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ABSTRACTIThe paper describes a systém of semantic analysls and
generation, programmed |n LISP 1.5 and des!gned ¢to pass from
paragreph lengeh |nput In English <¢to French via an {nterllingual

represencation,A wido class of English Input forms wiil be covered,
but¢ the vocabulary will Initlally pe restricred to ore of of a fow
hunared woras, Wlth this subset working , and curlng the current

year (71-72), It Is also hoped to map the !Interiingual raprasentation
orto some predicage caulculus notation sO as to makd possibis the
answering of very simple questlons about the trans'atsd Mmatter,
The specliflcation of the transiation system Itself |3 complets, and
its raln points of [nterest that distingulsh It from oOther systems
sre:
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171t transiates phrase by phrute==-==with facililtles for reordering
phrases and estabjishing essential semantlc connectivities betwaen
ther ==-=by wappling complex semantlc structures of "message” onto
each phra3ze, These constitute the Interiingual representation to be
transiatec, This magtching |s done without the expllelt wuse of a
conventional syntax analysls, by +aking as the appropriatw matched
structure the "most dense" of the ajternative structures derlived,This
method has been found highly success’ul in earller versions of this
analysis system,

11) The French outhut strings are generated without the axpllicit wuse
of a generative grammar,That |s done by means of STERFOTYPES! itrings
of French words, ang functions evaluating to French wirds, which ars
attached to Englilish word senses in the dlctlonary ani bullt into the
Interlingual representation by the analysis routines,The generation
progeam thus receives an intariingual representation that =iready
containg both French outrut and Imp|lclt orocedures for assembiing
the outout, since the stereotypAs are In effect recurSive procedures
spec!fying the content and production of the output word strings,Thus
the genaration program at no time ccnsuits a word dictlionary or
invertory of grammar rujes,

1t |s clalmed that the system of notatlon and transiatlon descrlibed
is a conrvenlent one for expressing and handiing the ltems of semantle
laformagion that are ESSENTIAL to any effective MT system,! discuss
{n some detell the samantic informat!on needed t0 snsure the correct
cholce of output prepositions In Frenchja vital matter Inadeauately
treated by virtually all srevious formalisms and projects,
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1,0)Intr2duction

] call what follows an Art!tliclal Intelilgences (Al) &«pproach to the
protlem of Machine Translatlion (MT) for fiva reasonst

{)uhen fully devejoped the systen to bo described for representing
natura! Janguage wl!i1 contaln within Itself two met. Ads for
expressing the congent of any glven utterance:one lo3glcal, in§ otrnoy
Ilnguistic, In a broad sense of that term,[t Is at the presen: time
an outstanding question wi«nin Artiflclal Intalllgence which of these
genera! approaches |s the most sultable,[n that the pressns systen
has botn represantaction capabllilitles, It should be able to compare
gnem With a viaw ¢0 throwing same |lant on this important Jisoute,

2)] have argued elsewhere {14] at some jength that the enace of
meaninaful exprassions of A natural languags cannot be determined or
aeclued by any set of rules whateveree~==<in the wWay that almost all
Ilnguistlc theories implicltly assume CAN be done,That is because, in
commcr sense terms, a sp2aker a|ways has the optlon <o MAKE any
stelng of words meaningfu| by the uss of explanations ard
definitlions, Howeve,, any workling system of |(Inguistic rules deces
Implicltly speclfy a class of acceptable expressions, and so,
indlrectliy, a class of Lnacceptabie ones, The only way of combining
these two facts of Ijfe Is to have a modlfiable system of Ilngulistlc
rules, which was Implementsd in an elementepy way In an sariler
verslion of the present system [13],

3)Arother aspect of the Al approach, |f one can use that phrasd, has
been an attractlon ¢o methods consistent with what humans THINK thelr
methods of procedyre are, as$ distinct from more formalijy mctlvated
methods,Hence the agtractlion of heurlistics In, say, Al apgproaches to
that it avolds the expllclt use of a conventional |lngulstic syntax
at both the anmalysls and the yeneratlion stages, In the ana!ysls of
Imput » syntax |s avolded by a ¢tempiate systemithe use ¢f a set of
semantlc forms that seek to Dlck up the massage ccnveyed by the Input
stelng, on the assumotion that there is a falriy well defined set of
baslc messages tha: people aiways want to convoy whenever they Wrlte
and speak; and that in order to analyse and express tha content of
dlscourse It is these sinple messajes~=-suUch as tnat ‘a certain %hing
has & certaln part’ for examplee=~ that we need to |ocats, Agaln,the

overal!l representation of complex sentences Is that of a !inear
seauance of thesa message forms In a peal time order ,Interreiatec by
conceptual t:eS, rather than the hlepapchical tree structure
preferred oy |la3uists, From the very comnon sense formg of

expression | have had to use to exppess thls method of attack ‘t will
ce seen that the ﬂethod 'tseif ls one c'ose to Ortﬂn&ry }3tuit|°n3
atout how we understand, ancd somewhat distant from the concerns of
forral grammarians,
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4)The French generation Is done without the expliclt use of a
generative orammar, In the conventlonal sense,The Inter|ingual
represertation passed from the anajysls rougines to the genseation
ones alraady contalns, ae part of the coding of ¢the Engilsh lnput
wopas, Fronch ste,eotypes=--=-str|ngs of Fraench words and funotlons
that evajuate ¢o Fpench wopds,These ‘functions are  eveluatay
recursively to oroduce French output, and <+he stereotypes thus
constitute both French outbut and procedures for assemb!ing that
output properly ,No otner Inventory of French #ords Or grammar ruies
ls ever searc¢hed, and the stereotypes corstitued a pringloliec way of
coning with |lnguiseic dlversity and irregularitv-=-=since inolvidual
worgs have fihgelp oOwWwn Stereotypes~e=without racourse t0 what
Rarek|iiiejC1]) calls "bagas of +ricks",

5)A Dpolmt related ¢o (1) but Importantiy different is that of ¢he
“lgve! af unzerstanding” required for MT,]: wWouig gsrteinly be
unintailigent ¢0 devalop ary leavysi ¢f ungerscanding more gomplexX than
s ragulered for any ras<, ang - {s nopea ¢het hy the methods
described It may be psossiole to astablish g level of unde;aztanging
tor M7, somewhat shgrt of thaet requlired fo- giBution &answgrind and
ather rore I!ntelligent Dbehaviors,Wnlile au,vaing with michle’s[él
unexceptionabie " ,~e now have as & touchstone tno reailzagtlon that
the central oOperations of the Intel|igence ar@,,,.transactlons on a
xnow|scdge base"”, |t s hoped that for MY lingulstic, or
lingulstically exoressible, knowledge may sufflce,

1t 'S W3 samantic approach that ls Irtended to answer the aqulite

procer o 3stlon *4ny start MT agaln a¢t al}?7’ The generally negatlive
surveys produced after the demlse of most of the MT rssearch of tho
Fiftles In no way sstabllsned that a wholly new approach |ike ¢he
present one was faorediomed ¢ failee=0njy that the methods trled so
far had in fact done so0,At this distanco In time ,i+t is easy t0 »De
unfalr to the memury of thas early MT wWork and t0 overexagyerats lta
gslmple asumotions atou+ languace,Bu: ihe fact remains that almost al|
of It was dons on the basls of najve syntactlc anaiysis and withour
any of the devejoomgnegs In sementic structuring ana descriptlon that
have Deen the most notewortny features of recent linguisslic advance,

Ons wore of #arring is aooroprlate at this point about +¢he semanslc
method and 'ts raja+icn t0 the form of th's papar,This is Tnterdec to
be a Practical nota, concerned to describe ~hae Is being dome In a
partlcular system and research prclect, so It Is not concersned to
argue abstractly for tne value of systems barced or congeptual
connectionsithis nas beern done aigedhere Ly writers su¢h as
Simrons(12), Aulljiant9), xiein(3), Schank [11] as we!| as yseif,
] ar not concernad to apjus for a gensre| method, nor shell | se&t out
much In the way 0! tne ro+ femlilar graph se¢ructures |[lnking ¢he
iters of exampla santances In crder to display thelr ‘real structurs’
for *y purposes,! anm 297cerned more +to display the Information
structure 1 use, and the manipulations tne systen arniies to ceértuin
{ingulstic axamples !n ordar +0 get tham into ¢he orescrineg farm for
translagion,The signiay of conceptual or dependency zonnections
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pbetwaen lgens of praal taxg wlil onjy be made In cases whero
urnecessary obscurity or comolexity would be introduced by d!sglaylng
the sams connexlons petween [tems of the Interiingual representation,

1t has becone fashlonable recently to clalm that ‘dlectionary based’
systems cinnot find a place within Al,l would Ilke to argue at the
outiet of tnls papar that this view, pervasive though rareiy made
expllclt, I|s an unnelpful one, and can only Inhlbit Drogress unh the
understendling cf nagural language In an Al contexi,

The rise of thls view can, ! think, o0e correlated with <+he fresh
Interest belng generated among lingulsts and others by new attemats ,

such as Montaguers{7} , to produce a formal iogle capable of
recraserting rather more of the forms of language than the ciasslc
azt."pts of Russe|l, Carnap, Relchenbach et al, The impliclt

argurent 9oes as follows: that logical structure provides the ree|
sgructure of language, and there Is no Dnjace in a Jlogic for a
dlctlon&l‘hh henCe...,..

But In sg far as any premise of this argumeng Is made precise |t can
then be seen to be high .y misleadins, I not downright false,The
relation of forma| loglc to janguage |s and ajways has been & mych
disputed matter and cannct be discussed here |n any de+al|,But any
adaquate loglec must contaln a dictlionary ar Its equivajlent if It is
to hancle anything more than terms wignh nelve denotatlions such as
techair’,4ny system of analysls that Ils ¢0 hand|e sentencss contalining
. say, ’'hand’ s going to need to have avaljable In some form Such
informaglon as +that a hand Is a part of a bedy, and that It Is
somethling that only nyman belngs have, [t does not matter whether this
{nformatlon Is explicitly 4168d to a word neme In the form of markers,
or |s axrressed as a 3e- 'es of true assertlons; a dlictlionary is what
it Is, and If ¢the information {s edequately expreesad it must be
possible to construct alther of those forms from the other, Just as
an ordlnary Englisn dictlonary expresses information In a mixeure of
poth forins, On ¢ha whole, the " explicit dlictionnry"® 's a nore
economical form of expression,

These who attack ‘dicgionary Dased’ systems do no¢ seenm to see that
matters could not oe gthogW'gQ,,PrﬂSS.d for ﬁitﬁrnat‘ves t"jai express
thelr polny of view, thay are no« prone to refer to Wirogradli6l,But
that |s apsJrdiwinograd’s worek certalnly contalns a dictionary,The
fact !s not as obvious as lt might be Dbecause of the nighly
simplified univerge with which he deals, and the direct genotstiona!
nature Of the words 1¢ contains,But my point holds even within that
glmplifled #os1d,T0 see this one oniy nas o res’ Winagrad’s work
with the quast!an in mindinow doos the systen know, say, that a block
{s 'hancleadble’, Tre ans<er is put qulte clearly in & texe figureidy
mears 0f a small marxer dlctionary of course,

Micniel6] has wricten of ",,tne mandatory relationshic, ignored by

some conputatliona! [inmgulsts, oatwWeen what |s monadlig, what is
structural, and wnat !t eplstenic,” In connexlion with his clalm that
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Winograd’s Work constitutes “"the flest successfu| solutlen of ¢he
machline transiation oppobiemn, But |t may not be mere lgnorance on
the part of myself here, and others elsctenere, In view of the fact
that the distinction between what |3 "eplstenic” and what |3 not
cew==] think Michle means by that word "ccncerned wlth the rea| world
;&th'f than wlth janguage", a rktherp spoc}al and nOﬂ'%Eld‘t'OHﬂl
maan|ngeeeevaiy by no means as clear as he thinks, [t seens ¢o0 me
that the onus of groof Is 2n the belleverse-=--that Know!aggo about
the real wopld IN SOME STRONG SENSE OF THOSE WORDS |s necessary for
(Ingulstic tasks [lke MT,It 's usual %o refer , as Mignle does, to
exarples |lke Winograd’s distinoction between the anaphoras in "The
Cley Councll refused the womea a permlt because they ‘eared viojence"
and "The Cley Councl| refusad the women g Defm‘t because they HWore
oomrunists",But |f the eplstemic ballevers mean by "know|adae of ¢tie
world” the "lInductlve knowisdge of the averafe man" thién they are
peing over parochlal In actepting such examples et face vajusilt zil
depenrds on whether +he Clty Councl! i3 washington’s or Peklng’s, and
an Intelllgent system might be perfectly right to refuss to assign
the anaphord 'n such t¢rlok exampias at all,

1 ar not suggesting, though, that ths manipulations to be dgescribed
her¢ ar® marsly ‘dictlonary based’, |f that Is to be taken t0 mean
navl. g no theoret)cal presuopositions,There are in fact throe
Imoortant |ingulstic presupdositions on Which the following analvals
s based: namely the use of templates for anaiysls, and stereviypes
for generatlon, relaerred to abova and described In detai] In the body
of the paper, and In addition the princlinis , t& be developsd below,
that by buliding up the densest, op most connectsd, reprosentation

chat 1t can for a Diece of language the systsm of analysis wWwlil be
gett!ng the word sgnses and migh of tre grammar right Wh .« 1 =aan by
ngensity of ccnnactinn " here wll! be the subject of nmuch that
follows,

1,1)S0me other oreliminary questinns

The Iast asectlon was conceened Wigh the aguastion c¢f +the contant of
the Infrrrmation reculrad to do MT,Certain kinds of Informatior
gictato thele form of oxpressiontif It Is agreed by 2!l partles <hat
to d% MT wWe nead o know the fact that hands have four fingers, then
soma foem of peppes -tatlon at [east a3 strONg as set thaory ot Ehg

predicate cnlculus «l[l b8 negced to 8XPress that fact,The nasd {for
tacts of that sopt |5 a dlsputed ons, but |t Is beyond dispute that
we shall need to kmow that , say, a soidler i3 a human bsing And an

Important qusstian tnat arlsas Iz, what form cf rﬂDresaﬂtut10n s
necessary fop facts of tnat sort,

This oroject I8 (rgonded tO Droduce 2 worklng artifact and not tc
se«tle Inte)lectual muestlions Nevertheless, because the tercitory has
neen gore over so hgayily In the past years and because the auastlens
stll] at lssye seam to cause the adoct!on of very definite colnts of
view Oy onbssrvers and oparticipeants allke, it |s nacessary t0 Maxe
ramarks on certaln magsers before any decallieg MY wWork cah gae




5

started, In particular, different views are held at +he present time
or the guastion of whather tne Intermediate redresentation between
two languagas for MT should be loglcal or lingulstic in form,

What ¢the ksy words In that last sentence, "loglcal" and viingulstic"

