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Roles, Co- Descriptors ,...

1. Introducti on

in representing the sem antics of Eng lish sentences it is traditional to distinguish

logical for m from semantic content. The logical form is represented by some sort of

I) r etIica t e calculus or lambd a calculus. in computational linguistics thi s predicate

calculus or lambd a calculus notation is usuall y carried over

a) directl y

b) by rep lacing parenthesized scope with ‘contexts ’ (Hendr ix 1978) <1>

c) by rep lacing universal quantification with dynamically scoped iteration
procedures (Wood s 1977)

This pape r proposes another possibility for representing logical form. It is based on five

mimai n idea s.

a) The use of roles in a semantic net.

b) The referential / attrib u tive distinction.

c) The distributive / collective distinction.

d) The use of predicates taki ng sets, kinds , or prototyp ical individuals as
.irg u mn ents.

e) The use of two levels of representat ion for quantified expressions.

The proposed scheme uses more mechanisms than older ones, but I will argue

th a t it captures subtle cases in a more natural way, and that it is a superior

represent ation for computation al use .

I
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2. I4oks

I he concept of a role h~ts been introd u ced fre quentl y by designers of knowledge

represent ation languages takin g the for m of a semantic network (e.g. Martin 1979,

F ahlmn.m I~ 7Q , Rr achma n 1Q 78). The not ion of role is illustrat ed by the simplified

seiu.Iut ic network in Figure 1.

0 generic node
SI RUC FU RL • ind ividual node

T - 
-

—

\ ,,,SIDE - 
- 

TOP

I ~~~. BLOCK .~~
ARCH .

.
.
. 

. ---s. May-be-described-as
‘ 

~:.. 

1
T \ .

~ 

• .  • ~Inh crits-froni

R2 - > Role-in

/\
Legend

R3 R4

Figure I
Simplified Structural Descri ption of an Arch

1 lui ~ network has twO kinds of nodes and three kinds of links. Hollow circles represent

ge n et ic  nodes, solid circles re p resent individual nodes. A generic node is the locus of a

genetic descri ption of sonic t)p e of en t i t y and ser ves the function of what others have

ter m ed a frame , uni t , or concept. An in diu m du a l node differs from a generic node only

in th a t  while there may be any number of entities of ‘he type described by a generic

nod e, there is at most one entity which m eets the description of an indi vidua l node.

a.
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We s.n, “at most one”, because the network may contain information that an individual

m eeting that node’s descri ption doesmu ’t exist.

I he descri ption of a node is inferred from the rest of the netw ork by tracing out

the l inks Nodes in the t~~ ur .descri tion of a given node, e.g. RI in ARCH , are

lin ked to the given imod e by rok•in links. These nodes are termed ~~~s in the

descripti on of the giveim node. As illustr ated in Figure 1, a role may be either generic

or iii tIivi d ii ~il

One nod e, e.g. ARCH , q~~~be descri bed as another node, e.g. STRUCTURE, if

for .iuis i nd i v idua l  which would m eet the descr iption of the first node we are wi l ling to

de ’crj be it by the second node. ~Ve are willing to describe a SQUARE. . is a

R 1 & .~ I AN& il F because a SQUARE is defined as a RECTANGLE with four equal

sides The rClation holds by defi n ition. SQUARE and RECTANGLE are said to be

related on the basis of amuaI ~ jc knowled ge. More commonl y our willingness to describe

• one node as another is based on assumptions about the world , e.g. that COW may be

described as DOMESTI C-ANiMA L requires us to know that the world doesn ’t contain

wild cows ~at least not enough of them to affec t our description of the generic cow).

• Such knowledge of the world is termed sint het ic k nowledge . Our willingness to

describe one node as another is generall y based on a combination of analytic and

synthetic kn owled ge. The anal ytic /synthetic distinction is not a basic distinction in our

netw ork.

3
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The ~~my-be-descr ibed-as relation m odels the subset relation. Instead of saying

a square may be described as a rectangle , we could have introduced notation to say

tha t the set of all squares is a subset of the set of all rectang les. However , we prefer

not to introduce , as a fundamenta l Construct , the notion of the set of all entities

meeting a certain descri ption. We will work instead with generic nodes (as inten sions)

and individu al nodes (as ’ extensions). Quine (1970) points out that a system like ours

sti l l  allows reasoni ng of the form done with the Boolean operations of set theory,

ith oui t  introd ucing Russe lli’s paradox. It also lets us side-step problems arising in the

dis cuissioii of non-existent entities.

Using these conventions we may interpret Figure 1 as saying that an ARCH may

he described as a STRUCTURE. its structural description consists of an individual

node , R2 , which may he described as a BLOCK and inherits the descri ption of a TOP,

a generic , RI , which m ay be described as a BLOCK and inherits the description of a

SIDE, and two individual nodes, R3 and R4, which may be described as the generic Ri .

\Ve nma ke the convention that since R3 and R4 may be described as Ri , and RI

is a role in ARCH , then R3 and R4 are also roles in ARCH.

Note that the roles of a node correspond to the slots of a frame in a theory like

Minsky ’s ( 1975), as implemented in FRL by Goldstein and Roberts (1977). However,

there is a significant difference. Since slots are n’ot frames themselves, slots and frames

an’ min t described by the same conventions. But since roles are nodes, they may be

4
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described by app I~ mug the node descri ption conventions recursive l y. The ideas in this

pape r could also h~ t or mn ul at ed representing frames with nodes and slots with links. <~~>

~ 1 Sir uct t ir e ami d Conte xt

A second [x int to note is th at this networ k does not deal with contextua l

problems by assuming a set of objects called contexts or partitions and then somehow

stm pt i t , i t i i i ~ for each imod e and li mi k wh at contexts or part itions it is present in. Instea d ,

the position is tak en that roles actu a lly allow a more natural miiodell ing of the

pheno m ena partitions were desi gned to model. For examp le, Figure 2 shows

how Hen dr ix ( 1Q78) would repres ent the fact that Legal persons can own physical

objects in this fi gure recta ng les (including the square) represent partit ions, ovals

represent sets , and circles represent indiv iduals. An individual or set is in a partition if

its represe nting circle or oval is in the rectangle representing that parti tion. In thi s

fi gure the i ndi v idual , I, is a n im plication that any indiv idual owning, X, has an

individual agent , Y. which is a legal person , an indi v idua l object , 1, which is a physical

ol,j ect , aim indiv idual start-tim e , t 1, which is a t ime, and an individual end—time, t2,

which is also a time.

.1 
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process ~~ 

- 

~ agt ~~ obj start-time fl end-time

legal-person physobj time

own ing , ~~~~~_ Y 
* — 

Z 
— 

— 

• 

t 1 • t2
- - - - F~ ure 3 ,‘

This same information is shown in Figure 3, using the notation presented here.

The key differences between the representations in Figures 2 and 3 are:

a) i) Figure 2 shows the set of ownings . To indicate properties which must be

true of evety member of this set, an individual implication I is created. I is

related to OWNINGS by the link , delineation. The antecedent of I is a

p artition containi ng an individual , X. By convention this individual , X, in

the antecedent of I is the typical member of ownings. The individuals in

the structural description of X are in the partition which is the consequent

of I.

ii) In Figure 3, the node, owning, represents the typ ical member. As a generic

representing the typical owning it does not need to be contextuall y

constrained. Thus, it is not taken to be a role in any other node. Part of

the comp lexity of Figure 2 is avoided by making the typical mem ber a

pri m itive notion (generic node) rather than constructing it as an individual

7
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which exists onl y in III abstr act space (the antecedent and consequent of an

i m p lication ) .

h) i) In Figure 2 the individuals Y, Z, t 1, and •2 which ilre in the structural

description of X are given context by being placed in the partition which is

the consequent of 1.

ii ) In Fi gure 3 the individua ls Y, Z, t 1, and t2 which are in the stru ctur al

description of X are gi ven context by being mmmdc roles in X itself. Thus a

t~ pical mmi emb e r serves as the context of its own structural description.

In Figure 2, the individu als X, Z, t 1 and 
~2 are related to X by links

labeled with “case relation names” or “slot names”. Thus, as mentioned

abov e, a distinction is uima d e between nodes and slots. By contrast in Figure

3, agt , ohj, st art- t im u e , and end-time are themselves nodes and can he

desci iL~ed just like any other node. It is perhajs worth pointing out that

the log ical organiz ation of Figure 3 does not prevent mmmeiuor y fro m being

ph ysically organized so that given ownini and ~~ one can retrie ve node Y

at least as quickly as it can be done with the organization of Figure 2.

In s umuiim ar y ,  Figure 2 takes as pr imary the notion of Context and implements it by

pl acing nodes in I! ~.!i!ic!i~. Figure 3 takes as prim ary the notion of structure and

mimm pkmue nts  it by m aking a mmdc a role in the structural description of another node.

Probab ly all will agree that both structure and Context are important notions for 
the8
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or gamuz a l ion of information. The questio n is whether one or both of these notions

should be reflected by the m ost primitive constructs of a representation language. B~

choosing just context , 1-lendr ix i~ forced to go to a formal abstract notion - he picked

im mip l i cati on hi order to represent a structural descri ption. Some authors have avoided

t his by taking both as equall y primitive (Fah lman 1979, Hayes 1977) .

Figure 4 shows how an entit y can sat isfy more than one ind ividual

node at the saut e time. This figure specifies that whatever is described as Bill is also

deccribed .ms the agent of kiss and the object of slap. This entity is the individual agent

in th e ki ss at the sau te ti me that it is the individual object in the slap. (In this fi gure 1

have  left out the links to generic nodes and the role-in links of Bill and Susie. I will

continue to leave out links which are not the focus of discussion in order to simpLif y the

figur es.)

/ 

;~~i~~~SS /4~ ap

agent •‘ 

;ec
~.~~~~~~~~I~ent a obiect~~

Figure 4
Dill kisses Susie and Susie slajs Bill

9
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2.2 Inher itance

Fah lnman (1979) has i’~ mted out an interesting question which arises in the

int erpretati on of structures like that showmi in Figure 1, the structural description of an

arch. If this figure is a description of the structure of the generic arch, then it should

be possible to put this descri ption into correspondence with the description of an

individu a l  arch, .say ARCH-I . Figure 5 shows a fragment of Figure 1

extended to include the corres~xrn ding fragments of two individual arches, ARCH-i and

ARC ’Il -2.

STE R U ( TU R E

DLOCI~ ~ror
ARCh

AR CH-I ARCH-2

R2-1’i R2-2’i

Figure 5

[he dott ed l inks fr ommi R2- l to R2 and R2-2 to R2 specify inheritance. In this case

I .uud l {2- inherit alL the description of R2 except the role-in link from R2 to ARCH.

This r o le- j im link is overridden by their own role-in links.

lO  

~~---  —. ----
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Inheri tance l i n ks specify the inheritance of all descri ption which is not exp li cit ly

overridd en. \ l . iy -  lw -~k~c_r ibed-as links ind icate an alternative descri ption. One mi ght

th ink that  the inheritance links arc not needed in Figure 5, that they could be replaced

w i t h  um tav -he~descrj ht’j -as links. However , this leads to a problem pointed out by

l ,m h lmmi ar m .

Suppose we were to say th at since R2- I is the top of an indi v id ual arch, ARCH-

I , it m a y  be describe d as R2 , the top of an arch. That is, when one node is described

as anot h er , I ts  roles are described as the corresponding roles of the other. Doing this

gets one i m it o difficult y . To see this note that we may ask “which individual block in

the gener ic arch is the top:’, and the answer is R2. R2 is taken as an individual node

and clearl y it represem~ts a single one of the three blocks comprising an arch. But now

suppose that  nodes AR CH -I and ARCH-2 describe arches in the real world . Then R2-l

and R2 -2 describe the tops of these arches , and since R2- l and R2-2 may he describe d

as R2 , R2 describes the tops of these arches. Thus, it would seem that R2 does not , in

fact , describe a single individu al. The reader will no doubt be able to articu late to his

satisfac tion w hat u s going on in this examp le. We hope to capture this by expressing

and invo ki ui g a rather far-re aching princi ple of interpretation.

Accord ing ly , we will stipulate:

I ver y ind iv idu a l  node , R , im mu st he a role in sonic other node, N. Any entity,
descr ibed h~ the node , R , is only taken to be an ind ividual with respect to

lie en t i t  ~ , mu , uksc m ibed b~ N I he mimuly exception is that  the rcal wor ld is
,m.~ m u t h e  s i t  itt ’l u ;e oh ~~~~~

• I hi i i ig .

_  _ _ _
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o n e  effect of this stipulation is to make the role-in link an essential part of any

tlescri l)t ion of an in dividual. Now by usimig inherit ance l inks instead of mnay—be—

ckscrihed-as l inks front R2- l to R2 and from R2-2 to R2, we can override the role-in

link fro mmi R2 to ARCH and thus preserve R2 from describing these individuals.

