information Is expliclitly tied toaword name fn the form of markers,
or Is expressed as a serles of true assertlonsjadlictionary_is what
It Is, and |f the information Is adequately expressed it nust be

possible to construct elther of those forms from the other, Just as
an ordinary English dictlonary expresses infoemation in a mixture of
both forms, On the whole, the " @xplicit dictlonary" Is a mor e

economlical form of expresslion,

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

matters could not be otherwlse,,Pressed for alternatlives th.aE exXpress.
thelr point of View, they are now Drone t0 refer to Winogradfi16].,But
that |s absurdiWinograd’s work certalnly contalns a dictionary,The
fact Is not as obvious as it might be because ©0f the highly
simplifieduniverge with whleh he deals, and the dlrect denotational
nature o f the Words !t contalns,But my polnt holds even wWithin that
simplified world,To see thls one onlY has to read Winograd’s work
with the questlon in mindihow do®s the system know, S@a¥, that a bleck
Is ‘handleable’, The answer is but aulte clearly In a text figureiby
means of a small marker dlctlonary of course,

Michiel6] has wrlgten of ",,the mmndatory relationship, ignored by

some computational |lngulsts, between what Is monadie, what i's
structUrals, and what It eplstemic,”" In connexlion with his clalm that
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Winograd’s work constltutes "the flrst successfu| solution of +he
maohlne translatlon problem", But It may not be nere ‘gnOrQHOO on
the port of myself here, and others @lsewhere, in view of the fact
t hat the dlstingtion between what Is "eplistamiec" and whntlanot
e=wee] think Michle neans by that word "eoncepned with the real world
rather than With 1 anguage”, a rather speclal and non=traditional
meaning ===<==i8 by n® neans as ¢lear as he thinks, [t seems to me
that the onus of proof I8 on the bellevers--that know|edge about
the real world IN SOME: STRONG SENSE OF THOSE WORDS |s necessapy for
linguistic tasks Itke MT,1t |8 wusual to refer ,asMighle does, (o
examp|es |lkeWInograd’s d!stunotlon between the anaphoras Im "The
Clty Counc!| refused the wonen apermlit because they feared _violenge"
and "The Clty Counci| refused the women @ permit because they were
gommunists",But If the eplstemlic bellevers ncan by “knowledge of the
world" the "!nductlve knowledge of the average Ma&N"™ then ¢theY are
befng over parochlal In accepting such examples atface valuellt all
deperds on whether the Clty Councl! s Washington’s or Peklng’s, and
an Intelligent system mlight be perfectly rlght (o refuse to assign
theanaphora In such trlck examples at all,

] am not suggesting, though, that the manipulations to be described
here are mere|y ‘dictlonary based’, [f that ls to be takento mean
having no theoretical presuppositions,There are in fact three
Important |ingulstic presuppositions On which the followlng analvsls
is based: nanely the use of templates for analysis, and tereotypes
for generation, referred to above and desgcribed In detal] ?n the body
of the paper, and In additlon the principle , to be developed be|ow,
that by buliding wup the densest, or nost €onnected, re resentation

that 1t can for a Djece of language the system of analysis wlil be
gett/ng the word senses and muUgh of the grammr right,What ! nean by
ndensity of connmection " here WIlll be the subjJeet of much that
follows,

1,1)Some other pPreliminary questlions

The last 8ection was concerned WIth the auestion of t he content of
the Information reaulred to do MT.Certaln kinds of lnfo?mntloa
dictate thelp form Of expressiontif It is agreed by all partles that
to -do M we need to know the fact, that hands have four Hngers. then
some: fopm of representation at least &8 strong @8 set theory OFr the
predicate oalculus wlll be needed to express that fact,The need for
facts of thatsortis a disputed one, but !t is beyond dlaoute t hat
we  shall need to know that , sa¥, a soldler i8 a human being
Important questlon thatarlses {s, what form ©Of representat 1
necessary for facts of that sort,

This oroject IS intended t© produce gworking artifact_and not to
settle Intellectual questions,Navertheless, because the terrltoryY has
been gone over so heav!ly In the Past Years and because the quostions
stll!l at issue seem to cause the adoptlon of very definite oointa of
view by observers and -partlolpants allke, ft Is necessary t0 make
remarks on o¢ertaln mtters before any detal{ed MT work can @6t
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started, In particular, d!fferent views are held at the present time
on the questlan of whether the intermediate representation between
two languages for MT should be |0glcal or |ingulistic in form,

Waat the k8Y words In that last sentence, "loglecal"™ and "|ingulstic”
» actually mnean !s not as clear a's mi ght appear; for example, they
are alnmost ©@rtain|y not exclusive nethods of attacking the problam-
In that any "loglgcal| coding "of text will require a good deal of What
!s beat called |ingulstic analysis in order to get the text Into ¢he
required loglcal form;suchas coping '4th sense amblguity, clause
dependency and so on,0n the other hand few Hngulstlcany oriented
people would deny the need for some analysls of the logical relations
present in the discourse to be analysed, However, for the purposes
of the present project certaln assumptlons may be made safet.v_:_

(a)whatever Ilnguists and phllosophersmay sayto the contrary, [%
has never been shown that there are limgulstic forms Wwhose meﬂfﬂnﬂ
CANNOT  be represented In any loglcal system whatever, so, for
exarple, I|lngulsts often Broduce kinds of Inference Inference
properly made byt not catered for In conventlonal| exiating
calcullisuech as the "and so" Inference |n "I felt tired and went

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

(b)Whatever |oglcians maybelieveto the contrary » It has never been
ghown that human beings pepform anything |lke a |oglcal ¢transjation
when they translate sentence3 from one language to another, nor has

!t ever been shown that |t is NECESSARY to do that In order to
trans late mechanically, Totake atrivialexample,if one wants to

translate the ENgl fsh "{3", then for &N adequate LOGICAL transiatlion

one WlIl alnost ceptaln!yY want to know whether the partlcular use of
"Is" In question g best rendered Into logle by ldentlity, set
membership or set fincluslon,Yet for the purposes of transjating an
Engllish sentence contalning " Is” Into a closely related _ language

such as French It Is highly unllkely that one would ever want t0 mmke
any such distinction for the purpose imediately In hand,

The above assumptions In no Wway close off discussion of the gquestions
outstanding: they merelY allow constructive work (o proceed,In
partlcutar philosophical dlseussion should be continue on (a)oxacfly
what . the [ Inguist is trYlNng to say when he says that there are
finguistic forms and common senses Inferances beyond the sgope of any
Ingle amdd (b)) exactly what the logfclan is trying to say when he
holds In a strong form the thesls that loglca| form Is the basls of
braln c¢eding, Or 1s the approPriate basis for computing over matural
language,

There are also Interesting comparlsons to be made on this polnt anong

contemporary academic devejopments, and In partlicular the drawing
together at the Preésent tine of t he Interests and approaches of
hitherto separated workithe extended set logle of Montague for
example that he claimed coped Wlth IInguistic structure petter t han



did MIT Jlnguls¢lies, and, on the other hand, the Iingulstie work of
G,Lakoff [4]which claimgthatthe transformatlonalists in general and
Chomsky In partlcular ALWAYS WERE seeking for some quits conventlonll
notlon of loglcal form and should have faced up to the flc-_r, ‘l"\ th.'r
work, But t hose {nterestlng questions ate not Issues hep @) bOOlUSO
the afm of the present proJect |s to producea sml I ll‘t?flct that
not only translates from one natural language ®Q another but is also,
potentlally at least, capable of some lo8le translatfen and so
edmitting of aquestion answering and the additional "understanding"
that that f(mp|les,

so, g@glvenacommitment to aquestion answerling flOH"tY as well as _an
MT orm@, there can be no real problem about the “000X|8t°n00 of the tWo
forms of co0ding, logical and IInguistic, within a slingle system
because gl | but the most dogmatliec llngulists wuld admit the need of
some log- ioal anajyls Wwlthin any reasonable auestlon answering
system,Howevar, the coexlistence mighta|so preclude what oneuwould_‘n
fantasy Ilke (o have, name|y a way of testing agalnst cach other ¢the
loglelst and Ilngulstlie hypotheses about MT,SuUch a test would be
precluded because any |ogical transjation (ln the sens® of
translation Into logic) Wlthin such asystem would have muoh of the

work done bY the |lnguistic analysis that t he system also
contained,S0 there could be no real oomparisonof the two oaths
ENGL]SHeeewe==PREDICATE CALCULUS REPRESENTATION»we=~eFRENCH

ENGL] sHe====we==INGUISTIC CONCEPTUALIZATION=weewweFRENCH

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

in order to get the natural language Input Intologloalform, But [t
might, asldiscuss below , be p0S8ibl® to get translated _output _by
two different Paths in & single system and so give sone reln to the
notion of experimsnta| comparison,

It is !mportant to be clear at this Point that the dispute bet ween
the loglelsts and the 1 Ingulsts s often unsymmetrlcal In form,
One holding a strong |oglelst thesis about M asserts, It seems to
me, t hat aPC representationlis necessary fo t he task.TheI‘nﬂuTst
of correspondingly strong commltment denies thEs) but does not always
assert that a llingulstic representation is necessary, He mmy adml¢
that:a logical representation is suffielent, denylng only ?hltlt]s
necessary , He might argue that a logical representatlon makes
explliclt more information 1IN the input text than Is necessary, . By
this he neans simply that It Is harder to trtnslatemtoaloqleal
notatlon than nost | ingulistic ones=-==a faot well attested to by
research proJects o f t he pagtwm====in that more access to
dictlionaries and forms of Information outside the text Ttself, |s
necessary' in the logical translatlion case,

This is what I nean by saying that the 10Q1€ translation my contaln
more information than a semantic ON®, even though the text translated
can clearly contain only the Information It contains,The addltional
information comes from the extra-textual dlctionarles and axloms,
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The fegiclse 4 v vwle other hand, Will most (1kely deny that a
linguistlic representatlon is even sufficient for M,

However, one must be a little cautious here about the admlas]on that

e logical coding c¢ontalns nore Information than a Ilnguistic=semantic
one, as those terns are usually understood,Any ITngulstie
representation ‘s going to tie some such marker as MAN or H[MN to 8
wora | ike "goldlar", 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 is a SYstem that contains an @xpliecit predicate
calculus axiom (¥Yx),SOLDIER(x)3MAN(X),

Wiat is usually meant BY an admission that a loglcal representation
may ¢ontain nore Information than a ©urely Ilinguistic one concerns
the notatlon for variable Identification (as In the Winograd "women"
examrple above) and the existentlal quant!fler notatlion,Thougn, agaln

,» theare IS no reason %0 <think that a |ingulstie rrarker notation
cannot be adapted to cope with exlstentlal Information for such
purposes as M,

Wiat a bpurely_linguistic notatlon wWil| almost certainly mnot be able

to do s to cope wigh conplex inferences of truths from other tru'rhs
w==the purpose for which the predicate oaloulus notation was, after
all, deviged,But that WiI| not be so great a |loss when we are deallng
with Input teXt of any degree of sophisticatlion and comnloxlty for
.translatlon,For in the world of reaj words, and outside the worlds of
bl ocks and steeples, the kind of Inferenpes that a banauslc logle of
common sense statenents offers WIll| not be of mueh use,

Let me give an examole of about 'nfOPQHCOSDBnd 'l‘om a I‘HGU'S%'O
source, In . recent Dpaper, Blerwlsch{2] says that an adequate
semantics MuUst expl icate how "Many of the students were _unable to
answer Your question" fo|llows from "On|Y a few students QraSD!d Your
question” Now, in a aulte clear sense It doesn’t follow at alljin
that there I8 no problem about considering students who fa'l to grasp
but nonet heless answer,That sltuation should not tost anyone's
conceptual powers very far, so It cannot be the case that one follgws
fror the other in the sense that if the premse Is true _ then the
conclusion cannot be faise,We cou|d cal I that relatlonshin of

proposltions "philosophieal entailnent", and I do not want t0 defend
the status of the notion here, but only to point OUt that any
repraesentat!on of the sentences in question,logical or |Tnguistlc,

that @lloWws inferences like that one |% going t0 be pretty useless,

There may Indeed be a sense of "answer" [n whilch the axlom
Yx,Yy ,QUESTION(x) ,HUMAN(Y) ,ANSWERS(y, X)2GRASPS(y, x) would be a good
one toapply, Inthe sense Of pProdueing a true result, BUt there are

obviously senses of "answer" In Whieh that {8 Just not 80s and to
polnt that out is to demand, from the proponents of on|y joglgal
representation, some suggestion as to how to cope With the real Words

people USe@s and to ask them to consfder that perhaps real language I8
not Just an EXTENSION of dlscusslions of coloured blocks,
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1,2)The structure Of the translation and organization system

