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. \;«
'I'he aim of thrs study bas been to extend a general purpose natural language

’
. understandrng system currently being devel%‘ed in thrs department to handle arnbrguitxes of

‘ quantifr(:r scope Quanufxers such as’ "some’ and "every”, and other logtml operators such‘ ‘

AT
as coordrnators negatron and' adverbs mteract wrth each othér, to grve rise to various types of

[N

. ambrgurty-.Such‘ 'ambrgurues are commonly represented in terms of the relative scopes of the

[ . .
- . .

Operators. ’ L 3

lar attention is given in this study to the probléms associated with the logical
representatio % scoping- of in'definite noun - phrases. Evidence is presented that gi‘ving
. , & - .
indefinites a “referential” interpretation cannot”account for their immunity to certain
constraints on scoping. Rather, itis argued that a major distinction needs to be rnade between
the scoping of existential and‘.distri'butive quantifiers.
LN ' .-‘ .‘ \
A scopmg algonthm 1s presented which' generates the set of vahd scoped -readings ofa
sentence and which places these readmgs in an approxnnate order of preferenqe Logically

- redundant readmgs are removed a§\ they are encountered dunng the prOcess of scoping. The

| orderrng procedure makes use of a set of domain mdependent scopmg beunsuos whxch are

. ‘ -based -on mforrnauon about the lexrcal type of each operator and on structural relauons" |
between parrs of operators Sorne general problems regardmg the desrgn of scoping algonthms

are drscussed and some extensxons 'to the current work are suggested
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. _-‘Chapter}/'-“. ‘ - e
e / ¢ ) . : ‘ , N :
Quantifler Scope Ambiguitles B

Quanuf ier scoptng is a method of dél.mg with a class -of: ambtgutttes created” by the

mteracuon of qum‘ttfners with each oth and with. certam other logrcal operators such as

coordtnators negauon and adverbs Some examplec of the, drf ferent types of loglcal operator ‘

: whlch are frequently encountered i the Enghsh language are ltsted in Table 11 ! The

oot

ambtgumes whrch result - fr e ‘tnteractton of' such operators have tradltlonally ‘been

-

LT represented in terms of the 7attve scopes, of the operators In the sectton which follows -
. some examples w1ll be gtven hich lllustrate the types of ambtgutty whrch can occur and the
usef ulness of the scopmg t;énahsm in representmg them.

R . \

In the lmt1al logrcal translauons of English sentences used in tlus study some operators such '
“as those correrspo ding to verbs and connectrves are already scoped . anq thetr posmon in
the logtcal form- 1s therefore f 1xed Other operators most notably quantlf jers and
coordtna:jﬂare unscoped and therefore need to be moved into thelr final posrﬁbns At the

 present

e, the first four types of operator in table 1.1 are treated as unscoped ro o ‘l

&

n L +

Quanuﬁers ~t. . some, every, few, ...

1
2. Coordinators - -: .- . and, or
3.Negation . ~° : not C e ‘
. 4, Temporal adverbs  : sometimes, always, ofien, ..
- 5. Other Adverbs - ' : . probably, quickly, ...
6. Adjettives " : . probable, posslble
7.Temse .~ : .. PRES,PAST,.
8. Aspect 1., PROG, PERF, el
- 9.Modals . U ' can should; .. .
" 10. Verbs. 1. seek, believe, say, .. L

L »Connecuves, EENE R lfthen aﬁer because

. Table 1, Some Logical Operators in English- _




S
1 1 Examplés Of_ ‘Scope'-Anthi'guiti‘es‘ : | | : L .

A srxnple ambrgulty 1nvolv1ng tvg) quanufiers is shown in. (l) followed by the two

LY

_standard scoped readrngs in (2) and (3) The readrngs are represented in' an mformal frrst I

,

't - ordcr predicate logic (FOPL) wrth restncuons ‘on quanufiers )

(l) Everyone loves somegne ’f
7 (2) '(Vx:pérson (Ey:person [x loves y])) Co
(3) (Ey person (Vx person [x loves ) : o

"
‘. R

o )
1

{ 7)'l'hese two readmgs are by no means uncontroversxal It has been argued by some people that
‘ (3) ts loglcally reduhdant srnc’e it ‘entails (2) and should therefore be accounted for by :
pragmatics (eg Kempgon-—& Cormack 1981) and by others that a. thrrd readmg should be
added m whlch sameone is mterpreded asa referenual" term (Fodor & Sag 1982) Referenual' |

terms are analogous tlxdemonstratrves such as that ‘ B

‘ ’I'he lnteractron between o numera.l quanttfrers introduces at least one or two further ,

ambrgurties In additron to the two standard scoped readrngs of B -

. \
g v

; (4))%; boys kissed three 'girls,
| | T & v
rn whrch the set of boys depends on the grrl and vica versa. there is at least one drstmct

addttlonal readmg urwhrch there is only one set ‘of boys and one of gtrls Kempson & L

K Cormack desenbe two such readmgs the complete group readtng tn whrch each of the boys o

- 3 .-kissed each of the girls and the tncomplete group readrng in whrch some combmauon of the L

y ~boys kissed the gtﬂs An emprncal study by th (1982) suggests that the group readmgs arg m" ‘
- fact l‘avoured over the standard ones for mrxed n_urneral sentences Several of the proposals

}g,iwhlch have been made regardmg the representauon of such readmgs wrll be dtscussed in' "

gy
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chapter two. The logical representation of indefinites used in this study will be described in
.,_sec\tion 3.10." o S oL C.

The mteractlon of quantrfters with verb' neganon and thh coorqmators is shown in
. (5) (7) and (8) (10) respectrvely Example (5) may mean that there is some book that John

drdn t buy (6) or that John bought no books (7)- The two readmgs of (8) should be clear o

. (5) Johndidntbuyabook . T B S
(6)  (Ex:book ~{John-bought x})" S Yo
(7) - ~(Ex:book [John bought x]) . - N
: 8) Everyone likes Pam ot Betty ' ) L
IR (9) ¢vx: person [[x-likes Pam] v [x likes Betty]]) e
(}0) [(Vx: person [x likes Parn]) v (Vx: person [x likes Betty])]

The mteractron of quanufrers with opaque operators is more complex and . lhere is
~ -, evidence that the standard sgope treatment may not adequately cover the drf fegent: txpes of

g ,ambrgurty (eg Fodor 1970 Saannen 1980; Enc 1981) Opacxty is usually. defined by the .

farlure of the subsututmty of expressrons with rdentrcal denotauons ’ For example the

! »

| followmg argument will be mvahd if the ‘owner of the car is opaque to. lohn

(11) John wants fo meet the o_wner of thtscar .
. (12) Bill is the owner of this car N = ey
(13) JohnwantstomeetBrll R RV \ o 1 ‘ ‘ .
v . Lo o ) A v " R
N o PR o o

Indefinites show similar interactions 'with 6paque operators* Sentence y(14). tontains an |,

. = indefinite msrde an opaque context created by the verb want 'Al'he‘two scoped readings'.ar

‘n i (15) and (19).

(14) John wants to marry a blonde ° . e e E \ - ’
© (15) "(Ex: blonde [John waits [John maswy X)) ”\ -
(16) ,[John wants (Ex blonde [John ' .__)} S

o 'ln,theff‘irst readmg‘ we say that John ho/de an attitude towards a partrcular individual whereas

. . L . . . . . N R e . ¢« R AR L

R ) R e ! . e R ! oo T




"in the second he has only a description "in mind”. Widening the scope of the quantifier

. thakes it "specific” relative to the opaque context it scopes outside.

»

The scoping. of quann(xers with tense is quite smnlar Example (17) may refer to the

Y
girl who is prettiest at the time of utterance (18) or at some ti)me in the future (19).

(17) John will kiss the prettiest girl
(18) (the x: prettiest-girl (will [John kiss x}))
(19) (will (the x: prettiest-girl [John kiss x]))

)

' Quantifiers may scope relative to temporal adverbs, (20) and to other advert$ such as manner

L 4

adverbs (23).

(20) Someone always comes late
(21) (Ex:person (always [x comes late]))
(22) (always (Ex:person [x comes late]))

(23) John quickly lit all the lamps
(24) (John Ay(Vx:lamp {y (quickly (lit x))])]
(25) [John (quickly Ay(Vx:lamp [y (lit x)]))}

. » .
Example (20) may mean that the samé person always comes late (21) or that there is always
someone who comes late (22). Examplq_'(23)."r.‘nay mean that John lit each lamp quickly (24)
or that tﬁc process, of lighting all il}c lamps Qas fast (25). -

N

There is no.general consensus on how the ambiguities shown above should be handled.
. . : A
One somewhat controvcrsial topic 'has been whether sentences contaim'ng mixed quamif iers are

semamlcally ambxguous. meaning thal the, different scoped mterpretauons of such sentences ,

: express dxfferem proposmons or whether the dxfferent mterpretauons should be accounted

for by pmgmatics Thxs question wxll now - be bnefly cons:dered first, in terms of two

comm,gp;y usgd.,tests for ambiguity, and second, iff relation to some recént work in linguistic



1.2 Two Tests for Ambiguity , .

Although there is no universally accepted test for determining whether or not a

sentence is semantically ambiguous.’ a number of tests have been proposed and are at least of
some use in helping to identify different types of ambiguity, Two such tests will be described

e

here, ’fhe first test is simply that a sentence is semantically ambiguous if there exists a context
(state of affairs) in which it may have both a true and a false interpretation (eg. Saarinen
1980). This may be considered to be a minimal criterion for ambiguity since what the test
does is to determine whether or not a senténce can €xpress (wo or more distinguishable

propositions, Probably all sentences containing mixed quantifiers pass this test, even when one

~
of thre readings entails the others. For example,

! .

(26) Someone loves everyone

could be interpreted as true by one person, who obtains the distributive réading, but false by a
second person, who understands the sentence to require that the same, or perhaps a

. -~

particular, person loves everyone.

A more stringem test is the verb phrase anaphora test introduced by Zwicl;)' and
Sadock and used by Kempson & Cormack. (1981) to analyze mixed quantifier senténces. This
test requires that an anaphoric expréssion. such as a\‘ VP pro-form, must 'bc given the same
interpretation as its antecedem. if the antecledent‘i's semahtically ambiguous. This test worl‘cs

well for sentences containing syntactic ambiguities. If

}((27) Mary likes entertaining guests —

)

is followed by "and so does Bill" then the VP pro-form must have the same interpretation as

LY .

its antecedent. A®™the other éxtreme, this test also works well-for cases of clear vagueness

such as.



(28) The painter has donc the sitting-room and the carpenter has 100

t

where a "crossed” interpretation may easily be obtained (Kempson, 1977:130). What this test
does is show whether the different possible understandings of an ~expression can share a
commgn, interpretation. For example, in (28) the common jnterpretation given to do is

\

approximately that it means to accomplish a task.
. ~ }

Sentences having mixed quantifiers appear to be borderline cases, If one of the

readings entails the other, as in

(29) John thinks that everyone loves someone and so does Bill

~

it may be argued that it is 'po'ssible 1o obtain the crossed interpretation, in »;/hich John and Bill .
assig;i different scope orderings tQ the two quantifiers. Zwicky & Sadock consider this to be a
drawback to their test, but Kempson & Cormack use this as evidence that mixed quantifier
sentences fail the test. The latter also claxm that sentences with wo plural x;umerals fail this

test even when different interpretations do not entail each other (1981:268).
1.3 Model Theory and Ambiguity .

‘I';xe diff;encc between semantic and pragmatic 'ambiguity will now be considered inl
relation to model theory. A brief ‘desén'ption will first be given of a modified version of
Mbﬁtague‘s Universal Grammar. ' The moc‘lt;l consists of an interpretation function and an_
index which contains certain parameters \which. allow a sentence to be interpreted relative to
the context of uttéfaxice. In additiqn, there is a domain of discourse which is independent of
©the mode! but which is required for the interpretation. '
In Montague's original model, the interpretation.-&aa expression invblved a single

phase, mapping the expression into its denotation at each index, the d\cnotation being a truth

~



value in the case of a sentence. However, following the work of 'Kaplan, the index is now
sometimes split into two parts, allowing a distinction ta be made between meaning and sense

(see below). A sentenoe is first interpreted relative to the "Context of Use" (C) and then

relative to the "Circumstance.of Evaluation” (I). The indexical parameters associated with C
. P ) ' .

and I are; 4
CpntexL of Use (C) - : - <s, a, wc, (¢, md>
. Circumstance of Evaluation (I) : C<w> .

The first mdex contains five coordmales the speaker addressee world and time of utterance
and ind, an indicator of the speaker's intended referent, muoduced by l\&;{lan to handle the .
gesture which often acconnpanies_ the use of demonstratives. The second ifidex contains the
world and time parameters which are recursively used in tne gvaluation of a proposition. The
meaning of an expression is then defined to be a function from contexts to senses and the

sense of an, expression a function from the world and time of evaluation to its denotation.

This may be summarized as: "

, kN -
‘ N . ,
(30) vaen an expression a and an interpretation f unction Sfthen '
; the meaning of a is f(e) . .~
. the sense of a is f(a) (C)
) the denotation of ais f(e) (C) (I)

PRSP

Itis clalmed that making this distinction between meaning and sense is necessary in order to

allow propositions to be the objects of mental am‘tudes. For cxamplc. the following two

<

sentences

(31) John thmks that I am happy
(32) 'Jlohn thinks that you are happy

.

LR ' —_—

may both express the fact that John thmks Bill is happy. In order for the proposmon
_ expressed by "Bnll is happy" to be the obJect of John s amtudc. the pronouns I and you must

N



be interpteted first and their denotations passed to the proposition. * Expressions such as /,

.

\ you and here, whose denotations are determined sdlely by .C, are known as indexicals.
\qe;icals therefore have a "constant sense” although as Kaplan points out they are directly

referential and it is misleading to think of them as having a sense. Follwing the above

—

'terminolt)gy. Enc defines an expression to be semantically ambiguous if its denotation depends

on I but not on C ertd to be pragmatically ambiguous if the converse is true. * However, it is -

hard to draw any firm line between indexical and non-indexical: or between context any

domain of discoursc.

First, the difference between indexical and non-indexical will be considered. The most
5learly indicztted indexicals are the speaker, addressee, lil;e and possibl;' place of discourse,.
Enc refers to these as ttttemncé sensitive Bndexlcals since they are solely dependent on the
discourse'setting‘. Enc also proposes a class of freely referring indextéals which require the
contextual parametcr ind"to be used to specify their denotatton Kaplan ongmally proposed
that lnd be -used as a parameter 10 allow demonstratives accompanied by a gesture to be
included among the standard indexicals. However. Ene shows that deictic pronouns and also
“adverbs of time axtd place (eg. then and there) should also be treated as‘indcxiealsl énd
likewise anaphoric occﬁrrencee of stxch expressions since it sltould not 'matter‘if‘ - the refere;its
are introduced through perception or thmugh language 10 Some recent clalms havc also been
made that deftmte and indefinite NPs should be g1ven mdexxcal mterpretauons (Wettstem

' 1981 Fodor & Sag 1982). The ev:dence for this proposal and some of the dxfflculues of

[0}

ma.kmg an mdexxcal/non mdexxcal dxstmctxon for definites and indefinites w1ll be dxscused in |

dtapterthree.- - | R

e

The difference between context and domam of dtscourse is also not that clea.r The"

context as well as, the domain of discourse, may vary from word to word Enc (p 83) shows

thatthetwooccurrenoesofseniorm 1 e .

i



(33) Every senior will chase every senior T TR

may have different denotattons in a case in which the context has made tt clear that seniors ‘

»

from two dtfferent colleges are being referred to. ! Therefore 1t lS questionable whether a
useful distinction can be made between context and domain of dtscourse 1 Consequently it is
not all that clear that a spectal case should be madeg%r a class of tndextcals ; it couldage S

argued instead that the context plus the domain of discourse should be applied to every w"ord '
Lo e
(or in some case to pars of words) An expressroq could then be def ined to. be semantically .

ambiguous, in lme with the first test descnbed in"the preiltous sectton tl‘ 1t can receive two

distinct mterpretauons in the same context and domain of drscourse ln other words Enc s

I

definition"can now be equated with the criterion provrded by the f irst test. Accordmg to lhlS’* .

test as we have seen, mixed quantifier sentences are semantically ambiguous 13 For the °

-t
purposes of this study, it will be assumed that different quanul‘rer Scope tnterpretauons
Y

s
g
..

express distinct propositions. ’ o
o C i

1.4. The Handling of Quantifier Scope Ambiguities

vIn’ the next chapter,, a number of different approaches to the handling of mixed

o L ' . . .

quantifier sentences will—be—deseribed At one ‘extreme, quantil‘ier scope amhiguities may be
‘Mtreated as structural ambigumes giving rise to distinct phrase markers (parse trees) This
approach is taken hy both Montague and W (see sectton 2. 1) Another general- approach ts
to have the parser gerierate mrual" logml translattons whreh can then be\ used to give rise o
the dtfferent scOped tnterpretauons Thrs approach is advocated: by Kempson & Cormack
(sectxon 2 3) and is also used,’ though m a dtfferent way. tn thrs study Webber also rnentions
usmg a general uuttal logml representauon whtch can later be resolved into more specrfic

' scoped mterpretattons (sectton 2. 4) Some more radtcal proposals whrch have been made are
that mdefimtes should not be scoped but be handled by pragmaues (see sectton 2.5), that

B

. fdef*iﬂt‘t"es should~begrven an*mdexml mterpretatlon (secuon 2. 7) and that scope relations 'f o




‘ NP
~should be rcpresented using explicit general scope relauon operators ‘because linear and

)

partially ordered represemations are inadequate.

10

In ‘cha.pte‘r three, a discuésron will .be given-‘ of some vo‘f the problems involved in

hahdling the scoping oﬂ indefinites exrd '‘to .a lesser extent, of definites. In the final two
‘ chapters thé approach to quanuf jer scoping employed in thrs study~wrll be descnm

. In chapter four, an altempt will be rnade to ‘derive a set’ of domain- mdependent heuristics
~ which may be used to help select preferred scope orderings.- In chapter five, the algomhrn »

currently *bemg used will be described and some ot"ﬁe general problems confrommg the

desxgn of scoping algomhms will be discussed. The algorithm is not yet completely .

implcrnented and so some possrble rmprovements and extensions are drscussed



1. Several points should be noted here (1) The term "logtcal operator refers 10.the logncal
counterparts of the English words shown in the table As'a general rule, English words will be -
_written in lower ¢ase and logrcal operators in upper case. Where this rule is not followed, the
‘context should make it clear in which sense a word is being used. (2) In this study, the term

"quantifier” will -be taken to stand for "quantificational NPX. Ternporal ‘advertls are

Footnotes \_\ o ' e

sometimes referred to as "quantificational adverbs” because of their close parallels with -

quantificational NPs, and therefore it might also be possible Q use "quantifier” in a more
general sense. Following the terminology of Barwise & Cooper: (I981), whole NPs act as
quantifiers and the term "determiner” is reserved for words suelt as some and gach While this
distinction will be adhered to in pnnqple the term "quantifier” will sometimes be used

loosely to refer to quantificational determinérs where ‘it should be’ understood that it is the

\Yhole NP prefixed by the determiner which acts as the quantifier. (3) Since operators such as

‘ coo dinators and negauon also require scoping, it would perhaps be .more accurate to use the -

mo:
co:
predo

* general term’ "scoping”, rather. than “quantifier scoptng However ‘the latter is
only used as a general term for the problem of scoping and in this study the
ant emphasis wrll be on the scoping of quanuficauonal I(QPS

2. The decrs@ as to where to draw the line between scoped. and unscoped operators in the
initial logical tramslations is not weli-defined and some of the difficulties regarding this will be

discussed in chapters four and five. At the present time, the first four classes of operator . . -

listed in table 1.1 are treated as unscoped by the scoping program and ‘the others as scoped.
Clearly, it would be preferable to have a consistent treatment of adverbs and theref ore this
classification needs to be tmproved upon. - :

'3, Sentenual forms (whtch express pmposmons) are written in infix notation and f unctions in
prefix notation. The syntax used for the initial logrcal translauons is grven in sectton 5.1.

4. One argument in favour of the scope treaunent is the observanon *that, tlte number ‘of
- readings generally correlates with the number of, opaque operators embedding aﬁquanufter
" For example Fodor quotes Bach (Fodor 1970:72) ‘on  the ‘specific/non-specific: ‘ambiguity

relative to,opaque contexts: "I do not believe it is possible 10 explain such ambiguities except -

by means of the notjon. of scope, because we find a.systematic relatronslnp between the

number of tnterpretauons and the number of embedded sentences o

5. Fodor (1970) also considers contexts which do not perrmt exxstennal generaltzation 10 be

_opaque. By this criterion, verb negatr n- and condmonal operators create opaque coptexts for o
Paq Q L.

mdefamtes ’ ' ‘ o "
. . R : e .
v 6 fhe VP anaphora test. is passed by sentences contatmng lexxmlly ambtguous '&gms such as
John lives near the bank, where the bank may have. two lexical entries, one for a commercial-
_ ‘bank and one for. the side of a river. It might be argued in this case that sentences coutatmng
lexical ‘ambiguities express differerit propos jons and-in fact it is possible to-treat lexical-
. ambrgurttes as "structural”, that is, as giving Tise to separate phrase markers. “Therefore, this
.should not invalidate the use of the test for propositional, or semafitic, ambtgmty However,

Cit'is generally very difficult to draw. a line- between lexical and non- lexxcal ambiguities. For
~example, John likes the museum and so does Bill could arguably be used to mean that John- ‘

- likes - the building and’ Bill ‘likes the exhtbrts. the term museum bemg ngen the bmad
mterpretation of bmldmg plus exhtbtts :




. !

7 The versron descnbed here 1s based on the dtscusston in chapter one of Enc (1981)

\

8 The meanmg of the sentence You are happy is thal in any grven context the person who is.

ng addressed is happy. Given a cqntext in. which Blll is betng addressed the proposmon“.‘ o

L expressed by the seritence is BIII is happy

~ - 9, Note that the term pragmaxtc ambiguity could also be used in a compﬁ:tely dtfferent way,
" to describe ambiguities related to the way in which a sentence is used a.nd which are largely
indeperident of the proposition expressed by the 'séntence. This term rmght be used to refer to
sentences which are ambiguous with ‘respect to rmpheatures presupposmons illocutionary
force, intonation or stress etc. In some cases these sorts of ambiguities can be very clearcut,

as opposed to "vague”,’ for- example the ambtgurties related to which word recerves;

constrastive ‘stress. -

/’6 Enc ( 1981) goes even further to propose that common nouns and tensed verbs should also
.- be treated 4s indexicals. That is, their interpretation shouild depend on C but not on L. As
‘evidence for this she shows. that nouns must be tnterpreted mdependently of both each other
and of the‘time and world of evaluation. Enc proposes that the denotation of common nouns
should' be determined by ind -and be:passed to the’ proposmon in .the same way as other
indexicals. However, this proposal runs into problems in sentences containing nested tense or
opaque operators and at the very least requtres some modifi 1catxon

11 ‘Even' the purest mdexxeal I, may. change denotanons wrt.htn the same sentence "An
‘ exarnple is The book I am Teading, which 1 bought (added Harry), would interest you. The
same is true of proper names. There are’ contexts in whrch it would be appropnate to say John.
borrowed the book 'from John. -

12. Barwrse & Perry (1983 chapter 2) ralso make use of Kaplan s twWo phased mterpretanon

but divide the "context” into three. parts: the discourse situation. (DS), speaker connections

(SC) and resourse srtuattons (RS). The first of these specifies-the-"indexicals”, namely the
;. speaker, addressee -time dnd place, and the latter two.are used'to specify "refl erential” tefms, -
: which mclude propef'h’&mes detnonstratrves common nouns, and tensed verbs etc.

13. The close sumlantres between quanufrer scope ambrgmtres and ambxgutttes of bound‘
anaphora may ‘perhaps be used to support the claim that the former are semantic and not

pragmatic. As will be drscussed in section' 2.2, quannfrer 'scope can ‘be viewed as an' .- |

~ abbreviated form of anaphora. However, ambiguities of. anaphora. are more clearcut and
-pronounwd and . sentences containing_ambiguities , of’ anaphora such as John showed each
person hls room, and so did Blll will be more hkely to. pass the verb phrase anaphora test.

‘B
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Some Theoretical Approaches“to Quantifvl.er‘scopi'ng Je o

In this chapter some recent ‘theoretical’ approaches to the logtcal representatxon and

-

_scoping of quanttfrers will be descnbed Pamcular emphasrs will. be placed on two 1ssues (a) R

the way m whrch scope ambrgumes are represented and to what extent the representauon '
2

method bemg used allows gradual dxsambrguatlﬁn and (b) the computauonal feasrbrhty of

the approach, and in partrcular how  well the approach allows heurrsttcs to be used 10 select .
preferred readings. In chapter five some implementations of quantifier scoptng algonthms~wrll

be described,
2.1. May's Transformational Theory '

In his 1'9‘77 thesis,  May attempted to éxtend the "trace theory yersron of Umversal
‘Grammar (Chomsky 1976) to mcorporate quantifter scoping. Very brtefly. Umversal ‘
, Grammar is held 0 specrfy general prmcrples whrch underlxe the core grammars of
. ‘pamcular languages Core grammars consrst of a combtnauon of context- free "base rules
and transformauonal rules whrch handle movements substrtuuon and so on. Core grammars ‘
;are held to be genettcally determmed and the structures whrch they generate are sa1d o be
" unmarked" Marked structures depend on rules specrftc to‘ a grven language for thelr .

formauon May clauned that the same types of rule determme unmarked readmgs m both

'.'syntaxandIOgrcalform .L IR v

. May ] proposal rs to scope quantrfters usmg a rnovement rule Quantrfier Rarsrng' '_
' (QR) whrch is subJect to two constramts Subjacency and the Conditwn on Proper andmg ;
3 (CPB) These rules ftt mto the framework of trace theory The QR rule is srmply Adjom Q‘ ‘_: -

‘ ~, " to S" ‘where Q matches any quanufmttonal NP and s any clause node A new S node is .

eteated havmg the quantrfter and the Tormer S node as 1ts left and nght chtldren. the—~




T ’
. .

‘ quanufler leaves behmd a vanable whrch 1s bound from the new posmon (analogous to a

'

bound trace) Smce the QR rule does not sttpulate where the neW node can go the above two‘

A

‘ / a ‘
: constratnts are needed 10 ensure correct bmdmg e R

‘ The Subjacency rule states that a quantxfler can only be moved to the most tmmedlate‘

: S node. The CPB forces the quantlf jer to move to a hrgher rather than a subordmate S node.

‘ -The rule states that a vanable is properly bound by a btnd%ng phrase ¢ iff it is c- commanded o

by ¢" ! The scope of a quantifier in; the logrml form ls then everythmg it c- commands The ‘.

', QR rule operates on a modtfted surface structure (SS) to grve a scoped "logrcal form whrch
can be readlly mapped onto a typed FOPL The result is, that scope ambrgumes are treated as

syntactic (structural) and the result of scopmg is. a hnear ordermg in FOPL.

In many ways May s approach is snmrlar 0 the one used in thrs study. however there

'are some computattonal drfftculues wrth 1t which result from the stnct use of syntacttc rules‘

‘1o handle scoptng Some of these are dtscussed by van Lehn (1978) Flrst of all, the

Subjacency Rule together wtth ‘the CPB forces all clauses to act as complete scope rslands

that is a quanuf ief can only be applred to the unmedrate clause Whrch contams it. In pracuce oo

' this proves to be an overly restncuve constramt (see sectton 3 2 and chapter four) It mrght'

be possrble to use the Subjacency Rule as a heunsue rather than as an absolute constraint and ,

'to allow quantrflers to wrden scope over certain types of embeddmg clause r

I f Secondly.‘,the' QR 'rule can only‘raise quﬁfiers 10 S -nodes' 'and therefore 'do'es not

C penmt the scopmg of quanufxers relauve to VPs

Van Lehn pomts out the drfftculty thrs‘ o

14

‘j" ’,poses for the scoping of quanttfters msrde reduced relattve clauses (VPs servrng as nounl' -

' complements) He notes that m May $ system VPs rnust be exther par as bare Vgs or as. ._

I clauses wrth null subjects In the fu'st case quanufiers msrde the VP must scope outsrde the .

-

. head noun (smee they cannot attach to the VP node) and in the second case the clause wrll be} Lo

o ,,v s



trapped inside‘the complement He mentions that, it seems undesirable to require a svntactic S

ambtgurt} m order to get the two types of scope readtng Modll'ylng the QR rule to allow' |

15

| 'attachment to VP. nodes would solve thrs problem and wguld allow the use of heunstlcs o

‘ handle scoprng wrth VPs (see chapter four)

| !
‘ , 5 L N ' ‘t

"l‘h‘irdly the CPB constraint forces a quanufter msxde a preposmonal npoun

complement to scope outs1de the head noun, for the Strmlar Teason that quantrf iers cannot

‘ attach 0 a PP node However there are many cases’ in which such ‘quantifi ters should scope

" inside the head noun ! Frnally, May ] approach prowdes no rules for "hortzontal scoptng

: (the scoptng of clausemates relative to one another) Therefore a clause wrth n quantlf jed |

‘ arguments will have n! unmarked, scope orderrngs May suggests that such ordenngs merely

‘drffer in preference rather than in markedness but as van Lehn points out, thls isa

dubious distinction since in many cases the former type: of effect may be just as pronounced .

as the latter There is one exceptron to this, however May's parser attaches wh quanuf jers to

./P)
a complementrzer node outside the S node and thts forces these to outscope all other

" quantifiers in the same clause.- Although wh quanttf jers often take wide scope it is easy to find =

cases in which they do. not. An example is

(1). What do each of you want to drink?

) C . , o

t
-

It should be possible"t'o add ,'heuristics for the scoping of clausemates. (-other than wh

e vquantifiers)"’to May;s'sy_;s{em. A discussion of the sortsof heuristics which might be added is

- given in chapter'v,four.‘ |

e . N ' . K : o . {
. . ' . - . .

‘l'hese modrfrcatrons would appear to remove many of the compté‘tattonal diff tculues o S

- ‘of May 3 system. but at the same ttme they would greatly reduce the extent 10 whtch the f_

Q

"L‘_.sc0pmg ‘is determmed by syntacuc rules Van Lehn suggested that quantifrer SCOpmg is ‘an R SR

2 To eprphenomen ~m the sense that syntacuc rules play a background role merely mﬂucncmg

RIS




A

16

our preferences for choostng ss:ope readmgs (to the extent that we do select readmgs) This

" L

‘ mrght be rephrased by saying that scopmg is determmed by the mteracuon of - syntactxc :

¥
3

. Q : . } ! DYy
semantic ahd pragmauc knowledge. : ' f . ’ o

2.2, Quantiﬂér :Scopeﬁand Bouhd Anaphora

A |

Quantifter scope dependencres may be thought of as abndged or 1mphc1t versions of

~ e !
anaphonc dependenctes For example ‘as the anaphonc pronoun in' (2) is lost the scope

- amblgutty becomes mcreasmgly dif freult 0 resolve in (3) and ,(4). Y '

\ \“ \

(2) Each boy kissed a girl on his nght . e - SR
(3) Each boy kissed a nearby girl o - A
(4) Each boy kissed a girl o -‘ -

Several attempts have been made to grve a umfred account of quantrfrer scope and anaphora
' by showmg that they are both governecL by the same set of constramts van Lehn (1978)
descrtbes one such approach based partly on the prevtous approaches of Keenan (1974) and

Retnhart(1976) o g - . . \

Keenan uses: a funcuon argurnent representauon for sentences, analogous to the
funcuonal representauon used by Montague. H_,proposes the following. general pnnciple

. thch is tntended to constram both quantrf“ er scope and anaphonc corndexmg*

- Y

(5) Keenan s Functronal Prmcxple ‘ ,
. The tefererce of the argument expression must be deterrmnable mdependently :
. of the meaning or reference of the f uncnon symbol S e

.“.

This predrcts that a quantrfxer in the subJect posmon should generauy Ou-tscope a quantrfter

: msrde the VP smce the subject is usually taken o be the last argummt o whrch thc verb )

o predtcate (1e ftIncnon) 1s applied However itis possrble to apply the functmn to the subject f‘ 3 S

N

before an object so that the subject may scope mstde the obJect. Keenan also suggests that 1n

-~



-
I

"

" . posséssive NPs (eg. every car's owner) the possessive ‘(every car) is the a'rgurncnt,expression

" and should therefore take wide scope.

\

the linear .ordering of quanttfrers but by attachmg argumem 'variables to f uncuonally

| de denths as daughter nodes in the parse tree. This amoums o makmg nnphcrt

p

\T’ . L ’ L . K o e
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Van Lehn' s approach is of tnterest in that scope dependencres are not representcd by

anaphoﬁc dependenctes explrcrt The "'scoped tree may then be &;asuy converted 10 a .

skolem -like" representatton in the same way that May's sc0ped trees can be converted to a

| typed FOPL In,van Lehn s notauon the two scoped readmgs of (6) would be (7) and (8)

N 2

(6) Everyone loves someone .
(7) (Vx:person() (Ey:person (xJ [x loves y]))
(8) (Vx: person() (Ey: person() [x loves yl))

t
>

-As thts example shows scope dependenc:es are expressed by "skolem-lilee" llStS of . arguments.ﬂ

‘ rather than by quanttfrer order Although van Lehn refers to tlns as typed skolem form” his

- notauon is more general since umverally quantifted NPs also have skole‘n ltke attachments “

“The above tepresentaudn language can express a pa.mal ordenng but thts ‘may be too powerf ul

for represenung scope dependencres in general as these tend to be lmearly ordered in the :

\Efbbsence “of inde i

n

o |
sko}emxzed format ui‘whrch 0nly mdeftmtes are skolem functxons—ﬁefmrtes could be treated o

ftes or deftmtes One alternauve would be to adopt a more genutne :

analogously by addmg relattons o theu restncuons Some potcnual advantages of thts_ '

representatxon formahsm are that (a ) it can eXpress ”branchmg quantifrcauon (see sectton

2 5) (b) xt should perrmt the gradual resoluuon ol' scope ambtgmtres and (c) the scoped

o

parse tree closely resembles the surface structure

s ) N Lo ‘\"

formahsm. l-le adapts Keenan 8 Funcnonal Prmctple and also two constramts on boundT

anaphora taken grom Relnhart (1976) . "The Non corcferenee Rule and "The Non defmite”"‘ ’

"‘ . .
. RS te

e

Van Lehn does niot make full use of ‘the eXpresswe poyler ol‘ hts representatton. )
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b i“,x\naphora Rule?. 'l'he lalterftwo rules attempt 10 usg 'the ¢-command principle 1o constrain

out to be very: snmxlar to those of May. All clauses act as quantifier traps and quanuf iers
N N
R, :

'r_r-‘,l.nsxder proposntlonal noun complemems must scope outside the head noun. * The main

t&qhmnmge of - Lhe anaphonc approach over that of May is that the c- command constraint

predicts “the scope ordenng of clausemates fairly well. However. as van Lehn shows this
§ n ' ! .

constraint proves to be no better than the effect of surface order in predicting the scoping of

N
¢

clausemates. so this is a dublous advantage.

23 Mapplng Rules gnq fillers

Kempson & Cormack (1981) descnbe an approach to quantifier scopmg which is -
desngned to. allow a gradual dlsamblguauon For their represematlon language they .extend

FOPL to mclude quanufmuon over sets of ob]ects Tlus exlensxon is especially useful for
¢ \

- sentences wnth mxxed numerals such as

(9) Two examiners marked six -scripts.
. N ’

-

Tl&elauthors |denufy four mterpretauons of (9) shown as I to IV, where X, and S, are sets of

two examiners and six scnpts respect.xvely and x and s are indi g students and scripts. To

‘,{ * lr

simplify the not;uon it will be assumed here that X ¢ X; and s € S;"

»

4)) EX, Vx ES, Vs Mxs

Im ES, Vs EX; Vx Mxs

(III) * EX, ES, (Vx Es Mxs & Vs Ex Mxs)
l (IV) EX, ES,'Vx Vs Mxs

The first two readmgs are the standard scoped readmgs The mcomplete group " reading (II)

asserts that a group of two examiners marked a group of six scripts, with each examiner and

-

' e‘ach ,,scrxpr,L being ‘involved-in at least one marking telauqn; The ,complete group rwdxng
LN - o :

* .
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(1V) is similar but asserts that each of the examiners marked each of the' scripts,

The authors claim that these four readings are quite closely related and argue that
they §hoﬁld not be represented a§ separate readings' in the initial logical translation. In
panicuﬁlar. the complete group interprctau‘on‘ (IV) entails the first three rcadings. It is also
argued: that I, II and II are-quite closely related, although in a more general way, For
example, they claim that crossed interpretations of (9) can be obtained when the V‘P anaph;)ra
test is used (see section 1.2) and argue that quantifier scope ambiguities, unlike syntactic

ambiguities, are generally preserved across languages. *

The authors therefore propose that the initial semantic represénlation'should be a
general one, from which the more specific interpretations can later be derived by ‘ceftain rules.
They provide two possible initial representations for (9). The first, which they call the

"general coordinate” form (¥), is the most specif ic logical form which is entailed by each of |

\

toIV. ‘ -

\

(V)  EX, Vx ES, Es Mxs ‘& ES, Vs EX; Ex Mxs

¥

Interpretations I to IV can be derived from V by the application of wo simple rules. They are

19

(a) the generalizlﬁg rule: teplace Ex with Vx and (b) the uniformizing rule: replace Vx Ey

with Ey Vx. Applying the generalizing rule to the first and second terms of V gives readings’l -

Al . ] R
and I, respectively. The subsequent application of the uniformizing rule to either I or II will
. 2y ) ‘

result in the complete group interpretation (IV). By smnih§ with the uniformizing rule, and'

. B
applying it to both terms of 'V, the/l(oéan‘orm
(VI) EX, ES, Vx Es Mxs & ES; EX, Vs Ex Mxs
is -obtained. This can be made equivalent to the incomplete group interpretation III by using‘a,;

constraint, or "filter”, which ‘ensures that a given NP can only have a single assignment of

+



reference (ie.' the variablé assignment function recognizes lhem as being identical). Thus the
four readings I to IV can be dcriv‘ed‘ from V using ju§1 two simple rules and a quite trivial
filter. Hdwcver. some addiu‘onal ffltcring is needed 10 remove V and VI and also two
additional imerme;iiate lbgical forms which resuit when the uniformizing Il\lle is applied' to

just one of the two terms of-V-instead of to both. *

.

The authors note that V may not be suff icienply weak to represent all imerpretatiohs
of sentences such as (9) in general, Sentences with mixed numerals may be true even though
some ‘mémbcr.s of the plural sets do not directly take part in the activity being predicated. As

an example, they mention that

(10)  Six students took five exams

-

could be true if only one of the students actually stole the exams butu the others were

\

* co-conspirators in some way. In order to avoid, having to add weakening (or approximating)
rules to derive such interpretations from V, a more general initial semantic representation is
proposed, which they call.the "radical vagueness" representation. For sentence (9) this would

be VII,

(VI) EX, ES, Ex Es Mxs

20

“They compare this to the "general co-ordinate” account and come out in favour of the

former, mainly‘.becaus'e it does not require any weakening rules (although this will disputed

_below) and because it corresponds more closely to the ‘syntactic structure.

"I'here are a number of &ifficul;ies with both the general coordinate and the radical
vagueness acc_ounis. The need for filtering rules has already beeh mentioned for the foriner
and this problexh would be consid'erably 'worse' for the latter. This problem would also become

" more serious: as the number of quantif{ers increased. . major probllervnA thh the first
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account is that V is not structurally related to the surface form and therefore there could be

no one-to-one mapping between syntax and an initial semantic representation of this type.-

The radical vagueness account is better in this respect, and Kempson & Cormack suggest that
the representation shown in VII could be obtained by extracting.the quantifiers in order of

their surface appearance, However, there are two major problems with this.

First of all, since scope order does not necessary follow surface order it may later be

necessary to reverse this ordering and therefore the initial representation would not be a

general representation. This would be especially true for ,semences‘ containing distributive:

-

quamificrs. Secondly, once &lrantifiers have been extracted from their surface positions,

information about their structural relations is lost. Theref ore, it appears 10 be be necessary to

at least partially determine scoping heunsucs before extracting the quanuflers rather than
after. This criticism can be applied more generally to any method based on the application of
interpretation rules and filters to an initially general sernantic representatjon which does not

preserve structural relations.

Another difficulty, which the authors address, is that neither V nor VII are proper

semantic representations of (9) by themselves. For example.‘ VII only -asserts Lhat there exist '

sets of two exammers and six scripts but the actual predications made are mdependent of. the
sizes of the sets. The authors try .to remedy this problem by proposmg that semantic

interpretation involves two parts, an initial semamic representation and a set of semamic

intepretation (mapping) rules: and filters. Such an approach could be useful in that it ,mighi

provide a means of gradually dxsambxguatmg quantifier scope relauons proceedmg from
general to gradually more. detailed represcntauons However it is not clear from the paper
just where the aqghors draw the line between "semantic” and " pragmauc- dxsamblguauo,n.

i . PR . . [N . . .

y

Fmally. one of the main dlsadvantages of the general coordmate account is that it

would be necessary to provrde weakemng rules t0 obtam readmgs in whlch not all the



members of some set are.directly mvolved in the predxcauon bcmg made of ‘the set. The main

motivation for proposmg the radical vagueness ‘account was to avoid the need for such

weakemng rules ‘However, even the latter account does not appear to be general enough smce .

there may be collective_. or collaborative, readings in whrch the predleauon being made does

not apply t0 ariy individual member of a set. Kempson & Cormack in fact mention an account

of quantifier scoping (in footnote 12) which can represent collective predication and which is

very similar in this respect to-the representation nrethod used for plural indefinites in this
study (see section 3.10). In the‘account meh, 'rhey describe a_sentence has rhree priméry
| representauons the two scoped readrngs and a "collective” readmg in which the numeral set
‘ vanables are the arguments of the predrcauon Kempson & Cormack argue lhat treaung sets
as primitives may be- necessary for certam types of collectwe predxcate such as extinct ' but

not for ‘predreates such as destroy. They do concede that the sentence

(11) . Five boys destroyed six flower - beds

" may be true even if no boy destroyed a whole flower-bed by himself, but in this case they
)
suggest that a weaker predrcate should be subsmuted for destroy. for example contrzbute to the

destructlon of. However if such a predrmte wmkemng rule were to be mtroduced ‘there would

be no need for the radical vagueness account in the first placesmce all members of ‘a set must

o A\
10 be true. : N

The approach used in thiy/study is similar to that of Kempson & Cormaek m that the
miual logreal representauon 1:Lgenera]' one from whrch the different scoped interpretauons

can be derived by scopmg However, there are some rnajor drfferencec The. mmal

{

'representauons used in tlus study preeerve the 1mna1 structural relauons among quannfxers

and ot_her log:eal operators * an therefore are 1deally' suited to makmg use’ of_. ;he. heunsuc

information contained—in~ th

" 2

' “ 3 . M » ! ! ’ - N o -
contribute to the predication bfmg made in some way in order for a mixed numeral senfence

22

structural relations. The initial, representions are. ‘also



considered to be semantically "incomplete"'.‘that is they arc Inot taken to express propositions.
/u'ntil after scoping has been completed. In this study, a clear line is dfawn between the
:,‘ disarnbiguation of scope ‘relations‘and that of the type of predication being, rnade. It is feli
that the details of the predlmtxon being made in mixed numeral sentences is largely a property
“sof the predrcate ‘and should be dealt with by meanmg postulates_and pragmatrcs Theref ore,
‘both the complete and mcomplete group mterpretauons as well as a large number of possrble

collaboratrve types of predlcauon are all obtatned after scoptng from one of three mmal

scoped' mterpretat_rons (see secuon 3.10).
2.4. Combinatoric Features'

-‘Webble‘r (1983) argues tlrat people do not generallv percei‘ve- clear quantifier scope
interpretations as such, but rather recognize certain "combinatoric features” sueh as iteration; -
dependency. cardinality, tense, negation and modality Iteration refers o the iteration of a
quantifier over a. predrcauon and dependency to the functronal dependency of one quanttfrer
on another Her mterest in quanttl‘ler scopmg is only lndrrect her mam concern bemg to
construct mmal descriptions” (IDs) from noun phrases whrch can then be used to support

' subsequent anaphonc reference. ¥ However, she notes that sometlung like" quanttf 1er scopmg
is needed since anaphora is sensitive to different quanufter scope mterpretauons and the :
| . logical notatron she uses in the above paper is very srrmlar to that used for standard scope

, mterpretattons. 10

The representauon language used in Webber (1983) is a modrfred version of FOPL.
‘»-"'Plural NPs are represented usrng a set Operator anda V om;ator 1s used to drstnbute over
"?’?f'.the members of the set Tlns rs sumlar to the representauon language used by Kempson & .

" Corrnack and to that used rn thrs study Def mrte and rndefimte sets are represented usxng E'

' and E respeCtively. and umversal quanufication 1s expressed by dxstnbuuon over a defimte o

set For example. the drstnbutive readxng of ( 12) would be represented (after dnsamblguatxon)

i P
! , a

Ce . — - A ot . .
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(];2) Each man ate a pizza |
(13) (E!w set(Man))(chw)(Ey Pizza)Ate(x, y)

@e collective and distributive mterpretauons ‘of the noun phrase shown in (14) are i

represented in (15) and (16) respecuvely

, ( 14) Two men who,together/each ate a piz.za o
(15) Ex:A\(v:set(Man))[(Ey:Pizza)Ate(v,y)&Ivi=2]
' (1!6) Ex:set(A(v:Man){(Ey:Pizza)Ate(v,y)])&ix|=

o ]

‘e

: . Note that the cardmahty of‘ each set is represented explicitly and ‘that the 1terauon inside the

noun complement is m effect determmed by the relattve scopes of the set and A operators

o Webber proposes three types of readiig for a sentence contamrng two plural . "_

S

.numerals dxstnbutrve collecuve and conjunctive. She illustrates thrs wnth the sentence

. (17) ;I‘hr'ee’boys bought five roses

" The distributive reading is the standard scoped reading in which the subject distributes over

the’objec':t 1 In the 'eollec'tive'reading. only a "consort-ium" of the three boys can ‘be

considered to have bought anythmg The conjunctrve readmg is sumlar to the. mcomplete »

s group readmg of Kempson & Cormack but.is weaker m that each boy may own only pan of

; a -tose. The complete group readmg is not menuoned 'I'hrs is qurte similar to the

'-mterpretatxon used m thrs study. exeept that bOth the collecuve and conJunctwe readmgs' o ‘

\

\

“I

‘are denved after scopmg from the same readmg 'I’he former may be consxdered to be a
hmtting case of the Iatter. furthermore the dxfference between the collecnve and conjuncnve"

readmgs may not always be that drstmct
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“In the next three sections, some recent ‘proposals for the representation of. mixed

quantifier interpretations will be examined.

12.5.‘ Branching Quantification
T ‘ -
Hintikka (1974). claimed ‘that certain English sentences could not be represented in-
i
FOPL but requrred a form of branchmg quanuftcauon known as l‘lmte partrally ordered .

1
.—

(FPO) quanttfxcauon One of the examples he used is

(18) Some relauve of each villager and some relativeé of each townsman hate each
other .

-,

‘which he represented as . - . o . -

\
- (19) Vx vrllager—Ey relauve\

[yhatesw] - L
Vz: townsman-Ew-trelatrve/ o
. ' ' e | \/ ‘
: Hmttkka clarmed that the preferred reading of (18) could not - be represented by the’ lxnear"
- ordermg of the quanuf iers smce the relatrve of the townsman must not depend on the villager

and vica versa.

»

Hmttkka s clatm has proved to be controversral Srnce hrs examples are restncted to |
| umtversal and exlstentral quanttfters some suggestrons have’ been made that- sentences such as
.( 18) could be handled ustng FOPL 11‘ mdefmrtes were given a specxal treatment Fauconmer
(1975) found thar sentences of this type were not consrdered to be false unless the weakest

o readmg. 1e .VVEE was vrolated He therefore proposed ‘that the weak readmg, whrch 1s'

. entailed by the other readmgs, should be used as the semantrc representauon for such. o

B sentenees A sumlar proposal was made by Cooper (1979) whp suggmtedet.hatelgzrX gwtng*

o ._r'tndefrmtes narrow scope and ontatmng the more specxfrc readmgs by pragmaucs. an /abcount .

‘could a.lso be gwen of thetr ab1hty to eseape from scope 1slands 1 _ = /, -



The case for'branching quaritification has been taken ‘up more recently by’ Barwise

‘( 1979). He l'rrst presents an explicrt model of the srtuatron descrtbed by ( 18) and slmWs that '

. there can be a state of affatrs in wlnch the weakest readtng (VVEE) is reqmred Therefore

'(19) is not an adequate logrcal representauon of (18). even though Hrnttkka s FPO langauge'

- can always represent the weakest reading usmg the standard linear representation of FOPL

‘ However Barwrse suggests that ( 18) can be represented in a more natural manner usmg a

related branching quantrflcatron language whrch appears to be able to represent a complete

. LG
. partial ordenng The modtf ied representauon of (18) is shown as (20) )

A(zo) Vi—Ey . :
X >A(x.y.z.W)

Although (20) has equivalent FOPL and FPO representations, this is not the case svhen other
* ' quantifiers are used For example, it'is argued that , R

@

(21) Most relanves of. each vrllager and most relauves of each townsman hate each
other - ; : ! ‘

8-

126

. Tequires branching quantification; BarWise further suggests ‘t‘hat branching quanti'f'ication _‘. ’

“»provides a more natural way .of representing sentences with conjoined noun phrases even’

s,though‘" this is not needed»in‘this caseAs an ertam_ple. (22)‘ would be represented as (23) l

(22) the a few boys in my class and most grrls in your class all passed the test

(23) Qx\ ol



‘interpretauonS" (a) standad FOPL, (b) brant:hing quantification . (c) quantification over

. f no means of representmg the weak symmetnc (mcomplete group) readxng Instead he " :_ |

! hi . . ' ' ! ¢

2.6. Generalized S_cope‘ Relations

3

Grl (1982) bases hrs dtscussron on the results of a quesuonnatre in whrch sub]ects-
were asked to xnterpret srmple sentences contammg two numeral quanuf iers. ’I'hey were grven '

a chorce of four mterpretauons correspondtng 10 the four mterpretauons for mrxed numeral_

sentences descnbed by Kempson & Cormack (see sectron 2 3) Gil modrf ies therr termmology

somewhat, substrtuung symmetrlc for group and strong and weak for complete and

Y

rncomplete Quesuonnatres were grven in: several unrelated languages The mam fmdmgs were |

that (a) all four mterpretauons were obtamed and therefore need to be accounted for by the

representatron language and (b) the symmetnc mterpretauons were preferred with the. Strong E

symmetnc tnterpretauon betng the favourite. * -

—

Gil begms by comparing four existing proposals for representing quantifier stope

sets and (d) Montague and Keenan Faltz logrcal T orms He notes that only (c) can represent -

‘the weak symmetrrc (mcomplete group) readrng and only (b) and () the strong symmetnc o

(complete group) readrng s He also claims that the strong preference for symmetric '

’ mterpretauons lS qurte opposed to the scoped treatrnents grven in (a) and (d) and is at’ odds

wrth Kempson & Cormack s proposal for quanuf ication over sets. !* However tlns preference

1s compatrble with the branclnng quanuf muon account ‘

R

| th argues that the problems encountered by these four proposals stem from the“

hneanty of logtcal notauon whtch can be traced back to Frege Tlns hneanty results m' |

relatrons between quanttfrers betng represented pnmanly tn terms of scope dependenctes :

rather than m some more general format ’I‘he use of branchtng quanufxcauon extends t.he -',.

format to a parual ordenng but Gil clatms tlus 1s not enough smce for example. it provxdes :

(

: advocates mtroducmg exphctt generahzed scope relauon operators The used of such Aﬁ



. suggests that a "unit generahzed scope relation could be- formed from the drsjunctton of all ‘

For 7exarnple, the wealt syrnmetric reading for (24) is simply (25).

Loy

operators considerably simplifies the representation of rf‘sc0pe" relations among quantifiers.

( 24) Two boys kissed three gxrls
(25) [R3(E3b E28)]S(b 8)

- where R3 is the operatof for the weak symmetric relation. '

:

'-Gll does not show‘ how ' generalized scope relations could be used comp'utationally.

‘ although he does clatm that the set of generahzed scope relauons f orms a Boolean algebra and‘

T8

‘ :relanons lt would not be difficult to modrfy the scopmg ‘method descnbed m tlus study o

represent quanttfter scope relations in the format recommended by Gil. However it is not, -

o clear how Gil's method could be used to select the preferred readmgs of a sentence or how it

'could be extended to handle the tnteractrons of quantxf iers wrth other logrcal operators such as

coordmators and negatron.

23 Referentlal ana' Quantiﬁcational Indef'mitee |

So. far in this chapter a number ol‘ dtfferent proposals for representmg mdefuutes ‘

'of set fornnng operators w1th umversal partmves for plural tndefmrtes (Kempson &Ermack

.and Webber) and the use of branchtng quantrfrcauon and generahzed relatxons Recently,

- workable. consxderably sxmphfy the scopmg of mdefrmtes The maJor part of the next chapter.‘

. vnll be devoted to exammmg the evrdence for and agamst thts proposal

lhave been: descnbed 'I'hese have included the skolem hke representauon of van Lehn,. ‘the juse

number of people have proposed' that mdefrmtes are- lexrcally ambrguous and should be grven f.
_{two mterpretations' as standard quanttfters and as referenttal terms (1e mdexrcals) Smce‘ 3

a :‘mdexxcals are not scoped and quannfrers are largely clausebound thxs proposal would 1f =



o ordenng and whrch perxmts a gradual dxsambxguauon of scope relauons

‘Footnotes

1. C-command may be defined as follows: A phrase X c- commands a phrase . Y rl‘r ever)

branchmg node that dommates X also dommates Y, and X does not dominate Y.