The essential difference between inheritance and alternative description is that

an inherit ing node can override a criterial part of an inherite d description , so that the

inherited (lescr il)t ion no longer picks out the same individuals. By contrast , alternative

descri pt ion preserves the integr ity of individuals. It Lets one get a different description

of the saute individual.

2.3 ~la ki i~~ Ev er ’~ Indi v idual Node a Role

This section wil l touch briefly on the philosophical ramifications of making every

individual  node a role. In the Tarskian (1944) view of Eng lish semantics

correspondence between descriptions and the world is described in terms of propositions.

A proposition is true if it corresponds to the world and false otherwise. Propositions

are either atomic or commipound - form ed by conjunction , etc. The truth or falsity of

atoiimi c propositions must be given. The truth or falsity of compound propositions is

then det er um in ed from the truth or falsity of their components by applying rules of

comuipos i lion associated with their connectives.

In the theory proposed here, discussion of correspondence between descriptions

12
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mu d th e world is tiot hunted to propositions We can discuss corresp omidence for asm~
mmidi ~ t htmal , propos ition or not ‘.J> . However , the key difference is that simm cc every

descript ion of an ind ividu al m miu s m include a descript ion of the structure cont aining it , it

doesim ’ mak e sense to ask for the t ruth  or falsit y of atomic propositions indepetidently

of the t in t  11 or fa lsi t y of the structures cont aining them. The view presented her e shift s

.m~ ,i~ fr oimi c~ I mip o~t f i on to a S~steIfl  which places mmi or e weight on det~~uup osi iio n. o n e

st .m r ts  with i node repres ent ing the world and structur a lly decomposes it in various

,m~ s [1w p art s of these decompositi ons are then further decomposed in turn  to any

desired dept h I his produces a structural hierarchy of descri ptions. This structural

hier .irclu~ is commi p lememit ed h~ the abstra ction hierarchy of descri ptions produced by the

muI.iv—he -tJ( ’scr,hed— ~ms links.

I he i m portance of this approach comes out if one believes th at there are , in

f .ict , ind iv i du als which have no descr iption which docs not depend cri tcr ially on their

being part of a stru cture. This realizati on has caused some philosophers to deny that

such indi~j duaj s are entit ies at all . This view is Pitt forward by Benacerraf (1 QbS) in

de b at im m g the existan ce ot numbers:

ther efore , nu m bers arc not objects it all , because in giving the
propertie s (t h at is , necessary and suf fici ent ~ of numbers ~ou merely
c h . i i .mctc r i ; e  an ~z/ ’,ctr ilc( str ucture - • and the distincti on lies in the fact that
th e “ele m ents ” of the s t r u c t u re h ;ive no properties other th an t hose re lating
i hem i m it ’ othei “(‘I(’l ) ICfit S ” of th e St i l t ’  stru cture . If we id emuti fy rn abstract
stu  t i c t u me ~ mmli  . m system of ie l it ,ous tjn int enston , of course , or else wi th  the

of i ll m r I .mt i o n s  mu C~ t ensmon isom orphic to a given s stem of tdat ions~, we
get I i  ;t hmet ic e); ib or atiii g the pr oper t ies of the “le ss—th an ” r elation , or of all

13
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s~ st em m u s of objects ( t ha t  is , concrete str uc tures )  exhibi t ing that  abstract
stru cture . [hat a svsteni of objects exhibits the s t r uc tur e  of th e integer s

it’s that  the elements of that sy stem h ive sotiw l)ro pe rt It’s flOl depend ent
on structure. It mii us t be i~ossihle to im ud ivi d u a t e those objects iudcp enden t I~
of the role the y  play in that structure.  But this is pre cisel y what  cannot he
done with the n u mm uh ers. To be the number 3 is no more or less th ami to he
prt’cedt ’d h 2 , 1 , am id possibly 0, and to he followed by 4, 5, m ud so forth.
And to be the number 4 is no more and no less t h aim to be preceded by 3, 2,
I , ari d possibly 0, and to be followed by An; ’ object can / ‘l (iI ’ f /u ’ role of
3; t h at is , an y object can be the third element iii some progression. Wh at is
pecul i a r  to 3 is tha t  it defines that role — not by being a paradigm of an~
object which ~l ;my s it , hut h~’ representing the rel ation that any third member
of a pm ogr e ss iomu hears to the rest of the progression.

Ari t l ien ieti c is therefore the science that  elaborates the abstract
stru cture that  all progressions h ave iii common merely in vir tue of begin
progr ess ions. It is itot a science concerned with particular obj ects -. the
uiu iu t wms The search for which in dcpe ude iit lv identifiable particular objects
t he numbers reall y are (sets? Julius C;icsars?) is a misguided one.

On this view many things th a t  pu inl ed us in this paper scent to fa ll
into p la ce. Wh~ so im uaii v interpretatio n s of number theory are possible
without  lily being uni que ly sing led out bccoiiics obvious. I lucre is no unique
set of objects that  are the numbers. Number theor y is the elaborati on of the
pro p erties of all structures of the order ty pe of the numbers. The number
~vo ids do not have sing le referen ts. F u mrther uumo r e , the reason identification of
umnu ib ers  w i th  objects works wholes ale but fails ut ter l y object b~ object is
the fact that  the theor y is elaborating an ab stract s t ructu r e  and not the
propei ti e s of in dep en de mut individuals , any one of which could be
ch a r a c te r i zed with out  reference to its rel ations to the rest. Only when we
are c o iusmd eri uig a p ’r t i cu lar sequence its being, not the nu in ib ers , but of t/ le’
r t r u (f l r ’  of the nu,nl ’m’rs (hoes the questi on of which element is, or rather
corr e.cp onr/s to, 3 begin to make any sense.

Whi le I agree with  Rena ce ir ars •ina!vsis of ntmuiihers , I t in u nwil ling to therefore

t l t ’mi~ th a t  i m u u u m b e m  s are entities. lii a semantic netw ork it is si m plest to have nodes

repres ent enti t ies and one needs nodes for an yt luiuu g which wi l l be described, including

14
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mmwnb ers. <4> Rather than deny that nu m bers are entities I prefer to put all entities on

the sau te footing as nuim ubers - to require the descri ption of any individual to describe

the structure in which it is used. For some individuals , like nu m bers, the structure in

which the~ are used will dominate their descri ption. Other entities will have a complex

str u ct u ral descri ption of their own.

3. Reference and .IMi~~1lie~crIpti~~s

Ihe  above quote by Bena cerra f deals with numbers in part because the

philosoph y of mathematics has hist oricall y been the main proving ground for formal

repr esentation sy ste i m u s. Our concern her e , however , is with the logical structure of

1~img lish sentences , and enoug h constructs have now been presented to permit a

tre atnie m it  of some well known phenome na. We begin with a discussion of definite

descriptions.

3.1 Co-Referent Descriptions

Russell’s ( 1905) analysis of a singular definite description required that there be

a uni que object satisf ying the description in order for the expression to denote anything,

amid hence it fails to account for the successfu l reference of a noun phrase like “the

clot-k” in

Did y ou wind the clock?

The pro bl emi m is that “the clock” only picks out an individual clock given the context of

15
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a particular use of the expression. Thus the expression p ick s out an individual only

w h e mm paired ~•ith a descri ption of the context of use. It is widel y recognized that some

mmmci hod of describing this context has to be made availa ble.

rhe general importance of context in forming descriptions of individua ls may be

seen in Stm aw son ’s essay, “Individuals ” (1959 ) . St r awson begins wi t h a discussion

ide’. ant  to the abov e difficult y with definite descri ptions:

~Vhen shall we say that a hearer knows what particular is being referred to
k a speaker? Consider first the following case. A speaker tells a story
which he claims to he factual. It beg ins , ‘A man and a boy were standing
by a fountain ,’ and it continues: ‘The man had a drink. ’ Shall we say that
the hearer knows which or wha t particul a r is being referred to by the subject
expr ession in t he second sentence? We might say so. For , of a certain range
of two pa rti cuulim rs the words ‘the man ’ serve to distinguish the one being
re ferred to , by means of a description which app lies onl y to him. But
thoug h th is  is , in a weak sense, a case of identification , I shall call it only a
~t t ’ r v - r e l . t  t i ’ .e  or , for short , a relative identification. For it is identification
onl y re la t iv e  to a r ange of particulars (a range of two umi emb ers ) which is
it sel f id entified only as the range of particulars being talked about by the
spe . ikeu . 1 hat is to say, the hearer , hearing the second sentence , knows

h u c h i~.i r t ic u lar  creature is being referred to ~f the twO P~!.!~icula r creatu~~
b eing t~t Ike d about by the ~peaker ; but he (hoes not , without this
qualif ication , know what pa rtic u lar creature is being referred to. The
identification is within a certain story told by a certain speaker. it is
identification within his story but not identification within history.

We need a requirement stringent enoug h to eliminate relative
identification.  The hearer , in the ex a im ip le , is able to place time particular
referred to wi th i n  the pict ure painted by the speaker. This means that in a
sens e he cai m p lace the p ar t icul ar  in his own general p icture of the world.
I:t~r he can ~1~ce the speaker , and hence the speaker ’s ~iict uu r e , in that general
p iL ’tum r e ot his owmi . But he cann ot place the fi gures , without the frame of
the speaker ’s picture in his own general picture of the world. For this reason
the full requirement of hearer ’s identification is not satisfied .

16
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In the above passage ever y descript ion is in some coiite~t; the hearer has a

descr ipti oim of the speaker in his (the hea r er ’s) general picture of the world. To this

descr iption of the speaker is tied the speaker ’s story . To the speaker ’s st ory are t ied the

descr iptions of the individu als. What the hearer lacks are other descri ptions of the

s to ic mndi ’ . iduials which are tied di rec tl ~ to his gener al picture of the world.

Fol lowing this line of th ought , the sen t ence “did von wind the clock” mi ght

cause ,i i mia ch u mie to create a struct u re which would look in part like Fi gure ti

l ime mm odes clock- I and the- clock-I wil l be termed co-descriptors , because they both

describe the same mumd i ’ .i d ti~m l . The term co-descri ption is chose n over co-r eference or co-

denotati on because no imp lication of speaker intentions or existence of the individual

described is intended.

discourse- I clock-I room-I house-I real-wor ld

- -  _ _7& _

the- clock-I •
Figure 6

Co- Descri ption Between Clock-I and The-clock-I

In presenting Figure 6 we assume that the sentence “did you wind the clock”

und ergoes some sort of lexical and structural analysis. This anal ysis results in a

ti escri p tuo u m which will be termed a sentence stru cture. The node the-clock-I in Figure 6

a se ntence structu re co-descri ptor of the words “ the clock” i m m the semmten ce “did you

17 
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w in d the clot k” . it is du ri n g the listener ’s Process of anal y sis that he decides to

“uuuideus tam md” the descri ption the-clock-I by u m ma ki n g it a co-descri ptor of clock-i. Had

th e j m hr .u s e “a clock ” been used , the listener might well hav e chosen not to find a co-

descri ptor of the cor responding node, a-clock-I (particularl y if he didn ’t wind any

clocks ) .

1mm Figu re o the relatio nsh i p between clock-I and the-clock-i is shown to be

absolutel y ~ in mu etric al .  Yet omie intuit iv ely feels that clock-i is somehow more

ium i mdauiu e nt a l th an the- dock-I. That , for examp le, clock-i should be the “value ” of the —

cIo ck :I . indeed , it should be, if we view the purpose of evaluat ion to be the discovery

or cue. m ti omm of mo ore use ful descriptions of entities - e.g. 2 + 2 being for most purposes a

less usefu l descri pt ion than 4. It is the descri ption clock-I which is alread y tied through

sense dat a to the world. (‘lock-i is the most useful description for most purposes (but

not , for ex ample , f~r umiderstam u ding the an aph oric references discussed by Webber).

i h e  dif fe rence hctw ceui clock-I and the -clock -i is captured in Figure 6 not by the links

between them hut by the structures in which the y occur. Procedur es which operate on

such data structur es must have the goal of finding co-referent descri ptions which meet

certain criteri a , such as being a single n u m b e r , or being a role in a cert ain structure. It

is assu im ie d th a t  data structures like the one in Figure 6 ~‘ .mll he operated on by

hir ocedure s which are either i m p licitly or exp licitl y so goal directe d .