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

direct Input of axloms In PC notatlon
¢

I loglcal l
[ representation |

* 3
) b
1t 42
* Y
.--------------hﬁhbﬁbbbﬁhbﬁbqu‘r‘es
|semantlic¢ i******‘**»‘*answors
MW wme - IFODPBSONtlthﬂ' LA R X L L K X X X J
1 1 3 | I | |
|ENGLISH |=%sassn| 1 IFRENCH 1
I TEXT | eeeeere | [#90seea|TEXT 1
oeepeowrweane 4 eweToweeceTeweno® 5 Ceowmeeeasww
* ¢ + * ¢
input?* ¢ * _; N
para- system semant!o system TRANS|ated output
graphs axloms dlictionary axloms paragraphs
entrles

I assune |Mm what follows that Processes 2, 4 and 5 are the rolatlively
easy tasks="===In that theY involve throwingaway Information====whil|e
1 and 3 are the harder tasks In that theY Involve making Tnformatlon
explliclt with the aid of dictionarlies and rules,

Withalltheparts t0 the dlagramandthefaciiities (hey [mpiy=e=-
Ilncluding not only translatlon of small texts via a semantle
representat!on but also the tranalatlon of aXloms In the bredicate
calcul us CPC] Into both natural languages =====w== it |8 clear that
Input to the systenl must be DrettY muech restricted If anything Is to
be done In finlte time, However, there Aarec|sarly Ways of
restricting Input that would Just destroy the point of the_ Whole
act!vitytfor exanple if We restrlcted ourselves to the translatlon of
Isolated sentences rather than 90INg for the translltlon of paragraph
length texts,Whatever Bar-HlI|lelsays (o the contrary about M belng
essentlal|y concerned with wutterances (11, 1 am assuming that the

only sort Of M that Will inpress adisinterestedobserver wlll be
the” transiation of text,In any case concentration on Utterances ocan
ecast Y lead to what I's In fact conaenttatlon on the trlck example

sentencas of llngulstlec text books,



9

So what is to be the general strategy of transjatlion? 1t s to

segrent the text in some acceptable way, produce a semantlc
representation as directly as possiblie, and generate an outout French
forr from 1¢,This would Involve mapping what I c¢aji semanzie

tenplates dlrectly onto the clauses and Phrases of Engllsh, and
trying to map out directly from the templates into French clauses and
phragses, though with thelr rejative order c¢hanged where necessapy,
| assure also, that no Strong syntax anajysis, In the Hnguistic
sens®, |s necessary for thls purpose and that all that Ils necessary
can be done Wigh a good semantic representation==«==which leaves us
with the blg questlion of what Is in the semantic box, and how Is it
different from what 1Is {n the loglec box?

In the dlagram, I am using "semantlc representation” narrowly %o mean

whatever degree of representation|s necessary for MTgnot necessarl|y
for Question answerling ( that’s what the |oglo box !s for) or for
theories of how the bpain works----- as Ilttlerepresentationaswe
can - get Aaway with In fact =====Wwhi¢h I am personally sure |s how the
bralm really works, For thls We may welt NOt need the reflnements ot
"is" that I mentioned earller, nop, say, exX|stential quantlflcation
or the analysis of presuppositions given bytranslation of definfte
descriptlions, MY maln assumptlon here about the difference between
the two boxes, logical and lingulstic, Is that an "adeduate" loglcal
translation makes all such matters explicit, and thatls Why it ls so
mich more dIfficult to translate Int® the ¢0P box than the bcttOm
one,But the d!fference between the (wo rémains a pragmatic
one.intended to correspond to two "|evels of understanding"® In the
human befing,

with the difflcult task 1 achleved, translatlon from semantic

renresentation Into a loglcal one, then 1t might be possible to have
the two paths of translation from English to Frenchinamely 3=5 and
3=1-2=5,,The translation through the logle and out agaln mlght not be
eSPecglglly 1]llumin ttng but It Would pe g ¢Ontrol Chat should not
produce a notlceably worse - translatlon than one @achl8ved by the

shorteér route,

Inputs to the logic box WHI be Ina Resirl_cted Formul Language
(RFL)Csee 5] and It should be possible to Inputaxiomsin it direct
at a-screen or telegype,The RFL will have to be at least as formal| as
the description In McCarthy and Hayesf{5] If the dlagramls to be of
any 'use, for there !s no point In having an RFL to ENGLISH

transiation routine ¢ the RFL IS close to English ----one m'ght Just
aswell welte In gEnglish, The Sandewall| formf1@], for example, with
Infixed predicate names Is Probably already too Ilke Engllsh,That’s

no argument against hig notatlon, of course, simplyan argument that
1+ might not be Worth weltlng a translator from !t to Engllsh,

The nature of t he mappling down from logle to t he lanulsEic

representation w;lI of course depend on the relative sfzes of the
inventories ot primitives and forms In each: hoWever, onec Ma¥Y expact
that the fleld of logjical-primitive Predicates “Ill| bealarger one
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and that the mapping down WIi!l be many-one---- with a number of
logleal expressionsmapping onto a single semntic template,

1f 1t should tuprn out that the level of understanding provlided by the
semanrtic coding |s jnadequat® for MT, then the dlagram ? stl 1|
apply to the loglec box funotlonlng asthe Interlinguatthe difference
belng that the semantics WII| then be ©ffectivelyatrans|atlon stage
bet ween natural language Inputandthe l|ogloal representation,

1f the semantic cod!ing does turn out to be adequate fOPF soM® form of
restricted M then the functlion of the logic box Will be In ghe
anwering o f questions  about the content of what has been
translated,In t(hat c&s® only those Statements from ¢ he tcanslated
text relevant to the Qquestlon need be translated uUP fmto the logle
form,

Wiat follows Is divided Into four parts whioch oorrespond to stages on
the dlagram above,

2,1)The processing o f English Input text, 2,2)The in%orllnqual

reprsentation produced, 2,3)The form of the dlotlonarv used,  2,4)The
generation of French ouUtPUt from the lntorllnoualronresontation.

2.1)The progessing of Engllsh text,

The almof the teXtprocessing sectlons of the overall BDrogramis to

derive from an English text an Interlingualrepresentation that has
an adeaquate, though not excesslive, comp|exlty for twWo tasks:

1’)as a representation from which outPut In another natural language
we-e=French In this case----can be oomputed, I1)as a representation
t hat oan @ls0 serve as a n analysandum of predicate cealoujus
statenents about some particulap unjverse,

The first pass made of the English Input text 1a the fragmentatlon

and reordering procedure, whose function is to partition and repack
texts of some |ength and sententlal| complex|ty 1Into the form nost
sultable for matching wWlth the tenplate fornms nentioned above,Thls
stage |s necessary because, like all proposed coding schemes, |0g|cal
, |Inguistiec or Wiatever, the tenplate format 1% a more Or |088 rlgld
one and the awful variety of natural language mMUst be mmnde to fit, 1f
the system Is to analyse anYthIng more than SImPle exanple sentences,

As 1 mentloned ear|ler the basic formt of a template Is a
gublecg=ve b-oblecy one---a, In  pypely gomangle MY an
actor-act-obJect one =======gUch asg MAN HAVE THING, w’f'ncl.l woul

hopefully be mmtched as the bare tenplate name Of @any sentence such
as "John owns a car",MAN, HAVE and THING are Inteplingual e|ements,
and MAN for example would be eXpected to be the principal, or  head,
element for any Semantlc formnula representing the Engllish word "John"
in the dlctlonary,Simllartys HAVE would be the head @lement In the
approprlate semantic formmla 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 témpiat®, onto asequence of formulas drawn from tho dlctlionary
for the words of "John owns a car",

The details of the matehing algorlithm ape not of concern here! what
is Important to sece s that an algorithm for matehing a bare three
-=gjement tenplate onto a piece of language by inspecting just the
head eclenents of formulas and searehlng for acceptable s8seaguences of
them, Wwilll, In the course of making the mateh, seclect not only the
head element of the Word formula, but with it the whole formula of
which itwas the head, Where "Who|e formula" Isto be understood at
this Point as a coded form that ®Xppesses the whole content of <the
word sense In guestlon, In the Ppresentcase "John", being a nere
nane, has no sense oVver and above that It refers to a humn belng,
and its whole formnula Would be simply (THIS MAN) which says no moere
than that,

One of the hypotheses at Work here s that there Is a finlte
Inventory of ¢templates adequate for the analysis of ordinary
language~~~~a Usuable st of the messages that people want to convey
wlith ordinary language--and that fn selecting those sequences _of
forrulas for a fragment that are also template sequences (asrecards
their head elements ) we Pick up the formulas ¢orresponding to the
CORRECT, appropriate, senses of the words of the fragment., as they
are belng wused in that opartlcular fragnent, [am glving only a
highlygeneral description here, and the details of the appllcaglon
of this method of analyslis to comp|icated text has been set out In [
151,

Moreover , It is supposed that any fragment of natural language can
be namedby, that Is to say matched wlth, at least one such bare
tenplate , and that the name wll serveasabasic core of rgeanlnc
for the purpose of transiatling the fragnent, Or In other words, we
can know how to translate from t he comp|ex inter|ingual
representation of whlch the bare tenplate MAN HAVE THING |s the name
simply because Weknow and can reduce to algorithms how ¢o express
the nessage "a& person has athling" In French,The tenplate |s thus an
ftem, or unlt, of meaningto be translated,

An example might help at this polnt to give the general Idea of What
ties are establishsd between text Itens bY the matching routines ]
have descr | bed, Suppose weapply the template mtohing routine (o
the sentence: "My brother owns a fiarge car" And |0t us
suppose furthernore that we are not concarned with the problem of
selecting the CORRECT sense formulas, one corresponding to0 ea¢h of
the words in that sentence, as it is used in that sentence,We 8hall
make the simplf{fying assunption that each of those six Woprds has only
one sense ©ntrY in the dictlonary , and that what we are consldering
are the relationships set welndirectly anong the words by matching
an Interlingual representation onto thesentence,
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From the point of view of the matching routine, the Inlitlal
representation of the sentence Is a string of six semantie formulas,
whose detalls I shall discuss later,At the nonent what mtter8 1is
that the formmla for "brother" has the head element MAN, Just asdld
the one for "John", and soon for "owna8" and "eae", The formulas forp
"my " and "largem® have the oconventlonal head elenent KIND ,since
they specify what kind of thing Is tn aquestlon, The temp| ate
matehing routtne scans the formula strlng from left to rlght and s
able tomatoh the bare template MAN HAVE THING from the template
Inventory ont o the formulas fopr "brother” "owns" and "car"
respectively, since those elenents, In that order, are the heads of
those formulas, Those three words ar®, as [t Were, the polnts In
the scntence at Whlgh the template puts It8 three feet down,

Sofars at the word levels» t1es that oan be Wrltten as follows have
been 6stubl|shed

brother ¢ owns %cap

Those ap® much the sane sort oftlegthat would be estab||/shed AT THE
WORD level by any system of conceptual semantic ana|ysisCcf,113
applied to that sentence,

This word dependency then, Is set up by matohIng the baroiemo}ato of
elements MAN HAVE: THING onto the string of formulasforthewords of
the sentence, This In Ttself Is no vaouous exerc!se begause, @iven
that alrealisglically coded words In the dlctlonary would have many
sense formulas attached to them ©ON|Y oertaln selections of formuias
would admt of belng matohed by an ftem In the tenplate Inventory,For
example, In the sentence "This green bleycle lsawlnnir"afha
semant!c fornula for "winner" that has MAN aslts head and neans "one
who wWins" Is never pleked wp bY the mmtching routinesimpiy because
there Is no bare template THHNG BE MAN |nthe Inventory,

