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PREFACE

This second volume of the series "Amsterdam Papers in Formal Grammar"
contains most of the papers read at the "Second Amsterdam Colloguium on
Montague Grammar and Related Topics", held on january 0-13, 1978.

The papers missing are those of Jens Allwood, Colin Diggs, Ewan Klein.
Frans Plank and Arnim vom Stechow.

To achieve quick and unexpensive publication, the papers are reproduced
exactly as they were recieved. Therefore, .only the authors are responsible
for form and content of their contribution.

Compared with volume I, the papers included in this yolume show eyen more
divergence from Montague Grammar, as is to be expected in the course of
the treatment of new problems in the area of formal grammar and the
development of interests expanding the original field.

Thus, there is a move towards context dependent interpretation and formal
pragmatics, towards lexical semantics, towards the application to the
semantics of programming languages, and towards the theory about the form
of grammar and the means used in constructing grammars, all of which shows
a growing awareness of the problems that arose with the development of the
" field within the Tast years, and the merits it may have in the long run.

Renate Bartsch
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ANALYSIS AND SYNTHESIS OF LINGUISTIC SURFACE

Thomas T Ballmer

1. Introduction

In this short paper I want to treat the question whether it is reasonable
to distinguish conceptually and formally between synthesis of natural
language expressions (NL-expressions) on the one hand and analysis of NL-
expressions on the other.

Strong motivations to differentiate the two directions synthesis and analy-
sis for a grammar could be inferred from considerations such as the follow-
ing: It can be taken as one of the major goals of setting up a theory of
language - which in standard cases involves a notion of a formal grammar -
to account for the linguistic competence of individual language users, or
of typical language users or of language user communities. This competence
is to be described or reconstructed in the grammar (system of grammars)

referred to in a theory of language.

This competence, as I take it, is a competence of performance and of
interpretation, or more explicitly, a competence to perform linguistic actions
and to draw conclusions outof such linguistic actions performed by one-

self and others. Now, a motivation to differentiate between the two direc-
tions synthesis and analysis rests upon the fact that the general frame-
work is, according to our view, one in which there js at least one speaker
producing Tinguistic expressions from cognitive entities such as deep
structure, concepts, known or believed propositions, logical forms, and

at least one hearer interpreting the linguistic expressions produced by

the speaker(s) by means of assigning them cognitive entities (incidental-

1y the set of speakers and hearers may coincide): referring to this frame-
work, a grammar reconstructing the kind of competence I have in mind, i.e.
the competence of performance and interpretation, breaks up naturally into
two parts: the speaker's competence to perform linguistic actions (synthesis)
and the hearer's competence to interpret them (analysis).

Unfortunately this motivation for a theoretical distinction of synthesis
and analysis of linguistic expressions though it is a good motivation
cannot be taken as a valid argument in favor of the synthesis/analysis
distinction.
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More thorough considerations force us to go another way. Therefore we shall
present two different arguments. Aftera first more abstract approach which
presents a good reason for a theory independent position, we will develop,
secondly, a much more specific approach to our problem. This second approach
is linguistically more palpable. It concerns the synthesis and analysis of
sentences containing pronouns (or more generally proforms). As will be
demonstrated by means of this approach there are essential differences
between functions synthesizing NL-expressions (from logical forms) and
functions analysing NL-expressions (into logical forms). The two processes
going to be described - namely the principled synthesis of pronouns from
Togical constants, and the principled analysis of pronouns into logical
constants - we shall call pronominalization and depronominalization,

respectively.

Functions of synthesis and analysis, i.e. in our case pronominalization
and depronominalization, need not be inverses of each other in the mathe-
matical sense of the word, though they may come close to that. Especially,
it will turn out that it is no trivial matter to get from synthesis func-
tions to analysis functions or vice versa.