18
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3.2 Nodes in Sentence St r uc tu re

lo estab li sh the ne tw ork in Figure ti the hearer must be able to umm ake the

iumt eren c e t h a t  in di~.cour sc- I , th e-d ock would refer to clock -I. But surel y not every

occurrence of the- c l o ck iii discourse- I will refe r to cloc k -i .  Rather , it is the onl y

t ’ccurre ui ce iii an insta nce of the sentence “did you wind the clock” . Figure 6 needs to

be a i m i endt ’d to Figure 7 . Here the-cl ock-I is an instance of the-clock which

occurs in an in stance of du d-~ou-wuu i d- i  he-cloc k which occurs in discourse —i .

discourse- I clock- I room- I house-i real-world

I— 
-

0,~

t l id—v o ui-wim i d -th e-clock-~i •

the-cl ock-I
Figure 7

In her study of anap hor .u , Webbe r ( i~ 78) also points out the importance of

r ecor dim ig the sentence in whic h an expression was used. Consider the sentences :

3. I )  Wendy bought .i ~ ilow T-shirt that Bruce had like d.
3.2) It cost twent y dollars.

\Vebhc r poi nts out that an appropriate descri ption of the entity referred to by “it ” in

the second semm te u ice is not “the yellow T-shirt that Bruce had liked” since sentence 3.1

is true even if Bruce had liked severaL 1’-shüt s (and both the speaker and the Listener

were awan e of the fact). Nor is it “the yellow T-shirt that Bruce had liked and Wend y
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bou ght ”, si nce sentence 3.2 can be true even if ~Ven d~ had bought several such T-shirts.

\~ hat is an appropriate descri ption for this entity is something like “the yellow T-shirt

th . ,t  IIruce had liked and that  Wend y boug ht and that was nt ioned in sentence 3.1.”

This mnl erpr e l a t io n  is achieved by a structure like t h at in Figure 7.

3 3 ~~~~~~~~~~~~~~~~~~ ke of Definite Descriptio ns

Do m mncllami ( 1966) has suggested that  definite descri ptions like “ the clock’ have

o w’c~, r e te r eu i t i a l  and a t t r ibut ive .  What we have done above captures Donneilan ’s

r e fe ren t ia l  use. Fort uina tel y ,  the distinction which Donne llan wants to make is one

which our devel opment camm easily be expanded to handle.

I xp lauui i n g  his distinction , Dom mella n say s

I will call the two uses of definite descri pt ions I have in m ind the
t r u h u i t u v e  m use and the r e fe rential m isc. A speaker who uscs a def inite

dcs c mipt ion a t t r ibu t ive l y  in an asse r ti o m m states som ethin g about whoever or
ci i~. the so-and-so. A speaker who uses a defini te  descr iption

(- t e reu t i a l l y  iii an :is ser tio mi , on the other hand , uses the descri ptio n to enab le
his .mtidk ’n ce to pick out wh omn or what he is talking about and ~t a t cs

s & u t m e t h u n u g  about that  person or thing. In the first case the definite
dc~cr mptmo n  mi ght be said to occur essenti ally , for the speaker wishes to assert
~omu mct h iu i g  ab out whatever  or whoever fits that  descri ption ; but in the
refere n t ia l  mis c the definite descri ption is merely one tool for doing a certain
j ob -— c aUmn ~ at t en t ion  to a person or thing -- and in gener al any other
(let ice’ for doing the sa nme job , another descri ption or a name, would do as

el I 1mm th e a t t r i b u t ive  use , the at t r ib u i te  of being the so—and-so is all
i i i i  pt ir t a in , while it is not itt the ref erenti a l use.

o i l lustrate this dist inction , in the case of a sing le sentence , consider
the s c ui t e m ic e , “Sm ith’ s murderer is insane. ” Suppose firs t that we come upon
poor Smith foull y murdered. From the brutal man ner of the killing and the
fact tha t  Sm ith was the m ost lovab le person in the world , we might exclaim ,
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“Smith’ s mum urderer is insane. ” I will assume , to make it a simpler case, that
in a quite ordinar y sense we do not know who murdered Smith (thoug h this
is not im i the end essentia l to the case). This I shall say, is an attributive use
of the definite descri ption.

The contrast with such a use of the sentence is one of those situations
iii ~vhich we expect and intend our audience to realize whom we have in
m ind when we speak of Smith’s murderer and , most importantl y, to know
that it is this person about whom we are going to say something.

For exa m ple , Suppose that Jones has been charged with Smith’s
muu r ( l er amid has been p la ced on trial. Im ag ine that there is a discussion of
Jon es’s odd behavior at his tria l. We m ight su m up our imnpression of his
behavior by say ing, “S uim ith’ s murderer is insane. ” If someone asks to whom
we are refe rring, by using this descri ption , the answer here is “Jones. ” This ,
I shall say, is a referential use of the definite description.

That these two uses of the definite descri ption in the same sentence
are reall y quite different can perhaps best be brought out by considering the
consequences of the assum ption tha t Sm ith had no murderer (for example, he
in fact comm itted suicide). In both situations , in using the definite
description “Sni ith ’s m urd erer ,” the speaker in some sense presupposes or
imp lies that there is a m urderer. But when we hypothesize that the
pres upposition or imp lication is false , there are different for the two uses. In
both cases we have used the predicate “is insane ,” but in the first case, if
there is ito murderer , there is no person of whom it could he correctl y said
that we attributed insanity to him. Such a person could be identified
(correctl y) onl y in case someone fitted the description used. But in the
second case , where the definite description is simpl y a means of identifying
the person we want to ta lk about , it is quite possible for the correct
identification to be made even though no one fits the description we used.
~Ve were speaking about Jones even though he is not in fact Smith’s
murde rer and , in the circumstances imag ined , it was his beh av ior we were
commenting upon. Jones mi ght , for examp le, accuse of saying false things of
hin t in calling hi m insane and it would be no defense , I should think , th at
our descri ption , “the murderer of Sm ith ,” failed to fit him.

It is, moreover , perfectl y possible for our audience to know to whom
we refer , in the second situation , even though they do not share our
presupposition. A person hearing our comment in the context imagined
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mi ght know we are talking about Jo nes even thoug h he does not think Joneb
guil ty.

To recap itulate , attributive use asserts something about whoever or whatever is

the so-and-so. Referential use enables the user to pick out whom or what is being

t a lked about. The distinction is broug ht out nicet y by two sentences used by Moore

( 1973) .

3.3) The Presidem it has been married since 1945. (referential)
3.4) The President has lived in the White House since 1800. (attributi ve)

Sentence 3.3 refers to the person who is curren t ly President , while sentence 3.4 says that

since 1 800 it has been true of whoever was President that he lived in the White House.

Both of these sentences have both attributive and referential readings, but in each case

the listener can reject one reading as counterfactual.

3.4 Proced ural Interpretation of Descriptions

In Figures 8 and 9 our representation has been expanded to

captur e the dist imiction between attributive and referential use <5>. The only structural

difference between these two figures is that in the referential use , (Figure 8)

the-Pres ident- i is co-descriptive with a role, President-b in the discourse , while in the

a ttr ih um tiv e use, (Figure 9), it is not. Counputational ly the decision for

referent ial  over attributive interpretation amounts to the decision to find or create a

role which is a co-descri ptor of a role in the sentence. In order for this structural
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differem we to produce the difference in interpr etation noted by Donnellan, it is necessary

to Introduce a specific procedure for determining the truth of descriptions.

real-world 
S4j iscourse-1

5
’

5’ 

• The-President-has-been-married-since-1945-1A -

‘S
‘S I

P r esident-I ‘s Th e-pres ident-is-marr ied-i

The-Pres ident~~~~~~~’I~~~~~~ subject-of ‘is-married-i’

Figure 8
- Referential Use of the Pres ident

I

re.u3-world discourse-I
5< 5

s The -President-has-li ved-in-the-Wh ite-House
-since-1800- 1

~~The-President -lives-in-the -Wh ite-House

The -Preside nt-i ~~~~~ subject -of-’lives-in-the-Wh ite-H ouse ’- 1

Figure 9
Attributive Use of the President

We will refer to an individual node as if it can be put into correspondence

with exactl y one individual in the world ; otherwise it is false. This notion of truth as

ccir re spoiu dem tce with reality is an old one (see Eaton 1924) althoug h it has long been

eclipsed by the school of thoug ht which restricts tru th to propositions. We stiput4te as
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a part of our theory that the sem antic interpre tation of a description proceeds top

do vn ,.~~ a structural decomnposition. This will produce the desired interpretation of

Figures 8 and 9.

I gmior imig issues of tense not crucial to the current argu ment , we interpret “the

President has lived imi the White House since 1800” to mean “between 1800 and now x

is true ” where x is “the President lives in the White House ” . Now comes the key point.

This is t rue if we can pick any time between 1 800 and now and “the President lives in

the White House” is true at that timne . For this to be true it must be possible to pick

referents for the-Preside nt-i and the-White-House-i which have the ri ght relationshi p at

that  t iuti e. The central fact to note is that the truth of the higher statement is not

dependent on the behavior of any one indiv idual. Rather the behavior of several

individu als is such that at any time the statement is true. This is the whole point of

Donne llan ’s remnarks. So far as this statement is concerned it doesn’t reall y matter who

is fi l l ing the role of President. In fact , we can go even farther. In the past the

President has been killed and it tak es a while to swear in the new Presiid ent. During

this limne there is no President , yet 3.4 is still true. It seenis that 3.4 is true if there

usually is a President , and when there is, he lives in the White House.

In contrast to the attributive case ju st covered , the referential case, “the

President is married” has a role the-president- I which must be a co-descriptor of the

node j ,residerit-1 which is not in its structure. The referent of president-i is picked in
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m atching discour se-l i not in matching The-President-is -married -i. Therefore , we are not

at libert y to re-p ick it at each point in ti m e <6> .

In summn ary, the semantic interpretation of a description proceeds top down, as a

structural decomposition. Constraints occur when one of the roles of a description is

co-descri ptive with a role of some other description and thus not free to be arbitraril y

chosen.

It is instructive to com pare this with Moore’s (1964) treatment of these two

sentences using a notation based on lambda binding. Letting T-A-T name a predicate

“true at time ” Moore represents these sentences as

3.5) The President has been married since 1945.

3.6) <<LAMBDA (?X) (T-A-T (MARRIED ?X)
<EVERY (?T) (AFTER ?T 1945)>)>

<THE (?Y) (PRES ?Y)>>

3.7) The President has lived in the White House since 1800.

3.8) <T-A-T
(LIVE-IN <THE (?X) (PRES ?X)> W-H)
<EVERY (?T) (AFTER ?T 1800)>>

Expression 3.8 says that for every t im e in the set specified by <EVERY (?T) (AFTER

?T 1800)> the expression <THE (?X) (PRES ?X)> has a unique value, say X, such that

(LIVE-IN X W-H) is true at that time.

Now in the case of 3.5 we want to pick the President at the current time and

then use this value in an expression like 3.8. That is, in 3.8 we pick the time first , but
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in 3.6 we ~vamit to pick the President first. Since this notation , like LISP, is evaluated

outside in , the President is picked first by lamnbda abstracting it to an outer expression.

We achiev e by a poimiter to a co-descri ptive expression what Moore achieves by

launh d a abstraction. Is there a significant difference ? We claim that our notation

should he more effective in minimizing the difference in the representation and

imn erpre ta tio n of the two cases. In our notation one need not worry about the

referem mt ial / a t t r i b utj ve distinction until the the-President node is reached . Also in our

notation the refe rential case is a strict add ition to the attri buti ve case. This is

important because in mnost sentences, e.g. “The president has owned a terrier since

1977” the listener will not be able to distinguish between the two readings . if a Later

sentence requ ires the listener to m ake a distinction , a minimal alteration to his data

structu res  is required. Also, the degree of sem antic distinction between the two

re .ud im igs depends on how much is kn own about the discourse co-descriptor. This

addresses an issue mentioned in Partee (1972)

“ha v ing a part icular im m d i v i di u al in mind (the ‘referential’ case) and knowing
nothing about ami individual other tha n some descriptive phrase (the
‘a t t r i bu tive ’ case) m a y  be just two extremnes on a continuu m of ‘vividness ’.
One niay consider , for instance , the case of a detective tracki ng dow n a
crim n in a l  and obtaining more and more clues, including fingerprints , voice
recordings , photograp hs of varying clarity , etc. It is not at all clear at what
J)o iflt t he detective , who m a y  be described as ‘looking for the man who did
so-a nd-so’ stops looking for ‘whoever it is that did so-and-so’ and starts
looking for a particular individual. ”
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3.5 S b ~ Co-Descriptors

Both Fi gures 8 and 9 emp loy co-description between a the-President node and a

suhj ect-of-x iiode in order to indicate the role played by the noun phrase in the verbS

More evidence for this structur e can be supplied in the form of an ambiguity brought

out by ver b phrase deletion.

