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A Model for the ¥Fercoption of Synfactic Structure

I

The native speaker has the ability to understand an infinite number
of sentences in his language, It fwllows from this that he can produce and
understand sentences that he has nover heard before, The success of the
language learner = the foreigner learning a second language or a child
learning his first language - can be measured only by the extent to which
he has acquired this capacity, A statement of the knowledge which enables
the spoaker tc associate verbal sounds with meanings in an infinite number
of cases is called a grammar. A grammar is a theory of the speaker's lin-
guistic competence, Current linguistics divides this theory into throe
components, syntax, semantics and phonology. and oxprosses each as a finite
and effectively computable set of rules, Of theso throe components it is
syntax that is seen as reflecting tho essentially creative aspoct of lan-
guage bhehaviour, The rules of semantics and phonology are scen as rules
for interpreting tho infinite number of structures gonerated by the syntax,

The program described hero simulates the process wheroby the
native speakor applies his knowledgo of tho syntax of the language to
assign structures to sontences in it, That is, it is a syntactic perfor-
mance model operating from the point of view of the hearer, By definition
we are not comstructing a model of the hearer, To do this we would have to
incorporate procodurcs for the implomentation of somantic and phonological
rulos, DBut to construct a model of the hecaror woe would have to incoxporate
in it not only somantic and phonological compomonts, Wo should also havo
to introducc factors which while not forming a part of linguistic competence
itsolf novortholoss influcnce its realisation in linguistic porformanco -
memory limitations, shifts of attontion, fatiguo, for oxample, to name just
o fow ~ phonomona which for the most part are still little understood (1),

Dovicoes which recognise the syntactic structure of sentences whon




prosented with Them in written form have been studied for a number of years
now, Porheps the most striking featurc all these dovices have in common is
that while in many casos they imply imporiant hypotheses about launguage
behavicur none of them represents an attempt actually to simulate it. The
devices so far developed fall intc one of two main categories, The first
iz wopresented by the most advenced of those currently in opewxaticn: the
Harvard Preodictive Analysor, This is essentially a push-down store
mechanism and can be showi to be ogrivalent te a context-free syntax, in

Whear
this particulaer case one in which all the rules are oEEEcEEStwemsRmE—: S

~ewtitodamaiiiamy, . That is all the rules ave of the form A ~> aB , A ~> g c,,)\
whore A and B arc intormediate symbols and a is s forminal symboli. For an
analysor incorporating asyntax of this form to work it is necossary that at

ome stage every word in the input sentonce should be translated intoc a
terminal symbol of the syntax, This is done by a wroutine which looks up
the words in a dictionary whore weords arce listed together with the form
class or classes to which thoy bolong and substitutes the associated set of
form dasses for every word in the imput sentonce, Tho fact that in thoe
syntax terminal symbels arce associated with - i,o0, occur on the right hand
sido of cquations with - intermediatc symbels is intexproted in such a way
as to mske the occurronce of a particular terminal symbel in the input
string predict the occurrence of a particular intermediate gymbel in the
subsoguent stirueture of tho sentenco, Thoe set of fulfilled predictions
comprises sn slyzis of the sentonce (2),

The notion of prediction cmployed here is a very natural one and the

i*h

fact that listening to a sontonce woe can at almost any point make a fairly

]

Jle

accurato prodistican about at least part cf itz subsoequent structure

probably an important factor in tho officiency with which we ocurselves
process sentonces, Oa the other hand it socems unlikcoly that in every case
the first stago in our procossing a woxrd is analogous to locking it up in a
form class dictionary., Another shortcoming of the Harvard Analyser viewed

as a model for human behaviour - which in all fairness it must be cmphasisod




that it was mever intonded to be - i that unambiguous soif-containod con=
stituents cf & soentence arc analysed each time they are encowntered on a
particular analytic path through the sentence, This means that they may be
analysed —~ and each time assigned the samo analysis -~ soeveral times in the
courso of the processing of tho sontonce, Tho efficiency of the hoaror makes
it uniikely that this kind of repetilion occurs in his analysis of tho sen~
tence, A third weakness of the Harvsrd Analysex in its proesont form applies
ogually whothor it is considored simply as an automatic parser or as a model
for linguistic porformance, The grammar upon which it is based is, as was
pointed out above, equivalent to & context~froe phraso structuve syntax,

But & syntax of this kind is demonstrably incapable of providing adeduate
descriptions for certain kinds of sentonces, Steps are being taken,
howoever, teo remedy this doficiocucy., In a revised model thoe analysed string
produced by tho dovice described wiil become thoe inpnt to another componont
which will incorporate information about transformationgl rules,

The sccond type of automatic parsing dovico currently under
devslopment omploys the approach of analysis by synthesis, Here more direct
use is made of a transformational syntax, On the basis of tho number of
words in the input sentence the set of all the rules that could have
possibly enterod into itvs genecration is constructodov Each possible com~
bination is thon testved in an attempt to re—-goemerate the original sentonco,
Each sucecessful attompt represonts an analysis of the sentence, Analysis by
synthesis refliects vory clearly the fact that knowledge of tho structure of
a sentence 1 eguivalout teo the knowledge of how to produce that sentence;
And it may woll be that recognition of the structure of o sentonce involves
the heavor in some sense ro—generating it. Its woakness as a mndel for the
perceriion of syntactic structurc {and again it must be omphasised that no
such claim has ever been entorod on its bsohalf) is that in crder to limit
its opoeration to a roasonable time spaa it too has to opoeratoc not upon
sentences as such but upon strings of symbels produced by looking up the

words in a form class dictionary (3).




It would seem roasonable to supposo that a model for syntactic
perception should differ from an sutomatic parsing device ~ as theso are
now conceived - at least in not having as an ossontial first stage a
routine that loocks up overy werd in a form class dictiomary, and in not
omplioying procedures which involve an unambigucus consgtituont being analysod
move than onno, It would also scom to be mandatery that it should be basoed
upon o transformational grammer and that, therefore, its output should be a
statement of the doep structure and not meroly the suxface structure of a
senionce, Since in many cases the deoep structure of a sontence is con~-
siderably distorted by the transformational rules that produce the surfaco
gtructure from if, it is likoly that this will mean that the model must
consist of two componcents -~ a doop structurc-analyser and a surfaco
structure—~analyser, It is alsc likely that some usc will have to be made
of tho noation of prodiction.