To return %0 the sentenoe '*MY brother owns alarge car"t having

matched on the bare template, the system |ooks at the thres formulas
1t has so tled together by neans ofthely heads to ses If it ean
extend the representation, top-down, bY attaching other formulas and
so create a fuller representation, In thls case it looks from t he
formula for "brother" to the one that preceded It , namely ¢the
formula for "my",This 1t sees oan Indeed qualify the formuia for

"brother"”, and so It opens allst of fornulas that can be t]ed onto
that "brother" formula. Repeating thls process we end up with an
inter!lnouel represantation for the sentence of the follewlng

scheratic form (that | shall call a FULL TEMPLATE----though we shall
see later that the ¢ted itens &r® not simply fornulas )3

FCbrother] Flowns] Flcarld
(FCmyd) ( FClapgel)
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where both the horlzontal and vertical directions represent
dependency ties of the sort I have descrlbed and F[(x] simp|y stands
for the interlingua| formula for the Engllsh word x,Thus the upwards
vertical dependency s that of a |lst of qualifyinq formulas (empty
in the case of "owns") on a maln formula,

The corresponding ties between the text words themselves e8stablished
by thls nmethod are:

brother % owns ® cap « a
L4 L4

ny large

Apolnt that cannot have escaped any reader Is that by having a rigld
actor-actlon=-object format for tenplates, on? ignores the fact that
many fragmentsofnatural language are not of thla form regard|ess
of how the iinltial Input text Is part]tioned, This ls indeed the
case, but » as I shall describe, by using the notlen of dummy Parts
of templates one can In fact Put any text construction into thls very
general format, Since the analysls has no conventional| syntactlc
base, the standard examples of syntactic homonymity, s_ychasthe
varlous Interpretations that can be thought up for"they ar® cating
app les", are represented only as differing message
tnterpretations,So, for that sentence we Would expect t o matech at
least the bare templates MAN DO THING and THING BE THING,

FRAGMENT AND ISOLATE

The fraamentation routine partitions input sentences atpuctuatlon
marks and at the occurrence of any of an extensive, though finite ,
list of key Wor ds, That 118t t hat contains alimost all
sub] unotions, c¢onjunctlons and prepositions, Thus the sentence "John
s In the house" would be returned bY auoh aroutine agtwe fragments
(John Is) and (In the house),Withthe first fragment the system would
match MAN BE DTHIS, where the D of DTHIS Indlcates that, having
falled to find any predicate after "ls", the system has suppllied g
dummry THIS to Produce the canonical form of tenplate,

Wien 1t comes to ¢choosling thecorrect tenplate for the fragmant, |f

there !s nore than one avallable to choose from the general OVerall
rule of choice that I referred to earlier, of always preferrlng the
representation with the most conceptual connexions(whigh ean be,
thought of simplyasthe nunmber of *’ 8 In the word dugFams). wIIl
always choose one Without a dummy In preference to one With,Though In
the Present case only a tempiete withadummy would be uvl'f lable for
choosing, In the c¢ase of "In the house" the matching routine finds
itself oconfronted with a strlng of formnulas starting wlgh one for
"In" that has PDO as Its head,Preposlitions are, in general ,
assimi lated to actions and S0 havethe P In the PDO of thelr heads to
distinguish them from straightforward actlen formulas, I n thiscase
the matching routine Inserts 8 durmy THIS as the left~most nember of
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the bape tenplate , slnce 1t flpst encounters an ®wtlon
formula--~headed by a PDO-=-as It soans the formula stping from left
to pleht, and, "I n the house” Is finajly matched with the bare
tenplate OTHIS PDO POINT, So then tho sentence "John Is In the
house" Is partitioned Into two fragnents and matohed with a semantle
representation consisting of a Strlng of two templates whose bare
template names @re vaNn BE DTHIS and DTHIS PDO POINT, respectively,

Another example of fragmenting and matching |s presented by what
m ght conventionally be called noun Phrases, If » after fragmenting,
the system Is Presented WIith "The old black man" as a singlefragment
It calf sSUPPIY two suoh dummles quring the mggh and end UP With a
representat!on named.by the bare temp|ate MAN DBE DTHIS,

The semantle connectivitlies described so far, elementary though they

re s+ have been between formulas that c0rr0500nd to words oceurring
n the same fragment of <text, The great advantage of  &he
fragrentation approach 1Is that |t breaks a sentenoe of , perhanps,
thirty words, Into a nunber of units of nmnmnageable interpaj
complexitys, and such that a templat® oan b® mmtohed ontoe each In the
manner descrplibed,

But not all semantlc tles In such a complex sentance wl || be internal
to fragments~-=--many wlll .e between |tems occurring In dlfferent,
and maYbe not even textual |¥ oontiguaus, fragments,At a later polnt I
shall discuss TIE routlines whose funct!on Is to orovldo. 4n the full
Inter|Ingual representation, those Inter-fragnent dependenc|es
necessary for transiation,However, the maJor simpiifylng role of the
fragmentatlon must not be lost In all thies, “nlgh I8 to allow a
comp lex sentence to be represented by a |Inear sequence of tempiates
with tles between themMeeeeepathepr than by a far more ooOmp|ex
hierarchlcal representatlion as Is usual In |ingulsties,

The fragmentatlion, 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 DIPYH'QH.
Difflcult but Important oases of two Kkinds nust_ then be cons|dered;
tirstlyY, those where a text String Is NOT fragmented even though a
key word Is encountered, Two Intultively obvfous cases are hon=
subordinating use9 of "that" as In "] |[Ike that wine", and
prepositons functioning as "pest verbs" a8 In '"H gave up his
post",In these oa&ses there would be no fragmentation before the key
words In other cases text strings are fragnented even though a key
word |8 NOT present, Four cases are worth mentionling!

1)"l want him to 90" Is fragnented as (!l want)(hIm to ge),A boundary
Is Inserted after any forms of the words "say" and "wunt". and a
further boundary fs fnhlblted before the following "ion, This
seers Intultively acceptable since "want" In faot subJolns the Whole
Of what follows [t in that sentence ,We shall expect to mateh onto
these fragnents bare templates of the form MAN WANT DTHIS and MAN
MOVE DTHIS respective|y ==~=where the flrst dummy THIS In fact stands
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for the whola of the next template, The fragmentation functions
operate at the lowest possible leve| of analysls, whigh Is to say
they Inspect the semantlc formulas glven for a8 Word I n the

dictlionary, but they cannot assume that the chole¢e anong the formmlas
hag been mmde,

So then, the fragnentation functions can consider only the range of
POSSIBLE senses of a Word,However, In thiscase Inspectlon of any of
the forrulas for "wants" or "says" cnables the system to Infer that
the act can sublJoinawhole tenplate and not merely an oblect, as
"] wnant him" A verdb |lke "advise" on the otheér hand !s not OF th s
sort sSince we can Infer "I advise him"™ |n a way we CANNOT infer "I
want hlm" In the eariler case, So we would expect " ! advise him to
go" to recelve no speclal treatment and to be fragmented as (] advise
him)(to g90), on a key word basls,

II)Rejative clauses beginning with *' that'* or "wh] ¢h™ are 1located and
isolated and then Inserted back Into the string of fragments atanew
point,Fopr exampie "The glir! that I |lke |eft" I fragmented as (The
girl left)(that 1 |lke PD)iwhere the flinal perlod of the sentence
"pp" is a|lso moved to close off the sentenceata new aoTnt., Thus
the partitlon after "| !ke" Is made 1IN the absenceof any key word,

I11)"The old man im the corner left" is naturally enough fragmenged
as (The old man)(in the cornepl)(jeft),The breach made here between
the actor and act of the sentence Is replaced later by a tle (gee
below),

IV)The sentences "John |ikes eating fish" "John likes oatlng" "John
began eatlngfish® are at I fragmented before "eating", so that these
forms are all assim{lated to **John |ikes to @at fish "(Nh‘ch ls
synonymous With the flrst sentence above)rather than ¢tp "Johnls
eating f Ish", which would not be fragnented at all,In template térms
"John Is eating fish" 1Is to be thought ©fas MAN 00 THING, Whlie
"John likes flsh" Is MAN FEEL DTHIS + DTHIS 00 THING, Were the firs¢
DTHIS refers to the whole of the next tempiate, and the second DTHIS
stands In place of MAN (i,e, John),

"Of" Isakey word that receives rather special treatment, and la not
used to make u partition When It Introduces a possessive noun phrase,
After fragmentation ., ecach fragnent |8 passed through an ISOLATE
function which |ooks within eachfragment and seeks for the right
hana boundaries of vof" phrases and marks them off by inserting a
character "FO" {nto the text,Thus "He has a book of miner would be
returned from the ISOLATE functlien as "He has abook of mine fo",This
is done In all cases except those |lke "I dont want to speak of him®
where "of " effectivel|Y function8 as a pOSt Verb,

1t 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
explained by considering the PICKUP and EXTEND routlines,
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PICKUP AND EXTEND

The PICKUP routlnes have &lrady been described !'n a oeneral way
they match bare ¢emplates onto the Stringof formulas foeratext
fragment,As the routines move through the stringof formulas, those
contained between an OF and aFO are l@nored for the purpose of the
Initial matoh,This ensures that "of phrases" are only troatad as
qunllflors.So. In the sentence "The father of my friend fo Is cal|ed
Jack", the match would never try to mmke the head of the fOrruafo;
"frlcnd" Into the root of a temp|ate matchIing the sentence, since It
{s sealed between an "of=-efo" palr, To illustrnta t he relults of
applylng PICKUP, I shall set down the bare templates that would _be
axpectedto match onto Nida & Taber’s(8] suggdested seven baslc fOrMa
of the Engllsh Indicative sentence,(]n this note | describe only the
Indlicative mood as Tt Is Inplemented IM the trial vers on of this
system,Gueries and {mperatives, |lke passives, are deajt with by the
appropriate manipulation of the tenplate order,)

In each case I glve the baslc sentence, the brie template, and a
dlagramatic representation of the corresponding dependenclies Impifed
between the text [tams, wherc "o" agaln |[nks those words on whlch
the bare tenplate I8 rooted or based, and "*" links a dependent wbrd
to Its govepnorp,



i) John ran quick|y
MAN MOVE

John * ran « [DTHIS)
’

quickly

i1)Ydohm hit Bill
MAN DO MAN

John * hit « Bi||

OTHIS

tii)John gave Bll| a ball
MAN GI VE THING
John * gave ¢ bal|
¢ * .
(to)yBI 1| a

The estab| ishment of this dependency by EXTEND

fvidohn is
MAN BE DTHIS

John % fsa » [DTHIS]

v)John is slck
MAN BE KIND

John ¢ is *» gjck

vildohn is a boy
MAN BE MAN

John * Is * boy
)
a

viidJohn is ny faghep
MAN BE MAN

John % is « fathep
*

my

17

in the house,

DTHIS PBE

(DOTHIS] «

THING

In * house
*

the

Is dlscussed below,
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A natural aquestlon at th!s point Is what exactly Is th!s inventory of
bare templates to be used In the analysls of Input language?
detailed defense s offered of the inventory used,nor,! believe gan
one be glven,The fact Is that one Uses the Inventory thlt seesms
empirlcal|ly rlght,revises 1t when necessary,|n operation or under
eritictsm,and concludes that that,alas,!s how things nust be Tn 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 actlon
deslgnating semantic elements,such as FORCE,and thec|assés o f
substantive deslignating - elenents (such as *SOFT mean| ng
STUFF,WHOLE,PART,GRAIN ANO SPREAD) that oan Precede such an actlon as
a sublect ,and follow it as an obJject to oreate a threc o|ement bare
template,