Sag (1976) gives a number of examnples to argue that verb phrase deletion occurs

under identity of structure. For examn p le, the following sentences are two, not four

ways ambiguous.
3.9) John likes fly ing planes, and Bill does too.
3.10) The chickens are read y to eat , and the children are too.

Now consider the following sentence (Partee 1978)

3.11 )  The prosecutor believed that he . would win the case, and so did the defense
attorney .

The mnis sing verb phrase can be understood in two ways. Either the defense attorney

believed that he, the defense attorney, would win , or the defense attorney believed that

the prosecutor would win. Assum ing some version of deletion under identical structure

to he operative , and assuming referential intepretation , these two readings argue that

the phrase “the prosecutor believed that he would win ” can have either of the structures

shown in Figures 10 and 11. In Figure 10, he-I is co-

descriptive with the subject role , so when the defense attorney replaces the prosecutor

as a co-descriptor of the subject , the co-descriptor of he-i changes. This structure has

been expressed with lambd a calculus as
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A (x) (x believed that x would Win).Fsgmi~~ j j O~ the Other hand, he-i, 
~~ ~~~~

. ~s co-~Jescreven p We with
Of the 

he,~ ~ d!f~nse.attorne l repla
Fig “re ~0 ~ 

. artee (1978) has termed th~ 
as

(IISCommrse.. ; 
‘~ 

~~~~ !Ic a  PIiora that in

4 eprosecut beprosecu,0 1 ‘o : ~~
. seved..that he wou,d..w,n.I

he-i

Figur e 10

of “(kfC,,s~ ~ 
tue prosecu for btOrlley believed that th d 

that lie wouldefetise WI~ le d~dttorney would Win ” 
a ing to “the

1~
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d iscourse-i
•

i~~~~~ —. - - —
p~$he-prosecutor-believed-that-he-would-win-1

prose cutor - i I —

/ / t i~ subject-of-’the-prosecutor-believed-that-he-would-win’-l ~

~~~~~he- i

the-prosecutor-i

Figure 11

Structure of “the prosecutor believed that he would win ” leading to “the
defense attorney believed that the prosecutor would win ”.

It is fair to ask whether , in Figure 11, he-i shouldn’t be co-descriptive with the

discourse role prosecutor -i inst ead of the sentence role the-prosecutor -i. The trouble

with this is tha t the ambiguity also occurs with attributive interpretations where there is

no discourse role. Consider , for example:

3.12) Since 1800, the President has believed that he was the top government figure
and so has the Chief Justice of the Supreme Court.

Another , more attractive , possibility would be to claim that

3.13 ) The prosecutor believed that he would win.

has the sing le structure shown in Figure 11 , and that verb phrase deletion would

optionall y copy the co-descri ption with he-i rn the new co-descriptor of the subject role ,
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thus producing two readings. Perhaps further evidence can be found to choose between

these possib ilities.

3.6 Restrictive and Non-Restrictive Modifiers

Another opposition which can be captured with the attributive/referential

d isti n ct ion is that between restrictive and non-restrictive mod ifiers. The sentence

3. 14) My unc le, who is 70, is bald.

has a nomi-r estr iclive relative clause, “who is 70”, modifying, “my uncle”. That is “who

is 70” is not used to pick out the uncle who is bald , but just gives extra information

about him. This sentence is equivalent to the two sentences
3.15) M y uncle is 70.
3.16 ) My u ncle is bald.

By contrast , in the restrictive reading of

3.17) My uncle who is 70 is bald.

“who is 70” is used to pick out a particular uncle.

The distinctio n between 3.14 and 3.17 can be captured as shown in Figur es

12 and 13.

Note that the head of the relative clause must be either attri butive or referentiaL

for both main and relative clauses . It is not possible to have , for example.

3. 18)  The President , who has been married since 1945, has lived in the White House
since 1 800.

This argues that  the relative pronoun , here “who”, is a co-descriptor of a sentence role

of the main clause, not a discourse role.
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mscourse-l — —
A . .

I .— 
—

uncle- I ~ •my-uncle.js-bald-1 ‘who-is-70’-1‘I, \ 
/

mv-u ncle~~~~~~~~~~~~~ ’. sub ect-of-’m -uncle-is- bald’ -! / 
/ , 

/

I subjec t-of-who-is-70- 1

Figure 12
My uncle , who is 70, is bald.

discourse-i

unc le- 1~~-~ 

— 
- 

— — 
- 
- 

.~~~~~~ my-uncle-who-is-70-j s-bald-1

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ I

mny -umicle- 1 I’ ,. who-is-70-1

who- i 
~~~~~~~~~~~~~~~~~~~~~~ 

subjec t-of-who-is-70- 1
U

Figure 13
My uncle who is 70 is bald
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4. Indefi nites

The definite article “ the ” is used in references to boundab le ent ities which the

listener alread y has in mind. By Contrast , the indefinite article “a” is used to introduce

a m i enti t y to the listener <7> . The distinction between referential and attributive use

made for definite noun phrases can also be made for indefinite noun phrases <8>. Thus

iii pa r a l lel with
3.3 )  The Preside nt has been married since 1945. (referential)
3.4) The Pres ident has lived in the White House since 1800. (attributive~

•we hav e
4. 1)  A mn e mn b er of th~ House has been married since 1945. (referential)
4.2 A white man has occupied the Wh ite House since 1800. (attributive)

4.1 Opaq~~ Operators

Quine (1960) pointed out that

4.3) Tom believes that someone is a spy.

can mean either I) tha t there is a particular person whom Tom believes to be a spy, or

ii )  that  Torn believes there is at least one spy in the world. Following the conventions

set forth above , these would be represented as shown in Figures 14 and

15. Fi gure 14 may be interpreted to mean that a particular person,

1~, ~~~ the speaker does not expect the listener to identify, has been referred to by

somm icone and that Tom believes that someone is a sj-y is true when person, P, is the

rcfer er m t of “som eone”. Figure 15 says only that Tom believes that someone is

a s ~~v is tru e.
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discours e-I

-
~ 1Tom-believes-that-someone-is -a-spy- 1

S

~~~ ‘~~someone-is-a-spy . 1

someone- I ~~~~~~~~ subj ect-of-som eone-is-a-spy-i

Figure 14
(where Torn knows who the spy is)

discourse-i

•
Tomn~bel ieves~t h at~someone-is-a-spy 1

• someone-is-a-spy-I
4 I ~/ \

someone- i .c~~. subject-of-someone-is-a-spy-I

Figure 15
(where Tom believes a spy exists)

When he presented these sentences Quine refered to the reading of Figure 14 as

the !~~ns~~ e~.t sense of belief and the reading of Figure 15 as the opaque sense of

belief. He represented these two readings using the existential quantifier as:

(]x)(Tomn believes that x is a spy). (transparent)

Toni believes that (3x)(x is a spy). (opaque~
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[he tr am i sp arent reading was so-called because it allowed “quantif y ing in ” . Quine went

on to point out that this transparent / opaque dichotomy was an ~unacceptab1e way to

distinguish between the above two readings of believe. This was because the

u nrestricted abili t y to quantif y into the transparent sense allows one to show that if

Toimi believes anyt hing in the transparent sense then he believes everything.

Qim ine exp lained the difficulty with transparent belief as follows:

Whe r e ‘p’ represents a sentence , let us write ‘ôp’ (following Kronecker) as
short for the description:

the nu irihe r x such that ((x=i) and p) or ((x 0) and not p).

We m a y  suppose that poor Torn, whatever his limitatio ns regarding Latin
li ter at u re and local philanthrop ies, is enough of a logician to believe a
sentence of the form ‘ôp=l ’ when and onl y when he believes the sentence
rep resented by ‘p’. Out then we can argue from the transp arency of belief
t ha t  he believes everything. For, by the hypotheses alread y before us,

(3) Tom believes that 6(Cicero denounced Catiline)= 1.

But , whenever ‘p rep resents a true sentence,

ôp=b(Cicero denounced Catiline) .

• But th emi , by (3) and the transparency of belief ,

Torn believes that ôp= 1,

from which it follows , by the hypothesis about Tom’s logical acumen , that

(4~ Torn believes that p.

But ‘p’ represented any true sentence. Repeht ing the argument using the
falsehood ‘Tully did not denounce Catiline ’ instead of the tru th ‘Cicero
denounced Catiline ’, we establish (4) also where ‘p represents any falsehood.
To mmi ends up believing everythin g.

I
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Thus in declaring belief invariably transparent for the sake of (2) 1
and ‘There is someone whom I believe to be a spy’, we would let in too
much. . . . In general what is wante d is not a doctr ine of transparency or
opacity of belief , but a way of indicating, selectivel y and changabl y, just
what  positions in the contained sentence are to shine through as referential
on any part icular occasion.

Quine went on to suggest a way of doing this which is closely related to ours.

We settle on a single sense of belief , the opaque sense, and think of this as a relation

between a believer amid an intem ision na m ed ~y a that clause. Intensions named by such

clauses w ithou t  free variables -- intemisions of degree 0 -- are propositions. There are

also intension s of degree 1, or attributes , named by prefixing a variable to a sentence in

which it has free occurrence; for instance z(z is a spy) is the attribute of spyhood. We

name hi gher degree intensions by prefixing multi ple variables in the same fashion.

Using this notat ion we can write

(3x)(Tom believes y(y is a spy) of x).

Quine used this notation to sing le out exactl y the positions which were to be referential

just as we have done in Figure 14. Our solution and his are based on the same idea of

singling out referential positions and will share many of the sam e properties. <9>

It remains to examine what happens when opaque contexts are nested. consider

the sem itemi ce.

4.4) John told Inc that Carol said that the man who killed Kennedy wore size
twelve galoshes.

1. ‘Somimeone is such that b u m  believes that he denoua~ed Catiline.’
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As before , the phras e “the m a n  who killed K cmmn edv ” can be either a ttr ibut iv e oi

m e t t - m CI I I  m.d Ii it is referential , the n “the m aui wh~ kill e d Kenn edy ” ma~ be (. am * ‘~l”

~‘ OI ds , or John umma y h ave beem~ par aphras ing Carol ’s reference , or the speak er m a y  h av e
I

Iwen ~ura phr .m s imig John. Thus ~~ have one att r i b ~m tiv e uui t er p r eta t io n and three ~-ei suons

of the refere nt i a l  one — depending on whoiii ~~ credit w ith the expres sion , “the man

‘~ ho kil led Kenned y ”. Note that  in

4 ~‘ 
) J ohn told m e , “Carol said that  the m a n  who k i lled K eui m i ed ~ wore ~i . e  iwel~

galoshes

t he q~ i la t uon m arks indic ate th at the speaker has not p arap hrased John ’s stat eme nt . ,mnd

.0 ~ c .~ c left w i t  11 only two versions of the refere nt ial int erpie t ation, along wt t tt the

. m t t m  u b u t u v e  one.

1 he mil ost iu.u t ural  wa~ for us to represent these t act s is to set up exp li cit

I ep i t’~ C II t .11 ions o1 the dusco~i m ses between John and t.~j i of and be twee n the spe ak em and

l o h im I ) om m ig this , the thre e interpret ati ons of 4.~ would be as iuu di ca t ed in Figure s

I i , 1 7 , and I S Note that in these fi g~ircs discon ise - I , the

d I S C O I I I  se t’on l.unin g our sanipk sentence , is in the real world while dmscoum se _
‘ and

~I i~ ‘ i i i  se 3 , i i C in disc oum se -I - I he listener is onl~ he aring about th em ind ir ectl ~ .

~om tsmder  the  ~- .Ise , shown in Figure I ,  ~~~~ “ t h e  m a n  who killed Keniied v ”

h ‘hiui \  p .11 .uph r. u se of what Carol said lii t h is ea~r t h e -nia n .w ho- ki Ik d—Ke un e d~ -1 is a

o desci uplo r of miu . mum - .
‘
, a m a n  role in the discourse between John and the speaker



re al- svor ld discourse- I 

- • i \ I ‘dmscourse-2 ~
— — ~discour se-3

~ : ~~~~~~~~ •

i . . ‘ 
I 

~ ‘
~ participant 0 ‘ ~ p3rt iCipan t 0 ~~ fl man-3 • participant

self

•‘ John-told-me- ”Carol-said-that-the-rnan-who-

/ 
killed-Kenned y-wore-size-twelve-galoshes-I”

•‘ the -man -who-ki lled-Ke nned y- I

Figure 16

Attr ibut ive interpretation of “John told m e  ‘Carol said that the man who

ki lled Kenned y wore size twelve galoshes’.”
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self

‘
.
‘ ~~~~~~~ / . atol l

J oh ii - t old - 
inc “Cam of- sa id -th at -i  Imc- i iia m i -~ ho-

S J
kilk ~l- Kcumncd ~ -~-orc-suze-i ~vclve•ga loshes- l” /

~ th c-mu ; in- wh o- ki t kd -Ke m iuied ~- - I

Figure 17

\~ h em e •Johui p ar ap hr ases Carol)
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Fi gure 18

(where Johmm quotes Carol)
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[his utt e a ns that  ih e-man- wh o -k ilied -K enmted )J mus t be m atched to the world subject

to the com ist taint that it m atches the samne entity as man•2 , a role analogous to one

which was presumabl y set up (luring the discourse betwe emt John and the speaker. If

th e phrase is a co-descriptor of a role in discourse-2 it must have been used in discourse-

2 Carol’s statement caused the setting up of man-3 in discourse, but we don ’t know

h at expres siom i site used which ~ is a sentence co-descri ptor of man -3 , we just know

tha t  m u .mn-2 and man -3 are co-descriptors. <10, 11> .