, actually mean !s not as clear as might appear; for exampie, they
are almost certainly not exclusive methods of attacking the probiem;
In that any "{og'cal c¢odlng "of text wliil resulre a good dea! of what
ls best called Iingulstic analysis In ordsr to g6t the text into the
resatlreg loglcal fopmisuch as coping with sense amblguity, clause
gependency and s¢ on,0n the other nand few iinguisticai|y crientec
penrle would deny the need for some eralysis of the logicul reiations
present in the digscourse to be analysed, However, for ¢the purpoOses
of the present project certaln assumptions may be mace safely:
(a)whatever |lngulsts and philosophers may say to the contrary, I+
has never bee) shown that there are lingulstic forms Whose meaning
CANMOT be repreconted In any loglcaj system whatever, So, for
exarpla, 11t ,ulsts often produce kinds of Infarence Interence
properly ©-dc but not catered for In conventlonal existing
calculltsuch a%s the "and so" infarence In "1 felt tired and wWent
home", tut nogtring follows to the effect that such an inferance could
not te coped with by means of ~ simple and apprOpriate adju.tment in
rules of inference,

(b)whatever loglcians may believe to tne contrary , |¢ has never Deen
ghown th:t human peings perform anything Ilke a loglcal transiation
when they transliate sentences from one languageé to another, nor has
it ever been shown that it |s NECESSARY to do that in order to
t~anslatge mechanicaliy, To take a trivial example, if one wants to
transiate the Engllish "li3s", then for an adequate LOGICAL transiation
one wlll aimost ceptalnly want to know whether the partlcular use cf
wig" In yuastion |3 best rendered Into loglic bY identity, set
membership or <set |ncluslon,Yet for the purposes of transiating an
Engllsh sentence contalning " Is" Into a <¢losely related _language
such as French 1t ls highly unllkely that one would ever want to Make
any such distinction for the purrose Immediately In rand,

The above assumpsions Irm ne way cloge off discusslion of the guestions
outstandlng: they marely allow constructive work ¢to proceed,In
particular DnRilosonhical dlscussion should be contlinue on (e)exacely
what the Illnguist s <teying {c say wnen he says “hat +hare ars
Ilngulstlc forms and commdn sensas [nferences beyond the scop? of anv
lagle and (b) exactly «~hat the logiclan Is ¢rylng to say when he
holds ir a stinng foem the thesls that loglcal form e the Gbasls of
oraln coding, or |s the approdriate basis for computing over natural
fanguage,

There ara also Intepas’ =3 comparl=on= to be mage on this polnt among
contemporary academic develooments, and !n partlcular the drawing
toaethar at the cpasant time of <the Inter8sts and approaches of
hltherto separatec workithas oxtended set logle of Montague for
exarple +ha+t ne clajmed ccpod with |ingulstic syriicture becster than

lh\hu



dld Ml Ilngulsetles, and, or the other hand, the Itngulatic work of
G,Lakofr :AJwhich claimg that the transformationa ists In general <nd
Cnotrsky In partlcular ALWAYS WERE seeking for some quite conventiona|
notlon of loglcal form ana shouid have faced up to the fact In thelr
work, But thoss interesting questions are not Issues here, beoause
the alm of the present project 13 to produce a small a;tigacé chat
not Only transiates from one natural language t0 anoth®r but i3 «lso,
potenilally at least, cadabie of some Jloglc transiation &nd so
adnlitting of aquestlon answering and the adcitlonal ™understanding”
that that implles,

So, glven a commitment +o0 a question arswerlng faciilty as well as an
MT ore, tnere can be no real problem about the coexistence of the “WO
Iorms 0f coding, loglcal and Iingulstlic, wlthin a slngie system
because all but the most dogmgiic lingulsts would admit the ieed of
some loge= ical eanajyls within any reasoneble ouestlion & swering
system,Hovevar, the coexistenge might ajso preclude what one would in
fantasy |lke to have, namoly a way of testing agalnst each ctner ¢he
lcglelet and 1lngulstlis hyporheses aboui MT,Such 2 “est would bLe
precluded bocause any Jloglcal ¢transiatlon (ln the sanse of
translatlon into joglc) Withln such a system would have mueh of +tho

work done by the |lngulstic analysls thas the sys:em aiso
contained,So there could bs no re~| comparigon of the two pdaths
ENGL]SHe=eeae=PREQICATE CALCULUS REPRESENTATIONewnmu=eF RENCH

ENGLISHe=wmmcoaal 'N5U] 5TIC CONCEPTUALIZATIONe=cwa==-FRENEH

because the flrst path would also contaln aulte & bit of <¢he Iatter
tn order to 9ot tne nmatural language Imput Ineo logleal feor=, But iz
might, as | discuss pelow , be possible to get transiated output by
two different raths im a 8ingle system and so glve soms reln o the
mnotlon of experimenea] comparison,

[t 's Irporvant to be clear at this pofnt that the dlisosure Dvetwser
the loglclsts and the Ilngulsts s often unsymmatrical in forn,
one holalna a strong loglclst thesls about MT assarts, |+ seems to
me, that a PC reprosentation is necessary for ths task,The [lnguiss
of coreespondingly strong commitmens denles thls, but does not aiways
assert tnat a linculstic representation is necessary, He may adml+
that 8 ioglcal represencatlion Is sufflcient, denylng only that It s
mecessary , He might argue that a logical representation nakes
axplliclt more Informatlion In the Input text than s necessary, y
thls he means simpoiy that it |s narder to transiate intoc 2 loGlcal
motatlor thar most lingulselc ones=-=wa fact weli attested to by
research projes+s of tha pAgt=e===={Nn that mOrs afcdss *o
d4lctlonaries and forms of Information outside ths text [tself, s
necessary In the {ogical transiation case,

This Is whay | mean by sayinmg that the [ugic transiation may o0ntain
more (rformation than a semantic one, aven though <he taxt crznsiated
camn clearly contain only the Information it contalns,The adoltionai
tnformation comes from the extra~-textual dictlonarles ang ax!oms,
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The Jloglclss , on -ne other hand, wlil most Ilkely deny that a
llngulstic represen+-ation Is even sufflicient for MT,

Howsver, onre must be a Ilttle cautlious Fare about the admission <that
a loglcal coding contaln= more Information than a linguisticesemansic
one, as those terms ir® usuallY understood,Any i 1ngulstle
representation Is going .o tie some such marker as MAN or HUMAN <0 a
wora |lke "30ldlsr”, s0 that when "solalar" occurs In 2 ¢ext , <hat
system Is qgolng <¢o be Just s capable of inferring tnat a man is
beirg talked abouy as ls a system that contains en expiicit predicate
calculus axlom (vx' SOLDIER(x)>MAN(X),

What Is usually mgant Dy an admisslon that a loglcal peprerentation
may contaln more information +han a purely iimgulstic cne concerns
the notatlon for variable ldentliflication (as In the Winograd "Weman®
gxarple above) and ¢he exlstentlal quantifler notatlon,Thougn, again
, there 1Is no reason to0 ¢think that a |lngulistic marker notetlion
cannct be adapted to cops with exlistential Information for such
purposes as MT, . .

what a purely linguise¢lc notatlon wii| almost oertainly not be able
to g0 ls 30 cope wleh compiex Inferences of truths from other truths
--=the purpese for which the predicate oalculus notation was, afeer
all, deviged,But that will not be so great a |oss ~hen we are denl!ng
with Irput text of any degree of sophlistication and complexity for
transiatlon ,For In ¢he world of real words, and outside the woplids of
blocks and steep'es, the kind of 'nferenges that a banausic 13gle of
comron sense statemegnts offers wiil not be of much use,

Let me glve an exarmplie of about Inferences,and from a |lngulstlc
sourc8, [n a recent paper, Blepwlsch(2] says <¢that an adequate
semantics mugt explicate how "Many of the students were ynabls ¢n
anskor Yyour questlion” foliows from "0Oniy a few students grasped ycur
aquestion” Now, In a gulte clear sense !t doesn’y follow a¢ alljin
that there I8 no nrobjem about considaring students who fall to oraso
but noretheless answer,That sltuation should not ¢test anyone’s
conceptual| powars very far, so |t cannot be the case that one follows
fror the otner In the sense that |f tie preriss Is true then ¢ths
concluslion cannny bte faise,We could call that relatlicnshio of
proposlitions "onhlloscpnical enctal|ment”, and | do not want t¢ defend
the status of the notlon here, but oriy <0 point out that anv
represertation of the sentsnces In guestion, Joglecal or tirgulstic,
that allows Inferances Ilke that one Is golng ¢0 be pretty use!ess,

Thepe ray Indeed ba a sense af "angwer" In which ¢he axlom
¥x,¥y QUESTIONvx) ,HyMAN(Y) ,ANSWERS(y, x)2GRASPS(y, x) would b9 & good
one t0 aoply, In tne sense ¢f producing a true resuit, 2ut there gre
obvious|y saensas of "answ4er"” in which that s Just not so, ang ¢to
polnt that out |Is +to demand, from the proponents nf znjy |oglcal
represencation, some suggestion as ¢t0 NoW to _aDe with tne real WO-gs
psorl!e use, and to ask them ¢o consider that perhaps real language is
naot Just an EXTENSION of discusslions of colotred dlucks,
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1,2)The s¢ricture of the trans!ation and organizetlion system

Tne diageam delow lg Ingencsd to répresent the overu'!l structure of
the sysgem unddar consgructlion,

direct Inpue of 2xloms In PC notaglon
]
I logleal |
l representation |

L 4 &
¢ ¢
1+ &2
* &
et LIS LA T LI I LA Y. T TR T
iserantlic |4se2a2evsasapngweors
e Irepresentat'onl = I e
3 i | | |
TENGLISH | 2vvacaq] ] |FRENCK |
JTEXT lo-uo-.-o-.;, jevaness [TEXT |
cecrvesmea 4 ecesscscccmsesres 5  cresvsseans
* ¢ * N N
Input® ¢ * s \
pars-  gystenm semant |¢ system TANS{atad outout
graphs axloms dictionary axjams paregraphs
enerles

1 assumg in wnat fo|lows that pDpocessed 2, 4 and 5 srv the ralativeiy
0asy taskse===In that they l~vo|ve throwing awa7 !nformatlan====uwnl|e
1 &rd 3 are the harder taska In that they lnveive making Informaetlon
expile!* with the aid of dictionarlies and rules,

With ail ¢he parts t0 tha dlisgram and ¢the facllilties they Iimpily-m=-

inclualrgs not only translatlon of small ¢teéxts via & semanelc
representation bute also the transiatlon of axioms In ¢he Doredicate
calcyulus C(PC3 Into both natural languagegee=ne-eit |s cleapr that
Input to the system myst bDe pretty much estricted If anyihirg 's <o
be done [In a finlge time, Howe* Yr, thers n:re clearly ways of
restricting Input that would Just destr 'y <{(he point of the_ whsle
activity for exsmple |f we restricted vursoaivVes t0 th. transistlon of
lsolated sentences ra-har zhan goling for ¢tha transiatl -~ - paratreph
length <«exta,Whateve Bar-illisl says to the contrary = t MY belng
essentially concepned witn uttepancas (11, | am eassuming that ¢the
only sort of MT ¢hgt will !mpress a disintarosted observer wllil be
the translation of gext,]n any case concentratlon on Ut¢terances oan
easily 'ead ¢to what Is In fact concentration on the trlck examnle
sontencaa of {ingulstic ¢ext books,
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So what Is to be ¢thg genaral strategy of trane|asion? 1t Is to
seorent the text (n some acceptadle wWay, croducs g semantic
representation as directly as possible, and gernerate an gutout French
forr from 1l¢,This would Involve mapping what I cajl semangio
templates directly onto the clauses and pnhrases of Engilsh, &nd
trylng to map out dijrsctly from the templates Into French clauses and
phrases, tnough with thelr rejative ordes changed where nscessarpy,
| assure =21so, that nO strong syntax analysls, In the (lnzuistic
sense, Is nesessary for this purpose and that ail that |3 necessary
can be c¢c.e with a good semantlic representation--~=which |eavses us
with the blg gquest!lan of #hat ls In the semantic box, and how I8 it
differert from what Is In the loglc box?

In the dlagram, | am ysing "semantic representation” narrowly to mean
whatever dugree of representation Is necessary for MTyrot necessarily
for question answerling (thet’s what ¢the loglc box is for) Or fo
thaories of how the brain wWorks-----as [Ittle representation as we
can GOt away With in factwe-==which | am personally sure '= how ¢he
bralr really works, For thls we may well not need the refinements of
“lg» that | mengloned ear!ler, nor, say, exlistential quant!flration
or the analysis of presunpositions glven by trans|ation of definlte
descripglions, vy mal~ aassumoslon here about the difference bastwesn
the two poxes, logicaj &nd IInguis¢tlec, |s that an "adeauate® o00lcal
translaglon makes a|! such matters explicit, and that Is why it is so
much mope difflcult to transiata into the top box <than <¢he boOttom
one,5Ut the dlf‘spence between the ¢twWo remains a pragmatic
one;Intended to correspond to two "levals of wunderstanding® In ¢he
hymar Delng,

Wwieh the difflculs task 1 achleved, transiation from semanzic
renresentation Intc a loalcal cne, then It might be possible to have
the *wWo paths of transiatlion Yrom Inglish to French;naemely I=5 and
3-1-2-5,,The transiation through the |ogic and out agaln might not be
eSDeclaglly llluminating pUt 1t woulg pe g ¢Ontrol thyt should not
procuce® a noticean!y wopse ¢transiation ¢than one achlevegd by ¢hs
shortor routs,

lnputs ¢o0 ¢ne Jueic %ox will be Irn a Resericted Formal Languagg
(RFL)(see 5] and It should de possidle to Input axioms in it dlrect
at a screen 3p tejesvpe,The RFL will nhave to be at |sast as ‘ormal es

the aescripeion In ucCapeny and Hayes(s5) |f the dlagram !5 to be of
ary use, for tnhec-e s no polnt In having an RFL ¢9 ENGLISH
transia¢lon rou.in2a {f the RFL |s close to Englilsh wr-=0ng night Just
as woll welesu In £nglisk, The Sandewail form{13], for examoplie, with
Infixed ppedicate names is Drobably alreedy too like Engiigh,That’s
2 argument asalnse hls notation, of scurse, simply an argument thet
‘s plght not pe wort™ Aplting a transjator from 1t tc Engilsh,

The nature of the mappling down fream jogizs to ths |Ingulistic
repressntation wili of course depend on ths relative slzes of the
inventories of primitives and forms In eacn: hoWwever, ©he =ay eXDect
that ¢the fleld of logical peimitive predicates 4ili be a larger cne
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and that the mapping down wil| be many=on@==~=<= w|th a number of
loglcal expressions mapping onto a single semgntic templace,

1t i+ shouid turn oyt that the jeve| of understanding provided by the
semartic coding is inadequate for MT, <¢hen ths diagram can stlii
appiy ¢o the iogl. bor functioning as the Inter!inguatthe difference
be!ng that the semantics will then pe effactively a trans|aslon stage
betwean ratural larguage Input and the jogiocal representatlion,

it the semantlec ¢coding GCes tur® out to be adequate for some form of
restrictec MT then the function of the logic box wil|l be In <¢he
anwe; ing of questions about the content of what has been
translated,!n that case only those =tatements from the translated
text relfevant to the question need be transiated up Into the logle
fOrm.