The rceascn for rejecting a dictionary look-up routine that operatos
upon overy word in the sentonce can be partly oxplained by pointing out that
in most cases the information obtainced in this way increases the complexity
of the analytic procoss zather than simplifies it, For instance, it is tho
case that in English virtually every word that can be a noun can also bo a
verb, BFach such word would have to be ontexred in the dicticnary as being
both parts of speech, The first stage in the analysis of a sentonce in
whiech such a word occurs would be to labol it as being either a2 noun or a
verb, Now a docision has to be made as to which of thesc two roles it is
playing in the sentence, This is done by reforence to the unambiguous words
in tho sontenes, It would therefore scom more oconomical -~ if nothing olse
- 1ot to derive information aboul such a word from a dictionary but simply
to work out tho part of spoerh it belonzs to in any particular case by
analysis - that is in terms of its fulfilling prodictions bkasced upon tThe
occurronce of non~ambigucus itoms in the same sentoence,

This is not to suggost that a dictionary look-up routine can bo

disponsed with entirely. But thore are clearly advantages in restricting




the words contained in the dicticnary to theso which are syntactically

unambigucus. Howevor, im the ¢as? the model dosecribed here the were
fact of being unambiguous is not taken as a sufficient reason for including
g word in the dictionary, Consider the two words adoro snd the, Both are

=t

syntactically unambiguous, Now considor the sentencoes He eoxperienced s

great adore and He oxp@ionced a great the, Clearly the lattor sentence

E e

reprosents a far more radical departure from the rulies of normal English
atructure than the former. This suggests that whereas it is possible that

a use might be found for adore as o noun it is hardly likely that a new
syntactic rule could be found for the, This'is obviously connected with the
fact that tho class of wowrds to which the bolongs (dotermincrs) is finite

or ‘closed®, whoroas the class to which adore belongs (transitive verbs) and
the class to which it was assigned in thoe noncoe scentence giveh above {noun)
are infinite cr Tspon?, It is this Euét ~ that 2 word belongs to a closoed
class rather than its being syntactically unembiguous - that decides its
inclugion in tho dictionary, although if is a point of some significance
that many of thoese classes are made up almost entirely of words which belong
to no other classs, Examples of such classes includo those somotimes called
the fgrammatical formatives'; the determiners, pronouns, suxiliary verbs
ote, Examples of closed classes which contain ambiguous words are double

objoct wverbs and vorbs taking a sentontial complement, Though one cannot

ot

he as confideont in %the casc of these classes agbne can in the case of the
grammaticel formatives, it seems fairly safo to assume that the chances of
new worxds entering them are fairly slight,

The roason for restricting the dictionary to closed class items is
that a consideralle reduction can thercby be made in the complexity of the
analysing procedures, Tho dictionary look-up routine reduccs the input
sentence toe a siring of symbols indicating closed-clasg items and the symbol
indicating only that a word belongs to one of the opon classes, (In each
caze note is takon of the possible prosonce of inflexions,) Prodictions of

tho structure of the sentence aro then made almost ontirely in terms of the




closed-class items -~ only vory goneral prodictions being made on the basis
of the occurrence of open—-class items, Notice that the analyser does not
woxr it with a fully explicit statemont of the rules of the syntax but with a
groatly simplified gencoralisation of these rules produced by restating thom
in terms of open- and closed-class itoms,

Bohind this approach lies the suggestion that in recognising the
structure of a sentenco it may not be necessary for the heoarer to have to be
able to.work all of the time with all of the rules of the syntax, To makeo
the whole of the syntax availabie to the program at this stage is to provide
it with too much information, Too much in tho senso that it is mowre than is
needod, too much in the senee that it is more than can be conveniently
handled, It is not necessary to describe the surface structure of a
sontenco fully in order to roconstruct its deep structure - on the other
hand once a doscription of the doep structure has boen obtained this can be
used to provide a complete description of the surface structure, The
algorithm doscribed below, using only a limitod amount of information and
processing each item in the sontence only once, docides how many decp
structures (kevnel sentonces) thore are in a sentence and what are their
surface structure correlates, For oxample, at the end of this stage - the

surface structure analysis — the senteonce The boy standing on the corner

leughed will have boon divided into The boy laughed and .., standing on the

corner, Moreovor in the course of making thesoc decisions The boy will have
tontatively been marked as a noun phrase subjoet and the deletion of the
subject in the second eloment will have beon detected, and laughed and

starding on the corner will have tentatively beon marked as vorb phrase

predicates. This output is the input to the deep-structure analyser among
whose tasks is -  roconstructing the deleted subject of the constituent
sontonce and fitting tho constituent senteonce into its right position in the

matrix sontence,
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The action of the algorithm may perhaps most easily ke described by
giving a coupie of very simple examples, It must be borne in mind that
those examples are intended purely as illustration, so that a great deal of
the dotail has becn suppressed, At dmost overy stage, for instance, the
algerithm wo ave currently using takes into account more possible predic-
tions and essignments than are adually shown in the oxamples,

The elgorithm works by assigning to every word in a soentenco a
mark, which indicates in somo sense tho position of that word in the syun~
tactic structurc of the sentence, The assignment of a mark is the fulfil-

ment of a prediction, Thus, suppose wo have available tho following marks:

( denoting the start of a subject

) dencting the start of a vorb (and honce the ond of a subject)
> denoting the start of an object

+ denoting the continuance of a noun phrase,

Then we may mark the sentence The girl likes tho sailor as:

{(The +girl Ylikes >the +sailor
Each woxd has been assigned a mark, and the marking indieates the surfacoe
structure of the sentenco, namely, one subject, one verb, and onc object,

Two minor details may be montioned here, First, no account is taken
of such orthographic foatures as capital lotters at the start of sentonces,
or of abbreviations ended by & full stop, Socondly, certain eolements of
punctuation may be trcated as words, in the sense that they may create new
predictions, terminatc certain current analyses, or even be assigned a mark,
It turns out, for instance, to produce a pleoasant symmetry in the algoithm
if we have a mark, say |

XX denoting tho end of a sentence

which may be assigned only to some such punctuation symbol as a full stop.