In su nimna r y , note that nested opaque contexts have caused us to part ways with

the quantif ier  scope interpretation of opaque contexts. While we give four

int erpr e tat ions of 4.4, quant i fier scope gives onl y three - depending on whether the

qua m i t i f ie r  is 1-il.iced before John , between John and Carol , or after Carol.

Somnet mines , instead of a node representing a discourse we need a mm dc

ep r esc m i tm mig sonicone ’s descri ption of the world. For exa m ple, if 4.5 had been “John

iold inc . ‘C.urol believ e s . ” then discourse -3 would be rep laced by a node represen t ing

(‘.uro l ’s i uodt ’l of the wom Id.

5. I)i~icour~ ‘ It e r a t ion

in the previous sectiomi we saw how nested opaque oper ators could lead to

niul t i ple versions of the ref e rent ial int erpretati on . 1hc saute thing can happe n when

q u au i l i f i c r s  are introduced. Consider the sentence

5 I )  Every boy wants a lion.
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We la ke this sentence to he am bi guous between
I ) They will take any lion.
ii ) Each wants his own specific lion.
iii ) They all want the same specific lion.

These three readings can be expressed as shown in Figures 19-21.

discou rse- I

-• every-boy-wants- a.Ij on-i

‘S a-lion-i

Figure 19 
~~~~~- 

;
They will take any lion

discourse -I~~~

iteratio n- i • ‘S~~% ’ery-b oy-wan ts-a- lion- 1

a-lion-i

Figure 20
Each wants his own specific lion

discourse- i

% 

• every-boy-wants-a-lion-i

lion-I è ‘5 a- lion-i

Figure 21
Each boys wants the same specific lion

Figures 19.2 1 can he interpreted as follows: In each case want-a-lion must be
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t r i te  for each boy. In Figure 19, a-lion-I is attributive. It can be picked as needed for

eac h want iij~. Figu re 20 uses a new const ruct. Here a-lion-I is referential , but it refers

to a rol e, lion-i , in the iteration , iterat ion-I, of want at the discourse level. It ’s not

su r p r isimi g, given our account , that this is a difficu lt reading for people to construct.

Finall y , Fi gure 21 gives the by now familiar referential case where every boy is

constrained to want ing the sam e lion. <10> We tu rn now to a discussion of the new

con st iuc t used in Fi gure 20, discourse i teration.

5. 1 Proccdur4j~çpr esentat ion of Knowledge

It may be help ful to distinguish between procedural representation of knowled ge

ami d re pte sent ati on of knowled ge about procedures, By proced ura l representation of

km io wk d ge we will ine am i casting that knowledge in the form of knowledge about the

re sult s of a procedure. For example , the knowled ge that every boy wan ts a lion could

be cast iii the form “if you check every boy and count those who want lions, then the

Count of t hose who want lions tvi ll be equal to the count of the boys checked. ”

Woods ( 1977) introduced a FOR iteration construct for representing knowled ge

of qu ant i fied propositions procedurall y <13> . Examp les of the use of this Construct are:

(F ( )R E\ ’ERY X / CLASS : (P X) ; (Q X))
• “E~erv X in CLA SS th at satisfies P also satisfies Q.”

(F( )R S( )\1F X / CLASS : (P X) ; (Q X))
“Sonic X iii CLASS that satisfies P also satisfies Q.”

Ft )R (lEN X / CLASS : (P X) (Q X))
“A generic X in CLASS that satisfies P will also satisfy Q.”

(FOR TIlE X / CLASS : (P X) ; (Q X))
“Tu e sing le X in CLASS that satisfies P also satisfies Q.”
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(1 ( ~R u ~RL ~ilN A~ 3t \ CL ASS ~P X) ~Q Xfl
I ti e thu  d N iii CL ASS th a t  s .mt i s t ues P .ulso satis tues Q

ti OR t t R l A l l  R I i  X / CI ASS ~P X~ . ~Q X))
‘\ h’i e t h .mn  X’s in CL ASS th a t  sa t i st  ~ I’ also satis fy Q.”

t i t  ~R t i - Q U A L  i t  N . Ci ASS ~P N ) . tQ X))
“ At le .ust X ’s i i i  CI ASS th a t  s.utus f ~ P .ulso s , ituS (% I)

t N t )  I u I t  1R l Q t  Al 3 F) N ‘ CL ASS U’ Nt i~Q Xfl)
.
~i c~t ci t h , u m u 3 .Vs iii CL ASS s , i t i s t ~ P and also sat isfy Q,”

u I cu Al NL ~\ %L t i R N CL ASS (P Xi ~Q N)
“1 x.ucuk \ .. i i i  (‘1 :~SS ~.itis I P and .ilso s at i s fy  Q “

, issutlIes t h ,ut t ot i- .ich CL ASS the m e ex ists . umm enumerati on function which

n ill pm otluucc .ul l the unemnbeis of th e CL ASS I he FOR statement specifics tha t the

p m edu c ate I’ ~) be .tpp lmed in turn  to each element iudu i~cd by the enumeration function.

I he i~’ ~ I uc. i t e Q~ x) us i hen .upp hed to these for wh ich Pt xl is true.

I he I i i  st a t gutuen t of th e Ft )R div ides the stat ements into those ~EVERY , 1’IIE

I I Al t i i  N) which exhaust the enu ituetatuon fun ctuo mu and those ~SOMF, ORDINAL . ,

.. i RI  A i i  R) which enumer ate eit h c m unti l  exh au stion or until a termination Crit er ion is

s ,ut u ’.ItetI I he descr ipti on of the te r muihul i on ~onditioits and the resulting states assumes

hat ,  u m u geute r al ,  hree cOunt s .ure maumu t a ine d .

u ) •u count , C, ot th e ekineti t s ciiuiu ~r ;it~d so ( .im .

i i )  .u count , CP , of the ckments passing P(x) so far.

i i i )  a count , CI’Q, of the elements passing Pix ) md Q(x) s~ far.

L o u  exampk , the tU )R F V F RY ...) sta t eine mu sass th at in the situation result ing from

I t s  t’xec ui t io i l  UP - CI’Q
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I he I OR iter ati on construct allows knowled ge about sets to be buil t up (lO u t

k iuott ledge ibo ut im idiv udua ls cont a imu ed in the sets. As ~t us mu em u t io m ie d in Sectioui 2 3,

such a coin posi t i oti  operation should not be used to the exchusu on of eo!~j ~ s uiof l -  A

decom upo sit ional approach allows predicates on sets of individu als rather than just

pre dic ates out im i d ivi d uals as is domie here ; predicates on indi v idu a ls are inferred from

predi~’ates on the sets the y sur e in. lioth com position and decomuup o sitton are needed

Dv convem tung Wood’s I-OR construct to our notati on , the differen ce between the

two referenti a l readings of “every boy wants a lion ” can be spelled ~ut iii more detai l u s

show n in Fi gturcs 22 and 23. Figure 21 shows the situ a ti O n

where each boy wants a dif ferent lion. On our account , to undei st.und this reading it is

neces’ar~ to cOnstru ct a stnuCture in the discou rse in which lions ire , in effec t ,

iiidi ~ udut ut ed by the h~~s who w am it the nu. In doing this , th ere are two way s th at “ever y

lio~ wants  a lion ” could be understo od .

I )  It ’ von pick any h~sv , he wants a lion. This is the (lEN opti on of the FOR
it er at iO n

i i  It ’ von ite u atC thro u g h the ho~ s and check each , each will wamu a lion This us
the UVE R Y option of the FOR iter at ion.

In this  c~.iuti p k, eith er option could be picked. rhe use of the quuamit if ie r “every ” (as

c o m u t u .t stt ’d w uth , for exa mple, “any boy wants a lion ”) suggests, hut does not force the

I \ ‘i R \~ optmouu l4~ In Figure 22 , a I -OR it er ati on with the EV E RY option

lt ,ts bee mi chosen. This it erati om i is repres emit ed by the node 1 R -F\ ’FR\ .
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D )V lIt )YS I S WAN I -1101-i ION -I.  This node has a generic role BOY which always

describes the boy for th e current iteration , j iust as the-President describes whoever is

cui r re uu t l v  P r esitk m ut.  Given BOY there is always an individual wanting of a lion,

\VAN i -BOY-LION-I , unique to BOY, and given this wanting, there is a uni que lion ,

I i ( ) N - i .  [his last utode us made u co-descri ptor of the sentence node a-lion-I .

discourse -I

S i:OR~F~’FRy. 1l0Y / B(.)Y S:T; \VANT -I3OY-LI()N-l ‘• everv-bov -waiits- .u-lion-1• 
4

a-lion-i

Figure 22
Each boy wants a different lion.

discourse- i
-

l i ci m u- I •_ — — 
‘— • eve n -b oy-wants-a -lion -i

a- l ion- I

Figure 23
Each boy wants the saute specific lion

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ can be m atched to the world

if WAN 1-1301-I ION-i can be iuiatc hed to the world unique ly for every possible matCh

i~i 
l)( )Y to t h e world
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1 he rea der m ight note here how we h a t  e utuI i7ed Fuh l m utan ’s miot ion of an

mmnl m t  uduu.i l  ouml ~ being ind iv idu al to sonic structure (ref er to Section 2 .2 1 — 1  is

tuutuqu e ciuil~ wit hin BOY. As BOY describes different boys, th e pr operties of L I ON — i

.ui e inher i ted  to different lions. <15> . Note also that this fo r ntu lt t ic ’n al low s the same

lion to he tv auit ed by more th an one boy, the standard understanding of such a

qu aui t  it ie d expression.

I m i this  ex amp le , WANT-B OY -LION -I is mua de a role in BOY . Thus is the first

ti uie we ha v e seen a nod e representing a process itta de a role ‘ii th e str u cturaL

desci ip t io u u  of a ph~sical object. In all the previous examp les, an~ physi cal object miod e

w.t s mn ude .u role in a state or process node. [he following questio n is ra ised:

i) It ~om im e on e w a m it s something , is th at wanting an at t r ibut e  of the tvaui t er , or
d~cs the w inter fu ll a role ma the wanting process.

Add ress iilg a more gener al form of thi s question , Karp (19 .’ 5) claims th at it is alL a

tu t u ter of viewpoint.  The sam e state of affairs can be described in either way. S ince

the lion is to be indit’ idu ;tted by the boy, we here choose to v iew the wanting of the

hon as an it i i  ib ut e  of the boy .

Iii co m i t r u s t  to Figure 22 , Fi gure 23 cont ains ito i terati on it all I :i gure 23

r epresents the c isc where all the boys want the same lion . Since in this c isc n othing is

uut I i ~ udut .u ted  to indi vidual  boys, there is nothing to be ga iuu ed 1w exp anding the sentence

s i t  tu c t nrc t u b  un i ter a t i on in discourse structure. Omi this readiui g , “ever y boy wants a

4t’
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lion ” c iii be conceptualized just like “a boy wants a lion ”, provided we tre at the

qu i m i t u u t  of an en t i t y  (arid other prop erties conveyed by quantifiers and dete r m iners ) as

1 prci j X’r tY 110 different fro iu u other properties of the entit y . A more standar d version of

thus  i dea i~ th a t  all predicates wi ll he predicate s on sets , with predicates on indiv iduals

h e m iug the specia l case of Predicates Ofl sets of one element. “A boy” describes a one

e lert i e t i t  set , “ever y boy ” describes a uui an y elem ent set. The predicate “wa nts a lion ”

can he app lied to either of these , since the number of elements is not particularl y

imn p o r tam l t .

It is important  to distinguish between

a) a pre( I ica te on a set which descr ibes the set as a sing le entity. For example, it
git-es the itumber of elements.

h) a predic ate on a set which describes prop erties of the individual elements of the
set.

c) a predicate on an element of a set.

The choice between h) and c) as a method of describing individuals is made in favor of

h) when we wish to counbim ie the functions of a) and b) into a sing le predicate. This, I

w ill argue in Section 6, is what often happens in Eng lish.

Whem i a set is predicated as a sing le entity, I will refer to it as a collective.

\S’hen it is predicated as both a set and individuals , I will refer to it as a pluralit y . The

re ader m a y  notice that I n un at pains here to undo the decomposition of everything into

predic ates on sets amid im id i v i du u al s long favored by mu uathe m atici an s. I do this , as I argue

in Section 6, to avoud a b reed dccoiiup osition of pr edica tcs ciii plura lities.
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5.2 The Collective / Distri buti v e Distinction

In apply ing predicates to pluralities we must be carefu l not to confuse a

predicate on a plurality with a predicate omi a collective. If a process, like wantj~g, is

done by a plural ity then a plurality of wantings occurs. This contrasts with a collective,

whic h acts as a single unit. Fauco uimiier (1975) dem onstrates this distinction with the

cx mm ii p Ies

I he mie n gathered / united / quarreled , collective
The mneii  took off their hats. distributive

e carr ied the couch. ambi guous

As a further examp le , observe that in

5.2 f ~ Ever ybod y gave S1000 to many of the men.

we must decide whether the men recei ving money receive S1000 apiece or just

par t ic ip ate  in a group receiving $1000. We m ust also decide whet h er “everybod y” acted

t u idiv idu ihIv or co~1ectivel y. 
-

Note tha t  one ca m lul o t personall y receive $1000 if SI000 is given to a group he is

m it , but one can be person all y told the news if the news is told to a group he is in

Fro nt this we see that the distributive reading m a y  or may not require a separate

iu~t ance of some state or process for each individua l .

A plural noun group m a y  he understood to he either collective or distributive If

d i s t r i h u u i v e , each individual may be treated on an ind it - idual basis , or as part of a group,

~ “1 tokl all the boys the news ” may mnean one telling (collective), one telling per boy,
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or so uu ie u i tu s i i hem -  of t el l u mug s lc’.~ t h a m i one per boy. ~‘ent iler (1967 ) gives examples

mutt  ei ide d to sh io~t i h,i t th e c hoi& bet u ce mu “eac h ” uui d “every ” influences our preference

b r  t he u ium u u be r  ol occu m u  .iu u ces

“Suppose I show ~ nu a basket of app les amid I tell you

l ake all of t hem.

It \ou i  st . ir t cd to Puck the m u u  one h~ one I should be SurpriSed Mv oIle r was
sweepin g. von should t ake the app les, if possible, ‘en bloc’. Had I said

L uke C t C f y  one of t h etm i.

I should m i nt c ure how you took t h emui , provide d you do not leave any behind.
II I s.iV

lake  eac h of t h e iu i.

omi t ’ feels that  the sent ence is u m i f im ui shed. So mum e t him i g like

I .uke e tch of t h emu amid exan uin e t hem in t t ur n .