2. The Two Arguments for a Synthesis/Analysis Distinction

For most theories of language and grammars there is no distinction between
synthesis of NL-expressions and analysis of NL-expressions.lChomsky's doctrine
that "there is no general notion 'direction of mapping' or 'order of steps

of generation' to which one can appeal" (Chomsky 1969, p. 188) has found

wide acceptance. The main task for a grammar is considered to be merely

the adequate delineation of NL-expressions (and their structures), of pairs
of NL-expressions (and their structures) and their logical forms, of pairs

of NL-expressions (and their structures) and deep-expressions (and their

structures) and the like.2

a) the first argument

My first argument is based on the fact that the (natural) inverse of a func-
tion having certain properties need not have the same properties. The in-
verse of an everywhere differentiable function, say, need not be differen-
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tiable everywhere. But more to the point, the (natural) inverse of a
totally recursive function need not be totally recursive itse]f.3Thus
there can be computationally relevant differences of a function and its

(natural) inverse. This is a strong argument in favor of distinguishing
a function and its inverse from a computational point of view.

b) ‘the second argument

This has been very abstract, so far. - I think we all agree that there
is a need for a linguistically more directly interpretable result. There-
fore we will turn our attention to the second argument for a synthesis/
analysis distinction.

In order to carry through this argument a little preparation is necessary.
I will work in the context of logical grammar, expecially in the context
of what I call language reconstruction systems (LRSs).S/6

The few next steps we are going to present are the following. We present

in a very abbreviated form the syntactical head of LRSs. In (1) an

analysis of the very simple sentence ALF RUNS0 and in (2) the synthesis

of this sentence is given. In (3) the analysis and synthesis (if read from
the bottom to the top) of an extremely simple text with pronouns is
presented. For more specific information about the syntactical head of LRSs
the reader is referred to Ballmer (1978). A catch-word-1ike 1ist of proper-
ties of the syntactical head of LRSs is added.

The Syntactical Head of LRSs

(1) ALF  RUNS o
¥y vy /¥
APP(A) AuRuns(u) KHVIKHNP( NP( VI))

----------------------------

-------------------------------
-------------------

Phonetic-Phonologic Sequence of morphemes (or words)

Disambiguation by Indices

. Word by Word translation into expressions of A-g calculus; use of the Texicon!
. Applying the rule of the grammar N

WwWMN—=O



(2)

- W N == o

(3)

(read in word by word from left to right until you hit a punctuation
sign - i.e. k-expression; reduce k operators, then reduce A-operators;
go on until no k- or A-operator occurs, if possible)

. The linguistic expression we started with is grammatical Just in case

A-k reduction is possible: The result of the A—« reduction is the
meanzng (representation) of the linguistic expression in question.

Y
Runs(A)
(AuRuns(u))(A)
APP(A)(X u Runs(u))

& =¥
APP(A) «II (Au (Runs(u))

Np (Tnp
APP(A)} A uRuns(u) Kllyy KHNP(HNP(HVI))
4 v y

ALF RUNS g

Meaning (Representation), standing for a thought-content a speaker wants
to express. .

Subsequent A- and k-extraversions

Translation, expression by expression to surface (disambiguated surface);
use of the lexicon!

Ambiguation by Indices

According to Punctuation Lexicon there are expressible exactly those
surfaces which are grammatical in the language fragment under discussion.

ALF  DRINKS 3 HE IS SAD 6
ALF DRINKS3

% S TS
A18 Au Dr1nk53(u)

A18 KHN((ALJDri
(AljDrinks3(u))
Drinks3(A]8) - |
DrinksB(A18)he2 APA u P(u) MJSadl(u)F
PAKHCpKH KHS(H A(H (H A))(IIN))
Drinks3(A18)A((xPXL1P(u))(xtJSadl(u)))(hez)

Drinks3(A18)ASad1(he2)



Some Properties of the Syntactical Head of LRS:
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16.

. The Syntactical Head of LRSs hsiCR

(This does not contradict the classical result of Chomsky mathematical-
1y, but linguistically, because I speak of a different, and apparently
more adequate set of linguistic entities: namely texts, including supra-
segmental information!)

. Words, Rules, Transformations in the traditional senses are not struc-

turally different! Symbolically:
Words = "Rules" = "Transformations”
namely: all these entities are A-« expressions.

. There is a distinction between primary words (morphemes) and secondary

words (morphemes) at a.finer. level!
Secondary words (morphemes) contain suprasegmental information.

phonetic-phonologic: Intonation, Rhythm, ...
morpho-syntactic: "Rules', "Transformations”
semantico-pragmatic: Illocutionary Force
procedural: Stop and Think

No need for Categorial Grammar
(CG only for convenience)

Lexicon plays a major role:
Every language is characterized by exactly one lexicon.

The study of Tanguage 1is hence thrown back to the study of LEXICA.‘

LRSs are tight. Not too powerful, not too powerless: disconnected
constituents, scope ambiguity, but still CF.