2 May drd not attempt to deal with. the ability of mdefrmtes o readxly escape from scope

‘islands. Hornstein (1984) attempts to deal wlth this problem thhrn the framework of '

transformauonal grammer (see secuon,s 6)

3. The scoping of - quanufxers inside- noun complements is dlscussed in section 5. 4 ln the

. system ‘being: used in this study, PPs are translated as clauses which have heuristic values

associated with them which tend to ‘favour the readings m which quanuflers inside the PP

scope outside the head noun. '

\

4 This is clearly an overly rigid rule although van Lehn does not seem to think so/l}-le claims

for example that the phrase Every flight to an Eastern city (p-86) cannot have a distributive

reading (in which there is a different city per flight), although it does not seem very hard 10
get this reading. There is another problem introduced by the particular way in which van Lehn

‘adapts the constraints of Keenan and Reinhart. He does not allow definite NPs to have

Skolem modifiers (arguments) and therefore can apparently not get the distributive reading of |

Each person brought his own car. He also . must introduce. a- very ad hoc condition into the
formal semantics to get the drstnbuuve readmg of a defrmte NP with a distributive NP’ msnde
a prepositional complement :

' 5 Although Gll ( 1982) shows that there are some dtf ferences in the types of quanuf ier scope
interpretations which are made in different languages ‘

' 6. ’l;hrs latter route ends up with erther Ia or IV dependmg on whrch path 1s tggen. 5o thls

presents the addmonal problem of redundancy

7. However extinct 1s a genenc kmd ‘predicate. and s qurte different from a non generlc l"

- predreate such as form—a-czrcle which can also. only be used collectrvely

&I is not apparent how quanufrers could be scoped thh other logrcal operators such as ‘,

‘coordmators and negauon using the method of K,empson & Cormack.

.. 9. Webber uses four rules to. derive IDs from mdefrmte and def'mrte NPs ‘l"he two rules for c

“definite NPs are straxghtforWard since their uniqueness is already specxfled IDs formed from

_indefinite NPs include a conjunction of (a) the restriction, (b) the miain -predication (the :

SPelelmuon Of which: requires that VP elhpsrs frrst be resolved) and (c) a predlcanon smtmg e

- which’ sentence evoked" the ID

EoK

B 10 In Webber (1983) 1t is assumed that drsambxguauon of. the scope relauons. or of the,,

' "combinatorit features”, has already been, performed and so no ‘details are given about the -
- process of - drsambrguauon ‘itself. She. mentions - that_this ‘process ' is carried out - using’ the.
‘ representauon language KL- ONE which allows: scopé relatxons to -be’ expressed as a partxal o e

A

5&11 Iis assumed that' the umque referent will be specrfred by pragmaues. Kempson & L
" Cormack us¢ a sirilar format’ o express umversal quannfxeauon but use an indefimte mstead*_?% S

..-;rv‘ofadeﬁmtesetdetermmer Sl
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12. Webber apparemly does not get’ the readmg in which the- obJecr distributes over the .
subject, in contrast to Kempson & Cormack. In chapter four, it will be argued that this

S 30

' reading is usually not obtained although there are cases in whrch it can be obtamed and

N

" therefore it is necessary to be able to denve it.

13. "The abrlity of mdefimtes to escape from "scope islands” erl be drscussed in section 3. 2

. Fodor & Sag (1982:371) argue that Cooper's proposal cannot account for the island- escapmg“j

behaviour of indefinites. They give two examples, containing the quantifiers exactly hal f and

ar leas: five, in which the entailment relation does not hold. The second of these is Mary dates

at’ least five men who know a producer I know. It should also be noted, as ‘Saarinen (1980)

B points out, that when an-indefinite is inside an’ opaque context nexther the specrfrc nor the

‘ opaque reading entails the other one

14 Gil's emprncal data is probably brased m favour of symimetric readings since sentences
- containing numerals have a strong tendency to receive symmetric interpretations. In contrast,

quantifiers such as each, most, few and no interact 10 give predominantly linear scope" .

interpretations. It would therefore be useful to make a compamon study to Gr] s using such
quantifxers ‘ _ ‘ .

15. Gil mendoos that’ Montague and Keenan Faltz logrcal f orms have been shown to f orce the

‘ same scope dependencxes as FOPL (p. 422)

&

~,16 See footnote 12 in Gr] (1982). It may also be noted that the mappmg rules used by‘ ,

" Kempson & Cormack ‘tend to favour the scoped mterpretauons since the two. group |

interpretations-must always be denved from the former (and therefore are conSrdered to be -

.more specrfrc interpretations).

17. “There may be some. syntacnc basis for introducing explxcxt scope relation operators since
adverbs. suich as each, together separately and.independently are explicit indicators of scope

- relations, Gil mentions ' that in Tagalog bawar is like the adverb each but entails. that .the,
dependent sets be dxs;omt He proposes-that this should be represented as a separate relation.

. !
. .



Chapter 3., °

. The Scoping of l‘ndeﬁn”it_e and Definité Noun l;’lhrases '

Indefmrte and def mrte NPs dif fer in a number of ways f rom quanufxers such as each
o "& .
most few and no. For example they are immune to the scope 1sland and "VP deletron

» ———,

‘ conStrarnts (see below) teadily support non- restnctrve rel‘auve clauses and may co- refer wrth"‘ ‘

- v, o

pronouns across arbrtrary stretches of dxscourse Plural mdefrmtes and defxmtes commonly

1
. '

recewe collecuve interpretations, in contrast 1o proper quantu” jers. \ These specxal propemes'.r

of mdef xmtes and defmttes comphcate their scoping behavtour and a number of .attempts have

. been made to grve srmplrfred accounts of the scopmg ‘of mdeflmtes Fome of these were‘

-

menuoned the prevrous chapter The main aim- 1n thrs chapter wrll be to éxamine the recem ,

. proposal that mdeftmtes and- def mrtes are lexr&ally ambiguous between havmg referenual and |

h

quantrfmtxonal mterpretatrons Thrs proposal 1s potenually very useful for scopmg since

‘ ref erentralsterms are not scoped and drstrrbutrve quanuf iers are largely clausebound However R

there are a number of drffrculues with the prOposal which sugges? that tt at least requrres .

I

some modrfrcatan Some of these drfflcultres wrll be drscussed in, secuons 3 2 to 3.8. In the

- last two secnons of thrs chapter two alternatxves wrll be descnbed In section 3 9, a possnblei’,

‘ rnodtf ication of referentxal rndefxmtes wrll be descnbed and in the. Iast sectron a more umf orm

treatment of mdeftmtes and defmrtes wrll be given in whlch thetr specral scopmg properues'

'are attnbuted to the E- and ¢- quantxfters First, however some tenmnology needs to be .

clanfred. ' .
31 .‘,Spec’iiic,*NOn-_s'peﬁciﬁc and Lrigfe‘r”eiiﬁar : rndé't"ni'tes 1

(S

L7

The termmology used to classrfy mdefrmtes (and defmrtes) can be quxte cpnf usmg To

| stan with a dxstm‘ctron is, often made between speciﬁcoand non-speclﬁc mdefmttes usually‘,v -

Y
- ) - b}

Ll

: | wrth reference to the mterpretauon of mdeftmtes msrde opaque contexts For example in

3




&

e

- but inside thinks.

L4

in which' John has a particular blonde in mind but the idestity * of this blonde is opaque bqth

to Mary and the speaker. This reading may be represenied, by scoping a blonde outside wants

More recemly, it has been proposed that mdef inites in transparent com.exts are’ also
ambiguous, m telation o the speaker If the speaker is making reference to—-rpamcular
object of which he knows the identity, the indefinite is interpreted as an mdexlcal or as a

referential inde finite. For example, the referential interpretations of a blondf in ‘?a)‘and (2)

- would correspond to the speaker having a particular blonde in mind."* I . .

)

.. The difference between indexicals and non-indexicals was discussed in section: 1.3,

Indexicals are directly referentiél and their denotations are determined solcly by the comex't.

y
(1) John wants to marry a blonde *
the indefinite a blonde can be given a.'specif it interpretation, if John has ; particular blonde
"in mind", or a non -'specif ic interpretation, in which case the blonde is opaque to John. This
tlcrminology‘ is used by, for example, Fodor (1970), loup (1977) and DeCarrico (1980). These
yo/iEtemremtions may be represemed‘ by scoping the ‘indef ix;ite relaliveb to the opaque
operator, The notion of "specificity” being used here is a relotive one, since an indefinite may
_be transparent to one person and opaque to another. For example, there is a reading of
) ‘ ()
(2) Mary thinks that John wants to marsy a blonde
< C -

‘Am other Lhmgs thls means that Lhe mterpretauon of lndexxcals is mdependem of '

‘

quanuflers and ot.her loglcal operators within whose scope they lie. Q;,lanufncanonal NPs are

vanablc bmdmg operators and theref ore display. scopc ambxgumes relative to other Operators.

The mdex:cal/quanuﬁer dxstmcuon is sometimes known as the refekmial/quanuf catzanal
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distinction for indefinites (eg, Fodor & Sag 1982) and ‘the referential/ attributive distinction

»r

B

. \ ‘
for definites (cg. Wettstein 1981). In the next six sectioms; the evidence that indefinite and .

definites NPs should be given an indexical interpretation will b€ examincd.
3.2, The Ability of Indefinites to "Escape” from Scope ls]andk

It is well known that clauses tend to act as strong “traps” for quantifiers, that is,
quantifiers can seldom widen scope over an embedding clause. Some types of clause do
occasionally permit a quantifier to "escape” from it, for example, ‘clauSgs which serve as verb

complements (3) or as relative clauses (4),
' ' v

(3) A quick test showed that each drug was psychoactive '
(4) Several tourists who visited each city bought a souvenir

L4

Van Lehn (1978:8) empirically tested (3) and found that about half the time subjects chose
the reading in which there was a different test per drug. It is possible to get the reading in (4)

in which the set of tourists depends on the city.

Certdin types of clause form what appear to be absolute trabs for quantifiers and
these are said to act as scope islands. Two examples are object complement and initial-{f
clauses. This can be seen by the implausibility of trying to force the distributive reading in (5)

or (6).

N

- . : . )
(5) *Someone different heard a rumour that eachsstudent had arrived
_(6) °If cach’student has arrived then a friend (of his) will go to meet him .

However, indefinites and ‘also definites, if they are treated as scoped elements, are immune t0 '
the scope island constraint. It is always easy to get a wide scope reading of an indefinite or

definite no matter how deeply it is embedded. How can this be accounted for?

*



Fodor & Sag claim that "an indefinite that escapes from an islanhd has maximally wide .

scope with }espect to any quantifiers or logical operators outside the island" (1982:374).*

_ The two key sentences they use to make the claim that indefinites inside scope islands cannot

[

escape to intermediate posiu'ons are reproduced here as (7) and (11).

‘(7) Each teacher overheard the rumour that a student of mine had been called
before the dean

(8) (Vx teacher [x overheard the rumour that
(Ey :student of mine
- [y had been called before the dean)])])
(9) (Vx:teacher (Ey: student of mine
[x overheard the rumour that
‘ [y had been called before the dean]]))
(10) (Ey:student of mine (Vx:teacher o , .
[x overheard the rumour that o
[y had been called before the dean]]))

(11) If a student in the syntax class cheats on the ‘exam, every professor will be
fired

For (7) they claim that the intermediate reading (9). in which each teacher has a specific

student in mind, is not obtained. The authors admit that this may not be completely

convincing, however, the absence of an intermediate reading in (11), in which there is a

specific student per‘professor. is indisputable. '
' - . .

First, some counterexamples will be p;eseoted. The intermediate reading ‘ of (7)'

4

appeaxs to be hard to get for pragmatic reasons: there is no apparent relation between the

-3

teacher and student If such a relauon is present, especxally if an explxcxl anaphor is presem -

the mtcrmediate reading is easy to get (12). s

(12) Each teacher overhcard a rumour that a favounte student (of his) had been
called before the dean

gu— .

It is also frequently possible to obtain intermediate readings in sentences conteinipg scope

islande by 'embedding such sentences inside‘ prepositional sen_tentiayl‘ adverbials (13).
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Z\ . .
(13) At each school. several students overheard a rumour that a certain teacher had
quit -
\

2

. A\ , o ‘ . - L i
In this case, the "anaphoric relation” between school and teacher can easily be left implicit, * i
\ .
The absence of an intermediate reading in (11) is somewhat more difficult to explain
\ - ‘ :

and, in f\ect, raises some additional problems. However, it can again be seen ‘that intermediate
readings are possible by embedding variations of (11) inside a sentential adverbial (14) or an

attitude clause (15).

i
(14) In éach department, if a'(certain) student cheats then every professor will be
fir ‘ ,
(15) Each\ teacher knows that if a (certain) student (of his) cheats he will be
reprimanded

\

Therefore, the ability of indefinites to “escape from" initial-if clauses cannot be accounted
for by giving them an indexical interpretation, at least in the sense described by Fodor & Sag.
) . B

. \ ‘ '
However, Lhi)s\ would be possible if "referential” NPs were allowed to be functionally

dependent. The context would then assign constant functions to such terms. In fact, it would

appear to be necessary to allow for this possibilit; in tl;e formal semantics defined by- Fodor
" \ : .‘ . ,
& Sag. In their semantiﬁ. indexicals are evaluated relative to the time and world of utterance

" (te,we), and so their den\ tations are.independent of time and world (1w). However, this

method of evaluation does not make them immune from dependency on other quantifiers, and

-,

there appears to be no ob jous way to modify their semantics to. incorporate such an

immunity. Therefore, one step towards reconciling their proposal with the data shown here

- would be to modify the definitign 6f referential_ity to allow for functional dependence.

However, this still does not appEar to be a sufficient nipdification. since indefinites

which escape from scope islands may stin'be-embedded inside en“opaqpie operator such -*s an

. attitude operator. In (165‘tl;ere is a-'clear reading, perhaps the preferr'edf one, in which there is
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- a partjcular student in each class who will be thrashed if he cheats but the students are
opaque to John. That is, a student acts as though it scopes outside the { f-clause but inside the.
opaque predicate thinks.

( 16) John thinks that, in each class if a (certam) student cheats then he will be
thrashed l ‘

This seems to be incompatible with the interpretation of a student as a referential term. In
section 3.9, the possibility of -further modifying referential indefinites, to allow them to be
both within the "scope” of opaque operators and quantifiers and still retain their specificity

(relative to negated contexts etc.) will be discussed. | )
’ ,-,,ﬁ

- Returning to example (11), an explanatron is still requued as 0 “why there is no
intermedtate reading. lntumvely, we can see that the absence ofv an mterxnedrate reading ‘S,a
result of the 'surfg_cg order of the quantifiers: it is easy to get the!intermediate' reading ‘if
etther the universal quanufler is first " moved"‘ to the front of the sentence in the English
_ version (17).or 1f the consequent clause is placed before the antecedent clause (18).

(17) For each professor, if a (certain) student cheats then he will be fired .
'(18) Each professor may be fired if a (certain) student (he knows) cheats

One way of explaining this would be to postulate that the consequent clause also acts as a.
scope 1sland when it follows the antewdent thereby trappmg the umversal quanuf ier msrde it.

" This explanatxou is suggested by the 'fact that rt is not possrble o substttute (17) in whtch thev
- -untversal quanufter is placed outsrde the whole sentence in the Englrsh @ersmn for (11) and
by the fact that it does not :appear (0. be possrble for every teacher to bind an anaphonc'

l pronoun assoctated with a studem in

(19) *If a ;md‘ant of'his cheats then'e\iery teacher. will be fired



N

‘ even when the indefinite is interpreted non-specifically.

]
N

, Thrs mabrlrty of drstnbutrve quanuf iers ihside a consequent clause to ‘widen scope over

a precedmg antecedent clause appears to be a specific tnstante of a more general rule whtch

Y
can be applred to drstnbutwe quantu’ters msrde all clauses joined by connecuves (see section

’ 4, 6) Thrs grves the explanauon some addttronal support. Although some altemauve

explanatron ‘may later prove to be more.: sausfactory 1t seems clear that the al;sence of an -

intermediate reading in (11) is a result of the universal quantifier being placed after -the lf
clause.in surface order and not of the indefinite being unablé to widen scope to interrhe_diate

positions. \

37

\‘ Frnally perhaps the sunplest and clearest evidence that indefi mttes msrde scdpe lslands

can have non- tndexrcal wide scope readings is to compare the wrd&seope readmg in a sxmple ‘

sentence such as (20) with those in sentences contammg scope 1slands (21 22).

' (20) John thinks that two friends of his are‘ arn'ving
(21) John heard a rumour that two friends “of his are arriving -
(22) John thmks that if two friends of his arnve today they, will dnve to the country

ln all three sentences it is equally easy to obtarn the readmg in whrch the two frrends are‘

specific to John but non- specrfrc to the speaker He. the wrde scope exrstenual readmg .

Therefore. if the opaque/transparent drsdnctton _gr (20) is obtamed'by scoptng the indef: inite,

: a p'arallel treatment should‘be given to (21) and (’22). Per.haps a coro_llary of this is that if the

wlde scope readmgs of (21) and (22) are not to be obtamed by quanufrer movement then

nerther should that in (20) te the mteractron of mdefrmtes wrth opaque operators should not

- be handled by scopmg This possﬂnhty wrll be drscussed further in sectron 3 9

. o



'3.3. The yp Deletion Consrraint

The second major argument used by Fodor & Sag to support Lhe need for referemlal

mdef mites is the apparent 1mmumty of xndefmrtes to the-following constraint on VP deletion,
. i : .

originally proposed by Sag (1976) 1

‘ (23) - A verb phrase may be deleted only if its logical translation’is an'alphabeti‘c
' variant of an expressron in ' the logical translauon of the surroundmg
drscourse . :

The effectrveness of tlns constramt depends on the representauon of sentences in a partrcular

o form of 1ntensronal logic, in which’ verb phrases are represemed as lambda expressions wrth

' quanufrers in the object posmon embedded rnsrde the lambda operator The supulauon that
correspondmg vanables must be alphabenc variants applres o vanables bound both by lambda

operators and by quanufxers ! However as we will see, the effecuveness of the constramt is

e

. most clearcut in the former tase.’

[P

A snmple example of the constramt mvolvmg two quanuf jers can be seen when (24) 1s
followed by (27) The logrca.l forms are represented using the notauon of Sag ‘
(24) Someone loves everyone .
- '(25) (Ex) [x; Xy((Vz) [y loves ZI)] Lo , SRR
, (26) (vz) (Ex) [x Ry(y loves 2)}’ S SN
i(27) Chns ‘kniows that someone does ' | ‘

(28) (Eu) [u, Av((Vw) [v loves w])]
- (29) A(Vw) (Eu) [u, Av(v loves w)]

Fodor & Sag clarm that only the sequenee of readmgs m whrch the umversal quarmfrer scopes“ 5

rnsxde the lambda operator (25) and (28) are permmed ’I'he lambda expressrons in (26) andv R

| “ _(29) a.re not alphabctrc vanants of each other smee z and » are free vanables msrde the

i

, expreesxons Thus it f°“°W3 f1'°m (23) that a VP mnnot be deleted it it contams a quanufrer‘ SRR

; wtnch wxdens scope outsrde the VP unlees the quanufrer has sc0pe over both the anteoedent‘ . B -



Sl ‘ 'provrded by the mhxbmon of deletton m (36) but not in (34)

and deleted VP 3 However it does seem posslble 10 get the readmg represemed b\ (29)

especrally if everyone is stressed or replaced by each person In this case it may not be possxble '_‘ '

'to account for this by widening. the scope of everyone since the latter should preferably not

scope outside the attitude clause in (27). °

Fodor & Sag claim that indefinites are immune to the V‘P"‘deletion constraint but that

only referential indefinites, which entail maximally wide scope, have this immunity. However,

counterexamples can be constructed by embedding sentences inside adverbials as"in the,

previous section. In (30) it is easy to get a Teading in which a certain alderman scopes outslde

both VPs but inside both cities. This reading does not vrolate the VP deleuon constramt but it

shows . that the abthty of indefinites to scopc outsrde a VP without constratmng VP deletion

~

cannot be explained by interpreting such indefinites as indexicals.

(30) In both crtm most. of the men dtshke a: certain alderman and several’ of the '
women-do, 100 ‘ :

" (31) In both wards, most people are expectmg a.certain candldate to win
" (32) Yes, in both wards most.people are
. (33) Yes most people in both wards. are

39

‘, There is also a readmg of (30) in wluch the men and the women dislike separate aldermen - .

'but tlns readmg does vrolate the constramt"and is much harder to get Thts is also. the case’ n“ - |

(31) is followed by etther (32) or (33) although here rt does seem plausrble to get the -

‘ freadtngs in whrch the constratnt is vrolated by the mdeftmte u

'I'he clarm of Fodor & Sag fmds more support m sentences contatmng nested verb "
‘phrases The VP deletton constramt predrcts that when a lambda operator or quanttl-‘ter has f |
scope over two nested VPs only the outermost VP wrll be deletafble (Sag 119) The constratnt. T

works well w1th vanables bound by lambda operators A very elegant demonstratton of thts 1s,.“ RS




| (3'4)‘ John is ready to leave, and Mary is réady to, also o S S ,

- (35) (John, Ax[x ready ‘fo'r‘(x, Az (z leave))]) .

© (36) *Mary is fun to tease, and Betty is furi to, also
- (37)(Mary, Ax((A,2zz tease x]),Ay(y be fun)))

The loglcal representauons for the first part of each sentence are shown in (35) and (37) 1

.: It can be seen that the unacceptabthty of (41) is attnbutable 0 the lambda vanable z in (42)

| whxch will not be an alphabetu: variant of the correspondmg vanable in-the deleted verb -

phrase o ’

Fodor & Sag argue that the above constraint also apphes to quanuf jers inside nested{ .

‘VPs For example they claim that the contmuatxon shown in (38) is possible only if everyone

" has parrow scope but that the contrnuauon "Chris does 100" would be.accepta'ble wrth_both

.(38) Sandy thinks that someone loves everyone. Chris thinks that someone does t00

Agam there seems to be a certain degree of fuzzrness here and it does seem posstble even 1f | ‘

: unhkely. to get the. forbldden readmgs (ngen the nght context stress etc ) Thrs vagueness is

’ not%o surpnsmg 1f quantrfrer scopmg is not a structural but a secondary phenomenon ms-

R aauct

: contrast to gappmg ‘14 Fodor & Sag then use (39) as evndence that mdexxcal mdefxmtes are

.immune to the constramt

(39) Sandy thmks that -avery- st ent in our class plays chess better than a guy I S |

beat\thxs mormng Chns does that every student does too :

B Here they clarm that the contmuauon s pos51ble if 2 a guy is exther completely non specrftc orf‘;‘; -

mdexxcal. but not xf xt it scopes outsxde every student but msrde the matnx verb (meanmg that:.‘: E

Sandy thmks sueh a: person exxsts but has no one partlcular m mmd) However the

Do e

. Lot '_«A RIS P e

g intermedxate reading as they descnbe xt 1s a bxt hard to grasp to start thh In sentenees m‘:.}‘zv' o




IR clause as m (43) wnll tend to have (1f not reqmre) an mdexrcal interpretauon But that» : :

41
‘which intermediate readings‘are easier to grasp the constraint szems less convincing. ** The
authors in fact mention one such example (inf ootnore 12), namely

(40) Sandy tlnnks that everyone m our class sent a note to ‘the teacher: Chns thmks
that everyone did, too , . , oo ‘

e ‘but argue that in this case everyone should be gwen a collecuve mterpretauon ThlS is a

reasonable suggestion but the deleuon thh the intermedxate readmg sn]l seems possnble in
i .

(41) Sandy thinks that each person in our class sxgned his name on a card’ for the o
teacher. Chris thinks that each person did-too

where each person cannot have a collective interpretation.

Fmally it should bemted tha‘t there is a completely‘ dif f erent argumem which may be
used. agamst the need for referenual mdefmnes in the sense that referenual terms, unlike .

‘ f'atmbunve ones directly denote It is clear that VP deleuon 1s not constramed by grvmg a.
" ceftain’ person wrde scope m . : " S _ ;

(42) Most people hope Lhat a cenam person wﬂl be apprehended but some people
domot R ,

regardless of whether the mdefrmte is bemg used. to drrectly refer to:a know

"

individual or is = -

bemg used attnbunvely, for example to refer to the hy theti mnr erer}'of‘[meit.h ,(s'eet

| 3.4; Non-restrictive Relative "Claus,os:

1\

Fodor & Sag clarm that an mdefxmte wh1ch 1s modxfxed by a non restncnve relauve

. quanufxcauonal NPs cannot support non restncuve relanve clauses (44 45) o




| ;drstnbuuve quanufrers. ratherthanbetween mdexrcals and quanufrers 17 : | —

LN
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©(43) A studem in the symax class, who has a Ph D. in astrophysncs cheated on

- the exam :
(44) *No/few students in the syntax class who have Ph D.'s m astrophysxcs

- cheated on the exam
- (45) ‘Each/every student in the syntax class, who has a Ph D. in astrOphysms

cheated on the exam ,

.l

‘ Whrle examplcs (44) and (45) used by Fodor & Sag, are unacceptable it’ does seem possxble

‘ 'on occasion for a drstnbuuve quanufrer to suppog& 4 non-restrictive relative clause, as m

(“46). < s R

(46) Each apphcam who must be a Canadran cmzen should frrst frll out these
-forms’ - = A _ .

-

-~

a test for mdexrcahty, as the £ollomng—examples make clear

. ,_'\

(47) Some drssrdent ‘who' evidently wishes to remain anonymous sent this note’

(48) Mary wants several people who have not been selected yet, 10 help her wrth
_'thé project - -

(49) Each student wants to get several people ~who nwd not, have any prevrous

. expenence. to help wn.h his pro;ecr ‘

-

. which refer to unkndwn mdmduals (47) or whrch scope msrde opaque operators (48) or other

B 'quannf rers (49) Therefore the above examples pomt to a drfference between mdefrmtes and

- 350"““‘1"“’“ a e R

P ‘! R .v'-- ; . .

Indefrmtes can support two mam types of anaphonc reference whrch may be termed

: specxflc and genenc and whrch are typrfxed by the pronouns it and one. The drfg'erence

i can be lllustrated by an example from loup (1977 233) in wluch (so) may be follo "ed by

.nio or few 1¢ Even so the abrlity to support non- restncnve relauve clauses cannot be- used as

- The examples show that non-restncuve relauve clauses can modrfy non- specrfrc mdefmrtes '




either (51) or (52):

N

(50) Melinda wants 10 buy a rrrotorcycle
- (51) She will buy it tomorrow
. (52) She will buy one tOMOITOW

-

Ioup suggests that the specxf ic and non- specrf ic anaphors in (51) and (52) corefer with the’ de

re and de drczo mterpreaauons of a motorcycle in (50) "

A
-

Gillon -Zl986)icléiﬁ15‘th'at by forcing the indefinite t0-be specific, one anaphora can be

' prohibited and illustrates this with the unacceptability of

- He argues that this provides some eviderice that indefinites, should be. interpre‘ted‘as‘ eitrf'

N srmply de re, Lhat is specrfxc relauve to lhe opaque operator Sccondly -one anaphora may be

(53) ‘Rajan wiH buy a particular mattress; in fact; he will buy one today.

4 ' iy
referenual or quanufrcauonal Howeverathere are some dnfflculues wrth this argument Fr

of au the mdef rmte in (53) need not be referenual (in the sense of Fodor & Sag) but caﬁ

prohrbrted for pragmauc reasons xf it -is."clear that the same’ Ob]eCI wherher specrfrc or -

‘ non: specri-‘lc 1s bemg referred t0. As (54) shows, thrs may occur wrth an mdenmte embedded -
msxde a.n opaque conte;_rt. ) | ‘
[T ¥.

L anaphora although only ina genenc sense. An example is

(54) *lohn will-order a pizza and he will eat one™ ~ e

'.Thxrdly. in the nght context completely referenual NPs can quxte eas:ly support onej“ ’

.

-

. (55)Dont use this_ehair; get"orxe from t‘he_liv'in:‘g"-‘ro'om;v'

L .

B It._‘ might be argued, ‘h_‘o_v?e\‘lér',. that theabrhty tovus'e‘/:o_‘ne' anaphora 'iﬁ“'(S'S)‘ teSul;s".from‘,"a_”r

S

-53—7‘/4




S name like logrcal syntax whereas Type I q Y
‘v'g:"‘.!quantifiers are not scoped but entarl maxunally wxde scope They mclude all defrmte NPs‘»"

B (apparently) a cenain and any Typé I quanttfters are moved by May s QR mle (see sectxon‘

= \f.j'_'."mdeﬁmtee otherthanacertaln N S T o

- ~ L o * . : e . - [ . B at N v

A “"bber (1983), points out, inferencing is °f‘e“ req““ed n ordet 10

\"'
' b

obtam smtable }e{tcn sel » \whrch serve as antecedents for one anaphors Some secondary :

processmg is clearly reqmred in
. \ ‘

(SG)IJohn just bought this [pdinttng];,now everyone yv,i‘ll‘want to get one ‘

[
\
t
N
N

One p‘dssible difference between, referential and Aquantificational indefinites is their
' ‘abdity to serve as antecedcnts to both 1: and one anaphors Although (58) is acceptable itis

_more awkward than (62). It seems that in the former we want Bill to buy a dtfferent copy of o

the same bovok.r | , \\ N k ) - | e o
B . _ | o ‘\\ o \ I  .,
(57) John bought a booL yesterday. and lent\jt to’ Mary Bill bought one today
(58) John bought this book yesterday and lent\tt to Mary. Bill bought one today. ‘

Pe

,However the same dlfftculty in suppomng one anaphora ts\also shown by funcuonally

‘dependent specrftc mdefxmtes (59) e | \ R \ 3
‘(59) 7In both‘companies‘, John met a certain executive an\h?ll' also met one. .

‘3.'6.ryper.taqdrypenQuaimﬁers._ : ;_' o \, ‘\, y

Hornstem ( 1984) makes a dxsttncnon between "Type I" and "Type II" qnantrfners

‘ ‘,wlnch is qurte szmtlar to the referentxal/quantxfacanonal dxsttncnon Type I quantrfxers have a

i 1ers act as vanable bmdmg o%erators Type I‘

it

'~~2 1) and therefore haye a clausebound scope They mclude proper quantrf“ ers and aﬂ' '
. . .

PARET

h




=

o :p°s‘"°“ "’“d “m""m‘ q“a“"f‘m in b°th the the subjea and. obJeCt posmons show. clcar‘ oy

' ,trans,formatronal grammar. .

A

o Two rnaJor drff erences can be. noted between the Tvpe I/T ype II drstmcuon and: the L

> referentral/quanufrcauonal drstmctron of Fodor & Sag. Frrst Type I quanuf iers are not taken

. \

to be drrectly denotrng expressrons as are referentral terms but are mterpreted relauve o a

. .domain of entrues Hornstetn reserves the drrectly refernng rnterpretatron for proper names ‘

35

Secondly Homstem does not make a general Type 1/Type II drsunctron for defmrte or .

certam are consrdered 0 be Type II

indefinite NPs; the former are all consrdered to be Type I and all mdefrmtes -Other than a

Desprte these drfferences however most of the arguments that Homstem uses to -

support hrs Type I/Type II drstmcuon apply equally well to the referentral/quantrfrcauonale

drstrnctron He presents three main types of evrdence all’ wrthin the framework of

- (i) Interpretative mdependence

(ii) Pronoun binding constraints
(iii) The empty category principle (ECP)

In the remamder of thrs sectron the f irst of these will be bneﬂy consrdered the second will be.

1

treated in the follo\ ing ‘section. *
\‘ ) ." B

Homstem clarms that Type I quantrfrers show mterpretatrve mdependence that 1s A

"\

therr mterpretatron is mdependent of other logrcal operators such as quantrf iers, negauon and ‘

“modals There are some problems with this clarm We have already seen that both definrte. v ‘

N'Ps and also a certain can be functronally dependent on other quantrfxers Also there seems v o

to be no reason to smgle out a’ certam since all mdef 1mtes can be understood referentrally i

.‘r,/,

Hornstem clarms that quantrfrers do not scope wrth negatron or modals Type I._

L scope ambrgumec relatrve to verb negatron (see chapter four) 4 ‘. :‘

| quannfrers afe mdependent of these operators and Type {I quantrfrers alwa% scope msrde‘ )

- ‘”them Thrs is clearly wrong rn the case of negatron in partrcular mdefmrtes in the Oﬁject::} el




e

" and refl erennal,_terms.

" acceptable

uses (63) and (64) as examples.

-

3.7. Bound and Unbound Pron&’iiys S .

A

Pronouns are often classified as being -either "bound" or "unbound”. The difference

Vo

_ between bound and unbound pronouns can be clearly illustrated with a sentence such as

(60) John showed each person his room

where the pronoun his may either be interpreted as a variable bound by the quantifier each
person, as an unbound term coreferential with John or as an unbound term which refers to an

individual previously menu‘oned or perceptually ‘indicated. ** If there is good evidence for

)

classif ymg pronouns as either bound variables or as referenual terms, then this could be used

to determme whether mdefmxtes 'should be mterpreted as quantifiers or as both quantifiers

.

Homstem claims that Type I and Type II quantifiers can be dxsungunshed by certain
syntacuc constraints which af fect pronouns which coindex with Type II but not with Type 1

quantifiers‘ * For example he claims that Type II quantifiers cannot bind pronouns across

sentenual connectives or boundanes and that (61) is unacceptable. However, the problem with’

(61) appears to be remed o everyone bmdmg a smgular pronoun and (62) is clearly

\

r

(61) ?Everyone bought a beer. He drank it quickly e A

(62) Each person bought a beer. He drank it quickly " }

: In fact, sentenual bound&yes do not appear 10 form strong scope islands and it 1s not dxf f; 1cult

1o find examplcs such as (62) in which both distributive and e)ustentml Type II quantifiers

comdex pronouns across dxscourse. 33 Hornstein also claims thal Type 1 quanufxers inside

. scope islands sﬁch a§ an initial-if clause cannot coindex pronouns outside the scope island. He. .



, ) T
(63) *If John owes every man money then Sam pays him
(64) ?1If a/some large man loves every woman, then Sally loves him

However, the above constraint only applies to distributive Type .11 quantifiers such as every
and the reading of (64) in which the same man Joves every woman is acceptable. This can be

seen more clearly by rephrasing (64) as (65). **

(65) If someone wins each race, Sally will admire him

. /
Distributive quantifiers inside scope islands can coindex with pronouns outside the islands. but

apparently only when they receive collective interpretations. In such cases, it is easy to show

that the pronouns cannot be bound by the distributive quantifiers. For example,

-

(66) If few people register for the course they will learn more

N

does not mean that few people are sueh that if they register for the course they will Jearn '

more. Pronouns such as they in (66) are sometimes known as "E-type" pronouns (Evans
" 1980). The antecedents of E-type pronouns must presumably always be existential quantifiers.
Therefore, the constraint on coindexing pronouns from within scope islands distinguishes

existential from distributiué quantifiers but not Type I from Type 11 quantifiers. *" -

We may then distinguish three types of pronoun anrecedent (a) referential terms and
extra - linguistic objects (b) dlsmbuuve quanuflers and (c) existentigl and dcf inite NPs.
Can this classification scheme be _used as evidence either for or agaxnst makmg a
. ‘K , R . . :
referential/quantificational distinction for indefinites or definites? -

Pronouns anaphoric to distributive quannf iers - are gcnerally treated as thc bound

variables of standard logfc One way of handlmg the binding of pronouns by drstnbuuvc

quannfxers across drscourse is to use a process of scope cxpansron -10 bnng pronouns wnhin

»

-
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the anaphoric scopé of the quantifiers. This will give the correct scope relationships ** in
(67) Every villagef owns a donkey. However, he doesn't ride it \

ﬁ-type prenouns‘ have been interpreted in differem ways. Lepote & Garson (1983)
make a distinction between "'sernantic" and "anaphoric” scope. The former detemﬁm how
the truth conditions of a sen‘lenc'e will be ‘evaleated and the latter which variables are bound
by a a quantifier. They‘are éble to separate these two types of scoping by modifying the rules
of interpretation. Their method' handles the scoping of sentences containing a ﬁn‘ety of

logical connectives such as and, or, unless and if-then. In prattice, their system consists of a

[} A

set of prolog-like rules and the scoping of quantifiers and o;her logical operators is
- determined by the order of aprlymg the rules. This method allows a qua_ntifier inside en
initial-if clguse to anaphorically bind an external‘ pronoun withou-t the semantic scepe of the
: quantifief being widened. This account does not appeer to.make any distinction between t'he
+ handling of distributive and e‘xistential quantifiers. However. the account has some dif’ ffculty
In interpreting: pronouns whose zkm.tecedemsy are plural indefinites (as well as other plixrals).

.where making this distinction rhay prove to be usef ul.

Most commonly, E-type ‘pronouns ate interpreted as standing for definite
Qescriptjons. A number of ‘attempts have been ‘made to describe how §uitable definite
descriptions may be constructed, usually by combining the descriptive content of the
antecedent NP with contextual mformauon (see d1scuss1ons in Lepore & Garson and Schubert.
& Pelletier (1987b)). The mteresung aspect about this work is that there is a generally felt
need here to convert indefinite descriptions into »c_'lef,'inite_ descriptions, even though the
&iscourse by itself prov, 'Jdes 1o sim'ple way of doixig this (pron'ouns of "lazinese" fm" example,.

can be shown to be inadequate). This is ‘quite smila.r to the problem of how o mterpret

- spesific! mdeﬁmtes ‘which appear to acting very much as defmue descriptions, but w1th an

- invisible umquenecs condition. s Thxs problem will be dxscussed further in section 3.9.



\

’ M

~ Although the interpretation of pronouns anaphoric to names, inde.\icals and
extra- lmgursuc entities as refl erenual terms is widely accepted it is not uncontroversial, There

is some evrdenoe that pronouns anaphoric 10 names should be treated as bound variables srnee
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they are subject to certain syntactic constraints such as "disjoint reference” and “obligatory "

coreference”, shown in (68) and (69), respectively. Similar examples are.discussed in Enc

(1981:9).

(68) Bill saw him
(69) Mary thinks of Sue that she likes Harry

ln (68) him cannot refer to Bill (a reﬂexrve must be used in this case) and in (69) she must

refer to Sue Enc notes that the above pronouns may be tnterpreted as indexicals, in whtch

case a pragmatic explanation must B given of the restriction on coreference, or-as vanables
" subject to certain constraints on coreference (or "binding”). She mentions some evidence that

* the former account does not appear to be completely satisfactory. It could be aréued further

that there is no need for a separate class of referential terms since these can always

represented as definite descriptions. Therefore, evidence from data on pronoun-binding points

more towards a difference between existential and distributive quantifiers than between °

quantifiers and referential terms.
3.8. Referential and Attributive Definites

There are two standard ways of refe'rring to objects in the world: u directly. by
pomung and indirectly, via a dmnpuon In terms of the model. theory descrtbed in

chapter one directly referentral terms are mterpreted as mdextcals ‘and decnpttve NPs as

vanable bmding operators 'I'hese are sometrmes known as referentral and” attnbutive NPs L

mpecuvely The former have their denotattons passed dtrectly to the prOposnion and the

latter a deecnpuon There is a long standmg debate on whether defimte descnpttons should be. .

:mterpreted as pomtmg or descnpttve n More recently it has. been proposed that both of these

o



g shows that one can suocwd in makmg a hearer thmk of somethmg a by means of expressnons _

S

viewpoints are correct and that definite NPs are lexically. ambiguous between having a

referential and an attributive interpretation. The latter view has been advocated in Donnellam

(1966), Wettstein ( 1981).‘ Fodor & Sag (1982) .and B,arwyise. & Perry .(1984). The purpose of

this section will be to examine the eviderice for making a lexical distinction for definites. This

is important since there can be no referential indefinites without referential definites;

¢

ihcr%fbre, if there is little evidence for the latter this can be used as an argument against the

-

former.
A )

The first argument for 'trcating det_'juite NPs as semantically aml?iguous was put’

fgr\;'arci\ by Donnellan (1966). He claimed that the ‘descriptive content of 4 referential NP was

,'used"gimply as a means. of drawing attention to an object and played no part' in the

predication made of the object. He illustrated this with the sentence

(70) Smith's murderer is insane

whxch can be usé'd m tWo ways. Aft may be used in the coumoom to comment on the crazy

‘behaviour of Jones. who is on trial for the murder of Smith, or it may be used by someone at

the scene of the crime as an opinion about "whoever" murdered Smith. Donnellan suggested

-

~that the difference bctween the two uses of Smtth s murderer was shown most clearly in the-
© case whem it had no real referent He claxmed that in tlns case the referenual use could result

in a meanmgful proposmon namely that Jones is msane but that the atmbuuve use would |

not. -
w\ :

Donnellan s proposal has been cnucxz.ed because 1t blurs the dlsnnctioxr between what

(1981~ 1983) argues that DOnnellan 's conclusxon is esscnnally correct, but that 1t is xmsleadmg
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a speaker means to say and what he aczually says “As one crmc notes, Donnellan simply |

‘ '1” that do lnot in reahty as the language 8Oes correspond wu.'h a" 3 However Wettstem'f



o .'\ : - O )
“to consider the case in whrch the defimte descrxpubn ‘does not correctlv refer. He first clarms
that ‘most or all defrmte descnpuons are "indefi mrte or -mcomplete , in the sense that the-l‘
expression the rable does not by itself descnbe a umque object, and that such descnpuons
cannot be completed by the context ‘'since there rs in general no unique way to complete them '
He argues that thrs mvalrdates both the Russellran and Fregean accounts of definite
descnptrons He then addresses the questlon ol' how an mdetermmate expressron can be used
in a determmate proposmon He clauns that it is necessary to interpret ‘'some defi 1mte
descriptions as directly refernng terms, the context providing a demonstrauve rather than
completing the description. Tltis Iwould also allow the descriptive content of attributive
>definites to. be completed by “anchoring" * some of the tefms in the d'escription tovthe real

¢

‘world. .

/Some crmcrsms of the referentral/attnbuuve drstmctron for . defrmtes will now be

grven The two mam features of referentral definites whrch drsunguxsh them f rom attrrbutnve

defrmtes and which therefore need to be examrned .are: (a) the objects denoted by
‘——referentral terms are recogmzed by”", xdentrl’rable by or are "directly known to the speaker' |

and (b) the descnptrve content of referentral terms plays no semannc ‘tole but merely serves

. 0 1dent1fy the object being referred to.

Frrst of all what does 1t mean for.the speaker (or for an mdrvrdual descrrbed in the .
Lo drscour( ))o recogmze or to have direct acquamtance with an obJect" As may be expectedv

.the hne be)tween a referentral and an attnbutrve use of a del'mrte descnptton_can be quite . §

_ fuzzy. Wettstetn notes that the referentral/attnbuuve drstmctron depends on the mtentxons
I

- of the speaker (and may theref ore presumably not be percerved by the addressee) 'I'hrs is not o

suggesnve of a semantrc ambrgmty Furthermore the drstmcuon may not be clear to the‘ >

'.speaker erther. _The extent to. whrch a person recogmzes or 1s acquarnted wrth" an obJect._-_‘.'_"

\

forms 4a contrnuum however 1t xs possrble to make a dxstrnctxon between reference made to e

' ‘rndmduals or obJects whrch are encountered for the t‘trst trme and anaphpnc reference-i i

o . u T
T . . .



".i",“fnend of hrs the sentence wrll havet

‘made to those which have been prevxously encountered If a drstmctton needs to be made it

‘should be made between new (attnbuuve) and anaphortc descrrpuons rather than between

attnbuttve and referential descnpttons Whether or not the anaphonc referent is anchored

to the real world is trrelevant to thrs drstlnctxon

7
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- Once an entity is introduced into the discourse via a definite or indefinite description a

‘"co'nceptu‘al object” is formed which may then be referred 10 subsequently In this respect‘ it |

ac;s’ no dtfferently than if it were a real, dtrectly percepttble object. Real fictional and,

o hypothettcal entttres may be referred to in the .same way once they are mtroduced into -

drscourse and are just as "recognizable" or tdenttfrable .. Hamlet and Caesar have the same

hngutsuc propemes even though the former isa frcuonal character. Schoorl (1980) criticizes

the referenual/attrrbuttve drsuncnqn He clarms that when a new Ob_)ecl rs brought into -

discourse a dosster is created for the object and, that subsequent anaphonc reference is

* made to dossiers _and only tndtrectly to "real objects”. * .

J . . ' .
The descrrptrve content bf all- (non genenc) defrmte NPs plays two roles it rden iffie

' a referent whether prevrously encbuntercd or not and tt plays a pragrnanc role For example ,

in

(71) The personwho broke this window. is crazy

.‘the speaker may use the defmrte descnpuon to refer o a person he already knows o |

someone he sees break the wrndow but does not know to a shadowy frgure he sees throw a.

'assumes exrsts after seerng a broken wmdow 3 There lS no pornt at whrch we can say that the SR

descnptton is bemg used srmply 0 tdenufy an obJect rather than to malte an asseruon about o

b

‘ v'bnck at the wmdow but would not be able to 1dennfy or to an tnferred person who he :

| . . ,'.an object. On the one hand even rl‘ the speaker 1s usrng the descnptron merely to 1denttfy a ‘
1 ;be judsed false (or meamnsless) rf the descnpnon rs; e

| tnaecurate. On the other hand even tf the descnpuon is. betng used completely attnbl.ltlvcly,; o



<

to. describe the inferred window -breaker, it need not be: directly related to the predication

being made That is, the speaker miay think the inferred window-breaker is crazy "not' because
- he broke the wmdow but. because he didn't report it. The relatton between the content of any
descnpnon and the main predication betng made is solely a matter of pragmaucs

3.9 Specific Indefinies: A Lexically Distinct Class?

In the prthous six: secuons we have seen that the abtltty of indefi tmtes to escape from

scope 1slands to widen scope whxle allowmg VP deletton o support non- restrtcuve relattve
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‘clauses and to support extensive cross-dlscourse anaphora cannot be accounted for by glvmg ‘

indefinites an indexical interpretation. The evidence seems to point instead to a major

distinction between the .scoping' of existential and distributive quantifiers.

a . ! f %

l-Iow should the complex scopmg behavnour of mdeftmtes be accounted for" The two

main quesuons whrch will be consrdered in thrs sectton are (a) whether a lexlcal dtstmctton

.

‘ should be made between specrftc and non- specific mdeflmtes and (b) whether exrstential =

. .as unmoved ele ents whose scope dependenetes are expressed in the restrtctton clause In thts

._secuon we w1ll use the term spec1ftc mdefmrte 10 refer to an mdeftmte whrch appears to

ific or non- specrftc) should- be treated as unscoped (moveable) operators or. “

have a umqueness condmon assoerated w1th 1t but whtch may be functronally dependent or. :

i be embedded msrde an opaque context It w{ll assumed that the treatment gtven to defmttes

.',(‘e as moved or an unmoved elements) will correspond to that gtven to spectftc tndef lmtes

e

| The specrfte/non spectfrc dtsunctton appears to be quxte closely tied. to the?‘,v"‘i'

| f_fsc0pe wxdemng of mdefrmtes In sectmn 3 1 we saw the relauon between spectftexty and ‘the‘_ -
'-scoptng of rndeftmtee relauve to opaque contexts It also appears to be the case that":" '.

4 | -"mdeftmtes are generally understood spectftcally when they wrden scope relauve to quanufters_‘ ,‘ -

,:and negatton even though 1t is. someumes possrble to get non spectfrc readtngs In (72) and' }v}-':;.‘ :j

KU
G

o (73) 1t seems (arguably) tbat we grve a, book a speexfte mterpretauon in tbe readtngs m whtchf."-ﬁv o
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it takes wide scope.’ ' ,: F ‘
(72) Each" person read a book’
"(73) John didn't read a book
To the extent that thrs is true rt seems that the process of wrderlﬁtg ‘the scope of an
rndefrnlte rs closely related to grvrng it a specrfrc mterpretatron Whrle thrs may not be too‘ *
convrncrng in the two. above examples wrdemrrg the scope of an rndefrmte relatrve to a. scope B -
rsland forces the specrfrc mterpretatron This can be seen by consrderrng the examples of
Fodor & Sag. repeated from section 3.2 as (‘74) and (75). '

(74) Each teacher overheard the rumour that a student of mtne had been called -

before the dean
(75) If a student in the syntax class cheats on the exam, every professor will be f rred

Although it is possrble to represent the specrfrc re{dmg of (74) in terms of an exrstentral _

quantrfrer havrng wrde scope. thrs wrll not work for (75) rf the ifthen construct is rnterpreted -

,asamaterral condrtronal shown as. (76) oo _; - .

A | (76) ‘,(Ex‘:student‘ [7-[x cheats] v [every 'v'pro'fessor' will be fired]])
’I'hrs wrll be true if there exrsts any student in the syntax class who does not cheat whrch {i )
clearly not the mtended meamng Even rf the matenal condrtional representatron 1s not used X

the problem remams that an rndefmrte whrch acts as. though rt wrdens scope outsrde an‘
lf clause must be grven a specrfrc rntepretatron - | |

'I'hree possrble ways of aecountmg for thrs wrll be consrdered here Frrst the proposal TSI

of Fodor & Sag mrght be modrfred so that a lexrcal drstmctron would be made between specrfrc - -

,:‘__and non specrfrc rndefrmtes. rather than between' referentral and quantrfrcatronal rndefmrtes L

".One advantage of thrs proposal 1s that there would be no need to posrt a. parallel lexrcal"f




- o {}contrary However 1f a pragmauc account 1s adopted 1t wﬂl be necessary to explam why

s

' ambrgmty for defxmtes ‘A second. approach would be to represem thc scope dependencres of
‘aJl mdefrmtes (and deftmtes) by scope- wxdemng, \n con;unctton wrth a pragmauc procedure
: which determmes the degree of specifrcrty of mdefxmtes A third approach would be _to treat

all mdefmrtes and defrmtes as unmoved elements and to represent therr scope dependencres

,
l

. (relauve to quanufrers opaque operators and other operators if possrble) by modtfymg their )

\

‘ restncnon clauses ‘ R \
. 1 [

- The thrrd approach provrdes the srmplest way of dealmg wrth the problem of §

specrfrcrty but rt ‘creates ' the new problem of how the scope dependencres should be !

». represented To represent the scopmg of mdeftmtes relauve to opaque operators it mtght be

‘ possrble to represent the scope relations by construcung a defxmte descrrpuon whrch mcludes ‘

‘the restnctron clause "[x rdentrfrable by yl", where x is the vanable bound by the mdef inite -

.and y is etther the speaker or an, mdrvrdual referred to in the drscourse Thc three specrfrc_

readmgs of
o (77‘)‘ Mary‘ thrnks that John wants to marry~ a (certa‘in) blonde

..

"could then be obtarned by specrfymg the parameter y in the above restrrcuon clause where y oo

" can be etther John Mary or the speaker The same method could be used to handle the -

& scopmg of defjmtes relauve to opaque operators However smce the detarls of how to‘,‘g,

3 "represent the funcuonal dependencres of unmoyed rndefrmtes and deftmtes are obscure at the.' o

' ._"rnoment 1ndefrmtes and defrmtes wrll be treated as unscoped quanufxers in thts study

'l'here is no questron that mdeftmtes such as a book in (72) can be underszood m two ‘ “-' -

- g ways spectfrcally or non specrfrcally The questron 1s whether thrs drsunctton should be :
' accounted for by semanucs (1e by a lexrcal dtstrncuon) or by pragmaths As Fodor & Sag :‘:

. :meuuon the lattér 1s preferable on. grounds of parsunony. in. thé absence °f evrdence 0 the, ;-z-'".f
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mdeﬁmtes are so often used in a umque sense. The SpClelC mterpretauon whrch must be

/.,

gtven to mdeftmtes whrch escape from scope 1slands has alreadv been descnbed Two other

o related‘problems wrll be bnefly mentroned

A second problem is how to explain why the presence of the modifi ier certaIn usually

f orces the mdeflmte to take wtde scope over negauon and i f clauses as tn ( 78) and (79)

(78) John doesn t love a certarn gtrl » . Y .
(79) If a certam grrl comes to the party John will come 100 SR

n
B

‘The requirement of a-certain to take wide scope here does not simply follow from its

Vo

" uniqueness sinice the indefinite a symphony in

(80) John did not hear a'symphonjr which is twice as long as any other symphony

. can scope inside the negation, even,though it must be unique if. it e_:tists. )

A thrrd problem 1s how to explarn the 1mmumty of specrfrc tndefrnrtes w0 the

constramt on coreference proposed by DeCarnco (1980) She classxfres modals and opaque 3

: verbs and adjectrves mto three categones whtch in order of mcreasmg strength" are
possrbtlrty. probabrhty and necessrty She proposes a constramt on coreference whrch prevents

‘ a pronoun from bemg m a stronger context than 1ts antecedent Therefore , e
*(81) *It is‘possible"that.John”will-kiss"a girl"and certain matlhéwiu hugher . .~ " .

v xs unacceptable rf a gtrl lS non specxfic but ls acceptable 1f rt rs mterpreted as a SpeCIflc

- &

tndeftmte or is replawd‘by a ref errmg term such as a name Grvmg a spectal mterpretanon 1o S

specrl" ic mdef tmtes mrght account for vanous other lmgurstrc phenomena such as the possrble\

tmmumty of specrfrc but not of uon specrftc. mdefrmtes to certam syntactrc constrarnts on .
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The dectsron as to whether a lexical dtstrnctton needs to be made between specrl“ ic-and |
nomn- specrfrc 1ndef1mtes must be postponed unttl the semanttcs of mdefmttes and anaphonc
‘ref erence is more thoroughly worked out Based on the evrdence presented in thrs chapter 1t is
| probably best to delegate the problem of reference or specrl'rclty 0 pragrnattcs There is a
“vclose snmlanty between the problems of how ‘10 spectfy the umqueness of speclf ic mdef inites
“land how to specrf y the umqueness of E type pronouns (E- type pronouns themselves may also .
be replaced where appropnate by specific mdefrmtes especrally when modified by certaln) )
' 'l'hese problems have only very recently begun to be treated wrthtn the framework ‘of formal
: .»semanues and at the moment 1t seems preferable 10 glve a pragmatm account of the
: ‘umquéness of E- type pronouns (see- Schubert & Pelletrer 1987b) ‘In the next section a Al

.umform mterpretatron of tndefrmtes and defrmtes wrll be given in which no dlstmcuon is

made between non specific and specrftc mdef inites.
'3.'10.-A“Unifor_m Interpretation of Indefinite and Definite NPs

Plural mdefrmte and deftmte NPs differ from other quantrf iers in the ease wrth whtch
' they can recerve collecuve mterpretauons Gil (1982) noted in his emptncal study (see secuon
" 2 6) that for sentences whrch contarned wo plural tndefrmtes people preferred symmetnc

| ,readtngs, m whrch nerther of the two 1ndeftmtes Wi

unctronally dependent on the other o

Thrs stands in contrast to sentences with’ quanuf iers s every or most which only seldom‘ .