<bare template>ti:is=
<wp0><Dp><*EN> |
<#POD>SCAUSEDC#END |
C#PO>CCHANGED>C#EN> |
CoANDCFEEL>CeMAD |
CHENDCHAVEDCHEND |
CeALDSPLEASE>C#AN> |
CoALDSPAIR>C#END |
CePO>CSENSEDC#END |
CoPODSWANTIC®END |
C#PO>CUSEDC#END |
CoPO>CTELL>CoMAD |
CoPO><DROP>C#END |
¢aPO><FORCEDC#END |
COEN>SMOVEDSDTHIS) |
CaPO>SGIVEDS#END |
CoALDCHRAP>SHEND |
CHANDSTHINKDCaMAD |
¢aS0><FLOW>COTHISY> |
CePO><PICK>COEND |
<oPO><MAKEDC#END |
CeALY<BE><{same member of *AL as% last occUrrence>

<-AL>Iz-<DTH!SITHIS|MANIFOLKIGRAINIPARTIHORLDISTUFFITHINGIBEAST|
PLANT |SPREADILINE|ACT|STATED
(#AL rmoans all substantive ajements
CeEN> 1 18<DTHIS | THIS |MAN|FOLK|GRAINIPART |STUF ITHINGIBEASTIPLANTI
SPREADILINED
(»ENmeanseloments that are entitles)
C#AND 3 ts<MAN|FOLK|BEAST|GRAIND
(#AN nean8 animate entitles,GRAIN Is used as the nnin
element for soclal organlzations,|lke The Red
<0P0>:l:(DTHISITHIS|MANIFOLKlGRAINIPARTISTUFFITHINGIACTIBEASTI
PLANTISTATE>
(#P0 ncans 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 Wnd opens doors)

<#S0>:1=<STUFF |PART|GRAIN|SPREAD>

<#MA> 1 1=s<ACT|SIGN|STATED>
(*MA designates mark @lements ,those that can designate
items that themselves d@slignate like thoughts and welitings)

It wWill be noticed that I have distorted BNF very sllghtly so as to
Wwelte the bare templates oontainlns BE in a convenlent and
persplicuous form,Thg forms containing MOVE and FLOW also coniain a
DTHIS (1,8, they ape "dummy templates") indicating that there cannot
be obJects In those bare templates,Thus MVE 1S wused only 1IN ¢the
coding of intransitive actlons and not to deal wth sentences like "}
moved all the furnit¢ure round the poom"”,

There are dummy teMplates not included Inm this |ist ~~-=severa| 0cour
in the descriptiono f the Nida and Taber sentences above, The
remaining rules 8Speécifying them are intuitively obvious, & ma¥Y be
found in detail _n [15),where ] also 9lve inportant anel||iary rujes
wh I ¢h speclfy when dummies are to be generated In mateching
sentences,Natural|y a dumy MAN BE DTHIS is generated for the fipst
fragment of (John Is)(In t he houseg) SimplY pecalSe a Droper_ three
el enent bare template cannot be fitted on to the ]nformatiOn
avallable,But in other cases,whepe a theree eclenent template oan be
fitted, dummies are generated as Well,since subsequent routines to be
described may want to prefer the dummy to the bare template,For
example ,is the analysis of the first fragment of (The old transport
system)(which I loved )(In ny youth)(nas been found unecongmlo)»a
reasonably full digtionary Will contain formulas for the §ubstantlve
sense of "old" and the action sense of "transport”,Thus, the
actor-action-object template FOLK CAUSE GRAIN can be fltted on here
but will be Incorprect,The dummy GRAIN DOBE DTHIS wil| also be fiteed
on and WII| be preferred by the EXTEND procedures [ _descrlbe
below,Such slight complexity of the basic tenplate notion are
necessary If so simple a concept I8 to deal wWlth the realities of
languagde,This matter is described in greater detall 1n [15],

The matchlingby PICKUP wi |l stiils in general, leave a nunber of Dbare

templates attached to a text fragment, It is the EXTEND routines,
working out from the three points at Whleh the bare tenplate attaches

to the® fragnent, that try to create the densest dependency network
possible for the fragment, In the way I descrlbed earller, and so to
reduce the nunber of templates matching a fragment, down %0 one 1 f
possible,

In order to show more clearly how EXTEND does this, it s necessary
to saY somewhat mope about the semmntic formmlas Wiich make UD Eha
full tempjate, A semantic formula expresses the meaning of one sense
of a Dhatural language word in the dictlionary,lt is made up of left
and rlaht Parentheses andof semntic elements,The latter Inolude
THING, STUFF, MAN etc, fer basic Items in the world;FORCE, CAUSE,
DROP, CKANGE to degcpribe@ basic ktnds of action, and so6 on,The
formulas are binari|y bracketed palrs ofwhatever depth of nesting is



20

necessary to express the meaning of a partloular word sense, The
formulas are made up, and Interpreted, wlith a dependengcy of (he |!f’,.c_i
element, or bracket @roup, upon the corresponding rlght hand elsment
or bracket group In everycase,

SO8 (MAN KIND) would be Interpreted as "of a human sort", which is to

say » It I1s a formula for "human" wused as a aqualifier,  InC(MAN
DROP)CAUSE) the dependencyY Wlthin the Inner bracket is ot an

ctor=act t¥pe, Wheregs that WlthlIn the outer bracket =e-=-=of (HAN
%O on CAUSE-- 1Is of the object~of= actlon on aot type,So the wWhole
sup= formula IS to be Interpreted gs "cgqUses 4 Derson to rencunce
something®, and wWe Would therefore expect to find thls subformula
within any formulafor .Say, "blackmall"  Therear e restrictions
on the ways In Whigh the elenents can oomblne contalned In a table of
nscope notes" for the system of codingifor exampje, CAUSE cannot be
anything but an actlon so ((MAN OROP)ICAUSE) oould not be ghe
spec!flcatlion Of a sort of caws®» , but Only the clusllw of
something,The most Important element In a formula Is lts rightmost
one, or head with- Whlech PICKUP connects formulas for words to
templates for whole fragments In the wayldescribed,

Formulas that can quallfy any s0ther, substantlve formula have the
head KIND, and those that can auallfy actions have the head HOW,. Most
aotton formulas have a8 head DO, BE, MOVE ("run" for examp @), or
GIVE.GIVE verbs are Important In that they oan function IR the
representation of actlon constructlions |lke "He left John is watch",
where an Indirect obJect of an aotlon can appear w/ thout any
nreceding preposition,GIVE verbs functlon In nuch the same way as
TRANS verbs In Sohank‘'s analysisfiil,and the appsarance of GIVE as a
formula head for,say, the actlon"|eft" primes the sYystem to expect
such an Indlpectg obJeet The verb "tell" also has GIVE as the head of
fts principal formula 8Ince It oan pParticlipate in such indirect
obJect constructionsg as "John tells mc a story",The lack of necessary
gonnexlon between the English word "te|l" and the Interllingual
element TELL Is brought out by thls faet that the formula head of
"telI" Is not TELL but GIVE,In the ¢ase of "say" on the oth®r hand
sthe head of fts ma%n forrula |s TELL 8lnoe 1¢ oannot Oecur 1IN the
GIVE~type constructlons,

Mst: substantive formulias have a8 thele heads suoh elenents _ as M\
STUFF 4+ THING, ACT(for abstract substantives which are the result of
actlion, such a8 "adjustment™), STATE (abstract substantives such es
“frlendship", "happiness"), GRAIN(abetract substantives any sort of
struoture Sugh as "system") gnd 80 on,A formuig for g SUpStantive s
assumed t0 be singulap unless the ®|ement MICH Islts Irst ltem at
the to0 level,

Action formulas can specifya oreferred oclass of actors or of obJects
of the aotlon or both,Preferred rotors are specified by FOR and
preferred obJects by T0,S0 then the formula for the I_Ft‘pﬂ "tal k"
will contaln the pale -(MAN FOR) since ppst things that talk are
human, and !f there Isapossibllity of settingupadependency wlth
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a humn actor, the system will take !t,The restpictlon cannot be
absolute In this, Or DSt other, oases since machlines and dogs talk
in fabl e if not in fact, The Importantfacliilityistobe able to
PREFER the wusual , !f a representation for It Is avallable, but to be
able to accept the unusual if necessary,

The sSyntaX of the actlon formula is asfollowsi(x FOR)or (X TO)
appear @8 the flrst item atthe top level of the aotion formula if
they are @approprlate ==-==in LISP terminology the palr s simply
CONSd onto the verb formula, If bath are appropriate, as Ina
forrmla for "Interrogate"™, then the (X TO), for the obJects, is CONSd
first, and appears at one level lower in the nesting of the formula
than the (X FOR), spec!ifyingd the Preferred actors,Thus the formula
for "interrogate” would read:((MAN FOR)((MAN TO)(TELL FORCE)))., The
preferred  substantives ,or classeso f them,for auallflers are
indlcated naturally in an extenslon of thls notatlon ,by including _(X
FOR) as the flest 'tem at the top 1688l In the formula for a
aualifler,

In order lseeB' a smal 1 usuable set of interlingual semantlic

elements,and t o avoid arbltrary extensions of the 118t of
elements,may notlons are <coded by conventional sub=formulast (FLOW
STUFF) is used to designate |iqulds for examp|e,and (WHERE SPREAD) to

00de spatial area of any sort,

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

I explained the role of EXTEND In general terms earller: lt'nSDﬁcts
the strings of formulas that replace afragment, and seeks to set up
dependencies of formulas upon each other. I t keeps gscors® as‘t
does S0, and in the end 88!80tS the Structuring of fornulae Nlth *he
- nost dependencles, on the assumption that !¢t Is the rlaht one (or
ones, if tw or more structurlings of formulas have the s ame
dependency secore)

The. dependencles +that can be set UP are of two 8Opts: A) those
petween fornulas whose heads are part of the bare template) B) those
of formu|as whose heads are nNnOot In the bare tenplate upon those
formmlas whose heads are In the bare tenplate,

Conslder the sentence nJjohn talked aqulckly" for whi ch iha bare
template would be MAN TELL OTHIS, thus establishing the dependency
John * talked ¢ DTHIS] at the word level' Now 8uppose we expand out
from eagech of the elements eONStltuting the bare template Inm turn, We
shall find that In the formula for "talked" there IS the preference
for an actor formmla whose head Is MAN---since talking s genera|ly
done bypeople,This preference is satisfied here, Wwhieh we can t hi nk
of as establishing a word dependency of "John" on "talked", whioh [s
a type (A) dependency, Expanding @galn from the element TELL we
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have a formula for "qulckly" whose head |sHOW, and HOW = headed

forrulas are proper qua|lflers for actions, Henee we have been able

to set up the followlngdlagramatic dependency at the word |evel;
John « talked « [DTHIS]

- *

quick|y

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

direct semantic dependency=-===springing from the preference of
"talked" forahumn actor In this case,) and we would Sscore two for
such a preppresentation, Furthermore , the fornulas having type B

dependence would be tled In allst to the maln formula on whleh they
depend, The subtypes of dependence are asfollows:

A) ampng the formulas whose heads constltute the barc template

Id)preferred subjects on aotlons

"John ta | ked" .
il)preferred obJects of aotlons on actlions
"interrogated a prisoner"

B) of fornula8 not constltuting bare tenplates on those
that do

IDaquallflers of substantives on substantives

“"ped door"

l1)qualifleps of actlons on aotlons
"opened aulok|y"

Ii1)articles on substantives

"a book"

lv) 0fune.fOphrases on substantives
"the house of ny father fo"
viguallfiersof actions on quallfliers of substantives
“very much"

vi)post verbs on actlons

"g!veup” .

vit) Indirect obJects on actlions
"gave John a,,,,," A
viti)auxi|laries on actlons

*was going"

ix)"¢0" on Infinigive form of actlon,
“to relax”

The Searches for' type B dependencles are all dlrected In the fornula
string In an Intultively obvious manner!