Computational and (Quasi-)Psychological [procedural] adequacy:
1. left to right analysis/synthesis
2. only left-partial understanding necessary

(Suggested) Biological Hypotheses: The one and only rule in LRSs to
analyse NL-expression is a realization of an (ideally) innate procedure:
the behavior cycle of action-nonaction

(e.g. reading - thinking, being awake - sleeping, living - being dead).

To my knowledge LRSs are the only descriptively adequate uniformly organ-
jzed grammar types, i.e. no use is made of alien metalinguistic means.




I shall exemplify the processes of semantic analysis and synthesis with
two processes which are,as I mentioned in the introduction,called de-
pronominalization and pronominalization. These are processes which are
connected intimately with the textual character of names und pronouns.

In order to explain the two notions of depronominalization and pronominal-
ization a hierarchy of different logics is to be discussed. The Towest
level 1is called hard Togic, upper levels are called soft logics. Natural
language is taken to be the softest logic of this hierarchy.7

Let me present an extremely sﬁmp]e example which illustrates what I am
about to explain with hard and soft logics, their relation to each other
mediated by semantic synthesis and analysis. The following is an expres-
sion of hard logic:

Stylistic Modifications/Demodifications

(4) "Enter (Jack) ASee (Jack, Jill) A Embrace (Jack, Jil1)' depth

It contains only logical and non-logical constants of the sort usual in
predicate Togic. A near-surface expression with a similar meaning is the
following:

pronominalization/
depronominalization

(5) "Enter (Jack) aSee (he, Jil1) A Embrace (he, she)’

And even nearer to the surface, i.e. even softer are the expressions:

(6) "Enter (Jack) aSee (he, Ji11) A Embrace (he, her)’ case
(7) "Enters (Jack) aSees (he, Jil1) A Embraces (he, her)' inflection
(8) TJACK ENTERSO HE SEES JILL0 HE EMBRACES HERS surface

The claim is that it is possible to find a principled way of translating
Tevels containing expressions such as (4), or (5), or (6) in order to
connect hard Togic and linguistic surface. The direction of translating
“up" or "down" matters very much, as will be seen in the presentation

of our procedures.

We will now give a very short summary of context change logics:

Context Change Logic (Basic Semantics/Pragmatics)

h(™v 31) = h(Fe',g("Vo',i))
J




£("vy' ,i) = nearest Cohtext j relative to i in which @ is true (one standard
way to do it)

: force operator

- ad acta force operator (may be the empty sign)
: interpretation function

: force function

. drreversible metalinguistic identity

gy o <<

important case:
h(foaoB',1) = h(ra1,n(ra‘,i)) oh(rB1,£§rB1,11)
k J

,'B' : formulas
: two place logical function symbols (e.g. Ay=,...)

rOL1
I"o'l
n - another force function

special applications

Depronominalization
Pronominalization

- Generally: reference (def./ indef. articles, proforms, ...), textgrammar,

speech acts: assertives, directives, expressives, commissives,
declaratives ...

special task for each case of applications

- Determine context (context type)
- Specify force function

More about context change logics can be found in Balimer (1977, 1978).

Let us now have a look at two special kinds of context change logics by
way of examples accounting for depronominalization and pronominalization.

Depronominalization

(9 B0 (L), T "n' : propositional constant
h(faaB',I) = h("a',I) ah( R ’EDI( ', 1)
h('my',1) = m(h("y',I)) 'Y' : standard/nonstandard constant
h("s',I) = 8§ '§' : standard constant
h( rhe21 ,I)=ex(x €1) I'hez'I : nonstandard constant

(10) EDI(rH(Y)-I’I) = EDI(FY1a_I)
Epy(67,1) = Tu {8}
£y The,’s1) = T
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(1) 4h rDrinks3(A18) A Sadl(hé2)1 .0) =

h(rDrinks3( ) ,w)/\h(rSadl( ) ,EDI(rDr1nks3(A1 )',.0)) =
EDI(rDr1nks (A 8) ,P) =
Epp('AlghP) =
{AL }
h(rDrinks3( ) ,ﬂ)/\h(rSadl( ) {Alg}) =
Drinkss(h(rAl ‘,ﬂ»/\Sad (h(rhe {A18}))
Drinksz(Alg)/\Sadl(A18)
Pronominalization
(12) e("™n',E) =«