’ ,have collecttve mterpretauons W I
;"‘ .‘L . . . ‘ L . ! - . o 'I v . N
It 1s therefore plausrble to grve a umform tnterpretatron to mdef mttes and def tmtes by L

mterprenng plural tndefmrtes and deftnrtes as E- or ¢ quanttfted collecttons wrth opuonal f‘_ :

"
. » S 9, LY
Ao

ﬂ t%‘@m

versal partmves o, If the tnmal logxcal translauon of a defrnite or mdel' tmte plural NP is’ t S
(whrch will denote a collectron) the logtcal form aftet addttton of an opuonal partmve WIll“_ v
N

be <V M[x € t]> Thrs partmve 1s obtarned by usrng the postprocessing rule

: ...4(;8_2),-‘,', .'-> <VM[xcu]> 1-12 '_
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where tiois a vanable over terms denotmg level -i entities, level-0 entities are ordinarvl

- i

. mdmduals and level 1 entities (1 > 0) are \collecuons of level (1 1) entmes ‘This allows ,

collective ,and dtstnbuuye readmgs to be obtained without complication in the rules of
. Ivf ' . . v ‘ o ‘ o . , .

 translation for these NPs.

[

The followmg are some examples of the translatlons for smgular and plural'
mdeflmtes A plural noun such as men is translated as (PLUR man ) where (PLUR P) is a
predrcate true of collecnons of entmes of whrch P holds ‘The. bare plural men (as an NP) is

"translated as (u (PLUR man )) where u forms a "kmd"'or specres (see Pelletier &

L Schubert 1985; Schubert & Pelleuer 1987a) The mdefuute a man is translated as (a' ‘man ) _ lv '

A

where a'is lexrcally ambtguous between the exnsten q‘ ifier E and'an Operator u, which .
forms a genenc mstance The two translauons are .more accurately represented as XP<E |
P> and (u, P) where the angled brackets in the former srgmfy an unscoped operator (see .
'secnon 5. 1) and the round brackets a functlonal term. The translation ‘of fwo men as a_noun
s (two (PLUR man )) where two modtfres (PLUR man) S0 that it wﬂl be true. of

collections of s1ze two. The syntactrc semannc rule paxrs gmng the translauons for a man and -
i | :

twa men are shown in (83)-(85),

(83)NP > DETN, (DET'N

- (84) NP[PLUR] —>" . N[PLUR,- NUM] (u N") : oL i
a : R S

- (8) NPIPLUR]  —> N[PLUR NUM] @ Ny

Rule (84) apphes only to non numeral NPs such as. men wlule (85) apphes to: numeral NPs

such as two men 'I'he semanuc output of rule (85) for two men would be (86) vnth the two

| possxhle lexical dxsamblguatxons shownm (87) and- (88) ', A
(86) (a (two (PLURman)))
. (87) <E (wo' (PLUR man’ ))> ‘_ N O I
@) (ul (:wo' (PLURman))) I b LR AT S




‘ ambrgurty of the pamcular readmg o

first be noted By opuonally assocraung pamtrves with the two mdef rmtes in

The (87) and (88) translations account for the pnrlicnler/generic ambiguity in’

{ v
. ) . ) ' oo
, (89) Two men can lift this table

'I“ . .

4

In constras'r 1o indefinites and definites, ‘the determiners most. few and every are

~ a—

-'.strong preference for the latler This, is done o' accounr for the drffrculry in obrarmng‘

!

collective readings wrth these determrners As an example the two translauons for every are

*59

and the opuonal postprocessrng rule'*(82) accounts for the further drsmbuuve/col]ecdve

' itreated as berng lexrcally ambrguous between the collective and drstnbuuve readmgs with a-

(a) the universal quanufrer V and (b) 7\P<Lhe Ax[V P> e x]> Note thar i, does not appear'u' ‘

possible to prefix NPs such as mosr with paruuves,whereas;thrs can usually be done wrrh

indefinites. ¥ ‘ S y

In the next chapter some heurrsur;s wrll be grven f or mé scoprng of both the cxrstenual

f

LR

'and opnonal unrversal quanufrers assocrared Wlth mdefrnrtes It will be séen that the

mterpretauon of plural mdefmrtes as collectrons with opuonal partrlrves fits in well wrth‘

3

rnturuve Judgements abour scope arnbrgurues However one aspect of thS approach should

i

[

."(90‘) Two men‘lifred‘ six“;boxes -

S and then scoprng. a total of erght readxngs wrll be generatcd shown schemaucallv belo The :

symbols X and Y represent the sets of men and boxes respecuvely. and X and y the mdrvrdual SR

4
b
e L O , L o



"men and boxes. g

/Ex EYL(XY)

2. EXEY Vx L(X.Y) '
3. EX Vx EY L(x.Y)

.EX EY'Vy L(X.y)
.EY Vy EX L(X.y)

W D

.EX EY Vx Vy L(x.y) !
. EX Vx EY Vy L(x.y) “
.EY Vy EX Vx L(x.y)

o0 -3 O

W " {
i
i

I

The first reading wxll be obtained 1f thc post processing rule is not used, the next two readings

if the mle is applied o the fu'st

lmle the next two if it is applied to the second.
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" mdeﬁmte and the last three if 1t is apphed to both indefinites. T}us has been venf ied testing .

the above .sentence on the ,scopmg program and thc results are discussed in section 5.5
. .

~

(examples 16-18). Thqre are r)actually fourteen valid combinations of the existential and

universal quantifiers; however, six of these are redundant and are removed by the scoping
program. (The redundant readings result from the switching of adjacent existential or
- univérsal quantifiers. In cases in which adjacent quantifjers are commutative, the readings in

' which the order of the quantifiers does not follow their surface order are removed by the
'.

" program.) o

-

) o
! Py

‘ Although all of the above readings are distinct and. would 'evenmally need to be
representcd it seerns preferable al this’ point to“make a dnsuncuon between represemmg
funcuonal dcpendencxcs and types of predxcauon The problem thh the post-processing rule

as it stands is that-the éddmon of a pamuve forces mdmdual predx;auon evcn in readings in
&Y

which. it does not add any new functional dependenices. Thus- the first two readings differ’

only.in that the latter makes a 'predication’ of in“@ividixal men, rather than of a'collection of

\

men. . (Note that ‘the sixth rcading. which dxffers from the first readnﬁg only ‘in that a

| #redlcauon is madd of mdmdual mcn and box& is the complete group reading discussed in

o . . .



chapter two.) By slightly modifying the program to r:move readingé in which optionally
I ’ . ) . * I
introduced partitives do not create-any functional dependencies, (sych readings would be

N

considered (0 be redundant at this stage of processing), only the¢ first, third and fifth readings

’

would remain.

1. EX EY L(X.Y)
3. EX Vx EY L(x.Y)
5.EY Vy EXL(Xy) ,~™*"

This gives the desired result. Now the effect of the post-processing rule is solely to create

functional dependencies and the type of predication being made, which may be quite complex,

can be disambiguated gradually, after scoping, using meaning postulates’and pragmatics.
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Footnotes

1. waever, it is difficult, and probably not possible, to draw a clear line between indefinites
.- and “proper” quantifiers in terms of criteria such as those just dcscn‘bed.

2‘ The term "identity” will be used loosely for the momem but will be considered in more
.detail in section 3.8. .

3. There is an alternative way of representing this ambiguity by scoping rather than by
positing a lexncal ambiguity. A performative clause such as "I hereby assert that ..." or "I say
to you that ..." can be added to the sentence and the indefinite scoped relative to this (Cole

1975). , '

4. However they go on to mterpret such indefinites as referenual terms whxch "do not
participate in the network of scope relations  between trie” quantifiers, negatxon hxgher
predxcates and the like” (p.375) so it is misleading to refer to such mdefmnes as "escaping”.

‘ 5.In order to make the point clearer, the rumour has been replaced by a rumour.

6. The term lmpllclz anaphora will be used to refer to expressions Wthh are implicitly
understood to contain anaphoric pronouns. This is commonly observed with definite
descriptions, as in the sentence Each person asked about the previous owner in which owner is
understood to mean’owner of it prior to him or her. There is evidence that some nouns such as
mayor, driver and owner should be treated as binary predicates at the syntactic level and at the
level of logical form. In such cases, a "slot” for an mphcn anaphor is automatically provided
for the logxcal form-translation. .

7. This version of the constraint is from Fodor & Sag (1982:377). The ongmal in Sag
(1976:74) is: "With respect to a sentence .S, VPD can delete any VP in S whose
representation at the level of logxca.l form is a A- expresswn that is an alphabetic variant of
another A-expression present in the logxcal form of S or in the logical form of somé other
sentence S‘ which precedes S in discourse.”

8. The notion of alphabetic variance used is descnbed mformally in Sag (1976)as follows:
"For two A-expressions, Ax(A) and Ay(B), to be alphabetic variants, every occurrence of x in
(A) must have a corresponding occurrence of y in (B), and vice versa. Also, any Quanufxer,
" in A that binds variables (in A) must have a corrésponding (identical) Quantifier in B that
~ binds variables in all the corresponding positions (in B). However, if there are any variables
. in A that are bound by somre quantifier outsnde of Ax(A), then the correspondmg variable in-
- Ay(B) must be bound by the same operator .. (p 72).

9. An example in wluch a universal quantifier may scope over both VPs is Sandy greeted
everyone when Betsy did which as Sag notes (p 41) has a reading in which Sandy and Betsy
greeted each person at the same time. :

’
———r

10 It may be possxble to find some; more convincing examples of VP delenon in Wthh
~universal quantifiers appear to disobey ‘the constraint.” Two possible examples are
(1) 7First a boy set each table and then John thinks a gir/ did
(2) 7At each restaurant John tried one of its house wines and at each pub Bill dxd .
Faw It seems possible to obtain a reading of (1) in which the boy and girl depend on the window.
4y “This reading cannot be obtained by givmg each window wide scope beeause of the attitude



clause The two VPs in (2) contam non- alphabeue variants since lhe pronouns are bound
variables of different universal quantifiers outside the VPs. However, such examples seem
very hard to get and so the VP deletion constraint seems to work quite well here. .

11. Fodor & Sag state that a consequence of the VP deletion constrai l "a verb phrase
cannot 'be deleted if its antecedent contains a quantified phrase ivhose scppe is wider than the
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. verb phrase” (p.375-6). This should presumably be supplemented witly/"unless the scope of

the quanufnod phrase is wider than both the VP being deleted and its 4ntecedent”. Otherwise,
readings in which an indefinite is given maximally wide scope consmute excepuons 10 the VP
deletion constraint. :

12.,Similar examples are givenimMcCawley (1981;399). T

13. It has been pointed. out to me that the VP deletion may be more difficult if a sentence .

" such’'as (34) is passivized. However, it still scems to be acceptable, even though a bit more
difficult to get. As an example, John is ready to be taken home, and Mary is ready to (be),
~ also seems reasonably acceptable, although ?The steak is ready to be eaten by the guests, and
- the chicken is ready to be, also does not. Adding by Bill to the frrst sentence also makes this
much less acceptable. o :
14 There may also be some other problems in applying the VP deletion constraint to variables
bound by quantifiers, as opposed to by lambda operators One problem discussed by Sag
(p.117) is how to account for the acceptability of the "transparent” reading (in Quine s

.sense) of Bill wanted Betsy to read everything that Sam wanted ‘her to read, and Peter did, too.

This. requires some modification of the constraint, since the universally quantified variables
occur outside the subjects and therefore are not alphabetic vap;ms The modification Sag
proposes is to employ double lambda abstraction. An alternative Would be to widen the scope
of the universal quanufxer although this is generally not possrble over conjoined clauses.
15. However if Iis replaced by Joe it seems possrble to gt Ihe’fmermedxate reading if, for
example, both Sandy and Chris heard a rumour that. Joe beat someone and Joe is a lousy
player himself. This would violate the VP d;leUOn constraint, but only if existential
quantifiers are scoped with opaque operators uyche way suggesred by Fodor & Sag.

16.It is always possible for the noun expressron of a quanuflcauonal NP to support a

non-restrictive relative clause by a form of g " anaphora. An example is No students in
‘tlus course, all of whom were careﬁdly .s&lected ed on the exam. ;

17. For some reason, it does not seem’ possible to chgte two descrrpuons which both - support .

non-restrictive relative clauses as in *The owner of thi , who lives nearby, is the secretary

of the club, who organized the meeting whereas this is possmle when both descriptions support .

restrictive relative clauses as in The person who owris this store Is the person who organized the

meeting. .It might be argued that this is indicative of a difference between referential and.

attributive definites; two referential definites, which can support non-restrictive. relative
clauses, cannot be equatéd whereas two attributve definites can. However, this is probably
just a stylistic constraint, rather than a constraint on equating two referennal terms sinoe it is
perfectly correct to say Clark Kent is Superman. - - . -

18. ‘The ‘de re mterpretauon means Lhat Mehnda has a pameular rnotorcycle in mmd Thxs
interpretation is descnbed in Fodor (1970).

: 19. Hornstein also descnbes a third category. Type IlI quannfrers share. propernes of Type 1

and Type o quanufiers havmg maximally wide scope when ongmaung m some syntacnc _



N

positlons but being clausebound when ongmatmg in others Examples mclude certam wh
_quantifiers and ne-personne in French.

20. The ECP is a constraint which prevents "long movement" of quantifi lers in the subject
position in tensed clauses. For example, Who expects that John bought what? is aeceptable but -
Who expects that what was bought by John? is not (p. 68). However such examples do not -
. always seem very convmcmg .

21. For example, Hornstein says (p 21) that 7Everyone loves a certain woman can only have
the reading in which a certain takes wide scope; however, it is reasonable to state Every man
* loves a certaln woman, namely his girlfriend. ‘

22, It is claxmed (p.51) that Everyone didnt like the. play cannot have the readmg "Not
everyone liked the play”, although it clearly can. It 1s also claimed (p.28) that John didn't.
kiss every woman at zhepany is "unambiguous, 'every' being mandatorily interpreted as lying

within the scope of 'not'". Yet, it is later mentioned (p. 32) that Someone doesn t liké every
woman is "ambiguous, with elther the umversal or existential enjoying wide scope”.

23 Some people (eg. Evans 1980) argue that proper names should be interpreted as
variable-binding operators; however, 1t will be assumed here that pronouns coreferenual with

' names'are unbound. ‘ b .

.24, Recail that although Type I NPs are mterpreted relauve t0-a domam of entitites, they
have a name-like logrcal syntax and do not act as variable binding operators .

25. A further example grven by Homstem is Take any number. lf you multxply it by two, zhe
result is even which is used to show that the Type I NP any can support cross-discourse
‘anaphora. However, the same example works well with both existential and umversal Type 11
quantifiers: Pick a number at random. 1f you multiply it by two, the result-is .even and Take -
each number in turn. If you multiply it- by two, the result is even. - _ .
26. Tlus is. really just a vananon of the well known donkey sentence 1f Pedro owns a donkey
he beats it. ‘ :

27. Hornstem does present some - examples which may show a more convmcmg difference
between Type 1and Type I quanttfxers Two examples of hxs are: :

(1).*That some wooden house is hxghly inflammable makes it expensxve to insure -
(2) "That he might be sent to the front doesn t bother some good soldxer

- However, the awkwardness or macceptabthty of (1) and (2) if the. mdefxmte is grven a
- .non -specific mterpretauon as opposed tb when it is replaced by a certain, may be partly
stylistic. Sentence (2) is acceptable if some is relaced by no (3) or by a functionally dependent.

" definite (4) : S

, “(3) That he’ mxght be sent to the front bothers no good soldler '
(4) That- he might. be sent to the front doesn't bother the bravest spldner in each regtment

. 28, Almost all NPs may also support a form of genem anaphora, but thls need not be

‘considered here. The indexical / can never receive a-generic mterpretauon -but you can as in
You don't have to be a skier 1o enjoy winter. Pronouns can also be used non- specxflcally as m

' .Ifyou get thls message, notlfy rhe coast guard [message ina bottle] s

: / N . \
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29. There may be some difficulty when a sentence containing a distributive. quantifier is first -

asserted and then later negated or. conditionally asserted. In such cases it seems that it-is not
sufficient to simply expand the scope of the quantifier but that the whole sentence which was
previously asserted must now be placed inside the negation or conditional operator. (this

makes sense since the truth condition of the whole sentence is now being called into question).

Two examples which illustrate this are: . . ‘

(1) All of the villagers own a donkey. No they don't - I know one who doesn't

(2) All of the villagers own a donkey. If they do, then why can’t I find one? -

However, these sentences may be special cases and require special treatment since previous
" assertions are being modified. ~ ~ ~ ‘ L

30. The problem of the whether definite descriptions- realfy are ‘"unique” has been debated. for

example by Wettstein (1981) and Wilson (1984). It is clearly easy to use a definite déscription

to refer to a non-unique object ggeviously‘imrbduced by a non-specific indefinite. An
example is o ‘ , T

,(‘1) John owned a blue van. The van had a bent fender. . B |

Suppose that John had two blue vans, one of which had a bent fender. Then the. truth
conditions of (1) will depend on how the van is interpreted. If it is interpreted as a bound
variable, (1) will be true if it is satisfiable, which in this case it is. However, if the van is
interpreted as a uniquely referring description then (1) can be either true ﬁdr false, depending
‘on which interpretation is_given to a van. It seems quite difficult to decide which of thiese
.accounts is to- be preferred. This problem is discussed in Schubert & Pelletier (1987b).

31. The same is true for time, place, nominalized states and events, imaéinary objects etc.

32'; Wettstein traces thé "pointing” viewpoint back to John Stuart Mill'and the descfiptive one -

to Frege and Russell. . :

33. Comment of Castenada, qﬁo;ed by Wettstein (1981:244).

34, The term "anchoring” will be used informally. It is taken- from Barwise & Perry .

(1983:chapter 11) where it is used in connection with referential terms which are propagated '

through discourse via anaphors. Such cofrefem{lg referential terms are said to be "anchored”

to one another. By analogy, we can say that. such referential tesys are also anchored to
objects in the real world. _ ‘ : ‘

35. We could consider reference to involve two domains: the domdin of real objécts and the .

domain of abstract or conceptual objects. Equivalence predications’ made between symbois for

zeal and conceptual objects could then be stored (when' avajlable) as part of the dossiers - .
associated with conceptual objects. Such dossiers should contain propositions about attributes.’ -

‘learned through perception, such as height, eye colour and voice-pattern, as well as those
described in the discourse. In one sense, all descriptions are "anaphoric” since they must refer

10 conceptual -objects—which have already been formed in.the mind of the speaker, for .

‘exafiple through perception or through inference. Although we tend to, think of objects as - 7'

o "uriits", infants must learn to Tecognize all objects gradually‘through sense impressions and as -
adults we use a similar method to initially distinguish and later recognize unfamiliar objects. = . -
. Althiough any given object will presumably evoke different "dossiers” in different people, all* - °

. that matters is that corresponding dossiers,  or concéptual objects, in different people can be . o

~ "anchored" or matched. The way in, which this matching. is done is presumably the same foi - | &

.+ real and abstract objects.. ..



36. We frequently use defimte descnpuons to refer to inferred objects On passmg a shop, we

' may refer to the owner or the cashier or in a conversauon about an apanment we may ‘refer to'
" the kitchen or the fridge even though these may not exist or may not be ‘unique. However,
" once objects such as these have been mtroduced into discourse they may be referred to as if

they were rcal objects.

37. Thxs problem was pomted ‘out to me by Jeff Pelleucr

- 8. The effect of the modxfxer certaln is complex and it is wrong to suppose that mdef mxtes‘

modified by certain need to be very specxf ic. A certain is used somewhat non-specifically in Is
there a certain time afier which they lock the door?. An even less specific use of a certain is in

In many small towns, there is a certain cafe where the locals like to meet. A certain is also

commonly used in a non- precxsc way with ab§tract nouns as m Cluldren need a certain amount
‘of discipline. ‘

6

39. ‘It is not possible to draw a hné between NPs which can act- colléctively and'those which

cannot. The - quantifiers. each and possibly every, can probably not  support collective
predxcaumMough everyone can in, for example, Everyone lifted together. Most also can on
occasion, as in- Most of the péaple formed @ircle but usually sentences such as Most boys like
most glrls have only the two scoped, distributive readings. The same NP’ may be ‘used .in both
“collective and distributive predications. TWo/exampl&s are: Everyone. stood up, put on thelr
hats and formed a ctrcle and Two men, who ( each) own a car, share this house

‘ 40 Thxs pr0posal is also dmnbed in Hurum & Schubert (1986)

41 A similar rule may be used to add pamuves to plural names, genencs -and mdexxcals An
example of a sentence conta.mmg an. mdexml reqmnng a parmive is We w:ll go our separate

ways

. 42, Note that plural mdcﬂmm do. not. have a dlstnbutxve generic readmg Thxs observauon-
, prov1ded some mouvau%p for the mtroducuon of the ,, or genertc mstance operator

43 Note: the ungrammancahty of each of most people In some cases it is awkward to place cL

panmves in front of plural indefinites which are used non- spcclfxcally It is ungrammatical to " -

say *John wants to catch each of three fish when the indefinite is being used non-specifically, | o

but this is probably just a pragmaue constraint. It is possnble 10 say John wants o get each o f
the three volumaers he wllI ptck to choose his own pro ject C ' \



Chapter 4

Scoping Heuristics

The scopmg of an operator- is determrned by five mam factors A(a) l[(;( lexical type
(b) surface posrtlon and (c) "structural category and also (d) world knowledge and (e) the
context of discourse. ! The ‘ways in whrch these fi ive factors interact can be quite complex and
1t seems that an essentlal first’ step in determmmg a set of scopmg heunsucs is to try. 10"
determrne the separate contributions ‘of each factor Some attempt must then be made 10
~ combine these. N R - | ”
'I'he arm of this chapter wrll be to determrne some domam rndependent heunsncs f or
| the preferred scope ordenngs of parrs of operators taking into account the fi 1rst three of the
' above factors. As an example of - (a) therc are major drfferences among drfferent classes of

quantrfer such as umversal and extstentral quantlfters and also among drfferent members of

each class For example there 1s a clearly deftned hrerarchy of the abthty of umversal

» quanttfrers to wrden scope. eaoh > every > all As a general rule in Enghsh scope order tends o

‘to follow surface order and S0, (b) needs 10 be taken mto consrderatron Two general rules
based on structural categones (see next sectton) are (1) quanttf 1ers tnsxde preposmonal

adverblals tend to ‘scope outsrde quannf jers m the mam clause and (n) dxfferent types of

clause have characterrsttc tendencres 0 trap scoped operators and verb phrases in the same ’

B posmon always form substanually weaker traps

. ‘ '

It wrll be argued that heurlstrcs such as these are largely mdependent of pragmatrc
o *factors and it rs hoped that they can provrde a base on top of whtch heunstrcs based on world

. ' knowledge and the context of dtscourse can then be added The unscoped operators consrdered

l

o .'wrll be quantrfters coordmators and negatton In the next chapter the. problem of how the

" heunsue values assoctated thh parrs of operators should be combtned 0 grve the the

preferred readmgs of a sentence wrll be exammed 5-'7j -

"6:.7




| -t_.l. Struetural Relations .

Scoprng preferences are strongly mfluenced by what we. shall call structural-‘
relauons whrch is loosely speakrng the relatron between any two operators in tbe parse tree.

.. or m the correSpondrng 1mtral logrcal translation. It makes no drfference whrch of these two “

K forms of representauon of a sentence we use,: smce the Structural relauons are preserved

(assumtng that tnformauon about surface order is present 1n the form of suffrxes) ‘but it is

perhaps more convement for the present to use the termmology of syntax Thus we can refer a

‘ 68::

rto general relatrtms such as subjecz/ object or negatlon/ adverbial or to more detarled relauons ;

such as preposed~adverblal/ ﬁdl-subject 2 - or shiﬁed~1ndlrect-ob/ect/ postposed—adverbral—op

Note'that the detailed, or composlte relatrons take into account surface posrtron so that two'_

3 parameters of scoprng have now been combrned ‘into one. lnmthe dtscussron that follows the ,

context should rnake 1t clear whether we are refemng to basrc or composrte structural-

relauons “The- term structural category wtll be used to refer to the categones of tndmdual _

3 .

operators such as ﬁdl-subject or dxrect-object The relauon between syntactrc and logrcal A

| categones should be clea.r subject. ﬁrst-term drrect-object.second-term and adverbial ﬁmctron

Y A drstmctron 1s somettmes made between the scoprng of clausemates such as.

‘o

subjéct and obJect and the scopmg of guantrfters at drfferent levels of embeddmg (eg Ioup‘

- 71975 van Lehn 1978). We Wlll loosely refer to these two types of scoprng as honzontal and S

vertlcal respecuvely Thts dlsttnctron proves to be a, very useful one to use as a gutde 10 the\ o

'q ,development of scoprng heunsttcs although tn some cases the drstmctron is not that clear 3

Usrng the termmology mtroduced above we can classrfy structural relatrons as exther ". . -

'_ honzontal or vertreal ’l‘he most clearcut cases of vemcal relauons are those between' a_ : Lo

e :connecuve such as lf then and an operator msrde one of the clauses rt connects. I-Iowever. SR

R predrcate havmg a clausal term and an operator msrde the term and between a sententr e



- @ppears ftrst m surface order has been shtfted" i’n front of the other operator where shiftmg__-f R

 there are some less clearcut cases. T e e |

‘adverbralsv (whi

. preposmonal adverbrals are consr

- and .negation.

- ! )

Ty
e

Negatron can be represented logrcally as a f unction (or predrcate) apphed to a clause

i

and therefore formrng vemcal relatrons wrth operators tnsnde the clause. Thrs appears o be .

the mterpretauon used tn the: scoptng program of Hobbs & Shieber (1987) However in this

study. negatron wrll be treated as an unsc0ped operator which 1s scoped honzontally wrth

. other operators in the same clause such,as sub]ect and object One reason for domg thrs is to-

N allow the ne tron to wrden scope over the subject and over operators tnsrde post posed

"‘they wrden scope be scpped horiz] ntally wrth subJect and Object quannfters However

are apphed 1 _'the front of a clause in the logrcal translauon) A similar “

rnsrde them can be dtrectly Oped honzontally thh sub]ect and obJect quantrf iers.“The above ,

treatment srmphftes the deve " ment of heuristtcs for subject, ObjeCt and adverbtal operators

!

B
’o

to form no trap for quanttfters sO that quanuf iers - '

How much detatl about structural relatrons needs to be mcorporated otnto ‘the scopmg :

heunsttcs" For any parr of operators the three basrc factors to consrder are (a) whether one .

of the operators embeds the other (b) whrch operator appears f rrst. tn surface order and (c) '

" the: structural relatton between the two operators Just tn how much detarl (c) needs 10 ‘be

that a consrderable amount of detarl lS neeQ for accurate heunsttcs

’I'he srmplest general rule lS that an Operator Whrch embeds or brecedes another

operator tends to sc0pe outsrde 1t K Thts tendency lS strengthened rf the operator whtch TR

1s used here m a general sense to'»rnclude t_o}ncahzatton. the shtftmg of/objects and perhaps‘ T

h specrfred rematns to be detenmned although some evrdence wrll be presented whrch suggests‘ L



by analogy the preposing of adverbtals (tf the latter are. thought of as bemg posrposed by J ', '
default ) g These wo general pnmcplcs. when augmented wrth lextcal 1nformatton ’could bv 1 i",
themselves be used to obtam a useful set of heurtsttcs The most general rule for vertlml) ) i';".
-scoping is that subordtnate clauses (with subject) vform very strong sdo.pe traps bare verb
phrases mtermedtate traps and preposmonat phrases servmg as’ noun compiements “or as o ‘
adverbtals very weak traps (or no trap at‘all) N jl“ ' ‘. ‘ ,' {. \ ‘
o e

In the later secttons of thts chapter we wﬂl exarmne some empmcalwdata o, test the' ) '”"'.‘
usefulness of. these general prmctples and to combtne thetn W1th lextcal mformauon Fll‘sl 5 :

some prevxous attempts 0 define some hngutstxc heunsttcs for honzontal scopmg wxll be‘

. ' i . , BR .. »‘h ‘ c‘l. ‘ l.‘_ .I”. , e ‘, II‘ . ‘“-“ ‘v'l,:
4.2. Horizontal Scoptng The Hierarchtes of Ioup and van’ Lehn -

Some qutte detatled studies of scopmg preferenees were made by Ioup (1975) and van e

v /‘

Lehn ( 1978) The effects of lextcal type surface posxtton and grammaucal functron (1e v

A

structural mtegory) on scopmg were all consrdered Ioup grves the follomng hterarchy o . L

!
[

' “ [ : o »,'4 ; ,".' «-'

(1) each > every > all > most > many > several > some > a few

.



-

He notes that the ordermg in. (2) is. mversely related to the ability to support a collectlve
0 - \
predrcate such as’ meet '
loup also descnbes a hrerarchy of grarnmaucal funcuon based on a quesuonnarre

[ 4

: glvenmfouneenlanguages(p57) L e

o (3)  topic > :
©. 7 full subject > .
o deep subject = surface subject > o
indirect object > o , "
. ‘ : preposmonal Ob]ect > Co
i ~ direct object . :

" o C .
- oo

. ! : (I t
' B 1 f e ' . it .
oy ot ! v é?:j‘

She mcludes topxc as a separate category (rather than as an shrfted ObJeCl) smce many

languages haﬁ a grammancal category for toprc loup clarms that surface order by 1tself is
| t

' nOt a parameter of quantifrer scope, however tlns clarm thl -be dtsputed here at least with

o - reference to the Englrsh language 7 T¢ start wrt.h the above hrerarchy partly follows surface
order (m Enghsh) the two mam excepuons are f irst, that the surf ace. subject is not predroted

to scope outsrde "lhe deep subject and second that the scope preferences of dxf ferent obJects

do not depend on therr relanve surface posmons These two points will now be discussed in

. ! '
N
N

o o . ’ v
R CiE o . .

Ioup uses the followmg four sentences to. support her clarm regardmg the»scopmg of

w’«’ . R o .
S .

deep and surfa(gzlb]ect SR MO
(4) Every grrl took a chexmstry course r o L
1(5)" A chemistry coursé was. taken by every grrl ‘ ) T
.(6) Every chémistry course was taken by a: gul ) e - e
(7) _‘A girl ,toolr every chemrstry course T

RS ‘ i “ 71‘



A
Lo

“order since- "eyery" is 'both .deep and surface subject in (4),. deep - or surface subject in (5)

" and (6) and object in (7).

Lo

However it is ‘difficulr to come to any firm conclusions based on these .sentences -

.\,

alone Ftrst of all (4) seems o have a clear amblguity although as it stands the drsmbuuve

72

readxng is much pref erred. Itis not obvrous to me that there is any real drf ference between the

ices of (4) and (6) both have preferred dtstnbutxve readings Sum'arly, the

»

dtfference between (5) and (7) is not that great although every is a btt more hkely o [ake“.

wide scope in (5) ( thxs dtffcrence lS less nouceable when a is replaced by some) Therefore

the' deep and surface subject may have a sltghtly stronger preference f or wrde scope over the )

drrect ‘object than the surface sub;ecr over the deep subject (surface Ob]ecl) Howevcr the' ‘

cqe:of surface Order seems actually more notxceable than that of gramrnatmal relauon the . ‘
indE o ‘

ite is much more likely to take w1de scope’ in (5) than in (6)

' ‘.‘The influence of surfaoe order can be seen mor‘e"cl‘early‘by using examples with two

'f‘plural quantifiers: o . ‘ .
(8) Two boys lussedthree girls . N | , RN ‘ L
'(9)  Two boys were kissed by three girls S e

(10) Few people like everyone :
(11) Few peopfe_'are hked by everyone . .

I

' In both (8) and (9) itis very hard to get the readmg in whrch the! set of. boys depends on the )
grrl unless thrs is made exphctt by specrfymg each ofthree gzrls In both (10) and (11) few o »

has a strong preferenee for wrde scope We mrght,modrfy the ftrst part of Ioup s hterarchy to o

get (12) T : ‘{' T Q '» o ey 4
(12) toprc >> S Ly ’ ?_'-.T," v PR
‘ "deep dnd surface subject >* D O ST I P
-"surface subject > ‘ LR B S L TR PR
deep subject®>. . N
deep and surfaee obJects e O S T A FER R




o

» o o ,

The second clarm made by Ioup is [ha[ the scopmg of quanuf rers serving as ob;ecrs is

détermmed solelv by. grammaucal f1 uncuon and not, by surface order. loup uses the followmg

examples to support her claim: = o - ‘ ‘)
(13) i'told every child a story o co 1 T
(14) 1 lold evefy story 10 a chr;d e - N L

(15) 1 had many conversauons with a frrend
(16) Ihad a conversauon with many friends

Her clarm seems at least parﬂy correct In both (13) and (14) we prefer 1o sCope the mdrrecr
ob]ect (Lhe cmld) outsrde Lhe du‘ect ob]ect and in b61h (15) and (16) the preposiuoual object

(the f nend) tends to scope outsrde the drrecr ‘object, although these are only prcferences and
] )

conld easily be swayed by context, , G S :
! ' ' ! \A.‘\ : . “ - ) ) ‘ ‘ N ) N L : L , /

Vi
#'\

However Ioup does not dfrectly test for the dauve Shlﬁ effect, thar is the eff\ci‘of ‘

L shrfung the indirect ob]ect relauve to the drrect object Van Lehn found m an empm?:al study

"

‘that’ the preference for the readrng in whrch the mcﬁrect ObJeCI scopes outsrde the drrect objecr

. was 30% for (17) and 100% for(18) ST LT e
~(17) John lent gzch book oa friend S L .7
‘ (18) John lent*@friend each of his books . e e ‘ P
L @ ' : B 6.
. Consrderablymore evrdence for the/ dative shxft ef fect wrll be g:ven in. secnop 4 N jlle‘ i -

,1‘_

.

. In summary 11 seems c/ ear Lha[ both grammancal funcﬁon and surface order as.

" “well as quanufrer type must be taken into account Van Lehn descnbes two merarchres based

=l

‘ lon grammatml fﬁncuon The frrst 1s based on the c- command and is a modxfxcanon of a

ﬁerachy prevrously proposed by Remhan (va.n Legn P 37) f ) "“S’.v T
‘ . T e ~;.‘-\, " Lo '
i (19) preposed P and topreahzed np > S B
: é_;j o, subject> " .. S E e e e

sentennalppandadverbralnp> . R



“ -
. PR

_ verb. phrase pp > . \
-, object .o

‘ r
.

-

The second hierarchy he mentions is simply that determined by surface order and is the same
as (19) with the order of the last three catagories reversed. Note that no distinction is made

: between drrect and mdtrect object here, or between different types of subject. ln emp<ncal

studies, van Leh‘n found that the two hrerarchxes fared about equally well as predtctor§ of

scope ord\ering. ' : . oo
“‘ . . " . N . (,?.‘
4.3. Scope Ordering- Weights : Introduction - . o

,; o v A ' . < v .
In the remainder of- this chapter, an attempt wijl be made to derive some detailed
. ) i ) . N .
heuristics for 'Fhe scoping of pairs of Opbtors based on (a) thefr structural ;elitions and (b)
the lexrcal clqss .of each operator The only -way to obtam such heunsucs is empmcally by

exammlng 2 large number of sentences contammg dtf ferent comblnattons of operator types irr

~ - different strtrctural relauous tQ one ano er. The data presented in this. ehapter have been

/
‘ comptled from a large number of test sentences a few of whrch are shown in Appendix I. An

attempt hqs been made to keep the sentences as sxmple and pragmaucally neutral as possible.

"R 4\‘,&

" Each sentence contams one or .two unsc0ped operators which may be quanuf‘iers .

"N
.

coordmators or verb negation and lS followed by a value between 0 and 1 wtuch w111 be

. referred toasa scope ordering welght or more simply as a scopmg welghz The scoptng wexght

mdgcates very appro)umately the preference for the reading m whxch the second operator (in .

.order of appearance) widens scope outsrde the first, For éxample, the weight 0.7.in -~ .

S : o0 : S : . . . .
. . . s . o o o " -
. . . .

EE

1

.- . [

+' . (20) Some boydoves eachgird - - (<. Doh o or

Fab S

attachesz‘wexéht of 0 7. to the readmg in whrch each scopes outsrde Some (1e there may bea.

74

o]

different boy per gtrl) and correspondinay a weight of 0. 30 the alternattve readmg in whrch |

| .\ some scopes ou\tstde each. An qmntpl?— rnvolvtng a verticalhrelanon is .

.
PR

.

SN ey L : . . . & . .
N - N - . . N L e . . , ) .

e ‘ RS - R - X ) \



(21) Some tourist visiting every city took pictures 0.5

x

‘whicn assigns a weight of 0.5-to both possible scope orderings. Jhe use of a 0 to ] scale is

s

quite arbitrary and some alternatives will be discussed in the next chapter. Very roughly, the

values can be interpreted as follotvs. where the weight indicates the preference for giving the’

operator which appears second in surface arder wide scope:

8
1.0 - unambiguous wide scope
0.99 - virtually unambiguous (there may possrbly be exceptions)
0.95 - wide scope except for very rare cases
0.9 - very strong preference,
- stfong preference
- moderate preference a
- slight preference '
- no preference for either reading

SO OO«
W OV 00

4
\/alues between 0 and 0.5 havethe Same internretat'ions, but for the first qunntifier having
wide scope. ".Some of the d_ata obtained from individuél senterices has been compiled into a
few, tables. listed in Appendtx II. These tzrbles form the basis for the .major portion of the
‘ scopmg heuristics used by the scoping program and will be discusse® in some detail in the
‘secuons which follow First, however, some comments should be made about the vahdrty and
reliability of the data. .. | Aj' o ’ a
. ’ - ' Lt /

Although a large nuntber.of sentences were-examjned, "tHis was only barely sufficient
1 ¥ : : .

75

o cover the many different patterns which were under consideration a pattern being a- .

combmauon of a structural relanon andea patr of operators Consequently. m most cases only

.

“about two sentences of each pattern were tested Therefore the data should only be thought

of as rough approxrmauons In addruon the large number of sentences betng tested precluded

the use of a quesuonnarre and S0 the data -reflect the btas of one person (myself‘ 7 For thxs

;»/ -

reason no attempt has been made to grve any stausuaal measurements of the data, although

¢

the results of makmg independent assesments of some of the sentenees at a»later time suggest

¢ ) o



,t)rat tﬁe standard deviation would be about + 01.t00.2. %

However, these drowbacks should not effect the usefulness of the data. The prirnar_v |
purpose 'in\"obtaining. this data was to examine some general problems such zrs: how scaping
weights should be represented, how they can bel simplified without losing too rrruch accuracy
(ie. the heuristics should be based on a’ model which is accurate, economical and
psychologically .plaus'ible), how many different types of pattern need to be-cor)sidered in order

| to dcaleffectively with the proolem’ of - scoping m English, how linguistic heuristics should
eventually be combined with‘ dornain-dependentv heuris.tics and, finall)r. how the pairwise
scoping weights given here should be combined in the scoping program -when scoping sentences |
which contain more than two. ‘intera,cting operators. In addition, it may be ‘merru'.oned tﬁgn
srnce the data is based on the observations of one person, at least a consistent treatment is

obtained. This may be the most important criterion for the present study. ! A

4.4. Quantifiers and- Negation ) - S o

. . oL .. ' o . \
The scoping of a quanuf ier vm.h the negauon operator is the simplest type of scopmg
. m,,volvmg only three parameters the posmon structuri] category and lexical type *of the

/i
quanufrer The frrst two of these can/be combined into a composrte structural category, as

Was mentroned earlrer to give only néo paranieters, a composrte structural category and the
,.,,.1exrcal type As an example, nine composrte categones are shown in Table A2 1 (in Appendix

>II) The rcason for usmg composrte categones wrll become apparent in ‘the next secuon Some

i
0

examplw ot‘ the sentenm on - whrch the data in the table are based are gr\'ep in Pan 1 of

..

Appendrx I Nore that the scopmg werghts shown mdrcate the preference for the quanufrer -

- SCOpinsdutSIdethenbgauon ] | o L o

. . s
'I'able A2 1 shows clearly the drfferent contnbuuons of each of the threq/parameters '~
to the scopmg ‘weight: The posrtion of a quanrit” ei' wrth respett to the negauon operator‘

L

'aPPwS to ‘be the mosr.rmporran_r factor m }deterrmmng its. terrdency to- take wrde scopc.

'



. ' _collecttvely (and therefore 0 pe t_‘rom.

: support collecuve preglrcauon./

. 'v and notthree

_'ambtguous‘23) does not appear to be and sumlarly (24) appears to have only two mdmgs

,'~}
-

Quantifiers inside preposed adverbials must scope outside the 'negation, non-universal

[ ] . . .
quantifiers in the subject position generally scope outside the negation, and quantifiers in the
- v L ' v [
object position generally scope inside the negation. There appears to be no noticeable
difference betweer quantificrs acting as full or surface subjects or among quantifiers in

dlfferent types of object posmon However quantifiers inside. postposed adverbials have quite

77

a mgh tendency to scope outside the negation, thereby breaking the direct correlation between ,‘

_position and scoping. Therefore, the basic category of the quantifier is a necessary parameter

of scoping, in addition to position.

b

Universal quantifiers have a surprisingly weak tendency to scope outside the negation

operator, both when tn the subject and and in the object posrtton This contrasts with thetr ‘

tendency to take wide scope with respect to other quantifiers, noted by both loup and van

-

Lehn. ** The scoping ,of existential quantifiers depends very much on pragmatics. and so it is

! : ' /

difficult\ to . give accurate scoping weights here. However' if indeﬁn}'t’es are used

non- specrftcally. those in the subJect posxtion usually scope qutside the negation *! and those

. ¢

in the obJect positron inside. The' hierarchy of umversal quanttf iers each > every > all > both

is shown qurte clearly in table A2.1, and there is some evrdence for a hterarchy of mdef inite

quantlfxers some > zhree > sever many The ftr%rarchy correlates tnversely with the )

ability, to support collect:ve predrcauon .with the exception of the last quanufter bozh whtch

-

i

cannot -act collet:trvely The second hrerarc‘ly correla'tes directly thh the abxhty to act
pe

1slands) although all Qf the lndel‘mxtes can

/
P
)i ;

*

- K
1 .

Although mdefmtfes may" mtr luce twp uantrfrers an exrstentlal quantrfler and a
umwrsal pamtwe (see sectxon 3 10) 1t seems that the two quantlfrers. if* both are present

scope as a unit. relatrve to the negatron operator. As evrdence for tlus although (22) ts

: .

-

» "



LU separate hierarchies are needed, 1f general hrerarchres are ét all possxble

(22) John dldn t kiss Sue and Mary .
(23) John didn't kiss (each of) those twq girls
- (24) John didn't klss two glrls

That is, (23) is presumably false if John kissed one but not both grrls mcamng that the

implicit partitive, if present, must scope outside the negauon Perhaps tlus should only be

treated as a preference. In contrast, (25) will be false if John kissed either of the girls. ' /"“

(25) John didn't kiss both girls. ' ' ' ' ;
The quantlflers ‘few-and no have, if anything the strdngest tendency . of all the
quantifiers to scope outsxde the negatxon from the sub)ect posmon In contrast, few does nolt

appear to be able to: wxden scope from the object position, if utterances such as 4. : 1

(26) John didn't kiss few ‘gms.,(}\le kissed many) . . .
N “ ;%;3’ " . ‘ ‘, ,_.“. « - . . ;:.

mhere“t tendency of a quanufrer to w:den scOpe over a precedmg Operator and to mam'

!
wxde scope over, ie. to /trap succwdrng operators. Few and no have little abxhty to w'den v

/ , /!
scope but create very Strong scope traps when in the subJect posmon 'l;herefore at 197&. two

s .

v e .. *’/' 4
A/ !

5.5. Horiz_ontal/s'coping'of TWo'Quantifler‘s‘ R o ,
. CLe oo O N el Y. T\,

N ‘—_——‘————"——* P T

.

The scopmg of two quannfrers depends on six parameters the posmon category and ‘

o J‘.

“ . .compostte categones deecrxbed in the prevxous section Smoe there are two quantrfxers we

)

. - relations mlarge. probably only a relanvely small number nwd to be consldered Some of the
) _" . {:honzontal relatx ns used by the scopmg program are shown in Table 4 1 The abbrevmtrons

o lexlcal type of each of the quanufxers The ftrst two parameters can be 'eombmed mto the e

need to consrder the relanons between the categones Although the number of possxble T




used to refer to the relations are shown on the left followed by the syntactic categories of the
two operators, with the categoryof the first oberalor (in surface order) on the left. '*
\

- (a) "»p're-pre” ot L two preposed adverbials

(b) pre-post .. :  preposed and postposed adverbnals
() pre-others . . preposed adverbial & all ather categones
(d) topic-subj » - topic & subject
(¢)  topic-others  : ~  topic & all other categories
(f) . subj-obj : subject & object
(g) subj-post * . subject & postposed adverbial
(h) . dir-indir ., ~ direct & indirect object
(i) indir-dir .. :° shifted indirect & direct object
“(j) . dbj-post : "object & postposed adverbials .
(k) ~ post-post’ : ‘“two,postposed adverbials - . Y .
. ‘ {“ . . ‘ . < . ‘\".ll.%?' . :"
e ‘Table 4. l 'Horizontal Relatlons , .

:m, . S

, First, the effect of the horizontal relations on scopmg w1ll be exammed wuh dlsrcgard R

for the.two quanufxers present ‘The Scoplng of quanuflers msxde two preposed adverblals -

appears o depend maxnly on pragmaues It is dlfflcult 10 ,asmgn dornam mdependent

LY

' heurispcs, ?/sentences sachas - . - .. . “ _ IS
n On several occasmns at several meetmgs. someone f ell asleep ‘
. S : [ ‘ . ) , , ] ) i
. M- y ‘ ) ‘ ' Lo \ ’

In such ea.ses a neun:al scopmg weight of 0. 5 1s assxgned However there 1s a tendcncy for

',scopmg ordcg to be mversely .related to- surface order for quanufxers mmdevpostposed

adverbxals It.is more natural to- say a e
A S

Lo

" ... .(28) John f'e‘ll_“asleegsevera‘lietifnesza't}_eé_x'éh' meeung G

R




,‘ summanzedm table A2. 2(a e) The scoptng wexghts are assrgned 1o the readtngs in whrch the

| _ second quantlfxer scopes outsxde the first Each part of the - table corresponds toa drfferent‘

those msxde postposed adverbials. ThlS accounts for the aWkwardness of

[y

4

(30) ?Séveral‘times. John fell asleep at each of the.rneetings R s

in wluch we want to scope several outside of each meamng that there were several groups of

w\ 'S‘“ r‘,‘
meetlnguat which John fell asleep even though thrs clashes w1th our pragmattc expectatxons
13 . i . ‘ o & . .

. . ) i ‘ .

For the remamder of thts secuon reference will be made to the scoptng wetghts

horizontal relatron Smce ﬁio nOtable dlfference was found between the scopmg of full and'

adverbxals) the genual relations sub]-obj subj-post and obf-post wm be used here: m place of ..

o -“:the more detarled relatrons used m the table Exlstenttal quanufrers are assumed to be.

v

. "non- specifrc . but an allowIanoe is always made (m the form of a mgher sc0p1ng wexght) for

‘. traps I - e AT e

ARt . o
' N l“. oq‘

R .
'qulte a large dtfference to the wexghts when extstenual quanttfters are 1n31de strong scope‘

80

' There is'a very strong tendency for quanttﬁers m51de preposed adverbials to scope outside

‘surface subjects or among dtfferent types of object (relanve 10° the Sllb]ect or to postposed o |

' vthe pOSSlblllty that they- may be. ngen a Specxfrc mterpretanon by pragmattcs ThlS may make . ‘- '




‘ , e . ‘31 "

. 3 ,' . ! d . . |

‘ to wrden scope from any posruon was not - taken mto consrderatton For etample quanttf jers '
.

msnde preposrt‘onal preposed adverbials may form an absolute trap for drstrrbuuve

quantrfters.
‘pre-pre - 050
- pre-post . 0.05 -
pre-others. 0.05 -
topic-subj - -0.20 .
. topic-others - . - 010 ST
subj-obj ' ‘ 022 - . . ~
subj- post 040 \
dir-indir 040 -
~ indir-dit - . 015
R R o - obj-post ‘ . 0.60:
e . . _post-post . . 0.0
. -
o Table 42 : The Effect of Horizontal Relations on Scoping

s there a srmple way to account for the above data" ‘The effect of surface order lS‘
- agatn tlear, thh the exceptton of the obj-post relatton The effe%? of shtftmg is also ‘4 : ’
- pronounced wrth preposed adverbtals formmg an apparently absolute trap for drstnbuttver
| quanttfrers, and toprcahzed obJects formmg qtute strong traps The datrve eff‘ect is very.l. N
marked (compare dzr-hrdzr and mdlrodzr) and the shlfttng of an, ob]ect ) the subject'- .
posrtron whrch occurs durmg passmzatton has a comparable ef fect Some notron of "drstance

must probably also be taken mto account for example to explam why postposed adverbtals -

and posstbly also toptcahzed'. obJects. are more ltkely to’ scope outsrde the’ Object than the.:.-

X o subject The "drstance factor could be used to. modtfy scoptng wetghts It rnay al' ‘,__vapply o

L | - _ N
o subject obJect" ombmauons so that an object ma be more hkely to wrden scbpe over the;j_ R

' oser: tt_ ISIIO the subject As an example. the tendency of h to scope outsrde P

, some decreases as the drstance between subject- and ob]ecti .mcreased in’ (31, to (33)



N

C(31) Some boy krssed each grrl ‘ L .
-.(32) Some boy gave flowers to each girl o
( 33) Some boy gave flowers to Mary for each of her fooms

" ' , ' . ) . . o
. “ o . . . ‘ . . : N
i - N \ . ' ’ . .
. < . (.

However the effect of drstanoe is not shown y quanufrers msrde postposed preposmonal .

'l'he effect of the lextcal types of the\Quantrfters wrll now be consrdered The ef f ect of
o quanttﬁers whrch appear m the ftrst posruon (in §urface order) can be seen by companng the b
/ : columns tn Table A2 2. For each s.tctural relauo.t six quantrflers were- tested in the first
_ posmon a. some, every, most few and no. On the whole the effect of the first quanttfrer rs .
- less than than that of the second quanttfrer and certamly 1t 1s less than that of the structural '

.'relatron There is a- small but qurte consrstent drfferenoe between a and some the former

\\ .
AN .

" generally forms a shghtly Weaker scope trap for other quantrfrers ‘l'hrs drfference seems to be I s

| related to the abrhty of the former 0 ~be used tn a genenc (ie. non specrftc) sense and ,

L ;drssapears as soon as some dctarl is added to the mdefrmte descnptron o B ‘,‘
R ‘Qﬁ The second notable pomt rs the strong scope traps created by the quantrfrers few an{l
E no especrally m the subj-obj relatxon Thrs rs in constrast to the near mabxhty of these

e ..;‘_quantrfrers to wrden scope over the subJect fronrethe object posmon 'l'he large drfferences f o




(38) A boy kissed Mary at'more than three dances’ | |
A ‘ (39) Few boys kissed Mary at more than three dances
no ‘ ‘ (40) No boys kissed Mary at-more th'an three dances

l

oo .
O =~

T ' . oL L A
S . ST

. \
The strong traps created by few and no are presumably related to the fact that they create a

type of negated context Thts prOperty seems to be shared by not mas y, although 0 a lesser‘ ‘
| extent . o ‘. o \ "-, '. ‘f.?‘ . "‘\ ) L
(41) No boys lussed Mary at each dance o '*T" ' o C 0.3 o
(42) Not many boys ktssed’Mary at each dance Lo ) 0.5 S .
f,i;i' "..