(1) goes |oftwards onjyt(ll)goesrlight and left

(fi1)leftwards on|y:(iv)ieftwards onlyt(v)leftwards only!
(vi)rightwards only:s(viidpightwarde oniyt(viil)|eftwards only,
The purpose of the score of dependencles establilished wlj| Decome




23

clear if we consider an example Of B(vii): the indirect obJject
constructlion,Let us take the sentence "John gave Mary the book", onto
which the matching rcutine PRPICKUP w |I have matched two Dare
templates as follows, Since it has no reason to prefer one to the
ot her:

John gave Mary the book
MAN GIVE MAN
MAN GIVE THING

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

has ro preferred actors or 00Jj€¢tS, tne too bare template cannot be
extendec at all and so scores zero,Inthe case of the lowr bare
template, then a TRANS action can be expanded by any substantive
formula to its immediate right which is not already part of the bare
template,Acaln "oook" is qualified BY an article which fact IS  not
noticed by the too bare template, Sothen, by EXTENDIng we have
established in the second case the following dependencies at the word
level and scored ¢twWe¢ (of the"=" dependencies),

JoRn « gave ® book

* *

Marpy the

Two Scores higher than Zero and the second representation s

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

earlier as "pick up the mst connected representaticn from the
f ragreng™, I wrote earlier of the relation of "John" to "talked" in
the sentence "John «alked quiex|y" as being expressed fn the ful I
tremplate as a rejatlon Detwean template itenms (MAN and TELL being
theiheads) of nmutual dependency s,andsonotreally a dependency at
al |, but strengthered in this case by a "semant ! c¢ dependency" S ince
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 reai
syntax-semantics distinction at all,Every dependency 1is expressed by
relations of a single type between elements and formmlas and classes
of both,even though some such relations (|lke the MAN TELL one above)
clearly have a more semanticky flavor,while those 1 ike the
any-sJubstantive/KIND relation Whlich ties asubstantive formula to a
gualif lerone,is clearly nore syntacticky,

The auxiliary of an action also hasits formmla made dependent on
that o £ tne appropriat® action and the fact scored, but +the
auxllliary formulas are not listed as dependent formulas elther, They
are picked Up by EXTEND and examned to determne the tense of the
actlon,They are then forgotten and an el|ement indlcating the tense is
CONSc onto the action formula,In its initial state the system WII

recognlise only four tenses of conplex actions,

PRES: ogoes hide/is nijding/did hide/are niding/am hidina
[MPE! was hlcling/were hiding/

pAgT! aishloe/had hidden

FUTL: willhide/wi]| be "hiding/shal| hide/shal| be hidi~g



24

In the case of the negative of any of these tenses the word "not" |s
forgotten, and an atom NPRES, NIMPE, NPASTor NFUTU attached to the
appreprliate actlon formula Instead, At present the system does not
dea| WwIth passives, though I Indlcet® later how they Are dealt WIth
withln the tenplate formt,

Even when the representation with the densest dependengcy he8 been

found, there may st!l] be more than one representation with that
scorefora glven fragnent, So, In the case of "The mnmmn |08% his
[ 89" therc may well be two representations of this sentence wlth the
sanme dependency score, one corresponding to eag¢h of two different
senses of "leg"ee=m=one as a part of a body, and one asan inanimate
thing that supports Some other thing (asIn "olano leg"), There 's
a further routine In EXTEND, called Into play in suoh cases, that
attempts to estab|ish additlona|"semantlc overlap" of oontent both
between the actor and obJect formulas of the tenplate, and begween
eaoh 0f the three maln formuias of the tenplate and Its aquallfiers,
!1f any can be found, the addltlonal deuendenchsaperadto choose
among representations that have achleved the sane score In_the EXTEND
routines deacribedearl|ler,S0sinthe present ©&86, the formula for
"jeg of a person" would be expected (o contaln ¢the subformula (MN
PART): Wwhereas (he formula for "plano 1 eg" would not, and this
connectivity with the Inltlal formula of the tenplate, whose head was
MAN, would sufflce for one representation (o be chosen In preference
to the other, again on the Principle‘of preferring the nost connected
representation,

Not ANY co=occurrence of e|ements would sufflce for this purpose, of
cours®, and an Important open auestion in any system |lke the present
one Is  what combinations of elenent8 ate adeauate for &he
preferential sejection of fornulas In Such cases,An example of _ a
oomblnatlon of mmrkers that 18 certaln to be slgniflcant for the
resolution of ambigulty would be (FLOW STUFF), a cpnycntiOn?l
oonblnatlon used to ndlcat® the ooncept of fluids,So then , In
‘resolving the possible ambliguity Of Interpretat!ion of the sentence
"Thet a ple dripping” we would expect to find that combimation of
marker8 present In the APPROPRIATE formulas for "tap" and "dr ppln "
and so to select the correct Interprotaion With thelr aldewe==in th

way-we would be able to discard the "meat fat" sense of wdeippling",

The thlrd and last pass of the text applies the TIE routines, which
establ!sh dependencies between the representations of different
fragments, Eaoh text fragment has been tied by the routines
descr! bed so far to one OF nore full templates, cach consisting of
three maln formulas to each of Whleh a |18t of dependent formulas may

be tled, The Inter| Ingual representation consists, for each text
fragment, of ONE fu|| tenplate together Wlthup to four addltional
ltems  of Information called Koy, Mark, Case and Phase

respectively,The Interiingual representation also contains the
English nane of the fragment Itseif,
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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 whleh the key word tles
the whole fragment of whieh It Is the key,So, fn (He came home)(feom
the war), the mrk of the second fragment {s "came" and the second
fragment Is tied In a relatlon of dependence to that mark by the key
“ferom", 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 compjete sentence, not dependent on anythlng outs 4de
itself,The notion wil| become <clearer from examining <the example
paragraph sat out below,

From the Point Of Vview of the Present system of analysts, the Case of
a fragment, ifany,generally expresses the role of that fpagmentlin
relation to Its key and mark:!t specifles the SORT of dependence the
fragrent has upon its mark,

There !s one Importantcase, OBJECT, whose assignment to a case does
not oepend on the Presence of a key,S0, in the sentence (] went J(her
to ieave) the latter fragnent would be assligned 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 Kkey and the mark It may be that no caselsflinallyassignedtoa
fragment, though It wlll be If a fragnent I8 Introduced by a
prepositlion, The cases are, In a sense racross classification of
prepositions , Wwhose correct rendering into, say, French is so Vital
for adequate translation,for eXxample; the English preposition
OUTCF (squeezed into a single Item bY the FRAGMENT routine) can be
rendered [nto French in at least seven ways,

The Provislonal Worklmg |18t of cases and the English prepositions
that can Introduce them 1is as follows;

RECEIVER:t0, from for

INSTRUMENTALswith, by

DIRECTION:to, from towards, outof, for

POSSESSION:wl¢h o
LOCAT[ON(space and time):at, by, near, after, 1In, during, before
CONTAINMENT: In

SCURCEioutof, from

GOAL:!to:at

The case analysls routines in TIE work by considering t he above
classificatlon of prepositlons 1In reverse » as [t WwWere,So0, In (He
struck the boy)(with a stlck)iTlE locates the "wlth" and flnds In ¢the
stereotypes for "wlth" (see below for a description of sterotypes)
that"w!l th" can Introduce ®©lither a POSSESSIVE or INSTRUMENTAL
fragrent, Itreads there fthat If, for example, an INSTRUMENTAL case
is in questlion 1t wil| expect a preceding actlon whose head s po,
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caUSE or FORCEjand will also expect a substantive In the fragnent It
introduces Whose head !s THING | n the case mentionad [t finds
these condltlons satisfled, since the head of the appropriate formula
for "at i ok" Is THING, and so t!es the second fragnent to the® mark
"hit" and asslgns the INSTRUMENT&L case to the $986ond fragnent as a
description of that tle,

Inany othersltuation, wherethesecriterla are not satisfled, the
fragnent introduced by "WIth" Is tied to the Immediately preceding
substantlves and the case POSSESSIVE Is assigned to the tles, as n
the (He struck t(he boy)(with 1 on9 halpe), where the head of the
appropriate fornula for "haipr" is STUFF,In one special olass of
cases) the  POSSESSIVE case Is asslgned evemn though a THING
substantive [s found In the "obJect position" of the seoond template
following on a DO, CAUSE or FORCE actlon 1In a_ preceding
template,Those are the cases Where the object Is a art of the
substantive previous|y mentloned.For, even though a |89 IsaTHING we
would want to 88si9n a POSSESSIVE ©€@%@ (o the second tenplate of the
pair (He hit the boy)(with the wooden !@@).How thls TIE]s obtaliped
algorithmically Is disoussed in detall in the final section of (he
paper after the descrlptgion of STEREOTYPES,

This procedure oan be thought of as an amblgulty resolution of the
prepositlons, whigh was not been dealt with atat all by the PICKUP
routines since prepositions are Inserted Into the fornula str]ngs as
a slngle formula and &p® never oonaldered (o be® ambiguous a that
stage, the TIE routlnes also resolve Other semantic gmblgutty not
dealt WIith by the PICKUP routines, So, for ® xanDie, !f our last
exampl® had been (He struck thr boy)(with a bar) we would have
expected there to be at least two formula8 for "bar" stl|| 1In play
jcorresponding t o t he heads THI NG and POINTe=swath® Jatter
corresponding to the plac® sense OF "bar",Hence there would stlll be
two full tenplates matehling onto the latter fragment at this stage
and both con:Fdorod by TIE, whloh would thus orefer the tenplate
contalning the sense of "bar" coded With the head THING, slnce only
In that case could a dependency tle be made (to "hit" In another
fragment In this case) on the basls of Informatlon extracted from (he
formulas, and !'ndolng so the amblgule¢y of "bar™ would be reso|ved,

Phage notatlon Is mnerely a oode to Indlcate In a Yery Qeneral way to
the subseaquent generation routines whorein the "Progress of ¢the
whole sentence"™ one is at aglven fragness,.,s Phase nunber s _attached
to caoh fragment on the fo|lowing basls &y TLE , where the stage
referred to appllesatthe BEGINNING of the fragment to whioh the
nunber attaches,

@-maln subJeet not yet reached
1+gubJect recached but not maln verb

2#maln verb reached but not conplenent or obJeet
Jecomplementor obJect reached or not @expected
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Anaphoric Information of a fairly stralghtforward sort Is put Into
the full template {tself, So» for examp|e, as TIE passes through an
Input text |t seeks to elliminate all pronoun formnula8 and replace
t h e hrside the full templlate with the appropriate substantive
formul@e=m=the substantive to Whlch the pronoun refers ==ew=trylng as
[t 0608s so to take account of' a wl de range of except|lons suoh as
impergonal yge of pronoyn that l¢ would be Inappropriag® to
replace, as ?n "1t seems that,, ,,",Those uses can alnost always be
detected by thelr occurrence In company Wlthasmall and restricted
class of actlons,

2,2)The Interiingua| Representation

Wat foll ows is a short hand verslon o f the |nter]ingual

representation for a paragraph, deslgned to Illustrate the four forms
of Informtion for a Pparagraphe--key, mark, case and_ Phase
--=-cgescrlibed above,The schemn below 9lves only the bare template form
of the semantic information attached to each fragmentew<==the
semantlc formulas and thelr pendant |18t8 of formulas that make UP
the full tenplate structure are all omltted,The French g/van |8 only
lllustrative, and no Indlcation Is glven at t(his Point as to how It
is produced,

(LATER CM
(PLUS TARD VG)

(ntientltni]:@iNo Tenplate3

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

(HITLER GAVE UP THE EVENING SHOW NGS CM)

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

( SAYI NG
(DISANT)
CntieHITLER:nil:3:DTHIS DO DTHIS]

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

(TO RENOUNCE HIS FAVORITE ENTERTAI NVENT)
(RENONCER A SA DISTRACTION FAVORITE)
CTO:WANT:object;3:DTHIS DROP ACTI

(QUTOF  SYMPATHY)
(PAR SYMPATHIE )
COUTOF tRENOUNCE: source?3:0THIS PDO SIGNJ
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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|snl|:@2:MAN USE THINGJ](commentitemp|ate active)

( BUT)
(MAIS)
(BUT:nlltni|s@3No Tenplatel

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

(HITLER ALWAYS PREFERRED THE SAME MJISIC PD)