(y)"HE) =T(Te(YLE)NT)
) = e("a"yn(o,E) AT e("B,E( "o ,E)

e("s",E) = § if SEE
e(FaiiE) = he. "1 The'e E
(S an(@SISE) = E v s
G SE = (" SIE)
E("8",E) = Evu{"he"}
E(T(8)7,E) = g("6",E)

(14) e("™Walk(John) A Look-Around(John)',p) =
e( Walk(John)" ,n( Walk(John),p) "A"" e( "Look-Around(John),£( "Walk-Around
(John)',p)) =
e( "Walk(John)” ,n("John,p) ) A'e( "Look-Around (John) ,&( "John",p)) =
e("Walk(John)? ,{"John" })"A"e( "Look-Around(John)" ,{"he}) =

"Walk{"e( "John",{ "John })") ALook-Around("e( "John" ,{ "he'})) =
"Walk(John) A Look-Around(he)’

Some Examples

We now present a rather fragmentary 1ist of examples which can be treated
along the Tines suggested by the depronominalization and the pronominal-
ization technique. These examples comprise mixed cases of pronouns and
quantified phrases (a), reflexives (b), possessives (c,d), TOO-proforms
(e,f) and sloppy identity (f). It should be clear how these cases are
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treated by context change logics. An explicit solution to some harder
examples is given subsequently.

(a) TREES STAND THERE. THEY ARE SHADOWY.
TREES STAND THERE. THERE ARE PEOPLE NEARBY. {*THEY ARE SHADOWY .
THE_TREES ARE SHADOWY.
(b) Shave (John,John)<—=Shaves (John,himself) <~ JOHN SHAVES HIMSELF.
(c) V1>dbance(x)/\Father (x,George))«— Dances (father(George))
GEORGE'S FATHER DANCES.
(d) Vi x(Dance(x) A Father (x,he)) P?(‘???_(f?'?t‘?‘[‘.(.h_e) ) <=HIS FATHER DANCES.
(e) Kiss (Bob,Ann) AKiss (Bi11,Ann) <= Kisses (Bob,Ann) A Too (Bill)+—
BOB KISSES ANNA AND BILL TOO.
(f) - Kiss (Bob,Ann) AWife (Ann,Bob)AKiss (Bill1,Ann)
¥iss (Bob, his (Wife)) A Too (Bill)
- Kiss (Bob,Ann) AWife (Ann,Bob)AKiss (Bi11,Joan) AWife (Joan,Bill)
Kiss (Bob,his (Wife)) A Too (Bil1)

Further Examp1e58

The following example is a problem of pronominal reference going back to
Geach (1962). It is a problem of dangling variables. This is just one of
the many cases where context change logics prove to give an enlightening
and elegant solution. Beside the idea of context change only first order
predicate logic is used. The correct reading (all-quantification also,for
the donkeys!) is gotten by systematic elimination of the non-standard
constructs. The constant ™' introduced by the quantifier Tone' is non-
standard. We call it adjustable constant.Its elimination rule is not
Lr(b)? // FA x T(x)’
but rather
LrI(b)! // FTV x T(x)"

(g) EVERY MAN WHO OWNS A DONKEY BEATS IT0

2
APAQ Every x (Px,Qx) AuMan(u) KH%NYHVZYHDETYHCNAU (HéN(u)D((HDET(HEN))(AWHVZ(U,W)»)
AVAW Own(v,w) APAQ One y(Py,Qy) Au Donk(u) Aviw Beat(v,w) it

Il <l pToyelpe T ((Tper (Tigy) ) (AU Ty (usTIy) )
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_Every x (Man(x),0ne y (Donk(y), Own(x,y)), Beat(x,it))
h("Every x (Px,Qx)",A) = Ax (h("Px",A) » h("Qx",A))
h("oney (Py,Qy)",A) = Vy(h("Pyay=b",A) aAh("Qy",Au {b}))
h('a>B",A) = h("a",A) A h("8",A)
(

h("it",A) = ex (x€A)

-Ax((Man(x) AVy(Donk(y) Ay=bA0wn(x,y))->Beat(x,b))
AxAy((Man(x) A Donk(y) Ay =b A Own(x,y))-»Beat(x,b))
AxAY((Man(x) A Donk(y) A Own(x,y)) »Beat(x,y)) 10

The following problem is Seuren's (1976). It is a more complex version of
an example given by Geach (1962). It is again of the dangling variable
type. Its first solution still involves an adjustable constant. This can
be eliminated, however, if an appropriate intensional logic is used.