S A



[

: mdet'rnrtes'D and optronal mderrmte partrtsves,:

(43) Some boys krssed no-grrls |
(44) Some boys "didn! t krss any grrls o
S5

(45) Some boys lnssed few grrls
(%)’Some bdys drdn t.kiss many gu'ls

"‘»(647) Mary;ead fevfchﬂdren no. stones\ A R T T
_ (48) There were few chrldten that Mary read no stones to VR e T AT SR
" (49) *Atno dance, Johnvdrdhtktss Mary q, K bR f~ L e

(50) At no dance drd John n0t krss Mary

‘: ‘. \ '
the data just desmbed 1s stored m three t}les. weights relattons and ratzos These ftles are

7

shown at the end 'bf Appendrx . The tﬁlle,\relatwns 1s used to fmd the structurar relatron ‘

between a patr quanttﬁem, grven thetr categom ahd therr relattve surface order For each o
- , R

“.

structural relatron. the werght assocrated ‘vnth grvmg th‘e second quantifrer wrde scope 1s hsted g

m the ftle welgh:sﬁsSmce certarn classes of operator such asl the umversal quantrfters
: appéai‘ 10, form’ ante consrstent pcopmg .
e in

hrerarchres, it is only nweesary to store heunsue mformatton for one. member of each class - Vo

Thls r{referred to as the standagd" for that class. for umwiersal »and exrs enual quantrfrers

the standards are each and some Other members of these classes are related to the standards '@

by ratros whrch may vary wrth the type of structural relatlon (as we have seen earher) and "

v’l'he purpose of usmg standards and rattos 1s to 1’educe the

N




R ;;,-_151) ‘Johnqhdn t kxss no- gxrl T P A A A L |
(52) ~Noboy kissed nogirl, “:- o T e - . ’
Vol (83) .Few boys kissed few: girls . - BT o g
. {(54) . John kissed few, girls at'few dances = STl Vheel o 2
BRI '(55) Mary dxdn tshow many pxctures 1o many chxldren e T T
‘ -1 : sentences the quanufxer paxrs are used o emphanze me toml quanuty of
Y. .7' predwanons xﬁade at least m what appears to be: the prefexred readmg The fll‘Sl cxample 1s L ‘
. » . = \ _- . . -
AR only acceptable m cenaxn dxalects but 1s quxte sxmﬂar to the other examples It is- dxff 1cult to e o
b fmll any straxghtforward way of represenung Such sentences such as by mteryreung the . .-

the same way, 10 ol

Q!.

~

4

v ,l o quanuflers as: collectlons To some extent, many ahd most can be us

it

\“ emphasuetotalquanuty \_‘f_.],‘;" a . v o o T L

e Lt -;‘. Y, ".‘.\"

e Th& quamx‘ﬁer any has not been mcluded in thxs dxscussxon becausc 1t has some umque: | "‘ o L

¢ ‘ ks ! SR

scopmg pmpembs and has been Lhe subJect of mnch controryersy (eg see Homstem 1984) Lo :

T Two daffenng Vlewpomts are that an any msxde a negated contex‘t should be rcpresemed as. ae ) “‘

ide s negative context . -
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Ty ST L v . o . i "
with narrow scope Incomrast et S e R (R
' v/“ /

(60)No(manyboyskrssedanyg1rls | P o '

‘." v " ‘ :;‘ - ot l‘ A " ' 1‘_‘:“ ke o . ?‘A . ~( | ' ,—.‘j?- J.\' k "“‘hk-‘ ;h.:‘
is not ambxguous (for som; reason) ln a posmve comext any behaves hke a standard -
. umversal quanufxer showmg the usual scope ambrgmues Both (61) and (62) are amblguous AP B
" o (61) Some boy wrll kiss any girl who solves (,he nddle S S 'éf‘,", ot
e (62) Any glrl who' solves the nddle will be kissed by some be A “;,\’1" .
cae - . : ) ) . T 5- o - e

o ‘:""‘4,.6.‘Vert,icalScdpingopruanﬁﬁersf e RPN R o

M " Verncal sc0p1ng wﬂl be defrned here as the scopmg of an operator w:th a predrcate or S “‘."_

\

ﬁ.n‘cuop whlch em,beds the. phrase * in whxch the operator occurs. The types of verucal‘ -

: ' O relauon whrch wrll be consrdered here and whrch are handled by the scopmg program are listed |

el " B S
,m Table43 S R T S R L
P e —‘ : ‘ "“’ ' : . . Ky ) 9 ‘.‘..'.v w‘ ')‘:‘

a full relauve clause \ ‘ -
a-wvefb phrase semng as a noun complemem

¢ ' a preposmonal phrasé servmg 4s'a'noun compiemem s

. aclause’ serving as subject. -‘*\‘ BRI PR R

: 5 ¢ averb phrase servmgassubject LT o
> t.0 aclause servmgas ob;ecph Lo Lo

" .i... a verb phrase serving-as b"ﬂiect :
Gt clauseservmgasanadverbxal (1e func;non) o D
: ~'a vérb phrasé servingas ah adverbial § BRI
. -g‘”apreposmonalphraseservmgasanadverbra,l'-r BRI
"~ a phrase.embedded inside'a funeuon o
ra preposed antecedent clause,
A postposed antecedent clause
-an-initial. .consequent’ clause
: gseduent consequent clause

‘Table 4.3 Vertical Relations - *



. ap, quanttfxers msrde them can be scoped dtrectly (honzontally) wrth quanuf iers msrgehthe

" ":v’,_vf(64) ' A&e'conferenee yesterday.

‘ 4‘conce1ve of ‘the relatron as, bemg between the head derermrner of the term and the operator m

‘ predrcate and operators msrde clausal adverbrals whrch are apphed to the clause contaimng the

\an operator msxde the phrase to which the funcuon is apphed The last four. relatrons .are .

connecuve Itis hkely that different types of connectxve form different types of scope trap 3

RS

Y
Iy

The first three relauons are somewhat drf f xcult to defme The\omav be consxdered C

be between the pr"edrcate (verb) of a clause‘or verb phrase and an operalor msrde the oy \‘{' >

‘e J

‘complement of ‘one of the terms to Whlch the predrcate is’ anphed However,\tt 'ls srmplest to S /

e & . @k . ‘,'.\'

"

---'.the complement ;mce this 1s a more meanmgful relatron and prov:des srmpler heurtsucs The

-‘ v . oy ’

next four relauons are lbetween a predrcate havmg clausal terms and operators msrde those "t

. terms ‘The next three relatrons are more drl‘frcult 1o defme. They are relatrons between a - oy

Y v . Y

- ) Y @' S

predrcate Smce preposr‘tronal clauses servmg as adverbtals do not appear 10 form any scope S

. : ) - " ) . ‘ / e, A . ;. ‘. .__',:
'main clause. ' * - ‘ A ST
The Junc relation is a ﬁauon between a funcuon such as an adverb or a modal and "A L ar

" ov = “‘ . ’& ;Q\". (; | t

between a connecuve such as lf then and operators inside one of the clauses Jomed by the ‘

¢ e

s ; A

- which case some: further relauons’ Wlll nwd to be defmed 1f Tatios. cannot be used A brief

A L
i

descrrpuon will now be gt,ven of the drfferent types of vertml scopmg

v

- ‘x. r' "1 .
‘,) ! '. .

Frrst the scopmg of quanttfters msrde noun complements wﬂl be e, 3

."' . 1\4. .

argues that ther:e ts an embeddmg hrerarchy whrch determmes th@ abtht‘ ot~

2 Vo
quanufrer msrde a n0un complement to W1den scope over the head quanufrer The hrerarchy. .

.‘4 “:

each.Taw rubber producer in- Branlv"'




\
y

‘ .

(65) At the conference yesterday 1 managed to talk to a guy representing each raw
rubber producer in Brazil,

(66) At the conference yesterday, l managed to talk to a representative from each
raw rub%x produccr in Braznl

He notes that no people obtained the distributive ("different/per”) reading in (64), whereas
50% did in (65) and 100% in (66). | . '

-

1

How reliable is this hjerarchy? Full relative clauses do form strong scopal traps, but it

is possible to find exceptiohs, One exception, repeated from chapter one, is

+

PN

(67) Two tourists who visited each city bought a souvenir

- . £ ‘ . *
which may have a reading in which there is a different tourist per city, depending on the
co;ncxt and on the intonation and stress pattern. Another example is

. \ ‘
(68) Most of the circles which were inside each square were t0o small

which presumably refers, given pragmatics, to different circles inside each square. However,

although sentences 'such as (67) and (68) do occur in practice, they are presumably quite rare
i , ’

and it is preferable to use a prepositional or verb phrase when the wide scoped reading is

intended, *° Saint-Dizier (1985) also mentions some cases in which a quantifier inside a full

relativg clause scopes over the head determiner.

Verb'phraﬁes serving as noun complements generally form traps of intermcdiatc
strength which often result in quite ambtguous sentences. Semence (65) is one such examplc
and some further examples are glvcn in Pant 3 of Appendxx I Quanuf iers lnsxde prepositional
noun complcments genegally scope ou;sxde the head noun; howcvcr to some extent this is a
result of world knowledge. Noun phrases such as a museum in each city and a tourl:t from

each country have unambxguour dxsmbuuve mterpretauons since it is generally not possible to

. 4

88
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N

be in more than one place at once or to come from more than one country. The preposition

N - B

of is a bit more ambivalent, and the phrase the winner'bf every race is morc ambiguous.
' ‘{rcposiu‘ons, such as beyond or, afler are still more pragmatically neutral, and the phrase some
R ) ‘' ~
* valley beyond evety hill is completely ambiguous, depending entirely on the context for its

i & interpretation. .In some cases, the dtstribmive feading Can be made very unlikely, as in
v | (69) A three-week tour of all of these cities would be expensive
P
which is unlikely to refer to a differen tour per city. Table A2.3 (in Appendix II) gives the

scoping weights for sentences containing different combinatigns of head quantifiers and

quantifiers inside prepositional noun complements,

. L3
Distributive quamit: iers acting as possessive INPs mmay always scope outside the head \ .

X *  noun. An example is

(70) Everyone's car is foreign

-

It is difficult 10 determine the preferred scope orderings of quantifiers inside adjacent

noun complements. ** In-

-

(71) Several tourists from each country on most of the buses bought a souvenir

'
1

the preferred SCopc ordering is most > each > several > a. In this case, the quantifier in the
second noun complc;hent (most) widens scope over the quantifier ip the first complement
r(eaCh\)‘ in the m;n?cr -of quantifiers ‘inside postposed adverbials. However, van Lehn
(1978:37) J’_foimd that more informants (100% vs. 80%) obtained the distributive reading in

.

(72). in Which each precedes a, than in (73). o - .

(72) The carving of each design from-a block of wood is a requirement of the
course : f .



3,

— »

. . .

. . ’ . -f A

n " ’ ) ' :
v

One further point should be made abmlﬁt noun complcrhents. Noun complements are

Al

. ‘ ) |
represented in the initial logical translations as connective clauses, with adjacent complements

joined by the connective "&". Generally, quAmificrs inside gfauses joined by a connective

must be scoped relative to the connective, such as ifithen or because. However, a special case
is made for noun complements. This is done, first. because the special connective & is not a
sentential word containing a suffix, and second, because the scoping appears to be unecessary,

. As an example, there appears to be no reading in N . ’ . <

' ~
(74) Most tourists with a large camera taking each trip got lost D

i
\
in which each scopes inside most but distxiputcs over a (meaning that the same tourists went
. ! . '

[}

*on each ulp, but with a different c'amefra per trip). Therefore, quantifiers inside noun

complements are scoped vénically directly v‘)ith the head quantifier.

I
t

¢ Clauses serving as subjectS‘or'ébj%cts (verb complemcntsi generally form ve.ry strong
tr'ap's: while }/étb phrases form moderate tfap;. Van Lehn gives some evidence th>a1 clauses andA
verb phrases invrthe subject position obey his e'mbcdding hierarchy. His dala‘ include>the
.following sentences:

VA ¢

(75) The release of each demonstrator required a short hearing (1009 '
(76) Freeing each demonstrator required a short hearing - : (100%)
(77) To free each demonstrator would require a short hearing (71%)

(78) For the court to free each demonstrator would require a short hearing ~ (50%) A
(79)- 7That each demonstmtor can vbe released would require a short hearing '

r- . B - " .
" The percentages indicate the preference for the distributive reading. Example (79) was
. considered to be somewhat ungrammauml but .the .th_at-ciiusc does appear 1o form a véry

\
1t



‘strong trap. ‘ C o

Generally, thar-clauses serving as verb complements™orm strong traps. However, oné |

P RO

. exception, repeated from chapter one, is K o

(80) A quick test confirmed that each drug was psychoactive

l ) . . ) e R

in which it is easy to get the reading in whxch there is a drfferem test per drug. Fodor & Sag
(1982) menuon that attitude clauses form quite weak scope rslands- however, they appear 10
'a

“be referring to ‘the scoping of quanufrers inside such clauses relatrve to the opaque, atmude
\\

L] A\

operator. ¥’ In contrast, it is very difficult, Arf at all possible, for a distributive quantxfler

. ) 2 . .
inside a rhat-attitude clause to scope outside the subject. For example, there is no reading of

(81) Some boy thinks that each girl will show up
¢ ‘ A
in whrch there is a different boy per girl. On the other hand, it is not hard to get: such i

: readmgs when verb phrases serve as verb complements An example is
. p v]
(82) ‘At least two boys want.to kiss each girl

The scoping of quantifrers inside preposmonal adverbrals was drscussed earher in |
connection With horizontal scoping. In contrast to preposmonal adverbrals verb phrases
serving as adverbrals form quite strong traps Two exarnples with progressrve and mfmmve
VPs, are o

(83) Wrshmg to help someone many people sent a donation to a charity
(84) In order to meet many grrls most of thie boys came early

Although adverbial phqses"are’ interpreted as functions and errrbed the clauses they modify in



. ' . e o9
the logical translations, it is’ questronable whether there are readmgs in whxch quantrf iers in
the main clause scope msrcle an adverbial phrase At least such readmgs are hard to get and
are omitted by the scoping program at the present ‘ume ne Dlstnbuuve quanuners msrde
adverbial verb phrases must be scoped twice: first relauve to the main, predrcate (even

though this does not embed the adverbial in the logxcal translahon) and lhen relative to

!’

each’ quanufrer in the main clause. The frrst scope ordermg mdloares whether thel\ dverblal
~

quanufrer iterates over the main predrcauon For example we are \r\nore hkely to expect a

differeny meal per museum in; (85) than in (86), even thouglr severql presumably scopes

outside rmany. . o ‘ . ) \\\

(85) While visiting many museums, several people stopped to eat | o
(86) After visiting many museums, several people stopped to eat 0o
: LI i

\ =\

The scope ordenng of quanufrers inside clauses Jomed hy connecuves 1s strongly”
determined by the surface order of the clauses. ** For:; example the drsmbuuve readmg. in

which the.girl depends on the boy, can be obtamed in (87) but'not in (88). ol

(87) Each boy bought flowers and (then) he gave them to a girl S
(88) A girl wanted flowers and each boy gave her some o
" This correlates with the constramt on pronoun binding across con)omed clauses ‘A similar

'.,—"

effect of surface order was seen earlrer with {f then clauses in the sentences '

[

(89) If a student in the syntax class cheats on the exam, every professor will be

fired
. (90) Every professor will be fxred if a student in the syntax class cheats on the
exam ‘ ‘ ‘ .
. a : * R .«

The umversal quanufrer can only drstnbute over subsequent but not over preceding clauses

The if- clause however appears to always form a scope xsland for drstnbuuve quanufrers

—
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4. Coor.dlnatorsvand Negation : T ‘ .

In the next three secuons some prehmmary heunsucs ‘will be given f or the scoping of

\ : K

93

coordmators In the examples which follow “the values followmg each séntence mdtcate the

.

-

approxxmate preference for scoping the coordmator outside the negauom._. Cootdinators in:

g

preposed adverbtals probably always scope outige negauon

-
-~

(91) In ((both) Patis and Madrid, John didn't meet Maty ~ © .99
(92) In (,etther) Paris or Madnd John didn't meet Mary,, . +.99 ‘

N .- .
© N ( \

The same is triue of coordinators inside topicalized NPs. Coordinators in the subject position -

: /Wnd : utside tﬁe_negation. This may be unambiguus with or. L , i |
' . ‘ . . . ) . ' o ‘)". *
(93)¥(Both} Sue and Mary didn't (both) dance with John : T
94) - (Eithet) SBe or Mary didn't dance with John = .99
. ' N , \ . .‘& "

-

This is also true true of coordmators serving as surface subJects Note that (93) may ‘mean
-

that it is not true that both girls danced thh John Thts readmg might be f avoured by placmg

stress on both. It may also Be forced by placmg both af ter the negation (95).

. l} .
- (95) Slieand Mary didn't botk dance with Joha | .00 ¢
‘ A ' ‘ ‘d\ . | " ‘ ‘ “ .
However, it is misleading in this case to associate the scoping weight with the ordering 'of and

and the negagon smce 1t is the mabtlxty of both 1o wxden scope over the negation (see also
Ly

‘ secuon 4, 4) whxch accounts for t!le low value. Perhaps both should be treated as a partitive

over the collecuon formed by and

s

. f

surpnsmsl)'. appearms to be trapped to the gmtest extent. - o L ey

.;(9§)-thndidn'zkiss_8ue‘anq‘muy, U SO

*

Coordmators in the object posmon tend to scope inside the negauon with or, perhaps !



.’,97‘)” John didn't kiss ‘(either)"S’u‘e.or Mary . o .05
The W|de scope readmg of or in, (97) occurs’ when Lhe speakclrl 1s‘ unsure aboul the correct
reference. For cxample he rmght follow (97) thh bu: I'm not sure which girl it was. ln this
| case he is not usmg' the sentencc to assert that botht gxrls weren't kxsscd by John rather thal
one of them wasn't but he is not sure which one Smce this readmg is uncommon a gjpult

value of 0. 05 1s used. This "speaker uncertamty readmg is always pllsem when or is used

and allows or to escape ‘from scope 1slands (see section 4.9).

Coordmators msxde postposed adverbxals are quue snmxlar “having perhaps a shghtly o

greater tendency to take ‘wide mope

(98) John didn't meet Mary in Paris and Madrid | 6
(99) John didn't meet Mary in (either) Paris or Madrid . C 05

"

coordinators in the object position. . The following examples illustrate this. : ‘“-'

(100) John didn't hiig and kiss Mary | . o 4

(101):" John didn't hug Mary and kiss Sue - . 3
-.(102). .John 't hug or kiss Mary o ‘ - 05

(103) John didy't hug Mary or kiss Sue . R -
Note that as before xplacmg both after the. neganon in (100) or (101) will prevent the
o coordmator from takmg wxde scope Also thc wxde scope readmgs of or m (102) and (103)

NS

The scopipg of verb and verb phrase coordinators ‘pgrallelS that of noun ohiaéo.

stem from spmker unoertamw However, or may be g1ven a w1de scope readmg by placxng ‘

either before )ixe neganon as in (104) although it is prcferable to add a second neganon -

o/
/
/

(104) JohnextherdldnthssSueorMary o L

(105) John either didn’t kiss Sue ordidn'viss Mary . v ¥



* 4.8. Coordinators and Quantifiers: Horizontal Scoping

Since universal and eXiStential quantifiers are. commutative with and ‘and or,

.o

respectively, there 1s no need 0 oonsxder the scopmg of these commutauve palrs However

plural indef mxtes may inUOduce a. Umversal panmve whnch muSt then be scoped relauve to or. -

In general, coordiuat‘ors and quantmers are affected in the same way by dtfferent types of’

structural relauon, Both quanuflers and coordmators in preposed adverbxals uSually scope'

. | outside of quannners and cOordmators in the subject or obJect posmon The ‘same is true of
topncalized quantifters or coordtnators Coordinators and quanttfiers i the subject posmon .‘
;cnd 10 scope outside those in_the obJect posmon Most nombly. lmphcn partmves and the

.coordinator or have very httle abthty to mden scope over the subJect from the obJect

, : posxtion. Some“examples Wlll illustrate this:

,\\

(106) JohnandBillkISSedsomegul - . | a4

- (107) ¢ John or Bill kissed some girls . - | o J05P - -
(108) " Some boy kissed: Sue and Mary , |
(109) Every boy kissed Sue oi‘ Mary 0 A\ 3

-Note that in (109) the wide scope &'eadmg of or, resultmg from speaker uncertamty‘ fs qu1te :

/
easy to get The strohg s‘cOpe trap Created for both by negated contexts can agam bc seen by\

companng (110) and (112) thh (111) and (113) s

(110) NoboyshssedsueandMa.ry' B PR S

- (111) ' No boys kissed both Sue and Mary e C 05
\/(21‘12 John kissed noslrlsmP&nsand Madnd R Y R : ‘
(113) John kissed no girls in both Paris and Madid . -~ 3 ® .
f . “ ‘I'he dative sluft effect also aﬂects thg scopmg of coordmators However ,t 1s dlf.fl(;ult S

to demonstrate the effect of the sblft thh a conjomed shtfted mdtrect Object smce con]Olned D

~poun’ phrasec such as Jolm and Blll or wine and cheese are oftest gtven ‘a collecttve S
\- S
intetpretation and therefone act as though commutauve thh exzstennal quanuflets It was‘ (o

I"



assngnmem of scopmg welghts '
S : . S -

Some ex 'ples of the scoping of quantifiers with coordinated verbs and verb phrases"_

)

follow. /The-fifst fouf‘_‘chnxples show that ;ome:forins'a strong trap for a conjoineq verb or

verb phrase whereas every forms a somewhat weaker trap for a disjoint verb or verb phrase. .

~"(114) Some boy hugged and kissed Mary - . : 01
(115) Some boy hugged Mary and kissed Sue : R I
(116) ~Every boy hugged or kissed Mary * . . - 3
(117) -Every boy hugged Mary or kissed Sue. . . . L 3
, ‘ o ) B B ! : ‘ j
Some examples with quantif: iers in ihe object po_élit‘ion. follow. 2 ‘
(118) John painted and fxxed a motbrcycle e - 8 ' ‘
(119) John painted and fixed some motorcycle - ‘ ‘ L8 Lo
' (120) John pamted and ﬁxed some motorcycles ‘ . S
(121) John pamted or fixed each motoreycle B o N g 8
€122) John painted o¥ fixed every motorcycle o IR 6.
(123) John pamted or fixed some motorcycles K ' - 5P
o - - -~ % L

¢

For some'reason, few and no are not trapped by this construct: ¥ .+ .-
R . ! ' - . - \“ . T . ' N

S (124) ,John painted qr:fixed few fnotoicyclw B . 9
‘ ' : . ' P N . ol " 'M , r» c .‘ . ' - v_ L W .

It is dxffxcult 1o, rule out the mflu_cng: of pragmauts m scntenccs of thls type If thc two

| predmuons cmmot be made of the same obJect as in (125) and pgxhaps in (126)

(125) Johnwonandlosttwomatches ﬂ,, e R
(126) Marylostandgmnedtwemypounds ST 'i).. N
* . then the coordinator must take wide scope. .- . . 0
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49. Coordinators and Quanti'ﬁers:a_i Ve‘rti'cal Scoping - &

\

A general ru.le appears to be that a drstnbutrve quanufrer is always trapped by a

“ ' et
-coordrnator which ernbeds it. This useful mle whrch is presently bemg used by the scopmg

program rules out the three pomtless readrngs of | > B
(127). EVCYY' man of ‘every woman arrived late’

leaving only thc readxng whlch asserts that erther every man or every woman amved late n

1

Similarly, it nrles out the readmg of : - o ' : ‘ c |

Te

"(128) Every man or some woman arrived late
in whrch the woman funcuonally depends on the man However some provrsron must be
_made (for example by later usmg the process of scope expansron ") to allow drstnbutrve S,

‘ quantifxers to anaphorrcally brnd pronouns in such cases. For example if an anaphonc ‘

.
AL}

| pronoun is added o (128) t0 grve e ‘

(129) ,Everymanor some friend of " his arrived late. S R
| ‘then every must scope outsrde the or m order to bmd the pronoun ’I'hrs is analogous to the -
a ,problem of accountmg for the abrhty of drstnbutxve quantrfiers to bmd—pronouns across "

' ." conjomed clauses (or sentences) An example is .

N '(130)_1;'Every boy lov’e',s,\sorne givril and'he.‘oftenjvisit's h’erf‘:f R o L i »

' s IEL A

m which every must scope 'outsrde and in order to bmd he and her . Exrstennal quanufrers

o '7'- and or can wrden scope over embeddxng coordmators. although there 1s generally a preference

) f'or readings m wluch embeddmg relations are preserved In the program a scopmg we:ght of = : ‘

S




,

e

~ 0.7'is assigned to readings in which embedding coordinators. trap existential quantifiers.
. . A .
. / . . . g ., . ¥

Coordmators mmde noun complemems also tend to scope msnde lhe complemem It is
more natural 0 use a coordmated noun phrase to eXpress the readmg m whlch the coordmator

has Wlde scope For example ‘the or is more hkely to have wide scope in (131) than'in (132)

(131) Every boy or every- gul will gét a ride ‘home . B
(132) Every boy or g1rl Wlﬁgct a/nde home o : : .

L

-

L]

coordmators as for quantifxers The strong traps created by few and no are may be seen by

-

'companng (133 4) with (1/ 6). ‘. , . \ -
(133) All of the peél)e from Banff or from Jasper are coming -5 .
(134) Most of the ple from Banff or from Jasper are coming L4
(135) Few. peo le from Banff~or from Jasper are coming’ .05

(136) No one rom Banff or from Jasper is commg ' . .05

[
#

, The extent to whxch a coordmator 1s embedded msnde a noun complement aff ects its" abxlity 1o

widen sco If the coordlnator in (134) is moved msnde the preposmonal phrase giving

.

. (137) Most of the r)eople from Benff ot Jasper are coming ' S 3

e strength of the trap is increased. . . .

Like ugjversal’quandfiers, and i 'u'a‘oped oyf‘ scope islands. Forexampl'e.‘ ‘i’_“‘ ‘
(138) 'S_omeone‘he'ard 'the,;‘nev)s, that Sue and Mary.vvere arriving S

U . ," “' "/"\,

g m whxch and scopes outside someone that 1s m which there

-

o The - lexical tvpe of the head dje/rminer 'ean influence: the. str'ength of the scope trap for -

Lo~
oo

AP

o

—

Sue and’ Mary However or can wxden scope outsxde o@ scope A ‘f



‘dxscourse Three examples will show this.

\ E \
islands“: al.Lho\u'g'h this is not usually a preferred "readir;g.»” The reas'on or can always take wide
scope, is due ) uncertamty on the par’of the speaker or of someone menuoned in the“
, | ‘
| . 4

(139) Everyone who went swimming or sailing had’ a good ume T
(140) Everyone heard the news that Sue 61 Mary was arriving .
(141) Each person heard the news that hlS aunt or his uncle was arnvmg ;

Example (139) may mean thal e:t.her everyone who went swrmmxng or everyone’ who went

: saxhng had a good nme In (140) there is a rwdmg, perhaps not too obvious at first, which -
‘means that the speake& is not sure whether it was Sue or Mary that everyone‘ heard was
‘arrivmg In (141) there is clearly a»readmg perhaps the preferred one, in whlch each person'

has elther heard that &s aunt. or. that hxs uncle lS amvmg Thrs shows that or has scopmg‘

.

. propernes sumlar to exxstenual quanufxers it may escape from" scope islafids, in contrast 0 )

am/ and yet snll be funcuonally dependem

.



e

‘ 1 The term Ie;ical type is bcmg used here. to refer o the lexxcal class of the operator being
scoped, such as each, most, and, or and not, or in some cases 10 a mote general class such as
‘ numeral existenitial quantifier. or umversal quantifier. Nouus, verbs and prepositions can also
.be placed into ‘lexical categones which can be used to disambiguate” quantifier, scope. For

* example, Each person bought a book is more lrkely to have a distributive reading than Each

person: read a book because the predicate read is more easily repéated wrth the same object. It

" is still possible that each person boughe® the sarne book in turn, Jout this is not possible with' «

irreversible predrcates ‘'such as sacrifice. Each village sacrificed ‘an ox can only have the

"Footnotes C Co

distributive reading. Therefore, some of the "world knowledge" -mentioned above as the .

fourth category could be: expressed in the form of qmte simple _rules related to lexncal‘ A

categones r L r v £ o‘ N
I S " " Coe ) ' “ . . - ‘ . ° N ‘ . .
2. We use the category, adverbial to refer to-an tinscoped‘operator such as a 'quantifier

” msrde clausal adverbial and the category adverbial-op to refer to the adverbial itself, for .

pje for an adverbial operator such as oﬂen or quickly, A ﬁdl~sub/ecz is a sub]ect whrch s
both a surface and a deep subJect .

: 3. Note that ‘the ‘drfference bet't'veen“ vertical - and ,horizontal 'relations ‘,diSappears\' in
‘Montague-style intensional logic in whjch all operators are _at dif ferent le\iels'of embeddin‘g‘

4 Note tifat a coordrnator and also a connecuve can embed an operator which precedes it in

“surface order In thts case the embbeddmg relatxon appears to predommate

5 It does not matter here whether preposed or postposed adverbtals are considered to be
default; the effect of surface position is what is mrponant The same hpphes to the shif’ tmg ‘

of objects relative to one another .

n'

6. These are the two most recent studres of scoping preferences that I am _aware of in .

. addition to the study of Gil (1982) ‘Some references to earhex\ studies of scopmg are‘ grveri by

* loup and an extensive discussion of various linguistic studies! of scoping is given in Carden,

*(1976) (the latter is- based on a. thesis completed in .1970). Carden provides evidence for the

presence of dialects of scoping’ preferenm for €xample. for. the two readrngs of All :he bays .

didn't leave. HOWever there is' also evidence that by embedding such senténces in- different
contexts, any given person can be shown to perceive both - readings. Newmeyer (1983:57)

" att by Matthew Dryer

Lo

‘7 ‘f'he heunstxes descnbed in tlns chapt are based solely on data obtaxned from Enghsh L

. sentences and might have to be inodified.to place more emphasis on grammatxcal funktion”
~ (ie.. structural eategory) and ‘less on surface 1f data from other languiages necessitates.
. this. 'However, ' this" modxf' cation would " be( quiite’ sunple to make smee the heuristxcs are"
. already orgamzed in terms of su'uctural eetegones and relauons S - o

"‘

8. HoWever, van Lehn hade 10 attempt o frIter out pragmauc mformatxon in his sentenees

‘{iwhrclr mrght ovemde the pref erences grven by the hrerarchres

. 9: The demsron to base the scopmg werghts on the tendency of the swond quantif’er to wrden
- seope was adopted after some “trial and error Generally. the preferret! scope ordermg

"wi

o . suggests that dialects reflect "speakers’ drffenng contextualizations of possrble readings for -
sent that are ambiguous 1n their’ grammars ‘I'hese references have ‘been. brought to rny S

A
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correlates closely "with the surface order of operators and it requires a certain amount of
"effort” to reverse this order. This amount of cffort corresponds to the strength of the "trap”
created by the first operator (and by the structural relation). The scoping weight therefore
gives a measure of the strength. of the trap for a given second operator, with a strong trap

, keeping the weight down close to zero.

10. In a'fcw cases, some quite large differences were notéd, usually because one reading had
been dismissed too quickly the first time. Some of the sentences were tested independently by
a separate observer with comparable, and in some casey>Yery close results. However, a few

© substantial differences were also encountered, apparently for the same reason as above. It is
possible that by a careful specification of* what is meant by the different scoped teadings, and

with some practice, a set of data with a low standard deviation could be obtained, both for,

one person and among different observers.

' \
11 One other point wmch should be poted is that it is very difficult, if at all possible, to find
completely pragmaueally neutral sentences and therefore the only way to rule out the

. influencé of pragmatics is to test,p large number of sentences. One possible alternative is to

substitute nonsense words in place of nouns and verbs, even though inevitably some attempt is
made to guess at what the nonsense word might signify. Nonsense sentences may have quite
marked scoping preferences, ag can be seen in the sentences Few gorms mirled every tok, Few
gorms were mirled by every tok, and Mary mirled more than three toks at each warg. In some
cases, such sentences were tried and gave quite similar scoping preferences as ordinary
sentences having the same pattern. However, such sentences quickly became tedious and
therefore simple sentences were used in the survey.

—

12. It is not clear why this should be so. Perhaps it results from the usefulness of making
non-universal statements, that is predications which do hold for all the members of  some set.

- Another reason could be that universal quantifiers inside a negated context should be replaced

by any when the wide scope reading is intended. For example, John didn't kiss every girl

should be replaced by John didn't kiss any girl and No boy -kissed every girl by No boy kissed.

any girl. However, this does not explain the eas¢ with wmch Jniversal subjects scope inside
the ncganon .

13. It is possible for the negation operator o scope outside non-universal subjects in certain

- cases. An example is when the sentence follows:a statement with the same or a similar pattern

in the non-negated form. For example, John thinks many girls worship him may be followed

by Well, many girls don't (worship hlm) meamng that it is not true that many girls woxshxp

John. -
14. The two relations dir-indir and tndlr-dtr are used for any, pair of objects, with the latter
relation bcmg used if the first object has been shifted in front of the second.

101

[N

15. In the logical translauons postposed adverbials. are applied to the sentence in the reverse ’

order of their appearance. ' This' correlates with our intuitions about the correct order of
embedding; however, the suffixes’ must: then be ignored othcrmsc the innermost postposed
dverbials wﬂl appear 1o be shxfted o

data not shown in the tablcs. The values must only be treated as rough appronmauons

17, Whan any is pment it may have rule out certain orderings of other quannfxcrs For

exampfe It does not seem possible for the negation to scope outside wkree in Three boys didn't

16, The' av:rage valum for fxve of Lhe last siX relations are taken from the lower right-hand
comers of the different ‘sections of Table A2.2. The other values are wumates made from
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kiss any girls even though this is (arguably) possible in Three boys didn't kiss m‘any girls,

18. Any appears to have an additional interpretation which may be described as "just any”™;
For example, JohAn won't date just any girl does not mean that for all girls, John won't date
them, which is the usual interpretation, This may require that a lexical ambiguity be made.

19. The term "phrase” means a clause, verb phrase or prepositional phrase, in terms of
syntax; a more accurate definition is given in terms of initial logical form in section 5.1,

20, These examples may not be very convincing and at least one person has informed me that
he cannot’get the distributive reading of the latter sentence, even when pragmatics is taken
into consideration. The question is whether it is ever possible to get readings of this type and,
if so, what heuristic value to assign (clearly it should be very low).

21. In the scoping program, the horizontal relation restrrestr is used'to scope quantifiers in
adjacent noun complements. At the moment, a weight of 0.5 is used for all combinations of
quantifiers. The relation conn-conn is used for all other-types of connecuve clauses‘(lc all
those not serving as the resmcuon clause of a noun phrase).

22, For example, they claim that the preferred reading of This producer belleves that each
actor in our company is too fat to appear in public is the one in which each scopes outside
‘believes, which they interpret as meaning that the producer holds separate beliefs about the
individual actors. By comparison,. they suggest that the opaque reading is prcferred if each is
replaced by every. However, this analysis is very dependedt on the interpretation given by the
authors to the scopmg of each with opaque operatofs.

23. At the present time, quantifiers automatically widen scope outside all functions, including
" tense, modals and adverbs, with the exception of quantificational (temporal) adverbs which
are treated as unsdoped operators. However, this may need to be modified to allow quantifiers
to scope relative to functions in general. It may be best to treat all such scoping as "vertical”.

24. Clauses related by causal operators such as if “then, therefore or because may be parsed
either as main and subordinate clauses or as clauses joined by a connective. The latter
approach is taken here.

25. The scoﬁing of plural definites such as these is similar to that of plural indef inités. It is
difficult to get the reading in which the optional partitive scopes outside the coordinator in
either John or Bill kissed somne’ girls ot John or Bill kissed these girls.

26. It is assumed here that the followxnmntenm are parsed as havmg verb, rather than vcrb
phrase, coordmauon

27. Note that (124) would be better paraphrased as John dldnt paint or fix many
motarcycles

28. The three xtra readings are obtamed by giving either of or both of the universal 0
qﬂannf iers wide scope over the. coordxnator ‘ o :

29. In thxs case, widening the scope of every relauve to and does not alter the truth condmon

30. Rooth & Partee (1982) note the wide-scoping pruperty of or. N

P



Chapter 5
) S ' Algorithm and Program ‘

The quantifier s?oping program described in this chapter is designed to be used as an
extension to a general purpc.>sc nz;tural languagc understhnding system currentl)" being
developed (Schubert & Pelletier/1 85)) Tht; parser uses a quifiéd .vers‘ion of \Generailized
Phrase Structure Grammar with semaﬁu'c rules that generate initial légical translations in a
first or&cr ‘modal iogic augmented with certain operators. lee logical tfanslations are in
gcncral ambiguous, leaving unscoped elements marked ( 'in‘dicaned here by‘ angled brackets) for
subsequent disambiguation. The scoping algorithm operates oﬁ this preliminary logical form
and generates scoped logical'forms having the logical symaxldescn'be‘d in chapter one. As an
example, the initial logical forﬁl for (1) is shown in (2) and the two ééoped readings in (3)

\

and (4).!

(1) Most people on every committee know John
(2) [<most Ax[[x person] & [x on <every committee>]}> (PRES {know John})]

(3) (most x [[x persbﬁ] & (every y [y committee][x on 'y])] [x know John]) .
(4) (every y [y committee] (most x [[x person] & [x on y]] [x know John])‘)

| .
A partial syntax for the initial logical translations will now be given.

5.1. Initial Logical Translations

;\ partial logical syntax for the initial ldgical translations is'shown i;x‘ Table 5.1, "I'he
notation is augmented with two types of operator, designated r (for "ter'm-fm;ming'") an& a
(for "adverbial- formmg ): the operators r, and r, map infix and ‘prefix fprmulas
mpecuvely. mto terms and a, and a, map infix and prefxx formulas into functxons (serving -
grammatically as a’dverbmls). The operator ‘a, is used to convert a special class of prefix-

expressions, those with prepositional predicates, into adverbial functions. For example, the

1103



phrase "in each city”, when serving as an adverbial, would be reptesented as "(a, {in <each

city>})". ? Some abbreviations are used in the table: expr for expression, formula for

104,

sentential formula, préd for predicative, func for functional, coord for coordinator, conn for .

connective, nom-pred for nominal predicate, det for determiner and :var for variable. The

i

symbol "+ +" means "two or more". The table is not complete, but shows the rypcs of

expression acccepted by the scoping program at the present time. *

The table shows that four types of expression are recognized. A distinction is made
between senterrdal formulas, which are represented as infix expressions, and predicative and
functional expressions. The use of infix representation allows a closer mapping to be obtained

B . L . . .

between surface structure and logical form. There is also some linguistic[mou‘valion for

making this dlstmcuon such as evidence that some adverbs should be appheﬂ 1o the verb

phrase and others to complete sentences. The usefulness of represcntmg sentences as infix

expressions with verb phrases as ‘predicates is also shown by. for example, work on VP

" deletion (Sag 1976). Making the-above distinction allows for a 'x_rxore general treatment of
initial logical translations. It would always be possible, for example with the use of a
Preprocessor, to convert all three types of expression into prefix form and use a prefix

-

representation for sentential formulas, *

" In table 5.1, a special case is made for negation and quantificational adverbs. which
are initiallly applied to prefix expressions (ie. to the verb phrase). These operators are handled

as moveable (ﬁnsc‘oped) operators and therefore placed inside angled brackets. Other

fﬁncuonal expressxons such as tense, aspect, modals and other ‘adverbs are not treated as

scoped operators at the present; however the program could bc easily extehded to allow this,

S0 that for example. modals and tense operators could wxdcn scopc over the subject. One

alternative means of accomplishing this worrld be to apply such functions to the wholc clause



formula | pred-expr | func-expr | term

-«

Table 5.1 : Syntax of Initial Logical Translations'

105

- expr
formula —> <coord formula+ +>| (func-expr formula) |
(det var formula formula) 1 [formula conn formula+] 1
{term pred-phrase] | [term prep-pred term+] |
-[var nom-pred]
" .coord —-> or, and ' o
conn - —-> &, v, if-then, after, because, ...
pred-expr —> . pred- phrase | pred-const
pred-phrase —_> <not pred-phrase> | <quant-adverb pred- phraw > |
« ' <coord pred-phrase + +> | (func-expr pred-phrase) |
: lambda -expr | {verb-pred term®} | {prep- pred term +}
pred-const —> verb-pred | prep-pred morﬂ ~-pred .
lambda-expr —> -~ (X var formula) . —
verb-pred > love, k
- prep-pred —> in, between, -
" nom-pred -—> man, house, ..
func-expr -_> <coord func-expr+ +> | func- -phrase | func- const
func-phrase —> (a, formula) | (a, pred-phrase) |
C o * (a, {prep-pred term+}). < .
func-const -> tense | aspect | modal | adverb ,
tense ' —-> PRES, PAST, FUT, GOING-TO
aspect —> PROG, PERF, PASV, INF '
modal —-> may, can, should, ...
adverb —> -quant-adverb | quickly, probably, -
quant-adverb —> sometimes, always oﬂen .
term -> (r, formula,) | (f, pred phrase) I (u lambda -expr)
<coord term+ + > | quantifier | identifier.
_quantifier . -2 <det lambda-expr> | <det nom- pred>
det —> some, many, every, ...
identifier -> var | const B
var -—> xl, x2, . _‘ . : ~'
const -> John, (u water) . o .
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. in the initial translauons in which case the funcnons could bg‘treat”qd as scoped elements. To

convert the logxcal forms shown in table 5.1 into LISP S-expressions, different types of '_» _
expression are prefixed with one of the following symbols | ‘

- infix formula

1 1]

p -~ prefix phrase . =

f -  functional expresssion . )

q -  quantifier - . o T

¢ - - coordinated expression - : @‘ N : :

I - lambda expression N : ‘ ‘) . ™,

n - negated expression | o
! * .. l( . ‘- !
giving the following equivalences: ‘ @ -

(i term pred-expr)

(p verb term®) : ",

(f func-expr formula) - L
(c coord expr+ +) ' - a
(q det nom-pred). . : X

[term pred-expr]

{verb term*}
(func-expr formula) .
<coord expr+ + >
<det nom-pred>

AANAANAN
mnunnn
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Before describing the scoping program itself, some of Ythe general"problems which

. must be taken imo consideration in the design of a scoping algorithm will beTBiscuSSed. The
. . g
first problem that needs 1o be considered is how the scoping weights associated with individual

N

pairs of opérators should be represented and combiried in order to arrive at the preferred
reading(s) “of a sentence. ‘I’his leads to two questions: (a) which operatars should be
compared in a glven readmg and (b) how should the welghts assocxated with each companson =

“be combined. These quesuons will be dlscussed m turn, in the following two settions. Some
- further problems will be drscussed in section 504/ A

a B \

5.2. Comparing Operators -
\

Dependmg of the method used 1o scope quannl‘xers drfferem palrs of operators may

. \‘ ‘7 E

be. compared dunng the scopmg of a glven readmg Tlus is certamly a drawback if one wants'."
to fmd some theoretmal basis for the desxgn of a quanufrer scopmg algomhm and the, SR
problem is compounded by the dlffxculty in decxdmg, on mtumve oron. other grounds wluch

' ‘ of the opuons is more orrect. We will 1llustrate the nature of- the problem thh three
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. examples,
The first example involves the ‘simple case of .a sentence having three clausemates.,

such as a subject nnd_two objects. An example is . S " ; o

(5) Most of the boys gave a flower to each gil - o L/
~ which canbe repres.ented as "[a b¢]" using a ‘simple notation '-in which inf rx expressions are
: designared by square brackets, functions by round-brackets, unscoped ‘quantifiersby angled
| brackets and variables by the letters x-z. Th’e srandard approach to scoping (5): is to first

select the quantifier which is to have in‘nermost‘. scopc and then apply this quantifier t'o.‘ the
clause, substituting n ra'riable‘ in its place. An example of one possible scoping sequence of (5)

| is shown in (6).

(6) [<a> <b> <c>] —> (b[<a> y <c>]) —>

L@y <ce>]))—> (cta(blxyz])

- However, rhere 1s more than one way of - companng parrs of quanufners In the complete
L method compansons are made before each quannf:er is raised; between that - quanufrer and
% every other quantifrer so that the quann'f’ ier havmg the strongest tendency to ta.ke narrow °

. scope “an be raised’ fust This wrll result in 'n(n- 1)/2 comparxsons bemg made for n
quantif jers, that is, all parrs of quanufxers wxll be compared Analternanve method would be

T to raise the quantifrers at random and ma.kc compansons while the quanufxers are bemg rarsed

' relanve to one anot.her. For example m the pamally scoped expressxon "(a (b xy <c>])) "
.as cis rarsed rt wxll fxrst be compared 10 b angl then to a. “but only if ¢ scopés outsrde b. Thrs
wrll result in no companson being made between e diid ¢ in the ‘abe’ readmg The a/gé;
companson wrll also not be made in the abc readmg ,\f an algonthm is used whrch only makes

' o a mimmum number of compansons in selectmg the operator whrch is to be rmsed first. Usmg

§‘§

+

& . SR .- o o e



| | | | L
- - this'method, if the first two co‘mparisons made are a/'b and 'bAa_rE if it is found that &

’should scope inside' a but outside ¢, then there is no need to make the a/¢ comparison at this
pomt It is very dtfflcult to decide on mtutttve grounds whtch of these .methods is more

-

realtstlc s The camplete method is used in this study

L

- .l

\ l .
The second example mvolves the scopmg of a noun phrase with a quantrl"ler m its

complement An example is sentence (1) in the prevrous secuon whtch can be represented as
[a-b c]" where the hyphen signifies the complement relation. If b scopes tnsrde a then clearly
n*‘o-comparison should be made between b ‘and'c However, ‘if b scopes outside d then it ma'y'.
or mk:ot be. compared with ¢ depending on whnch method is used. If a top -down, or
head- fir approach is used for the scoping of clausemates then the a/ ¢ comparison will be .
‘made before- the a/ b comparison, and ¢ will only be compared with b if it scopes outsrde of
a. Agarn it is’ very, diffi 1cult to make a judgement about which method ts preferable ln this
study a bottom-up approach is used and both a and b will be compared thlrc proyxded that ’

“the former scopes outside of a. *

[}

The third example involves the scoping of two-quantifiers both wrth each other and

relauve toanembeddtng operator m oo A o

(N John ‘thinks that each boy loves some gu'l

' —
% o , ' [

" the quanufrers may be flISt compared either wrth each other (honzantal ﬁrst) or. wrth the

qembeddmg operator think (vertical firat). This wrll make r dtfference if one but no{both of

‘the quantrfters ends up scopmg outsxde the embeddmg operator smce in thrs case the two TS

R N quanufxers will only be compared wrth each o er 1f the horizontal companson is made f:rst

It is very drffrcult to decxde whxch method corresponds more closely 100 how people scope 'l‘he ) '

method used m tlus study 1s horizontal f irst- (although xt could be modlfxed to be

vertml frrst) T
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' 5.3.\(‘Iombln:ing Scoping W‘ei'ghts o S .

Gtven a set of compansons between patrs of operators how should the scopmg

, wetghts obtained be combmed to give the overall scopmg wetght for a readmg" The mam

109°

criterion is that it should be posstble to select the preferred reedmg of a sentence but it would

also be usef ul to be able to arrange all the readrngs of the sentence in an: approxlmate order of R

- preference However once agam there are many possrble ways of combmtng scopmg wetghts :

- and it seems that some fatrly arbttrary chorce of method must be made.

\

A probabthsttc treatment ‘does not appear to be feas:ble One reason for tlus is that

different teadmgs may mvolve the comparison of dtfferent numbers of operators; A srmple

example of this is a sentence of the form [a b cl whrch has ftve readings: wo which

_tnvolve two compansons ( abc cab)‘ two whtch tnvol\re three compansons ( cba,bca ) and one .'

which may mvolve etther two ‘or - three compansons dependmg on ‘whether or" fdot the

head-ﬁm approach is used ( bea ). R -

4

' The method used in tlns study is srmply to find the average scopmg wetght This

P -

e method has the advantage of sxmphcrty and appears to provrde qurte good results The major T

. problem w1th this method 1s 1t tends to smooth out the effect of low parrwrse sc0prng wetghts |

. For’ example a eading wrth the two wetghts 0. 01 and 0 99 w1ll have the same average wexght ‘ S

A

-as one with Iwo wetghts of O 5 ’I'lus is clearly undesnrable smce it should be almost -

tmpossible to obtatn a reading whrch contams an mdmdual wetght of 0.01. However thrs o

problem can be mrmmlzed by usmg a cutoff pomt to ehmmate reedmgs wluch contam an 2

unacceptably poor scoptng weight (te ordermg of a patr of operators) Thrs 1s done in thet‘..,-_

i :-..vscopmg program by usmg a parameter $mm-weight Whlch is set to the mrmmum acceptable N

”;value for any mdrvrdual scoptng wexght (eg 0 OS) .

N , )
Lok -\. . . -

suppose the mdtvrdual wetghts are ab 0 6 ac' 0 6 and bc 0 9. Then the average wetghts fOl':". .

Can we guarantee that the best readrng ts always found" In the example "[a -b e]” o B



*_ ome or more non- preferred ordenngs * This would solve the pro‘Blem in the above example; . ~

e :descnbed for guaranteemg the best readtng of a sentence (accordmg t0 the averaging method)

the readmgs abe and bac wrll be 0.6 and 0. 63 respectxvely However the flrst\ [Teading should -
| probably be f avoured smce there is a preference f or scopmg b msrde a (the ab ordenng has a |

| ‘ wexght of 0 6). Thereason lt is not lS that the htgh value assoctated ‘with the be comparison is

not avarlable to the first. readmg

v

The srmplest way of deahng with thts problem would be to lag readmgs which mvolve

‘but would not work tn general smce opumal overall readrngs someurnes mvolve non- pref erred
pairwise ordenngs There appeans © be a way of guaranteexng that the best readtng is found :
E which reqmres tl;at a Histinction be made between horizontal and verttcal seoptng There is no
problem with- vertical scopmg. srnce the best overall readtng lS always composed of the
preferred parrwrse ordermgs (smce the operators being scoped only interact wrth one
embeddtng operator at a trme ) For honzontal scopmg it would be necessary that beSt
cornbtnatron of ordermgs of the operators at a given clausal level (pref ix or tnftx) be tagged .
when the scopmg at that level is completed Thrs could be. done by addtng a sxmple procedure |
; whrch finds the readtng whrch has the best overall ordenng of operators at that clausal level :
- and then® etther tags the other readmgs as sub- optimal or scales alt the averaged scoptng'
.‘,werghts at that level o that the best one is grven a perfect werght In the latter case. the best, ;

_ "" readmg(s) ‘would have an perfect werght at all times. In either case, this should guarantee that :

‘ »the "best” readmg, accordmg to the averagmg cntenon ts obtained

. w o . |»'.' - t...."."‘ . ‘ 5 )
Fmally, there 1s the quesnon of how the scoptng werghts should be represented ln" | L

."‘chapter ftve and in the current versxon of the program. wetghts are plaeed on a 0 10 1 scale |
. “’“h the latter bemg the optﬁnal value and wrth preferred ordertngs havmg wetghts between
" 05and 1 An alternatrve tnethod would be to scale the values 50 that the preferred ordertng xs: - , o
;:,always grven an opumal Value 'I'lns could be used in. conJuncuon wrth the second method just AT

-

L ;Another possrbthty would be to reVerse the seale so that the 'bpumal value ts 0 and lugher
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'values are mterpreted as penaltxes These three dlfferent types of:representauon can all bem .

-

' obtatned sunply by changmg the values in the mput f tle pref values In each case the program

\

will determtne‘the average value. -

5.4, Quantifier Scoping Algorithms: Backgroun‘d‘

-

Until' reeently, the problem of quantifier»sct;ping has‘ jeen relatively neglected in' the

desrgn of natural language understandmg programs Two of the earhest attempts to deal thh o

tlus problem were the LUNAR program (Woods 1978) and the work of Dahl (1979) and‘ |

..Colmerauer (1979) Woods uses a mod”xfxed version of FOPL o represent quanufxcauon The S

‘ general form of a quantified expressron is L S

(8) (FOR <quant> X / <class> : (p X) ; (4 X)).

|
L
-
"

where <quant> stands for a detenmner such as same or: every. X is, - the vanablen of

. ,quantrfxcauon <class> t.he set over wmch the quantrftcauon ranges (p X) a restncuon on

' 'this range and (9 X) the expressxon bemg quantrfxed Scopmg is possfble among quantifxers »

_v,between quanﬂfiers and neganon and to a hmrted extent between quanufxers and opaque

&

operators o,

- “ analogous modifncatton of FOPL to repment quan :

i non Sentences a.re represented as .

| . ,trees havmg quanttfxers con;uncuons and neganons as odes a.nd vanablee and constants and -

m some eases predmtes as leaves Quanttﬁer nodes have three branehes /the vanable the _ v’"- '

frestnctxon and th° “PI“S'OD bems quannfred (tlns 1s someumes referred to as;‘_".» s

three branehed quantrfmtmn") A summary of the work on quanttfxer scopmg in Prolog 1s“

; .-.»_:ordenng ts determmed by a small Set of general rules whreh are closely ued to syntax and' |

R gwen in Satnt thter (as8s) and wm only be bneﬂy described here In the early work scope o

- Workmg in the Prolog programmmg language Dahl Colmerauer and others use an

";v,.ltwlneh are apphed durmg the parsmg An example of a rule from Dahl (1979) is tha; when a‘. | T

[
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- verb has two guantifiers serving as cothplements, thé order of scoping is the réverse of surface

-~ order. Similar heuristics are used by McCord (1982) ana Warren & Pereira (1983)5. e
to. '\ L .\ .' ‘ . ‘ ‘ " “ . “ . ', .,'_ ‘\‘

oy \ Samt -Dizier ( 1985). descnbes a dtfferent approach to scopmg in Prolog based on the

s use of rewrmng rules. The mmal 10g1eal form he uses is a scoped readrng with the determmers
scoped in the order in whlch they appear. in the sentence. Each determmer is then convened 1o
a range mdreator , which represents a class of determmer The quannf lcauonal detemuners
ar dmded into four classes, represented by the range mdrcators D, E Q and U (see below) ‘
As part of thrs process, suff ixes are attached to each determiner tn the same way as is. done in

' thrs study A set of rewrite rules, each of whrch mterchanges a palr of range mdrcators lS’
then apphed to the 1nrt1al logtcal form o generate the set of vahd scoped readrngs "'he

" rewnte rules have the general form v

"(9) Ri : XnYm—> Ym Xn (or Xm Yn)
“.where X Y belong to {E D.Q, U} and n,m are mtegers with n < m. Erght rules ate glven for
the mterchange of two quanttf iers and three f or the mterchange of a quanufrer wrth negauon .
“A method is briefly descnbed f,m\the scoplng of quanufrers wrth the con]unctron operator and |

some prehmmary work on the mcorporanon of pragmatrc mformatron is shown i e

Another reeent scopmg algonthm and one whrch is the most srmrlar to the one used. ‘ |
: 'iQ .‘ m tlns study, xs descn‘bed m a prelimma.ry form by Hobbs (1983) and lS presented in detaxl byg» | B
: Hobbs & Shreber (1987) The algonthm generates all vahd scoped readrngs of a sentence.f R
-'“‘startmg thh an tnmal logrcal representatron whrch 1s very stmrlar to- the one descnbed by‘ _
| ..Schubert & Pelletrer (1982) and which 1s used 1n thrs study 'I'he mam ddfere:ew are that all i
| ;".phrases are wntten 1n a umform prefxx notatxon and the only unscoped elements areit{.