What foilows Is divided into four parts which ooprespond to stagos on
the dlagram above,

2,1)The processing of Engiish Input <text, 2,2)The |inmterilingual

reprsentation produced, 2,3)The form of the dictlonary used, 2,4)The
genesration of French output from the interlingual representation.

2,1)The prooessing of Eng!lish taxt,

The alr of the text processing sectlons of the overall program Is to

derive from an English text an Inteplingual reprasentation <that has
an adequate, thcugh not 9xcesalve, compjexlty for two tasks:

l)as a representagion from which outout In anothep natural language
secesfrench In this case=~-=-can be oomputed, lidas a repressntatlon
that can also sgrve as an analysandum of opredicate calcuijus
statements about soms particuiar ‘injverce,

The flrst pans made of the English Input text is the fragmentatlion

and reordering procedure, whosa functlon is to cartition and repack
toxts Of sOome jength ang sentential complex|ty Into the form moust
sultable for matching with tne template forms nentioned above,Th:s
stage !5 necessary because, [ike ail proposed codliry schemes, |o03ical
, linguistio or whatever, ¢he tempiate format !s a more or |ess rlglc
one and tho awful variety of natural |anguage must be made to fit, If
the system Is to angiyse anything more than s!mpje example sentences.

As | nrentionad eariler the basic format of a tonnlaio is a
subJjecy¢-ve D=objecy one~=~--o, In  poy,ely somangic eMye
actor-act-obJact on® e-e~=-egyuch Aas MAN HAVE THING, fcn would
hopefully be matcheg as the tare toempiate name ¢f any sqntenco such
as "John owns a car",MAN, MAVE and THING are intepiinguaj elamenss,
and MAN for example would be expected to be the principcai, or haed.
elerent for any snﬂantlc formula representing the English word "JoNn®
in the dlctionary,Simiiarl + HAVE woulid be the head eie™enr: |n ¢he
appropriate semantic furr, » for "owns", and si on, A simple
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matching algorlthm would then be able ¢t0 match the acceptadie
sequenca of head glements MAN HAVE THING, which Is alreadgy known to
be a terplate, onto a seguence of formulas drawn from the dlectionary
for the words of "John oswns a car',

The detalis of the magching algorithm are not of concarn heret wnat
is Irportant to see Is that an algorithm for matching a btare *“-e@
-gjorent templats onto a ~lece of language by imspecting Juse tre
heao elements of formylas and searching for accéeptable secuences of
ther, wlil, In <¢tnhe course of making the match, seiect not oniy +he
heaa eiement of the word formula, but with It the wioie formula of
which It was the head, 4nhere "whol|e formula" |ls to be uncerstosd at
this polnt as & coded farm that expresses the whole content of <+he
worg Sense In question, In the oresent case "John", being & mere
name, has no senss over and above that It refers to a human being,
and Its whole formula would be simply (THIS MAN) which says no more
than that,

One of the hypotheses at wWork here |Is that there Is a finfte
fnventory of teMpilates adequate for tne analysis of ordinary
language~-=~a usuable Ilst of the messages that pecple want to convey
with ordlnary language=~~=and that in snlecting those seguences of
fr. 'ylas for a fragdment that are also templata sequences ¢ as rooards
their head elemangs ) we pick up the formulas corrspending to the
CORRECT, enpropriate, senses of the words of the fragment, es they
are belny wused in that opartlicular fragment, [ am giving only =a
highly general descrlption here, and the detalls of the aopllcatlion
ef ¢hils mathod <f analysis ¢o compiicated text has besn set out Ia [
11,

Mopecver , It 13 supposed that any fragment of nagura! lanmguage can
be ramegd Dy, ¢that g ¢t0 gay magchecd with, a¢ least zme such bare
template , and that the name wl|| serve as & basic core of meaning
“0r tne ourpose of translating the fragment, Gr In Cther words, we
can knew how +C trarsiate feom the compiex interlingual
represertation of which the bare tevplate MAN HAVE THING ls ¢the name
simply because wWe know anrd can reduce to aljgorithms how <o express
the messags "a person has a thing"” in Freanch,The tempiate is thus an
lter, op unlt, of meaning 0 be transiated,

An exanplie might help at thls polnt to give the deneral ldea of what
tles ar® eostablisneg bretween text |[tems by try matchirg routines |
have dsscrlped, SupLose we apply the template maxching routine to
the sentence: "My prother owns a arge car" And let us
suppose fyrehermora shat we are not concarned wWlith ¢he problem of
sslactlra the CORRECT sense formulas, one corresponding to each of
the worgs In that sentence, as It |s used In that sentence,wWe 3hajl
maxe the simplifying assumotion thas each of those six woprds Nhas oOrly
on2 sense entery In tne dlictlonary , and that wkat we are considering
are the relatlonships set up Indirectly among the vords Sy matchlng
an interlingual redpesentation ontc the santénce,
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From the polin of view of the matching routine, the Initial
representation of ¢he sentence !s a string of six semantic formulas,
whose detal|s ! 3ha|l discuss later ,At the moment what matters s
that the formula for "brother™ has the hesd element MAN, Just as dld
¢he one for "John", and so on for "owns" and "car";, The fopmyias for
“my " end "jarger have the conventlional head ajement KIND , since
they specify whet kind of ¢hirng Is Ir aquestion, The ctempiate
matching routine scans the fermula string from laft to rlght ard is
abie to matoh the baro tempiate MAN HAVE THING fror <he temoiate
Invento-y onto the formulas for "brother™ "owns" ang "car"
respectively, sinze thoss elements, In that order, ar‘ the heads of
those formulas, Those thrém words are, s |t ware, the points in
the seontence at Which the template puts !ts three feet down,

So far, at the word Jevel, tles thas can be wrliteten s follows have
5een 6stud!lshed

brothep = owns = cap

Those are much the same scrt of ties that would be estab|ished AT THE
WORD leve| by any system of conceptual semantlic analyslstcf,i11)
applleo to that sentencs,

This worg dependency 4hen, |s set up by matching the bare tempiate of
olerents MAN HAVE THING orto the string of formulas for the word3 of
the sentence, This 1n Itself Is no vacuous exvrolse because, divan
that al! roeulisglcaity coded words In the dictionary would have many
sense formulas attachod t0 them, on|y certain sejections of formutas
wouid a¢mlie of belng masched by an [¢em in the semplate lnventory,fFor
exarple, In she sentence "This green blcycle Is a winner", ¢the
semantic formula 79, "winner" that has MAN &S |ts head and means "one
who wins” |s never picked up by the matching routine sSimoly because
there |3 no bare templats THING BE MAN In ¢hLe Inventory,

To return %0 the sentence “My brother ovWns a large car"' h&ving
matched cn the bare tempiate, tihe system |coks at the three formulas
It haw so tfied ¢ogether by means of thelr heads t0 sev It It can
extend the represente- lon, tod-down, oy attaching other formulas end
30 create a fuller representation, [n this case |t looks from the
forrula for "brothep" to tha ons that preceded It , ramely <¢he
forruia fop "my»,Th|s 1t sees can indeed guallfy the formuir for
“heother", and so |+« opens a |ist of formulas that can be ¢lsd contc
that "brothar" formyla, Repeating thls Drocess we erd up with an
Interiinaual reprusantation for ¢the sentence of the foliowlng
scheratic form (thae | shall call a FULL TEMPLATEs-««athough we shall
ese later that the tied Items 8r0 not simply formulas )}

Ftbrother) Flownsg) Flcarl

(Ftryd) ( Folapged)
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where both the hpelzontel and vertlical directions représent
decandency tles of the sort | have described and F[x] simp|y stands
for the interiingual fo-mula for the Eng!lsn word x,Thus the upwards
vartical dependency |s that of a |lst of qualifying formulas (empty
In the case of "owns™) on a maln formula,

The corresponding ties hatwean the text words thenselves eszablished
by this method are:

bpother =« OwWns = cap +» a
, =
my large

A pelnt that cannot have escepad any reader ls that by having a riglg
actor-actlion-object format for tempjates, one |gnores the fact that
many fraaments of natural languace are not of this form, regardiess
of hov ¢the initlal Input text |s partliticned, This ls indeed the
case, but , as ] shal| descrlbe, by using the notion of dummy Darts
of templatey one can !n fact pus any text consyrustien into thls very
general format, Slncs the analysls has no conventional syntactlc
base, the standard exsmples of syntactic homonymity, such as the
varlsus Interpretations that can be thought up for "they are sating
apples”, are repressntad en|y as differing message
Interpretations,So, for that sentence we would exvect to match at
|east the bare temrpjates MAN DO THING and THING BE THING,

FRAGYENT ANG ISOLATE

The fraomentatlion routinea partitions input sentences at puctuatlon
masks and at the occurrence of any of an extensive, though finite ,
list of key wWgrds, That |lst that contains aimost all
subjunctioans, conjunctlions and prepositions, Thus the 3sentencs "John
‘s Ir the house" woyul!d pe returnad by such a routine as twe fragments
(Johr Is) and {In the house),With the first fragment the system woulid
magch MiN BE DTH!S, where the D of DTHIS Indlicates thaz, having
failed to flnd any nredica+e aftor "Is”, the system has suppiled a
dumry THIS to Droduce the canonical form of temdlate,

When It comes to choos!ng the correct template for the fragment, 1Y
there |s more than one available to choose from, the general Overal]
cuis of choice that | refarped to earlier, of aiways preferring the
representation wigh the nost conceptual connexions{(whigh can be
shouoht of s'mp!y ay the number of <’ s In the word diagrams), wlili
always choose one without a Aummy In preferenge ¢o one wi¢h, Though In
the opresent case only a template with a dumny would be ava:riable for
choosing, In tha casa of "in the nouse"” the matching routine finds
itself confronted with a string of formulas start!ng wlith one for
win® ¢nat hnas PNO as Il¢s head,Prenositions are, in general ,
assimilated to actions and so have the P In the PDO of thelr heads to
distinauish them frem stralghtforward actlion formulas, [a_¢this case
the matehing routine Inserts a8 dummy THIS as the left-most mamber oOf
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¢he bare tamplate , since f¢ flrst encounters an sotlon
forrulae=-headed by a pPH0-=~as |t scans the formuia string from ie’t
to pl@ht, and, nin the house® Is firaliy matched wlth ¢the Dbare

tomplate DTHIS POO POINT, SO then the sentence "John ls In the
house" 1s partitioned Into two fragments and matched with @ semantlic
representation consisting of a strping of two tempiates whoge barse
tomplats names are MAN BE DTHIS and DTHIS PDO POINT, respectlvely,

Ancther example of fragmentiry and matching |s prasentad by what
might conventionally be called noun phrases, If » after tragmenting,
the system Is rresented With "The 0ld black Man™ as a Singie frasMent
It cah susply t¥o such dummjes gquring the match and end up With g
represencation namdd. by the bare tempjate MAN DBE DTHIS,

The semanglec connscgivities dererlbed a0 far, elementary though they
are o+ have been betwean formuias that correspond to Words ocourrlng
In ¢he same fragment of tex+, The Great advantage of  the
fragrentation arproach ls that It breaks & sentence of . perhaps,
thirsy words, 140 a number of units of manageable internal
complexity, and such that a template can he matched onto each in the
manner cescelied,

gut not ail semantlic tles In such a complex sentence wWilll be internal
to fragments---=many wlll .be between items occurring In_dglfferent,
and raybe not even cextual iy contiguous, fragments, At a2 later polne 1
sha!l dlscuss TIE routlnes whose function is t0 provide, 'n the full
Inter|lngual representation,  those in.arefragment dependencles
necessary for translation, However, tn® major simplifying role of the
fragrentation must not be lost I all thls, which is te _allow a
complex sentence to pe represented by a |lnear seauence of tempiates
Wwigh ties batween theme-~--rather shan by « far more COMpieX

hlerarchical representation as ia usua! in ilng. tlecs,

The fragmentation, then, s dond oOn the pasls of the guserficlal
sunctuatlon of the lnput text and a finite list ot keywcrds » and
keyword seguences, whgse occlirerance progudces a texg oariltlon.
Difflcule but Important cases of two king3 muse then De consideresd;
fiestly, those where 2 text string Is NOT fragmen<ed even th.ugh a
ey word |8 encountered, Two Intultively obvicus cases are nen=
subordinating uses of “"that" as In "I |Ike that wine", and
precositons functioning as '"post veros" as In "He gave up his
post",ln these cases there Wwould be no fragmentatlon before the key
worQs In other cases text strings are fragmunted even though & key
word |8 NOT present, Four casss are worth mentioning!