Thus, roforring to tho oxamplc above, the analysis would yield in
fact

{ tho + girl ) likes > the + sailor XX .
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where we note now i) the absonce of an initial capital lettew
and ii) the agsigamont of a mark to the full stop,
Let us now follow through the analysis of this sentencoe,

The progress of the analysis is controlled by a prodiction treo and

recorded by an anclysis troc, We shall speosk of the top level of both

troos, meaning that level noarost the tep of tho page in diagrams; even
though, as woe shall seo, the gnalysis treo ‘grows’ upwards while the
prodiction trec ‘grows' dowawards, Initially, tho snalysis troe is ompiy,
but the prediction troc contains the two symbols XX {ond of scatence) and

{ {staxt of subject),

o e

E(J <~ inmediate predictions
L
i3
i
analysis  prodictions {0)

Tho top level of the prediction treo contains the immediate
redictions, which aro marked on the diegrams by a small arwvow, The
sentonce is now read in one word at a time, and the two troes ave modified
according to the words encountoroed,

in the sentence wo are considering, tho first word read in is the.
Tho immediate prodictions are surveyed, to soce which of the marks thoy
prodict may be hung on to this word. The only prediction on the trooc is
thet of ( , and this may, by the rules of tho algorithm, be appiicd to the,
so this assignment is made, The assignment of a mark results in a modifica-
tion to the analysis trec, the mark assigned being added on at the current
lovel to thoso analyses which lod wp to the prediction just fulfilled, {(A4s
we shall see later, mowe than onc possible analysis may wresult in the samo
immediate prodiction,) In the prosont instanco, only onc analysis led fo
our prediction, snd the analysis trec bocomes

{Z:] tho
analysis (L

The assignment of a mark also olters the oprodiction troe, the par-
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ticular alteration depending ow the particulay mark, When ( is assigned,
the offect is i) to wremove it fzom tho prediction treo
and ii} to put in its placoe )

This corresponds to the idea that (roughly spoaking) overy subject
has to havo its verb with it in the sontonce,

Ono further modification to the prodiction trec is also necossary:
the word the cannot be a noun phrase by itsolf, so that it is imperative
that thore be at least one continuation woxd, We show this by making the
add to the prediction trec, as an immediate prodiction, the mark + , Tho

prediction tree thexefore is now

<~ immediate predictions
=

prodictiions &5)

The noxt word oncountercd is girl, The soarch through the
closed-class dictionary will not find this word, so all that is known about
it is that it is an cpen-class item, Tho only immediate prodiction is + ,
and as tho rules say this mark may bo assigned to an open-class item, the
mark is put on the analysis troe, which bocomes
Eg% girl
1 the

analysis (2)
The effect on the prediction L¥00 of ascipgning thy wmarl + is
i) to leave the present trec, unchangod, as one immediate prediction

and ii) to roemove the mark + from the tree, and promote a copy of whatover

lay boneath it as a second immediate prodiction.
This corresponds to the idea that, in tho absonce of furthor information, a
‘continuation' item may be the last cloment in its noun phraso, or, on the
other hand, that thore may be more 'continuation' itoms to come, Wo

notice, howevor, that in caso ii) above the word to which the + has been

assignod, namely girl, is an unmarked open-class item, and the last itom of




-
e

its noun phrase, so that the noun phrase is singular if this analysis is
correct, On promoting the } , thewvefore, it is givon a suffix to indicate
that any verb to which it ig assignod must also be singulaz,

Thus the prediction itrco has now bocome

T;i__‘~_{i£] <~ immediate prodictiouns
il
&

LS

prodictions {2)

Whea the noxt woxd, likoes, is locked up in the closed-class
dictionery, it will be found that it is an open—class item, but thaf,; ualike
tho previous word girl, it is marked with an important onding, namely -s.
Vory roughly, this onding is the sign of a plural noun or a singular verb,
and alisc, a fact of some importance for the algorithm, it marks the end of

a noun phrase. We find, for instance, tho magazmine rack, but not $Ege

magazinos rack,

{At the risk of stressing tho obvious, it would be as well to make
explicit some of the nore necossary rostraints on the generality of the last
paragraph, Fox our purposes, words which end in, say, =ous or ~ss do not

end in =-g: thuc, whille likes may be a plural noun, dangerous or grass may

not, Similarly, words onding with ~s' or -'s are in a differont class
entirely, Tho closed-class dictionary is oxpected to take carc of

distinctionsg as trivial as this, Any real oddities, such as lens or news,

which may both be singular and which, furthormore, do not necessarily ter-

minate a noun phrase - the lons holdor, the nows bulletin, for instance =

are simply listed in tho closed~class dictionary with their peculiaritiecs,)
The immodiaic prodictions are two in number on this occasion (2),
Congidor first the prediction of a continuation, + , This mark may por-
feetly logitimatoly bo applied to any open—-class item, with the offects on
tho analysis and prediction troos described above, Considering the
prodiction tree only, for tho moment, and considoring moreovoer only the

branch with + as an immediate prediction, we sco that tho assignment of the




mark would idansform it to

_‘_1;:)3 <o
) ®

K
predictions (2a)

as before,

This timo, however, the opon-class itom to which the % was assigned
was marked by a toerminal =-s, This means that

i) as romarked above, this itom must torminate its noun phrase if it
has + assigned to it, and thercfore any immediate prediction of yot
ancthor ccntinuation mark can bo immediately declared incorrect;
ii) any noun phrasc that this item torminates is plural, so that a

promoted verb can be marked accordingly,
The intermediate form (2a) of thir part of the prediction twee thorofore is
transformed still furthor, one incorrect branch being removed ontiroly, so
that it bocomoes simply

Pp
X
predictions (2b)

Now considor the altornativo assignmont to this word likes, that of
)Ys, The rules allow this mark to be assigned to an open-class item provided
that this itom is marked by a torminal -s or -ed, and it is clear that the
former condition is fulfilled, This altornative analysis is therefore entered
on tho analysis troe, and tho prodiction troe transformed appropriately., Let
us assume (perhaps the wildest ovor-simplificatioa yeot) that a verb may have
nc objects, one object, or two objocts, ignoring Ffor clarity's sake all tho
complications of verbs which takc one comploment, an object and a complement,
or whatovor, k(For the purposcs of illustration, use is not made of the fact
that doublo-object verbs will be listed in the closed-class dictionary,)
Thon assigning a verb-sign, ) , has the following offect on the prediction

troo:
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i) the verb-sign's succoessors can be promoted to be immediate
prodictions {with, of course, &Q&%ﬁ successors coming up with
thomﬁ;

ii) an immodiate prediction of one object, followed by predictions of
the verb-gign's successors, can be made ;
or iii) an immediate prodiction of ono,cbject, followed by another
object, Zollowed thon by the vorb-sign®s successors, can be made,
Thus, to illustrate, the right hand branch of (2) would be trans-
formed by assigning the )s from
%gg] into E@] ig}

3

&)

(2) (2¢)
right hand branch

To repeat the same thing in a difforent idiom, wo may visualisc any
immediate prediction as the top of a2 pushdown list of predietions, The
offoct of assigning ) is to pop it off the top of the list, and thon to
continue predicting with the throe lists produced by pushing down no, one,
or two object predictions onto the rosult,