(h) PLATO BELIEVES THAT SOCRATES OWNS A DOG AND HOPES THAT SOCRATES LOVES IT0
Plato AuAipPBel(u,P) KHVl,IYHNYHVZYHDETYHCNAU(HVI,1(u’((HDET(HCN))(AWHVZ(HN’W)))
Socr Aviw Own(v,w) APAQ One y(Py,Qy) Au Dog(u) KHVIKH XP(HVI(HN)J\P(HN))
1 2
Aur@ Hope(u,P) KHVI,IYHNYHVZYHN Au (HVI,I(U’(HVZ( N’ N))))
Socr Avaw love(v,w) it KHVIKHNP(HNP(HVI))
Bel(Plato, One y(Dog(y),0wn(Socr,y))) AHope(Plato,Love(Socr,it))
h("TaoAR',A) = h("a',A) Ah("B",£(LA))
E("___ One y(Py,Qy)",A) = £("One y(Py,Qy)',A) = Au{b}
especially: £(T,; 1(8,0ne y(Py,Qy))",A) = £(One y(Py,Qy)",A)

Bel(Plato,Vy(Dog(y) Ay = b AOwn(Socr,y)) AHope(Plato,Love(Socr,b)) 11
Thus we may standardize further as promised:

Vy(Bel(Plato,Dog(y) A Own(Socr,y)) A Hope(Plato,Love(Socr,y))})
This does not, of course, imply:

Vy E(y)aBel(Plato,Dog(y) A Own(Socr,y)) A Hope(Plato,Love(Socr,y))) 12
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The first of the next two examples are known by the name Bach-Peters
paradox. It is easily treated by the formalism developed so far. The sec-
ond of the two examples exhibits the same "turtling all the way down"
but is 1inguistically much less controversial. To my knowledge it has
not been discussed in the literature.

(i) THE BOY WHO LOVES HER KISSES THE GIRL WHO HATES HIM,
\PAQ T x(Px,Qx) Au Boy (u) lleyivlyz¥Thu (Toy (u)eTy o (usThy))
AVAW Love(v,w) her Avaw Kiss(v.w) APAQ Thg y(Py,Qy) Au Girl(u)

KHCNYHVZYHN)‘U(HCN(U)DHVZ(U HN)) AvAw Hate(v,w) him

> 2 M At 2
KIICNKHDETKHszHCNK“DET((HDET(”CN))((”“DET( CN))AWHVZ( W)))

'.[h'(\e/I X (Boy (x) > Love(x, her) Thgy (Girl (y)>Hate(y,him),Kiss(x,y)))
1

with (Thex (TIx,Zx),A ) =
Vy x (h(Ixax =2, £(ZX Motat.AF)) L h(ax,E (A" al,AT)))
h(ThE y (y,zy),AM,AT) =

v,y (h(HyAy b, £ (oA AT Ub})) 5 h(zy,E(y,A" AFub1)))

h(a>B, A l-\ ) h(u,A )Ah(B A )

henim A AF) = ev(vea™

(
h(her,A ,A ) = EW(WEAF)

e (il x (1x,2x),A",A0) = Ay ga)

aF u {b}

La(ThEy (ny,zy) A", A7)

Translational interpretation gives with AM = AF = P
1 X (Boy(x) ax =aalove(x,b),V; ¥ (Girl(y)ay= b A Hate(y,a),Kiss(x.y)))

The two p1ace quant1f1ers ) (“There is exactly one") may be eliminated
according to V G(II(G) 2(6)) = V8(Ay(TI(y) <> 8 =) AL(8))