1)"] wang him to go" |s fragmented as (| want)‘him to ¢o0),A bounrdary
la Inserted after any forms of the words “say" and "want", and a
turther Ddoundary s ianibited bdefors the followlng "to", Tals
geers Intultively acceptadie sinoe "wart" In face subjoinms «he whole
of what follows 1t In that sentence We shall expect <o match onto
these fragments bare tempiates of ths form MAN WANT DOTHIS and MAN
MOVE OTHIS pespeotive|y ====wher® ghe flese dumiy THIS in fact stands
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for the wholm of the next template, The fragmentation functlions
operate at the lgwest possible leve| of analysis, which I3 te say
they Inspect the semantlic formulas given for a wWerd N the
dlctlionary, but they canndo+t assume that the cholce among the formulas
has beem made,

So then, the fragmentation functlons can consider only the range of
POSSIBLE senses of a word,Howaver, In this case® 'nspection of any of
the forrulas for "wants" or "says" enad|es the s tem to Infer tnat
the act can subjoin a whole templat® and not morcly an obJect, as in
"] wang him",A verd |lke "advi|se" on the other hand |s not of ¢this
sort since we can Infer "] advise him" Ir a way we CANNST infer "}
want hir" In the ear|ler cCase, Sc we woulu expect " ! advise him te
go" t0 recelve no speclal treatmant and ¢ be fragmented as (] advise
him)(to go), on a key word basls,

[I1YRelative clauses beginning with "+hat" or "which" are |ocated and

isolatec and then Insyrted dack Into the string of fragments at & new
point,For example "The glr!l that I |lke jeft" |s fragmented as (Tne

glel left)(that | 1lke PD);where the final perlod of the sentence
wpp" is a|so moved to close off the sentsnce at a new polnt, Thus
the partition after "jlko"” Is made |n the absence of any key word,

111)"The old man in the corner loft" is nmaturally enough fragmented
as (The 21d man)(In =ne cornerd(lefsti,The breach made here between
the actor ond ace of the sentence |s replaced later by a tle (see
peicgw),

IV)The sentences "John |ikes eating flsh" "John |lkes eating" "John
begar eating flsn * are a|l fragmented hefore "eating”, so that thes:
forre are al] ass'mlated ¢o "John |lkes to eat fish "(which s
synorymous wlth ¢the flrst sentaerce above)rather +ham to "John Is
eatlng flish®, which would not be fragmented a¢ all,ln template terms
wjohr |Is eatlng fish" 1Is ¢o be thought of as MAN DO TWING, whlle
vwJohn Il1kes flsh” Ig MAN FEEL OTHIS + OTYIS DO THING, where ¢he flirse¢
DTHIS refeps <0 the whole of the next timplate, and the second DTHIS
stands In place of VAN (1,8, John),

"0, |s a key word +hat recelves rather speciai treatment, and I|s not
useg to make a partition when |t Introduces a possessivVe noun ohrase,
LAfter fragmentation , sach fregment |s passed throudh an_ ISOLATE
functior whigh Jookg within each fragment and seexs for the righe
hang boundarles of wof" phrases and marks them off by |Inserting a
character "F0" ingo the text,Thus "He has a book of mina» wouid be
returneg from the ISOLATE functlon as "He has a book of mire fo",This
is aone In all cases except those |lke "] dont want to speak of him®
where "of " effectlvely functions as & pOST Verbd,

It ray seem obvious enough why "of" nhrases should remain withln the
fragrent , since "of .Johr" functions as does "John’g", but the
demarcation of tne ohrase with the "“FO0" character car only Dbe
explained by considering the PICKUP and EXTELD routines,
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PICKUP AND EATEND

The PICKUP poutines have alrady been descrlbed In a ogeneral way
they Mmetch bDare templates 0NtO she string of formulas for & text
fragmrent,As the routines move throuah the string of formulas, those
contalned betwaen an OF and a FO are lgnored for the purpose of the
Initlal matoh,This ensures that wof phrases" are cnly treated as
gualiflers,So, In the sentence wThe father of my friend fo s callec
Jack", the match woyid never try to make the head of the formu'a for
“felend® Ingo the root of a temniate matching tha sentency, since It
ls sealed betwesn an wof==fo” palr, TG 1lustrate the results Of
applylng PICKUP, 1 shall set down the bare templates that woulc De
expected tc match ont¢o Nida & Taber’s(8) suggested seven paslc forms
e?! ¢he English Indicative sentence,(]n this note | dasc {ne oniy the
Yndlcative mood as !t Is Implemented [n the trial version of thisg
system,jueries and {mperat!ves, |!ke passives, are dealt with by the
aporoprlage manlpulatien of the template order,)

In each case | glve ¢the baslc sentencs, the bare template, and a
dlagramatic represgntation of the correspondlng desendencles impiled
netwoen the text {egms, whepre "a" agaln |Inks ¢those wopdg &N which
the bare tempiate is rooted or based, and "«" lInks a deperdent word
to |ts goverpnor,
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1) Johm ran qulickiy
MAN MOVE DTHIS

John o pan » [DTHIS)
L ]

culekly

ti)donhn nie Bill}
MAN DO MaAN

John = nl¢ = 61}

i1i).lohr gave Billl a bail
MiN  GIVE THING
John » gave » balj
* 4
(to)BRI 11 a

The oestabli!ghmant of this desencgancy by EXTEND s discussed beiow,

Iv:Jehn s In the houyse,
MAN BE DTHIS O9THIS PBE THING
John « Is « COTHIS] {DTHIS) « in » house
®
the

v)John is sick
MaN BE KIND

Johr = |g » gick

virgohn Is a boy
MAN SE MAN

John = |s » Doy
L ]

a
viiddor» Is my fagher
MAN BE MAN

Johr = is » fache,
)

my

p—
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A natUral auastion at this point |s what axactiy |s this |nventory of
bare térpiates to be ysed In <¢the analysis of Input Ilanguage? No
cotailec delense ls offered of the Inventory ussc,nor,! celiove can
one be given,Tne fact |s that one wuses <¢he Inventory that ssams
endlrically right,revises |t when nezesrary,In operatlon or under
eriticlsm,and conclyces +hat that,ajlas,ls how things must be !n &he
real world of practical language analysls,

The Inventory used can be reconstructed frem the table of rulds goe
out below In Backus Ngrmal Foem,i¢t |3 set out In terms of <he actlon
deelgnaging semantic eiements,such as FORCL,and the cjassés of
substantivs deslanaging elements {such as eSOFT meaning
STUFF ,WNOLE,PART,GRAIN AND SPREAD) that can ppscede such an ac+lon gs
a sublect ;and follow It &s an cbject to create a three e|ement bare
template,

<bard téMpiate>!:iz
Cop><Dy>LeEN> |
¢ePO>CCAUSEDCeENY |
CePO>CCHRANGEDC#EN) |
CoANDCFEELDCeMAY |
CeENDCHAVEDCeETNY )
(e ALDCPLEASE>C#AN) |
CaALYCPAIRDCREND |
CePO>CSENSEDCIEND |
{ePOdCHANTICOEND |
CaPOOCUSEXCOEND |
CoPOXCTELL >CaMAd |
¢3P0><DROPICOEND |
CoPO>LKFOGRCEDCREND |
CeENDSMOVEDCDTHISY I
CePOCGIVEYCHEND )
CaALD>CHRAPY CSEND |
COANDCTRINKD CeMAD |
COS0OCFLONDCOTHISY |
CoPOPCPICKDCOEND!
COPOICMAKES COEND |
CoALMCBEDCsgme member nf ®*AL as |ast occlrrence>

ALY L ISCDTHIS | THIS IMANJFOLKIGRAINIPART [WORLDISTUFFITHINGIBEAST
PLANY |SPREADILINE|ACTISTATED
(eAlL means a|l substantive ajaments)
COENILISCDTHIS I THIS |MANIFOLKIGRAINIPART ISTUFF | TRINGIBCAST |PLANT]
SPREADILINE>
{e¢EN mearns olements that are entitles)
CeAND I 1a(MAN|FOLK|BEAST|GRAINY
tahy means animgte ongliles,GRAIN |s used as the main
wlement for soclal organiZations,iike The Red Cross)
CePO> It aCDTHISITHIS IMANIFOLKIGRAINIPART |STUFY | THINGIACT|BEASTI
PLANTISTATEY
(eP0 means p.tont slements,)those that can designate actOrsm
The olags cannot be restricted to ®AN since raln wetg the
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and the wind opens doors)
<2S0,:12CSTUFF |PART|GRAIN|ISPREAD>
COMAD 3 12¢ACT|SIGNISTATED
(eMA desigrates mark elements ,thase that can designate
Items that themselves casignate |lke thoughts and writings)

1t will be noticed that | have distortec BNF very siightly so as to
welte the bare temalates contalning BE In a convenlent and
persplicuous form,vhe forms containing MOVE and FLOW also contaln a
DTHIS (l,e, they are “"dummy templates”) Incdlcating that there cannot
be obJacts In those bare templates,Thus MOVE Is wused only in ¢he
coding of Intransitive actions and not ¢t dea| With sentences |ike "]
moved all the furniture rounce tne rcom",

There are dummy templates not Included In this |ist ==-=several OCouUr
in e¢he description of <¢he Nida and Teber sentences above, The
remaining rules specifying them are Intultively obvious,but may Dbe
fcuna In detall In (15),4here | also glive Important anoliliary rules
which speclify when dummies are to ©0e genérated In natching
sentences,Naturdily a dummy MAN BE DTHIS s generated for the flpst
fragrent of (John Is)(in the house) SImMplY pecaUSe a Drooer_  threo
elerent bare temDiate c¢annct be fltted om <o the Informatfon
avaliable,But In othe, cases,whgre a three olement template can be
titted, dummies ape 2gnarated as well,since subsequent routines to be
descrlioed may want ¢o prefer the dummy ¢to0 ¢the bare templatd,For
exarple ,in the znalysis of the first fragment of (The old trangdort
system)(wnich I Igved )(in my youth)(nas been found uneconomicj:a
reasonadbly full dictionary will contaln formuias for the substantIVe
sense of "old* and the actlon sense of "sranspory",Thus, the
acyor~-actlon=objact temniate FOLK CAUSE GRAIN can be ftttod on here
but wlll be Incurpegt,The dummy GRAIN DBE OTHiS wii! aiso be fiteed
cn and vi!| be preferred 0y the EXTEND procedures I_dOSCr!be
bejow,Surh silght complexli¢ty of +the basic tempiaty notlon are
necessap) If so yimples @ concept Is to deal with the reallities of
janguagoe,This matte, is descelbed In gereater detal! In [15],

The matching by PICKUP wifl stlll, in genera!, |jeave a number 5f Dare
tempiates attached to a text fragment, 1t Is the EXTEND routlines,
working aut fecm the thpoe points at which the bare template atteches
to the fragment, that tey to create the dersest dependancy retwWork
possibla for the f-agment, In the way | described earller, and 80 to
reduce the number of templiates matcning a feagment, cdown to one if
possible,

In order to show more claarly how EXTEND does this, It |s necessary
to say sonswhat m0pd about the semantlc formulas which make up the
full gerolate, A semantlic formula expresses the 1eaning of one sanse
of a ratupal language word In the dictionary,It Is made up of lef¢
and rloht parentheses and of semantlic elements,The latter Jnolude
THING, STUFF, MAN etc, for basic items In the worldjFQORCE, CAUSE,
DROP, CHANGE to desceibe bPaslic kinds of actlon, and so _on,The
forrulas are bDinapljy bracketed pales of whatever depth of nesting |s
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necessary tO exprass the megning of a partiouiar word sSoénse, The
formulas are made up, and Intepnreted, with a dependency of .he lef¢
elerent, or bracket Group, upon the corresnonding rlght hand element
or bracket groun In evepy case,

So, (MAN KIND) would¢ be Intarpreted as "of a human sort", which ls to

say » 1t Is a formuia for "human" vsed as a quallfisp, In{(MAN
DROPICAUSE?! ¢the dependengy Wwithin <he Irmer bracket is of ar
aCtor=act t¥ype, Wheregs thyt within the outer pracket w===e-ucf (MAN
DO) on CAUSE==== |s of the object=of= actlon on act tyne,So the ~ngle
sup= formuiy IS to pa InterPretec a3 "causes o, Derson to rendunce
something”, and we wWould therefore sxpact ¢0 find thls subformula
within any formuia fop , say, "blackmal|" There ure restrictions

on the ways In wnich the slaments can c¢combine contalned in a table of
"scope notes” for the system of codingifuor example, CAUSE c¢annot be
anything but an action so ({(MAN DROP)CAUSE) c¢could not b% the
speciflcation of a sort of cause , bdut only the sausing of
something,The most |mportant elemaent In a formula I3 ltg rightmost
ons, Oor head wWith whigh PICKUP connects ‘formuius for words to
templates for whoie fragments In the way | described,

Formulas <¢that can gqualify any ,other, substantive formuja have the
head KIND)» and thase that can auallfy actions have the hsed MHOW,Mest
aotlon formuias have as haead DO, BE, MOVE ("run" fo, example), or
GIVE,GIVE verbs mure Important In that +they can funstion In the
recresentation of zctlon oonstructions |lke "He left Johﬁ h!s ~atch'",

where an Indlirect nplect of «n actlon can appaar :MoUt  any
precsding prepositiun,GlVE vorbs functlton In much tho game way &s
TRANS vsrbds In Sehln(‘s analysis(11],and ¢he apnpearance of GIVE ac a
torrula head for, say, the action"ieft” pplmes the system tc expect
such &n Indlpesct obJact,The verb "t2li" alsc Pas HIVE ag ¢the head of
l¢s oprincipal feorvila 8sinee it can particlpate in sugh indirace
objsct constructionsg as "John tells me a stury",The lack of rscessary

connexion between <the English word "tail" and the lnterlingual
slement TELL I!s broyght out dy ¢his fact that <+he formuja hegd of
"rali"™ s not TELL but GIVE,In the cese of "say" on the otnar heand

,the head of Its maln formule Is TELL since It cunnot occur N the
GIVE=type construstlions,

Most substantive formuias have a3 thelr heads surh slements as MaN,
STUFF, THING, ACT(for abstract substantives whioh are the result of
sction, such ae "gdjustment”), STATE (abstract substantives such as

"frlendshi:", "happiness"), GRAIN(abotract substan*lvos any so-t of
structure sugh 8 "system") gnd 806 on,A formui, for ?stan*tve I's
gssured ¢0 be singular unless the s|ement MUCH Is tts iree JTtem a¢

the ¢top favel,

Aotlen formulas ean specify a oreforred class of actors cr of obljects
of the actlon or bpoth,Preferred actors ar® snecified by FOR and

prefsrred obJocts by TO,S50 then the formuja for the uct¥on "ea k"
wiil contaln the palr (MAN FOR} since most things that talk are
humen, and If thepe |s a possibllity of setting Jv a dependenoy with
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a humap actor, the system wlilil take It,The restriction cannot be
absclute In this, or most other, cas®s since machines and dogs talk ,
In fable If not In fact, The Important facllilty is to be able to
PREFER ¢he usua! ,ir a representaticn for It Is avaiiable, but to Dbe
able to accopt the unusual |f necessary,

The syrtax of ¢hg actlon formuja Is as follows 1(x FOR)Or (X TO)
appear as the flrst !tem a+ the top leve| of the action formuie if
they are approprlats ===-==in LISF terminology the palr ls simoly
CONSd onto the verb formula, If both a-e appronriate, as in a
torrula for "interrogate”, then the (X T0), for the obJects, is CONSd
fipst, anc¢ appears at one |eval lower in the nesting of the formule
than the (x FOR), speclfying the preferred actors,Thus the formula
for "Ingeprogate” would pead: ((MAN FOR)((MAN TOG)(TELL FORCE))), The
preferred substantfves ,or classes of them,for aueilfiers are
indlcated naturally in an extension of thls notatlon ,by Inciucding (x
FOR) as the flpsy i¢am at the top 'evel In the formula for a
quellfler,

I~ order *o Kkeep a small usuable set of Interlingua! swmantlic

elemants,and te¢ avoid arbltrary extenslons ef +¢he ilst of
ejerents,may notlons are codec by conventlornal sub=formulasi(FLOW
STUFFY Is ugad to designate liqulds for exampie,and (WHERE SPREAD} to
code spat'al| area of any sort,

Aftrr this brief dascription of formulas, some further aneciflcatlon
can be glven of ¢ha EXTExND routine, which is absolutely central to
the analysls , since it |Is <thers tnat most of the worx of a
sonventional syntax analys!s is done by semantlc methods,

i explalinmed the rols of EXTEND In general terms earliier i 1t inspocts
the strings of fopmulas that replace a fragment, and seeks to set up
dapsndencles of fgenulas upon each other, [t keeps a scor® &S it
does S0, and in tha end selects the structuring of formulas With &he
most devendenclas, on the assumption that It |s the rlgnt ono (or
snus, If two op more Steucturings of formulas have the sams
deperdercy score)