The comploto picture after all possible assignments to likes have
been madoe, thorofore, shows that we have two current analyses and four
immediato prodictions,

1 2,3,4

Ds]  1ikes L_);pi«—{g » <~

girl ]XXI
the 1
analysis (24d) prodictions

Wo notico tweo things, First, wo must keep track of which analysis
led to which prediction chainsy This is shown on the diagram by the
numbors above the analysis tree and below the prediction tree, The
numboring and tho correspondence must be updated whenover an assignmont is

made, if at the end of the sontence we are to bo able to unravel its




analyses, and not wmowely to aaswer the question Yig this sentonce grawmms-

Socondly, we notice that two immoediate predictions are the same,
When thig happens, tho similar predictions arve conflated so that the next
ward nced only be tested once to geo if this perticular mark may be epplied,
in othox woxds, although an ambiguity in an carxlior part of tho sentence nmay
have given rise to two or move analyses, if the prodictions become the same
again at some stagoe, thon the analysis of tho rest of the sentence is only
done omce, W2 focl that this models human behaviour fairiy woll, Suppose,
for example, we come across a sentenco beginning:

If the giyl guides fish in my ziver, then ...

How it scoms highly unlikely that the analysis of whatever follows then
shonld be influenced by which of the two (or perhaps more) possible syn-
tactic anslysoes is choscn for the first clause, Whether little Bva is going
to stoer hor pet goldfish, ox whether 16 Troop are going poaching, becomos
irrelovant for syntactic purposes once the couma comes along, This is
nodelled in the algorithm by the fact that the prodictions would become the
same at tho comma fox bhoth possible previous analyses, so that they could
bo conflatod into ono proediction, which could then be carried on and matched
to the rost of the sentonco,

It should go without saying that, in the full algorithm, mere
identity of predicted mark is not a sufficient condition for tho conflation
of two predicticneg, Howevor, in the extremely simplo case we are con-

bo sufficient, and we may conflate the two immediate

sidering, this will
obicct prodictions of (2d4), The subszdinate prodictions of these two
impediate predictions would also be conflated if this wero possible, but it

is not; so that we arc left with altornative predictions one levol down;

instead of at tho immodiate level,
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enalysis {3 predictions

Figure (3) therefore shows the state of the analysis and prediction trees
immediately after tho woxd likes has been processed,

The sccond the of the sentence is now oncountered; and each of the
immediate predictions is chocked in turn to see if it prodicts marks
assignable to this word, It is clear that the first two immediate predic-
tions fail, as the definite articlc is not a plural verb and therefore it
cannot teke )p, and similarly it cannot take the mark XX, which is assign-
able only to a full stop,

The third immediate prodiction, that of an object, is, however,
more successful, as tho rules allow > to bo assigned to Eﬂgg The offcet of
assigning this objcct mark is simply to remove it from the tree, and to
promote its successor or successors te be immediate predictions, As we
noticed above, however, the word the puts a continuation symbol, + , on the
prodiction tree, It is clear that this symbol would noced to be added in
front of a1l the nowly-promoted immediate prodictions, and then, of course,
by the principlss outiined already, all these predictions of + would be
confliated, In other words, the righit hand branch of (3) may be visualised

as being transformed through the following stages:

";3\” <= \® —{) <=

“?;3 by aggignment Y
et of > to ~
(]
and then because of i:q . L
the to L__
L8 xgi I>
and finally by ti; <=
conflation to \M~
X | >

(32) b4
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n fact, of course; we proceed straight from the initial to the final state,

Vhenever an immedizte prediction camxmet be fulfilled {as, fow

example, when )p cannot be sssigned to the), then the effect on the preo—

successors, if it has any, are removed fxom the tree. As no mark is
assignod when a prediction fails, nothing is added to the analysis tree.

In the case wo are considering, when > is assigned to the, this is
a fulfilment of prodictions 3 and 4 (scoe the numbering of fig, {3}, and
therefore, as wo have mentioned earlier, this mark iz added at the current
lovel of the analysis tree to those analyses {in this case there is in fact
only cone) which led to thess predictions, Prediction 1 failed, so no mark
iz added to that branch of the analysis tree which led to this prediction.

The new predictions and analysis tree are now renumbexed, to enable
us to keep track of the various analyses, and the result is that after the
second tThe of our sentence the analysis and prediction trees loock like this:

1,2

{2} the [%ﬁ Lo
E{} Eﬁg likes L%SN\\“\ng
Kj the 2
analysis {(4) prodictions

The last word of the sentence, gailcr, is now read in; and it is
discovered after secarching the closed-class dictionary that the word does
not appeair there, and is therofore open—-class and unmarked, To such a
word the symbol + may be assigned, and therefore the sole immediate
prediction can be fulfilled,

Assigning the mark + has the effoect on the prediction tree already
doscribed, namely that the present branch of tho treose is left unchanged as
one immedigte prediction, and that the successors of tho mark + are
promoted, in this case, as there are two immediate successors, to form two

rew imnediate prodictions, There is no verb mark, ) , among the suocousons,




g we bhave no need to do apy suifix

The assigned mark is added to the

ing.
snalysis tree in the usual way, zo that tho two trees are now:

1,2,3,4
Tl sailor Ty B > <=
E""‘!’-A i ‘J_\\\"" ' :
i1 the X )

1>} |

: Ds likes Eg] 4
f”/// girl %

KJ the

analysis (5) predictions

Finally the full stop is read, which means that the end oi the

gentence has been reached, The only mark that may be assigned to a full

stop
maerk

this

ig the end-of-sentence mark X ; and therefore predictions of any other
fail, The assignment of H is vopresented in the usual way, by adding
mark to the appropriate branch or branches of the analysis tree,

The effect on the prediction troee of assigning this mark is simply

to remove it from the tree (no prodictionz are made beyond the end of the

current sentence), and, as all predictions which fail are also removed from

the tres; it is clear that when a full stop has boon encountered and dealt

with

path

the prediction trec will be empty.
The analysis tree, on thoe other hand, will now be complsete, and any

through the tree which starts at tho bottom and extends up to finish

with the end-of-sentonce mark X will roproesent a possible analysis of the

sentonce, In the oxample we have been considering, for instance, the

anslysis troe onds up looking like this:

:
i+ sailor
L*j

>1 tho

likes

girl

the (6)

and it is cleax that the only possible analysis of the given sentenco is
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{ the + girl Ja he 4+ sailor .
Branchos of the analysis tyes which do not oxtend all thoe way up to the top
lovel represent tentative pawrtial analysos which had iater to be abandoned,
At present these aye rotained on the tree in order to be able to follow
more easily the working of the algorithm, but there is clearly no strong

roason for rotaining them if working space is short,

A second brief oxample may holp to make clecar what happens to the
analysis trec when wo analyse an ambiguous scentonce (syntactically ambigu~
ous, anyway)., Consider the sontonce

ftho girl guides fish,

it is clear that the analysis of this sontonco will procood exactly as the
snalysie of our provious example, up to and including the woxrd guides
(which, as far as wo aro concerned, is cxactly tho same as likes, being
simply an cpen-class item markoed with -s). Thus, whon tho first three words

have boon dealt with, the analysis and prodiction trees will be; as before,

1 2:3:4 ‘

- i . - [E— 4 ...,_...r——‘ S
M e BER
tﬁ}’“ girl b4 g E§§§ E;l
i tho ! 3

-

3>

This timo, however, whon the word fish is encounterod {an unmarked
open—~class item), we find that two of cur predicted marks may be applied,
namely J)p and >

If )p is assigned, thoen this mark is added to the left hand branch
of the analysis treoo, as it was this branch which lod to this prediction,
as we can tell from the numbering of branchos and prediction chains, Wo
may agein simplify, as we did before, and say that a vorb may have no, one,
or two objects, so that the left hand branch of the prodiction troes is

transformod; after one cenflation, to
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M cennot be assigned to fish, so tho middle proediction fails. 7The symbol
> way be assignod, however, in which casc this mark ia added to tho right
hand branchk of the analysis troe (that branch which led to tho prediction

>}, The assigumoni of > fto an uvamarked opon~class item alter

the

s
()

prediction treo by
i} promoting the succossors of the > to bo immediate predictions j
and alec ii) meking an immediate prediction of + ; with the samo successowns
a3 the > used to have,

This corresponds to the idea that an unmarked copen—-class ilem nmay
ba oither a complete objoct; or simply the fivst word of & noun phrase
which ig the objoct. (This complication did not arise in the previous
example as the ingists on at loast ono suceessny,) Thus the right hand

branch of (3) bocomes

I3
i) rL“
iy (7%0)

The new prediction troe is formod by joining (7a) and (7b) and then

confliating, Notice that as the chain
I

ot

i3
LA
/M
3
H

&

ig ecommon %o both parts, we mey conflate, and vopresont it only oance, This
time we seo that the same prodiction chain numboer may occur more than cneo
on the analysis tree since, evidently, move than ono method of analysis has

.

resulted in the same prediction chain {after zsonflation of the predictioy

Py

e

tree). The two troes arc now
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Once again, eoncountering tho full stop makes all prodictions fail
except That numbered 1, Ve see, however; that this iime the mark IX was

predicted from both branches of the analysis tree, and that therefore the

branches, As always aftor o full stop the prodiction iroce is ompty; and
st the ond of the sontence the analysis treo hasg bocomo

E

(3] ;f] fish

iFﬁ jﬁé} guides

E; girl
] tho ()

Notice that no attompt is made to conflate the top of tho analysis tree; as
this would make tho soparsite analyses impossible to uniangloe,

- Now ag any path from the bottom of the analysis tresc up to the
ond~of-sontonce mark X roprosonts a possible analysis of the senience, we
sco clesarly that two analysoes have boen preoduced for our presont cxample,
in other words, that the sentence is syatactically ambiguous, The two
anslyses arc

( the 4+ girl 4 guides )p fish XX ,
and { the - + gixl Y8 guidos > fish X
It will be apparont that the algorivhm produces simuiisnuously all

possible analysos of any ampiguocus sentence,

It is cloarly ossontial that tho algorithm should be able to doal
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not only with such simple seutences as those we have so far considered,
but also with seniences containing more than one deep structure, However,
it is not the task of this part of the total model to do mowe than
analyse the surface structure of the incoming sentence, After this initial
pass, 8 second stage deep-siructure analyser will be required to disentangle
the surface structure, pow signalied by the marks assigned in the first
stage, To discover the transformation or itransfcormations used in the con-
struction of the sentence,

Once again, to show how the slgovithm works in the case of a
sentence with several deep structures, it will be simplest to work through
one or two examples.

Coansider first the sentence The sailor who kisses hexr is handsome,

This wo would mark as:

{ the + sailor { who 1 kisses > her ) i3 = handsome X ,
Several new marks have been used in this exzample; and we stzrt by oxplaining
them,

[ , like ( , denotes the start of a subject, with the difference
that [ brackets the subject of an embedded clause, The meaning of this is
almost self-evident, an embedded clause being in some sense buried inside

ancther clause or phrase; as Who kisses her is buried inside the subject

the sgilor who kisses her in the above example,

] is the closing bracket corresponding to [ , as ) corresponds to (

= denotes the start of a complement,

As before, the terminology we are using for this simple demonstra-—
tion of the algorithm is being applied; and should be interproted, faidy
lousely, The only exact statement of the algorithm is the program defining
it, and any other account, particularly a highly simplifiod one such as
this, must of necessity leave much to be desired where rigour and exactitude
are concernoed,

Another mark which wo shall shortly require is

¢ the null mark,




This merk is gpplied to certain woxds, for cxomple prepositions and
conjunctions; which have not been predicted but which themseives create

predictions, For example, if we have a sentence which begins In the morning ,.

there is little to say about the position of in in the sentonce structure
oxcept that it happens to occur where it does ; this word would accordingly
be assigned the null mark, This is not to say, of course, that no action is
taken on discovering this word, On the contrary, the finding of a preposi-
tion would cause the prediction tres to be modified in an appropriate way,
so that the analysis of tho rest of the sentence would, as it clearly must,
proceed quite differently from the way it would proceod if a prepcsition
had not beon found,

Returning to cur oxemple, it will be clear that analysis of the
first two words proceeds oxactly as in the previous casoes discussed in

detail, so that when tho sailor has been read, the analysis and prediction

g
+1 sailoxy
 ({ tho ;

tyroes aro:

(]

i+
" ~
0
A
i

=

(2)