(HITLER PREFERAIT TOUOURS LA MEME MISIQUE PT)
Criltniltni|s@IMAN WANT GRAIN]

( NEI THER BAROQUE)

(NI LA MJUSIQUE BAROQUE )
[CNEITHER{MUSIC:qual{fler;@:DTHIS DBE KIND)

"(NOR CLASSICAL MISIC CM
(NI CLASSIGQUE VG)
CNOR: INTERESTEDSn{|:@:GRAIN DBE DTHIS)

(NEI THER CHAMBER MJSIC)

(NI LA MISIQUE DE CHAMBRE)
CNEITHER: INTERESTED;n{|1;@3GRAIN DBE DTHIS]

(NOR SYMPHONIES CM

(NI LES SYMPHONI ES VG)
.CNORSINTERESTED:n! | :@{GRAIN OBE DTHIS]

(INTERESTED HIM PD)
(NE L’INTERESSAIENT PT)
Cniltn)1tnl}311DTHIS CHANGE MAN]

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

(FIRST HE WANTED A FEW BRAVURA SELECTI ONS)
(O ABORD IL VOULAIT QUELQUES SELECTIONS DE BRAVOURE)
Cniltniitnl |3$@3IMAN WANT PARTI

(FROM WAGNERI AN OPERAS CM

(D’'OPERAS WAGNERIENS VG)
CFROM;SELECTIONS;source;3sDTHIS PDO GRAIN]
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(TO BE FOLLOWED PROMPTLY)

(QUI DEVAJENT ETRE SUIVIES RAPIDEMENT )

[TO:OPERAS:n1|33:MAN DO DTHIS)(gommentishift t o active templiate
agaln may glve 3 different but no-t incorrect transiation)

(W TH OPERETTAS PD)
(PAR DES OPERETTAS PT)
CwWITHSFOLLOWED:n{|:3:DTH]S PBE GRAIN3

(THAT REMAINED THE PATTERN PO)

(CELA DEVINT LA REGLE PT)

Cnit snii:nl|3@:THAT BE GRAINJ(commenti;no mmrk because ‘that’ tles
to a whole sentence,)

(HITLER MADE A POINT OF TRYING)

(HITLER SE FAISAIT UNE REGLE D ESSAYER)

Cnfitny)tny)t@iMAN DO DTHISI(commgnt ISomg {djom reGognitjon gSSentia|
to Cop® With thilg)

(TO GUESS THE NAMES OfF THE SOPRANOS)
(DE BEVINER LES NCMS DES SOPRANOS)
[TO:TRYING:object:2;DTHIS DO SIGN]

(AND WAS PLEASED)
(ET ETA]T CONTENT)
CANCIHITLERIN|183:DTHIS BE KIND]

(WHEN HE GUESSED RIGHT CM
(QUAND Il. OEVINAIT JUSTE VG)
CWHENIPLEASED: locations3;MAN DO DTHIS)]

(AS HE FREQUENTLY DID PD)
(COMME I& LE FAISAIT FREQUEMVENT PT)
CAS:GUESSED:imgnner:3:MAN DO DTHIS)

It!s assuned that those fragnents that have no tenplate attached to
there=~-=such as (LATER)=== can be translated adequately by purely
word=forewopd neans, Were It not for the diffleulty involved 1in
reading It, we could la¥ 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 fragnents on
particular words,So, for example the rejatlon of Just the flrst two
fragnents could be set out as follows,

(DTHIS] » dyring « wap e«the
:
¢ (location)
Hitler « gav;¢Up » showingse the
bv;nlng



30

The interlingual representation described , as the result of the
analysls of English text, and lllustrated above ln bare tempiate form
, I8 tha Intermediate form handed, as ltwere from the Engllsh
analys!sprograms to the Frenoh generatlon ones,'

Mowever, thls Intermediate stage's) a8 It nust be, an arbitrary one

In the Engllsh=French processing that It la helpful to examine at the
surface level here for eXposlitory purposes and not on/Y |n 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 . eontalin
"all Possible semantlc Information" In sone expllelt form If the IR
ls to be adequate for any purpose,

But the quoted words are not8 and c¢annot be, we|l]l defined with

respect to any coding schene whatsoever, Waat Is the case I8 that
the IR must oontaln sufficlrnt Information so as to admit of forml
manipulations upon !tse|f adequate for Producing transiatlons In
other natural or _formal languages,But that Is aulte another matter of
course,

The fal| lacy involved Is analogous to that committed by ¢he
computatlionally T1|lterat® who SayY that "YOU cant 98t nore out of a
computer than You put In, can You?"=======which Is fajse If It ls
taken to exclude c¢omputatlion upon WwWhat You aut 1In, . _ (A more
traaltlonal parallel I8 the Socrati® argunent about Whether or not
the premlises of an argunent "reallY" oontaln all possible conclusions
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 rcal restriction s that in
creating the IR no information should have been thrown aWay that WII]
later turn OUt to be Important:. So, |f one mmkes the Superfleclal but
gcorrect genergllzgtion that one Of the difflicultiesof Eng|ish=Frengh
M |s the need to EXTEND and make @xpllelt In the Frenoh thIngs that
are mot so lp the Epollshythen It Is no answer to S&Y there Is g
prot lem since, whatever those things are, the IR, |f adequat®, nust
oontaln them anyway, 1t Is then argued that If there Is aproblem ¢
!s-a general one about deriving the IR from Engllsh and has nothling
at all to do with French,

But thls,asIhave polnted out, nced not be true of a n partioular
IR, since any IR must be an arbltrary Ut off stage In golng from one
language to anotheria sllce taken at a particular polnt for
examination, as it were,

Consider the sentence "The house I |ive In Is collapsing” which
contains no subJunction "that", though In French It MIST be expressed
explicitly, as by "dans |aque||e", There need not be any
representation of "that" anywhere In the IR,All that Is necessary !s
the subordinatlon of the second fragment ¢0 the mark "house" [s
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coded, and generation procedures that know In such cases of
subordination an approprlate subjunction nust ocecur In the French
ouput, It Is the nged for such procedures that oonatltuus the
sonetines awkward expansion of Engllish into French, but the need for
ther IN NO WAY aictates the expl telt content of the IR,

2.3)The Dictionary formt,

The dictionary is essentially allstof palrsiof semantic formulas,

(each corresponding to one sense of an ENRg|lish word), and of
explanations of that sense,By " explanation” | mean not slmply 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 I
shall ecall a French STEREOTYPE,

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

(CCC(WHERE SPREAD)(SENSE SIGN))INOTHAVE)KIND)
(COLORLESS AS NOT HAVING Tue PROPERTY OF COLOR))

The first half of the palr, the formula, expresses t he fact that

“belng colorless is a kind or sort which means not having a spatial

(WHERE SPREAD) sensory property (SENSE SIGN).The second half of the
palir Is a sense eXplanatlon In Engllsh that contains the nane of the
woraand serves to distinguish that Particular sense of "colorless”
fror other senses---such as one about human charactere=s for anyone
reading the dictionary who wWas not famliar With the ¢oding system
embodied {n the semantic formulas,

But , the senses of the English words distlnguished by the dlctlionary
my eQually well be explained and distingulshed by neans of thelr

French equivalents, at least, In cases where the notion of" a French
equivalent to an English word" is an appropriate one,S0, for exanple,
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 dligt ionary" by means of the sense
pafrs?

((¢(WHERE SPREAD)KIND)(RED (ROUGE)))
((((WORLD CHANGE)WANT)IMAN)(RED(SOCIALISTE)))

The French words "rouge" and "soclallste™ are enclosed In Ilist
parentheses because they need not have been, ag in this ¢ase, 3'“9|9
French words,They could be Frengh words strings of any lengthifor

exarple, the qualifier sense of "hunting"a s It occurs In a "a
hunting gun" is rendered [N French as "de chasse", hengce we would
expectasthe right hand member of one sense Palr for "hunt ing"”

(HUNTING( DE CHASSE)),
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Tmis simplified notlon of  stereotype Is adeaquate for the
representgtlion of nost aquallflers and supstgntives,Below, 1 ashgl|
generallise to the notion of a FyLk STEREOr YPE adeauate for the
representation of prepositions and actlons, In whiah there MaY be
mor® than one |1st after the English word nane In the prlght hand
menber of the sense palr,Moreover, they wll| be Ilstsin whieh
functions will oeccur as wellas the nanes of French words,

But we should pause at this polnt Just long enough to See what the
notions of sense Palp and Stereotype are doing for US {n the system,
Earlier on, | described the structure of a full tenplate -‘---aasionOd
to some natural language fragnent----- as mnde wp of formulas® and
lists of formulas,But these would nore accurately have been descriped
as sense pal P8, and |lsts o f sense palrs, That {8 to say, the
analysls routines in fact build into the template not Just the
fornul as but the WHOLE SENSE PAIRS, of whloh the fOrvmulas are the
left hand nenbers, even though the crltera for Incorporating a sense
pair Into the template applled only to the formula |tse|f,

Hence the full ™ template already oontalns tho Freneh equlvaients of
the Engllish words In t he fragment,Moreover ¢ he Stereotypesfor
actions and Pprepositlons oontain not only French equivalents but
Impliclt rules for assemb|ing these equivalents soau t0 generate
French output, Thus the generation rout!nes never need %0 cQnsult an
EnglisheFrenoch dictionary,All the gensration program reaulres, In
terms of Frenoh equivalents and assenbly rules, Is already present In
the full tempiate,

Thus the full template may appear to be® 3 comp|ex and Oumbrou8 |gem
of Informatlon, contalning a8 It do®s not only a oonceptualsemantio
representation of English text, but also French output formsa n_d
Implicly generaglon ryles, But the avoldance of repeaged
consultation of a large dlotlonary of forns and rules In LISP format
Is no smal| compensat|on,

The full stereotype them) mmy contaln not only Frenoh words but @a|so
predicates and functlons of Inter|lingual | tems whose values are
always French word strlngs, or a blank Item ©r NIL, The notlon of
Interl!ngual Item here covers not only the Interiingual sjements that
make Up the formmlas, but also the namesof the ¢ases abbreviated (o
a standard four letter formmt s,for examp|etRECE, INWN5:., N]RE, POSS,
LOCA, CONT, SOUR, GOAL, OBJE, QUAL (see the |lst ofcases olven
earilor),

The general form of the stereotype Is & |Ist of predicates, followed
by & strilng of Fprench words and funotions that evaluate %0 Fremch
wordsro rto NL (In whloh ocase the stersotype falls), The
tfunctlons maY also evaluate to blank 8Ymbols for reasons t0 be
described,
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The predicates----- which ©OocCcuUr only in preposition stereotypes- - -
normally refer to the case of the fragnent containing the word, and
toits markrespectively,lf both these predicates are Sa&tlsfiod ¢he
program ¢ontinues on through the stereotype to the Freneh output,

Let us consider the verb "advise" rendered fn Tts nos t
straightforward sense by the French Wod "conselller", It is |lkely
to be followed 5y two different constructions as in the Engllishii)I
advise John t0 have patience ii) I advlse patience

Verb stereotypes c¢ontaln no predicates, so we mght eXpeect the most
usual sense palr for "advise"™ to contain a formula followed by
(ADVISE( CONSEILLER A (FNy FOLK MAN))

( CONSEILLER (FN2 aCT STATE STUFF)))

The -role of the StéreotyPes should by NPOW be becoming clear tin
generating froms, in thls c@&Sesanaction, the system looks down a
|ist of stereotypes tied to the sense of the action fn the full
tenplate, If any of the functions it now encounter8 evaluate %0 NL
then the whole stereotype contalning the function fails and the next
is trled,If the functions evaluate to French words then theY are
generated along with the French words that apPpeara8thelr own nanes,
like "consel|lep",