is expect ed. [h ius I expect ~-ou to take them one after the other not s sum ~g
n ut .”

“All” f i t o m  s co llec t ive im i terpr et i tio ul hut takes distributive. “Every ” favors distributi v e

m nt ’.- u pm e t . i t i oui .  “F.uii ” strong ly favors distributi v e I nter pretation and favors distinctive

act ion s for each iuidit-idt , a l .

~‘. .1 Synt a ct ic  Stu u c t i m m e s  m u d  I t era t io n I oops

Suppose there is 1 umo um i i ih rnsc NP~ to be iter a ted over and a second noun

.u ~e N l’~ ‘~ 
which ca mi he ei t h e r .mt t r ihuu t iv e  or referential. We can identif y three

w s ~ s th ese (• f f l  he ucLute d  st iul ic luc.uIlv
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a) N i’~ t’Oui t timis NP air as a svu it actj c substructure.

ever y fli ght to an c istern city
et ci v flight which was going to iii ea s le rmi c i t ~

b) N 1’a r t -omi t ain s NP 1 as a syntactic substructure.

a ~~ w ho is r cpre sei iti ng each raw rubber pr oducer iii Brazil
a guy r ept esentim ig each raw rubber producer in Br az il
a i cpu ese m i ta t i t e  of each raw rubber producer
each r aw rubber producer ’s re~~ scuta t ivc
1 r cp r cs em i t . i tu v e of t he ma miag er of the critical section of e t ch stre am

ct  Neither is a syntactic sub structure of the other

i) I nch secretary remmnded tue about the scheduling of an app o imi tn iemit .
“ about schedulin g ui appouuitmne m lt .

to sched u le a m~ ~!f1poi tI t  m ileui t
that  I should schedule .t ii a pp~!~ t uten t

M ary intends to mail each ~1 her stu ic ide notes to a t’r t ct i d -

a Ii iend each of her suicide note s.

ii) Ev ery boy wants  a lio t i.
Each teacher thinks that a stud ent of ni iuc was called before the dean.
Each teacher over heard a r u m or th a t  a stud e m i t  of mimi c ’ was called before

the dean.
Each teacher overheard the ru m or that a st u u d em t t of mine has been called

beb ’om-c the de am i . ~ I ~~~ ‘

( usc a . ~s han dled by deciding whether Nl ’a ’ r I S a t t r i bu t ut e or re ferent ial. II .

a t t i  uhu t  ive it is picked is needed , if refer ential there is omit ’ emi t i tv  referred to Not hing

is gain ed by corist ruc t im i g n i t iter ation loop.

~~,ises h. and c. ame d i l leue n t .  Whether >~ P~ i’r IS l u1 ~~ Ct1 •is a t t r i butive or

m d c i  ciii i i i  the qu i e s im om i rema ins whether NI’1 is take n us co llect ive or dis t r i b u t i ve  For
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e x u m n p k , i t t - acli u . it t  m ubbe t pm oduicci iii hIm .in I is t ake n as collective , then a sing le guy

m epu e s cuu l .  t h i t -  colle ctit C en t i t y .  If it is t a k em i us du stimb u t i u - e , th e m u there is more t han

om i ’~’ m 
~~ 

c\ cui t i u i ç  .mu d t bus po~siblv uu i ore th at u one guy. the four possibilities are:
.u) . u t t i t h u t i t c , col h ec t , te

I h ci c i .  one gum ~

kt~ . t t  i i  u h u t i t  c , dt s t t  u h u l u ve
I h e m e is more thaut one gu y .

) u ( ’t ( ’t cu l t  m l  collect it e
I h em c is omie spec ific put ,  he tin s a co-descr ipt or iii thiscnuurs e struct ure.

dl i et~~i t - u i f l .u t  t h i s t i  t h u i t uve
I htc u c ca ut be c it h em oti c specif ic guy doing m tiu u h t uple r epre senming s , he has a en-
~IC\c i iptor  in th e dus co tu t se st m u t c i um e ;  ni theme c.u u be a specific guy for cach
pt od ucet , h u e bi as •u co -d es cri h ut om lit .111 i tcIat  ton loop.

I he decision b etw een a cohl ecti u -e am i d a distributive re adim u g is imt fluenced Lw th e

st mit it t i e s t i  uct u ;  r , th e s C u i t a u I t i C s  nt the Ie~icnl ite n is iui v ohved , and she t- .ury i ng

du st i ihu t  i t t ’ i o u  cc ot’ woi tis lu ke each . “evem ~ “, and “ all” . \‘at u 1 chit (1 ‘~7S~ r epo ut s the

result s oh c t t ’cu i t u l e i l t s  which show wide tau  in tuou t s iii ~udgeuneui t at t u o t ug sub~ects

In . t  1’hu .isC b ik e

S II ,t i cp u c ’ c u u l  .u t tvc  ot the n iaut uger of the crit ic a l  sect ion o1 each stream

~‘mte h u m  st .i ’ .k s tt be t lieu “ the t - i i t tc .u l  section of c .u chu s t re t in ” is collective nm du sti uhutu v e

I h.u t is . Itt ’S lit ’t ol i tot t heme is one crit ical set-l io n  for al l the strea ms. As suuntn ~

si’’ em il t i l t  i i  ii set t t ot i s , one then .usks whet he m th ere us one uu uuua ger. It ouie lsstut i lCS

set -eu .i l i i i . uui u~ ’t s, I he qu ue s t iouu oh how m.uuu ~ icp r esen t .ut it es comuu c s up this shouvs how

SI
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the colkchive / d ist ri huti ve distinction Imisi be made working tututward from the inner

ut u o st level of nesting containi ng a potentiall y distributi ve quaiu ifier. At each level bot h

syntactic and seiul~’ulhic evidence is used to make the decision. <17> Van Lehn (1978~
described a procedure sim ilar to this he called it quant ifier raising - which he felt gave

the best approxi m ation to his data on h unm i amu processing of quantifiers , of the quantifier

i ui t em pr ct ati on tu ’ueth ods known to him. Fodor (197%) also proposed a m ethod like this

to a ccottuu t for h u m u ia n process ing of quantifiers.

~.4 M umlf i pk beration s

Ihe previous sections suggested that an iteration need be constr tmcte d onl y when

t ’t o descr i ptio n s in the sentence were related in a special way, e.g. one indiv iduated by

the other. Otherw ise , Predicates on “pluralities ” provide an adequate description. For

cxauuip lc ,

All the boys kissed all the girls.

could be repres ented by a double iteration , but in general we claim this is not necessary.

More argum ents  iii Support ol this claim will be advanced in Section 6. One case where

coulsi u ut c i m u  of an it erat ion is usefu l is when n it apparent double iteration is actuall y

best .icconupl ished b,v a single iteration! Consider the sentences

5.4) Each cork is fastened to each bot t le buy a sina l wire basket .

5.5) Each tuu ,un and each womamu will be joined in muat r iag e here tonig ht.
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Most people pr efer to umnd ers t a , id sentence 5.4 by iter ating over bott les ami d
i t id mv i du at in g the corks by the -bott les. In sentence 5.5 they itera te over man/ wom an
p ;u irs

Note t h at  these scfltt ’t lCes provide ev idence that a quantifi er like “each” doesn ’t
rit ’cess , mr ul v  ~ct up an iterati on. It u s im a l ly IJOCS , and ther efore these sente nces are a h it
odd Ilui t  these sente uu ces are understood when each distributed quant ified expression
has a discourse co-descr iption which p~~tic i~~ es iii an iteratio n.

Sett ing up an iterati on in 5.4 and 5.5 expresses the specific dependence of corks
on hot ties , a umd u umt ’m i and wom en on each other.

5.5 (‘otus t r u e tu tug  an I t er at ion

Iii the pre v ious e xa m t mp le we coumk l have had each man married to each wonman!

Imi deed , it is mi n t alway s obvious how an iterat ion should be constructe d. When someone
hears

5.6) A r eq um irem im e n t for the course is the carv ing of a block of wood unto each ofthe 12 designs.

his re asoning ui mig ht he as follows: “Well , let ’s see. We take the wood and carve th e
first dc sm guu . (Pursuing the distri butive re ferentia l r ead imu g with one block) Oh! Oh! Now
how do we cart-c a second desi gn , the block is u sed up. W ell , maybe we could fit the
twelve de sig m i~ omi nu ic block , or we cotuld cul t the block it ito twelve pieces. Or ummaybe I
si iouik i . mb , m m i d o ui  l ime r cfcr emmtia l  readi mi g and use twelve blocks. ” Here ther e is a real
issue of ’ how Sl ims c ar t ing t~m be done.
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[ here can be 110 doubt that world knowled ge is required to choose between

r ead itugs . Consider

5. 7) Ev er y bod y at MI T knows a dialect of LISP.

5.8) Everybod y at IJCAI kmmo ws a dialect of LISP.

lit er~ one at .1 tun it -ersit y knows the same specific dialect while everyone at a world

conIercmice k nows different specific dialects .

In stu i mumna r y , we have shown how the possible readings requi ring iteratio m . ‘an be

represen ted , butt not how to choose between them.

- 6. Pluralitie s

The seumte n ce

6. I )  Three lookouts saw two boats.

can he expre ssed in Wood’s (1977) notation as

&AN I) tIQUA I 3 (NUMBER LOOKOUT/LOOKOUTS : T;
(FOR SOME BOAT/BOA TS: T; (SEE LOOKOUT BOAT))))

tF Qt ’A t  2 (N UMBER BOAT/BOATS: T
(FOR SOME LOOKOUT/LOOKOUTS : T ;
(SEE LOOKOUT BOAT )))))

t hi s is 4u reasonably complex expression , and one can question whether it is the most

l ucus l ui c umotms for m to use , especially if it is to be processed int ensi ona lIy r ather than

e ta luuat e d  exte n siouially . Such a form is for ced if one insists on predicates on

muh,v,du ;ils . If one allows predicates omu pluralities which imp ly mult iple individua l
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actiom u s , the um the above expansion of the quantifiers to positions external to a predicate

is not re qu mired .

6.1 L!~~l~~L~&Sl !t~~

T I-m e question of whether to allow predicates on pluralities can be viewed as a

choice of level of represe ntatiou m .

As Iu ierwmsch ( 197 1) notes, a sentence like

6.2) l I me boys hit the girls.

r cpr c scm mt s a state m iient whose trut h would be supported by hit conditions existing

between individu a l  boys and individual girls. Indeed (Nunberg and Pan , 1975)

h ave the boys ever hit the girls?

requires a reporting of even a sim igle instance. However , since we have no information

nI -un ti l w h at boy /girl pairs are involved , there seems to be no sensible way to interpret

th is st a temuueuut in terms of conditions on individuals without making arbitrary choices.

Were a ll the boys and girls involved? Was any girl hit by more than one boy? \Ve

don ’t knott - So while “the boys hit the girls ” iumi p lies hit relationships between

i nd it - idu t al boys amid girls , there is nothing to be gained by expressing it in these terms

since mmone of the partic u lars abou t individual hit relationshi ps are known.

Now the inupo rt an t  thing about “the boys hit the girls ” may be the relationshi p

lue twe em i the groups , not the si u m g l im i g out of the imu divid u m al s actuall y involved . Bierwisch

supports i hk no t io mi wi t  Ii st’t itenccs like
(‘. 3) 1 he tv li ite s oppuess ti m e uwgiot ’s.
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6.4’s lhe Roufl ans destroYed ~~rthage .

(u S) The Chiulese of the sevent h century kn ew por cela in.

In all these sentences we have actiofiS or attitude s by all the m e m bers of the group

which nuay suppOrt those actuallY involved. Care must be taken or this group sense

may he lost in a r ep r eSet lt at bOh l focussed on individu als.

Fo r example, a t~piCaI method of çcpr esCfltt n~ “the boys h~t the girls ” in term s

of ~11dividt i~ hit g~ 
would he tO for m a prediC~1tC calculuS expr ession rea diflg

let 1% be a subset of the boys

~ let (1 he a subset of the girl s

iii) then for all m e m bers h of B ther e exists a girl g in 0 such th at b hit g.

iv) and for all mnemnhe r s g of 0 there exists a boy b in B such that b hit g.

Iii tItu s nota tion the impoltaflCC of the large r sets is lost. The ~ot~Ofl t hat the larger set

Il!~’ boys was responsible for or stupportive of the action of the subset , B, is gone. Th is

could be st ate d separatel Y or recovered by infer ence , but we take the position that it is

•u C t ini er rod tu cti%C to disaggrC ~ tt C the infor m ation in the firs t place. No double

si a t e uuIC1 ~ 
or inferenc e should he required .

Recall the sentence “the Pres ident has lived in the \Vh ite House since I S(~ ” and

bow tit us u~ veri fied imu lepende ti ttY of what individuals are involved. We don’t care whO

ilw in dit ’i(itt ~ 5 are, hut only that individuals act s~ tha t SUCh a thin g is true . The same

~an he said for th e semitcu lces above ~nvolvi flg plurals .
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7. R&’ference

Souit et um nes “ h ot s  lov e cj mmd ~” is repres ented as (V boy)(Iove (boy,cand y)) . This

m ’ . not r igh t  “lIo~ -. lot e can dy ” is true eu ’en if there is some particular boy who doesn’t

lm ke  cai id~ • I ~ou~ lot e c ,mm id y ” u mm e an s th a t  the typ ical boy lov es cand y, not “all boys

lou e t .a m md ~ Suuuc e we h ave alre ady introduced the notion of a generic node, the proper

muutcrprc ta t uoul  of this sentence is obtained in our notat ion by making ~~~ co—referent ial

to the gen eruc b~y as shown in Figure ~4. .1$>

discourse- I • boy

boys- I 

•~~~~s-I~ut e~~m i~~~-l

Fi gttr e 24

At least u -heti’ tkal i miu ~ with  count able entities , it is important to distinguish two

• a lt e rn a t ive concept ions of u niversals - the conception of universals as exemp lars (or

ge mu eric mmnde s) amid the concept iomi of ummivers a ls as kinds (Karp 197-5). The notion that

uni t  ersals ire e x euump lars mi ght he stated as a primicip le of the following sort:

( I  he Exem mip lar Prin cipk) All and om mlv those things are true of an abstract
sub stance which are true of its typical examples.

So ~l.ut etl the p m’ im mci pie suu ffers froun oversimp lification. As Wittgenst ein (1953) points

tiut , excmnp la m s fre quuentl y have almost nothing common to alt of them , e.g., sonic cups
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have hatidks, some domi ’t , some are glass , some are porcelain. Nevertheless , we may

leave these difficulties aside for the mom ent and consider the simp lified Exemplar

Princip le in distinguishing between exemplars and kinds.

The indefinite article, “a”, may be used in referring to exemplars “a lion has

four legs”. Exeunp iars may also be described using the definite article , “the ”, and the

bare plural , e.g., “lions”. 
. 

•.~~~~~~. 
-