- 'quanufrers The quantrfrers are selected one at a ume for scopmg ’I‘he algonthm works partly ‘3

o ",bottom up. seopmg nested clauaes ftrst However noun phrases are: scoped top-down thef; '3-’,'
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whole noun phrase first' being scoped ,relsu’ve to its clausemates and then any guantifiers.

»
v

inside its complernent ‘being_scoped rec'ursively’

. K

13

The algonthm used tn thrs study dlffers from the above two in berng completely ]

bottom up and’ left -to- nght in parallel with the parser and in betng able to both compute‘

» ’

‘, scoptng wetghts and generate the set of scoped readings in’ one pass In addttlon the scopmg ,

‘ program handles a wrder range of mrtial logrcal representatrons allowmg drsttnctrons 0 be

‘ made between for example verb phrases and clauses servmg as complements The algonthm .

' ‘ wrll be descnbed in’ the next sectron First, however the drfferent algonthms descnbed here

will be compared in terms of two general problematrc 1ssues in quantrf ier §copmg (a) the use

. of heunstlc mformatton and (b) the SCOplng of coordmated expressrons S Co

o N

Since‘ the deterntination of s'é"oping‘ weights requires quite extensive knowledge of tHe .

’lstructural relations between parrs of operators these Weights must be at least partally

: determrned before the unscoped operators are moved srnce most of this information is lost

- after movement "This. consrderatron was a major factor rn the design of the algonthm‘

described here in whtch the scoptng algorrthm parallels the parser If the rewrrtrng method rs

used rt wrll presumably be necessary to store some of the mformatwn about structural “ o

) relauons between palrs of operators before the. scoptng starts 'I'he algonthm of Hobbs &

9,

o , -‘.mention the highly recursrve nature of therr algonthm appears to make the tnclusron of such L

,.:":..}‘heuristicinformattondrffrcult o :

Netther Sarnt th.rer nor Hobbs & Shreber grve much rnformatron about how they
’would meorporate heunstrc mformauon mto thetr programs The latter do menuon somey

B ; plam where such mformauon could be mtroduced but note that the recursrve nature of therr -

.~‘\~

S program makee the use of such rnformatton qmte dtfftcult and that 1t eennot 'be gtlarantwd
a i .that the beet readlng wrll be fohnd Samt Drzier provrdes httle mforrnauon about how scoptng f" e -

,‘Shreber ls potenttally eapable of makmg use of structural relatrons. however as the authors:

<y -
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' heunsncs would be used in: his program allhough it WOuld be natural to aSSOClalC scopmg '
welghts of . the kmd descnbed here.. with the rewriting rules H0wever it is not tlear how
useful it would be 10 assocxate heunsncs dlrectly with the four classies of ‘"r‘ange iridicator"’.

Clasb%\consxsts of each and _every, and yet these have qulte dxfferent scopmg properties. ,,/

Class U contams 4 and no and these are also very dlfferent Class E, which’ is taken to
N
represent the "first- order logic exxstential quanufler includes the determiners mosf of the

A . W

and few ! m addmpn to some of the standard indefinites. .

The scopmg of coordmated expressxons poses several problems One problem is

lllustrated by the sentence

(10) Joha met a blonde of a brunette

which contains a coordinated verb complement It is not possible to s'cope either of ‘the -

" mdef1mtes before the coordmator otherwise the subsequem apphcauon of the coordmator wxll

a

result in vacuons quanuﬁcauon For example if Lhe exxstenual quanufler correspondmg 0 a
’ /;é\%de is scoped fxrst followed by or, the followmg pamally scoped loglcal forxn would‘
N . . .

: L‘:‘| .
¢t o '

i . o

(11) ‘[(Ei: blonde [John {met x}]) or (Ex: bloride [John {met <a bfuoetie>}])] ‘.

‘The second "Euse contams vacuous quannflcanon N In thxs case zhe prOblcm could be: .

solved by statmg that coordmators must be scoped fxrst (father than the operator wlnch ls to ,

s take mnermost scope) However there are two problems wﬂﬂns Flrst the or. may scope

§ . -
" [ :
. .

- (12) ~, John 'wehts to maia'y‘a ‘blondeof“'e'brun’ette B
S o o . :

‘ oumde the outermost clause m

u . P . L h . [ [N ' ' v ’ .
o B ' ' Lo . . " IR [ o e
& .

"o
S

“and. this means thatthe inner pﬁrase (the mfmmve phmse servmg vas‘ a verb COﬂIplemcnt) “

Vo .



115

BN

W

thasaxr’c problem ( vacuous ‘coordination” ) .occurs 1f the embedded coordinator or, is scopd ,//
v e

h? . T

bcfoxewr.,’ngmg (14),,and then or, is given wide scope (15). T

§ \ ' 4 C , .
(14) [[John {met <or, Sue Ellen>}] or, [John {met <or, Sue Mary>}]]

5 (15) {[[John {met Sue}} or,‘I[Jo"hn {met Sue}]}] or, |
([John {met Ellen}] Io,r;-[]ohn {met Mary}]]].

W

Thcse wo problems could be solvod by ﬁcopmg in several passes, in each pass scopmg only

opcrators Whtth are not embedded inside a :coordinator. However, this considerably

" complicates the SCobing algorithm and-also violatcs the principle of applying the innermoéf
T ! - . ) ‘( . ‘

Ll
1

operagor first.

A second problem is the creation of mulu‘ple coi{ies of the same operator which can
occur when coordmators are present Thmproblem is unavoxdable when it results from the
parsing of sentences such as (16), which will be parsod into the iniual logical translauon ’

. 114’.‘ .
" shown it (17). and (18) which may be translated into (19) M ‘

(16) John did or didn't meet some, girl t s
(17) [John <or (PAST {meet.<some, girl>}) w0 .
(PAST <not {meet <some, gxrl>}>)>]

(18) John wants and hopes to meet some, girl ‘
(19) [John <and (PRES {want (r, (INF {meet <some, girl>}))})
(PRES {hope (r, (INF {meet <some, gul>}))})>]

»

Three constraints on a duplicated operator such as some, are-fa) it must scope consistently .
- with respect to all-other operators, (b) it must only be compared once to each operator (in

e
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. terms of computing the scoping weights) and (c) if it scopes outside an coordinator which
initially embeds it, only one copy of the operator tan be carried up, This posés a problem for
bottom-up approaches to scoping since some global knowledge is evidently needed to ensure

" ',' Al 0
the consistency ~0f the scoping of some, in the two separate expressions in which it occurs in

both (17) and (19). It therefore seems necessary to use some overhead to keep track of the

scope relations of operators which are present in-multiple copies, and 1o store this information
. " Il

separately for each reading. '* l : &

In the scoping program shown in Appendix IV the problem of duplication is handled

. by labelling readings, if multiple copies are generated by the parser, '* and by sto"r'ing,.on‘ the
property list of each duplicated operator ** a list of the operators having been scoped inside
and outside the operator. In addition, the notion of "equivalent predicate” needs o be

mentioned. In (19) the prediéates want and hope are "equivalent” in the sense that they occur

at the same level of embedding by the coordinator and. Therefore, the two copies of some,

must scope consistently with the two equivalent. predicates. **

N

Duplication of operators can also result from the scoping process. For example, this

would occur when one of the coordinators in -

[F]

(20) John and Bill love Betty or Sue

R )

»

_ is scoped, creating a duplicate copy of the other coordinator. However, at present the scoping
Y
e

program avoids this problem, as well as the first problem desribed above, by using a

'.'branch-trimming" function which removes incorrectly embedded operénors from the

-

) ]
different branches of an coordinator at the time of embedding the coordinator. The function

is simple to use, but it does involve some extra overhead and temporarily results in the

Y

generation of redundant readings which miust later be removed. '



Neither‘ of these'problems is addressed b_\' Saint-Dizier or Hobbs & Shieber. The
~ former does give an example of the scoping of quantif iers with the conjunction operator. but
it is difficult to tell‘ how the problems_described here would be handled..The algorithm
described by Hobbs & Shieber does ‘not deal with coordination at present and it seems that the
bottom-up and highly recursive approach used would make the handling “of the above

problems quite difficult and would at least require a considerable amouut of overhead.

5.5 The 'Scoplng\Program | ) ’

This section contains a brief outline of the scoping program. More derails will be
found in the program listing in Appendix IV. Procedures (or functions) referred to will be
Wrr'tten in italics.‘ The program reads in ; list of sentential formulas and for each formula
prints a list of scoped readings in approximate order of preferenct. Each formula is passed to
scope-phrase which calls the appropriate scoping procedure, such as scope-in;ﬁxi or scope- func,
depending‘on the type,of phrase. Terms are scoped by scope-term and by scgpe;;]uant when
appropriate. One procedure scape-coord is used to scope all types of coordinated expression,

: whether phrase, term or constant.

Each procedure returns a list of pamally or f ully 'scoped readxngs A readmg

list contarmng an average scopmg wexght the logrcal form of the expression being scoped a'

list of rarsed operators and a label for. the readrng if the readmg contains multiple copnes of

117

one or more unscoped operators. Each procedure for scopmg phrases has an input parameter.

. constmct which describes the type of embedding construct (ie. verﬁcel relalion), und also- lists
the emhedding operator where appropriate. The coustruct' type provides heuristic information
‘necessary for vertical sc_oping which is performed by procedure. exponri. Eriarnpies of phrases
which require ve‘r.ticalscoping are phrases serviné as terms or as functio‘ns phrases joined by
connectives such as lfthen and phrases msrde noun complements The outermost phrase is

grven the construct top whrch forces all remarmng unscoped Qperators. to be embedded
s , 3 \

\
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Horizontal scoping is performed by procedure combine which generates and evaluates all.

permutations of the unscoped operators present in corresponding pairs of readings. Some

@

.additional overhead s required when coordinated expressions are present.

~

‘The.structural category of each unscoped operator is determined by get-categortes and

updated where necessary by update-category. The category of each operator is stored on its

property list under the attribute ‘category. The scoping weight for a pair of operators is

4

calculated by scoping-weight which is called when readings are combined or expanded (ie.
scoped honzontally or vertically). This procedure makes use of heunstrc rnforrrtatron stored in
the three files pref “values, srelations and ratios. The way in whrch these files are used is

~
descnbed m‘chapter five.

Reflexives in the subject or object positions are handled when two rcadings‘are
combined by substituting the logrcal form of the scoped operator (or the vanable for
quantifiers) for the unscoped second occurrence of the operator Some overhead is requtred
for this. If multiple copies of the same operator are present as a result of tne parsér, :these
operators are given special treatment to ensure that they are uniformly scoped'.—’ﬁ-\t present,
" this has only been partiaily implemented. ** ‘» ‘

Redundant readings are found using the functions redundant?. and commutative? and

are removed as soon as they are detected. A reading is redundant if two commutative

operators are embedded consecutrvely and the suff ix of the outer operator is greater than that

of the rnner one. For convenience a dif’ ferent crrtenon is-used when one of thc opcrators is a’

coordmator in this case, the quantifier should scope inside the coordrnator Readrngs will
also be removed if they contam an ordering of a pair of operators' whrch has a scoping weight
less than the parameter Srr;}n-weiglit When such an. ordcr‘ingl ié detected .ejther during
3 horrzontal or vertical scopmg. the readmg contarmng it is removed. No scoprng weights are

‘ attached to the relatrve ordering of commutatrve operators



Al the present time, the scoping program has riot been corrltpleted. The function for

retrrevmg the hst of "equivalent predrcates has not, yet been writtén and therefore vertical

¢
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scoping is not yet possnble for. operators which have bcen duphcated by the parser Some other ~

possible extensions are described i in the conclusion.
/5.6 Program Output

~ Some sentences used as test data are shown in table 5.2 and _the output in Appendf;t

¢

l. The output for each sentence consists of first, the ihitial logical translation of the sentence -
) ot . . .

‘which is used as input to the scoping program, followed by a list of .readings in descending

order of preferenoe (ordered according to the avera@ scoping - werght) Inpttt sentences

containing coordmated .expressions which can be parsed in more than one way may have
7 .

brackets inserted to indicate which transtation is being scoped.

The first example gives an introduction to the logical notation being used. Note that

for readings which have not reqmred the companson of any operators the average weight is

set to the optimal value (1.0) at the time of pnnnng The next nine examples give an idea of

~how passivization. shifting and topicalization affect the scopin'g weights The weights shown

are based on the tables drscussed in chapter four _All of the exampres have two scoped

readtngs and require one companson Sentences (11) to (15) provrde some further examples _

of scopmg werghts thh drfferent quantxfters Note the strong mﬂuence of surface order in

these sentences. - - SR

In chapter four a dtstmctton was made between the scoping of. the exrstenual and -

universal quantifrers introduoed by mdefrmtes ,For convemence. we will interpret the

tndeftnite quanufrers to stand for existential quanttfiers (re two boys will be represented in

the initial translanons as <two boy> but wrll be mterpteted as <E (two boy)> and the'

universal partmves Whlch must be mtrodumd by a post- prooessmg rule (see section 3.10),

are represented as u-;:ome, u_nym, u-sevemlr and u-many. ‘Note that it wou_.ld have been possrble :



snmply 1o represent all the partmves as a standard umversal quantif ier such as each. However
for the ume being a separate notation is used 10 allow a separate set of scopmg wetghts 10 be
assocrated_ with the parutrves. If this later‘pro_ves to be unecessary it would be a simple matter

to change.
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Examples (16) to (18) show how all the eight distinct readings ‘of sentence (16) :

(discussed in section 3.10) can be generated. Since no partitive is present in the first example,.

" only one reading is obtained (the second one being redundant since the wo existential

quantifiers are commutative). In (17), it is assumed that the post-processing rule has been.

applied to the first quantifier resulting in two readings. The two new readings both have ‘a

predication made of the individual members of the collection of two boys, and in one of the

readings the girl functionally depends on the boy. The presence of both partitives in example

'(18) results in three distinct readings.v alN olving individual predications and two of them
involving functional dependencxes The two additional readtngs of the sentence. would be

obtatned by applymg the post- processmg rule to only the second iridefinite.

'I'lie fext examples involve the scoping of negation. quantificational adverbs and -

unmoved adverbs. Sentence (19) has six readings, the preferred reading being one in which

]

the negation has wide scope. This appears to be intuitively correct assuming that the indef inite

is most likely non- specifrc (the speciftcity of indefinites betng a matter for pragrnattcs o

determine). The scope ordering of negation and adverbs usually. or always follows srurface

et

\
order. Sentenoe (22) is used to show. that the scope of negation appears to be restncted'fo the

* clause in which‘it occur. This is true of adverbs as well Sentenee (-23) simply shows that -

" non- quanufxeauonal adverbs are not treated as unscoped operators at the present time and so

are not moved

R

'I‘he next examples show the scoptng of quantifters msnde dxfferent types of noun‘ _

complement Sentences (24) to (26) contam the quanttﬁer each mstde preposttlonal verb N "



, phrase and relative: clause complements and it can be seen that the tendency of ench to scope
over the head quantifier decreases correspondmgly Example (27) shows the five readmgs
obtamedfwhen three quantrfrers forming the pattern [a -b ¢]" (discussed in sectron 5 2) are
scoped with each other. The frrst reading appears to be the one whrch would be preferred
ié:}itively in a‘ pragrnatically neutral 'context. Sentence (28) contains quantiflers inside nested
noun complements and -also has ‘five readtngs. wrth the preference for the embedded

: 'quantrfrers taltmg wrde scope. (since both complements are preposrtronal) Sentence (29)
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| contains two quantrfxers m adJacent (non nested) complements and in this example the. ‘

' Rreference appears to be for the scope ordermg to be the reverse of surface order (as is the

‘s

case wrth postposed preposmonal clauses, but in contrast to quantrfrers in formulas jomed by.

a cormectrve) S ‘ - o -

The next frve examples contain quantxfrers msrde phrases serving as. subjects or

n 5

obJects (verb complements) .Such, phrases are converted mto terms usrng the 7 operator.

Examples (30) and (31) contain a verb phrase and a full clause rcspectrvely. servmg as the

. subJects and examples (32) and (33) have the correspondmg phrases servmg as verb-

complements The heunstrcs used dlseussed in’ chapter four treat ‘the' clausal terms as

formmg fairlv complete scope tslands The verb phrase servmg asa subject appears to also

form a strong scope 1sland however this is not the case for a verb phrase in the object "

posmon It is not unreasonable to obtam the readmg for (32) in which. there is a dlfferent"

- tounst per museum\ However thts may also depend on the absence of a precedmg verb '

‘ 'complement In (34) the presence of the- drrect object John should substanually reduce the

J\

'-abrhty of each to W1den scope over the subJect, however the heunstrcs will need to be

.modxfied to take mto aecountthe presenee of the drrect object 1 -

Example (35) contams a tha:-clause servmg as an ob]ect noun complement Accordmg

: . ro Fodor & Sag (1982) such a construct forms a strong scope 1sland and some examples of .- SO

o thrs wers drscussed in sectron 3, 1 To represent such constructs we mtroduce a new predlcate S

a ; B
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" has-content *°, Some other method of representauon may’ be used mstead however ar

“‘. operator is needed and this creates a fairly strong trap. This trap could be made stronger b\» ‘

maktng a drsttnctlon between relatrve clauses mtroduced by whax and that if the latter arev

found to form stronger scope traps. Only one readtng is shown since the scoptng welght ‘

‘assocrated with widening the scope of every is 0.005 wmch is below .the ‘curfent mmtmum '

N

allowable wetght (0 01) If the value of $mm-wetght were reduced 10 zero, two addmonal B

_ readings of (35) would be obtamed.

vExarnples ‘(36) . and (37) contain qua’ntifiers msrde preposed and postposed
- prepositional adverbtals repsecttvely Preposmonal phrases serving as adverbtals are convened

into functtons by the - operator ‘a, (really "a- specral case of a, whtch lS used for

non- preposruonal predtcauve phrases) and this 1s taken to offer no reststance to the widening .

as adverbtals such as every wqek as treated as elhptxcal for prepostttonal phrases such as

- of scope Therefore in (36) there isa strong preference for most takrng w1de scope. however :

' "thrs tendency is markedly redumd when the adverbtal 1s postposed (37) Noun phrases servmg ‘

‘durlng each week by the parser and therefore are scoped as though they were msrde a -

preposrttonal phrase (38) Examples (39) and (40) show that aﬁer is also treated as a

: preposmon when embeddmg a verb phrase (39) or full clause (40) in an adverbial posxuon '

(aﬁer may in other cases be treated asa connecuve) Sentence (41) shows that a verb phrase‘

converted mto a functton by the operator a, forms a fairly Strong scope trap Fmally.

sentence (42) grves an example of the need for a lambda expressron in the adverbtal posmon

Examples (43) to (46) show four vanattons of an lf then sentence contatmng a. )

| umversal and an exrstentxal quanufxer An unttal tf clause is an absolute scope tsland for a o .

| umversal quantrfxer (43) but not for an exrstenual quanufter (45) The consequent clause”.' -

| “appears to be a strong scope 1sland for the umversal quanufter when tt f ollows the antecedent R

'(44) but not when 1t precedes the anteeedent (46)



Most of the remammg examples deal wrth drfferent types of coordmauon Examples. o

(47) to (49) contam verb coordrnauon whrch lS parsed as’ such \(not as verb phrase

‘,/‘—“

J

coordmatron as is the case in examples (56) and (64)) The preferred readrngs of (4’7) and

(48) follow the surface order of . the quantrfters and coordmators which appears to be

rntumvely correct. The scopmg of and is qutte srmrlar to that of universal quanufrers and

therefore there lS a preference is for it to be trapped msxde a verb phrase servmg as a a

subject (although it is very hard 0 decrde on. rntutuve grounds whtch of the two readm}gs is

.-

intended here).‘

Example (50) has two. universal quantrfters embedded msrde aVPp coordmator and as

dtscussed in chapter five, umversa.l quanufrers cannot wrden scope over an embeddmg“ K

coordmator n Examples (51) 'to (54) contam NP coordmauon The frrst example has three‘

NPs coordinated by the same or and whrch must therefore lﬂe‘s!oped together grvmg only two
readings Examples (53) and (54) are taken from Schubert & Pelletter (1982) and the

.derrvauons of the different readrngs are descnbed in that paper.

Examples ( 55) to ( 59) contam coordmators msrde noun complements Some suggested‘.

heunstrcs for the scopmg of such coordmators -are desmbed in secnon 4.9. Example (55) has

' a coordmated NP msrde a preposmonal noun complement ‘and the heunst1c used is that ,

: coordrnators msrde a noun complement tend to remaxn inside the complement kD Examples

L most. Thrs sentence is interesung tn that there is a tradeoff here between the tendency of orto. -
: scope msrde every and ‘for the two most’s to ‘scope outsrdeevery. smce most cannot scope'.-. o

outsrde or.

(56) to (58) have coordmated noun complements 'I'he complernents are constants in (56) o

srmple phrases m (57) and contain drstnbutrve quantifrers in (58) The preferred readmg of

the latter is the one in whrch the coordmator takes wrde scope allowmg each to scope: msrde = |

a

{xi . PR }
)

a
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| The second and thrrd readmgs show a problem whtch is not dealt with by the program ‘

" at the present Smce the two most quanttfrers are drf ferent (te they have drfferent suf frxes) '

' they must be allowed to scope separately with every Thrs results in two asymmetrrc readmgs

(the second and thrrd) in which most’ scopes outsrde every on one srde of the coordlnator but

. not on the other These readings are grven higher scoprng werghts than the symmetnc readrng',

tn which both most's . scope tnsrde each (srnce a hrgher scoprng werght is’ assigned to the

‘ ‘most-each ordertng ) However in practice such asymmetnc readrngs are very unltkely i they ‘

~

are ever obtamed There seems 10 be no sunple way of removrng such readmgs other than by

: addtng a procedure whrch tests ,for . asymmetrrc ordenhgs rnsrde readmgs wrth scoped

coordmators; furthermore, it could ‘be quite tncky to define what ,rs meant by ‘sym,metry n.

the general case. The same ‘probl'e_m of asymmetric readings occurs with (59).

The next' exa'mples contain more than one copy oftHe same operator' in the initiai

logrcal translatron Examples (61) to (63) contatn reflexrves in the obJect posrtron whrch are

~ handled by substrtutron Three types of reflexrves are shown a sxmple noun phrase (60) ( note

: ‘that only two readmgs are obtarned due to commutauvrty) a noun phrase with a coordtnator

(61) and a noun phrase contarmng a’ quanufter $0 that the reflexrve tnay become f unctronally':' .

dependent (62)‘.

Examples (63) to (65) wrll have two copres of each quantifier tn thc verb phrase m'

':phrase coordmauon (mdrcated by the. brackettng) It can be seen most clearly for (64) and

' (65) that in- all of the readmgs the two copres of each operator scope consrstently wrth' . L

: respect to other operators and that a companson between any two' operators is" only madei“"‘ . :

“once. -

e the tnmal logreal translatrons as a result of the parser interpretmg the t’:oordmatron as a verb‘
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John loves Mary
Some boy kissed every- gul

' ‘Some girl was kissed by every boy

Every girl was kissed by some boy =~ (-

'Some girl was given flowers by every boy S

Mary read every story to most (of ‘the) children
Mary. read most (of the ) children every story.

. To most (of the) chikdren, Mary read every story
- To some girl, flowers were given by every boy
"To some gul every boy gave flowers

Few boys kxssed every girl

‘Few boys were kissed by every girl

No boy kissed every-girl g L
Some boys kissed no girls :

.+ Some boys kissed few girls

. Two boys klssed three guls
Same - with partitive on "two boys™

Same ‘with partmves on both quanufxers

: .Every boy d1dn t kiss’ two gxrls
John doesn't often kiss every girl -
. . John often doesn't kiss every girl
) JohnthmksthatMaryhasntamved
. Probably John will come .

Most people in each cxty bought souvemrs

Most peaple visiting each city bought souvemrs

" Most. people who visited each city. bought souvenirs:

. -Most people on each committee attended. several meeungs

... Most people.on each (bus on most of the trips) arrived ‘ :

' ,Most people (from each country) (on- most buses) arrived - Ry

‘Vlsmng most (of the) museums pleased many tourists

~ That John visited most (of the) museums surpnsed,many people

.. Some tourist wants to- visit each museum _

. Some. person thinks that John will visit each museum

*Some person wants John to visit'each museum . - SR
.John recewed several messages that every t'hght was on time © .



36.
37.
38.
'39.
40.
- 4]
- 42,

. 43
4.
. 45,
- 46.

47.
. 48,

+ 49,
50.°
51
52..
53,
© . 54,

55.

-’56,

> oS

. 58.
59,
60.
61.
" 62.
63.

. 64. .
,‘ . 65

jTahle.S;Z :":Sentetrces‘ Used as Test Data _
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In most cities, several people bought ttckets

Several people bought tickets in most (of the) cities .
Every month,. .many people visit Europe :

After having visited several cities, John wrote each postcard
After John visited several ¢ities, (he) wrote each postcard

‘ Havmg visited each city, most peopie returned
Havmg been briefed by -Jones, each voluntecr left

€

If each grrl a;mves then some boy wrll be happy o N

' Some boy will be happy if each girl arrives:

If some girl arrives then each boy will be. happy : . /Vr :

“Each boy will b'erhappy‘ if some girl arrives

Every. boy wants to (krss or hug) Mary

. John (wants and hopes) to (kiss or hug) Mary ) ‘

To kiss and.hug, Mary is nice

Two boys krssed every ‘girl or hugged every girl ‘
Mary read some story to each child or told some story to each child.
John, Bill and Sam love Sue or Mary C

‘John loves and admires Fido or Kim

All men want to marry Peggy or Sue . -
Every boy Or every grrl went to some movne

Every person in Zermatt or Murren skis =~ ¢ SENE

. Every (boy or girl) in.Nice swims =~ . e e
Every boy in Nice or girl in Monaco swims ‘ T
Every (man on most buses) or (woman on most tratns) amved

‘-

._Someboywantstobuytwouesforhrmself LT ‘ e "‘.

Some boy or ‘man shaved htmself

.+ Some man on each tnp shaved hrmself ‘

: Some boy (krssed ot hugged each' grrl)

Mary (read or told some story to each child) |

. %}'ie\w teachers (read or told some story to each child) -



57 ‘Co‘nclus‘ion

Seme critics of approaches such as thxs may argue that people dont quanufrer

127

scope (van Lehn 1978) .or that deterrmmng functional dependencres is rnamly just a

pragmaue prms While these arguments carry some werght and should be kept rn mmd it

has been argued in thrs thesrs that people often do grve strong and sometrmes unambrguous

. preferenoes to certain scope ordenngs and that domam mdependent mformauon such as

structural relations among operators and the mtrmsrc properties of the operators themselves

. can play a major role in dtsambtguatmg sentences contarmng such operators One of the main

objecttves of thrs work has been to' try t0 separate out in as far as thrs is possxble the . -

contnbutrons made 10 scopmg by the above types of domain mdependent mformauon It is

- hoped that this wrll srmphfy the later task of addmg heunstics based on the effects of -

: dornatn and dlscourse dependent mformation

r
t".

In chapter four some examples were grven of sentences in whxch an unambrguotfs

mterpretatron is ngen to a certam scope ordenng Such sentences mclude those contammg

‘ ’strong scope xslands such as rf then sentences and also sentences wrth certain quantrfxers

w-'such as- any, Jew, no. or more tixan three whrch often have unambrguous or very nearly-‘, :

‘ unamblguous scoped mterpretanons An example of one such sentence is g o

- 2D -"At’novdance-did John n'c'.":tln‘ss‘',an‘y‘g'irls,‘n .

‘iﬂ"wm‘:h eontams three operators reqmnng scopmg but WhJch has an unambrguous‘v' R

'_,'.'-})mterpretanon Exampr (11) to (14) id table 5 2 have strongly preferred scope ordenngs,"-.f‘ k

4 ,though sentenees havmg the patterns found inf these sentences need not in general be.

. 2

unambtguous At the other extreme. there are sentences whrch have almost c0mpletely;u‘;" L

'".:"ambrguous, scoped mterpretanons m the absence of pragmanc mformatmn Sentencesv_,f'_'f-

s



containing the indefinites some and a such as °

" ‘LIY ' ‘ R ‘ L3
(22) Some boy was kissed'by\every‘ girl .
. L ‘ T e o ‘ . K ) 1

i
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provtde a good example Therefore the scopmg program as- iv stands is pnmanly useful tn. ‘

rulrng out tnvahd and redundant readtngs and readtngs whtch contam certatn orderings of

operators which are S0 nnltkely as to fall belbw a preset level of rrummum acceptabtltty .

[

(specified by the parameter $mm-wetghr) Otherwrse the scoplng wetghts assocrated wrth each "

; readmg should only be consrdered as rough approxtmattons whtch can serve as a gmde to the ‘

| S &y

! . '
v : )

usé of pragmattc xnformatton ,

 How should the present,program be extended to tncorporate heurtsttcs based on’

pragmattc mformatron" A dtsttnctton mrght be made here between two’ ways in wruch‘f

W

pragmattc mformatron may be used firSt, o dtsambtguate parsrng and. semanttc‘

o

) tnterpretatton in. the initial Stages of sentence processmg, and second to operate on. fully |

"spet:tfred logrcal yxaislattons of a sentence to detenmne tnferences etc. The advantage of

: applymg pragmattc tnformauon in. parallel wrth the parser, translator and possxbly wtth the )

| scoptng program’ is that thrs would make 1t possrble to trim the potenually raptd growth of

.

‘ readmgs at an early stage

v

The obvrous place to apply pragmattc knowledge in thé- scoptng program 1s at the v

G

.‘ stage of deterrmmng the preferred ordermgs of patrs of operators (te tn the functton' . F

'sco_pmg-wetghz)‘ General world knowledge t.hat could be used would tnclude tnformatton about: ’

expected relattons among obJects, such as the fact that there ts presumably a drf ferent rnayorfv R o
| per cxty tn she mayor of each ctty, and about properttes of verbs and preposmons such as. the'
fact that 1t is generally not possrble to be m more than one place at once as in a man ln each‘ .

;‘7: room Dtscourse dependent knowledge would tnclude a set. of possrble referents whrch could

’be used to scope spectfic mdeftmtes and defimtes o “

i
- Lo
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. of ordinary discourse.

The heuristic information nsed hy the program is in need of considerable refinement.
For one thing, it is clearly psychologxcallv xrnplau51ble to, Suppose that “people storc their
knowledge about domaln independent scopmg preferences in the form of quue large tables.
lHowever at the moment some tradeoff seems unavoidable between economy an‘:j accuracy. As
was mentioned in chap;er four i{ is possrble to simplify the structural relauons into only
three features: surface order, shifting (or toplcahzauon) and embeddmg However, this can
lonly ohe at considerable expense of accuracy What wxll evemually be required is a better
motivated model of how people "scope™ from which the empmcal data shown in these tabies
will emerge naturally. In the meantime, however, thereis a need f or more emphical data. One
posmve aspect of this work is that the nurber of pattetns ** whnch need to be considered for
scopmg in the English 1anguage is probably qune lumted and hopefully a considerable
ﬁ?:uon of these (including many of the major categories) have'already been dealt wuh here.

Therefore, it does seem unreasonable to hope that an approach such as this could be extended

to pro{'ide domain independenf scoping heuristics of sufficient breadth to deal with the range

[AN . ) <
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L (Y
.

A more problematic question is how feasible it is to define heuristics solely for -

independent pairs of operatdrs and to then somehow combine these weights to obtain an .

overall-weight. In sections 5.2 and 5.3 it was argued that the choice of a method o%,_co@bining

scoping weights must be somewhat arbitrary. Sorrle of the difficultiee of uging thg averﬁ%ing
method have already been described. In addition it may turn out to be quite diff icuh to Spply

pragmaue information mdependently to pairs of operators even though thxs appears to be

quite 1 eamble for structural and lemcal information.

P l\ ' )
'ﬁe scoping program could\}be extended in several ways: :
,VF.'F . ' v " . (}:‘:]

(a) The accuracy and range of the heunsnc mformanon needs to be 1mproved One

'major weaknm at the pment is the treatment of quanufxers which hav&already wxdened



[l

scope over an embedding operator and which should probably be tagged so that their t::ndcncy

]

to subsequently widen §copé is reduced, ** The hcuristics, and also the algorithm, for scoping
. \ ,

operators in a coordinated noun complement with the head quansifier need to be improved.
Some problems with 'this are discqssed in section 5.4 and also/in connection with examples
(55) to-(59). It rerﬁains to be determined whethér the reduced cn'trapmcm of opcrat.ors by
" verb phrases, as opposed, to clauses, depends on the atIJs'ence of a tensed verb or on the

absence of a subject. The latter is suggested by example (34) and a partial solution was

~ suggested in connection with this example.
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- -(b) The range of operators handled by the program needs to be extended. By having

Y ) . 5 .
largely separated the heuristic information from the (B{;)gram this will be quite simple to do.

~ Also, by defining "standard” operators, such as some and each, which are used as standards

for all indefinites and universal quantifiérs. respectively, it is simple to add new operators of '

the same class (such operators need only be added to the file ratios). This would be especially
useful for the classes of adverbs and connectives which contain many members, but is also
useful for adding indefinites such as a finite number of. The recogﬁition of such classes

probably also offers a more psychologically plausible basis for the use of scoping heuristics.
/ .
(c) It would be very simple to modify the program to treat all functional expressions,

such as temse, aspect, modals and hon-quantifimtional advérbs as unscoped, raoveable
operators. This has not been done at present because there are some theoretical difficulties,

such as the problem of "scope clashes” (efg. Enc 1981) which may result from scoping opaque

operators and quantifiers tbgeth_er (although this problem is already present to some extent) '

“and it is very difficult to find any domain independent heuristics for the scobing of such ‘

opératorg.‘ The program does not scop?: generics and gives only‘é superficial treatment of

quaniificational adverbs and this is also largely due to the need for a better theoretical

s

understanding of how to represent and scope such operators.

¢

-
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(d) The English language contains mavnyv.\—avords spréad throughout Lhe.discourse which “

provide significant domain independeﬁt information about scoping p;eferenc&s. Such worés

iflcludc both and each, when used as adverbs, together.“separately, same and different eic.

Somé means must eventually be found to take account of the information provided by such

key words (whose function is primarily to disambiguate) by the scoping program.

(e) The program should be extended to handle some more types of input expressions,
including those with plural nouns (ie. ( PLUR nom-pred), generics ( H nom;)zred ) and complex

functions (func-expr func-expr).

(). When pragmatic information is added, specific indefinites and definites with
anaphoric or i'eal-.world referents should be tagged with their referents and be forced to scope
to their intended position(s). Other readings can be removed using the; methods already

—present for, removing readings having an unact:eptablé ordering.

- (g) The . handlingq of reflexives should be 'expanded to include mofe than
subjec}-object and object-object co_xlnbinau‘ons. A mofe difficult, and theoretically unresolved,
problem is howv to handle the "anaphorig: _scoping" of quanﬁfiers so- that they may bind

) aﬁaphoric pronouns in nonfembeddgd clauses, such as in\ donkey scnfences. IAt present the
program does npt test for the pro%ence of anaphoric pronouhs. but assumes that this pmbiem

_can be déal; with at a latc; time by scbpe expansion or byk sor‘ne other process. The lati;:r is
needed in any case to deal with cross-discourse anaphbfa. unless an entire discourse is gix;gn '

to the scoping program and sentential boundaries represented by special connectives. -
[ " { ‘,\ . - o
\). e
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1. The two readings have been simplif’ ied by treating PRES as an identity transformation. In"

addition, the suffixes added to each word to mark its surface posmou in the tnput sentence
have been omttted

2. The corresponding LISP expression would be "(a, (p in, (q each, city,)))".

3. Some mtssrhg expressions are (func-expr func-expr) and (PLUR nom-pred). In addition,
the handling of| quantifiers scoped by the parser, written as "(det var formula formula)”, is
only parttally tmplemented at present.

4. One difficulty \with using a preprocessor is that some means would be needed to indicate if
ate correspondtng to the subject was present, since this is important to the determination
of scopmg heunstm This might be done by reserving the first "slot” for the subject term.

5. However, regardless of what method is used to compar::\ unscoped operators it seems clear
that the determination of -the pairwise scoping weights must be at least partially made before
the operators are raised, to allow use to be made of structural relations.

6. Hobbs & Shieber (\1987) would appear to use a head-first method, although as they point
out, the highly recurstve nature -of their program makes such comparisons difficult. For
‘example, it appears to be difficult to make the b-c comparison using their method, even when
both b and ¢ scope outside a, since the two operators are scoped somewhat independently The
rewriting method of Saint-Dizier would appear to result in the same comparisons being made
as in this study, although‘it is difficult to be sure how scoping heurtsucs would be used in his
system. \ :

7. The algonthm of Hobbs\& Shieber would most naturally support a vertical- first method of
comparison since quantifiers in nested clauses are first scoped relative to the embedding
operator. Saint-Dizier does not give rewrxtmg rules for the mterchange of quantifiers with
opaque predicates such as thlnk

8. Probably examples such as ‘this in whtch the averaging method doec not find the optimal
- reading do not often occur, but,a posstble example would be Most people on several/all of the
committees attended few meetings in which several or all are slightly favoured to scope inside

most but strongly favqured to scope outsxde Jew m the cases in which they do scope outside

most..

9. "Non-preferred ordering” means. an ordermg of a patr of operators ab whtch has a lower
scoping weight than the alternattve rdermg ba. ‘ ,

10. The LUNAR system does not d thh behef contexts, but does in certain cases make a

distinction between opaque (roughly the same -as value_, free") and non-opaque

- ("value-loaded"” ) mterpretanons of a oun phrase

11. Perhaps this should be a few. whi acts ltke an mdef inite, rather than few"

-12. This problem mll not arise in the

ings in which both indefinites scope outside the |

coordinator. However, the point bemg made here is that in the general case this. sequence of

appheetion ‘will not work.

-



13 rnight ‘be possible to reduce or eliminate tlle need for overhead if the operators were
scoped one at a time and all copies of the same operator were raised "together". However,
. raising all copies of an operator in parallcl might prove to be'equally awkward to implement.
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14 As the program stands, there is no need to label mdmgs wluch contain no’copies of any ,'

operators

15. The informau'on is stored on the attribute Ri, where Ri is a given reading.
q

" 16. Therefore, equivalent predicates must be stored on the lists of scoped operators mentioned

above. This will require each .predicate to be tagged with its equivalent predicates (at the start.

of the program). This has only been partially implemented at present, and so the program
will not currently accept input in which copied operators require vertical scoping.

17. The branch-trimming function is only needed to allow all of the operators to be scoped in
one pass. It would not be needed if, as suggested earlier, only operators not embedded by an
unscoped coordmator were scoped in a gwen pass .

18. Until the promdure for determxmng equivalent predicates” (ie. predxmtes at the same
levels of embedding by coordinators) has written, operators present in multiple copies,
may only be scoped honzontally Some examples of thxs are described in the next section.

19. This reduction is not made by the program at prcsent but it could be handled by using a
separate heuristic for verb phrase complements in different positions. Instead of sétting the
value of the "construct” parameter to object when scoping the embedded phrase, separate

constructs abjectl and object2 could be used. The latter would then create a st:ronger scope -

 trap.
20 Unfortunately tms must be given a sufﬁx for the program to handle it at the present,

" 21. This heuristic is very useful in practice since, for example it mles out the three pomtless '

readings of Every man or every woman left. However, the program could be modified .to

obtain these readings by using function permute instead of szmple-pemmta o scope the

operators in. maer-ops in the function cambine-readings

———

22 This heurlsnc 1s handled by the function coord-scope-welgh:
23 The lack of ambxgmty isa rwult of the pattern of operators (as defmed earher) and does

. not depend in any way on pragmatics. The same lack of ambiguity is present in nonsense

- sentences having the same pattern such as A4r.no warg dld John not mirl any togs.

24, Recall that a pattern was defmed as a combmauon of pair of operat&rs of specxfned
types, and ina panlcnlar relation to one another.. :

L, This would be ‘quite simple to 1mplement but first some empxneal data would be requu'ed' .

- 10 determine how this should be done.

26 Uslng the heuristia for connectlve sentenoes it would ‘be possxble for a dxstnbutwe |

quantifier to widen scope over subsequent seatences but not easlly. 1f at a.ll over precedmg .

_ones, wlnch.appears to nge the' dem'ed results
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‘ Appendxxl
w,‘ ‘ o *Exampls ofScopmgWelghts L €

: Thxs appendix contams a sample of the ‘sentences used o determme the scoping
. heuristics. Each sentence is followed by an-approximate scoping weight, which is attached to
the reading in. which the second operator (quantifier or coordinator) scopes outside the first.
An exception is made in Part 1in which the weights are attached to the reading in whxch the

quantifier scopes out31de the neganon (regardless of the surface order) :

- , Sentenoes contammg plural mdeﬁmtec may be folréwed by two scopmg wexghts the
one followed by a  "P" is the weight associated with theé‘Scopmg of the optional partmve o
introduced by the indefinite. Some wexghts are placed in' brackets or’ are tagged with the
~symbol "+ ". The former indicates that the sentence may not be grammatical and the latter ‘
' that the preferred readmg does not directly correspond to a scope ordermg of .the quanufxers
' (thxs 1s explamed in: secnon 5. 5) g o ‘

oy Part l Quantifiers and Neganon
'k.”' ‘\ﬁ\‘::, K _

(a) Category

~Some boy dxdn’t hsserlry
.Three boys didn't kiss Mary .
‘Several boys didn’ t kiss Mary.
.ManyboysdxdntkissMary
~ " Each boy didn't kiss Mary
Every boy didn't kiss Mary .
AlloftheboysdxdnthssMary
" Both boys didn't kiss Mary - »
~ " Most of the boys-didn't kiss Mary : ' N .
- Not many. boys didn’t kiss Mary, S T
.. . Few boys didn't kiss Mary =~ =~ . -~ S
‘Noboys“dicjln"_t‘kissMa.ryW_‘ o

io,.;'\o'-h_'blnlsb_o'bo'oobo

P
¥ed
O

T

“»?(b) Category Surfacesubject R

o SomeboywasnthssedbyMary
-Each boywasnthssedbyMary .
Every boy wasn't kissed by:Mary - :
AlloftheboyswerenthssedbyMary

glubbine

- Both boys weren't kissed by Mary .~ . . - '
* . Most of the boys weren't kissed by Mary' - e ‘.
w‘“‘MorethanthreeboyswerenthssedbyMary -
-+ .- Few.boys weren't kissed by. Mary ' S o
e No boys weren't hssed by Mary o y




i ) \\‘
(c) Category Deep subject ( sur face ob/ect )

PR Mary ‘wasn tlnssed by some boy

Mary wasn't kissed by three boys ‘v

- Mary wasn 't kissed by several boys
Mary wasi't kissed by many boys

Marywasnthssed by each boy

" Mary wasn't kissed by every boy

.- Mary wasn't kissed by all of the boys
© Mary wasn't kissed by both boys - .
Maty wasn't kissed by most of the boys
‘Mary wasn't kissed by few boys
*Mary wasn't kissed by no boys .

; "‘(d) CategOry' 'Direct object -

Mary dldn t klss some boy

Mary didn't kiss three boys
.Mary didn't kiss several boys =~ i
Mary didn't kiss many boys - ' -
Mary didn't kiss each boy :

*  Mary didn't kiss.every boy .

" Mary didn't kiss all of the boys

Mary didn't kiss both boys -~

Mary didn't kiss most of thé boys

. ‘(e') Other ‘meg"ories :

: Preposed Adverbml :
At most of-the dances, John' dxdn t kJSS Mary
At some dance, John didn't kiss Mary .
At no dan‘ces‘dld John not kiss Mary -.

o Topxc : ‘ -
. 'To.most of the guls John dxdn t give flowers ‘
" To some girl, John didn't give flowers

To no gu'ls did John not give flowers S

i Shi ﬁed indzrect object. = ‘
~ John didn't glve most of the. guls ﬂowers
\ _vJohn dldn 't gwe some gul flowers '

:v‘.»,Indzrea object. o o
“'Johnt didn't bring Mary to most of the danm

N ."JohndxdntbnniMarytosomedance o

M ...“ "
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. Someboykxssedallofthegns
' “Someboyhssedmostoftbcguls : CA

- Every boy kissed some girl

——

. Mon of e o Kt s it

| "‘v"‘ . Few,boys kissed each girl =
- ..~ Few boys kissed every girl .
T Fewboyskissedallofthcguls

[ C . s f

W
: Preposltlonal ab]ecz. \\ : o S

.- Mary doesn't wear rings on mosi of her fmgers TR )
‘.Marydocsntwwarmgonsomc(mger‘ : S 3

' Postposed adverblal. » ' S

John didnthssMaryat most of the daqcm o S5
JohndxdnthssMaryatsomcdanm - S o T

Part 2. Horizontal Scopmg of Two Quannﬁers S | \

!

aca) Rclguon Fullsubject direct object .I :

\Somcboyk;ssedeachgm' : o
Some boy kissed every girl \ Con

Someboyhssedseveralgu'ls o \". v\\

P4
s b o B b0

. Some boy kissed few girls - = ‘ ‘ N .
' Some boy kissed no girls o ' \ B o 00

* Every-boy kissed a girl’ L \\ . \ ’
" Every boy kissed three gifls I \
Every boykissedseveralguls S , : \ N
Everyboyhssedmanyg:rls b o : . o
Everyboyhssedmostoftheguls S O
.Every boy kissed few girls * - o \
Every boyklssednoguls ' ‘

rd
"o'NAb'Si_;-io‘wi-

wn

-

Sobibhobiivkio -
!

'MostofthebOyshssedagu-l ,
Most of the boys kissed some girl
Most of the boys kissed ‘three girls
Most of the boys kissed several gu'ls
Mostoftheboyskissedmanyguls S ‘
'Mostoftheboyshssedeachgxrl , e e T
‘;"‘Mostoftheboyskxssedeverygul , e
‘Mostoftheboyskissedalloftheguls o
" Most of the boys kissed most: of the gu'ls
‘- Most of the boys kissed few girls

N W

*Few. b boys hssed some gxrl

VoL

| ‘Few. boys kissed most of the gxrls
- . Few boyshssedfewguls L
A'-_;Few boys hssed fio: guls
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‘No boysklssedsomegul S , I C ' 4 o)
No boys kissed each girl . L - 2
No boys kissed every girl - - o . R E
No bays kissed all of the girls .~ - T 02
'No boys kissed most of the girls o o 05
No boys kissed few girls ‘ \ - AT -0l - .
- No bovs kissed‘no‘gi'rls \ BN D e
' . , ) } ! . s ‘ . E \ .
‘ (b) Relauon Full subject postposed adverbia! -
' SomeboyklssedMaryatwchdanoe '8
" Some boy kissed Mary ar every dance ' . )
: ,"‘SomeboyhssedMaIyatallofthcdances S 6
'SomeboyhssedMaryatmostoft.hedances al g
Some boy kissed Mary at few dances 4 .
Some boy kissed Mary at 0o dances 4
~ Every boy kissed Mary at a dancé 3 ?
«¥7  Every boy kissed Mary at some dance S
Every boy kissed Mary at many danc&s : 2°
~ Most of the boysk.lssedMa.ryat somedance 5
. Most of the boyskxssedMaryatthreedances 4
Most of the boys kissed-Mary at several dances t3
.Most of the boys kissed\Mary at many dances 2
Most of the boys kissed Mary at each dance : S :
Most of the boys kissed Mary at every dance S
Most of the boysklssedMaryatall of the dances ’ 3 ' -
- Most of ‘the boys klssed Mary\at most of the dances ‘ S5
~"Most'of the boys kissed Mary at few dances’ .4
. Most of the boysbassedMary_a.tnodanc&s‘ - (.6)

i ) FewboyshssedMaryatadance o 3
' " Few boys kissed Mary atsomedance <, . T . . Y 8
'rquewboyshssedMaryatmchdam;e R R
.~ Few boys kissed Mary at every dance - o e T 2
FewboyshssedMaryatallofthedances 1

3

—Te ‘bOYSklssedMaIyatmostofmedanm B ST
'/ 7Few boys kissed Mary at few dances =+ S e
S "Few boyskxssedMaryat no: dancw\ o s S (

_ ”;"‘No boys hssedMary at some danm 5
. .NoboyskxssedMaryatmchdance . o
+ NO boys kissed Mary atevery dance. .. B
'NoboyshssedMaryatallofthedancw F RN |
NoboyskxssedMaryatmostofthedanm ‘ 5
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(c) ﬁglation: Str face ‘Lvubjecl - direct obj)ect

Some girl was kissed by each boy ,

.Some girl was kissed by every boy Co
Some girl was kissed by all of the boys \ ‘

- Some girl was kissed by few boys

© B oo

Most‘of the girls were kissed by some boy
Most of the girls were kissed by each boy
Most of the girls wefe kissed by every boy
‘Most of ‘the girls were kissed by all of the boys ‘
Most of the girls were kissed by most of the boys'

o

[ RV R

 Few "girls were kissed by some boy
Few girls were kissed by each boy
Few girls were kissed by every boy o .
Few girls were kissed by all of the boys. '
Few girls were kissed by most of the boys

oW

-

(d) Relation: Direct object - indirect object , ,
Mary showed most of the pictures toisome child
Mary showed most of the pictures to three children
Mary showed most of the pictures to several children
Mary read most of the pictures to'many children
Mary showed:most of the pictures to each ‘child
Mary showéd most of the pxctum to every child
Mary showed ‘most of the pictures to all of the children
Mary showed most of the pictures to most of the children
Mary showed most of the pictures to few children
, M%howed most of .the pictures to no children (.4)
- o I CJ) i , ‘ '

Q

(c) Relation: smmd tndlrect object - direct object

wWhrbpLLwbenk

t Mary showed most of the children some pxcture , ' 4,.02p

* Mary showed most of the children three pictures v . 3,.01P
Mary showed most of the children several pictures .2,.01P
Mary ‘shawed most of the children many pictures - .1,.01P
Mary showed thost of the children each picture S 2

~ Mary showed most-qf the children every picture - . 1

. Mary showed most-of the children all of the pictures 4 , - .02 °
- Mary showed most of the %dl@ most of the pictures . .05

, Mary showed most of the children few pictures , o 01

" Mary showed most of the children no pictum ‘ - 01

() . -

(f) Relanon Direct object - posaposed adverbial
John hssed most of the gu'ls at some dm S ; s \.

- L
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John kissed most of the girls at each dance \
John kissed most of the girtls at every dance ‘
John kissed most of the girls at ail of the dances

- John kissed most of the girls at most bf the dances

John kissed most of the girls at few dances

John kissed most of the girls at no dances ‘ ' ‘ (.6)

oo o o

‘Part 3. Quantifiers Inside Noun Complements \ _

(a) Relauon Full relative clause A

Most of the lines which were drawn through each poxm

Most of the lines which were drawn through every point

Most of the lines which were drawn through all of the points
Most of the lines which were drawn through most of the points
Most of the lines which were drawn through some points

Most of the lines which were drawn through three points

Most of the lines which were drawn through many points

Most of the lines which were drawn through few points. .
7Most of the lines which were drawn through no points |

'8'0'—-'&;'\,:1»'»-1»'&»
N o B

(b) Relation: Reduced relative clause , ’ /

og

Most of the lines drawh through each point , ot
Most of the lines drawn through every point . ©
Most of the lines drawn through all of the points R
Most of the lines drawn through most of the points,
Most of the lines drawn through some point
Most of the lines drawn through séveral points
Most of the lines drawn through many points.
Most of the lines drawn through few points

Most of the lines drawn through no points

cCo~WLkwin
N

(c) Relation: Prepositiona! noun complement o /

Most of the circles under each square ' ‘ ’ o P
Most of the circles under every square - S
Most of the circles under all of the squares L , / O
Most of the circles under most of the squares o P
Most of the circles under some square ‘ h
Most of the circles under three squares
Most of the circles under several squares -
Most of the circles under many squares
Most of the circles under few squares
Most of -the circles under no squares

g0

Qo
s S

Few circles under each square . 9
Few circles under every sqaure - - ‘ oL - , 6
‘Few circles under all of the squares o3
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Few circles under most of the squares i
Few circles under some squares S
Few circles under three squares _ 4
Few circles under several squares ' . \‘.3
Few circles under many squares , 2
7Few circles under few squares ‘ . (.1)+

Few circles under no squares , 02



Appendix I1

Tables of Scoping Weights

Category of Quantifier

Quant pre topic  full surface deep  direct “shifted indirect post .