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 "advlise" produce corregt translations of Sentences
(1) and (11), In the case of sentence (i) in the form of ¢Wo
f ragrents (I advlise John)(t0 have patience), the Rrogram begins to
generate from the stereotype for the formula IR the action i positlion
in the first fragment's template,It noves rlightWards as described and
begins to generate "conselllera ",Then (FN1 FOLK MAN) {8 evaluated,
whic¢h Is afunction that looks at the formmla for the ¢third, oblect,
position of the current tenplate and returns ITS French stereotype
only If TIts head is MAN or FOLK----- that is to say if It is a human
being that is being advised,The formula for "John" gsatisfies this and
"Jean" is generated after "consel| ler a", -eee--=proper nanes are
translated here for illustrative BPUrpo8es only----- and so we obtaln
the correct construction "Je consei |18 a Jean,,,

But hac We been examining sentence (il) "1 advise patlence” this
first sterecotype for "advise" would have failed slnce (FNi FOLK MAN)
would not have produced a French word on being applled to th® formla
for "patlence", whose head |8 ACT,Hence the next stereotype wWould
have been tried and found to apply,

The stereotypes do more than SImply avoid the expll¢lt use of a
conventional generative @rammar (ROt that there !S$ much precedent for
us I @ 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 conplex context=sensitive rules at the PoOlnt
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required, and wlthoyt any Searoch of a large rule Inventory,Thls
method | s, In princlple, extensible to the production of reasonmably
complex Imp|lclt rephrasings and expansions, as In the deplvatlon of
"s| Intelllgent solt=l|" from the second fragment of (NO rmn
)(however Intel|lgent)(can survive death), glven t(he appropriate
stereotype for "however",

Preposition stercotypes are mnore c¢omplex In general than those for
actlons, but before !llustrating them I should mentlon a polnt thtt
arises In connexlion wlth stereotypes and their relatfen to the
enureration of the senses of Input (Engllsh ) words,As | h a v e
described the dfctionary so far, many output storootyoos may be
attached to one sense of an Eng|lsh word, that 18 to say)to a single
semantic formula, In the exampl|e sentences above, "adv Lc" is taken
as belng used In the same sense In the two sentences, cven though
dlfferent 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 |8 an extrenely upcjear one
and resliatant to any formal analysis,Nithout In any way claiming that

the senses of a Word can be oompjletely enumerated, It Is nonethe|ess
clear to oommonsense that In "I have a bar In ny new hQuge" and "we
have a bar agalnst forelgners here” the word "bar" |s being used In
tWo different senses {n terms of "conceptua| separation of contexts",
even though It Is not possible to explicate ¢hat |ast concept ln
terms of nalve denotatlon, Or formal specificatlon of contexts,

In the case of PrepositlonsItake them as having only a single sense
each, even though that sense mny 9lve rlse to a great nunber of

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

1¢(It was made)(oytof wood)
11) (He killed him)(outof hatred)
T1I)CL I1ve Y(outof town)

It seens to me unhejpful| to say that here are three senses of "outef"
even though |ts occurrence In these examples reaulires transiation
Into French by " dew, "par" and "en dehors de" respective|y,and other
contexts would require "parm|" or "dans",

Given the conventlon for stereotypes desoribed ear|ler for actlons ,

let US gset down stereotypes that would enable us to deal wlth these
cases !

sh ((PRCASE SOUR)(PRMARK #DO0) DE (FN1 STUFF THING))
SIt) ((PRCASE SOUR)(PRMARK #DO) PAR (FN2 FEEL))
SIt1) ((PRCASE LOca) EN DEHORS DE (FN1 POINT SPREAD))

Wiere #DO Indicates a wide class of actlon formulas; any ln fact
whose heads are not PDO, QBE or BE,



35

In the case of the sentence fragments (lt was made ) {(outof wood),
when the program enters the second fragment It knows from the Whole
interilrgualrepresentatlion described ear|ler that the case of that
fragment Is SOURCE and !ts mark ls "made", The mark wWord has DO as
its head , and so the case and mark ppredicates PRCASE and PRMARK In
the flrst stereotype are both satlsfied,Thus " de" ls tenatively
generated from the flpst stereotype and FN1 is applled, because of
its definltlon, to the object formuja In this tenplate , that I8 to
say » the one for "wood",The arguments of FN1 are STUFF and THING and
the function flinds §TUFF as the head of the formula for "wood" in the
full tenplate’ is satlisfled and so generates "bols" from the
stereotype for "Wod"'

In the <case Of the second fragment of (He Kllled him)(outof hatred)
the two predlcates of the flrst stereotype for "outof" would again be
satisfled, but (FN1 THING STUFF) would fall With the formula for
"hatred" whose head is STATE,The next stereotype (Sil) would be
tried; the same two predicates would be satisfled, and now (FN2 FEEL)
would be applled t o (NOTPLEASE(FEEL STATE)) the formul a for
"hatred",But FN2 by Its definitlon examines not formula heads » but
rather seeks for the coptalnment of one of Its arguments withln ¢the
formula,Here !t finds FEEL Wlthin the formula and so generates the
French word stereotype for "hatred"

Similar constderations apply to the third example sentence Involving
the LOCATION casetthough !N that case there would be no need to work

through the two SOURCE: sterecotypes already discussed since, when a
case is asslgneg to 8 fragment during analysis, onlY those
Stereotypes are Jeft in the Interiingual representation t hat
correspond to the assiganed case,

The description of the assignment of case t0 a fragment was deferred
from the ecarlier discusslon of TIE routines, since It reaqulres use of
the stercotypes at the anmalysis stage,In the casSe of fragments Wlitha

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

one that matches the fragnent and 1ts mark except In respect of
case,S0, in the sentence (I |ive)(outof town) the analysis routines
assl9n LOCATION toO the second fragment in the first place beeause
they locate In the third Steretype for "OUtof"™ a formula for the
object of the preposition whose head is POINT,

2,4) The generation of French

Much of the heart of the French generation has been described In
outlinein the last section' slnce It !s Impossible to describe the
dictlonary and 1fts stereotypes usefully wlthout describing the
generative role that the stereotypes play,
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To complete this brief sketch all that ¢ |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 fragnent Inter|00Kewwew= the mark
oelng In a different fragment=-=-=as8 oontrol flows backwards and
forwards between the stereotypes of. different words in search of a
satisfactory French output, There is not space avaljable here for
description of the bottom level of the generation program===the
concord and nunber routines-- which in even the simplest oases need
access to mark information, asin |ocating the gender ©f "heureux" In
(John seems )(to be happ¥) translated as "Jean semble etre heureux",

Again, mueh of the detai led content of the Qeneration I8 to be found
in the functions evaluating to Frenoh words that I have arbitrarily
named FNl,,s.8tc,Some of these se®k detail down to 9ender markers.
For examp|e, one would expect t0 Qct the ocorreet ctranslations "Je
voyageals en France" but ",, «a¥ Canada™ with the aid of functions,
say, FNF and FNM that seek ot only specifle formula heads but
genders a8 Well,So. mong the Stereotypes for the Engl|lsh "iIn" we
would expeet to fing (glven that formula® fOor Jand areas have SPREAD
as thelr hoadaH ' o..oooocA ‘FNM SPREAD)’ gnd ] uooolEN ‘FNF
SPREAD) ) , ‘

It 1Is not expected that there WlI|! nore than twenty OF so Qf these
inner stereotype functions in all, Though It should be noticedat
this Point that there !s no level of generation that does not reaulre
qulte oonplioated semantic information Processing,l have In mipd here
what one mlight call the bottom level of generatlon,the addltlon ;nd
compresslion of artlcies , An MT program has to get "Jo bols du vIn®
for ™! drink wine" but to "J’alme LE vIin" for "I |lke wine", Now there
is no analog for this distinetlon In English and nothing about the
meanings of "Ilke® and "drink" that a&ceountsforthe difference In
the Frenoh in a way tntultively accentable to the English speaker, At
represent we are @expecting to generate the difference by means of

stereotypes that seek the notion USE In the semantloc codings ===whigh
will be looated {nm "drlnk"™ but not in "|lke",and to use this to

generate the "de" Wiere appropriate,

The overall control functlon of the generation expects flve different
types of tenplate nanes to Ocegur!d

1)#THIS #DO #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 DtHlsg,

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

1a) type *THIS BE KIND !s treated wlth type 1,
2)DTHIS *DO *ANY
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These tenplates @arfse when a subJect has been spllt from its action
by fragmentation,The mark of the fragnent is then the Subjsct.Or, the

template may represent an obJect action phrase, sushasa simple
infinitive with an impliclt subject to be deteemined from the mark,

J)#THIS DBE DTHIS

Templates ©of this type represent the subject, Spllt off from its

actlon represented by type2 tenplate above, The transiatlon IS
simp |y generated from the stereotype of the subJect formula, since
the rest Is dummies, though there may arise cases of the form DTHIS
DEE KIND where 9generation Is only possible from a quallfiep asinghe
second fragment of (I like tail CM)(blond CM)(and blue-eyed Germans),

4)DTHIS PDU «REAL

Templates of this type represent prepoesitional phrases and the

translation is generated as described from the key Stereotype, after
which the translation for the tenplate object |8 added (#REAL denotes
any head In *THIS or {s KIND),

The 9deneral strategy for theflnalstages of the MI' program Is to
generates French word strings dlirectiy from the (enplate Structure
asslgned to a fragnent of English text, The first move 18 to flnd
out whigh Of thg five myJor tyPeS of temMPlate distinguisheq apoVe Is
the @N® attached to the fragnent under examination,

So then, for a fragnent as simplea as "John already owns a blg red
car", the program would notlce that the fragment has no mark or kay,
hence, by default, the generatlon Is to Proceed from a stereotype
which Ils a functlion of the general type of the tenplate attaching (o
the fragment,The bare name of the tenplate fOr this one fra@ment
sentence la MAN HAVE THING and Inspectlion of (he types above wfj|
show thls to be a nenber of type (1), whose genperal form |s #»TH]S «DO
#ANY,The stereotype Is a functione=-=l@t Us S&Y FTEMPe=we of that
template type and s+ o conform WIth +the general formt for
stereotypes described earller, thls can be thought of as belng one of
the stereotypes for the "null word", since we have no mark or key
word -to start from here,

In ¢hls case the generatlon of French i8 simpllcity itselfizhe
function FTEMP ecvaluates 0 a French word string whose oOrder 18 that
of the stereotypes of the Ensllsh words of the fragment,Thls order Is
directed bY the presence of the first tYPe of tenplate oomprising an
elementary 9equence subject=actlion-object,This Is done recursively so
that + @lon6 with the French words generated for those Ep@llsh wopds
whose formulas cons¢ltute the bare template(l,e, "John", "own" and
"car") are generated those whose formulas are mnerely dependent on the
min formulas of the template---1In this case the formulas for
“"already", "big" and "red",
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If conplex steoreotypes are located whl|e generating for any of thc
word8 of the f ragment===="gomp|ex" sImply neans full stereotypes
which have constltuengs that are functions as We|| a8 Frenoh
words- - - - - then generation from these new|y found stereotypes
Immediately takes bprecedence over further generatlon from the last
stereotype at the level above,

In the Present c&se "own" create8 no problens since It Isa
completely regular Frenoh verb, and S0 [t8 stereotypes oontafn
nothing but Frenoh words,lngeneral, It I8 only lrregular Ftenoh

verbs that ocontaln complexity In thelr stercotypes 50 as to dlotate
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
this system of classiflication e=weeemy usage IS not [ntended to
correspond to the standard oppositlon of "regular” to "Jrreguiar” in
French grammars),

NoW suppose we consider the two fragnent Sentence "I order Jbhn to
leave",The fragnents wlll be presented to the generation program In
the form descrlbed earl|ler with Key, Mark, Case ,nd Phase
Informaglion attached to saoh ;raOmontx

(I order John) ntltnl|inl|30
(to leave) tolorder:0BYE:2

Also attaohad to the fragments WlIlLl be full tenplate8 whose bare

tenplate naes In this case wil| be MAN TELL MN and DTHIS MOVE DTHIS
respectively,

The generatlon program enters the flrst fragnment Whigh has no mark or

keyisolt starts to generate, a8 before, from a stereotype for the
null word which agaln s one forthe flrst tenplate tYDO.Th'I gets
the subject rlght 1"Je" from the stereotype for "I%, |ater to be
mod!f led to "J' " by ¢he concord routine,It then enters ¢he
stereotypes for the actlonithe first beling