Tne dependemncles +hat can be se¢ up aro 3f two 3o0rts; A) these
petwaan formules whgse heads are part Of the bare templiate) B) those
of forrulas whose h-ads are no:t In the bare template upsh thosSe
formulas whose hReadc are Ir the bare tampjate,

Conslder the senterce "John ctalked aulckly" ‘*or which ¢he barc
template would be MAN TELL OTHIS, snhus establishing the depencdancy
Johr = tajkea « 3THIS] at the werd level, Now suppose wa expand out
from egeh O0f the elements constituting the pare template in turn We
shall find that In ¢he formula for "talked" tnere Is the preference
for an actor formuia whose head |3 MANe«==-since talking (s generr!ly
done by people,This ppaferance Is satisflied hare, which we can think
of as estaollshing a word dependengy of "John" on "talked®, which 's
a type (A) depandercy, fxeanding agaln from the ajement TELL we
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have & formula fop "quickiy”" whose heed |s HOW, and HOW = headed
forrulas are proper quajlflers for actlions, HKense wd have been able
to set up the followlins diagramatic dependency at the word level;
John « ¢alked « [OTH]S]
- *
qulickly

{where " « % |ndlcates a bare template connectlvity strengehened by a
-

direct semrntic depsndency~===-springing from the preference of

"ealked” for a human actor in this case,) and we would score twd for

such a8 ceppssengaelion, Furtheemore , the formuias haviny type B

deper’/ence would be tled In a I1ist t¢ the maln formula on whlich they

denend, The subtypes of dJdependence are s follows:

A) among the formulas whose heads gonstitute the bare tempiate

lioreferped subjects on actlions

wJohn talked”

I1)preferred oblects of actions on actlions
"interroaated & prlisoner”

8) of formulae not cons¢ltuting bare templiates on those
¢hat do

1daualliflers of substantives on substantives

"ragc Joor"

itrqualifliers af actlions on actlions
"openes aquickly"

I11articios cn substantives

"a book"™

I1v) 0%ecceofC Dhrases on substantives
*the hoyse Of my fagher f0°
viguzllfiers of actions on qualifiers of substantives
"yert Xych"

viipost verbs on actlons

"QIV' up" ]

vit, indleecy obJects or actions
Ygave JOHhN @, 440"

vilidauxitiaples on acelons

“was Qoing"

Ix¥"s " on Infinlglive form of action,
"to rolax"®

The searches for “ype B decencdenoliee are ail directad in the formyla
st-Irg In an Intultive!y oovious manner!

(1) qoee lefetwards calyi(il)goes plght anc lef¢

(1i1)latewarpds Onlys(iv)ieftwards onlyt(v)isfewards only!
(vi)rlghtuards only:(vi)plghtwreds onlyt(vili)|eftwards only.,

The purpose of the score of dependoncies as¢abllished wii| become
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elear it we consider an exampie Of d(vii): the indirect obJject
constructlion,Let us take the senxénce "Jonn gave Mary the dook"™, onto
which the matcning rcutine PICKUP will nave masCheg ¢two Oare
templates as foilces, sirce it has no reason to prafer one to ¢the
cthsee!

Jarn  yazvg Mary the Dpook
MAN SiVe vayN
MAN Give TAING

EXTEAD now saexs for dependencies, ang since the fo nyia fer "Gave™
has mo prefarred aceors OF 20J4°CtS, tne 20D dare templ.té canndt Ce
exterdec a* all amd sn scores 2ero,In the case of the lower Dare
tegplate, tnhen a TNANS actlon can be exganded by any substantive
formula ¢o0 its immeciage rlaht which is not aliready part of <he pdar~
tenpglate,Acaln "ogcox"” is gua'ified oy arn article whiech fact s nos
noticed DDy ¢he ¢s5c bare templace, Se then, Dy FXTEMDINng w6 nave
escabllished In the gvzond cass tnhe fojlowing dependencies at the word
level arcd szcored twe (0f the "<" jepandencies),
John « zave « bLOOK
’ *
Vapy the

Tac scores hizher wnan Zero and the second rapresentation s
creferrea,This s anm appiicatlon of the genera! rule raferred tc
earliar as "pick wp +the ~nost conrectsd representaticn from  ¢che
frzgrang”, ! wrnee 2arpllar of the relation of "Jshn" ¢o “ealinego" in
the se8n¢encd "Joh=s -alked z.ic«ty” as peing axpressed in ene £l
+re~glate as a rejaglnn Ce:wvean semnjage items (MAY ang TILL being
thel neacs) ¢f ~ytual ceperoency ,o2nd s2 not really a deperdency ae¢
altsy DBut sStrenigshergs in this €2se by 2 "s2nanylec cdepengency” s.roe
MAN is & preferrey gubject neas fop TELL verbs.3ut tnis form o
expr&ssion can be misleading because,in this system ,there s N0 rra,
syrtaxesemantics Jistingtion at all ,Every dependency iS exnpessed by
relatiors 2f a2 single ¢tyss Setwesn nlaments and formulas ang ciasses
of coth,even thouj;™ s0=e s5ich relastions (like the MAN/TE! L onre andve)
clearly have a ~ore samanticky flavor,while ¢thosea |ixa +he
any-sutstantive/¥ i< relatlion ~nleh tiss a sJsostantive for=yla to a
gualitiar one,ls clipoaply =nre syntacticxy,

Tne auxiliary of an ateisn also has its formula mado gegrndeny or
that of eve aoprooriate action end the fact scored, oLt +he
aux!liigry ferruias 1re "3+ fiseed as depenceny foravias elerer, -
are nicked up Ly TXTILD) ana examined t¢2 datermine the tenase of  +ne
actlan,They are ¢tnar for3eeten and an alemnent indicating cshe ten<a i
sCi.Se orto the aceigr fzrmula,ln its initial state <nh€e sysea™ wii
recosnise oniy four +ansa3 @7 coTmplex agtioans,

nice/are Niging/an hicins

: coes nig@/is 4
! w~as hlcing/aepe h

n3j/a
idin

i
dla nlnag/nas =~iguen
Wii) o ntgdesatll B2 mjuing/srall nige/srnal] D8 hAidr
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In the case of the negative af eny of these tenses the word "not" s
forgotten, and an agom NFRES, NIMPE, NPAST cr NFUTU attached tc the
appropriete action formyula Instead, At oresent the system does not
geal with opassives, though | indicate later how they are dealt ~lth
within the temp|xte format,

Even when the representation with tha densest depencency has been
‘ound, there may sti|| be more than one representaticn with *hat
scor® for a given fragment, SO, Ir the case of "The man 08t hls
leg" there may wel| be two renresentations of thls sentence with the
same dependency score, oneé corresponding to each of <¢two different
senses of "leQg"---~one &s a Part of a body, and one as an lnanimate
thing that supvoris scme other thing (as I "pleno leg"), There Is
a further routine |n EXTEND, cajled into play !n such cases, that
atterots to estab|lish additionai"semantic overiap® of oontent both
between the actor and cbject formulas of tha template, and between
each of ¢the three main formuias of the template and Its quallflers,
It any can be found, the addltional dependencles are used to choose
among representaciors that have echieved the same score In the EXTEND
routines dJdeacribed ezpller,50, !n the present case, the formula for
"leg of a person®™ would be expeoted to contaln the subformyuls (MAN
PARYT),» whereas ¢the formula for "olano leg"™ would not, and thls
connedtivity with the Inttial formula of the %emplats, whose head was
MAN, Wwoul|d sufflice for one rerresentation t0 be chosen |In ﬁrofcrence
to the other, again on the orincip!e of preferrliry the most ~onnecesed
representation,

Not AHY co=~zcourrence of elemgnts would sufflioe fur this purpose , of
courss, and an Importent 0D6n Guestion In any system .lke the present
one |s what comp!naticas of elements are adeduate for the
preferential sejection of formulas In such cases,Ar examnle of a
combination of marvers ¢that Is certaln to be slgniflicant for the
resolution of ambigulty would bs (FLOW STUFF), a conventional
oembinaelon used ¢o (ndicate the ooncept of flyuids,So then , In
rosolving the possible ambiguity of Interprotation of <:he sentence
"The ¢tap 8 dripping” we would expect to find that combination of
markers present In the APPROPRIATE formulas for "tap" end “drlopling"
and %0 to select the correct Interpretalon Wigh thelr &lgee-eeln tnls
way we would be able to discard the "meat fat" senss of "deioping”,

Ths third and laeg pasc of the text appiles the TIE routlnes, whlech
establish dependenclies between the representatiors of ¢|fferent
fragrents, Each ¢ext fragment has been ¢tled by ¢the -routlnes

descrlbec g0 far to ons or more fujl tempiatey, sach consiscing of
three maln formulas to each of which a |ist of dependent formulas may

be tled, The Interlinquaj represencation consists, for eash text
fragreny, ¢f ONE fuj! sampiate together with up to four addltional
|¢ors of Infopmation cal i ed Koy, Mark, Case and Phase

respectively,The Interiingual vrepreeontetion also ocntalns the
English name of the fragment itself,

SR e R e G T L e . -
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The Key ig simply the flest word of the fragment, (f it occurs on ¢the
Ilet oY key wordsi;or, In the cases of "that" and "4hich" & key USE o*
the word,

The Mark for & given key IS the text word t2 which the key word tles
the whole fragneny of which It Is the Key,So, In (He came home)(from
the wWar), ¢the mark of the secend fragment is "came" and the second
fragreng Is ¢ied In ¢ relation of dependence to that mark by the kay
wfpgm", Evary key has a corsresponding mark , found by TIE, unless
(a)the key ls "and"” or "but"™ o (b) the fragment Introduced by <¢he
key Is itsalf a complets sentence, not cependant on anythling outslde
itseif,The notion w;i| become clearer from examining ¢he example
paragréaph set out belogw,

Fror the point of view of the present system of analys!s, the Case of
a fragment, |f any, generally expresses the roie of that fragment 1In
relation ®o Its key and mark:it speciflies the SOKT of dependence the
fragrent has upon its mark,

There !s one Important case, OBJECT, whose assligrment to a case doos

not cepend on +he presence® of a key,30, in the sentence (] want )(her
te ;eavn) the iattep fragmene would oe assigned the case 0OBJECT and
wou!c b tled to the actlon "want" as the mark of chat “ragment, even
though chere Is no kay present,

gut In genepal case markers are atsached to frugments on ¢he basis of
the «3y and the mark ¢ may be that no case |s flnatly assigned to a
fracmerne, though it «!1i be If a fragment Is Introduced by =a
pr ositlon, The case3 are, In a sense , 2 cross ciassification of
prepositions , whoSe correct rendering Into, say: Franch |s s0 Vvieal
for adequate transiation,for exampie; the Engllish preposition
OQUTCF (squeezec into a single 1tem by the FRAGMENT routine) oan be
rendereg (nto French in at least seven ways,

The oprevisionzl wcrking |list of cases and the English prepositions
that can Iintroduce them is as follows!

RECEIVER:¢o, from, for

ILSTRUMENTALtwith, by

CJRECTIGN:to, from, tcwarde, outof, for

POSSESSION:wigh

LCCATION(spece and ¢ime):at, by, near, after, In, during, before
CGNTAINMENT: In

SCURCE:i:outof, from

CCaLitolas

The case analiysis routines In TIE work by considering t¢he abeve
classification of orepositions In reverse , as !¢ wWere,50, In (He
struck the boyliwith a gselek)irlE locates the "with" and flnds In ¢he
stere0typss for "wigh" (see balcw for a description of sterotyDes)
that"wi¢h™ can i{ntrodyce elther a POSSESSIVE or JNSTRUMENTAL
fragreng It readg there that If, for exampio, an INSTRUMENTAL case
is In cuestion |t vwi|| expect & preceding action whose head Is DO,
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CAUSE or FORCE;and wil|| alse expect a substantive |n ¢he “ragment (¢
Introduces whose head !s THING, In the gcase mantiuneg It finds
these cordltlons satisfied, since the head of the appropriate formuia
for "stlick" Is THING, and 30 tles the second fragment to +the mar:
"hit*" end assigns tha INSTRUMENTAL case to the seconc fragment as a
gescriptgion of that tle,

In any o¢her situation, where these criteria are not satistled, ¢he
fragment Introduceg bPv "Wwi¢h® js ¢iec to the Imnediate|y pracecing
substantive, and the (.se POSSESSIVE !» assignec to ¢the tle, ag in
the (He struck ¢the boy)(with long halpl, wnepe tha heed of the
appropriate formuja for "hale” Is STUFF,.In ont spscial class of
casas, the POSSESSIVE case is assigned even though a THING
substantive s foung In the "obJect poslition” of the segond tempiate
foilowlng en a 0O, CAUSE or FORCE actlon in @& opreceding
tomplate,Those are the cases where the object !s a part of the
substantive previougsly mentloned,For, even though a 189 Ja a THING we
would wWant to asslgn a PCSSESSIVE cauz2 to the sacond template of the
palr (He hit the boy)(wlth the wooden leg),How tnis TIE ls ¢Stained
algorithmically is discussed In detall In the final section of ths
paper after the descrlption of STEREOTYPES,

This procedurs c&n be thought of as an amblgulty resolution of ghe
prepositions, Which was not been de.lt with a¢ at gll by &ne PICKUP
routines since prepositions are 'ncerted In.o the formuia strlngs as
a single formula and are nevep con:ldered to 50 ambiGuous 8y thay
stage, The TIE routines also resoive other semantic ambiguit, not
dealt with by the P'CKUP routines, So, for example, |f our “last
exarpie had been (He struck the Ddoy)(wlith a bar) we wouid have
expected there t0 bg at least two formulas for "bar™ stlji| in piay
jcoprasponding tc the heeds THING and POINT=weathe |nttor
corresponding to the place senses of "bar",Hence thers would st!ll be
two full temdiaces matching onto the latter fragment at this stage
and both conslidered by TIE, whilch would thus oprefer the templiate
oontalning the sense of "bar" coded with the head THING, since oniy
In that case could a dependency tle be made (te "hit" [n arcther
fragrent In this cose} on the basls of Informatlion extraoted from the
forrulss, and In dolng so the amblgulty of "bar" would be reso|ved,

Phase notatlion Is merely a code ¢¢ indlcate In a very 9eneral way ¢to
the 3uUbseguent generatlon routines whsre {n the "progress of the
whole sentenoe” one Is at a alven fragment,A phase number s attachsd
to eaokh fragmeny on the followling bas‘s by TIE , whare the stagse
referreg to epplios at the BEGINNING of the fpagment to whish the
number attaches,

g+maln subJeot not yst reached

1*subJect rouched byt rot maln verbd

2»maln verb reached byt Not complement cr ObJoct
Jsgorplement or ObJect reached or not expegted
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Anaghcelc Information of a fairly stralghtforward sort Is out Into
the full template itself, So, for exampie, as TIE oasses through an
Input tex¢ it seeks to eliminate al| pronoun formuias and rep|

ther fIrside ¢the fuil template with the appropriate substantive
formrulae~==the substantive to which the pronoun refers ~eewctrying as
it ooes s, to tako account of a wide range of exceptions such as