{(Remember that sailor and girl are oxactly oquivalent as far as our

glgorithm is concerned: both arc simply unmarked opon-class itoms.)
The word who is now encountored, and the effect of this on the
prediction tree is as follows:
i) any prodiction of a continuation sign, + , is made to fail (that
is, the part of tho tree starting with this prediction is remcved)
ii) the mark [ is assignod to who, and the merk ] made an immediate
prodiction, its successors being all that is left of the
prodiction tree after the deletions specified in i)
iii) the null mark ¢4 is assigned to who, and the mark [ made an
immediate prediction, with the remaine of the old tree for its

successors just as in ii) above,
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These modifications to the prediction tree are mads in accordance
with the following notiouns, First; no noun phrase can have q rolative

claouse ombedded in the middle of it (*the twuck which was a ?ig one driver ,,)

so that when a relative pronoun is found any predictions of a continuation
of the noun phrase must Fail, Socondly, there is a type of relative clause
in which the relative pronoun is the subject of a following verb, as, for

oxample, the girl who hit the boy, and in this case we want our subject

brackets, [ 1 , to be round the pronoun; there is alse, however, a type of
relative clausce in which the relative pronoun is an object of a following

voerb, ac the girl who the boy hit, and in this case it must be predicted

that the subjoct will come along later, To these cases correspond modifi-
cations ii) and iii) to tho prodiction tree,

Thus; in the oxample we are considering, after who has been dealt
with, the two trees look like this:

1 2
Eﬂ rho

sailor

the

(10)

Tho next word read is kisses, which would be found to be an
open~class item marked with -s, in other words, as we have seon bofore, a
plural noun or a singular vorb, Either of our two immediately predicted
marks may therefore bo assigned to this word,

Assigning ] has oxactly the same effect on the prediction tree as

assigning ) , that is, it predicts possibly no objects, possibly one

object, or possibly two objects in oxactly the same way, The left hand

branch of tho prodiction tree, thorefore, after the usual conflation,

ysi—1{>] <~
2B

becomes

(102)
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On the other hand, assigning [ to & word is not quite the same as
assigning ( . Tho effect of this assignment is, in fact, tq remove [ from
the tree and to put in its place ], just as the effect of aésigning ( was
to romove it and to put in its place ) ; but on this occasion we must also
add a suffix, r, to the verbal bracket ] . The reason for this is evident
if we look back a couple of pavagraphs to where we discussoed tho effocts of
the word who. It was explained there that the assignment of ¢ fo who and
the prediction of [ were the results of predicting the relative clause b
be the kind in which the relative pronoun is an object of a following verb.
It is this following verb to whih wo are going to assign the verbal bracket
1 , and the suffix » is added to the bracket to indicate that the verb has
had, in offcct, on® of its objocts already., This now means that when lr is
assigned, the possibility of there being two further objoects for this verbh
need not be predicted; there may be no further objoct; or one further
object, but if thore were two, this would mean that, counting the relative
pronoun as woll, the verb would have had in all throo obkjects, which (on
our simplified assumptions) is not possiblo,

e notice also on this occasion that [ is assigned to a word marked
with -3, so that

i) there can be no continuation to this noun phrase, that is, no

immediatc prediction of + is necessary
and ii) the vorb of which this word kisses is to be the subject can be
immediately marked as plural,

Tho right hand branch of tho prediction tree (10) thorefore becomes

(10b)

The complete analysis and prediction trecs are now:




kisses
who
sailor

the

(11)

The analysis of the rest of the example follows very swiftly, as
both her and ig will be found on locking through the closed-class dictionary
to be wovrds which can only play a very limited set of rolecs in the syuntactic
structure of a sentenco,

When hor is road, the immediate predictions aro )s, >, and Irp, and
it is immediately apparent that only the middle prodiction succeeds, as her
is certainly not a verb, Moroovor, whon the cobject mark > is assigned to
hor, it is necossary to make the same predictions as if > had been assigned
to an unmarked open—class item, namely

i) to promote the succoessors of the > to be immediate predictions

ii) to roplace tho > by +

Casc i) deals with the instances wherce her is an object pronoun,
as in I like her; and case ii) deals with the instancos where ggg is a

posgesgive — I like hor now hat,

The treos become

1B%§ 4 her )s > 11+ ] <=
kisses XK l%s )s >
who i Yyx Lg&_ Ya
sailor 2 3
the (i) 4

Nothing has boen assigned to the right hand branch of the analysis
tree, bocause prcdiction 4, the only result of this line of amalysis,
failed,

Is can only be a singular verb {(again it is the function of the
closed-class dicticnary to toll us this), so that, reforring to tho current

prediction tree in diagram 12, all predictions oxcept number 1 will fail,




[
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with the result that thoy and their successors are romoved from the troe,
Unliko an ordinary verb, however, tho verb to be doos’not have the
possibility of taking no, one, or two objects, Instcad, simplifying as
oxtravagantly as ever, we may protend that to be must be foliowed by one and
only one complemont, ©On this assumption, it is ocasy to see that the assign-
mont of )s to is rosults simply in the roplacoment of )s on the prediction
tree by = , the complement sign, When, thorofore, the word is in our oxample

has been processed, the prediction treo will have ccllapsed down to the

Lom
& o

The last word of our sentence; handsome, is an unmarked open-class

single set of predictions

item; and may, by tho rules of tho algorithm, be marked with the complement
sign = , The effeet of assigning this mark to such an item is exactly the
same as if the mark were > ; the mark is removed and its successors are
promoted to mako ono set of immediate prodictions, and the mark is replaced
by the continuation symbol + tc make another immediate prediction, Thus
immediately bofore the full stop in our present oxample is road, the pro-
diction treo is

gzggk £ <=

L2 (14)

Tho full stop is now oncountercd, and only the left hand prediciion
succoceds, Sinco we last displayed the analysis troc in diagram 12 we have
assigned to it in succossion the marks )s , = ;, X , At the ond of cur pass

through the sontence, thercfore, the completeo analysis tree looks like this:

(15)
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and the seontence has a unique anglysis, namoi} the ono shown at the
beginning of the example:

{ the + sailor [ who 1 kisses > hor )s is = handsome XX ,

It will bo truoe in general that any sentence which iz marked with

more than one pair of brackets will contain more than one deep structure,
(The roverso is probably, but not nocessarily, true also,) It doss not
follow that because a sentence has an unambiguous surface structure it will
also have unambigucus deoep structure, For instance, our surfacse structure
analyser may discover that a particular sontence contains a roelative clause;
but it gives no indication of which noun tho clause is apponded to, Thus,

in an example such ag I saw many things at the house which I had never

noticed bofore, tho surface structure is probably unambigucus, but we cannot

be really coertain whethor the relative clause belongs to things or to houso,
Ih tho oxample we have just workod through, the interplay botwoen
the wourds of the sentence being analysed and the prediction trece is becoming
more evident, We have seen how the marks assigned to a word indicate its
position in the syntactic structure oi the sentenco, and now we have also
seon a couple of oxamples of tho way in which a particular word may modify
the preodiction tree in a particular way, roeficcting the roles which we know
that the word is capable of playing, In our Full algorithm, words such as
the and who mako more important and complicatoed changes to the prediction
systom than we have shown thom making hoere, but novertheless, we have given
some Hea of the way in which their grammatical possibilities are all taken

into account,

Finally, 1ot us considor as an coxample a sontence very similar to
the one we have just analysed, VWeitten out with tho analysis wo shall
derive for it, it is

( the + sailor ¢ who [ she 1r married )s is = happy XX .