This is equivalent to:
\lx(Av(_( Bay (v) Av=aalove(v,b))x= V) A
Vy (Aw( (:Girl(w) aw=ba Hate(w,a))«>y =W) A Kiss(x,y)))
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This in turn is equivalent to:
VXAvVyAw((( Boy(v) av =a aLove(v,b))<sx = V) A
((Girl(w) Aw=bAHate(w,a))«y =w) aKiss(x,y))
VXAvVyAw( ((Boy(v) A Love(v,y)<x = v) A
(@Gir1(w) aHate(w,x)<y = w) AKiss(x,y))
And finally the linguistically less controversial case of a syntactically
non-eliminable pronoun:
(k) THE WOMAN WHO KNOWS THAT SHE DREAMS SLEEPS
APXQ Thgy (Py,Qy) Au Wom(u) KHCNyHVl,lkukﬂ(HCN(u)DHVl’l(u,ﬂ))
AurP Know(u,P) KHVI’lyHNyHVIAu(HVI,l(u,HVI(HN)))
she Au Dream(u) Au Sleep(u) KHVIKHCNKHDET((HDET(HCN))(HVI))
Thggl(Wom(y)bKnow(y,Dream(she)),S]eep(y))
V,y(Wom(y) Ay =b A Know(y,Dream(b)),Sleep(y))
Vly(WOm(y)/\Know(y,Dream(y)),S]eep(y))
Vy(Aw( (Wom(w) A Know(w,Dream(w))<>y = w) A Sleep(w))

3. Conclusion

I have presented two arguments in favor of a substantial distinction of
synthesis and analysis of natural language expressions. After a formal
argument involving considerations of calculability which calls into ques-
tion Chomsky's dictum that “there is no general notion of 'directions of
mapping'", a linguistically more relevant argument has been represented.
Pronominalization and depronominalization, i.e. synthesis and analysis

of NL-expressions containing pronouns, has been studied and shown to be
sufficiently different from each other: The functions reconstructing
pronominalization and depronominalization need not be inverses from each

other, in the mathematical sense.

From these arguments we can conclude that a grammar should neither be (ex-
clusively) generative nor (exclusively) interpretive, it rather should
be both. Language Reconstruction Systems (LRSs), of which I was able to

|
e

/
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present a small semantical fraction, are able to cope simultaneously with
both of these aspects in a formally explicit way, without referring to

alien metalinguistic means.

LRSs are therefore superior to every grammar which does not incorporate
the productive (generative) and the interpretive aspect simultaneously in
a formally explicit way. Thus many known linguistic and logical grammars
may be criticized on that Tevel of argumentation.

Moreover we were able to present an argument in favor of the reconstructive
view of grammar. As we made amply explicit the first, abstract demonstra-
tion of a synthesis/analysis distinction was conducted solely in the descrip-
tive framework. This demonstration shows that it is éossib]e to transcend the
descriptive framework from within. The solution of t%e dilemma goes in

the direction of a reconstructive conception, as theﬁsecond approach
successfully shows. Considering what enabled us to f&rma]ize synthesis and
analysis in closed form,the reconstruction which isiat stake here turns

out to be the reconstruction of the changing of the \context by linguistic

: N ol il . | g
means (or instruments) in linguistic actions and nonvactions to overcome
possible failures of action and communication.

e e e e

— s s
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FOOTNOTES

1This is true for the different versions of Transformational Grammars,

including, Relational Grammar and Double Hierarchy Grammar, but this

is true also for the different versions of more wellknown Logical

Grammars such as Montague Grammar (EFL, UG, PTQ), CresswelTl's and Lewis'
Categorially Based Grammars. For some grammars, a distinction is referred
to but not formally taken into account. I think this is true for Generative
Semantics.

2WOrking in the framework of reconstructing processes of the linguistic
understanding of sound and the Tinguistic expression of thoughts, I

tend to opt, perhaps too hastily, for a careful distinction of synthesis
and analysis. According to the reconstruction view such a grammar should
of course do more than, say, enumerate pairs of phonologic matrices and
logical forms, because a reconstruction aims for more than a description.
A reconstruction is a mathematical and maybe even psychological modelling
of processes which are connected with the production we are trying to
describe adequately.

From saying that my approach is reconstructive - which includes providing
for an adequate description of the linguistic facts, of course - rather
than exclusively descriptive, we could not, however, deduce that the tradi-
tional descriptive view is mistaken. The traditional descriptive view is
simply different. My Tine of argument runs rather as follows. Already,

on the assumptions of the traditional descriptive view we are lead to
accept that synthesis and analysis are to be taken as radically different,
and therefore a reconstructive methodology has to be adopted. Thus let

us first stay in the descriptive paradigm in order to work out its own
limitations.

30r more explicitly, if a function f is partially. recursive, its domain
D(f) and its range R(f) are recursively enumerable, but not recursive. If
the domain D(f) happens even to be recursive, f is called totally recursive.
For totally recursive functions the range need not be recursive, also in
cases where f is injective, i.e. invertible. In such a case the inverse
defined on the recursively enumerable but not recursive range is only
partially recursive but not totally recursive.