Impergonal| Us pronoyng ¢hag i; woyld be Inappropriage o
ceplace, 7n “'t seoms that,,,,.".Those uUsesS can a|most aliways be
detecteu b¥ thelr occurrencd® In compapy with a small and restricted
class of actlons,

2,2)The Interiingua| Repres9ontation

what so0llcws ' S a shorthand version nf <¢he |nteriingual
represeriation for a paragraph, deslgned to ijiustrate the four forms
of informaeion for & paragraphee-key, mark, case and_ Dhase

-==g8scribed above,The schema below gives only the bare t.mpllt. form
of the semantlie information attached ¢o0 each frusmont-----tha
semantic formulas and thele pendant |Ists of formulas that make up
the full template structure are al| omitied,The Fro~ch giver Is only
I!!ustrn*lve, and no Indicetion Is glven a* this point as to kow ¢
is prodyoed,

{LATER CM)
(PLLS TARD VG)
ntisnitenli:@:No Template]

({DURING THE WAR CM)
(PENDANY LA GUERRE VG )
COURING:GAVEUP: locasloni@:DTHIS PBE ACT]

(HITLEP GAVE UP THE EVENING SHOWINGS CM)
(H]TLER RENONCA AUX REPRESENTATIONS DU SO{R VG)
(nytltntiinjls3tMAN SROP ACT]

(SAYING)
(DISANT)
(n1leHITLER:nii:3:NTH]IS DO DTHIS)

(THAT HE WANTED)
(GU’IL VOULAIT)
CTHATISAYING opiects 3:MAN WANT DTHIS)

(TO RENCUNCE HIS FAVORITE ENTERTAINMENT)
(RENONCER A SA DISTRACTION FAVORITE)
(TO:WANT:obJjece:3:0TH{S DROP ACT)

{CUTSF SYMPATHY)
(PAR SYMPATHIE )
(OUTCFIRENOUNCE tsqupcgt3:DTHIS PCGO SIGN]
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(FOR THE PRIVAVIONS OF THE SOLDIERS PD)
(POUR LES PRIVATIONS DES SC NATS PT )
CFORISYMPATHY:reciplentt3tDTHIS PBE ACT)

(INSTEAD RECORDS WERE PLAYED PD)
(A LA PLACE ON PASSA DES DISQUES PT)
CINSTEADtnlIftnti:2:MAN USE THINGI(commentitempiate

(BUT)
(MALS)
(BUT:niltnl|t@:No Templigteld

( ALTHOUGH THE RECORD COLLECTION WAS EXCELLENT CM)
¢ BIEN QUE LA COLLECTION DE DISQUES FUT EXCELLENTE
CALTHOUGH;PREFERRED;ni | s@3GRAIN BE KIND)

(HITLER ALWAYS PREFERRED THE SAME MUSIC PD)
(HITLER PREFERAJT TOUJOURS La MEME MUSIQUE PT)
[nittniltni|t@IMAN WANT GRAIN]

(NE]ITHER BAROQUE)

(NI LA MUSIQUE BAROGUE )
[NEITHER;MUSIC:qualifler3@:DTHIS DBE KIND)

(NOR CLASSICAL MuSIC CM)
(NI CLASSIQUE VG)
CNOR: INTERESTEDIni 1:21GRAIN OBE DTHIS)

(NEJTHER CHAMBER MUSIC?

(NI LA MUSIQUEZ LE CHAMBRE)
ENEJTHER: INTERESTED:nj1:03GRAIN DBE DTHIS)

{NOR SYMPHONIES CM}
(N] LES SYMPHONIES VG)
CNORTINTERESTEDINI 1 :@3GRaIN DBE DTHIS)

(INTERESTED HIM PD)
(NE L'INTERESSAIENT PT)
Cnittnlisntj3130THIS CHANGE MAN]

activse)

VG)

(3EFORE.ONG THE ORDER OF THE RECORDS BECAMZ VIRTUALLY FIXED PO)
(RIENTUT L'ORDRE DES DISQUES DEVINT VIRTUELLEMENT FIXE PT)

[REFORELONMGnilgnl|:2:GRAIN BE KIND]
(FIRST WE WANTEND & FEW BRAVURA SELECTIONS)

I0fABCRD IL VOULAIT JUELQUES SELECT]ONS DE BRAVOURE)

Frljéntitnl j1BIMAN AANT FART)

(FROM AAGNERIAN ORPERAS CM)

{D'CPLRAS WAGNERIENS V()
CFROM:SELECTIONS :sayrce:312THIS POC GRAIN)

ey T ey R e e gy
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(TC BE FOLLOWED PROMPTLY)

(QU! DEVAIENT ETRE SUIVIES RAPIDEMENT )

[TO:OPERAS:n1)33:MAN DO DOTHIS)(gommantishift to gctive template
agaln may Qglve a diffsrent but not incorrect transiation)

(WITH OPERETTAS PD)
(PAR DES QPERETTAS PT)
CalTHIFOLLOWED:n} 1:3:DTRIS PBE GRAIN]

(THAT REMAINED THE PATTERN PD)

(CELA DEVINT LA REGLE PT)

Cnii :nll:ni|s@:THAT BE GRAIN)(comment:no mark because ‘that’ tles
to a whole sentence,)

(HITLER MADE A POINT OF TRYING)

(HITLER SE FAISAIT UNE REGLE D’ESSAYER)

Criidnjitny|8@:MAN DO DTHISI(commgnt ISomg jdjom PeGOgnitijon ¢3Sentia|
tc Cop® With this?

(T0 GUESS THE NAMES OF TKE SOPRANOS)
(DE GEVINER LES NOMS DES SOPRANOS)
CTO:TRYING:obJect:2:DBTHIS DO SIGN]

(AND WAS PLEASED)
(ET ETA]T CONTENT)
CANCIHITLER:nl11X:DTHIS BE KIMD]

(WHEN HE GUESSED RIGHT M)
{QUAND IL DEVINAIT JUSTE VG)
CWHEM:PLEASED:location:3sMAN DO DTHIS)

(AS RE FREQUENTLY DID PD)
(COMME IL LE FAISAIT FREQUEMMENT PT)
[AS:GUESSEDImannep:3:MaAN DO DTHIS)

1t |s assumed that tnose fragments that have no tamplate attached ¢to
thereecawguch as (LATER)=«= ¢an LO tr2nslated adequate|, by purely
wcro=for-word means, were It not for ¢the difficulty Involved In
reacing It, we could lay out the above text so as to disolay the
deoendercles impiied by th~ assignment of cases and marks at the word
level, Thess would all be of dspendangles of whole fragments on
particuiar worcds,So0, for eXa~pla the reluclon af Just the +tlest ¢wo
fragrentgs could he set out us follows,

(DTHIS]) « dyring » wep «¢the
é
s Llocation)
¢
Hitlep » gavesup » showlngse the
4

svening
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The Inter|ingua! re; ;resentation described , as ¢the resuit of ¢he
cralysls of English text, and |llustrated above In bare templiate form
, |s the Intermedia¢e form handed, as It were , from ¢he Engllsh
analysls programs to the Frsnch gensration ones,

However, ¢this Intepmediate stape is, es I¢ must be, an artltrary one

In the Englisn=French processing that It Is helpful to examine at the
surface Jevel here for excos'tory purposes and not only In ¢the coded
fornm, There Is often a misunderstanding of the nature ¢f an
Interlingua, In ¢that It IS supposed that an intermediate str3e |lke
the present Interiinguai rorresentation(]R for shori) must contain
vall possible semantic Information” in some explicit form ¢ the IR
ls to be adeguate for any purpose,

But the guoted words are not, and cannot be, well defined with

raspect ¢0 any coding scheme whatyrosver, what |s the case |3 that
the IR rust contaln sufficlent Information so as to admit of formal
manipuiations upon |tse|f adequate for producing transjations in
other natural or foermal languages,But that Is guite another ratter of
course,

The failacy Involved |3 analogous ¢o <¢hat commigeed by ¢he
computationally Tillterate who say that "you cant get more out Of a
computer than You put iR, can Youl“ee~==cowhich |s faj|se if It Is
taker ¢t0 exclude computation upor what Yyou put In, _ (A more
tracitional oparalle! 1Is <the Socratic argument about whether Or not
the prerises of an argument "peally" contaln all possibie conclusions
fror themselves already, In that to know the premisses |s already to
know the concluslions),

Analogousiy, the R for transietion noed ndot contain any particular
ExpLICIT Information about a text,The real restriction is that In
creating the IR no information Shou|d havVe beéen throwr away ¢that wl1]
later turn out to be Important, So, {f one mpkes the Superficlal put
correct cenerglizgtion that one of the difficulties of EnglisheFrench
MT |8 the need to EXTEND and make axpllclit In the French ¢h'!ngs that
are pot 8o 'pn the Engllgh, thepn It is ng dnsWér to sAY thepe is ng
protlem since, whatever those things are, the IR, If 2decuate, nust
congeln +hem anyway, It Is then argued +hat If there Ils a problem It
Ils a general cne about derlving the [k from gngllish and has nothlng
at all ¢o0 do with Fpench,

But thls, as | have polnted out, need not be true of any partliculer
IRy, slnce any IR must be ar arbltrary cut cff stage In coling from one
language *“o anothgria Slilce <¢aken at a particular polnt for
gxarinagicn: 28 it wepe,

Conalder the sentence "The house | Ilve In Is collapsing” whlch
contalns no subjuncelion "that®, though 'n Ferench |t MUST be expressed
expitelely, 48 by "dans lagueljer, There need not bDe any

represartation 0 "¢hat" anywhers In the [P.All that !S necessary s
the subord!mation of the second fragment <to the mapk "house” Is
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coded, sand g9nepaglion procedures ¢hat know In such cases of
subsrdipation an approprlate subjunction mus: occur |In the French
ouput, It 's the ngeg for such procedures that congtltutes ¢the
sometimes awkward expanslion of English Into Feonch, but the need for
ther [N NO WAY clctates the expillclt cortent of zhe IR,

2,3)The Dictlionary format,

The dlctionary !s essentiaily a list of palesiof semantic formulas,
(each corresponding to one sense of an English word), and of
exclznations of that sense,By " expjlanation" | mean not simpiy an
English wopg or phpase, Such as was Jsed In eariler verslonc of this
system of analysls ¢o distingulsh each sense from others, but what |
shal! call a French STERECTYPE,

In earlier veesions of this method vf analys!is [15 ) one senss of,
say, the gngilsh wore"coloriess®night have appeared In the clctionary
as:

(CC((NHERE SPREAC)(SENSE SIGN)INCTHAVEIKIND)?
(COLORLESS AS NOT HaVING THE PROPERTY OF (OLOR))

The flest neif of the calr, the {Toemyla, expresses the fact that
belrg ccioplass is a kino or sSort wnich means not having a spatisl
(WHERE HPREAD) senso-y propeety (SENSE SIGN).The second hal¢ of ¢ha
pair Is a sense explaration in English that contains the name of the
worC aRng sepves to cdlstinguish that particular sense of “"colorless®
fror other senses-=esuch as one about human characteree< for anyone
reaging the dictionary who was not fami|lar with ¢the codlna systenm
erboalec In the senmantlic formuias,

But, the senses of *he Enalish words distinguishad by the c¢lcticnary
may equally wel!l be explalned and distingulshed by means of thely
Frerch equlivalents, at least in cases where the notion of" a French
equivalent to an £rnglish word» |z an adproorlate one,S0, for exampie,
the French wopOe "pouge® and “soclaliste” might be sald to
distingulsh two senses of the English wora "red", and we might code
these ¢two senses of “red in the dletionary"” by means of the Sense
pales:

(((wAERE SPREADIKINZ)I(RED (ROUGE)))
(CCOWORLD CHANGEIYWANTINMANI(RED(SOCTALISTEY D)

The French words “rouge™ and "soclailste™ are enciosed In |lst
rarentheses because +they need not “ave been, as in this caje, Single
Frerch words,They could he French words steings of any lengthifor
exarple, the gualifie- sense of "hunting"” as |t occurs In a "a
huntiny gur” Is pe darec n “rench as "de¢ chasse”, hence we woyld
c.pt..t as the 1'ght hand member of one sense palr {for "hunting®
(HUNTING( DE CHASSw) ),
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This simpiifled notion of stereotype ls adeguate for ¢the
representation of most aquailflers gand sucstentives.Below, ! shyil
genertllies to the notion of a FyLL StEREOpYPE adeauate _for ¢the
representation of prepositions gnd actlons, In whioh there Mgy be
mor® than one |ist after the English word name In the rljght hand
member of the sense opalr,Moreover, they wl|] ba |lsts In whioh
functions wil| occur as well as the names of French words,

But we shuu|d pause st this polnt Just long enough to soe what the
notions of sense palr ans Stereotype ave doling for us in the syetenm,
Earllor on, | described the structure 2f & fu|l template =-«-=assigned
to some natural ,anguate fragmente=--.-eas made up of formujas and
Iists of formuias,But these would more accurately have been doncrlbod
as serse opalrs, and |ists of sense palrs, That Is to say, the
analysis routines In fact bulld Into the template not Just thc
forrulss byt the WHOLE SENSE PAIRS, of whioh the fornulas are the
ieft hand members, even though the cricers for Incorporating a eense
pair Into the tempiate appiled only to the formuia Itse|f,

Hence the full templiate already contains the Frenoh equivalents of
the Engilish words In the fragment,Moreover the stersotypes for
ections and oprepositions contal!n not on'!y French enulvalents but
impliclit rules for assembling these squivalents so ae to gererate
French output, Thus the generat!ion routines never need ¢o consult an
EnglleheFrensh dlctionary,2I| the <~eneration program reaulres, In
terre of Frenoh equivalents and assembly rules, Is already pressnt In
the full tempiate,

Thus the fu|l tempiate may appear to be a compiex and oumbrous |tem
of Informa{lon, contalning as [t does not only & oonceptual semantle
representaticn Of English text, bur also Frenoh outdbut forms and
Impilele genera¢lion ryles, Bue the avoldance of repeaged
conguitation of a lgrge dicticnary of forms and rules In LISP format
!s no srall compensation,

The fuil stereotype then, may coentein not anjy French words but a|so
predicates and functlions of Interiingual Items whose values are
always French word strings, or a biank Item, or NIL, The notlon of
Interi!ngual [tem hgre govere rot only the Intsrilngual ejaments tnat
make up the formulgs, but ais0 tha names 2¢ the cases abbreviated to
a standard four |etter format ,for exampletRECE, INST, ODIRE, POSS,
LOCA, CONT, SOUR, GOAL, OBJE, QUAL (se® ¢he |!st of cases 0lven
sariler),