~~~~~~~ 
has f our legs.

The lion has four legs.
Lions have four legs.

• There are other statemnents whi ch can be made with “the” and the bare plural which

cammot 1w made with “a”.

The lion is almost extinct.
Linu s are almost extinct.

‘A lion is alumiost extim u ct.

The hon is widespread in Africa.
h i t ’uls ate widespread in Africa.

‘A lion is widespread in Africa.

The liom i is a species of un~mmn m na l .
I ions are a species of ma imun al.

‘A lion is a species of maunmal.

1h~st’ la ter statements are widel y recognized as referring to universals , but t h - ’v ascribe

to these tnuiu -er sals properties which cannot be held by any individual lion and thus not

1w t he exemi u p la r. No imid ivi dmu at lion is almost extinct , or widespread , or a species.

flies~ la tter  slat emi lents refer to lion kind , that is, to lions as a species . The exemplar

pri ncip le is false.
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Note th a t  the seu itence (Car lsou i 1977)

I uit gu u us t s have over 30,~X~l books itt print.

is ai i ib i gu ions becautse “ l iu t guists ” could refe r either to the exemp lar (or generic) linguist

or to l u u i g u u i s t s  ‘us a kitid. This is di samhi guated by our knowled ge of the world - b~ our

k mmowk d g e t h a t  it o  individual  linguist could write 30,000 books. On the other hand

L in guis t s  h at e (~ ,344 legs.

ca mm ha te  ou il~- the exe un p la r interpretation , even thotug h it mi ght be true on a collective

h~i - .is A pp arentl y “having legs” is somn et i-ming that only individuals can do while “being

wmtle spread” is s o mmme m hi ng that  onl y kinds can do.

8. l’roces sing Consiclerat ions

In the prev ious sections we have introduced a new formalism for the

r epr cse m ut .ut i ou of the log ical form of English sentences. The new foruna li sm is more

comp licated t h a m m t i c  old. Sentences uvhich were previousl y represented by predicates on

indiv iduals in comnbi n ati ou t with universal amid existential quantifiers , now require ~t

u- .uri etv of u i iechau t i sms : the referential/attributive distinction , iteration loops, the

collect ive / t l is t  r i bu tt ive dis t im t ct io mu , and predic ates on individuals , sets, pluralities , generucs ,

.ui id kinds . Iwo  teu -el s of representation (discourse and sentence) are used instead of

one.

Wh y is this m u more couu iplex scheme a better schemne? It can be justified in part

L 
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by the diffic t ulties encountered in app ly imig the quantifier scheme to certain difficult

cases. For ex am imp le ,

i) There is ito strai ght forward way to capture all the correct readings of nested
opaque operators using quantifie r scope (see Section 4.1).

ii) A sentence like

8. 1) 1 told three of the stories to many of the men.

has three re adimigs corresponding to

~ three stories to mitany men collectivel y
b) three particular stories to , the many men distributivel y
c) three different stories depending on the men.

The a. reading is hard to capture unless one adm its the collective /distributive
(h i s t iu l ct iOu i. <15>

iii) The “each cork fastened to each bottle” sentence requires some sort of specia l
t r eati ne um t of each (see Section 5.4).

These are important objections , but the primary motivation for the scheme

pre scutted here was ease of processing. There are two primary factors.

The first factor is that a representation with more constructs often provides a

• r iche r s~ru ctui r e which can be processed more efficiently than a rep resentation based on

a suu i al kr set of uu more pri m iti ve operators. I do not clai mn to have shown that m y

representation is in fact processed more efficientl y, but I expect this observation to

strike hom e with mnany read ers fa m iliar with the difficulties encountered by predicate

calculus based theorem provers.

The second factor has to do with the desira bility of delaying decisions for which

th e im m io rm i m a tion is not yet in hand.
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‘le -., t o- I ) e ’cuiptoi  s,.

~ I I l u m i ~. i m t  P r oL cs’~m n ~ ~ Q u u u t m f i c d F\flre s~ o:i s

lii  a rec cmi t t hc~is \ aiu I ..ehtu I Q7 S) reports t hat  when people .ur e gut en a

‘.t ’m t t t ’m k ~. l u ke

~ .-\ qu t c k test c o t u f i r uum ed t ha t  ever y drug was rs~- choa ct it -e.

u h ey c l a iu u ,  t h e~ und ers tami d it , but are themi ut uable to state whether the re was one t est

p~’t d rug  or o t u l t  om w t e st for ‘ull. Ih i s  a t nb ig u ut v  caa he expressed in predicate calculu s

uu~. im ig the  utm i ut  u’ r s ml  amid exmstcu i l  i , u l qu ant i f iers .  Using the standard rule tha t an

c x s t eu t  iahl ~ qu a ill tIm ed v ariable m a y  only depc ’mtd on the universall y quantified variables

to i t s  l e f t , we mu t t  wri te  the two mn ter p ret a t iom is:

( 1  te st V dt ug (C ( teSt , dru g ?)
V dru g  ( I test (C (test , dru g))

I he dtf It~u l t  wmt  h this n otation is th at  it lacks a form which leaves the anubi gu ity

u m ir e~olt ed . If peop le were forced to resolve the am nhi guity in order to come to some

u uude r s i , tm i t l in~ of the sentence the y would not report to \‘an Lehn that they have no

ide .u of wh e ther  there tt ‘us more th a m u one test ct-cit thoug h they understand the

SC II IC lice -

S.2 A i u !h i g u i iy  and Geu cr .m l fty

The m~~ue aris es in part hecaumse of the difficulty of dis t i pguishing between a

~c ti c r .ul  exp rcss iouu amid au i amb iguous one. For examp le , Figure 25 illustrates

th a t  bot h a sail h ii  and a tu iot or boat can be described by the general expression boat.
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1 hi t , couil r ast s to Figure 26, where there is no concept general to the pronoun-

!t 1mmi ~ am i d mui inera l -m in e senses of “mine ”. Figure 27 points out that it is

u m uc ei t a iuu whet her “a quick test confir med that every d rug was psychoactive ” has a

general sense. The general sense of “boat ” is resolved semnan t icall y - by choosing

between mitore specific concepts stmch as “sailboat ” or “motorboat ”. If Figure

.~7 does have a general sense it mni ght be resolved semanticall y, but it mi ght

also he r esolved pragmaticall y • by binding the concept into the discourse structure in

dii fe reu m t was .  Philosop hers have largely ignored this issue since they have been

iu mt c rest ed i i i  formal languages whose ter m s are log ically una m biguous. Van Lehn’s

r esul t s  would tend to indicate that people do have a general sense of this expression.

boat

sail-boat / \ m otor-boat

Figure 25

prono un—t u tut e 0 0 m in er al -mu m in e

Figure 26
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1 t es t  t t V te ’. t )~ t i t r~a .di uug I )  ~) v di ii~ )( I t ( ’Sl )(t (t Csl ,thri m g ))

I - i~ u ui t.