4In the scientific paradigm Chomsky has set up for descriptive linguistics,
computational properties play an essential role. There are a number of
ways this can be demonstrated.

a) Chomsky's computational hierarchy of formal languages.

b) His methodological restrictions on the basis of computational proper-
ties: finite alphabet, finitely many rules, finite applications of
rules.

c) His interest in decidability questions.

Let us therefore apply what has just been said about the (possible)

differences of computational properties of a function and its inverse

to a specifically Tinguistic problem. Let us consider therefore the

function mapping the (stylistically disambiguated) Togical forms to

meaning disambiguated syntactical forms. It may be totally recursive,
whereas at the same time its inverse may be partially recursive. To
accept this is to accept on very general grounds that properties of
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computation may vary in a relevant way depending on whether we are con-
cerned with synthesis or with analysis.

5There'is not enough time to say but a very few things about these gram-
matical systems. It should become clear, as has been argued already,

that the theoretical result we aim at is largely independent of its
demonstration in this special framework. I hope that - as a side result -
the easiness and, finally, the possibility of demonstrating our

point will speak for the conception and the form of language reconstruc-
tion systems themselves.

6Language reconstruction systems (LRSs) are grammatical systems, which are
to my knowledge the only ones using the same mechanism to settle questions
of the grammaticality on levels which are normally treated altogether dif-
ferently: namely on the base level and on the transformational Tevel. There
are those approaches which exclude deliberately the levels of transforma-
tion (in some sense Montague [1970], Cresswell [1973]) and those who claim
that the classical base structure is sufficient (Thomason [1974]). Most
others (Chomsky [1957, 1965, 1969, 1974], Lakoff [19681, Bartsch-Yennemann
[19731, Partee [1975]) use two altogether different mechanisms for the base
level and the transformational.level. There is, however, an alternative

way to the LRS approach with respect to the question which we are dis-
cussing right now (cf. Lieb 1976).

LRSs make use of two kinds of morphemes, primary morphemes and secondary
morphemes. The primary morphemes are morphemes in the traditional

sense. The secondary morphemes are morphemes which contain, generally
speaking, suprasequental information of various kinds: phonetic-phonologic,
morpho-syntactic, semantic-pragmatic, suprasequental information. Syntactical-
1y, secondary morphemes - occurring at the surface! - contain compository
information - i.e. what traditionally is in base rules and transformations -
of a very well defined structure and complexity. LRSs make use of only

one proper rule, as far as the question of grammaticality is concerned. It
says more or Tess that a linguistic expression (sentence, phrase) is well-
formed in case the secondary morphemes are such that they allow for a
complete reduction of all - primary and secondary - morphemes and assign

an appropriate meaning representation. _

7Semantic Analysis and Synthesis are reconstructed and shown to be transla-
tion processes which connect logical expressions of the softer levels with
logical expressions of the harder levels of the hierarchy and vice versa.
The languages of the hard Togics only contain classical logical constants
such as n-place logical connectives ™', "v', "A', quantifiers V', A’
and the 1ike. Soft languages also contain non-classical constants such as
extensional and intensional operators "™, "} modal operators 'C', "o'.
The non-classical logical constants we are interested in here in this paper
are pronominal constants of different kinds and a certain type of name
constant.

Due to some remarks during the conference I feel that it is helpful for the
reader to demonstrate that it is a straightforward matter to calculate

some "harder cases" of pronominal reference. None of the examples took more
than half an hour to calculate in this framework of context change

logics. As far as I can see these are the first syntactically and semantical-
1y fully formalized solutions to: these problems. e

8
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9An adjustable constant is so to speak an externally existentially quantified
constant. The other non-standard constant "it' poses no special problems,

it simply refers to the adjustable constant "b' which has been introduced

by an embedded quantifier phrase.

0The Ty? operator works exactly like a "A' operator as far as conversion and

extraversion are concerned. The difference is that it is part of punctuation
and as such the timing of its conversion (extraversion) is like that of the

"k operator.