The ceneral form of the steresotyoe Is a Ilst of predicates, followed
by e string of French worde and funotions ¢hat evaluate to Frenmoh
worger Or ¢to NIL (In whigh case ¢he stereotype falils). the
functiont mayY al®o eva,uate to bDlark 8symbols for reasons to be
described,
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The preglcetes-==<=ywhich occur only In preposition stereotypes---
norrally refer ¢o the case of the fragment containing the word, and
to Its mark respectively,lf both these predicates are gatlsfied ¢the
program continues on through the stereotype to the French output,

Let us conslder the verb "advise"” , rendered In Its mos¢
stralghtforward sense by the Franch wod "conselller", ¢t is Ilkely
to be followed by two differant construstlons as In the Engilsni i) 1
gdviae Jorn to have patience |1) | advise patlence

Verk Stereotypes contalm no predicates, 80 we might expeect <the most
Jsua! sense palr for "advise" to contaln a formuja followeg by
(ADVISE( CONSEILLER A (FNq FOLK MAN))

( CONSEILLER (FNZ2 ACT STATE STUFF)))

The role of the steraotypes shculd by now be becoming clear tln
generating from, in ¢thls c¢ase, gn action, the system |ooks down a
|ist of steresotynes tled to the sense of the action In the full
templata, If any of the functlons It now encounters evajuate to Nil
ther the whole sterectype contalning the functlon falls and the next
ls ¢:-led,l1f the functlons avaluate to French words then they are
generated &jong with the French words that appear as thelr own names,
like “tonsel|ler™,

Tne details of the French gceneratlon procedures are glscussed In
section 2,4 below, but we can see here In a general wzy how ¢the
stereotydes f>r "aavise" oproduce correct transiations of sentences
(1) and (il), In ~he case of sangence (1) In the form of ¢two
fragrents (1 advise John)(go have catlence), the program begins to
generate from the stereotype for tha formula In the actlon opositlon
in the flpst fraomert’s template, it moves righ¢wardc as described and
beglnrs to generate "conselller . ", Then (FNL FOLK MAN) is evajusted,
which |s a function that looks ai the formula for the third, oblect,
posltien of the curpsnt temp!nate and returns [7TS French stereotyre
only If It¢ts head is MAN or FOLK==w-=that Is to say if It Is a human
belrg that Is being advised,The formula for "John" satisfles this ard
wjgan" |Is generated after “conmnsalfler A", ave=easpraiper names aré
transliated here for lllustrative purposes only-=-=egnd 8¢ we obtaln
the edrpect cOnStruction "Je consel|le a Jean",

Rut hao we been examining sentencd (1l) "] advise patlerce™ thle
flpst sterectype fo;, "advise" would have failed nlince (FN1 FOLK MaAN)
weulc ncg nave produced a French word on heing appllied to the formyla
for "patlence", whose head is ACT,Hence tha next stereotydve woyld
have been tpled ard found ¢0 apply,

The syereotypes do more than simply avolc the exolliclt use of a
conventlional ganerative granmar (not that there |3 much pracecsnt for
yslrg oke of those) in a system tiiat haa alreatly eschewed the use of
an aralys|s grammar, They also dlrect the oproductlion of ¢the French
trarsiation by providing conplex context-sensitive rules at the point
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required, and withoyt any search of a large ruis Inventory,Thls
method s, 1In pelncipie, extonsibjie t¢v the produotion of reavonadly
complex Implicit rephrasings and exvanslons, as In the derivation of
*sl Intelilgent solg=11" from ¢the second fragmer. of (N2 man
Y(however Inteljligent)(can survive deach?, glven +he appropriate
stereotype for "however",

Preoc3l¢lon stereotypes are more oomplex In general than those for
actions, but before I|lustrating them | snould mentlor a solnt that
arIses In connexlon with stereotypes and tneler rejation to tha
enureration of the senses of Input (Engilsh ) words,As ! have
described the dictlonary 80 far, many oOutput s¢ereotypes may be
attached t¢ one sense of an Engjish word, that Is tuv say, to a single
semantic formula, In the examplie sentences ahove, "advise" s taken
as belirg used In the same sense In the <two sentences, even though
alfferent constructions follow the word in the two cases,

So the noslon of stereotyps In no way correSponds to that of wWord
sense, Indeed, tha notlon of wWord-sensa Is an e:tremely unclear one
and resistant tc any forma! analysis,Without In any way claiming that
the senses of & word can be completely enumerated, It Is Asnethejess
clear t0 oommonsense that In "] have a bar In my new hguse" and "we
have a bar agalnst foreigners here” the word "bar" Is beiry used In
two different sensas In terms of "conceptus!| separation of contexts",
ever thought It Is not possible to expllicate ¢that |ast concept In
terms of naive deno¢atlon, or fcrma| speci’icat'on of contexts,

In the case cof prepositions | take them os havirg oniy a slrgle sense
sach, even though that sense may 9i/ve ise ¢to a oreat npnumber of

stersotypes,Let us consider, by way of example, "outo?"(gonsidered as
a8 single wopd) In the thres sentcnoes!

1Y (It was made)(oyutof wood)
11) (He killed him)toytof hasred)
1113¢] 'Ive Jtoutof town)

It seems t0 me unhe(pful to say thet here ard three senses of '"outoaf"
even though Its occurrence In these examples -ogulres ¢ranciatlion
Into French by " der, "pap" and "en dehors de" (irspectively,and other
contexts would require "parmi” or "dans",

Given the conventlon for stareotypes desarlbed earlier fo. actlons .,
je¢ Uus so¢t down Sg¢ereo+tyDss that would enabls us to deal wlth ¢hese
case®s!

A {(PRCASE SOUR)(PRMARK #D3) DE (FN1 STUFF THING))
S11) ({PRCASE SOUR)(PRMARK #00) PAR (FN2 FEEL))
SII1) ((PRCASE LOCA) EN DEMORS DE (FN1 POINT SPREAD)?

Jhere D0 Indlcates ga wide class uf actlon formulrs: gny |n fact
whose naads are not PO, DBE or BE,
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In the case of the sentence fragments (1t was made J{(ou+tof! wooe),
wher the program enters the second fragment It knows from the whole
interilrgual representatlion described earilier ¢hat the case of ¢that
*ragrent s SOURCE and l¢s mark Is "made", The mark werd has DO as
its head , and so the case and mark ppedicates PRCASE and P©ORMARK In
the flrst stereotype are both sati~fled,Thus " de" |s tenatively
generated from the first stereotype and FN1 is w&pplled, because of
its definition, to the object formuja In this tempiate , ¢hat is to
say » the ona for "wood",The arguments of FN1 »- STUFF ang THING and
the functlion flnas sYUFs as the head of the forwula for "weood" in tha
full tempiate, s satlsfied and 8o generates "bois® from ¢he
stereotype for "woog",

In the case of the sezona frag~ent of (Hae killea him)(outof hatred)
the twe predicetes of the first stereotype for "outof" wWouig again be
satisfled, but (FNLI THING STUFF) would fall with the formula fcr
"ha¢rod" whose head is STaAaTE,The next steraotype (Sil) would be
tried; the same twe preglicntes would be satisfled, and now (FN2 FEEL)
would be applied «g (NOTPLEASE(FEEL STATE)) ¢he formula fcr
“*hatred" ,Buy FNZ2 by lts definition examines not formula heads , but
rather seeks for the contalinment of one of Its arguments withlin ¢he
fornula,Here It ings FLEL wlthlin the formuja and so gersrates the
Fremeh word steyeotype for "hatred"”

Similar considerations apply to the third example sentsnce Involving
the LOCATION cassithough In that case there would be no nead to wark
through the two SJURCE stereotypes already dlscussed Since, when a
case ls esslfanegc to 2 fragment during analys!s, conly those
stersotypes are left in the Interlingual represenrtation that
correscond o the assianed case,

The description of the assignmert of case ¢0 g fragment was caferred
frovn the earlier ziscussion of TIE routines, since 1t ra_ulres use of
+he stereotypes at +he anaiy¥sis staje,In the case of fragnents With a
kay, TIE routines search the stereotypes for the key untli ¢hey Tlnd
onr that matchas <the fracment ang ts Mark except In respest of
case,50, In the saneence (] live)(outof +cwr) the anea'!ys|s routines
assian LOCATION to the second fragment{ in the flrst place LCecause
they locate In the ¢hird stereatyce for '"ousof" a formula for ¢he
object of the creposgition whese Maad is POINT,

2,4) The genereation of French

dech ef the raegre of ¢the Franch gerneration has been gescribed In
outline In the last section, since it is Impossible to describe +he
gictionary and i%ts s+ereotyprss usefully without describinrg ¢he
generatlive role tha: the sesreotyper play,
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To complete this br|ef gkeech all that It |s appre=riate ic' add s
some description of the way In which Qenerations ?rom the stereotyde
0: o key and of the mark for the sa~e ‘ragnent Interiockevee ¢the Mark
o¢lng In a dlifferent ‘ragmeni--=~=p8 oontrol flows backwards and
forwn, Js *~ “tween the stereotypes of dlfferent words In search of a
satisfact + Freanch output, There |s not scace avallable here for
jescript! f the bottom 1iovel of the generatlion program=e=«the
concord a number routinesee= which In even the simplest cesas need
access ¢o mayK Information, as tn |ooating the gender of “heureux" In
(Jonn seemg )(to be happy) transliated &y "Jean semble etepe¢ heuroux™,

hgaln, much of the detalled content o the generatlion is te be found
In the functliore® evaluating to French words that | have arbitrarily
named FN1,,..0tc,Some of ¢these seek detal! down to Oender markers.
For example, one would expect to Qet the correct ¢transiations “Je
voyageal!s en Frunce" pur ",,,au Caneda" with the ald of functions ,
say, FNF gnd FNM thyt seer. not only speciflo formula heads but
gengers as well,S», gmong the stersctypes for the Engileh "In" we
woulg eXpegt t0 fing (given that formuligs for i1and areas ngve SPREAD

as thelr h.ld3)= v osavcerea A {FNM SPRE‘O,) ang . .....EN (FNF
SPREAD)),
Jt Is not expected that there wWl|! more than twenty or so of thsse

innes stereotype /unctions In all, Though It shouid be noticdd at
this polnt that there Is nc level of generation that does not reaulre
quite compllicateg semantic informatlion drocessing.l have |{m mind rere
what ore might cal! the Hottom lovel of generatlon,the agdltlon gne
compresyglorn of artlicles , An MT pregram has to cet "Je bols gy viav
for "] arlink wine” pug ¢0 “J'alme LE vin” for "] |iks w!me" Now there
!s ro analog tor ¢his distingction In Engllsh and ncthing about ¢he
maanings of "|ike* and “drink" ¢het accounts for ¢he diffarence In
tha French In a way Intylglvely accedcable to ¢he Engllish cpeakeér, At
represert we are expect!ng to gengraté the dlfference by means of
steceotypes that ssek the notlon USE |Im t-e semantlc codings --«whigh
witi be located in "grink"™ but not In "1ike",and to use this to
gensrate the "de" +hare apporopriate

The overall contro! functlon of the generatlion expects flve difforent
tynes of template rames to cccur!

1)eTHIS #00 #ANY whore #YHIS Is any substantive ~cad(not DYHIS)

*0p |s »ny real rctlon head (not BE, plgs, DBE}
ano *ANY is any of #00 or KIND or OrHlg,

dleh thls tyrs of camplate the numbep, person and Jender of the verd
are deduced from ghe French storeotype for the sutJect part,

1a) tvce oTHIS BE KIND |s troated with type 1,
S;DTRIS DO eANY
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fhes~ templates apise when a subJect has been spiit from i¢ts action

by fragrentation,Tha mark of the fragment ls then the subject,0r, the
templaty may represant an obJect actlon phrase, suoh as a simple
infiritive with an impliclt subject to be determined from ¢the mark,

3)2THIS DBE DTHIS

Templetes of ¢his ¢ype represent ¢the subject, spll¢t off from lts

actlen represented ty type 2 template above, The transiatlon is
s!mply gqenerated from ¢he stereotype of the sublect formula, 8ince
the rest Is dummies, though there may arlse cases of ¢he fo>m DTHIS
DBE KIND where genepa¢ion Is only possible from a qualifiar as In ¢he
second fragmant of (1 like tall CMI(hlond CM*'(ard blus-syed Germang),

4)DTHIS PDU #RLAL

Tempiates of this type r8present prepositiona! phrases and the
trarslatlon is generated as described from the key sterectype, after
whier the transliation for the templats object i3 added (eREAL denoces
any head In #THIS or s KIND),

The gensral strategy for +he flinal stages of the MT program Is to
generate French worgd stplinys dlrectiy from the <template structure
asslgnec ¢o a fragment of Eng!ish ¢ext, The first move is to flind
out wnlcgh 0f thg flve myJOor tyDes of temPigte giatinguishgyg gp0Ve Is
the ona agtached ¢o the fragment under examinatlion,

So ther, for a fraoment as cimplie as "Jjohn nkiready ¢wns a big rod
car", the opogram wouln notlice that ¢he fragment ha% nO mark or Kkay,
hence, by default, <he generatlon Is to proceed from g ster30tyDe
which ls a functior of the general type of the tamplate attachling to
the fragment,The pare nams o7 the template for this cone fragment
sentence |s MAN HAVE THING and Inspsctlion of ¢hs <types gabove Wil
show this to be a member 0f typs (1}, whosc Qeneral form |s eTHIS 00
#ANY,The stereotyne !s a functlone=<lgt uUs say FTEMPen-e of that
cenclate type ang , to sonform wleh <ha generv.: format for
stereotypss cescrihed eariler, ¢this can be thought of &s hHeing one of
the stereotypes for <¢he "nuil wWord", since we have no mark or key
worc to start from herse,

In ¢hls case the generation of French is simplicley itselfighe
functlor ¢TEMP evajuates ¢0 a prench word string whose orcer s that
of the stereotypes of the Engllish words of the fragment,tThls order Is
directsd by the presence of t~s flpst type of tempiate comprising an
elerentary sequence sudbjsce=action=odbject.This Is done recursively so
that o+ algns Wlth the Frenpch wWords Qenerated for those Engi!sh words
#hose formu|as conselg¢ute the bare temdiate(!, e, "John", “owa" and
"car”™) are generated those «hose formulas aré merely dependent on the
malr formulas of the template==-<~--|in this case ¢the formuias for
“glpaady"”, "big"™ ang "rea",
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1f complax stereotypes are located while generating for any of the
worgs 0f the fragmeni=«=="0omp|iex” gJimply means full| etsreotypes
which have constlguents that are functions as w%ell gs Frenoh
words~=====thon ,eneration from these newly found gzereotypes
Immediately takes oprecedence over fupther generation from the |ast
stereotype at the level ahove,