This sentencoe contains the second kind of relative clause mentionod
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above, where the relative pronoun is an object of a following verb,
{Pedantry would insist on 'The sailor whom she married ,.. ', but we are
sure that, at any rate in spoken English, the form with who is by far the
more common,) We shall skip briefly through the analysis of the example,
starting immediately after the word who has been analysed, when the
analysis and prediction trees are in the state shown above and repeated

here as diagram 10,

who
sailor

the

(10)
The left hand prediction fails, as the closed-class dictionary
indicates that ghe cannot be a verb, The right hand prediction succeeds,
however, and we note that if [ is applied to she, then the corresponding ]
must be marked singular, The new prediction and analysis trees are now

formed, (Remember that a suffix r is necessary on the 1,)

she
who
sailor

the (16)

Married is an open-clasgitem marked by a terminal =-ed, so that it
may perfectly well be a singular verb, and the orly immediate prediction,
of lrs, is therefore successful, It is now that the suffix r is taken
into account, for on assigning lrs to married only the predictions no
objects or one object are made for this verb, and nct the usual no, one,

or two objects, The two twees therefore become




[y
4]
s

married

she <=
who

sailor

the (17)

The analysis of the rest of the sentence proceeds almost exactly

as in the previous example; until we end up with the analysis tree

| happy
is
narried
she
who
sailor
the (18)

showing that there is one analysis of the sentence, namely, that written

out at the beginning of the example,
Now the important point about this sentence is that we do it very

litvle damage by omitting the word who, The sailor who she married is

happy and The sailor she married is happy manifestly have almost identical

surface structures, 1If, however, we tried to analyse the second of these
two sentences using the simplified algorithm we have described so far, we
would arrive at the woxd she with the following prediction tree (taken

from diagram 2)

x| (19)
and it is at once apparent that ghe cannot be marked with either of the
immediate predictions, as it can neither comnfinue a noun phrase (*z blonde
she) nor be a verb, Thus the algorithm would fail to analyse the sentence,

which would be a pity,




We therefcre say that, in cortain circumstances, the mark [, that
is the start of an ombedded subject, may be self-predicting, fThe tern,
while perhaps something of a misnomer, is nonetheless sufficiently clear,
the implication being that a situation has been reached whic@ was always
possible, but which we had no grounds for predicting at any particular
moment, Another way of solving this problem would be, of course, simply
to add eamch of these 'possible but we don't really know whether it will
happen now' predictions on to the list of immediate predictions in the
usual way, but in fact we prefer the system with self-predicting marks for
two reasons, The first is simply that the amount of computation necessary
is less if we do things like this, The second, and more important reasomn,
is that it seems on the whole to be a better model of human behaviour,

For example, one noteworthy class of self-predicting items is 'time-words',

If we hear a sentence which starts If you see Fred tomorrow ,.., it secems

to us unreasonable to say, or to imply in our model, that we in any sense
predict the word tomorrow, It was certainly always possible that it would
come along, and we would not be checked in our analysis of the sentence by
encountering it, but it was really not a possibility that woe bothered about
until we actually heard the word, This is very different from the way in
which, having heard If you ,.,, for instance, we are definitely predicting
the occurrence of a verb for this clause,

Returning to the case of the self=-predicting embedded subject, we
see that, unlike a time word, say, this cannot occur at almost every
position in a sentence, but only in certain positions, Very roughly, when
a noun phrase is ended; the possibility of ombedding is 'turned on', and
when next a mark is assigned, the possibility is 'turned off' again, (In
fact the question is very much more complicated than this, and the
possibility of cmbedding depends in a complex way on, among other things,
the determiner at the beginning of the noun phrase,) We may oxpress this
possibility in our much-simplified examples by adding E immediatoly above
those immediate predictions which may be proceded by a self-predicting [,

(Notice that not all predictions are forced to be in the same E/not E




state, since we may, for instance, have derived some of the immediate
predictions by assigning a verb mark to a particular word, thus removing
the possibility of embedding, whilo the other immediate predictions may be
the result of treating the same word as a noun, leaving the ﬁossibility of
embedding open, )

The possibility of embedding or cther self-predicting forms is
controlled (in our full algorithm) by a collection of flags associated
with each immediate prediction, and these flags are amohg the factors
which have to be taken into account before two immediate predictions of
the same mark can be conflated,

I we now roturn to cur example The sailor she married is happy,

wo soo that the prediction treo after the word sailor has been read,

allowing now for ombodding, will look like this:

(20)

The left hand immediate prediction arose from considering the
sailor ,.. to be tho first two words of an incomplete roun phrase, On this
assumption, therefore, tho noun phrasc has not yet ended, so that no
embedding is possible, On the other hand, the right hand immediate pro=-
diction arcse from taking sailor to bo the last word in its noun phrase,
A noun phrase has thorefore been finished, no mark has subsequently beon
assigned, and so ombedding is possibloe,

Now when sho is read, an attempt must be made to assign to it not
only the marks + and )s, but also [, just in case it turns out to be the
start of an ombedded subject., In this case, of course, only the [ fits,
Assigning a self-predicting [ has exactly the same effect on the two
trces as if the mark had beon predicted in the normal way by a branch of
the prediction tree which had [ for its immediate prediction, and all the
marks with a superposed E for its successors, That is, the case above

works just as if (20) had in fact been
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Thus, after [ has boen assignod to she, the analysis and prediction

L she <=
+ sailor m

(] tho - (21)

From hore on the analysis of the rest of the sontonce follows exactly as

trooes are

before, so that we end up with & unique analysis

( the + sailor [ she Isr married )s is = happy XX ,
{An observant reader may have noticed that this is not, strictly speaking,
the first time we have encountered self-predicting marks, When woe dis-
cussed who earlier, we said, ameng other things, that it was to be marked
with either [ or ¢, even though, in fact, noither of those marks was
available on the prediction tree as an immediate prediction, It will now
be rocognised that we were able to mark who thus simply because it is, in

offect, the first word of a 'self-prodicted' ombodded clause,)