2 1 A

each .99 9 i 6 2 3
every 99 . 5. 4 5 2 11 05 2
all 99 5 4 5 1 02 .01 o, 1
both 9 S 3 S N ) U |} CN
most .99 9 9 3 3 4 .3 38
. ) ) 1 . . ' “
a 99 9 8 3 2 2, 2 2 4
some T 99 99 8 9 4 4 5 5 6
~ three 99 9 8 9 4 4 4 4 5
_ several 99 - 9 8 9 3 3 3 3 4
many 99 - .9 3 s 2 1 3 2 3
few 99 99 9 99. (01) (01) (.01) (01) (4
99 ¢ 99 9 X Tox X X. - X

no 99

-

Tablg A2.1: Scoping of Quantifigrs with Negation

- The scopmg weights are assocxated with the readings in which a quanufxer (shown in the left
column) in a given category (shown in the top row) scopes’ outside the negauon operalor, ‘
Quantifiers in the first four categories precede the negation in surface order. The "x's" signify
grammatically unacceptable readings. The categories are:

-

»

pre . ‘: - preposed adverbxal
_topic . -: . topic
full : . full subject- ‘
surface : . surface subject , : .
deep ~deep subject - LT .
direct : . - direct object T C o
- shifted : shifted indirect object S R C e~
* indirect : . indirect object. . ” o )
post”  : ' postposed adverbial |
‘ <.

6
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2 2nd\lst a - some - evefy mdst - few ‘ no- - ave.
2 : 1 2 2 . 3 20
some 3 3 0.3 4 33
three 2 2 3 3 23
several - 1 B .1 U 10
many . 02 .05 ©.02 .02 10
each "8 .8 .6 3 2 .54
every g .6 4 Jd o .05 37
all | 3 3 2 .02 .02 17

 most 5y -4 2 4 2 L0529

© few (.1) g 2 .05 J+ 0 01 .09
no (.0) 0 .0s. 02 . .0 01+ .02
ave: 40 37 15 - .23 4 A3 22

) ‘ '(a) Relation: full subject-direct object
t . ' « '.
. | i
2nd\lst .~ a ~ some  every = most few no - ave.

2 . 3 3 3 3 30
seme - - 5 .5 .5 S 50
three - . 4 4l 4 4 40,
several - - 3. R 4 4 35
mdny . - 2 2 2 .2 .20

each 8 8 5 3 3 54
every 7 7 - .5 2 +.2 46

~all 6 6 - 3 g .05 .33

© most 7 Y ARE 5 5 3 5. 53

few . (.6) 4 (6) 4 (4H+ . (49 47
no (._6)/: ‘ 4 (.6) - (.6) (.2) (.2) .43

ave. 67 60 7 B U 7 35 A

(b) Relatibni ﬁdl sybjea-po;tbpsed adverbial

147
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2nd\1st "a . some every fnost — few no - ,avc.:
a -5 5 a4 B
some - - 5 .5 6 6 55
three 4 4 5 05 45
- several 3 3 3 K - .30
many - -~ - 2 3 2 | 2 .28
each 7 6 56 5 58,
every - 6 5 4 3. 3 42
all 4 3 3 2 3 30
most . .4 4 s 4 5 5 s
few' 5. (2) 6.3 D+ 4 36
. no 5 (.2) .6 (4) )Y (4)+ - .37

. ave 52 . 31 &5 39 39 40 - W

(c) Relation: direct-indirect object

- ‘2nd‘\lst Ca ' some B 'every - most ‘ few - no P ayc:
i - .- 2 4 3 3 30
some: - - 3 4 4 3 .35
three - - 2 3 3 3 28
“several . . ! 2 2 2. 18
many ° - - 05 .1 1 1 09 -
each . -3 -3 . - 2 2 .70 2

. .every A g - R . | 02, .08
all . 0505 - 020 - 02 01 . 03
most - . .1 d g, 05 02 02 07
few. . .(.02) . (01) .01 01, oD+ - (01).- 0

no - . (02) (o) (0D T 0 01C (0)®. 01

we. 10 1 12 6 55 B I

s

' -(d) Relation: shifled indirect-direct object . -



52

T
an\‘l_st" a ~ some, - every ‘ mdSt.‘ few ©  'no Tave. :
a - 5 5 5 s 50
~some - . 5 :5 6 -8 60

Cthree - - 5. 5 S5 50
several . - L 5 S5 S .6 .53
many - - 5 5 S .5 .50

. each 8 8 8 8 6 .76
.every. i 7 - 6 6 .5 .62
all ' -7 6 - 6 6 4 .58
most 6 6 6 6 6 6 60
few .6 3 5 6 (.5)+ (.6) .52,
no 6 (J3) . .6 (.6) (.5) (.5)+

Cave & . 5 35 S

. . . ! A\

(e) Relation: .direct objeci;pbstposed adverbial

~ Table A22: Horizdntal .Scoping of Two Quantiﬁers :

.,:‘

“The scoping welghts are assocxated wnh the readmgs in whxch the quanufxers, a

" which appear second in surface order (shown. in the left columns) scope

‘outside those which appear first"(shown in the: top rows) The' honzontal ‘»

o relauons are shown below each secnon of the table.

1497




150,

2nd\lsi‘ ooan, some every most. few no - - ave.
a . - 2 3T 3 3 8
some = . - 3 3 s S5 .40
three - 3 3 4 4 35
-several | - 2. 2 3 2.3 125
many, - .2 2 2 .2 .20
each  v9 9 : 9 9 YO T
- every - .8 8 - a1 6 (4) 66
all .6 5 . 4 3 2 40"
most a2 a1 a1 s e
few * 1 .05 1 I ( 1)+ .02 0. .
'm0 .02 w2 - 02 02 02 (0)+ 02
ave. 52 0 25 3 % 3 ®

Table A2.3 : Scoping of Quantifiers in 'Prepi)sitiohal’ Noun Complements

The ‘scoping weights are assouéted with the readings in ‘w‘mch the quantifier

. inside the prepositfonal noun complement (shown 'in the left column) scope
-qutside the head quanufxer (shown in- the top row)

»



pre-pre - all .50 - C T
© pre-post “all 10 ) _
Pre-others " list .20 .01.01:01-01 .01 . ’0‘.0'1
‘topic-subj ~ all .20 - ‘
topic-neg - all .01 - o ‘
“topic-post - list .20 01 .01.01 01 0120 01
tdpic-ot.hers‘lisb .20 .01 .01 .01 01 01.20..01.
_-subj-neg nsz 153035 .15 .05 .01 .10 .50
~subj-obj: - - list. .30.10 .60 .30 .10 .10.30 .10

subj-post ~ list 55 .30 .60 .50 .20 .20 30.10

“dir-indir  list .35.30 .65 .50 .00 .00 .50 .50
*indir-dir.  list .01 .05 .16 .05 .00 .00 .50 .50
_'neg-obj " list .45 .50 .15 .40 .01 .01 .50 .50
neg-post  list' .60 .50 .30 .50 .40.10 .50 .50
obj-post ° list .65 50 .80.70 .00 .00°.50 50
post-post  all .70

“conn-conn .all .20
restr-restr il .20
subj-func -~ all .50
neg-func  all .0L

.« func-neg  all .00
Afunc-func; all-.01"
func-obj - all, .50 ~
“func<post: all .50 - .

‘subjovp  list’ .35 10 10. 10 000050 .10 "
“subj-cl " list .30 .00 .00..01 .00 .00 .20 .00

~ ‘obj-vp . list .35:10 20 .10 .00 .00 .30 .10

© objeel . list .30 .01-.01 :01 .00 .00 00 .00
ALPHA1 ~ all 10 -

ALPHA2  all

'ALBHA3' ol

restr . list oq .00 oo 100,00 00 .30, 30 .
~‘quant-pp T st .40 .50 .70 .50.05, .01.30 . 10
.quant-vp list .10 .30-.50 :30 .01 .01 .20°.05.
’ qu'mt.-cl ‘ hst 01 10 .20 . 10 01 01 .10°.00

‘p;e-lf,. hst 30 .00 .00, 00 00 00 05 .00 .

©post-if - list .30 .10 : 10 .01.01 01 130 .01
" pre-then list-.50-.10 .30 .30 .20 . .10 :50 50

i L’:post then hst 30 01 01 01 .00 00 40 40

: i

.. Table A2.4: Input File "Weights"

T

..b‘



4

* pre-advl n

opre~advl ‘pre-pre

. post-advl pre-post
- others.” . pre-others
* topic .

full-subj  topic-subj.
surface-subj topic-subj

- post-advl.  topic-post , .
" neg . . .topic-neg
others ' topic-others -
* full-subj o .
pred: -~ subj-pred’,
dir-obj . subj-obj

indir-obj  "subj-obj
prep-obj” . subj-obj
post-advl ' subj-post '
neg * - subj-neg

func . - subj-func.
* 5urface~suhj .
"pred "subj-pred

dir-obj . ‘subj-obj
‘indir-obj ' subj-obj
prep-obj subj-obj
post;adgl_ ‘" subj-post

. neg . “\subj-‘neg.

~.func ' . subj-func
* dir-obj ‘ ’
~indir-obj  dir-indir

. prep-obj;’ " dir-indir . "

. -‘v'bost—ixdvl L ‘obj-post
*indir-obj "+ |
dir-obj . - . indir-dir’

.+ prep-obj -+ - indir-dir

* post-advl. . obj-post’

©Flunc

fune L func-func -

neg - func-meg

" dir-obj " " func-obj

/" -indir-obj . .- func-obj -

‘prep-obj .~ func-obj

.post-advl ' * func-post., =



*pred ‘ S '
pred . pred-pred .

dir-obj " pred-obj

indir-obj . pred-obj ,

‘prep-obj pred-obj

post-advl-  pred-post

.* post-advl . Y ‘
' post-advl post-post. "t . \

“ *neg . - » 3 o . S
dir-obj  neg-obj . ' -
. indir-obj . heg-obj S
prep-obj ' .neg-obj S ‘ o \
post-advl ' neg-post .
func ~ neg-func
cs|ub}€ﬁt
vp. - subj-vp
cl subj-cl
" *object
vp " obj-vp
ek objeel -

*orestr ‘
VP . quant-vp
el " quant-cl -

, )

* restr . ‘

restr | restr-restr,
*eonn

conn.  ° conn-conn
|

[} 1
SN

. Table A2:5 { Input File "Relations”




*every each 0.7
subj-post 0.8
neg-post 0.8
obj—posi 038

" *all each 0.33
subj-post 0.7
- neg-post 0.7

~

obj-post 0.7 e
*hum some 0.9 .
. *several some 0.75 - .
" subj-post . 3),8 C ;
obj-post ~ 0.8 ‘ Co

- * many VSQme 0.65

subj-post 0.7

obj-post  .0.7

* uinum u-some 0.7
. *y-several u-some 0.5
j * y-many . u-some 0.3

v

' Tasle A2.6 : Input File "Ratios”

Cash



AR ¢ ' :
.. ‘ ' ‘ ' v N ‘ . v ‘PV’ .
R Appendlx m- K o TR
‘ Output of Test Data 3 _
e ‘ ' J
Scntchéé 1 ‘
. . [ ‘ .‘ ’ . N " “ il
(I ’Johnl (l' PRES (p love2 MaryB)))
l The average welght is l 0 based on 0 compansons Co S ; "

(. Johnl (I'PRES (p love2 Mary3)))/} | -

ume used = 106 msecs. -

' Sentence 2. R ; o L ‘ /\
‘ ‘ E . . Qf o ’ - ' . “ o

(i (q somcl boy”) (r PAST (p kiss3 (q every4 glrls))))

The avcrage weight-is 0.58 based on 1 companson o
| » X \ .‘ .
(q somel .’ ! ‘
y8 . Co ‘ .
(iy8boy2) . ‘ ‘ : .
(q every4 yll (i yll glrls) (i y8 (r PAST (p les3 yll)))))
!

2. Tll}c average welght is 0.42 based-on_l companson )

(q cvcry4
y11 o o ‘ .

c(iy1bgirld) Lo :

(q somel y8 (iy8 boy”) (i y8 (l’ PAST (p kiss3 yll))))) ‘ Cy

T,

tlmeuscd—8lmsecs S R o B

. Sentence’3 - Ce

T

(n (q cverM boy5) (r PAST (p hss3 (q somel glrl")))) -
l The average welght lS 0 58 based on l companson ~

(q somel - ' f " L ‘4 o : h
yls o L [ ' " L [ »"’l v B g !
. i y16 glrl") ‘ O ' L
(q every4 le (l yl3 boy5) (l yl3 (f PAST (p klss3 ylﬁ)))))

2 The average Welght is 0 42 based on l companson o E

(q evety4 B




P oo o s

[N e . o t ) . ' , o .
oy13 S S e

"o (l\l3boy>) ‘ ‘ ‘ ‘ ‘ o IR
(q sore] v16(|y16 glrl’)(xvl3(fP~\ST(p l\xss(}\lﬁ)))))‘ ' '

time used 151 msecs.

—=-Sentence A R l - S
. S T »
(1 (q some4 boyS) (f PAST (P kiss3 (q eVCT)'l S“‘lnm)
‘ The average wenght is 0 based on l companson [ - ‘ '
Vleveryl | | R s - o
y21 S | \ "
Cliy2l glrl’) R " L ‘ !
. (q some4 y18 (l y18 bo) 5) (J y18 (f PAST (p I\lSS&) 20)))
2, The average weight i5°0.3 based on' 1 comparison Coy "
(q somed BT o S .

y18° T l - . o
(; y18 boyé) o P L
(q eVer\elav’l (l y"’l g)rl )(l y18 (f PAST (p kiss3 y21))))) = . !

umeuSed SOmSch RN - = %*’% - ‘ :

v - /7 ! i \ K ' Lo -t
Y ’
R T o AR R . P B !
Lo &, o . oY ’ ¥
Séntence 5 . o R ‘ . S oo

o N . ’,“, v A . ' .

! I e P N “\
;

(| (q e\ eryS l)oy(i) (f PAST (p gn&i (\IU ﬂowersﬂ (q qomel ﬂnrl ’)))) 1 9 - L "E,‘“
The merage welght is 0 )8 ba~ed on 1 u)mparlson L - i _

' * Co, i
oyt . h . ! ' : .
‘ . : | S '
A \ Vo . Co et

(qﬂomvl T R T A T R
'Dﬂ‘ (ly°6glﬂ’) B RPN L o I,
(q merv)y’3(|v"3 bmﬁ)(ly’J(fP\ST (p gue}(\lb ﬂ()\wrsl)\ ’0})))) o

(q everva’ . e
: "’3 o e
(lv"’3boy6) . ‘ e P S
(q spmel v26 (1 V’6 glrl") (i y 23 (f P-\ST (p gne} (\lL llnwersl) ¥ ’b))m R




[
~

f
1. The average weight is 0.5 based on 1 comparison
{q everyd - s - N
y30 ° ' :

(i ¥30 stpeyd)
(q m())(gy 31 (i y31 child6) (i Mary 1 (f PAST (p read2 y30 y: il)))))

2, The avcrag'e weight is 0.5 based on 1 comparison
(q mostS

¥31

(n y31 child6)

(q every3 y30 (i y30 storyd) (i Mary1 (f PAST (p read? y30 y H)))))

time used & 92 msecs:

Seatence 7 Y ¢ ' o Q.
X ‘: o

(i Mary 1 (f PAST (p read? (q' ever;f) storyﬁ) (q most3 chAI(HT))}

The average welgh; is 088 based o1 c_ 1

(g most3 _ .
¥y36 ) - o .
(i y36 child4) : ¢ :
{q every5 y35 (i y 35 story6) (i harvl (f PAST (p rmd’ y35 \SO)Q))

The average weight is 0 ll bnsed on 1 comp'\nson ;

((}k\\-er)'S . ) . . . :
‘35 ) . "
(i ¥35 story 6)
(q most3 y36 (i y36 child4) (| Mary1 (f PAST @p read2 y35 y36)))))

-

. time used = 90 msecs. , ) o .

-~

2N

Sentence 8 : . °
al . . " . .

,
- N b
v

(i .\lary:ﬁ (I PAST (p readd (q every5 story6) {4 most1 chﬁd'.’)))) ' .

1. The average weight-is 0.99 based on 1 comparison ) B
{q most1 e - . : >
vl : L) Lot . .

R .- “»

(i ¥41 child?2)
(q everyS y-lO (l y10 story 6) {i \lgn.’i (f PAST (p rencigi v40 \-ll)))))

.

© . time used =:74 msecs. Lo, ) e . %

; -
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¢

s (q?verwi

'A

‘Sentence 11

< lifa fewl boy2) (I PAST (p kiss3 (q every4 girl5))))

* bentence 9

“li(qevery5 boy6) (I PAST (p givet {MU flowers3) (q somel girl2))))

1. The average weight is 0.99 based on 1 comparison : P

(q somel’” . : ' ' /

-y46
{i-y46 girl2)
(a everyS y43 (i y43 boyﬁ) (l y43 (f P ~\ST (p gived (MU ﬂowera,}) ¥46))))

time used = 76 msecs,

Sentence 10

(i (qevery3 boy4) (I PAST {p gived (MU Howers6) (q somel girl2)))) - ' ‘

. 1, The average weight is 0.8 based on 1 comparison

(q somel
vl
(i ¥51 girl2)
{qevery3 y48 (i y48 boy) (i y48 ([ PAST (p gived (MU fowers6) ¥51)))))

2. The average Weigh't is 0.2 based on 1 comparison
{q every3 .
)48
(l y48 boy4) :
(q somel ¥51 (i y51 girl2) (i y48 ([ PAST (p gived (\Ib flowers6) v Sl)))))

td.me used = 168 msecs. o ‘ D e =

h‘ ‘; /.
L} .

) .
1. Theb_avke_r:\-gve weight is 0.66 based on 1 comparison

(q fewl » . '
¥53 '

© (i ¥53 boy?2)
s (q e\'ery4 ¥56 (i ¥56 girl5) (i,y53 (I PAST (p kiss3 y56)))))

Zae The average w elight is 0.33 based on | comparison

\

¥56 - A ‘ ' ,
(i ¥56 girl5) T
" {q fewl )53 (i ¥53 bov") (i ¥53 (f PAS'I‘ (p kiss3 \56))))) P

A
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time used = 83 msecs, o

Sentence 12

(i (q every4 girls) (f PAST (p kiss3 (q fewl boy?))))

1. The average weight is 0.66 based on 1 compatrison 'h’
(q fewl
y61
{i y61 boy2) |
(q every4 y58 (i y58 girl5) (i y58 (I PAST (p kiss3 y61)))))
2. The average weight is 0.33 based on 1 comiparison
(qeveryd .
y58 Co : ‘ .
{i'y 58 girl5) ’ o
(q fewl y61 (i.y61 boy2) (i'y58 (f PAST (p kiss3 y61)))))
3 time used = 83 msecs, ’
Sentence'13 .
: . \ . . 3¢
(i {qg nol boy2) (f PAST (p kiss3 (q everyd girl§))))
‘L. The averﬁxg_e. weight is 0.79 based on 1 com;;afison
(q nol S 'y S
¥y63 : - ‘ ’ S g
(i ¥63 boy?2) T Co

(q~every4 y66 (l y66 girl5) (l y63 (T PAST (p kiss3 y66}))))

. The average welght is 0. "1 based on 1 comparison -
t
(q everyd
\66 ) i ‘ . - . -
.{i'y66 girl5) T n
‘(g nol y63 (i y63 boy?) (i y63 (I PAST (p kiss3 )66)))))

N

"

ume used = 8“ msecs.

Séntence 14 i ' S

’

(i (q somel boy2) (f PAST (p kiss3 (q no girl5))))
- 1. The nvefage weight is 0.9 based on 1 cpnip;xrist’tf“ T

L



('q somel

v68

{i ¥68 boy 2)

{qnot ¥71 (i ¥71 girld) (i \68 (f PAST (p kiss3 ¥yT1H)))))
2, The average weight is 0.1 based ou.compnnson

(q no4

(i y71 girl5)
{q somel y68 (i )68 boy2) (i y68 ([ P \bT (p km}y. 18111])]

time used = 81 msecs.

'\1 . . : N ) . N

1

Sentence 15

(i (qa somel boy?) (f PAST (p kiss3 (q few girl5))))
1. The average weight is 0.9 based on 1 comparison

{a ~«omel
y13
(i y73 boy2)
(q few+ y16 (iy76 girld) (i y73 (T PAST (p klss3 ¥ 46)))))

2. The average waght is 0.1 based on 1 comparison
(q few4

y7i6 ‘ . ‘
(n:6g|r15) l

(q somel ¥73 (. v73 boy“) (i ¥73 (T PAST (p kllss?» \76))))) ’

time used = 81 msecs.

Sentence 16

(i {q twol boy2) (f PAST (p kiss3 (q threed girl5))))
1. The average weight is 1.0 t;ased on 0 camparisons
(q twol

y8 ‘ 3
(iv78 boy")

(q three4 ¥81 (i )81 glrIS) (iy78(f PAST (p luss3 ¥81))))) o

time used = 126 msecs.

Sentence 17.

———

1600 -
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. : \l
(i (q u- twol (I x6 (i, x6 element-of7 {q twol’ boy ’)))) ‘ .
(rP. AST (p kiss3 (q threed glrl'))))) _ o .

1. The avemge weight is 0.73 based on 1 compirison

(q twol . ‘ o ' L ‘ N
y85 ‘ ‘ L
(i y85 boy?2) : o ’ :
"(q u-twol ' : ‘ -
x6
(i x6 element-on y8o) .
(q threed y88 (i y88 girl5) (i x6 (f PAST (p kiss3 ¥88)))}))

-2, The avernge.weiéht is 0.27 bélsed on 1 comparison ' R

(q twol :
¥85 ‘ .
- {i ¥85 boy ’) '
(q threed ) :
y88 N { : ‘ - \
(i y88 girl5) '~ . - :
(q u-twol x6 (i x6 element-of7 y85) (i x6 (f PAST (p kiss3 y88)))))) L e

t.i'mé used = 130 msecs.

, Sentence 18

(i (q-u-twol (1 x6 (i x6 element-of7 (q twol boy2)))) , o
(T PAST (p kiss3 (q u-threed (1 x8 (i ‘(8 element-ofg (q threed girl5))))))) ] ‘ *

The average weight is 0. 83 based on- ‘2 comparisons
(q twol
y92
(1y92 boyﬂ‘l)
{qu- -twol
x6
(i x6 element-or" ¥92)
{q threed - ' BERY
Y07 - . ‘ » ',, o S ,
(iyo? girls) ; ' ot
+ (qu- three4 x8 (i '<8 element-ol‘g )04) i '<6 (f PAST (p luss3 ‘(8)))))))

The avernge wexgbt is 0. 6 based on 2 compaﬁsons ‘

(q twol R
(”go boy’) o . . o . . .. %
(q threed = BN R B R T
Cy9T o S . , S
- (i yOT girls) | ' ‘ - S
" (qustwol

‘6 G e - / ‘.‘ .."\“



t

(g everyl

(qeveryl

‘ ;l. The :}yerage welght is 0.47 based on 3 éompar‘isons

latwos

{i x6 element or. ¥92) -
{qu- threM x8 (i \8 element-of9 yo7 ) (n \6 (f P, \ST {p klss& \‘%)))))))

3, The average weight is 0, 1‘ lnsod on 2 comparisons

(q threed
yo7 N
(i ¥97 girl5) ‘ ’ E _ '
(q u-threed ‘ o . o
(i x8 element-o(9 y97)
(q twol A
yoR .. . ,
{iy92 bb) 2) ' - “
(q u-twol x6 (| x6 clement of" y‘.)’) (l x6 (f P—\bT (p kiss3 \8)))))))

time used = 221 msecs.

~—

Sentence 19

’
(i (q everyl boy2) (f PAST (f not3 (p Kiss4 (q twob girl6}))))

1. The average weight is 0.69 based on 3 comparisons

~

99 LT ‘ -
" (i ¥99 boy?2) . ' ‘
(f not3 (q twob y103 (i y103 girl6) (i y99 (I‘ P\ST (p kl»sl ¥ l()!))))))

~
L

2., Th_e av erage wenght is 0.63 hased on 3 «nmp:msons

¥99 . SR
(i ¥99 boy2) g
(q two5 y103 (i y103 glrlG) (f not3 (i y99 (f PAST (p Kiss1 y l()i))))))

3. The average wenght is 0. 5" based on3 compansons

(' not3 S
(q everyl . _ ‘ .
vgg ‘ | | ' ‘A ' . ‘ v .
(i y99 boy2) S ' S h
(q two5 ¥103 (i y103 gnrlﬁ) (iLy99 (f PAST (p kiss y103))))))

(l y103 girl6) . ‘ : .
“(q everyl y99 (I y99 boy") (f not,3 (1 y99 (f PAST (p klss4 y103))))))

5 Tbe average welght lS 0. 37 based on 3 compansons

w
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T

(q twod

.

i John1 (f PRES (f not2'(f often3 (p kiss‘l‘(q every5 girl6))))))

(f not3
(4 twob
y103
(i y103 glrlﬁ) ‘ ‘
(q everyl'y99 (n y99 boy ’) (l )99 (f PAST (p klss4 le'B))))))

6 The average welght is 0.3 bnsed on 3 compansons

14

y103
(i y103 girl6) ' -
(r not3 (q everyl y99 (| v99 boy") (i y99 (l‘ PAST (p klss~l ¥103)))))

¥ e

tlme used = ”33 msecs

Sentence 20

1. The averhge weight is 0,79 based on 3 comparisons
(f not2 | C ) Ty

(f orten3 (q every5 y109 (l y109 glrl6) (i Johnl (r PRES {p kiss4 ¥ 109)))))) ,

’I‘he average wexght is 0 79 bnsed on3 Lompansons

(l'nnt’ K
(q everyd yll)9 (l leO gxrlﬁ) (f often3 (| lnhnl (l' PRES (p hl“l ¥ l()U))))))

< 3. The av erage welght is 0. 53 based on 3 mmp'msom “

(qevenS B Coe co
'y109 . : EER S
i le‘.) glrlﬁ) ‘ C : B
or not" (f often3 (l Johnl (f PRES (p. luss{ ¥ 109)))))) '

WA

4. The m erage wenght is 0. 46 l)ased on ’3 compansons

"a

(foftenS . : Ca

(f not? (q everyS y109 (i3 v109 glrlﬁ) (l Johnl (f PRES (p km! v l()‘.)))))()
5 The nvernge welght is 0 2 bnsed on 3 compansons o . ‘.-‘ L
(l‘ often3

(q every5 y109 (1 y109 gxrlﬁ) (f not" (n Johnl (l‘ PRES (p k:ss-t v109))))))
6 The average welght is 0 2 based on 3 compansons .

(q everys o

(: v109 gulﬁ) A g ‘

4

(f often3 (I' not” (l Johnl (f PRES (p hss4 leQ))))l)

163
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time used = 254 msecs. B o : R - L I .
- Sentence 21 . ’
(i Johnl (f ol'ten’ (f PRES (f not3 (p kiss4 {a every5 grrlG)))))) ’
The average weight is 0 79 based on 3 compansons '
(foften2 7 ‘ L ' o ' o "": o
(f not3 (q every5 y115 (1 y115 glrlﬁ) (l Johnl (I‘ PRES (p klss-l y ll.))))))) S - C
The average welght is 0 53 based on3 compar;sons ’\ '
» - ‘ . ' . ) b .
(loften2 ' ‘ ‘ o ’ .
{q evervS ¥ 115 (iy11s glrl6) (f not3 (i Johnl{(f PRES (p kl*wl ¥ ll))))))) B
" 3 The average werght is .53 based on 3 comp:\rrsons S
{q ever_v-S‘
¥y115
(Lyll5 glrIG) s o " A :
(foften’ (f not3 (l Johnl (l' PRES (p Kiss4 yllS)))))) B i N
' tllme used = 166 msecs. N

. Sentence 22,

: (lJohnl o s ' S
(t PRES (p. think2 (TAL 1 (i Mary3 (f PRES (r PERF (f fott (p arrive ,)mmn

uﬂ

The avernge welght |s 1. 0 b'\sed on l Lomparm)n

“‘(lJohnl : R e i
{f PPES (p thlnl\ 2(TAUl (f noH (r..\hr\’i (l' PRES FPERF (p arrived))))))) -

. trmeu%ed 166mcecs . Lo : - ! , L

.Sentence 3.3

‘.‘»(fprobablyl (: John (r FUT(pcome3)))) ORI T S I EEE VR
. " l The average welght is 1 0 based on Ocomp'\nsona BRI AR o r '1 - / H

o (f probablyl (l John (l' E‘U'I‘ (p come3)m

' .tlme used 41 mSECS

.. Sentence 24. -~ .. .- T i




g 3 (| (q mostl (I x" (i (l \(" person3) & (l x2 m4 (q e'\cho cltyﬁj))))
(f PAST (p buy7 (MU Qouvemrs8)))) .

1, The average welght 150 based on lcompanson* o y ,‘f v
- (q eachd .- IEP R Lo e T
(|yl33c1ty6) . A Y
(Qmostl S : IR

X2 Lo e
i ‘("’ person3) & | X2 ind y133)) vt S ‘
(I x2 (l' PAST (p buy (MU souvemrsS)))))) ' N '
The merage welght is 0.3 b:lsed on 1 comparisqn ‘, “ R S SR ( o
. (a mostl' L o o o S ;
(l (l X2 person3) & (q each$ y133 (i y133 clty6) (i ‘(” |n4 y133))) L
(l x2 (f PAST (p buy7 (MU souvemrsS))))) S , :
. AR o'
- ume used = .llo msecs C L o -
Sentence.25 ) o co . \
(l (q mcstl ' ' ‘ ‘ A
(1x2 (i (i x2 person3) & (1 X2 (f PROG (p visit4 (q eacho city 6)))))))
(l‘ PAST. (p buy; (MU souvemrsB)))) L .
ERE B T he average wenght is 0 S based on ] comp’mson L “.‘ L ‘

{a m()s'tl‘

XY S B N S . ' . .

(1 (i x2 person3) . T SR R ; 3
" (q eachs. y‘m‘ (i yl-l3 city6) (i x2 (l‘ PROG (p vnan ) 143))))) D
(| X2 (l‘ PAST (p buy7 (MU souvenlrs8))))) . LT R

The av enge wexght ls 0 5y bnsed on l compnnson :
(qeth ) Wl T SUR L S ‘
(nHcht)S) A eI U SN
(Q.mostl CoE _‘ o f I ‘,—:f Al
(: (i x2 person3) &. (x X2 (f PROG (p visit4 ¥ 113))))'.- S
(I \ (f PAST(p bU)l (\lU souvcmrs8)))))) SR




. B 3 3 , . ) )

"‘ Y ,‘v. lﬁﬁy
(i (q mostl . )

C(Ex2di (l x2 person3) & {i'x2 (l' P»\ST (p vnsmi (q encha ul\ﬁ)))))))

(f PAST (p buy7. (\IU souvemrsB))))

1 The a.verage welﬁn |s 0. 8 based onl companson
(qmostl L W (.

N x"' - ‘ ‘ . I»' Lo ' “ . , . ! ‘ -
(i(l x2 person3) AT N
& ‘ ' ' =
; (q each5 y153 (| y153 cltyﬁ) (| x2 (l' PAST (p vnan y153)))))
: (1 x2 (f PAST (p buy7 (MU souvemrsS))))) .
\ The average welght is 0 19 based on 1 companson L '
(qeaCha_ I . : ‘ o
o y1s3. SR B s
"o (iy153 city6) : IR o i - ‘ ]
(q most1 S : ‘
“’)
(i (i x2 person3) & (i x2 (f PAST (p visitd y153))))
,(ix2 (l‘ PAST (p buy7 (MU souvemrs8))))))
time used = 158 msecs. -
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‘Sentence 27 ... SULRE I *
(1 {q mostl (l x2 (| {ix2 person3) & (1 x2 on3 (q e1ch~l commltteeo)))))

(l‘ P I\ST (p attend6 (q several: meenngS)))) . ¢
. gl;. Thg n\.'erage welght'.ls.O.:S b_‘_nsed on.3“xl;o‘mpar‘lsons ‘,

Clqeacki
- 'y161 o '
i v161 comnittee) . ,
‘ q. most 1. : R )
v : ",.‘l : \- . (.
A R ;(|(|\3 person.&)&(l\- on3 v161)) ‘ DT R
. ¥ f(}_:".(q sevornla ¥ 164 (i \'164 moeungS) (l \.’. (f P. \QT{ 'n.tcndﬁ vl()l))))))

T , I ’Phe 'wemge \\elght lS 0 16 base‘on 3 comp:msm

T (q each4
CiyIel Ele
i ylGl commn‘.teeo) L
(qsevernh REEREEROR IR T Lo
)' " . L e , ‘..'/j‘ o
i y164 meetmgS) EERUDE T R
(q mostl
(| (| \” person3) 8. (l \" on3 \ 161))‘




L X2 (CPAST (p autgnd6 y164)))

31 The‘averyag‘e weig'ht is 053 hased on 2 comparisons ‘.. ‘ IR . o
“‘ (q mos\".l ‘ . o " : ‘.‘ B -’ ' ‘ L . | L 'r'v ' | ! ll“v ‘.“ ““. Cor : ’.,‘ l. -
Ci (i x2 person3) & (q each4 y161 (iy161 commnteeS) (l x2 on3 ylﬁl))) L
(q several? y164 (i y164 meetmg8) (i x2 (f PAST (p at.tendﬁ y16’4)}))) e

[

° o : ot T

4 The ave;age wenght is 0.38 based on 3 comparlsons N , . o S o L
(q severnl7 S T - . o ‘ “_ o e \/
(lylﬁ-lmeetmgS) o ‘ ‘ S Co co o
(q eachd4 S T : Lo e
yl61’ ‘ : ‘ ) . o ‘ » L A
. (ly161 commnteeS) o ‘ L . S
damatt T T e
' ‘r) ' ' . Ve . . . [ ,'\‘ N
i (l\c’persons)&(lx“ on3y161)) T N ‘ x P Y
 (ixX2 (T PAST (p attend6y164)))))) . - - ‘ SR I
. . ! A Y ‘ ' o ‘ 8 ‘ . ‘ ' ,3' ‘. i ' '
5.- The avernge weight is 0.26 based on 2 comparisons R _ LL,}
(q severa]? ‘ o
Y164 FCIA ‘ ‘
(iy164 meetmgS) R e - | o
(qmostl L v ' o a " B A ) -

x2 ' e T

' (i i x2 person3) & (q ench4 y161 (i y161 commltteea) (l x2 on3 y161))) 2

(ix2 (f PAST (p attends y164))))) - N )

“tlme used = 3"4 msecs . . ‘ . ‘,
Lt L ‘ o ' T ho ' .- - . A .‘Ia .
: “S‘e{;"tence, .’8 ‘ R K SR Ly ' R

(l (q mostl : .

(l x2 ‘ : T

(l (l X2 person3) ' ' o
o & S o .I:X' " ‘ ‘ v“-‘, ) . . . ‘ R ," = ,“ : o L . . ' o

on4 SR ‘ . el T

i (qe'tchS ST R : Co

R L(rx6 (i (l X6 bus7) & (l \6 on8 (q most9 t,nplO)))))))))v, .
(fPAST(p arnvell))) . AR

l The average wenght ls 06 based on’2 compar1§(ons BT R S e

(q each5 s o ‘_‘-
(l (1 *(6 bus’l) & (q most9 vlc-! (l yl74 tnplO) (l \6 on8 vl7~t))) ot ';'“' : o -_".‘v * e R

: (q mostI ‘




(i-(i X2 person3) & (ix2ond x6)) .,
(1\2((‘ PAST (p]ar'-g‘ivell)))‘))‘ o i .
2. The av'grage.‘w\ei'ght'jé;Q,SGlb‘:s‘sed on 3 comparispns. ‘
', {q'most9 o 'l““ T o R
~ (iyl74triplo) UL o S
R '(q‘énchS o O 3‘3
) ‘ *»‘,‘ ' ‘ ‘6 . . AT e l o ‘\. ( .
" ilix6 bus7) & (| x6 on8 yl74)) . ‘
‘ (qmostl BT e
‘ x()» . . D '

(i (i X2 person3) & (i x2 on4 xﬁ))
' (l x2 (f PAST (p arnvell)))))‘)

o

P

N Lo
3 Tbe nverage welght is 0. 43 bnsg;@on 3 comparlsons

o \ ‘ (q mostl _ e

I “7 Sy ) . , “I ‘
R (l (i x2 person3) C _— , .\" b 'r‘ : ’
N . ,& | HETR o o T
“.‘ (q most9 o I

o - o g ,I‘."“‘ r" . i ' .
-, 2 - R

S T (fy 174 eriplo) P :

e '(q each5 x6 (i (i x6 bus7) & (I X6 on8 vl7~l)) (1 x2 on-i \6))))
SR (l x2 (f PAST (p arnvell)))) : ,
' 4 The average welght ls 0 43 based on 3 compansons ’
(q mostO ( i‘,”‘, "-. DR " SR R
yll4 vy S ‘.\:J: b . ISR
p: (lylt4 mpl(l) N A e
o (qmostl S N A S
' ". v""l [ ‘0 *" Con T v s A ¥ . .“.'. ‘( L ! ‘ K ' ey
@ (l(lx”pefson3) I T
' .& . “,- . X . :
e g each5 x6 (i, (l x6” us7) & i X6 0n8 le)) (i x2 onJ \6)))
A (1 *(- (f PAST (p arnvell))))) o

. A i
tw TR o i

* (i (i x6'busT) & (a m‘o'sj,tfg Jy‘1.7i'.4'r (i y174 tripi0) (i x6 on8 y174)))
“(ix2 ond x6))) - ,,',. RN AT
(l x.. (f PAST (p arnvell))))

'”._._.'287 msecs ],‘_j‘ SRR

i !
.
NI i . : .
. , IR
o v !

Y .
o g R
Y e
it '

168



! T S S R a6

Sentence 29

i (¢ most1 ‘ . )
Alx2 o . C e ‘
(i (i x2 person:}) , ‘ I )
& . } P ' ! . " L o o

fixz2 I'rom4 (q eachs c‘o.untryﬁj) ] . 5 o
(i x20n5(q most6 busz))”) SR o o R

‘IP/\ST(p arrive ))) - ‘ S e e T .‘
. The avenge we .66 based on3 compansons ' o . " o,
\ . . . T . . ) B st T “ . ' ,l

(q each5 ‘ : ‘ ‘ (
yig2 A : L,
(i y182 country6) ‘ ' P
(q most6 ‘ ‘ R s ' L o

y184 |
(1)184bu51) o ) e R S SR

'e ‘ (L

(@ mosel ’ : ' ’ Co S ; ;
~ (iNis? person3) & (n x2 from4 y182) (i x2 onS v184)) . ,
: (nx-(fPAST P arnve8)))))) o N Co ' 4

o The average welght is 0 6 based on 2 compansons - ’ a ‘
(q‘ dach5 C B o L , ’
y18" . J N ‘ coe . . L D /
© (iyl182 countrv6) C T . . \.\‘_ .
(q most1 ' : X - o ' ‘
.
(i (i x2 person3)
(i x2 from4 y182) ' , '
" *(q most6 y184 {i y184 busT7) (i x2 on5 vlSl)))
(l x2(f PAST (p arnve8))))) ‘

- 3. The avernge \velght is 0. -16 based on, 3 compansons o

‘ (q mostﬁ B A O A Joo .
CUvIsa o
o (iy184busT) o C L e C X
q e?xchS e e : PSRRI S
(lv18"country6) A L LN
. {qmostl’ N
i (i x2) erson3)& (ix2 from4 y18") (1 x" on5 y184)) B S
(x x" (t PAST (p arnves)))))) Dk , P
. . \ K . K . oo ,"‘ . . . .
4 ’I‘he averagevwelght lsO4based on 2 comp nsons LR

N . B R v . " ”

v

»-’.,'(q mostl S T T T R

(x (1 t“ person3)
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B R P . S
e (q ouhp\m‘(l\lS’umntr\b (l\ frnml\l‘f“)) - R P oo
Y g mostd v 184 (Y 184 busT) i \_’nn,\l‘H))) o - : "
. o Cw t .

(1\’(IP\ST(parrue8)))) ‘ ‘ - : X A . Lo
L o ”:', o S

" " 5. The average welght ls 0.4 based on 2 ooxnpgrnsons e ‘ y
. ' ' - 1 h . ! ““ , . - * o F .
f;(qmostﬁ‘ e o : K
yi84 o - ‘ ) ‘ 4 v . 'n . T
(i y184 bus?) C cL o . L : . oo e
(a mosﬁl E . . , C ‘"; . » o
‘ X2 Co ‘ o . . o N C 3 o C
(n(l\-personi) ' ‘ S T Lo '
(q each5)18 (1\18’(0untr)6)(|\" fronphl&’)) "’-,1 N '
(i x2ondy184)) + = R R ‘ R . “
(l"(l‘P‘\ST(p,arrneB))))) s R T
ot . N ' RN B . . . :
‘ume‘u‘sed = 341 msecs. - - Vo (w' e " ,' . . 3 .
. . . . I3
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Senténce 30 , . ;‘f‘ \% N o
. ‘ ' “ o ‘bh i ) \ » k
: < o Lo e ,' T SR
( (T~\L ) (r PROG (p ns;tl (q masi museum. 5)))) ’ , A ‘
(I‘ PAST (p please4 (q manys. tounslﬁ)))) S 4
',e" 0
The ayerage welght is 0 9 based on l compnrlson .
. . e ‘A T -
(q m:m)'S S o - N % ",
y193 : s I , Lo
(i ¥193 tounst6) ‘
(i (TAU2 (q most2 y190. (‘90 mqseum3) (f PROG (p vmtl v190)))) - ,
(l‘ PAST (p pleased y 193)))) , fo ‘
“ .. /l,
2. Thc average weight is 0.45 based ‘on 2 co7’parisons’
g most"l' ‘ » L Ny Lo . T ,
(| ¥y190 museum3) o W / ‘ e C
" {Q many5: P S A : o ' A
yl98 o R ,,’5' g . . .
(| ¥193 tourist6) - - 5 o S 2
(n (TAU2 (fPROG (p visitl leO))) (f P~\S’I‘ (p please4 v 19'3))))) I A
5o 3 The average welght is 0. 14 bnsed on 2 compansons ‘

’

(q manys ‘ - SRR ‘ ; N L , 4
V193 , : T o ' l,‘ ) ‘ R '_‘," v :" - ' - A n-l - .

i gl y193 tounstﬁ) . o e o
qmost2 - . s
'y190 L '-"m‘ BRI
(xy190 museum3) o ‘ '
(l (TAU” (r PROG (p nsul y190))) (f PAST (p plense4 y193)))))
K B . : e S R : "'v",'-

“ . v v E - . N . o ., o
R . f . P i . . ! e



. \
: \
A ' N
. ' : ’ BN n
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Sentence 31 ‘ .
(i (TAUL (i Johnl ( P-r\S [ (p visit2 (q mosl3 museumi))))) )
(f PAST (p surprise5 (q'many6 porson?))))
-~ v
1. The average weight is 0.99 based on 1 comparison o‘
. P
(q e my6 . o .
RN '701 . A - *
N - - R T 0 Q.
o .‘ + {1 y201 persanT) . ] ~
P (TAUL '

(q mostd y 198 {i y198 museum+) (i Johnl (f PAST (p visitl &108)))))

(f PAST (p surpme)) ’Ol))))

~a

B

The average welght is () .{. h'\wd on 2 comparisons

N

(q most3d ' ‘ * Lo
y198 L . .
- (iy198 museum~l) A
(q many6 -

y201, . :./. Co .i b
(13’01 person?) 7 . ' ‘ .

~

o
(i (TAU1 (i Johnt (f(P AST (p visit2y 198))))
.« PAST{p surpneeS y ’01))))) ¥ *
3. The aver:\ge We:gh(‘ls.o.l based on 2 comparisoxn‘} o .
(q many6 J . Y 0
)".,Ol . ' ' X )
. (i y201 person?) ' “.
c(qmost3 o - T s
y1o8 R
(i y198 museum-l) e R .
(H{TAUL Johh 1 {T PAST (p vnslt"y198)))) ' T
(f PAST (p surpnseS) ’01))))) ‘ N
! BN ;"' Ce o N
.ume uscd = 191 msecs. v LV :
3 ;‘ LA o : . .' - )
. +-Séntence 32 " < - - .
e . - . ] v
. (1 (q some; tourlsc"‘) - AN )

(f PRES (p want3 (TAU" (IEINF (p VIS|t3 (q ea.ch4 museums)))))))

1. Thc avetage wexght is 0 8 based on l companson K

u - .
. ¢ L N

(q;;a;el . - 3 ..‘ - ‘ \'-‘ - R ,".

i y203 touristf.’) S . K ’
Aiy208, - . g

a
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) a ea’ch6 :

S L_y20

N T ' N SO

(f PRES
(p want3 '
(TAU2 (q eachd.v208 (i ¥ ‘()b muwum)) (CENFE (p visit3 ¥ 208001

, .
2. The average weight is 0.1 based on '2 compatisons

{q.eachd
y208
(l 208 museum5)
(q somel ,
y203
(l ¥203 tourist?2)
(i ¥203 ( PRES {p quH (TAU2 ([ INF (p visit3 y208)))))))) °

3. The average weight is 0.29 based on 2 comp&risons

(q Somel
y203
; (l v203 tourist: 2)
{q each4 C -
y208 t ‘ ‘ . ' e
(I v208 muwumu) '
{1 v203 (f PRES (p want3 (TAU ’(l‘ lNF (p visit3 y ’()8))))))))

. time used = 144 msecs, : . ' '
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Sentence 33

(i {a somel person2)
(f PRES (p think3 (TALU1 (i John (f FUT {pv isit5 (q eac hG musenm?) )}
, A ]
1. The average “elght 1s 0.99 b:xaed on 1 comparison ' -
(q somel . : ‘ - - . ‘
y210 . ’ o A - ‘ .
(l X210 person N o . 2 A
*o{iy210 . . : s
 (PRES T - . .
(p think3 . ‘ o s -
JTAUL | L L
“{qeach6 - T " s ; .
y216 : . . A
(1)"16 museum:) o ' ) - A
(i John4 (I‘ FUT {p visits v"lﬁ)))))))‘ T

w

The average welght is0.3 based on 2 comp'mﬂons

N . . . ’ " . . ) . \

7216 R . L

(|y"16museum?) ] R - t, Co ) :V‘T;"

(qsomel, = % v T

,.(‘

* (1210 person2) -
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’ (q each6

.{q somel: "

| A B E R I
(i ¥210 (f PRES @ think3 (TAUI (i Johnd (f FUT (p visitd y216)))))))
KN Th«;‘}vemge weight is 0.2 based.on 2 comparisons

{q somel
y210
(i y210 person2)
(q each6 . . ‘
y216 ' ‘ ' .
(| y?216 museum?7) ' '
(iy210(f PRES (p think3 (TAUl (i Johnd (f FUT (p visits y ’16)))))))))

time used = 163 msecs.

Sentence 34

(i (q somel person2) .
(T PRES (p want3 John4 (TAU2 (f INF (p visit5 (q each6 museum? )))))))

. ‘The average weight is 0,8 based on 1 comparison

(q.somel : . _ ‘ .
¥y2s -
(x y218 person ’)
(i v218 . |
(tPRES . | - .
(p want3 - : ‘ o )
John . -
ATAU2 (q enchﬁ y223 (l A 2.’.3 museum? ) (f INF (p visith v2 3))))))))
2. Thé average weight is 0.4 based on 2 comparisons < . )

I
L / .

Y L, D i

ya23 L o N .

(i ¥223 museum?) R »

{q somel : : . . ‘
\3]8 . T, ' ~ . . <. .. R .
{iv218 person2) . - U . -
(iy ’18 (l‘ PRES (p: want& John-i (T. AU (f l'\F (p \ml Hy2 }mm))

3. The 'uemge we»,ght is 0. "9 based on’ ..(omp maon; ‘ o , o SRR

0

y8 BUEERE T S SR
(i x2 18 person?) . : , / L C : o
(deach6 . S e S : ‘ ‘
003 o U . A ;. *
(l y223 museum7) ol ST o B
(l y218 (I‘PRES (p want3 John4 (TAU (l‘ INF (p visit5 y2 3)))))))) LT
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Séntence 35, oy

" (i John1 >~

(TPAST
(p receive2 . N
(q several3 : ¥
(I x4 ‘ ) ‘
" (i (i x4 message5) . : : ‘ -
& v
(i x4
(¢ PRES
. (p has-content6

I(Tr\Ul
(l (q every7 flight8)
(f PAST (p on- tlfm“J)))))))))))))

1. The average weight is 0.99 based on 1 cp‘mparison

{(q several3 ,
x4 T L ‘ i
(i (i x4 message$5)
P
(i x4
.(f PRES
(p has-content6 - \
(TAUL
. (qevery?
¥y234

' (ly’34 flight8)

hy’34(fP\9T(pontmw9nan) -
{i Johnl (f PAST (p receive x4)))). - :

time used = 155 msecs. “ e e
Sentence 36 \ s .
_— : S .o . N\

] mostf.’..

(f ( \LPH\.} (p inl. (q modt?2 city3)))

(l {q sevefald persons) (r P~\ST (p lluyki (MU uckots, ))))) [ »

1. The, ayefage wengh‘t isy 0:92 basedan,'., gompnhsons )

L

"‘ . R

¥l LT T
{iy239ecity3) . L L \‘ oy
'(q'sevemH s e o S -V o
.')41 . ' w'.-- ' "
(l ¥4l personS) . M AR
r (&LPH-\& (p.inl'y ’39)) (i'y ’41 (I'PA.ST (p bmfi (\ll tukcls. ))))l))
b ,)».-

The average m‘t is 0 54 bnsed on 2 comp‘msons
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t il e - . . S T, ’ . e
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£
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" time used = 120 msecs. -

Cy2il
(i y211 personb)
{q most2
y239
(I y239 cnys) Ce
(I (ALPHA3 (p inl y"30)) (i y”4l (f PAST (p buy6 (MU tmkels?)))))))
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Sent"'ence 37

(f (ALPHA3 (p in5 (q most6 cnty7)))
(i (q severall person") (f PAST (p buy3 (MU tlckets—l)))))

+

1. The average weight’ is 0.74 based on 2 comparisons

";(q most6

- (qseVernll S

y26
(i y246 city7)
{q sevcrall
y248
(l y248 person2) '
(l' (ALPHAS (p m5 y"46)) (iy248 ((PAST (p buy3 (MU tlckets4)))))))
'1‘; : s , -

The average wel ht is 0.74 based on 2 comparisons 5 N

v,

'.-v"18 N . o

)

L

IR, -
Bt RS

%
3

¢

R

*& The average welght is 0 93 based on 2 comp:msons |

(i ¥248 person)® . A\:
(q most6 . a’( '
¥ 246
(i y246 city?) L
(l' (ALPHA3 (p ind y"46)) (1 y ’48 (I' P‘\ST (p buy3 (MU tickets: l)))))))

N a

tlmeﬁused 118 msecs.
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Sehiedce 38 . "‘ . ) L ;1
(r(xLP}{AJ(pdunngn(qevenf’mon:hsn) R fnp-_ :
(i {q many4 person5) (f PRES, (p visite Europe: )))) o
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v

(lq*e\ery- R .

175

1\"53month3) R
qAnnny4 S o '

r (L) ’55 Pel‘ ons) L d IR

(f (ALPHA3 {p unngl y°53)) (1 y 55 (I'PRES (p v1snt6 Europe ))))))
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2. 'The average weigh‘t is 0.5'6 based on 2 comparisons ' “ ‘ . v
(q many+4
y2565- . o . i N
(l y255 person5) S T .
(q every?2 : :
y253 :
(| 2563 month3)
Ar (ALPHA3 (p duringl y"53)) (i y°55 (l‘ PRES (p visit6 Europea ))))))
"lee used = 117 msecs. )
Sehtgnce 39 . |
i o o
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1. The average _welght is 0.74 bqsed on 3 comparisons | S ‘( < v_w '
. (4 several3 o AR e , "' ‘ .
"t y263 o - g &y A
(i y263 city4) ' . . . | : R
(q each6 | o N T _ * o S B
. vO67 - . . . . ‘ X o ‘.:‘\ (VS
(| y367 postcard7) A . .
_(f (ALPHAS3 (p afterl (TAU2 (f PROG (l' PERF (p v:sn" '.!63)‘).)))')‘ :
.(i Johnlt (f PAST (p wntes y"ﬁ:)))))) S _ . ‘o
2. The averqge weight is 0.73 based on 1 comparison - o e °
{qeach6 S - : , K ) g "‘ ‘ e
y267 . . e, o ‘ .
(l y267 postcard:) . R T I C .
(f (ALPHA3 - | RN S AT
. (pafterl1 . ’ R T o - s
T (TAU2. L e e : .
! ‘(qsev'eraIS . - N . B L, L ‘ CL
Ty263 7 e e ER R T
; _ (| y263 cxty4’ : . . h o T R S .-
_% . _{f PROG (f PERF (p visit2 wss))))))t oo e | L
{i Johnl (fPAST (p writed, y"'ﬁ"))))) o " x ,‘ R N L
3 The average welght is 0 4" b;sed on 3 compansons P e o, -

»

Weshs T DL
. )"16" : . " */‘ T . Y ~

iy 167 POStcard7) » |

B (qSGVerals .