In the present case "own" creates no problems since l¢ is a
oompietely regular Frengh verb, and 80 (ts stereotypes sontaln
ncthing but French words,ln general, It Is only Irregular Frenoh
verds that contsin compjexity in thelr stereotypes so as to cdictate
the forr of what fo|lows them In a sentence,(]t should ba understood
t.at 1 am using "lcregular” here to meean lrreguiar wWith respeot to
this system of clasglficagion e=eewemy yusags Is not [ntended to
oorrespond to the standard oppuldition of "reguiar” to "jrreguiar® In
French grammars),

Ncw suppose we consider the two fragment senteance “] ordsr .cha ¢o
leave”,The fragmengs wll| be presented to the generation progran In
the form descrlibed earller with Key, Mark, Case and Phase
Informaglon attached ¢o each }racmontg

(] order John) nitipnliint|td
{to leave) totorgep:0OBYE:2

Also attached t¢ the fragments wlill be full templat®s whose Dare

template naes In this case wil| be MAN TELL MAN and DTHIS MOVE DTHIS
rospectively,

The ceneration proQram enters the flrst fragment which has no mark or
keyiso |t starts to generate; as before, fron a stereotype for the
null word vhich again |Is one for the flret template type,Thls gats
the sub, rloht 31"Je" from the stereotype for "I", [ater to be
modlfled to "J’ " by ¢the c¢o..cord routlne,It then enters ¢he
storéotypes for tho agctionithe flrsy Deing

( ORDONNER A (FN1 MaN FOLK)) The head of he fo,myia fo, "John" |,
MAN, and FN1 here |g ar arblitrary name for a funot‘on that looks Inmnto
the forrula for the obJject Dlace of a template and, |f ¢he head of
that formula Is any of the functlion’s arguments, It returng the
stereotyne value of that formula,ln this case the functlon FNL s
satisfled by "John, sec by definition that stereotyoe for "3rder” |s
satistled, and the program generates from |t the sequencs "ordonner a
Jean", glving the corrvct soquense "Ja$ 0rdonners e JeAN"wee= where §
Injicates the need for further minor processino by ‘the ooncord
routlne,The stereotype has now been exhaysted=-===pothing In It
remalne unevajuatsd or ungeneratede==~vgimijarly the fragmant I|a
axhausted since no wWords remalin whose Stereotypes have not been
gsnerated, elther directly or Via the stereotype for some other word,
and sO0 the program pas=ses on t0 the eaocnd fragment,




3¢

The program enteprs ¢the second fragment and firds that it has ¢ mark,
nameiy “order",lt then censults the stereotype In hand for “order” In
fragreng () ¢to see if |t wes exhaysted or not, It was, and 30 ¢he
progr&m turns to the stereotypes for "to", the key of (11) Among
those vhose flrst predicate has <the argument OBJE will be ¢he
stersotype

((PRCASE OBJE)(PRMARK FORCE TELL) DE (FNINF #D0))

1f we remamber that the head of the current formule for "order” , the
mark Oof fragment ( (1), |s FORCE, and that PRMARK seekes and compares
Its arguments with ths head of the mark formuls, then the predicates
are seep ¢0 te satisflied and the program generates "de" after seslng
that FNINF |s satisfied, since an agtion formuja for "lecve" follows,
whose head MOVE Is |In the class #D0,

FNINF on svaiuation finds, whore nesessary, thr Impllicle subjeot cf
the Infinltive,Thay Is unnecessary hers, but would be assential In
axyepies only siightly more complex, such as “Marie regrette de
s‘et @ rajoule trop tot",Finally FNINF jteelf evajuates to the French
store0typd s¢:~ctad for "|eave",.This might Itself glve ,lse to ¢o
mo s gea,ching i7 ¢he yge of " |eave” diceased lyg Own g0, 0npq &g In
“] order John to jegve by ¢the flrst ¢traln", Here howsver t¢he
avaluation <germinat¢es Imnediately ¢to0 ‘*partir™ since the sentence
stops,The program makes no attempt Aow to generats for "[epve "
agaln, since |t reallses It has slready entered Its stercotyne |!s¢
via the nte" stareotypwy, Thus the corr2ct French stelng " Jes$
ordorne§ a Jean de oqartir" has been generaced,

The last example w,s litt]e more than a more® detalled re-descrintlonr
of the progesses des:rided In the dlctlonary section (2,3) In
conrnexlon with the gxampie "! advise John t0 have patience”, HOWever,
now that¢ we have ¢geal¢ fully with a fulrly standard case and shown
«he rocursive use of stereotypes != ¢-1 generaticn of Franch on @
fragreng=by=-fraymeng bas!s, we can discuss & fina| pair of exampies
in which a more powerful sScereotspe, as I¢ were, can dictate and take
over th2 generation of other fragments,

1f »e were t0 consligar in detall the generation of French for the two
fragrent sentence (] theow the ball)(outof the window), we shoyld
find tha process almost ldentical to that usesd In tha laet exampla, ln
this case, t00 , the mgin stereotype used tOo generate the French for
she flepst fragment is that of the act'on===="throw" In this
cgue~~==and the stepeotype for “throw" |s exhausted hy the flps:
fragrs”s: S2 that nothing In that stereotype causes the nprogram to
Inspect the second fragment,

How <comslider, in ¢the ssme format, (! drink wine)(outof! a glass},
Followling the same procecdures a8 before we shall fird ourselves
processing the stepeotyde for "orink" which reads ( BOIRE (FNL (FLOW
STUFF)) (FHNX1 SOUR pPDC THING)+ DANS (FNX2 THING)) where®er Indicaces
2 halt=point, The program bogins 2o generate tentatively, evajuatling
the functions lefts to right and belng brepared to cance! ¢he wholas
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aterectype !f any one of them fal|s, Ni |s applled to tho formula for
"wine® and specl!fies the Inclusion In Its formula, not of one of <¢wo
elerents, but 0" the whole conventliona| subfoemuja for | .aulds (FLOW
STUFF), Tnls It finds, |s satis?led, and s0 evaluates to "vimY, <to
be rodlfled by concord to "du vin®,

The oprogram now gngountars FNXL, a function which by definitlion
apo!les to the full template for some FOLLOWING fragment.At thls
polnt the program svaluates FNXi wnig¢h returns a blank gymbo| |f and
only If It finds a folloving(though not necessarily Immedlately
fellowing ) fragment with a SOURce case anrd a “efplate, the |ast two
elerents of whose bare name ar8 PDO THING, i.0, It Is a preposition
type fragment with a physlcal obJject as the obJect of the
preposition,This sltuation would not obsain If ¢the sentance were "I
delrk the wine outof pollteness”, If FNX1 is satisflied, as In thils
casd, It causes the generation from this stereotype t0 halt after
generating a blank symbol, Halting In an evajuation |s to be taken
as quite dlfferent from both exhausting (all functlions evaluated to
Frenth word strings or a blank) and falllng (at least une fuynotion
evaluates to NJILJ,

The maln contro| zpogran nOw Dassss t0 the next fragment, In thily
case "outof a 9lass”,lt asks flrst If it has & mark, whigh It has
namely "dr!nk", and looks at the stereotype In hanc for the mark to
see If |s exhausted, which It is not, merely haltod,The orogram
therefore contlnues <o gQenerate from the same steragiype, for
"gelrh", produclng vduy vin", ¢han "dans" , fo]|lowed by ¢he evalate
of FNX2, namely wverre", thus glving the correct transiatlor "Je
boist Cu vin dans un verre”,

The Imneortant polnt nere |s +hat the sterectypes fcr the key ¢» the
sgecond fragmente - "outof", are NEVER CONSULTED at all,The
translations for al| the words of the sacond fragment wi|| have been
entered via a stargotypey for the oprevious fragment, the ons for

"grink” The advantage of thls method wl || pe cleartbecause |t would
be very diffioult, conceptually and within the framework | have
described , to obtain the «ransiatlon of "outof!" as "dans" in thls

context from the s:erootypse for "outof”, because that tramsliaiion !s
spec!flc to the occurence of certaln Trench worde, such as "bolrs®,
rather than to the appilcalon of certaln concapts, In this way the
stereotypes can cooe wlith Ilngulstic Idlosyncrasy as we|| as wlth
conceptual regularity,lt Shouid be noted, toc, that since "dans" la
not generated unt!| after the holted sterectype restarts, there s no
requlrercnt that the ¢two example fragments be contlguous,The method 1
have dsscrlbed could cope Just &3 well with (] crink the wine)(] Ilke
mest)(cutof a sliver goblee),

The polnt here (about what words are® generated theough the
stereotypes for what OTHER worda) can nerhaos bs made |.ttle ¢clsarer
wieh a dlagrem |~ wnigh |ines connect the Engllsh word theough

whose sStereotype a generat'on Is done to the word fcr whlch outout |s
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yenerated,Al| genergtions conventlionally start from © the null word
mentioned aonve, |t Is,by convention, the word for Whigh the flve
s basic stereotypos are the stereotype, So then, the more

strelgh¢forward case (] threw the bajll)(outof the window) would be
generated &s followg:

-
- &+ & &
-

[ ¢ L]
I throueeball outofe=ew|ndow

Artlcles are nmitted for simpliclty,In thig case the new fragment
starting wigh "oue0f" ,e¢u.Ng agaln ¢0 @ ¢o begin qono,utlng agaln,
In the rore complex cases (] drink wine)ioutof a glass) the generatlion
pattern would be &8s follows:

3
LY
U s
0 ¢
1 drink ==<svwine
‘\
Fe L}
‘ \
ouref glass

Wwhere the subjects and objects of a sentence are considerably
separated by Intervening clauses ,tnese gQeneration dlagrams can
becore considerab|y more comp|licated,

The genernal rule with actlon stersotynes ¢then, |s that the more
irregular tne actijon, tne more Information goes Into Its <ctoreotype
and the less |s needed In ¢he stereorypes for l¢s sequents,So, for
gvarole, theré Is no need for a stereotyps for "nuto?" ¢to contaln
DANS a¢ all,Again, just as the regujar case "] order John to |eaye”
produced the transiatlion "J'ordonne a Jean de partie” by vuvelng the
star80sype for ¢the Kkey "to", the |ess reguUlar case "] uprge John to
{eave” whlch requirgs the aquite differant construcetlion nJ’exhorte
Jear & opargie” , would be dealt with by a hajting s*ereotype for
"urge" whose form would be

( EXHORTER (FN1 MAN FOLK) (FNX1 OB.JE «DO) * A (FNXINF #D0))

ang In th|s oRSgs the StoredOtybg for "to" Wouligq ngVer Dy consuiteg at
ail,

Finally ,1t shouid be admitted that In the actual computation of the
analysls and generztion systam described adove, ¢two !gems of
Informagion I havs descrlbed,case and mark,ghrink In
imrportances,though bty no meang dlsadpear,Thelr roie has been
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avcrstressed In the paper,in order to mMake a olear dlstination
betwaen the analysis and generation routines and 80 prosent a 9lear
Inter!ingual representation format:open to inspeotion by any !lngulet
unfarliiae with,and uninterested In,the siger!thmie tschnlaques
employea,dhat | eought ¢t0 evold was any ceference ¢to a "seamloss
computational wholan g.| of whose levels saem ¢t0 presuppase ali of
the oOther levelsg,and which even If |t works ,cannot be In any way
Inspected or discussed,

e

1 hinteg In tie body of the paper that the assignmants of ¢the case
and mark informgtlion ltee |t demands accesa to the French
stereotyoes,and It would clearly D8 ebSurd t0 cOnsUIt the stereotypes
to essign this Informetion and <cthen ,later,00nsult them ageln_In
order to meke use of !¢ In the generation of Ferench, In fact,the
enaiysis and jenere¢ion routines fuse at this point ,and the case and
mark are [ocate during the generation of the French output,

The chanqe In the format ¢that <¢this roquires |s <that the mark

oredicete PRMARK s not now simply a oredioate that checks whether
“he ALREADY ASSIGNED maek for the fragmant In hand meets ¢he
speci!flication:it I|s a predicate that at the sema time aotlvely sesks
for a2 mark meeting that specification,And ,as with ths stereotype
functions already described,the failuee to find such a mark falle the
whole Stereotype contalining It,There wili now be not & slngie mark
precicate DdDut a nrumber of them fulfijiing different roles,The zase
predicate,conversely,|ls not diversitlied but vestialal,becaves thero
I's not no PREVIOUSLY ASSIGNED caee to & fragment for the ptedicate to
check,and the cese Is now Just a label In ¢he ¢lceionary of
sterectypes to ald the ceadsr,

A qulck last look at a previous exampie ehould make all this
clear,Consider again (He hit <the poy )(wle¢h <¢he wooden leg) as
contrasted with the ajternative second fradments (with a sgick) and
(wIth long hatv),L8¢ uy consider the analysls routines cterminating
with the provision of full <templates for fragmants (and chese
information) ,and iet us conelder wverything that foilows <that &s
Feanch genepeation,

.8t US now consider the generation progeram entering the second
tragrent,armed wWith the following [ist of stereotypes for "wlth"i

((PRMKOB ®ENT)(P3SE) A (FN ®ENT))

((PpMApk «D0){INgt) AVEC (FN THING))
( (PRMARK oENT)(POSSY &4 (FN wREAL))

PRMKCB Is a dlrected predicate,as It were,thas seakg tor g mark In a
prececding fragment (within a range of two tregments),It looke anly a¢
f cancidag¢es whose heads ars In the class eENT,¢hat Is ¢0  eay
i § THING MAN,FOLK,BEAST or WORLD 3ntities In some sonse that cuv have
f§ parte,In the 3ame gsense <the heade ACT,STATE,PIINT etc.are not
£ utteched to -ord senses that we cun speak of ae having parts, PRMKOB
comperes <the formulas for potential marke In the ¢thied,0dJect,
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positior of preced!ng fragments with the formula for the obJsct In
the torplate for the fragment In hand,And l¢ Is trué if and enly If
the latter formuia jndlicates that It tles to a word sense that cen be
a part of the entity tled to the "candidate mark" formu e,

SosIn ¢he case of (He hlt 4he boy)(wieh the wooden |e3) PRMKOB flinds
Itself comparing the formulas for "boy" (head MAN) and “igg" (whlch
contalns thr sub=formuia (MAN PART), In this case PRMKOB |s satl!sfled
and the genergtion continues through the flirst sterevtype coOrrectly
generating "&" for "wlth" and then the output for “"wocden |6g",The
oPEAL Inm the functlon In the flrst stersotype merely Indicates that
any obJect In that fragment should then have Its stereotyps generested
(any substantive head Is In the class #REAL) because Tts
appropriateness has already been estebi|shed by the satisfaction of
PRMKOB,

Following exzrtly the procedures described In other examples It wll|
be seon that (with a stlck) falls the flrst but Is transietec by the
secord stereotype,whije (With long hajr) falls the flrse two but s
correctiy Qenerated by the third,
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