S 1 o~ e- tn t  S i t  u t egues lot he l~et mneute tu t  ot ‘~ ic ucu .u( l~ spressuons

W lu en .u h t s i t ne t  lt.is l’oih genci ml . ;m ud sjs ’t the senses of a tem iii lu k e “h ’oat ”, his

~ hi ~ ~i e . ‘m ~~~ s~’r~ i t u c .t sci u ~e to use c .un hr ronsidci cd .m pi ot esslu ig st u  atcgv W i u ri m he

i ‘‘k ~.i u , ‘. Im ~ ‘uilti  h ue ch oose bet wen t iu u oto u .untl sai l ho ,ut ~ Whei i he he .t, s the “qut ek

c ni  me i t t  c • .h u~ ‘ii RI hr c lioo ’~e l iet w en mi t h ur  o u r  .u u u d muhi up k Ir si i rad imi gs ’

1 i ’ uIt ou u ii r i  I ~ -~ “ 1 dis - ui ses o u r  pt i i i cm pk which a l is teun u utu gh t use

l’ u t iu ~u p k It sonic p u t  t i ru t L i t  t t t m d n u s t . i u i d i m i g  ot a sentc tm ce (or consequence
ol i t )  t .l i i  h1’ t u e u  led .l\ .1 pu esu l pt ls If ton m U i ti c ’ r es t ot the dtsco uu ise , t tu rn th a t
il l i t I c i ,.t .inthiiir t O l l esI’ ouid ~. to a g e u t n u u u r  i r . uduiug cit th e Sciutri t ec ’,

( t t ide i  t l i t .  I I  t u t t ip ic

S I u uu d .. Ii . u ’. . u h i tut  th e s , iih is mcd tumih i  uv l t u te dots

%% t ’ Lt  LI ~lt~~t~ t h at  “I u ank Ii .us .u bo ut ” has •i u r at i mm ig where “boa t ” is a “sailboat ”

1 in t h r u
~ 41 \ ii mtm ~ I i  iciuils wci u to see .1 mno t - u r l ist uu ight.  1 he one Sume uu n d Phil saw was

tn  t ii ur , hu~t t h e  our .Io lun .uuul M i t  s i t u  ut .u ~

it i t t  It I mi i i  ph t h u  t t h e  ( m u s t  se m utemit e had .u i c . ItIutu ~ w h ere i l~ h i  t ends saw the miu ou ue two

hi ~ h u t ’  
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These examitp les make a pretty strong case that it would be unworka bl e for a

listener to consider all the senses of an expression i m p lied by the ambi guity princ iple.

[his would force too muic h of what is called forward inferencing - the consideration of

• all possible interpretati ons of a sentence in the hopes that one will hel p in interpreting

th e followi ng sen temic e , before , the following sentence is available to direct the search for

~~~~~~~~~~~~~~~~~~~

8.4 ~~~v~~itag ~sof  the Representation

The advantage of the representat ion proposed here is that it allows the resolution

of a im m bi g uui t y  by incremental ly adding to what is alread y present. This is done

a ) liv using the attri butive /referential distinction where other s have used
q u m a mutif i er scope and m aking the attrib tmt ive/referen tj al distinction a question of
pragunatics.

h I lh mna kim u g t he generic /non-gener ic distinction a question of reference.

c)  By using featimres to uu iark the distri butive /collecti ve di stinction when it is
desirable.

ii) liv u sing predicates on p lu ir ah it ies and constructin g iteration loops onl y when
• iieetkd .

All of thes e t miech au iism ns work to allow easy partia l interpretatio n of expressio ns

• which have not been fum i l y resolved.
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9. !~~Ql!lems . and $~gg ~~~f j ~f~r_th cr Work

The l u te of d evelo p muu emit proposed here has been carried far enough to allow a

pr eh im t t i i i a r ’, eu- .ul u a t uou i , hut  one needs to look m ore at , for example, verb phrase

delet tou t , atuaphiora , amid hoolean operators.

9 1  F ur the r  R em arks on the St rt mc tur nirem ent s for Verb Phrase Deletion

Imi li lt’ semil enc e

0.1) S om umco m me hit  et -eryone.

“soimieo u ie ” car t lie understood either referentiall y or attributivel y. When it is

understood r e ferem u ti all v there is one person who does the hitting. When it is

tuudc r stood a t t r i b u t ive ly ,  a dit’ferent person can fill the rose for each hitting.

Now a semit ence like “Bill hit everyone ” can only have Bill understood

re le r en uia l l s ,  so it is in t erest ing to see wh at happens when these two sentences are

con j o iuic d and there is verb phr ase delet ion. 1mm fact , in

0.2 Somite out e hit et -eryone and then Bill did too.

sotuieo tie can ouily be utmm d erstood referentiall y. This argues that the struc tui r ~i l id~nt1t~

re quir ed for verb phr ase deletion includcs the requirement that identical noun phrases

be ei ther  hot ii a t t r i b u tive or I oth referemitial

Sag ( I 076) ha~ presented a number of exanup les which might be handled with

this .urgunme m il  I or example , there are two readings of

9 3) lk ’u s~ w , u ui ts  Peter to read C y r u s  t h ing  Alan wants him to read.
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dep em idi mt g on whether “everything Alan wants him i m to read” is t aken as attributive or

r el er emit i a l .  If it is taken as attributive , then anything whic h happens to fit this

descri ption should he read. That is, read what Alan says. On the referential

imit er p ret ati om i what Betsy wants Peter to read just happens to be describable as

“ev erv thi ium g Alan wants him to read”. One needs to propose the details of structure and

verb ~hr~mse deletion so that

• 9.4) Betsy wants Peter to read everythiumg A laum does.

will have only the referent ial interpretation. Another similar example is

• 9.5) Betsy ’s father told her to work ha rder than her boss did (told her to work).

92 Anaphora

One might think that defiu iite anaphor ic references are made to nodes alread y

existi n g in sentence or discourse structure , but the situation is m ore complicated. In the

scum tetm ce

96) John got nmarried last week and she ’s a great catch.

here is no explic it mentiom i of the an tecedent of she amid it isn’t clear when this is

created ot what the ruml e s are which pe ru imit this. Note that

97 )  John is ami orphan am id he misses them.

doesmi ’t work so well. The importance of this to the current discussion comes out when

flue  considers semite nces like

9.8) John traps beavers evetu though j~~y are protected by law.
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~ ~ ) S cm t at . , ’r ( lr cerl believed that he had nominate d the wh iner of the election, but
Sem iato u Wh it e believed that she had nominated hi m .

~~~. 10) 1 he all  i~ a fOr ’s t a u l  fell off hut it grew back.

It i e tch of t he\e -~cnueuice s pro bl euu is are created if one assumes that the under lined

p lu u ‘~e ar id th e pr onou n ire eo-des crupttv e In the first , “beavers” is non—generic and

m~ i~cuie ~mc in the third , a t a ul role a nd a t ail are referred to. Howeu’er, it isn ’t

clear whe t her th e Phr ases t i e  co-descu ip t or s or whet her the first ju st makes a node

w h m & -h us a Ct ’ ‘“ L r s ~~tor ot ‘he sceomid .iccessahle. ~2O>

9.3 Bo~le~m mi Oper at ors

E~ ~i m nj i Ies  of the 1 uct ~ needing aim exp lanation here are~
a) ( ou u lunc t tom i cuE tk scr i ption s and _ ç j ~m~~tj~~~~~~ e~çnts

1’he uiui m ie r and sappe r went to wor k.

ca n ref e r e m t h e r  to one person who is both a miner and a sapper or to two.
• h ) i i  pt uctio uu and Opaque Qp~rator s

John belie ves that either dogs bark or cats meow.

doesn ’t mean the same thing as

Either John believes that dogs bark or John believes that cats meow.

c) Disc~ u m rse or sem amut i c s

If it snows tomorr ow , there will be chains in the tr iuck.

could ru u ’ iu th at  cha in s he iu ig in the truck is conditional on snow or it could
mean “ t his is i n fo, mn a tio n you will need if it snows. ”
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d) Interactio n of ~~gation with t iuan t ificati omi

John mmiakes mu ot 500 a year .

~uses “not ” as an adverb and means he makes less.

Every boy ~vill not be allowed to leave.

um m e ans either that some or none will be aflowed to leave, depending on whether
“not ” app lies to the sentence or to the predicate.
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Note s

1. The curr ent thinkin g of SRI does involve two levels of represen tation as is
advocated here.

2. A for imulation with onl y three kinds of links allows the netwo rk to be self-defining’
to a lar ger extent , and thus one would expect the corresponding network
interpreter to have less “compiled in ” knowled ge, thereby being both more flexible
and less efficient. Also, a formulation with fewer links requires less
epistomological commnittunent , whether for better or worse.

3. Since I believe in the use of uneta-description , the correspondence of , say , FIDO to
the ~vor ld could be taken as equivalent to the corresponde n~e of the proposition
FID( )-EXISTS to the world. This would reduce all correspondence to the
correspondence of propositions, but I do not care to operate at the meta-level as
this trick requires.

4. We are lead here into the center of the realism/nominalism debate. I embrace the
position of Carnap (1950).

5. There has been discussion of whether the referential /attributive ambiguity is a
semantic or prag m atic one (e.g. Cole 1978). If we take a semantic distinction to
involve two different data structures in the sentence representation and a
pr ag mua tic one to involve two different data structures in the discourse, then our
solution is a prag m atic one.

6. A m im e t hod for the sequential binding of quantified variables in determining the
truth of au expression was introduced by Hintikka (1976). Althoug h he was
w ork iumg with predicate calculus , he obviously had in mind the same general
strateg y proposed here.

7. In add ition to introducing an entity to the listener , the speaker can indicate
whether he expects the listener to learn more about the entity by a choice of ~~~a, or some. For example ,

\Vhcre did you get that balloon?

a) This m a n  in the park gave it to mi me.
h) A numn iui the park gave it to me. _

____
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c) Somne mua n in the park gave it to mne.

8. The possibility of making widespread use of the referential /attributive distinction is
discussed by Pa rtee (1972).

9. A development of the problem of opaque contexts can be had in Linsky (1971).
Quiuie was unhappy with his (thus our) treatment because it treats intensions (or
concepts) as objects. I aun not bothered by treating concepts as objects because I
belie ve that any intelli gent problem solving system will have to have knowledge
about its own knowled ge. Besides, circumventing concepts as objects may be
comimput a tio nal l y as unattractive as retaining th em is philosophical ly. For a recent
at te mn pf , which imses reasoning in terms of possible worlds , see Moore (1979). This
tr e4utunent will face the frame problem (McCarthy and Hayes 1969). For som e
thoughts of mn imie , see Martin (1979).

10. The idea , used here , of treating referentiall y opaque belief contexts as attributive
has been proposed by Cole (1978). He points out that the quantifier scope
anal ysis of

John told mime that Carol said that the man who killed Kenned y wore size
twelve galoshes.

shoimld be three-ways ambiguous , according to whether the quantifier is inside the
scope of “told” and “said”, just “told”, or neither. He suggests that si m ple
app lication of the referen tial / attributive distinction would produce only two
r ead imigs - the attributive reading wher e “the man who killed Kennedy ” is part of
Carol’s stal cunent and the referential reading which binds “the man who killed
Kenneds ” in the listener ’s discourse model. Here, he says, is a discrepancy
between the two treatments , One predicts three readings , the other , two.

Cole goes on to suggest that the sentence

.Joh im told me, “Carol said that the man who killed Kennedy wore size twelve
galoshes.”

has only two readings: the attributive reading where “the m a n  who killed j
Kennedy ” j~ part of Carol’ s statement .and the referential reading wher e th e

• descri pt ion “the man who killed Kenned y” is attri buted to John. The readin g
where that descri ption is attributed to the person quoting him is missing. Bt mt
Cole fails to consider that “the man who killed Kennedy ” could be used by Carol
ref erentiall y.
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I 1. (‘ole observed that  the choice of who to credit with an expression is influenced by
the v em b ; “believe ” amid “know ” favor paraphrase , “say” and “tell” are neutral ,
“whisper ” amid “m m ii mr mn ur ” favor quotation.

12. P ;ur tee ( 1972) points out that this type of sentence and those of the previous
sect ion pose a i~ro bl emm m for the analy sis of the indefinite article in icruns of the
features ± specific. (Fillmore 1 967) Something more is needed to produce all the
readings. Features can be used as follows: if a hearer has decided a node is
de f iu iitdv a t t r ibut ive it can be muarked +at t ribu t ive , if it is referential the co-
descri ptor is shown. Otherwise , it is unmarked and has no co-descriptor.

• 13. Readers fa mm l i a r  with iteration macros and program umning lamiguages will see that
\Vood’s R)R is quite l im n ited , e.g. iterati omi is limited to a sing le variable. I use ii
here because it is simp le, is well exp lained by ~Voods, and will facilitate
comparison of my suggestions with Wood’s earlier work.

14. Furthe r  on I ~‘ill discuss both i) the influence of quantifiers in choosing an option
and mi e xam m ip les with side effects which require consideration of hots’ an iteration
could be done.

15. lo carry out the iterati on the geumer ic BOY would be individuate d by a counter
am i d each of these individuals would inherit the descri ption of BOY.

16. Foder i~ I 979a) uses these sentences to argue for the existence of referential readings
of in def im u ites.

17. Also qu antifiers can be attached directly to the predicate

John and Fred each gave Mary 51000.

18. The ide;i that generic interpretation is a mode of inference is advanced by Nunberg
auld Pan (1975).

1° . This e xam ump le of Jackendoff (1972) is discussed by Fauconnier (1975).

20. See \Vcbber (1978), Sidner (1979) and Fauconnier (1978) for examples and
discussion.
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