This nust conclude our brief account of tho algorithm we use for
analysing the surfacce structuro of an input sentonce. It cannot be
stressed too often just how over-simplified such an account must necessa~
rily be, Many important featuros of tho algaithm have not been montioned
and no attompt has beon made to doscribe exactly oven those few features
which have been mentioned, Most important of all, no effort has been

made to describe the sccond-stage deop—~structure analyser,
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There is an intevesting extension that can be made to the program,
For the reasons given above words like boy and laugh are not entered in
the dictionary employed in the analysis procedure, which means that no
form class information is supplied by the dictionary look-up routine for
these words other than that they aro open~class items. But using informa-
tion derived from the analysis the program can, so to speak, learn that
boy is a noun and laughed a verb and can, in effect, construct for itself
another dictionary - an open-class dictionary -~ in which this information
is sgtored, This can be shown in an oversimplified fashion as follows,

Take the sentence The boy laughed, Tho dictionary look-up rcutine trans-

lates this into the string Definite Article, Open-Class Word, Open-Class

Word - the being the only word contained in the closed-class dictionaxy,
A seoarch of the syntax with which the analyser is supplied indicates that
the sentence must comprise at least a noun phrase and a verb phrase and

that one of the expansions of Noun Phrase is Definite Article + Noun,

This, in fact, is the only one which could have figured in the generstion
of this particular sentence since any roewrifing of Noun Phrase involving
more than two symbols would leave no symbol for the rewriting of Verb
Phrase, From this it follows both that boy is 2 noun and laughed a verb
- a hypothesis that is confirmed by the discovery that the latter incor-
porates a verbal inflection,

Notice that in many instances during the early stages of running
the program it is inevitable that incorrect ontries will be made in the

open~class dictionary., Given the sontence tho cat adores fish, two

analyses will boe produced ~ the desired analysis and one in which the cat
adores is taken as a noun phrase on tho analogy of phrasoes like the boy

scouts, Adores will thorefore boe entered tontatively both as a verb and

a noun, But after a while an automatic correction routine can be run on
the open-class dictionary which, for example, discovers any word which has
been ontered as being both a noun and a verb but for which, while thore

have been unambiguous instances of its being labelled as a verb, no casocs
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have been found in which it has been labelled as a noun without at the same
time an analysis being produced in which it has been labelled a verb, In
this case the dictionary entry for the word is modified by the deletion of
the label noun, If at a later stage the same sontence is submitted for
analysis two analyses will again bo produced, But now both analyses can
be checkod against the open—-class dictionary the program has itself con-
structed, If tsking the sentence as ambiguous means troating one of the
words as a part of speech differont from that the dictionary records it as
belonging to, this is sufficient roaseon for dropping this analysis, GCiven
an analysis of a sentence in which every word functions as the part of
speech as which it usually functions, we are unlikely also to rocognise
another analysis for the sentence in which one of the words now functions
in an oentirely uncxpected way, For oxample, no one is likely to take the

sentence Jobn laughed as an imperative, on the analogy of a sontence like

Bring water, since this would involve taking John as a verb while thowe is
a perfectly acceptable analysis of the sentence in which John functions in
the normal way as a noun, By making the analytic procedure and the
open—~class dictionary arising from it interasct in this way, as the
opon~class dictionary using the information produced by the analysis im-
proves so too will the analyses produced,

Following out this procedure it is possible not only that the
program can learn that boy is a noun and laugh a verb, but that laugh is
en intransitive verb, But if the progrem is to acquire all the informa-
tion the English speaker has about those words, it is necessary also that
it should know that koy, for oxampie, is a concrete noun and an animate
noun, It is possible that this kind of syntactic information too might
be automatically derived, For this to happeon, however, it would first be
nocessary for information about syntactic features actually to be supplied
for certain words, Say, for example, we include in the original closed-
class dictionary tho word surprise plus the information that it is a verb
that must always teke an animate noun as its object, Then when the sen-

tonce The boy surprised the teacher has been analysed the program will
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learn not only that teacher is a noun but also that it is an animate noun,

If the next sentence to be analysed is The toacher laughed, it will now

learn that laugh is the kind of verb that csn take an animate subject, In
this way the coriginal information concorning syntactic featgres can be
spread over the whole lexicon, Clearly thers arce many problems here, For
oxample, many verbs can take animate, inaminate and abstract subjects, and
tho fact that up to a cortain point the program has not encountered an
instance of a verb taking one type of subject is no guarantee that it
cannot do so, lMoreover it is by no means clear which verbs, or how many
verbs, ox oven whether it is verbs at all, that one should choose as the
starting point, Novertheless this leoks like an interesting field for
oxperiment,

Behind the idea of autcmatic dictionary construction lies the idea
that except perhaps in the clear unambiguous cases, like the grammatical
formatives, the process of assigning syntactical informatioh to words
cannot usefully be compared to looking them up in & dictionary: that no
matter how many times we may have heard the word bcy on every occasion we
woxrx out what part of speech it is by analysis, (This, of course, does
rot preclude the possibility of our being surprised when we compare the
rosults of one analysis with tho provious results of analysing the same
word,) We must assume that tho speaker has a complete knowledge of the
language he speaks -~ that is, that he has internalised a completo grammar
of that languagoe, But in diecussing the way in which he deploys this
knowledgo in snalysing sontences it is not necessary to assumo that it
includes rules which rewrite terminal symbels by words., Indeed it nmight

even be misleading to suggest that it does,




Footnotes

(1) It might be argued that since the input to the device ig written
rathor than spoken sentences it would bo better described as a model of

the roader rather than of tho hearer, The fact remains, however, that
there is no roason to suppose that the way in which we omploy our know-
ledge of the syntax of our language in listening to a sentence differs

from that in which we employ that knowledgoe in reading a sentence, On the
other hand there are no grounds for equating the orthographic form of the
sontence with its form after phonological processing, or for assuming that
the phonological analysis of a sontonce must be completed before syntactic
analysis can begin, Theore is, in fact, evidence that suggests that all the
phonological information associated with a sontence is available only after

a syntactic analysis has been imposod upon it

(2) For a full account of the Harvard Predictive Analyser seo Murray E,
Shorry, 'Comprehensive Roport on Predictive Syntactic Analysis', Mathemati-

cal Linguistics and Automatic Translation (Report No, NS7-7, Harvard

Computation Laboratory, Section 1, 1961),

(3) BSee G, H, Mathows, 'Analysis by Synthesis', 10961 International

Conference on Machine Translation of Languages and Applied Language ’
Analysis (H,X.8,0., 1962), 531-539, and ‘Analysis by Synthesis in the

Light of Recent Developments in the Theory of Grammar', Proceedings of

Colloguium on Algebraic Linguistics and Machine Translation held at

Prague, Septembor 1964 (forthcoming),