( ORDONNER A (FNL MAN FOLK)) The head of the fepmyafor "John" |14
MAN, and FNi here !s an arbltrary name for a fuhot on that looks Into
the formula for the obJect Place of atenplate and, !f ¢he _head of
that formula |8 any of the function’s arguments, !t returns the
stereotype value of that formula.In thisgase ¢ he functlon FNL |s
satisf led by "Johnw, so by definition that stereotype for "order" is
satisfled, and the program generates from |t the sequenge "ordenner a
Jean", glving the correct seguence "Je$ ordonner$S a Jean"mwe-= where §
Indicates th® need for further minor BDProcessing by “the eoncerd
routine,The stercotype has now been exhausted=====nothing in |t
remalins unevaluated or ungenepated===~=simijarly the fragment Is
exhausted since no words remaln whose stereotypes have not been
generated, olther direetly or via the steresotype for some other word,
and $0 the program passes on t0 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 stereotype in hand for "order" in
fragment () to seeifit was exhausted or nNOt, It wasy, and 80 the
program turns to the stereotypes for "to", the key of (11 Among
those whose flrst predlcate has the argunent OBJE willbe the

stereotype
((PRCASE OBJE) (PRMARK FORCE TELL) DE (FNINF *DO))

If we renenber that the head of the current formula for "order"™ , the
mark of fragment (§!), !s FORCE, and that PRMARK seeks and conpares
1ts argunents With the head of the mark formula, then the predicates
areseento be satlsfled and the program generates "de" after seeing
that FNINF Is satisfied, since an aotion formmla for "leave" follows,
whose head MOVE is in the class #*DO,

FNINF on evaluation finds, where necessary' the inplicit subJeoet of
the Infinltlve,That Is wunnecessary here, but would be essential fn
examples only slightly nore complex, such a3 "Marie regrette d ¢
s‘etre rejoule trop tot ",FInally FNINF itself evaluates to the Frenoh
stereotype selected for "|eave",This might Itself glve prlse to to
mo.e gea.chlng If the ugé of "leave"diciaged lgg own ge yengg a, In
"I order John to leave by the first teraln", Here however the
evaluation term nates imediately to "partier"™ since the sentence

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

again' since It reallses it has already entered its stereotyne ITst
via the "to" stersotype, Thus the <correct French string "Je$
ordonne} a Jean depart!r" has been 9enerated,

The last exanple was |lttle nore than a nore detalledre=descriptlion
of the processes described In the dictionary section (2,3) In
connexlon With the example "] advise John to have pat ience", HOWever,
now that we havedealt fully wlth a fairly standard case and 8hown
the recurslve use of stereotypes In the 9eneration of Frenoh on a
fragment-by~fragment basls, we oan dlscussafinal pair  of examples
in whlchanmore powerful Stereotype, as it wepe, oan dlotate and take
over the generatlion of other fragnents,

1f we were to conslder in detal!| the generation of Frenoh for the ¢tWo
fragrent sentence (I throw the ball)(outoef the window), we should
find the process almost identioal to that used In the last example,In
this case, too , the maln stereotype used t0 generate the French for
the flrst fragment |Is that of the actlon===="throw" In this
case--and the sterepotype for "t hrow" is exhausted by the flpst
fragrent, so that nothing In that stereotype causes the programt o
inspect the second fragnent,

Now consider, in the same format, (I drink WIne)(outofaglass),
Following the same procedures a3 before We shall find ourselves
processing the stereotype for "drink*' whlchreads ¢ BOIRE (FN1 (FLOW
STUFF)) (FNX1 SOUR PDO THING)+ DANS (FNX2 THING)) where"?" Indlicates
a halt-point, The program begins to genecrate tentative|y, evaluatling
the functlons left to right and being prepared to cancel the Whole
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stereotype | f any one of them falls,FN1 is applied to ths foémulu for
""Ine" and specifies the Inolusion in it8 formula, not Of one of gwo
elements; but of the whole conventliona| subformula for |lqulds (FLOW
STUFF) This It flnds, is satisfied, and so evaluates to "vin", to
be modlfled by concord to "du vin", '

The program now encounters FNX1l, a function which by deflnition
applles to the full tenplate for some FOLLOW NG fragment,At this
point the program evaluates FNXL which returns 'a blank symbel| If and
only if It finds a followlingtthough not necessarily Immediately
followins ) fragnent wlth a SOURce case and atenplate, the |ast two
elements of whose bare name are PDOTHING.I. @, t Is a preposition
type fragment With a physloal object as the obJect of ¢he
prepositlion,This slituatlion would not obtalinif the sentence were "]
deink the wine outof polliteness", If FNXL la satisfied, as In thls
case, it causes t he generation from this stereotypetohaltafter
generating ablank symbol, Halting in an evaluatlon !s to be taken
as quite different from both exhausting (all functions eva]l uated _to
French word strings or a blank) and falling (at least one funotlon
evaluates to NIL),

The mmin oontroi program now Pas8e9 to the next fragment, In thfs
case "outof a glass",Jt asks first if It has a mark, whigh Tt has
namely "drlnk", and looks at the stereotype In hand for the nark to
see If is exhausted, whieh it is not, merely halted,The Dprogram
therefore continue8 to generate from the 8ame stereotype, for
"de ink”, producing "du vin", then "dans",fo I lowed by the evaluate
of FNX2, name !y mverre", thus 9!vIng the oorreot transiation "Je
bols$ du vin dans un verre",

The important polnt here |s that the stereotypes for the key to the
seoond fragnent ) "outof", are NE VER CONSULTED at all,The
translatlons for al| the words of the seoond fragnent Wll| have been
entered via a stereotype for the previous fragnent, the one for
"drlnk",The advantage of thls ncthod W!|| be cleartbecause [t would
be very d|ffiouit, conceptually and Wlthintheframework I h a v e
described » to obtain thetrans|ation Of "outof" as "dans" in thls
context from the stercotype for "outof", because that trans latl onis
specifloto t he occurence of certain Frenchwords, such as: "bolrg",
rather than to the appllealon of cntaln oonoepts, In this way the
stereotypes oan cope Wlth lingufstio ldlosyncrasyas el as with
conceptual regularity,lt shou Id be noted, too, that Sinos "dans"
mot generated untl| after the halted Stereotype restarts, there Is no
requirenent that the two exanple fragnents be ooOntiguous,The method !
have described couldcope Just as well with(ldrlnk the wine)(lITlke
most)(outofasliver goblet),

The Point here (about what words are generated through the
stereotypes for what OTHER words) can perhaps be made | lttiealearer
with & diagram in which |]Jnes oonnect tho ENglishword through

whose stereotype a generatlon is done to the word for Whlghoutputls
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generated,Al| generations conventionally start from @ the null word
mentioned above, {t IS,bY convention, the® word for Whleh the f]Ve
bas i ¢ Stereotypes are the stereot ype' $0 then, the nor e

strai ght forward case (] threw the bajl)(outof the window) would be
generated as follows!

2
[ (Y
’ ¢ \
] ¢ \
' I )
’ 'y \
I throw=<bal| outof=+=+w|ndow

Artlcles are omitted for simpllclity,In this case the new fragment
stapting with "oygof" .etupNg again to O to beglin gene.a¢ling agaln,
In the rore complex case (] drink wine)(outof a glass) the generatlon
pattern would beas follows:

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

Where the subJects and objects of a sentence are considorably
separated by Intervening clauses ,these generation diagrams can
becore consliderably more comp|licated,

The general rule wlth aotlon stereotypes then, is that the more
irregular the a¢tion, the more Information goes INto its stereotype
and the less 1Is needed In the stereotypes for Its sequents.S0, for
exarple, there is no need for a seceebyppe for "outof" to contaln
DANS at a|l,Again, Just as the regujar case "] order John to |eayer
produced the transiation "J'ordonneaJean de partir" by using the
stereotype for the key "to", the less regular oase "] urge John_to
| eave" which requires the aquite different construction "J’exhorte
Jean a opartir” , would be dealt with byahajiting stereotype for
"urge" whose form wWou|d be

( EXHORTER (FN1i MAN FOLK) (FNX1 OBJE #D0) *+ A (FNXINF #D0))

and in this ¢8Ses the SteredtypPg for "to" WoU|q neVer bg onsulteq at
all'

Finally ,1t should be admitted that |n the actual computation of the
analysls and generatlon system described above, two Ttems of
informaglion [ have described,case and mark,shrink In
importances,though by no means dlsappear,Thelr role has been
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overstressed In the paper,In order to mke a oleapr digtinotion
between the analysls and generatlion routines and so present a cleap
Inter!lngual representation format,open to Inspeotion by any ITn ulst
unfari|lap with,and uninterested In,the algorithmlie  trchn3aues
employed,What 1 sought to aveld was any referenceto a "seamless
computationa| whoje" al| of whose |evels seem (o presuppose all of
the other levels,and which ecven If It works ,cannot be fm any way
Inspected or discussed,

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

and mar k Information Itse|f demands access to the French
stereotypes,and It would clearly be absurd to0 consult the stereotypes

to assign ¢his8 Informatlon and ¢then ,later,consult them aga 4n _inr .
order to make use 0f It In the generatlon of French, I n fact,the
analysls and generatgfon routlnes fuse at this point ,and thecase and
mark are located during the generation of the French output,

The ¢hange In the format that this requipes |s that ¢the mmrk
predicate PRMARK |s not now simplyapredicate that checks whether
the ALREADY ASSIGNED mark for the fragment In hand meets ¢he
specificatlontit 1Is apredicate that at the same time actlvely secks
for a mark meetlng that specifleation,And ,as wlth the stereotype
functions a/ready descrlbed,the faljure to find sucha mark falls the
whole stereotype c¢oOntalning It,There w!|l now be not a sTngle mrk
predicate. but a number of them fulfl|iing different rofes,The case
predicate,conversely,!s not diversified but vestliglal,because there
s now no PREVIOUSLY ASSIGNED case to a fragment for thepredicate to
check,and the cas® Is now Just alabel n the dlotionary of
stereotypes to ald the reader,

A aulak last look at a previous example should make all this
clear,Conslider agaln (He hlit the boy )(with the wooden |08) as
contrasted WIth the ajtopnatlve second fraoments (with a stlek) and
(with long hatr),Let us consider the analysis routines terminating
witht h e provision of full tenplates for fragments (and Phase
information) ,and let us consider everything that follows that as
French generation,

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

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

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

PRVMKOB Is adirected predicate,as It were,that seeks for a mark In a
preceding fragment (WIthin a range of two fragments),It |ooksoniyat
candlidates whose heads are IM the class *ENT,that s to say
THING/MAN,FOLK)BEAST or WORLDjentities {n some sense (hat., ¢80 have
parts,In the same sense the heads ACT,STATE,POINT etc,ar® not
attached t0 ward senses that wWe can speak of as having parts, PRMKOB
compares the formulas for Potentlal marks In the thlirdsobJect,
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poslitlion of preceding fragnents WIth the formula for the obJect In
the temp late for the fragnent In hand,And It Is true 3f_tnd only It
the latter formula {ndlcates that It tles to a word sense that oan be
a part of the entity tled to the "candldate mark" formula,

So,In the case of (He hit the bo¥)(with the wooden |eg) PRMKOB finds
{tself comparing the formulas for "bay" (head MAN) and "leg" (whlch
contalns the sub=formuia (MANPART), In thls case PRMKOB is satisfled
and the genergtlon continues through the f!rst stereotype gorrectly
generating "a" for "wlth" and then the output for "wooden |eg",The
#REAL In the functlon tn the first stereotype merelyY indicates that
any obJect In that fragnent should then have Its Stereotype generated
(any substantive head |s in the class *REAL) because 1 ¢
appropriateness has already been establlshed by the satisfaction of

PRMKOB,

Following exactly the procedures described In other exampjes it erl
be seen ¢hat (Wigh a stlck) tails the flrst but |s transiated by the
second stereotype,whije (withlonghair)falls the flr8t two but s
correctly generated by the thilrd,
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