.‘, (l y063 cny4) A




\' \ .
‘ v ’ 3 A - S bl
“tirh}f used =184 msecs. oo : N . ‘
S‘entence;!() ‘ . .
(I' (ALPHA3 (p afterl (TAUI (i John?2 (r PAST (p visit3 (q severald c:t,yS)))))))
' (l Johnl (l’ PAST (p wnteﬁ (q each7 postcard8))))) - . ‘ . 1
v ot P ::
. The average welght. is 0.77 based on 1 comparison. ; - s l o ‘ l
. R *i\' v\a' ‘ . ‘ '
(q each?7 :‘\ o Co e :
¥ e S s T
(i y277 postcard8) .
(f (ALPHA3 R ' Yot
- (p after . -~ - ) ' ‘ . ,
- (TAUL . o L . ~ e
y . (q severald . R ' R
: 073 .
(a y273 clt.y5) . o o :
(i John2 (f PAST (p visit3 y"’73))))))) , !
. (i Johnl' (f PAST (p wnteﬁ y27: )))))
. o . x
2. “The avernge weight is 0.73 base% on 3 covni\pa'rison's L '
(q severalq . »‘ - a : Co T
(ly2 3clty5) . @& o Sy <
(q each7 Co ' o N v .
- ¥TT Sl ' S : : O
‘ R v‘"” postcardB) ' | ' N ‘ AR . /
(f (ALPHA3 (p aftérl (TAUl (l John (l‘PAST (p nsnt3y’73)))))) ; e , o
oo (1 Johnl (f PAST (p write6 yl??)))))) . L ."' o
« 3 The a.verage Wzight is 0. 4 based on 3 comparlsons C l Co ,‘ \; e R
: (qenchx,- ‘ o . ;‘-‘" ~‘ o : .
§w7. L. I B ‘ l Lo ",,. “"- »l ‘ L ‘ o - v . ;‘ - . . .“ W
R | )Q":’T»postcnrdS) S s e o
"(qseVeraH ‘f.__,.- S e ,‘ Do e s '
‘;5 chby)é), o ‘ » B )
vt _(f,‘(AbPHAﬂ;( AftRFL; (1‘

A%l (i- John (rPASTﬂ)psnav 3._)")))'))[';_'@: e
'-(lJohnl(fPAST(pwncee‘_yzr)))))) S .




. (q most4 ! o ‘ .
yvas4 SR A B ‘
(l y284 persono) R Y ‘ ‘ ‘ v ' ‘.
_ (f (ALPHAZ (q each2 y ’8“(|y’8’c1tv3)(f PROG([PERF‘(p \mtl N ’8‘))))) PR
. (iy284 (FPAST (p returnG))))) ' '
2. The average weight is 059 based‘on 2 cprﬁparisons .
y82 . | S e
(i y282 city3) Co o o
{qmostd . ‘ . ‘ ! -
yi84
(| v284 petson5) ‘
Ope (r (ALPHAZ? (f PROG:(f PERF (p vnsntl y”8’)))) "‘
o i y’84 (TPAST (p return6)))))) . '
-3 The average welght is 0.1 based on 2 rompansons ! .
. Lo~ —
(q most4 ‘ T v
y281 . T N
(l y284 personS) ! ' o ) ,
{aq each? e S . : ; L v
080 : ' I C o ; ) o : ' -
(| ¥282 city3) : ' ‘ ' &?
(f (ALPHAZ2 {f PROG (f PERF‘ (p vnsnl y’82)) S
: '(1 v°84 (f PAST (p return6)))))) ; R
" time used,= 149 mseqs. v \ A .
B ' : Do v . . * s . ‘f.
S o . o . / } . :-4‘ . | ‘ .‘ .
Sentence 42 '
' (f (ALPHA’ (1x1 (n Jones2 (f PROG (r PERF (r PASV (p bru-f3 u)))m) A
(;(quth volunteers) (l' PAST (p lenveﬁ)))) G o o e
1 'The verage welght is . 0 based _on o compansons o

‘-f:‘(.q each4\ -
Ce i y296 \

R S

(:y-vgs"vpfﬁﬁ\égs) B ‘ Lo
(f (ALPHA2 (L xL (i Jones°'(f PROG (f PERF‘ (f PASV (p bnel"i -41))””( |
,-(13095(fPAST (pleave6))))) L e o




. The nvoragé"wé.iyght is 0. 86 baSed on ’.’. compariwns
(i {q cachl »300 (i v30() glrl’) (| v3()0 (f FLT (p arnveS))))
A |l'-then~l .o -~ :
o some5 ¥301 (i ¥304 boy6) (i x30~l (f FL’T- (p hnpp) )))))

The nvernge wemht iv 0.65 based on 2 compansons o ‘ {

. (q some5 ‘ ‘ . S
:j‘} y304 ‘ L o "‘ .
(i y304'boy6) . 7 s S
(i (q eachl ¥300 (i y300 girl2) (l y300 (l' FUT (p arnve3)))) ‘ e
il-thend o S T
iy304 (f FUT (p happrf)))))
tlme uaod 193 msecs.
_ o o
Sentence 44 ,
o . V]
S (q each5 girl6) (l' FUT (p arnve?))) S s -
' if-thend - v 1 .
(i (q somel boy ’) (t FUT (p happy3))))
l "The :\verage Welght is 0.7 based on 2 comphrisOnS "
> " (| {aq eachs v309 (i y309 gnrlﬁ) (i y309 {f FUT (p arnvm )))) ‘
. if-thend - IR
(q somel v313 (l v313 boy") (i) v313 (f FUT (p happy3))))) ‘
. The ave"age welght xs 0 7 based on 2 compansons N . o E o _
g someIJ S , o S
y313 -~ o' o S ’ e
(13313 boy?) . e & N
(i (q each& y309 (l y309 glrlG) (| y309 (f FUT (p arnve: ))))% . B
if-thend " L TP
(l )313 (f FUT (p happyS))))) o : ; e : ,

3 The 'werage welght 1s 0 46 based on. 3 compnnsons FIRT




e T 11 I
(|\“l()‘.)glr16) B T v B SR ' ' l
(|(|\$09(I‘FUT(p arnve:))) L , ".',; S T P
if-thend ~ o o o S CLT A
{q somel y313. (l ¥313 boy ’1 (l ¥313 (f FUT (p happv\i)))))) EEE
\.5.‘ The average w‘e‘lg‘ht‘ls 0.26 based on 3 compansons : R B N
T (qeachs o~ S _ R ‘ P
o y309 ‘ ‘ o I
(i.y309 girl6) ; , o o
~ (q'somel =~ L o 1 -
o v313 o R ‘ : : .
(i ¥313 boy2) ‘ ‘ Col ’ S .
(i (i y309 (f FUT (p arnve7))) lf-bhen4 (1 )313 (f F‘UT (p happ\ i)))))) [ .
time used 180 msecs. .- R o . R
, Sente;lce 15 : v | A ! o o ) - 4
~ o ’ R | . ' . R
PR} (i {q somel gxrl’) ((FUT (p amves))) 3 e SN
. if-thend |, o fe B o -
L (. (q eachs boy6)’ (rFUT(p happ\ )))) : ’ Lo
‘ 1 The average welght is 0 8-1 based on 2 curnpariéo'ns i .
(l {q somel y318r(| y3l8 glrl’) (i y318 {{ FUT (p arrnve})))) T o | )
if-thend . - " S T
(q eachS y3.... (1 )3 bov6) (| v3 (f FU’F 5 happ) 7 ))))) 2
. The: average welght is 0 64 based on 2 c'dmpansons : SR RN
"(q SO_mel v N B ' H
¥318 , - ‘(“‘, .“_
S (iy318girl2) L L I
(i-(i ¥318 (f FUT (p arrlve3))) o f’] g o , ol
if-thend - CORRL RIS S ORI
(q each& y322 (i y3 boy6) (l v3 (f FUT (p happ‘y: )))})) PR RS

3 The average welght ls 0. :}a based on 3 compansons . ‘ " . Ly e i

(q somel
y318
Sl v318 glrl"‘)
(q each5




’ - ) (| (q somel y318 (i y318 glrl“) (| y318 (f F’UT (p arnve3))))
R -+ if-thend . - Cr T A L
(l\'i'.’l(l’FLT(phappn)))j) S L,

o RTE Eh ‘ ‘ , : , , ‘
"f(qench5 : . R L . S,
“(iyz boy6) . . oy

(qsomel R Co oo Lo S .
y318 . - ‘ Co : A
(i y318 girl2) - . ) ‘ G ST
(| (iy318(f FUT (p arnveB))) ll'-then4 (l y322 (j‘ FUT (p happy7)iH)) o e
. ”. » o

5 The nverage wmght is 0. l\ bnsed on 3 comparlsons )

‘tlme used 186 msecs.

~ i ; . o .

,Sf:ntgncé 46

,(l (i (q some5 glrl6) ((FUT (p arrive?))) \ o B

' "if<thend ‘ A ) : '
oo lifa each} boy’) (f FUT (p happy3)))) L o L 4 . ‘

' l ’I‘he average wenght is 0:7 based on '.’Lompansons e oy S T "'.

(g someS vS’: (i) \3’1 glrlﬁ) (i v3"’ (f FUT (p :m'ne:)))) . " o |

: lf-then-i T : R RR

‘ (q e'xchl')S'Kl (1)331 lmv ’) (| 3 331 (f FUT (p happvj))))) . o T R s
,lf- ! - , l v.-'n . . \ o ' “’ Y ..‘ '.
The avernge “emght lS 0 5 based on 2 comparlsons IER TR e ) L
f(qeachl oL R TP 3 “ , " f g

K4

(l)33lb0\’) . e o LT T
(l(q §ome5y3"7(ly3"7 gms) (1)3“"(!’FU@(p arnvct)))) S S
“if-thend -t K ‘ s R
(nyasl (rRUT(p happmm) ; R
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e L
y335. T e Lo

I.(|l3‘71‘§|rl6) o RETERE S h
(l il v3"’ (f F‘UT (p arrlveg N) lf-then-! (l y33l (f FLT (p happv&))))))

5 The :wemge wenght is 0. ’6 based on 3 comp:msons ‘

;. ,“".‘ [ lA R . ' L ' s
(qsomeS‘ \ S : ' '

Py o : oy

(qeachl : o '

f

"‘ 4331 7 .' \/ o . "

I" . ' » A

A

= {i¥331 ) : g ‘
(l (i y‘FUT (p 3rnve/))) lf—then4 (1 y’331 (l’ FUT (p hnppv'l))))))
. * ’ < .

=1 I
time used = 179 msecs.” -

A

‘ﬁ} “\S’Tgnm) o "

’

(ljﬁpﬂenlbm ’) S ’ N
(KPREB (p. wanl& (T-\U’ (r I'\IF (p ((‘ of! )}kr«ﬂ hug(‘)) M xn".')))))) -

i ‘-_‘

The averaoe wexght. is 0. nbmed on he Lo/r[/lpaﬂsnn \“ g

. (i¥335 bov") S Ty Ty .' Lo ' o o

(i ¥335 R L | o

.(rPRES S R
(p \vant3:~' “;.' SRR ' L ,

(lxem““' e ; . .
(i(n&iO(H\F{p l\lss~l \hn.i)) L .

0r5 L e
(l v340 (f lNF‘ (p hqg(i Mar\ p )))))))))) i 8 =

The avernge welght is 0 5 based on 2 compans)on‘s ' "f' . , R
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(. y335 (f PRES' (p ‘want3 (TAU” (f lNF‘ (P hug6 Mary,)))))))) o |
time used = 318 mﬂécs o
Sentence 48 _.l a “ o ‘ e - R y
' -‘ L ‘ 4 '\/‘
(iJohnl - S R o
_(LPRES + T o
(p.(c and3 want2 hope4) (TAU2 (f INF (p (c or6 l(xsss hug?) MaryS)lJ))
The average welght 48 0 7 based on 1 companson ' T . '
: w(l(l Johnl - : o I v o C
(fPRES . - o v T T e vV
(p'want2 T
o ‘(TAU" o N T O
' y346- . o S ¢
- - (i(iy346 (1 INF (p kiss$ MnryS))) ‘ ' R ,
- or6 \.\ e _ AL
S liysee (f INF (p hus‘f Mafy8))))))))) < B
"‘and3“\ ‘ ‘ S
(i Johnl . : . - o o
(rPRES‘) e .
(p hop 4-‘ ' - ST o :
N “‘_” (ly316 ' A " ‘ | A .
Sy . (l (lyd46 (r INF (p klss.S Marv8))) ) o AT '
dr6 o $_ - o . o
gt y346 (rINP (p hug‘ Marysnm)m) R ‘
n ' “ \"
The :werage welght lS 0 S bnsed on 2 2 compansons ‘ H)’ N .
(1 (l (i Johnl (l' PRES (pgvant’ (TAU" (l‘ INF (p k15s5 \lar\ 8))))))
: + -or6’ : - ‘ oo
: (rJohnl f PRES (p want" (TAU" (f le‘ (r hugt \l:m8))))))) \ &A‘ e T
an}d& R w o

-=- (l(lJoh‘nl(fPRES(phope-l(’l‘-\["(fh\F(pkles;\hf\S)))))) | ‘

1 (rPREs (p hope4 (TAU’(f INF (p hug: .\hnS)))))))) | R ,

SR : e e e e

. f';ﬁ.l,‘ . 3 The average Wexght is. 0 3 based on 2 compansons ' e
(l (i (l Johnl (I‘ PRES (p want’ (TAU’ (f INF (p '\lSS'J MaryS))))))
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o .Sentence 49 S T o 2 ‘ . e o
- ' K D L ) . [ -\, & . L e, : ’ BN
S . ’ ‘ . ’ .. r 74_ ‘ ot w . o
(.(Tw*(rl\m(pu and’klssl hug&) \larv«l)))(fPth (p nlcoS))) -'*f“*l‘ oo @
1 The average \\elght is 0.9 bnsed on 1 companson .".
Grave 7 \-‘H".»
. (ly350 S ‘ X L o .
‘ (i (l)SSO(HNF(p Kiss1 M:xry~l))) RS o - e
“and2 ’ ‘ o ’ A I
» (iy350 (f INF‘ (p hug3 Mary-f’ﬂ))) o : Lo SRR :
FPRES (p nices) S
2! The average Wélght is 0.09 bz{sed on comp’arison I ‘ ;
(i (TAU’(HNF (p kiss1 mmm (rPRES (p nlceS))) o
and?2 L . YL e E
(;(T*\U“(fINF(p hugd Macy-)) (fPRES(p nlceS)))) S A o
“time used = 133 msecs.' S - ‘ L ‘_ S L | ’ ) '«@‘
T & | [ W S - A
IR —~ »— — o e
' Sentence 50 ) . o St
(l twolboy”) : o ,. IRV o ‘ . P
¢ orb E : -. Y ‘ . R ' .
(f PAST (p kiss3 (q everv-l glrlS))) ‘ e
' ([PAST(p hug7 (q every8 girlg))))) L
S The '\Ver'lge welght is 0 79 based on A4 -com . s
- (l (q mol o , o e - . i :
" “ ) X\}S'l Lo . | . ,‘ ) ,; - o . S e - )
W (1§35 boy?) ' | o W
R (q every4 y358 (1 v358 gxrlS) (1 v354 (f PAST (p kx§53 \3)8))))) 1; ¥ m
or6 S e PR ‘,".« v
; (q twol IR AT .;‘ ' e e .« a A
‘ ¥354 L '; A :‘_f;";&. R B AT R
C liyssy boy2) e e T M L
R (q ever)8 y361 (1 v361 glrIO) (1 \351 (f P~\ST (p hugT y'&ﬁl))))'))
The av eraoe we;ght is 0 .5 based on 44‘omp xsnn‘s o : ;  ,' ~ SEN ‘~

Lmevery-{ " by o
‘ .“ \358
(. ¥358 girIS)



* .

The average weight is 0.71 baged on 4 compatisons

(i (a every 1
y358 )
(i v358 girld) .
(@ twol y35-4 (i y354 boy2) (i ¥354 (f PAST (p Kiss3.y358)))))
or6 :

" {aevery8

y361 v -
(i y361 girl9)
(atwol ¥y354 (i ¥354 boy2) (i ¥354 {{ PAST (p hug? y361)}1))) ‘

timdé used = 391 msecs,

Sentened H1

Ay

(i Mary] ‘ \
{corT =
" PAST (p read (q some3 story4) (q eachh child6)))
(F PAST (p tell8 (q some9 story10) (q eachti childi2)))))

1, The‘:\ver:\ge weigh* is .82 based on 4 comparixpns
* »
(i {q eachd
367
(i ¥367 child6)
(q somed y366 (i y3606 story 1) (i Ktary 1 ([ PAST (p read2 y366 ¥367)))))
or7 .
{q each1l
v37l ' Y
{1 y371 child12)
{q some9 y370 {i y370 slorvl()) (i Mary I ([ PAST (p tell8 y370 ¥ '. umn

2. The average weight is 0 75 based on 4 comparisons

(i {q somed - .
y366 . )
(i ¥366 story1)
(q each y367 (i y367 childG) (i Maryl (TPAST {p read2 ¥ %(‘)() y 367 ))m
or7
{q eachll '
¥371
{i 371 child12) '
" (q some9 ¥370 (i y370 story10) {i Mary 1 ([ PAST (p tell8 ¥370 y371))))))

3. The average weight is 0.75 based on {1 comparisons

(i (q eachd
y367
(l ¥367 child6) -
(q some3 v366 {i Y366 story4) (i Mary1 (f PAST {p read? ¥36G6 v’%G")))))
or7 X R
{g some9

LR
OSPRR

IN!
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y370
(i ¥370 story10) |
(qeachl D y370 (0 y371 child 12) (i Mary 1 PAST (p tell8 370 y371))}))

[l

t 'I‘& average weight is 0.67 based on 4 comparisons i -

(i (q somed ‘
L Y366 ‘ i N
7T U (i 306 storya)
‘ (a eachb y367 (i y367 child6) (i Maryl (f PAST (P read2 y: 566 y367)1)
()f‘ . .
(q some9 !
y370 5N
(i ¥870'story10)
(q eachll y371 (i y371 (‘hlldl") {i M ary (f PAST (p tell8 y370 y37 1))}

time used = 814 mnsecs, ) p)

Sentence 52

-
-

(i (¢ and3 John1 Bjll2 Sam¥) (f PRES (p loves (¢ or7 Sue6 Mary7))})

1, The average weight is 0.7 based on 1 comparison N

(i (| (i Johni (I' PRES (p love5 Sue6}))) or7 (i Johnl (f PRES (p loved Mary7))))
———Re - -
(i (i Bill2 (f PRES (p loved SueG))) or7 (i Bill2 (f PRFS (p loved Mary7))))
(i (i Sam+ (f PRES (p love5Sue6))) or7 (i Sam4 {{ PRES (p love5 Mary7)))))

2, The average wetght is 0.3 based on 1 comparison

(i i (i JohnLLLRth_quve) Sue6))) . ‘ ‘ .
and3

(i Bill2 (f PRES {p love5 Sue6)))
(l S'\m~l (f PRhS (p love5 Sue6))))
or?
(i (i Johnl (f PRES (p love’) Mary7)))
and3 :
. (i Bill2 (f PRES (p love5 Mary7))) ' ‘
(i Sam+ (f PRES (p love5 Mary7)))))
‘ r
time used = 241 msecs,

Sen_tence 53

(i Johin1 (f PRES (p (c and3 love2 admire4) (c or6 Fido5 Kim7))))
1. The average weight is 0.7 baséd on 1 comparison

{t (i (i John1 (f PRES (p love2 Fido5))) o6 (i Johnl (l‘ PRES (p love2 Kim7 ))))
and3



. ¢ R ‘ ‘ |
A Q§ ‘ h;" |
) . %4@?5 . B
(i {i Johnl (P Rl,.‘v)(&nlmiro-l Fidod))) ‘ .

orth .,
(i Johad (f l’Hl \ (p admired Kim7)))))

ot

The average woigh( is 0, '} based on 1 comparisoil

9
(l(n(l Johnl (f P RFS(plove’FldoS))) N ,
: and3 ! \
{i John1 (f PRES (p ulmlrel Fido5)))) .
or s !
(i (i Joha'(f PR[‘S(p lqu 2 Kim7))) '
and3 —

(i John1 (f PRES (p admire4 Kim7)))))

time used = 204 msecs,

L]

Sentence 54 )
f
: ~

( (q alll man2)
(f PRIZS (p want3 (TAU2 (f INF (p marry4 (¢ orh Peggyh w« R1111)

\

»

1. The a\'(‘rage weight is 0.7 based on | comparison

(a alll’
Y309 P
(i ¥379 man2) ‘
(#y379 :
(f PRES
(p waht3 ‘ .
{(TAUR2 o .-
(1 y384 .
{i (i 384 ({ INF (p marry1 Peggy5)))

orb. |
(i ¥384 (f INF {p marry4 SueT))NII))

v 2. The average weight is 0.5 based on 2 comparisons

* (qalh -
¥379

(i y379 man2)

(i (i ¥379 ( PRES (p want3 (TAUZ (f INF (p marry4 Peggy5))))))

or6

{i ¥379 (f PRES (p want3 (TAUZ (f INF (p marry 1 Sue?))))})))

3. 'The average weiﬂght is 0.3 based on 2 comparisons

\

(i (q alll
v379
{1 y379 man2) o
(i y379 (f PRES. (p want3 (TAU2 (f INF (p marry4 chgyS)))))))
or6 ) .
(q alll :

y379

{»‘T":



-

(1 y379 man2)

(1 ¥379 (f PRES (p want3 (‘l‘?\l 2 ([ INF (p marry4 Suet )))j))))

, ’
time used = 2{0 msees,

————
I ' - .

Sentence 55

! B Y

(i (c or3 (qeveryl boy 2) (q*qeryl girl5)) (f PAST (p gob6 (q SOm(‘t movncS))))

. The average welght is 0.85 b'\sed on 4 compansons

(i(a "V"r)'l
v 3806
{i ¥286 boy2)
(q some? y390 (i y390 movie8) (i v 386 (f PAST (p gl v 290)))))
ord ,
(a everyd
y 387 ) ,
{1 y387 girl5)
(q some7 y390 (i ¥390 movie8) (i y387 (f PAST (p go6 y890))))))

5

2 The avefage Weight is 0.75 based on 1 comparisons,

(i (q everyl
y 386
(i y386 boy?2)
(q some? y390 (i ¥390 movie8) (i y 186 {{ PAST (p go6 y390)))))
or3
{q someT
y 390

v}

\/ (l y390 mavie8}.
' (q every4 )384 (i y387 girls) (l ¥387 (f PAST {p gob )390))))})

3. The average welght is 0 65 based on 4 comparisons

(i {q someT7
¥390
(1 ¥390 movie8) /
{qa everyl y386 (i y386 b0\ 2) (i y386 ({ PAST (p go6 ¥390}))))
or3 \
(q someT
¥390
(i ¥390 movie8) .
(q every4 y387 (i \387 glrlS) (i y38: (f PAST (p gob y390))))))

time used = 440 msecs.

~

Senténce 56

¢
i

' (| {q everyl (1 x2 (i (i x2 person3) & (i x2 m4 {c or6 Zerma{t‘s Murren? )))))

" (£ PRES (p sk|8)))

188
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\
The average weight is 0.7 based on | vo'mp wison
(qeveryl .
X2 : .
{i(ixz2 persond) & (1 (i X2 ind Zermatts) orf (i x2 ind \1urrmn i -
(i x2 (f PRES {p ski8)))) : "
: / , . o ;
The average weight is 0.3 based on | comparison ' o .
P 14 . \i\ !
{i (qeveryl - - - N v
. ' )
(l (i x2 personl) & (i X2 in4 Zermatt5)) ' ' N
(i 82 (T PRES (p ski8)))) . . BN
or6 N , ‘ K .
(qeveryl ' SRR
x~ . ’ ‘I T ,\“
(i (i x2 person3) & (lx‘lni\lurrcn.)) o . “ v
(i x2(f PRES (p ble))))) ' ' ‘ .
. time used = 1‘67 msecs, o ? ‘{ . | :
ﬁ - , ‘ 7 i -\_"
Sentence 57 s '
N ) 1y
{i (qeveryl {1 X2 (i (i x2 (c or4 boy3 glrlS))‘&(l 2in6 Nice?))))
{{ PRES (p swim38))) *
The average vx;cight is 0.8 based on 1 comparison -
. /' i
(q\e\ eryl ‘ : -
\(l(l(n\’bm'l)oﬂ(:\ girl5)) & (i x2in6 \nm)) ‘
{tx2(f PRES (p swim8)))) ‘ V.
, . The avernge weight is 0.19 based on 1 comparison
(i (qeveryl x2 (l (i x2 boy3) & (i x2 in6 NiceT7)) (i x2 (f PRLS (p swim8)}))
"ord T
{qeveryl x2 (i (i x2 glrIS) & (i x2in6 Nice7)) (i x2 (f PRES (p swun8)))))
time used =

172 msecs.

[

Sentence 58

(i {qeveryl - , ~
(1x2 .

(c or6 ' '
{i (i x2 boy3) & (1 x2 in4 NlceS))

i (i x2 girl7) & (i x2 in8 Monaco9)})))
(f PRES (p swim10)}

"
\
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. ' ' » ~
[ v 4 ) . .o . .
. . ‘ “ ‘ . ) ‘ o . ¢
. 1. The average weight is 0.7 based on'1 comparison . . . ’
(d"\en‘l.‘y " . N S v
’ \~ : .’ . A \ \
i N2 boy\l) & (i x2 ind Nice5)) |
' or6 Y .
(i (i x2 girl7) & (i x2 in8 Monaco9))) .. o ' o 3\
i ‘(” (f PRES (p swnmlO)))) I o o
Lo ‘ ‘ : oo
The average welght is 0, 3 based on 1 compmnsorK\
{i(q evPryl x" (i (i x2 boy3) & (l x2 in4 NnceS)) (l x2 (} PRES (p 5\V|ml())))) \
S orfi . i ( , [
{q everyl '*l) ; O ' o~ o *
x- . R . . ¥ . . »,.\ \ e ‘

ting:nsed=l‘)2]pg&’c§. = S . . ’ 8

" Sentence £9

Ui (i x2girl7) & (i x3 m8 MonacoQ))
(i x2 (f PRES (p swim10))))): -

. . ,
v M o . . 4 a

i (q everyl T o o .

l (i (q m()5t5 .

(( of7 .
(1 x2 (i (i x2 man3). & (l €2 and (q-most5 bus6))))

="{1.x2 (i (i x2 woman8) & (i X2 on9 (q most10 trainll))))))
(f P\ST(p '\rnvel’))% ,

2 Lo

The '\verage welght is O 66 based on 5 cnmp\naona
y422 . . ‘
(i y422 bus6) ‘ | ' o
(q everyl A '
X2 R
(i (i 2 man3) & (i x2 on4 y422))
(i x2 (f PAST (p arrivel2))}))

(3 o] 7 LS ) J
‘{q mostl() LA Sy _ C
yi27 S A .

(i y427 tr:nnll) — - : : ' ,
(q everyl ¥ o ' Sy '
‘a ‘ ‘ :
{ifix2 woman8) & (l x2 on9 y427)).
lix2(f PAST (p arnvel"))))))

2. The average weight is 0.57 based on 4 comparisons

(i{qeveryl Ntr T

X2 ’ .
{i{ix2 manS) & (q most5 y422 (1 ¥422 bug6) (i x2 ond y422)))
(l x2 (f PAST (p arnvel")))) o
LofT .- .



: A . 101
I o . .
(q most10 o -
T RO ‘
(i y427 trainll)
(q everyl
\r-
(i (i x2 woman8) & (i x2 on9 y427)) o ‘
(i x2(f PAST (parrivel?2)))))) s

i}

n

3. The ﬂverage weight is 0.57 based on 4 comparisons
(i (q most5 ' . e ) I ' _’/
y422 . :
(i y422 busb) : ‘ /
(q everyl
x2
(i (i x2 than3) & (i x2 on4 y422))
{i x2 (f PAST (p arrivel2))))) ‘
orm '
(q everyl -
X2 - . . l
(i (il\x'lw\'om:\n8) & {q most10 y427 (i y427 trainll) {i x2 on9 v 127))
(i x2 ([ PAST (p arrivel2))))) :

|4,‘ The average weig‘ht‘ is 0.56 based on 3 cmr'lpnrisons
. . ko
(qeveryl
Y l ‘
({0 (i~x2 mnn’i) & (q mmtS vA22 (i ¥422 bus6) (i x2 ond _v-l'."l)))
or7 “ N
{i {i x2 woman8) & (q mostl()y«!""hyl tr'xlnll)(l\..nn‘)\4_’7)))) :
(1 X2 (T PAST (p arrivel2})})) . . A ’

-

5. The average »;'eight is 0,43 based on 3 comparisons :

(i (qeveryl.
X2 _ ,
(i (i x2 man3) & (q mosg5 y422 (l y422 busb) (i x2 ont ¥422)))
(1\..(I'PAST(p arrivel® .

or7

{q everyl

x2 ‘
{i (i x2 woman8) & (q most10 y427 (i ¥ 47 train b 1) (i x2on9 v I.’TH) :
(l\ (T PAST (p 1rr|vtl‘))))) . ‘ : : . o

time used = 633 msecs: ‘ <o ‘
C W

Sentence 60 U o

Yy

(i {(q somel boy.l SRR ‘ A
(r PRES (p want3 (TAU2 (f INF (p buy4 (q two) ueﬁ) (q somel boy: ’))))n)

R 1> The average weight is 0.68 based (Q 1 pomp;xrlspn ? - ' , " o
. . L . \}' . ‘\' \j5 ) B . :

~ - . N . N



“(q somel !
v431
{i 431 bay2) i
(i y431 ‘ :
(f PRES o Ta

(pwant3 = 4 :
(TAU2 (q tWOS y436 (11436 tie6) (f INF (p buy4 y436 y431))))))))
2, The average we:ght is 0:L3l based on 1 comparison
! ‘ ° . ’
(q somel | )
- y431 . - 1 ' .
‘(i y431 boy?2) ' ' ' -
' (q twob ' . \.\
y136 o
{i y436 tie6)

(i y481 (f PRES (p ;vant3 (TAU” (f INF (p buy-i y+436 y-!&l)))))m
N

\ 1

!
, time used = 134 msecs

S’entenc‘e 61

\

(i (9 somel (c or3 boy2 man4)) (f PAS’\I‘"(p shaveb (q somel (¢ or3 boy?2 nian-i)))))

. \
1. The average weight is 0.7 based on 1'comparison ”

{q somel SR ’ \\ .
ZE (.,/ i o -
(i (i y441 boy?2) or3 (i y441uman+)) |

i y441 (f PAST (p shave5 y141)))) "

2. The averagé weight is 0.3 based on 1 ’comp:xrison

(i {qsomel y441 {i y441 bov”’) (l y441 (f PAST (p shave5 y441))))
or3
{q somel y441 [i'y 441 m1n4)]| ¥441 (f PAST {p shave5 »441)))))

oot

‘ nme used 135 msecs. .

h - * . ——
" Sentence 62

EN

(i-(qgomel (1x2 (i (i x2 man3) s. (i x2§n4 {q ea¢}.5 tripb))))

(l‘ AST . ' _ L . 2
ﬁ; shave? ' ‘ o '
(q somel (Iﬂ {i (ix2 man3) & (ix2 on4 (q mrh) tnp6))))))))
1 The ave(age WFlght I/S 0.7 based on-1 comparison ’ :
(a each5 R ; .__, R
. y455 '

(|y455 tr|p6) B C . S S

192



5

- (i (¢ somel boy?)

‘Sentence 64 . X L o " .

.I(q somel : ‘ |
x2 ‘ )
. (i (i x2 man3) & (i x2 ond y455)) N~
(l X2 (f PAST (p shave? \1)))))¢

2, The average weight is 0.3 b'\sed on 1 companson

(q somel C ‘ Ca ‘ ;
x2 i ‘
(i (i X2 man3) & (q each5 y455 (i y455 tnpﬁ) (i x2 ond y455))) .
Coix2(f PAST (p shave7 x2)))) v e

time used = 255 msecs.

Sentence 63

{c ord . . ' ’/
(f PAST (p kiss3 (q eachﬁ glrl; N) o -
(f PAST (p hug5 (q each6 giri7))))) o

1. The average weight is'0.8 based oh 2 cofnbarisohs .

. (i (q each6 St . : . )

y168 t b
(i y468 girl7) o J ‘
(q somel y~164 (i y464 boy2} {i y464 (f PAST (p kiss3 y 168)))))
© ord .
(q each6
v468 f
{i y168 glrl;?)
-{q somel v:—lS-l (l 464 boy2) (| y464 (f PAST (p hugd y468))))))

N

-

2. The avernge weight is 0. 7 b'" ed on 2 comparisons

i C "
(i (q somel ) ! T,
y164

(i y461 boy ’)

{q e'u:h6 468 (i y168 glrh) (i y164 (f PAST (p kiss3 v 468))))) .

‘ Or" B >

I 7 .
(q somel S o L ok
yi64 . R Lo & “
{i ¥164 boy2) ‘ " e ' ‘

(q eachg‘yws {i y168 glrl ) (. yA64 (f PAST (p hugs usxnmng

“ e
N i

tlme used = 264 msecs

(iMaryl TG RO
Aeord, - A\ & o

193



\

L e VAR '
. —T s

| . T F v
(f PAST (p read3 (q some6 story7) (q each8 thild9))) .
(F PAST (p tell5 (q some6 story7) (q each8 child9)))))

* 1. The avgrag{e wcig‘l)t is 0.82 hased on 2 comparisons

— ' .
. ' ’ 1

(i (q each8 . , ‘ o L .
- y488 T ' o o ‘ Lo
(i y488 child9) '

" {q some6 y486 (i y486 story?) (l Mary1 (f PAST (p read3 y486 y488)))))

or4
(q each8
y488 "
(i y488 child9)
(q some6 y486 (i y486 story:) (i Maryl {f PAST (p tell5 y 186 y488))))))

A

¢

2. The average weight is 0.67 based on 2 comparisons

(i (q some6 o .
v486 ‘ . .
(i y486 story7)
(q each8- y488 (i y188 chlld9) (l Maryl (f PAST (p read3 y486 y488)}}))
or4 ‘
" (q some6 ‘ . ’ -
¥ 186 : o '
{i y486 story?) ,
(q each8 y488 (i y488 child9) (i Mary1 (f PAST (p tell5 y486 y488))))))

.
' -

ti}n’é used = 436 rhsecs. ‘o . .

. PN N
' . N

‘Sentence 65
TR -, g o :
{i (q'few1 girl2) : : ‘
(c ord
( PAST (p read3 (q some6 story7) (q.each8 chlld‘.))))
A PAST (p tell5 (q someﬁ st.ory7) (q each8 chlldg)))))

a

. N

el The average welght is'0.78 based on 8 comparisons

(q fewl .
- ¥516 - : o . .
. [i¥dl16 girl2) o I
“(i{(qeach8 . -~ ..o L
y522
(i-y522 child9) : ' s
(q some6 y520 (i-¥520 story ) (i y516 (f PAST (p rend3 y-S’O v 5'”))))} /,.7',;
ord’ o o
‘(qeachS e o I Ty : \,/..
y522 ‘ R ' o
(i y522 child9)-
(g some6 '
L ys20 ,
. 1y5"0 story7)’ B S
i v516 (I‘ PAST (p te]lS v5"0 ¥52 ))))))) '

[




4

-/
/' |

2, TFhe average aveight is 0.68 based on 3 comparisons /

(q some6 B - Y

LN TN . /

¥520 oo ‘ ‘ /
(i y520 storyT) ‘ .

(q fewl ‘ o ‘ /

~ ¥516 IR -/
* (iyb16girl2) o / -
(i (a each8 522 (l y 522 chlld9) (1 y516 (I' PAST (p repad3 yS’O y522))))

ord ! A
(q each8 o / .

y522
(l y522 child9)
(iys16 (1 PAST (p tell5 y520 yfwnmn

.

73, The average weight is 0.66 bas//on 5 comparisons , .-

{qfewl. ,
y516 o /
(i y516 girl2) /-
{i (q some6 ‘ ‘/

y520 : ) y
(i y520 story7) /
(q each8 y522 (i y522 hlld9) (i y516 ([ PAST (p, read'l y5’0 y5 200

or4 ' / ~

(q some6

Yo y520

(1 y520 story 4)'/ ‘
(q~eacb8‘ o -
5rm \/ .
(i y522 chlld9) .
i y‘il(}(l‘ PAST (p tells y520 y522)))))))

4. The avem/ge weiglit is 0.65 based.on 3 comparisons

(i (q fewl
yo5l ’
(i y/516 girl2) : . . S
(/qeach8 . . : . o
(iy52 éhlldg) o ’ o
fq some6 ¥ 5”0 (l 35”0 story?) (i y516 (f PAST (p re'ld% ¥520 ¥ ‘).’.’.))))))
or4 ‘

‘(g fewl ‘ : R -
y516 AR
(i y516 girl2) o o .
‘(qeach8 o R C
 y522 ‘ S P ‘ T
(i y522 chlld9) . : o
(gsome6 . . . N - >
ys200 . o . T T '
(i y520 story?) = - . L S

(1 ¥y516 (l' PAST (p tell5 y5”0 y;52°)))))))

al .
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.
ot
\

Do

Vo P : . A

r._ e e [
('(I"'lchs ‘ 2 - .
Vﬂ))) ' ' , »‘ L
. (ly')_’.! thldg) ‘ K : . :
(qfewl : ‘ .
o ¥516 CoA

liy516 gnrl")

ord ) .
(. (qeach8~— L ,‘ “ ' '
. ¥522 | o -
(i y522 chlld‘.)) o ¢
/( fewl '
_/y516 .
(1.y516 girl2) . .o
(q some6 " o
ysqo ' . ’ »
(i y520 story7) ‘
(i y516 (I PAST (p tell5 v5’0 ¥ 52 g),)))))

6.. The average welght is 0. &S based on 3 compansons

(l (a each8
ys22
iy522 chlldg)
q somme - !
¥520, '
(i y520 storyz)

or4
{q eachs -
ys22 .
(i 522 child9)
(q someb
y520 .
N $(l y520- story7)

(q fewl y516 (i y516 girl2) (1 )516 fPAS"I‘ (p tell5 ¥520 y 5"’)))))))

’I‘he average wetght lS 0.58 based on 5 comparisons

(i ('q fewl .~ S
ys516 » ). S
(i ¥516 glrl") ' , . ‘
—=  (gsome6 . - 1 . -\,
- ¥y520 <« >

- {iy520 story?) ‘

(q each8 y5 (i y5‘22 chlldQ) (l y516 (l‘ PAS’I‘ (p read3 y5”0 yS”))))))

o4 . . N ) ‘
(g_fewl R y A ‘
CYSIEL T
" {iyS16 glrl"’) R A
Jgsome6 - . . . . Lo
yse0 . AR S
(1 y5"0 story?) ST

"5, The ‘:iverage weight is 0.65 based on 3 comparisons

)

'
A

o

)

o (q some6 y570 (v' y520 storxl) (l y510 (f PAST (p read3 y! 520 ¥5 ‘”))))))

{q fewl ¥516 (i y516 glrl"’) (i y516 (f PAST (p read3 ¥520 vS”))))))

w6




ceevn " {qeach8
¥522
(i y522 chlld9) . ,‘
(i y510 (£ PAS F}p tellS y520 y52: )))_))))

8, The average welght is ().48 based on 5 compnrisons

(i (q some6
)0 ) ' . . , \
(l yH20 story7) - ‘e
(qfewl . < ‘
¥516 » ‘ : : - ,
(i y516 girl2) ‘ \ *
(q each8 y522 (l 522 ¢hild9) (1 y516 (f PAST (p read3 5 ’()) f: ’))))))
or4 :
,(a some6 - ' L )
y520 ‘ ' ‘ ‘
(i y520 story?) - R . ‘ ’
(qfewl ’ ‘ ‘
yol16 : ‘ o
(i ¥516 girl2) I P :
(q each8 o o ‘ - L '
y522 . v
(l y522 chlld9) . - Co o
(l y516 (f PAST (p tell5 y520 y522)))))))

9., '] }{e avcrage welght is 0 47 based on S compansonb

r"*

\

| (i. (q some6

y520 ~ ‘ o b e

(i y520 story7) : ' . ‘ o

(q each8 , o . - o . \
y5 . \ . § ;

* (i y522 child9) ' ) ,
(q fewl y5I6 (l y516 glrl2) (i y516 (l' PAST (p rond&y") 20 y522))))))
ord
(q»someﬁ
y520°

i y5””ry7) o
(q eac '
y52t) o ' o e . Lo
(i y522 child9) . ‘
“q fewl y516 (l y516 glrl2) (l y5[6 (l’ PAST (p tollS y5"0 y.‘}"")))))))

‘time useq 1186 msecs

-

N -Q‘

Y




P

C R Appendix IV \
Scoping Program .).4
-\ ) (‘#‘\./
; Macch, 1987 . s

:
“Thteoduction:

i The program reads in a sequence of initial logical (ranslations of
: English sentences and for cach generates the set of valid scoped
readings, arranged in an approximate order of preference,

The program is written in Franz Lisp,

| lnpu(: ' N

The input formulas are read in from the file "in” Heuristice
information needed for scoping is stored in the files "w;-igh(n",
“relations” and “ratios™,

Qutput:
The vutput goea to the tile “out”, For each input formula the program

echoes the input then prints alist of scoped readings prececded by the

average scoping weight for the reading and the number of comparisons on

which this is based,
‘ : ~
Summary:
The program is divided into ten parts:
o b lnput and output —
2. Definitions and auxiliary functions
Maodification of logical form
1. Redundancy and scoping weights .
;5. Horizontal scoping '
i 6. Vertical scoping

3

i 7. Dretermination of structural categories ~
G . . . ' ’~ . .
. B, Scoping of terms :
9. Scoping of phrases ’

V1O, Main section




PART L INPUT AND OUTPUT

; The first three funectiona read in heuristic data from the files "weights™,
:"relations™ and "ratios”, The last two functions are used for output,
emmmReAmmeAamARAnsAnnamanAmannansn s san e R

(defun store-weights ()
(prog (srelation opty pe)
(setq inport (infile "weights))
read-loop
(setq srelation (read inport ))
(¢ond ((null scelation) {return nil)) (t ail))
{retq optype (read inport))
{cond ((equal optype “all) (put srelation ‘all (read inport )))
(t (mape
‘(lambda (op)
(put srelation op {read inport)}))
‘(some u~some each most few no or and))))

(go readloop))) : P

(defun store-relations () -
(prog (eategory k category ) / &
{setq inport (infile ‘relations))
{read inport)
category l-loop
{setq eategory 1 {read inport))
category 2-loop
(setq category:? (read lnpurl ]
(cond ({null category2) (return nil))
{(equal category2 '*) (go category 1-loop)) |
. (t (progn (put category 1 category2 (read inport)) .
' {go eategory2loop))) )})

(defun store-ratios ()
{prog {op srelation) ‘
(setq inport (infile ‘ratios)) | ‘ |
{read inport) . |
op-loop
(setq op (read inport))
(put op ‘standard \read inport}))
{put op ‘ratio (read inport))’
relation-loop
(setq srelation (re'xd inport))
(cond ({null srelation) (return nil}}
—_ ((equal srelation "*) (go op-loop])
{t (progn (put op srelation (read inport}))
(go relation-loop)))) )) '
: "Printr” prints a scoped reading preceeded by tRe average
: scoping weight and the number of (ompanwns on which the
: average is based.’

(defun printr (r)
(progn (terpri outport).

199



C200

{patom ‘|| outport)
(print {setq Sa (add1 Sn)) outport)
(patpm ' [outport)”

(patom '[The average weight is |outport)

(print (truncate (caar r)) outport)

(patom ‘| based on |outport)

(print (cadar r} outport)

(patom ‘| comparison|outport)

{cond ((equal (cadar r) 1) (patom ’||outport))-

(t (patom 'k | outport))) .

(terpri outport) (terpri outport) '
(pp-form (cadr r) outport)
{terpri outport)))

{(defun print-line {n outport)
- (cond {{equal n 0} (terprji outport))
(t {progn (patom '] outport)
{print-line (subl n) outport}j)} ))



PART 2 DEFINITIONS AND AUNILIARY FUNCTIONS

:* Some definitions follow, Numerals and numeral pactitives are given

the same scoping heuristics, The parameter "Smin-weight™ is the minimal
acceptable scoping weight for the comparison of a pair of operators,
"Remove-op” is used to remove an operator from a list of operators,
"Suffix” returns theé suffix of an expression; if the expression is a phrase,
the suffix of the main predicate is returned. /Store-digits” is nceded to
convert suffix characters into numbers, "Store-words” splits a word into
the suffix and the remaining word and stores both on the property list of
the word.. "Sort is called by "main™ to sort the list of readings of a
sentence by the average scoping weight (which is obtained by dividing the
total weight by the number of comparisons made), :

(setq Snumerals '(two three four five six seven eight nine ten}))
{setq Snum-partitives '(u-two u-three u-four u-five u-six
u-seven u-eight u-nine u-ten))
(setq Stensed-mods TPRESPAST FUT))
(setq Squant-advls '(sometimes always often usually seldom never))
(setq Sexistential-quants '(some num several many})
(setq Suniversal-quants '(each every all u-some u-num u-wvoml u-many))
{setq Soptimal-weight 1,0)
(setq Smin-weight 0.01).

(defun put (node attrib value) ' C o

{putprop node value attrib))
\

(defun ave {a b) (quotient (add a b) 2))

{defun exchange (a b),
(setq Stemp a a b b Stemp))

remove-op (op oplist newlist)
{null oplist) newlist)
equal op (car oplist}) (remove-op op (cdr oplist) newlist))
(t {remove-op op (cdr oplist) (appendl newlist (car oplist))))))
{defun remove-ops (inner-ops ops)
“{cond ((null inner-ops) ops)
(t {remove-ops (cdr inner-ops)
(remove-op {car inner-ops) ops nil))) ))

(defun trim-zeroes (1)
(cond {{equal (car 1) ") (tnm zeroes (cdr 1)) (t )
(defun formsym (¢ h'\r) .
(implode
——om———  {cons char (trim-zeroes (cdr (explode {gensym char))}}) ))
\
(defun preposed? (phrasel phr:méT_’)-"
. (lessp {suffix phrasel) (suffix phrase?)}))

{defun untensed? (phrase)

201
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(cond ({(atom phrase) t)
{{equal (car phrase) ')
(cond {(member (cadr phrase) Stensed-mods) nil) .
(t (untensed? (caddr phrase))) )) .

Tty

~

(defun suffix (expr) »
-(cond ((atom expr) (get expr 'suffix))
((member (car expr) '(q ¢ p))
(cond ((atom (cadr expr)) (get (cadr expr) 'suffix))
(t (suffix (cadr expr))) )}
" (t (suffix (car (last expr)))) ))

{defun word (op) . Vo ma—
(cond ((null op) nil)
{{atom op) (get op 'word})) a
((atom (cadr op)) (get (cadr op) 'word))

(¢ nil)))

{defun get-pred (ph'r:sse) 9
(cond ((atom expr) expr) '
{{(equal (car expr) 'p) .
(cond ((atom (cadr expr)) (cadr expr)) -
(t (get-pred (cadr expr))) ))
{t (get-pred (car (last expr)))) ))

(defun digit (char)
(get char 'digit))

(defun truncate (num).
(quotient (float (fix (times num 100.0))) 100.0))

(defun store-digits ()
{mapc -
‘(lambda (pair) T ‘
(put (car pair) ‘digit (cadr pair))) 7
(1) (1212) (1B13) (H]4) (b1 5) o
(616) (F17) (181 8) (B9} (D[0)) ))

{defun nu_r;ber(-revl)
(cond ((null revl) 0)
(I(add {digit (car revl)) (times 10 (number (cdr revl)))) )))

* {defun spln~wprd (wordlist word)
(cond ((null wordlist) nil) '
((digit (car wordlist)) '
(list (implode word) (number (reverse Wordlist))))
{t (spht-word (cdr wordllst) {appendl word (cnr wordlist))}} })

(defun st«ore-words (phTase)
(progn
(cond ({not (atom {car phrase))) (store—words'(c:\r phrase)})
((member'(car phrase) "(q c 1 p i f)) nil)



L N S0

“{t (ptogn 1 o
(setq spl (split-word (explode (car phrase}) nil))
¢ (vond ((null spl) nil)
{t (progn ‘
(put (car phrase) ‘word
(cond '

((member (car spl) Snumerals) 'num)
((member (car spl) Snum-partitives) 'u-num) - ™~ :
(t (car spl)))) . ' ot
(put (car phrase) 'suffix (cadr sph)))}) ))) @ P -

{cond ((null (cdr phrase)) nil) N
‘{t {store-words (cdr phrase)))) ))\

\

(defun_insert-sort {r slist) J A : -
(cond ((null slist) (list 1)) .~
((greaterp (caar r) (caaar slist)) (cons r slist)) PR
{t (cons (car slist) (insert-sort r (cdr slist)))) )) ’

(defun sort (slist rlist) .
(cond ((null rlist) slist) ' : ' IR,
(t (sort o '
~ {insert-sort
(rplaca (car rlist) ,

(list _ ' } '

- {cond ((equal (caaar rlist) 0) 1.0) .

(t (quotient (caaar rlist) (cadaar rlist))))

(cadaar rlist))) ‘

slist) ° »

(cdr rlist))) )) \

\



PART 3: MODIFICATION OF LOGICAL FORMS

The following functions are used to modify logical forms, .
“Embed” is called by "expand” to apply trapped operators
: to the phrase which they will embed. "Embed-op” performs the

; application for each operator; if the operator is a

'

; coordinator “"add-coord” is called to perform the application.
; "Embed-quant” is called by"‘scope-quz_;p.t_'_“tg_gmbed the scoped
: restriction clause inside the head determiner and variable,
: "Embed-subj” is.called by "scope-infix".
"Form-list” is used throughout the program to mnmhze a
; list of readings.
The remaining functions are used to '\pply a coordinator to a

: phrase during vertical scoping. .

’

'

{defun em'b‘ed‘ (r)
(hst (car r) (embed-ops (cadr r) (reverse (cdddr r))) (caddr r}) })

{defun embed-ops (log-form ophst)
{cond ({null oplist) log-form}
{t (embed-ops . .
. (embed-op log-form (car oplist)) (cdr oplist))) ))

' (defun embed-op (Iog;form op)
(cond ((member (car op) "(q I)) (append1 op log-form))
(t {add-coord (cadr op) log-form))) )

(defun add-label (op rlist)
(mapc .
'uambda(n"
(dsubst (list op (cadr r)) (cndr r)r))
rlist))’

{defun embed-quant (I hq hv)
(mapear . .. ‘
"(lambda (r) o L8N
- (append1 (cons’ (cnr_.LHcons hv {cddrr))) - -
(cond ((null (cdadr r)) (list 'q hq hv (caadr 1) .
((member (caadr r) ‘(¢ C)) (list 'q hq hv (cadr r)))
(t (hst q hq hv (cadr )N : ,
-
(defun embed-subj (sllst)
{mapcar
'(lambda (r) _ ‘
(cons (car r) . - . ,
(coms (list 'i (cadrr)) . ) T,
(cddr 'r)))) slist))

(defun form-list (Iog-form mde'( ops) ‘ :
(progn’ ' o,
(cond ((nu index) nil) o ,

~

»
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' k ‘ - 207
(t (setq index (l'ormS\m '))) . , - | ‘

(cond {(null ops) (list (list (list 0 O} log- form index)))
{t {list (list (list 0 0) log-form index ops}))) )

[ . . 3
. . . . ¢
»

: “Form-branches™ is called by "add-coord™ to form n copies
; of 2 phrase to be used as. the bganches of the applied . ———
. coordinator, : , , ! A
(defun form-brancﬁc;sl(—p_hmse-list n) ‘ , "o .
(cond {(equal n 0) phrase-list) '
(t (form-branches {cons (car phfase-list) phrase—llst)
| (subk n))))) |

\

. "Add-c8qrd” first calls “form-bianches” to create copies of

: the logicgl form to which it is applled. An iteration through )
. these brahches is then made in "branch-loop”, For each branch,

. the set of operators which may have been wrongly applied to .

. that branch are stéd in "wrong-ops” and the wrong operators

. (if any) are removed by “trim-branch”, Then all occurrences

: of the unscoped coordinated expression inside the branch are )
: replaced with the apprqpriate expression (the nth expression . , ‘ .
; for the'nth branch). The finished branches are stored in o
*; “newbranches”, When all branches have been processed, the

: coordinator is applied to the list of branches,

hry

{defun add-coord (coord phrase)
{prog (branches branch branch-num pattern oplist’ all -ops.
wrong-ops newbranches var) . L ‘
(setq branches {form-branches (list phrase)
. (length (cdddr (get-pattern coord phrase))) )) ' &
(setq all-ops (get, coord ‘ops)) v
{setq branch-num 0) . : .
branch-loop
(cond ((nuH branches) ‘ ‘ . -
(return :
(cond
((pred? (car newbrnnches)) .
. {(progn o o - . -
,_ (setq var (formsym 'y)) ' ‘ - o ' ’\S'
. -@ S "(setq newbranches ‘ ' oo '
- {mapcar '(larnbda (pred) (list i var pred))
newbranches)) LY _
(list "I var = ’ L
(nppend (list ’i (car newbranches) coord)
: (cdr newbranches))) ))
oo (e (append (list 'i (ca¢ newbranches) coord)
—- * (cdr newbranches)) )) ))
(t {setq bran¢h (car branches) branches (cdr brnnches))))
(setq branch-num (add1 branch-num)) : :
(setq wrong-ops (wrong-oplist all-ops (get'coord bmnch -num) ml))
(cond ((null wrong-ops) nil}. .
{t (setq branch (trim-branch wrong-ops branch)))) o ' ' )
subst- loop . . _— S :

ks
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>

(setq pnttern (get pattern coord branch))
(e ‘L'lg {{null pattern) , :
(progn (setq newbrapches (1ppcndl ne“brnnches br'mch))
{go branch-loop)))
(t (progn {setq branch
“{subst (nth br:mch-num (cdr pattern)) pattern branch))
(g0 subst-loop)))) ))

; “"Wrong-oplist™ ret'urns a list of the operators which are

; initially embedded inside the coordinator but not inside the

; current branch(the parameter “right-ops” contains a list of
; the operators 'originally ‘present in the current branch),
: Coordinators are placed before quantifiers in "wrong-ops” to.
|mprove t,he efficiency of any subsequent brnnch mmmmg

{(defun wrong-ophst (all-ops right-ops wrong-ops)
(cond ((null all-ops) wrong-ops)
((member (car all-ops) right-ops) .
{wrong-oplist (cdr all-ops) right-ops wrong—ops))
' (t (wrong-oplist {cdr all:ops) right-ops
(cond ((coord? (car all-ops)) {cons (cat all-ops) wrong-ups))
(t (append] wrong-ops (car all-ops)))) )) )) -

; “Trim-branch” iterates through the'list of wrong operators in
"op-loop™ and for each operator removes all instances of it '
» (if any) from the branch (in "pattern-loop”). For vacuous
;’coordination, the first coordinand (any will do) is sub<trtuted
for the coordinated expressron

(defun trim-branch (wrong-ops bra'nch)
{prog.{op pattern}) ) R
.op-loop -
~ (cond ((null wrong-ops) (return branch)) ‘
(t (setq op (car wrong-ops) wrong-ops (cdr wrong-ops))))
pattern-loop : - -
(setq-pattern-(get-pattern op brnnch))
~ +(cond ((null pattern) (go op-loop))
((quant? pattern)
(setq branch (subst (car (cddddr pattern)) pattern branch)))
(t (setq branch (subst (cadr pattcrn) pattern branch))))
(go pattern loop))) . , ‘ o

Get-pattern returns the ﬁrst occurrence of the e’(pressron
embedded inside the operator "op” in "phrase”. The patterns
+ (if any) are recognized by the prefix symbol (eg. "q") and
; the operator (eg. some“") If no pnttern is present ml is

; returned - A :
(defun get-pattern (op phrase)
(prog (pattern)

(cond ((atom phrase) (return ml))
((equal (cadr phrase) op) (return phrase))
((and (greaterp (length phrase) r’) \

(equal (caddr phrase) op))-

R} - . o . L . . —_—



] (returnvphrnse)‘)
{t (setq phrase (¢
phrase-loop .
{cond ((null phrase) (return nil)) (t nil))
(setq pattern (get-pattern op {car phrase)))
(cond ((null pattern) (progn (setq phrase (cdr phrase))
‘ ' (go phrase-loop))) ‘

hrase))))

N

(t (return pattern))) ))

~4

. /‘? ’5 ;} e
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' P ART 4: REDUNDANCY AND QCOPING WEIGHTS

(N

;. The followmg funcuons are used o detect redundant
; readings and to compute scoping weights,

. (defun pnrallel’ (op! op")

(or {member opl (get op2 parallel))
(member op2 (get opl 'parallel))))

- (defun existential-op? (op)

-

{or (equal (word op) 'or)
{member (word op) Sexistential-quants))]

(defun universal-op? {op) |
- (or fequal (word op) 'and) o
{(member (word op)-Suniversal-quants)))

(d(-run commut.auve? (opl opl)

(cond ((and (existential-op? opl) (existential-op? op: ’)) t)
"((and.(universal-op? opl)(umversakop? op2})) t)
(el o C

N

Redundant” determmes whether a Ilst of operators \nll
; create a redundant readlng when appliéd to a phrase in
lcfl to-right order. A reading is redundant ifl:
- two adjacent quantifiers are commutative and the suffixes
. are in the wrong—order
. - a quantifier is directly before :;‘ commututative Eoordinater s

: - two adjacent coordinators are commutative and the lirst.one

neither embeds nor has a lower sutﬁ\ than the second
i one - ‘ :
- two adjncent operators are parallel (thnt is, they occur in

: wrong order.

'separate branches of a coordmated expressron) and are |n<f7

(defun redundant? (ophst)
(prog (op1 op2)
(cnnd ((lessp (length oplist) 2) (return ml))
" (t (setq opl {cadar oplist) op2 (c{)l’adr oplist))))
(cond ((member (word opl) Sexistenfial-quants) -
(cond ((and (member (word op2) Senstentml-qumte)
(lessp (suffix op.,L(suﬁix opl)))
(returnt)) . P
~((equal (word op2) ‘or) (return t))
‘ (t (return (redundant? (gdr oplist)))) ))
; ((member (word opl) Suniversal-quants) -
 (cond {(dnd (member (word op2) Sumversal-qunnts)
' (lessp (sufﬁx op") (sufﬂx opl))‘L,
. (retirn t)).
. ((equal (word op”) and) (rbturn t.))
‘ ‘/' o (return (redundant’,(cdr ophst)))) ))

e

o
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(defun standard-ratio (word s- relation)

((commutative? opl op2) :
(cond ((and (not (embeds? opl op2)) B Y .
(member (word op2)’(or and)) ©
(lessp (suffix op2) (suffix opl})) (return t)) '
(t (return (redundant? (cdr oplist))))) ) 0
-((and (parallel? op1 op2)
 {lessp (suffix op2) (suffix op1})) (return t))
(t (return (redundant? (cdr oplist)))) )))
R o
teond ((null (get word s-relation}) (get word ’ratio)) ‘ T
" (t(get word s- relauon)) )) o

; "First- op -factor” is called by "scoping-weight” to add the
: effect of the first operator to the scoping welght (when ’ Lo
: two unscoped operators are being compared), '
: It increases the weight if the first operator is "a” and \
: rf?duces the weight if it is “few” or "no".
(defpn first-op-factor (ﬁrst op |n|ual \\elght)
(cond ((equal first-op “a) |
(min (ave initial-weight Soptimal-weight)
(times 2.0 initial- welght”)
({equal first-op 'few) (times initial-weight 0, 8))
({equal first-op 'no) (tlmés initial-weight 0.5))
(t'initial-weight)))

1

(defun embeds? (op1 op’)
(cond ((member op2 (get opl ops)) t)
(t (apply 'or (mapcar ‘(lambda {op),
(embeds? op op2))
- (get opl “ops)))) ))

(defun coord? (op) ' L ‘ . .

(cond ((atom op) (memﬁer op '(and or)))
{t (member (car op) (e CHH)) : I S

Coord wexght uses some sxmphﬁed heuristics to obtain a -
: scopmg weight for coordinators. If a coordinator or h
e\istential quantifier-is embedded inside a coordinator

: a weight of 0.4 is returned for a dlstnbutlve quantifier

: 3 weight of 0.0 Ifa coordmator is preceeded by, but not. S
embedded by .another coordinator, ‘aw mght of 0.3 is returnml e

((lefun coord-weight (opl op'.’) e T
(pmg {word1 word?2) o
- {setq word1 (word op1) word"’ (word op2))
(return ; - :
(cond :
((embeds’ (cadr opl) (cadr op"))
(cond
((coord? word1) : e R
(cond ((equal word‘2 ‘or) 0.4) AR
({member word? Sexistential-quants) 0.4)

,, e
et —— "

‘e . e

Q
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v (theparametcr opl= ml)

Coo): .,
(e 10)) g
((embeds" (cadr op2) (cndr opl)) N
. (diff 1.0 (coord- -weight op2 opl))}
((lessp (suffix opl) Tsuffix op")) 0.3) ‘ )

(t 0. 7))) ) —

: "Scoping-weight” computes the scopihg weight for a pair

v of operators. It is used for both horizontal and vertical
scopmg (being called by "combine” and “expand).

r horizontal scoping, the parameter "srelation” will be
nll and will be determined from the suffixes and categories
; of the two operators by calling ' "structural-relation”, '
: For vertical scoping, "srelation” will describe the type
; of vertical relation and only one operator will’ be ptesent

(del‘un scoping-weight (srel:mon opl op ’)

* (prog (wordl word?2 standard lnmal-wenght rcversed?)
(cond ({atom srelation)’ nil) «
"((equal (car srelation) 'if-then) ml)
(t {setq srelation (car srelamon)))) '
(cond ({(null op1}) ‘
: (cond ((equal (word op2) 'not) (return 0.0))
((member (word.op2) $quant- advls) (return 0.0))
- {(member srelation’(quant-pp’ ‘quant-vp quant cl))
(setq opl Sheadop))
" {tnil))
"((or (coord? opl) (coord? op2))
(return (diff 1.0 (coord-weight op2 opl))))
((lessp (suffix op2) (suffix op1])

' * (progn (setq reversed? t)

(setq Stemp. opl opl op.. op2 Stemp)))
-t nil)) ‘
(setq word1 (word apl) word? (\\qrd op"))
. (setq srelation
" {cond ((null srelation) {str%cturnl-relahon opl op ’))
({atom srelation) srelation)
- (tequal (caddr srelation) 1) ,
(cond ((cadr srelation) 'pre-if) (t ‘post- lf)))
(equnl (caddr srelation) 2)
" (cond ((cadr srelation) 'post- then) (t pre-then)))
(t ‘post-then)))
'(cond ((equal word? 'not)

: (setq Stemp wordl word1 w0rd 2 word?2 S(emp)) (t nil})
~ (setq standard (get’ word? standard)) .

(sotq lmtlnl-welght
{cond. {(get srelation nll) (get <relatlon 'l“))
((null standard) (get srelation word2))
ot (umes (get srelation standard)
: " (standard-ratlo word?2, srelatlon))) ))
-(setq mmal-welght S
(cond ((nall word1) lmtxal-welght)
(t (ﬁrst-op-factor w0rd1 mltml-welght)) ))

15
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(return- ‘ S
(cond (revesghd? (diff 1.0 initial-weight))
(t initialweight))) }) '

(defun structural-relation (opl op2) *
(prog (c%atﬁ.’ srelation) '
(Betq catl (category opl) cat2 (category op2))
_ (setq srelation (get cat] cat2))
(returp :
(cond ({null srelation) (get catl 'others))
(t srelation))) ) -

.
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\
{ , ‘
e horizontal scoping of operators n two lists of

dings is performed by “‘coritbine” ‘which calls on
i tombm«urc'\dlngs to scope each pair of readlngs
; Tlie actual scoping is perfotmed by ’ p(-rmuto or “simple-
: p‘épmute Whlch genemte the set of qcoped readings
sodr ndmg to different permutations of the two sets
: of opant‘ors Some additional functions are required to

' handle the scoping of coordln'\tors and of duplicated

n

, operators, \ A

% "Outer™ and “inper” retrieve the lists ol" operators which
respectively \duplic'\tcd
The Lwo “sl‘\ are \t()r(‘d on ’

: suipe outsidg“ and insic

’

[}

' \\here Riis the label for th¥Aeading, ()u(e( and “inner”

. will combine the lists fot p%o readings if the parameters

: ',frl" and 'r2" are bqth non-q'ull.
(defun outer (op ol r2) : ‘ .
{cond ((null:nl) o o " ’
(cond ((null 2) nil) .
Yo (t(car(getopr2)))))
{{null r2) (car {get op rl)))
(t (append {car (get op rl)) (car (get op r2))) )))

(defun inner (op tl r2) 4
(cond {(null r1)
(cond {(null r2) nil)
{t (cadr (get op r2)}}))

((nqll v12) (cadr (get op rl))) v w oy
(¢ (append (cadr (get op c1)) (cade (gettop e2))) ) ﬂ
. it
+; "Create-t” is called by "combine-readings” to create a l:\bel ‘;,‘f
: for a new reading. The input parameters “r1” and "r2" are .
: the labels (possibly nil) for the old readings which were : »

: combined into the new one, If either is non-null a new label

- is created and each duplicted operator in “oplist” is

. updated with its scope relatjions in the new reading.

. These relations include those isdrerited from the previous

. reading(s) and any new omes found by “update-new-r",

: The latter function determines.the scope relations of

: any duplicated operators in "oplist™ with other operators -

. in the list and puts this'inTormation on the attribute
“new-r”, the newly created reading.

e

{defun update-new=r (new-r outer-ops oplist)

{cond ,(null oplist)ail) ! o]
((member (c:xr oplist) Scopxed ops) .
prgogn ‘ X :
'l _. . K )



{put {car oplist) new-r
. (list-(append outer-ops (vuter {ear oplist) new-r nil))
{append (inder {ear oplist) new-r nil) (edr oplist})})
{(updatcé-new-r new-r (cons (ear oplist) outer~ops)
{edr oplist}))) .
- (t {update-new-r new-r (cons {car oplist) onter-ops) {cdr oplist))) ))

(defun create-r (rl1 r2 oplist)
{prog (inner outer new-r)
(vond ({or vk r2 (intersect? Scopied-ops
‘ (mapear 'cadr oplist)))
(setq new-r (formsym 'r)))

(t (return nil})) ,
{mape
(lambda (op) .
(cond ({member (cadr op) Scopied-ops) .

{put (cadr op) new-r
T {list (outer (cadr op) 1l r2)
(inner (cadr op) rl r2)}))
(¢ nil))
oplist) —
{update-new-r new-r nil {mapear ‘eadr oplist))
(rﬂurn ne\v-r))) ‘

: "Inner-ops” returns a list of the operators Which scope

. ; inside the coordinator ("coord™) in "oplist”,

. and "outer-ops” those which scope'outside jt. Both functions

- are c:xllefi by “combine-readings”,
(defun inner-ops (coord oplist) .
(cond ((equal (car oplist) coord) (edr oplist))
(t (inner-ops coord (edr oplist})) })

(dc‘l'lun oufer-ops (coord, oplist)
. {cond ((equal (car oplist) coord) nil)
{t {cons (car oplist) (outer-ops coopd (cdr oplist))) )))

+ 8
A

: "Valid™ returns nil il the two rebdings labelled by "rl1” ’

: and "r2” contain any inconsistent,scope orderings of any

. duplicated operators (listed in Scopied-ops).

. "Intersect” retyrns the intersection of two lists,
. » .
(defun valid? (rl r2 copied-ops) .
(cond {(null copied-ops} t)
({or (intersect? (car {get (car copied-ops) rl)).
) {cadr (get (car copied-ops) 12}))

(intersect? (car (get {car copied-ops) r2))
(cadr {get (car copied-ops) r1)}))
nil) : )
{t (valid? r1 r2 (cdr copied-ops)3) })

(defun intersect? (list1 list?) . N\
(cond ((null list1) nil)

&y
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in

: results in an invalid reading (if duplicated operators are

((m'vmbvr (car list]) list2) ¢)
(t {interseet? (edr list1) lise2)))

tefun update-compared-ops (opsl ops2)
{cond ((null ops1) nil)
({(member (cadar opsl) Scopied-ops)
{progn '
(ndd:comparedmps (cadar opsl) (append (cdr opsl) ops2))
(update-compared-ops (cdr opsl) {cons (car opsl) ops2))))
(t (update-compared-ops (cdr opsl) (cons (car opsl) ops))) ))

1
\

1

“{defun add-compared-ops (op oplist)

(prog (compared) :
{setq compnred‘iget op 'compared))
op-loop
- {cond ({null oplist} .
{progn (put op 'compared compared) (rcturn ml)))
((member (cadar oplist) compared) nil)
(t {setq compared {cons (cadar Opllbt) compared))))
((setq oplist (odr oplist))

(go op-IO()p?))

"Add-weights™ adds the scoping weights obtained by giving‘

; an operator ("op”) wide scope over each of the operators

a list {"oplist™). If giving the operator wide scope

K present), nil is returned, Otherwise the total scoping
: weight ("sum”) is increased by "add-sums”,

{defun add-sums (sum opl op 7)

(list (add (car sum) (scoping-weight nil opl op2})
{add1 (cadr sum))))

{defun add-weights (op oplist sum)

{cond ({(null sum) nil)
{{null oplist) sum)
(t (add-weights op (c¢dr oplist)
(cond ((commutative? op (car oplist}) sum)
{{greaterp Smin-weight
(scoping-weight nil (car oplist) op)} nil)
{{and (atom coord) (not (null coord))
{member coord (list (cadr op) (cadar oplist}}))
. (cond ‘
((and (member (cadr op) Scopied- ops) .
(equal {cadar oplist) coord))
(cond
((member (cadr op) Sold-comp) sum)
(t {progn {setq Snew-comp (cons (cadr op) Snew-comp})
(add=sums sum (car oplist) op)})) )
((and (member (cadar oplist) Scopied-ops) .
(equal {cadr op) coord)) o
(cond . '
{{member (cadar oplist) Sold-comp) sum)

(t (progn (setq Snew-comp*{cons (cadar oplist) Snew-comp}) .



(add-sums sum (ear opdist) op)))) )
(t (add-sums sum (eac oplist) opl}))
((member {eadr op) Smpi«-dmp.ﬂ . ‘ ‘
(cond g
{{member (cadar opllsl) (outer (eadr op) St Se 1)) nil)
((member (cadar oplist) (get (cadr op) ‘compared)) xum)
(t (add-sums sum (cqr pplist) op}) ))
{{member (cadar oplist) $aQpied-ops)
{cond -
({(membér (cadr op) (inner (md'\r oplist) Scl Sr)) nily
{{(member (cadr op) (get (cadar oplist) 'compared)) sum)
(t (add-sums sum (car oplist) op)) ))
(t (add-sums sum (car oplist) op}) })) ))

[

(defun simple-permute (10 11 12)
(cond ((null 11) (list {append 10 12)))
{(null 12) (list (append 10 11)))
(t (append
(simple-permute (append1 10 {car 11)) (cdr 11) 12) )
(simple-permute (append1 10 (car 12)} 11 (edr 12)))) )

(defun permute (10 11 12 sum)
{cond ((null sum) nil)
{{null 11) (list (cons sum (append 10 12))))

{{null 12) (list (cons sum {append 10:11))))

(¢ ('\pp(‘nd ‘
PR (permute (append1 10 (car 11)) (edr Il) 12

‘ {add-weights {car [1} 12 sum))
(permute (appendl 10 (car 12}} 11 (cdr 12)
(add-weights (car 12) 11 sum)) )} ))

“Combine-readings” scopes operators in a pair of rmdmgs (“lefer” md
“rightr™), First, the labels for the readings {"r1” and "t2") are checked

: for compatability by "valid?™; if they contain an inconsistent scoping of

: the same pair of operatogs, the function returns nil (the labels will only

. be present if the readings contain duplicated operators},

: The "format”™ parameter is used to specify how the two logical forms are to

: be combined. If the format is "subj” or "obj™ a check is first made for

. reflexives; if present, the correct “pattern” is substituted for the

: reflexive. The “coord™ parameter may be nil, "t” or the coordinator

: (prefixed with “¢”). The latter two cases only occur when “combine” is

: called-by “"scope-coord™.

: Coordm;uors are scoped with each coordinated expression before the

: oper:m/us in different expressions are combined. Therefore, in general

. the list of operators in a reading in “rl-list” (see "scope-coord”™)

: contains operators scoping both outside and inside the coordinator,

: These are. retneved by "outer-ops” and "inner-ops”, respectively.

1Ifa duphcated operator is present in both "leftops™ and “rightops”,

. it js temoved at this point from the latter. The scoping itself is

: p'erl’ormed by “permute” which generates a set of readings containing the

ﬂerent ermutations of the operators (both "leftops” and nghtops
alreaxf .internally ordered). :

l coord” is not an atom (meaning that the two readings from “ri- list”

; are being combined) then “"simple-permute” can be called instead. This

: simplification is possible because it is asspmed that only exi/éten_tial '

A
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cquantifiers can widen scope over a coordinator and therefore no new -
s seoping weights need to be v:\l«'ulnt]-(l l'or the operatorggg the “outer-ops"
s and the operators in the two "inpec-ops™ are embedded tnside different
; branches of the same coordinator "m(I lh(-rofore will not be scoped with
i each other, '
"Update-compared-ops” is called to update the scope relations of any
; present duplicated operators, Finally, the list of readings ("~ newllst )
' is returned, If “"coord” is an atom, the readings must be updated with
; the new scoping weights (a list of the sum and number of comparisons)
; and with a new label if needed (formed by "create-r”),
(dc-l'un combine-readings (leftr rightr format coord) .
(prog (leftops rightops log-form oldsum oldnum newlist Srl St Se m»r(l ~ops
. If1 If2 pattern) -
(setq Srl (caddr leftr) $¢2 (caddr rightr})) ; ' , S
{cond ((or (null $Sr1) (null $r2)} ail) . ~
({not (valid? Sr1 Sr2 Scopied-ops)) (return nil})
(t nil))
"(setq If1 (cadr leftr) 112 (cadr rightr))

(setq leftops (cdddr leftr) rightops (cdddr rightr)) . -
{cond ((member format '(subj obj)) .
(progn .
(setq pattern-
{cond ((atom (car (last Ifl)))
(get (cadar (last leftr)) 'pattern))
((equal (caar {last If1)} 'c)
\ (get (cadar (last If1)) ‘pattern))
(tnil))) - - .
{cond ((null pattern) nil) o N
(t (setq If2 (subst (car (last If1)) pattern 1[2)})) ))
(t nil))
{setq log-form
(caseq format ' : ,

('func . (list 'f (cadr leftr) {cadr rightr)))
{("append (append (cadr leftr) (cadr rightr)))
(‘list  (list (cadr leftr) (cadr rightr))) , : o
("appendl (appendl (cadr leftr) (cadr nghtr))) ’
(‘left  (cadr leftr))
(‘right (cadr rightr))
"('subj (appendl (cadr leftr)
‘ (cond ((null pattern) (cadr rightr))
(t (subst (cadadr leftr) pattern (cadr rightr))))))
(‘obj (appendl (cadr leftr) (cadr rightr)))
(t nil)))
(setq leftops (cdddr lel‘tr) nghtops (cdddr nghtr))
(cond ((atom coord) nil)
(t (setq rightops.
(append ,
(remove-ops (outer-ops coord leftops)
- {outer-ops coord rightops))
(list coord) ' =
(remove-ops (inner-ops coord lenops) o
(inner-ops coord rightops)))) ))
(setq oldsum (add (caar leftr) (caar rightr))
oldnum (add (cadar leftr) (cadar rightr))) -



(setq newlist
(delete nil
(cond ((atom coord) (pe rmute nil leftops rightops {list 0 l))))
(t (mapcar
'(lambda (left- ops)
(cons {list oldsum oldnum)
(cons log-form
. (cons {create-r Srl Sr2 left-ops)
(append left-ops (list coord)
(‘append (inner-ops coord leftops)
(inner-ops coord rightops))) ))))

'; {simple-permute nil (outer-ops coord leflops)
{outer-ops coord rightops)) )) )})
{update- mmp ared-ops , T

{cond ((not (atom coord)) (cdddar newlist)) (t (cdar newhst))) nil)
(return
(cond ((not (atom coord)) newlist)
(t (mapcar
‘(lambda (r) ‘
. (cons (list (add {caar r) oldsum) {add (cadar r) uldnum))
{cons log-form .
{cons (create-r Srl S {edr 1))
(edr 1))
newlist)))) ))

-

(defun combine (leftlist rightlist form: at coord?)

(delete nil
{apply 'append
{mapcar
'(lambda (leftr) .
{apply append .
{(mapcar )
‘(lambda (rightr)
_ (combine-readings leftr rightr format coord?)) :
-rightlist))) leftlist)))) s

[
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PART 6: VERTICAL SCOPING

‘Function \"o(xpand" may be called follawing the scoping of
" any phrase to scope the list of readings ("rlist”) relative
; to-the embedding operator (the information needed is present
; in the parameter “construct”). Each reading is vertically
: scopedfi#¢ “raise-ops”, This may call on four other functions,

: described below.

L . ; . \
Base—welght computes the combined scopmg welght of scnpmg
‘: all the gperators in a list (“ops”) inside an embedding
; operator (the vertical relation is given by "construct™).
: This gives the weight associated with the "base” reading,
. in which all the operators are trapped. The individual
; su:pl‘:g weights are determined by’ scopmg-welght and if
. any weight is below “$min-value”, then "invalid?" is set to
: true. The base reading will not be included in this case,
i (The scoping of duplicated operators with equivalent.
; predicates is partially implemented).

(defun base-weight (construct ops)
(prog (sum num)
{(setq sum 0 num0) C
(mapc )
‘(lambda (np)
(prog (weight)
~ . (cond ((member (cadr op) Scopned ops)
‘ (cond ‘
((intersect? Sequiv-preds’ (radr (get (cadr op) Sdld-r)))
(progn (setq Sinvalid? t) (return nil)}))
+ ((intersect? Sequiv-preds (car (get (cadr op) Sold-r}}))
(return nib))’ '
(t nil))) (¢ ml))
(setq weight
(diff 1.0 (scopmg-welght construct nil op)))
(cond ((greaterp Sthin- welght welght) (setq Siny alld" t))
(t nil)) .
(setq sum (add sum welght) num ('\ddl num))
(return nil))) »
ops) .
(return (hst sum num))))

s

! :
The neu three functions are called by “raise-ops”.
"Form-r” forms a reading by callmg embed-ops to apply
the trnpped operators to the.logical form (the "raised”
; operators wrll be carried up).
+("Create-rd” will be used.to handle the scopmg of
operators with equlvalent. predrcates)
"Increase” computes the increase in the total scopmg welght
: whlcb is obtmned by raising an operator (whlch is trapped '
rn the base readmg) . ‘ s

B (del‘un c_renté«rd"(r preds traﬁ;ea-op.s,rdise‘d-ops) ‘
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.(defun expand (constfuctnrlisp) L

nil)

(defun form-r (newval log-form raised-ops trapped ops)
{append . :
(list newval (embed ops log-form (reverse trapped- ops))
. (create-rd Sold-r Sequiv- preds trapped-ops raised- <>p~.)) \
raised- ops)) 3

(defun increase (weight) -
(diff (times 2 weight) 1 0))

Rmse~ops performs the vertical scoping for a reading.
: First the base reading in which all operators are trapped
i is formed (by "form-t"} and its scoping weight is
; computed by "base-weight”, This list of vertically scoped
; readings is stored in “rlist”; a reading is omitteéd if it
. contains an individual scoping weight below "Smintvalue” or
; if it contains a redundant ordering of trapped operators, -
: The operators are raised in left-to-right order in "op-loop”,
; If a redundant reading is detected the next operator is
; raised; if a scoping weight below Smin-weight is found,
» partially-formed Ilst of readmgs is returned.

(defun raise-ops (construct oldval log-form Sold-r trapped-ops)

{prog (newsum total Sequiv-preds r.;ﬁed ops bval op Sinvalid? -

rlist weight)
(setq Sequiv-preds (get (cadr conetruct) ‘equiv-preds))
(setq bval (base-weight construct trapped-ops)
newsum (add {car oldval) {car bval}))
total (add (cadr oldv al) {cadr bval)))
{setq rlist
(cond ((or Sinvalid?

{redundant? (append! tnpped -ups (()utf‘r—up Iog l'nrm))))

nit}) -,

op-loop
{cond {(null trapped~opsl (return rlist))

(t (setq op (car trapped-ops) trapped-aps (edr tr; apped- 1)p~])))

(cond ({redundant? trapped-ops) (go op-loop))
((and (not {null Sequiv-preds}) -

(intersect? Sequiv-preds (("\l‘ (get (ridr op) Sold- t))))

{return rlist})

“ ((member (cadr construct) (get (ra(lr np) mmp'\red)) ml)

(t-(progn .
' (setq weight’ (scopmg-welght construct nil np))
(cond ((greaterp Smin-weight weight) (return rllst))

(¢ (setq Mnewsum (add newsum (increase weight)}) 1)) )

(:etq raised-ops (appendl raised-ops op))
{setq rlist }
(append]1 rlist
(form-r (list newsum total) log-form
ralsed-ops trnpped ops)))
" (g0 OP-IOOP))) '

-

(t (list (rorm-r {list newsum total) log- I‘orm nil trapped-ops}f)))
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{apply 'apper(lld.
(mapecar ‘
‘(lambda (r)
(cond ((null (cdddr r)) (list r)) ‘
o (t (raise-ops construet (car r) (cadr r) (caddr r) (cdddr )
clist))) .

'



P.~\RT T DETERMINATR)N OF STRUC‘TURAL CATEGORIES ‘

" The structural category of each unscoped operator is stored
; on the property list under the attribute “category”. This
: category is used to determine structural relations and may
; change as the operator moves upward during vertical scoping
(e, a quantiﬁer in the subject position of an adverbial
_; verb phrase will be given the categqry "func” after’it .
; widens.scope outside the verb phrase). Such changes are made’
: by calling update-category after an embedded phmse has
: been scoped, )
: "Classify-terms” is called by ’ scope-preﬁx and is used to
determme detailed categories such as "topic”, “surface
. :subject”, “indir-obj” or "prep-obj”, This is done by
. ; comparing suffixes with position in the l‘ogical form,

(del‘un category (op).
(get (cadr op)-'category))

. (de[urr‘put category (op category)
(cond ((atom op) nil)
((atom (cadr op))
{put (cadr op) category cxtegorv)) (c nll)))

(de[un classnl'w terms (terms subj sufﬁ\ pred ~suffix)
(prog (terml term?2 count) | -
(cond ((null terms) (return nil))
" (t (setq term] {car terms) terms (adr terms}}))
(cond ((null terms) nil) .
(t (setq term2 (car terms) terms (cdr terms))))
(setq-count 1) : . *
(cond ({atom term1) (setq Scategory (append]l S« ategory L)))
((lessp (suffix terml) pred-suffix)
((‘ond {(lessp subj-suffix pred- ~,ul‘ﬁ‘()
{setq Scategory (append] ¢ atognr\ (()pl( )
{{null term2) .
(setq Scategory (Jppendl Scategory “surfac (‘-\lll)])”
((lessp (sufﬁx term?2) pred-suffix)
(setq Scategory” (append1 Scategory. "topic))) ‘
R | (setq Scategory {appendl Scategory surl'ace-subj))) )
(t (setq Scategory (appendl Scategory dlr obj)))) '
(se,tq count 2) .
" (cond ((null term?2) (return nil}) . -
" ((atom term2) (sefq Scategory (appendl Scategorv t))
((lessp (suffix term?2) -pred-suffix) =~ »
(mnd ((or (lessp subj-suffix pred-suffix). ‘
(lessp (suffix term1) pred-cuﬂl\)) L
(setq Scategor\ (appendl. Sc ategory ‘topic)))

LA |

(t (setq Scategory {appendl Scategory “surlac o-subj))) NE i

(t (setq Scategory (appendl Scategon m(llr-ob]))))
prep-obj loop' - ‘
(setq count (nddl count))

(cond ((null terms) (return ml))

a



At (prosn ‘
(cond ((lessp (sutﬁx (car terms)) pred sufﬁx)
(setq Scategory (appendl Scategory 'topic)))
(t (setq Scategory (appendl Scategory 'prep- ob;))))
_ (setq terms (cdr terms))

(go prep-obj- loop)))) ))

- (defun updnte-category (newhst. category)
© (mapc ‘ .
'(lambda (r) . .
{mapc . ‘ ' -
'(lambda (op)
(put-category op category))
(cdr r))
newlist)) . { o .
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PART 8: SCOPING OF TERMS -
The following functions handle the scoping of non-atomic
. terms, “Scope-term” determines the type of the term by
i checking the label. For quantlﬁers (Iabel "q") a variable ‘ -
: is obtained from” "getvar” and "scope-quant” ig.called, ‘ ‘
Dlﬂerent procedure calls are made for coordlnated terms, . ,
; generics and terms formed using "taul” or "tau?2", ‘ :
: "Scope-quant” scopes the restriction (unless’the restriction
; is 2 nominal-predicate suchi as man ) and embeds this inside b

; the head quantifier and variable. .

‘ "Getvar” returns a variable of quantification. At prese_r;t, ‘ . ‘ "
; a new variable is created (usig “newsym”) unless there is ’ ‘ )
: already a lambda variable present or the quantifier already

; has been assigned a variable (in the case of duplicated
o  quantifiers - this is stored on the attribute "var’ ). §

: For terms with coordinated restrictions, an iteration is . : o
; made through the restrictions to find a Iambd'\ expression,

:/(This needs to be lmproved)

kd

.
1

(defun newvar {det var) . . o ——_— ‘ ' o
(put det 'var | ‘
(cond ((null var) (formsym y))

C Tevan) N
(defun getva(.(term) : i ‘ ‘ N *"'33
(prog'(pred-list pred) ‘ :
(cond ((member (car term) (TAUI TAU’)) (return ml)) : .

((edual (car term)c) (return nil)),
((not (null (get (cadr term) 'var))) (return (get. (cadr term) ‘var)))
{(atom (caddr term)) (return (rewvar (cadr term) nil))) . , o
((equal (caaddr term) 1) -
__lreturn (newvar (cadr term) (cadr (caddr (erm)))))
(t (setq pred-list (cddr (caddr term))) ))
. cootd-loop .

Lcond ((null pred- llst) (return (newvar (cadr term) nil))) .
(t (setq pred (car pred-list) |

— pred-list (cdr pred-list)}))

(cond ({(atom pred) (go coord-loop)) "
((equal (car pred) ’1) (return (m:mvar (cadr term) (cadr. prod))))
* ({member (car pred) '(TAUL TAU2)) (go coord-loop))
(t (progn (setq pred-list (nppend pred list (cddr pred))) T ,

(gocoord-loop))))) - SRR

((lel‘un term? (expr)
(not (phr:).se" e\pr)))

(defun ’phrnse" {expr)
(cond ((atom expf) nil) RS R
"'((member {car expr) (q T-\Ul T‘\U")) nll)
((equal (car expr) c) (phrase’ (caddr e'(pr)))~ S

-
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(c ),

(dl-l'un ‘pred? (phl"l‘)(:)
" {cond:((member (car phrase) ‘(I p)) L),
{{equal (car phrase) 1) (pred? (mddr phr:xae))) ‘ o

(t nil)))

(defun qunnt? (terﬁx)
(cond ((atom term) t) ‘ :
((equat (car term) 'q) ¢) (¢ nil)) o S

(defun scope-term (construct term) ' |
(cond ((equal (car term)"'q)
(scope-quant (getvar term) (cdr term)))
{(equal (car term) 'c) (scope-coord construct ml term)) ' ' :
((equal (car term) '‘MU) o ‘ , ‘ ' "
(cond {(atom (c%dr term)) -
(form-list L ‘
(cond ((equal (car const.ruct) 1ub)ectr(llat i term)) g
(t term)) . :
nil ail))
(t (add-label MU (scope-lambda top nil - .
(cadadr term) (caddadr term)))) )
((equnl (car term) TAUI)
(add-label 'TAU1
(scope-phrase (list {get (car construct) ‘cl) z)
nil (cadr term))))
(t (add -label 'TAU2 -
(scope-phrase (list (get (car construct) 'vp) z) -
nil (cadr term)))) ))
)

(defun scope-quadt (Sheadvar quant) ‘ ‘ T \
(prog (Sheadop restr phrase rlist newllst) ‘ T
(setq Sheadop (car quant) restr (cadr quant)) . .
(cond {(atom restr) ‘ ‘ o ' A,
(return (form-list Sheadvar nil . ' '
: (list *q Sheadop Sheadvar (lnst i Shendvar restr)))))
(t (return o
(embed-quant : v ‘ e
.(cond-{(equal (car restr) ey - o ‘
e (scope-coord' (list restr) nll restr)) . , 1 o ‘ -
o , (t'{scope-phrase (list ‘restr) nll restr))) L , T o s
' SheadogSheadvnr))) m o C ' ' ‘



T PART 9: SCOPING OF PURASES S
. This section contaigs functions for\‘sm‘)ping'(hv LI ‘ L S
; different ty pes of phrase and for.all types of C()orain.xlul ‘ '

" rexpression, The main function js “scopé-phrase” which "

. detetmines the type of phrase and calls the appropriate SRR N .

: scoping function, The list of readings for each phrase is

; usually stored in "rlist”, Vertical scoping is preformed " -

’

; as the last step in each (unctio'n depending on the type

: of vertical relation (the parameter “construct”) and on “the'
; type of phrase, the list of, reaalngs may be returned.is it ' -

)

i stands or be passed to "expand”, A specml case is made for R

: coordmnted expressnons |n5|de noun complements i

.
- .

v B B 0
' . ' " |

: Sonpe-preh‘c scopes preﬁx ‘phnseb (correapondmg to verb
1 phrases and subject-less preposxl"“onal phrnsea) First, ‘the

. structural categories of the subject {if there is one) and T v A s

»

; the terms in the prefix phrase are determined by “classify- - o

; terms”, The subject is required as a parameter for this.

: Next, “rlist” is initialized with the predicate, which must o ; "
;.be scoped if it is coordinated, Next, the terms are scoped ' o ‘
+ in turn and combined with “rlist" in the "term-loop”, Terms = =
; which are atoms or reflexives (if the term has previously
: been encountered) are snmplv added to "rlist”, otherwnse o ‘
: they are passed to "séap®-term” and the position of the . ‘
; term is stored on the ntt.nbute ‘reflex” so that.later: : o ~ .

; occurences of the term can be recognized as reﬂe\lw: o

(defun scope:prefix (construct subj preﬁx) o R B N "
~ (prog (pred term terms rlist neéwlist pred- suffix ' “ T ‘
subj-suffix count Scatevory) )
(setq pred (car prefix) tefms (cdr preﬁx))
(setq pred-suffix (suffix pred) sub] suffix (suﬂ“n subj)) o
(cond ((null subj) nil) -
" ({lessp subj-suffix pred-suﬁix) o . oy
(setq Ssubj-cat 'full-subj)) .. o o ' o e
(t (setq Ssubf-cat "prep-obj})) . ; ‘ ‘ L N
(classify-terms terms subj-suﬁix prod 5ufﬁx) - P ) o SR
- (setq rlist - o 1 : ' e . ‘ Ve
' (con_d.((equal {car’ construct) quant: -pp) (l'orrn list: (Inst pred) nll ml)) b ‘
((at.om pred) (form-list (list 'p pred) nil ml)) B B
(¢ (combine (form-list (p) nil nil) B e .
(scope-coord (list 'func) nil pred) appendl ml)))) o,
(update—category tlist 'pred) . A
(setqcountO) S R ‘ S
ﬂterm-loop o R o S .
(setq count, (addl count)) I o R o o S

(cond ((null Letms) : R : - 1
B A (cond ((member (car construct) (mﬁ'( func quant.-pp restr tqp))
(return rhst)) ' ‘ :




(t (return (expand (onstrlul rlist))))) .
o (progn §
(setq term (ear terms) terns e dr terma))
“ (cond ({atom term)
' (setq newlist (form-list term nil nil))) -
((and (member (car term) ‘(¢ q))
. (not (null (get (cadr term) "reflex)))
(lessp (get (c1dr term) rcﬂe\) count))
- (setq newlist (form-listterin nil nil}))
‘ (¢ (progn
! . (cond ((member (car term) ‘(e q))

N\ (progn
/ (put (cadr term) 'pattern term)
(cond {(null (get (Mdr term) ‘reflex))
(put (eadr tcrm) ‘reflex count))

(i) )) N
(t nil))

(setq newlist (scope-term (list "objec t) (crm))

{update-category newlist
. . (nth (subl count) chtegor\ )D))
(:@e(\rhst (combine rlist newlist ‘obj nil))
(g0 term-loop))) ) )) ,
: "Scope-infix” scopes all infix expressions except connective
; clauses. A test is made for nominal-predicative clauses such

vas "[x man]” which need not be scoped. The term corresponding.

;,to the.subject is scoped first; if it/is not an atom, the

;'position‘ and pattern are stored to enable later reflexives

.; to be detected. Next, if the infix expression is a noun

gcomplement (construct = “restr”) the type of expression is

» determined (PP, VP or clause) and "construct” is updated,

i (The test for a VP complement is that is is untensed), .
o v, The scoped subject ("rlist") and predicate (“predlist™) are

. scoped horizontally (using‘ "combine"):

(defnn scope-infix (construct infix) .
(prog (subj pred rlist predlist Ssubj-cat Suntensed? constr)
. (setqsubj (car infix) pred (cadr infix))
(cond [(and (atom pred) (equal (length inlix) 2))
(return (form-list (list ‘i subj pred) nil nil)))
((atom subj) ‘
(setq rlist (form-list (list 'i subj) aftmmil))) <
(t {progn
(cond ((member (car subj) ‘(c q))
(progn
(put (cadr subj) 'reflex 0)
t {cadr subj) pattern subj)))
() -
(setq-rlist ~ e
(embed-subj -
(scope-term (list sub;ect») subj})) )))
(ﬁetq constr’ (copy comstruct))
(cond ((atom pred) -
(setq constr (list 'quant-pp 'z)
predlist (scope-prefix constr subj (cdr mﬁx))))
t (setq pretiljst (scope-phrase (hst infix) subj pred))))

\d.

’

I
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(cond ((not (atom subj)) (update-category rlist Ssubj-cat)) {t nil))
(setq Suntensed? (untensed? pred))
(cond {{equal {ear constr) restr) ' .
{cond (Suntensed?
{rplaca constr (get (car constr) 'vp)))
{t (rplaca constr (get (car conste) ‘el)))) ) 4
{t nil))
{setq rlist (oombme rlist predlist
(cond ((atom pred) ‘append) (t ‘subj)) ml))
‘(cond ((member (car constr) '(func top)) (return rlist)) ‘ i
{{and (atom pred) (equal (word pred) ‘element-of)) (return rlist))
(t (return {expand constr rlist)}))) ))

“Scope-func” separately scopes the function (into “flist")

and the phrase to which the function is applicd ("rlist")

and then scopes these horizontally (using “combine™), . N
Phrases serving as functions are prefixed with the "alpha” v
“scope-phrase™; constant -

operator and'are passed to
functions are not scoped but quantificational adverbs are S
. treated as unscoped operators and are later scoped with !
“rlist”, The negation operator is treated as unscoped ‘

function (to simplify the algorithm), The category

of the function may depend on whether or not the function

is preposed or postposed (determined by “postposed?”),

(defun scope-func (construct subj func phrase)
{prog (Ivar flist rlist func-op)
(setq func-op (list 'f func))
(setq flist
(cond {{equal (word func) ‘not) (form-list nil nil func-op))
((member (word func) Squant-advls)
. (form-list nil il func-op))
{{atom func) (form-list func ail nil))
((member (car func) '(ALPHA1 ALPHA2 ALPHA3))
{add-label {car func)
(scope-phrase (list (car func)) ml {cadr func))))
(t (form-list func nil nil)}})
(cond ((equal (word func) 'not) (put func ‘category "neg)) v '
((member (word func) Squant-advls) (put func ‘eategory 'func)) : .
(t (update-category flist
(cond ((preposed? func phrase) pro-ad\ 1)
(t 'post-advl))) ))
(setq rlist (scope-phrase {list 'func) subj phrase))
{setq rlist (combine flist rlist
(cond ((or (equal {word func) "not) .
(member (word func) Squant- advls)) rmht)
v {t 'func))
nil)) o )
(cond {(member (car construct) '(func infix top)) (return rlist))
(t (return (expand construct rlist)))) ),

»

; "Scope-quant” {s designed to scope expressions which have
N
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. have scoped quantifiers applied to them in the initial

s logical translations, This function cannot be used at the
o present sinee it is not clear how the structural eategory
s of the quantifier should be determined,

(defun scope-quant-phrase (construct subj quant-phr ase)
(prog (Sheadop var restr phrase qlist rlist)
(setq Sheadop (car quant- phrase) var (cadr quant~phrase)
restt (caddr quant-phrase) phn.se (eadddr quant-phrase))
{setq qlist (form-list nil nil (list 'q Sheadop var restr}))
{setq rlist {scope-phrase (list 'func) subj phrase))
(setq rlist (combine qglist rlist 'right nil))
{(return .
(cond ({member (car construct) ‘(top fune intix))
{expand (hst qQ Shmdop) rtist)) )
(t (expand construct rlist)))) )) ' e

(defun scope- I\mbd'\-phr:xse (construct xub) var phrase)
{mapear
(lambda (r)
(cond ((equal (car construct) 'restr) r)
(t (cons (car r)
(cons (list 'l var (cadr 1)) (cddr r)))) ))
(scope-phrase construct subj phrase)))

Smpo-( oan-phrase” scopes connectne infix expressions,
The connected phrases are smped in turn in phr:xse—lonp
; and are combined using the horizontal relation "conn” or
; “reste” (if the connective clause is a restriction clause),
Clt s necessary to determine whether the first two clauses
. are shifted for the scoping heuristics.

{defun Scnpe-conn-phrase (construct conn-phrase)
(prog (phrase conn rlist newlist count preposed?)
(setq phrase (car conn- phrase) conn (cadr conn- -phrase)
: ~  conm#ptrase (cddr'conn- -phrase}) ‘
(setq preposed? (preposed? phrase (car conn- -phrase))) o
(setq rlist (form-list (i) nil nil))
{setq count 1)
phrase-loop . . ,
(setq count (add1 count)) . ’ *
(setq newlist , . . . .
(scope-phrase
(cond {(equal (car construct) ‘restr) construct)
(t {list (word conn) preposed? (subl count)}))
nil phrase))
(update—rntegory newlist 'conn)
(setq tlist (combine rlist newlist appendl nil))
(cond ((equal count 2) , S
J(setq rlist ' ' ®
(combine rlist (form-list conn il nil) appendl ml))) (t nil))
(cond ((null conn-phrase)
~ {cond {{member (car construct) "(func restr top))
(return rlist)) ..
- . ~ (t (return (expand coastruct rlist)))))

Do



(t (1\)\rugn (setq phrase (car conn-phrase)
conn-phrase {edr connaphrase})
(g0 phrase-loop)))) )
)
“Update- umrd list™ is used to scope cootdinated expressions
: mndv noun u)mplomcnts relative to the head quantifier,
It is called by “scope-coord” (below) after the coordinated
. expression has'been scoped,
(defun update-coord-list (coord-()p rlist outersval)
(prog (inner-val outer-r) _
(setq inner-val ((\liﬂ Soptimal-weight outer-val))
{regymr — \\
(apply "append \
{mapear '
‘(lambda (r) \
{progn \ u
(setq outer-r :
(cons (list {add (caar £} outer-val) (add 1 (cadar r)j)
(cdr 1))
(cond ({equal cqord-op (car (last r)))
(list outer.r
(cons (list (add (caar r) inner-val)
(add1 (cadar r)))
(u)ns (add coord (cadr coord-op) (cadr 1))
" (vons (caddr ¢)
. _ (remove-op coord-op («(l(ldr t)nil)) )
(t (list outer-r))) ))

tlist))) ) \

: "Get-ops” returns a list of the' uns(oped operators in an
e\pressmn It is called by scop(--coor(l (to obtain the
:‘operators in each branch of the Hprei*mn) and by “main”
: (to scan for duplicated operators).
: "Update-coord-ops™ is called by “Scope-coord™,
(defun get-ops (expr all?). ‘ \\
(cond (fatom expr) nil) \ -
((equal {car expr) 'c) \
(progn '
(setq Soplist (cons (cadr expr) gophst))
{cond (all?
(mape ‘(lambda (expr) (getiops expr t})) (cddr (-\pr)))
(t nil))))
((member (car expr) '(q™ t))
(progn (setq list (cons (cadr expn) Soplist})
(get-ops (cddr expr) ali?))) ’
(t {progn (get-ops (car expr) all?) (get-ops (cdr expr) all?))) ))

(defun get-copied-ops (copies oplist)
(cond ((null oplist) copies)
(member (car opllst) (cdr oplist))
(get-copied-ops (cons {car opllst) copies)
(remove-op (car ophat) (cdr oplist) nil)))

0
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A . .
(t (get-copied-ops copies (edr oplist))) ))

(defun update-coord-ops (coord oplist)
(prog (upper-coord branch-num) * -
{setq upper-coord (get coord ‘coord}))
~ (cond ({null upper-coord) (return nil))
(t (setq branch-num (get coord "branch))))
(put upper-coord ‘ops )
(append (get upper-coord ‘ops) oplist))
{put upper-coord branch-num .
(append (get upper-coord branch-num) oplist))
(update-coord-ops upper-coord oplist)
{return nil)))

(defun outer-op (log-form)
(cond ((atom log-form) nil)

((member (car log-form) '(q (')

(list (car log-form) (cadr log-form)))

(U nil))) P
: "Scope-coord” scopes all types of coordinated expression,
; Each expression is first scoped separately and the
;resulting lists of readings stored in “rl-list”. The
: scoping of each expression involves some overhead: the
; list of unscoped operators is obtained by “get-ops”: the .
; branch number ("expr-num”) of each unscoped operator is
: recorded and the list of operators on each branch of the
coordinator is stored on the its property list {this
: inf(»}m:\ti(»n isneeded for the branch-trimming function}),
: "Parallel” operators (those occurring in different branches
of the same coordinator) are tagged as such. so that lllf‘.\'\
will not bEXeB15&d relative to one another (ie. they are
treated as commutative). The lists of readings are then
scoped horizontally in “combine-loop”. If the coordinated
expression is inside a noun complement, a simplified
. vertical scoping is preformed by "update-coord-list".

-

(defun scope-coord (construct subj coord-expr) ‘

(prog (coord rlist rl-list Soplist coord-op expr-num Snew-comp Sold-comp)
(setq coord (cadr coord-expr) coord-op {list "¢ coord)) '
(setq expt-num 0) .

(setq rl-list -
{mapcar .
‘(lambda (expr)
(progn’ . .
- = (setq expr-num (addl expr-numj)
' (setq Sold-comp (append Sold-comp Snew-comp) -
$new-comp nil) ' :
(setq Soplist nil) =
(get-ops expr nil) . .
(update-coord-ops coord Soplist)
- {put.coord expr-num S$oplist) .
" (mape '(lambda (op) (put op coord coord)) Soplist)
- (mape '(lambda (op) (put op 'braach expr-numj}) Soplist)
(mape “(lambda (op) ' -
«. - (put op 'parallel

&
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(append (get op 'parallel)
(remove-ops Soplist (get coord ‘ops)))))
Soplist), T ‘
{put coord ‘ops (append (get (oord ‘ops) Soplist))
(¢combine
(form-list nil nil coord-op)
(cond ((atom expr) . e
(cond ((equal (car construct) ‘restr)
= (form-list (list 'i Sheadvar expr) nil nil)) '
(t (form-list expr nil nil)})) R
((member (car construct) ‘(subject object))
(scope-term construct expr))
~» + ((equal (car canstruct) "restr)
. (scope-phrase (list 'restr) il expr))
e (t (scope-phrase (list 'func) subj e\pr)))
‘right (cadr coord-op))))
(eddr coord-expr)))
(setq rlist .
(« ombine | (Sorm list (list "¢ noord) nil nil}
- {car tl-list) "append]1 nil)
rl- hst (cdr fl- list))
combine-loop
(setq rlist {combine rlist (car rl- -list) ‘append!1 coord-op)
. tl-list (cdr rl-list))
{cond {(null rl- hst) nil) (t (go combine:loop)))
(return .
(cond ({equal (car comstruct) ‘restr)
(update-coord-list coord-op rlist (get “restr (word coord))))
((member (car construct) ‘(top func infix subject
object restr)) gjjst)
Tt (e\p'md construct rlist)))) ))

“Scope-phrase” checks the prefix symbol to determine the

. type of phrase and calls the appropriate scoping Tunction,
. A special test is required for connective phrases which
» are scoped separately from other infix phrases,

.(defun scope-phrase {construct-subj phr'\se)

(caseq (car phrase)
('f {scope-func construct subj (cadr phrase} {vaddr phr'm-)))
(‘q (scope-quant-phrase construct subj (edr phrase)))
("1 (scopé-lambda-phrase construct subj (cadr phrase) (« ulrlr phrase ]);
(‘¢ {scope-coord construct subj phrase))
("i (cond {(and (atom (caddr phraw)) (phrase? {cadr phrase)))
{scope-conn-phrase construct (cdr phrase )]
- (t (scope-infix construct {cdr phrase}))) )
{t (scope-prefix construct subj (cdr phrase}}} )} «
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; files and loops through the input formulas. For each formula

b

PART 10: MAIN SECTION o

“The program reads in the scoping heuristics from three

;- words with suffixes are first u'pdated usmg “store-words” .
; and duplicated operators are stored in Scopled -ops”,

; Each formula is pnssed to scope-phmse which returns a |
; list of $coped rendmgs :the list is sorted and printed

; after any remammg operntors are apphed to the logical

: forms. \
i

L

{(defun main ()

(prog () . - {
‘. (store-weights) B

(store-relations)

‘(store-ratios)

(store-digits)

(setq inport (infile 'in) outport (outﬁle out))
(setq formula (read inport))

(setq formula-num 0)

" read-loop

(setq Stime (ptlme)) _ » C,
(setq Sn 0) ‘

* (setq formula-num (add1 formula-numy))
(patom ’| Sentence | outport)

(print formula-num outport) (terpri outport)

(patom '] | outport) (terpri outport) (terpn outport)

(pp-form formula outport) (terpri outport)
 (store-words formula)
- (setq-Soplist nil)
(get-ops formula t)
" (sétq Scopied-ops (get-copled -ops nll Soplist))
{mape ‘printr .
(sort nil
© (delete nil
{mapcar
(l'\mbda {r)
(cond ((redundant?
o (appendl (cddﬂr r) (outer op (cadr r)))) ml)
\ (t (embed r}})).

‘{scope-phrase (list ‘top) nil formula)))) )
(setq Stime-used (dlﬂ (car (ptlm;)) (car Stlme)))
(terpri outport) S

. (patom "ime used = Ioutport)
(print Stime-used outport) "
(patom | msecs. loutport) (terpn outport)
(patom ‘|| outport) -
(print-line 70 outgort) (terpn outport)
(mape (lambda (op) (remob op)) Sophst)
(setq formula (read inport)) -

- (cond ((null rormula) (return ml)) (t. (go read loop))) ))

(m:nn)
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