1Th1's can be standardized further (to the point where additionally the ad-
justable constant "b' is eliminated) if an appropriate intensional logic is
used, namely an intensional logic for which it does not matter whether the
quantifiers stand in or out of the scope of intensional predicates. A
translational interpretation of such a logic would be as follows:

h("r',i) = (i)

h(mx",1) = m(i)x(i)

h('Da',1) = vi(iRgi+h("a',3))

h("Bel(8,a)",i) = Vi (iRgE >h('a',3))

h("Vxa',i) = 3Ix(x=aah('a’,i)) Fa’: adjustable constant for quantifier rax’

h(TE(x)",1) = 3c(k=x(i)) TE': existence predicate ( =there is an
incarnation)

Existence quantification only says that the concept exists in the frame-
work (model) so far built up. It is not the case that Vxa implies
VX(E(x)aa). Thus no incarnation need be existent. The following is

valid as one easily checks:

Bel(8,Vxa) = VxBel ($,a)

2In order to have nice duality properties for the quantifiers V and A
slightly different definitions are useful. These definitions have some
other advantages as well (they are generalizable to generic cases and
to coreference problems related to the coreference problems discussed here).
They are slightly more cumbersome to penetrate, discussing our examples
here, however. :

h(Vxa,i) = 3x(x € 4ah(a,1))
h(Axa,1) = vx(x €4 +h(a,i))

(Ais an adjustable predicate constant). These clauses allow for reasonable
interdefinitions of the two quantifiers V and A.
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INFINITIVES AND THE CONTROL PROBLEM IN CATEGORIAL GRAMMAR

Renate Bartsch

The question of how infinitives should be handled in grammar, and specifically
in categorial grammar, has been tackled in .grammatical studies for quite a
while. Frans Planck (1975) has reported on this discussion, in which several
times it has been argued that infinitives should be treated as verbs, and, on
the other hand side, that infinitives should be treated as noun-nhrases. The
main argument for the first treatment is that they have complements like verbs
do; the main argument for the second treatment is that they are used in subject
and object position as complements of verbs, Tike noun phrases are. Planck (1975)
has proposed a syntactic category for infinitives that takes into account both
these facts: he treats infinitives as terms (1ike noun phrases) that can have
an internal structure like verbs, namely take complements. An n-place verb

has a corresponding infinitive with (n-1)-places. Infinitives gcet the category
[Vn_1 /" 1™;  this notation means that the infinitive has m places to be
filled by terms and that, if it isapplied to an n-nlace verb, it reduces the
number of term places to (n-1), i.e. it fills one term place of the verb. All
term places added together, the new complex verb should have (n+m)-1 term
places. This way the infinitive has the characteristics of a term, namely to
reduce the number of term places by one, when being applied to a verbs and
terms can be applied to the infinitive like they can be applied to verbs, where
they reduce the number of term places by one.

The virtue of Planck's analysis is, among others, that infinitives are of a
single category scheme, namely that of terms, no matter whether they are used
in subject position or not. The analysis of Partee 1973, according to which
infinitives are of the same category as finite intransitive verbs (IV = t/e),
requires quite a different category for infinitives in subject position, like
in To walk is easy. Further in Partee 1973, Tike in Montague 1974, verbs with

infinitive complements, like try to, wish to, are of category IV//IV, and

thereby not semantically different from adverbials, what I find rather awkward.
Further, it is fairly counter-intuitive to parse try to walk into try to and
walk, but otherwise to parse to together with the infinitive,as I suppose,
Partee would do in to walk is easy; and how would Partee parse I waited for John

to_come, would she put a verb wait to into the lexicon? Thus it seems rather ad
hoc to analyze try to come into try to and come.

Thomason 1974 analyzes infinitives as t//e and treats %o as an operator that
makes out of an exonression of tvne t/a an infinitive Thic comantirallv
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infinitives are basic predicates (which he calls AB). Verbs with n-places are
treated as expressions that are applied to terms with the result that one place
of the verb gets filled by the term and thus we receive a verb with one place
less. Thus intransitive verbs are of category t/T, where T is t/(t/e). The weak
point in Thomason's and in Partee's analysis is how they handle the control
problem.

The control problem consists in how to account for the fact that verbs like promise
and permit behave rather differently with regard to which term (noun phrase)
governs the hidden subject of the infinitive complement. Examples:

(1) John promises Mary to come.

(2) John permits Mary to come.

In (1) it is John who will come and in (2) it is Mary. For this problem, Thomason
and also Partee, propose a syntactic solution. Thomason classifies promise as
(IV/INF)/T, this means, as a verb that first combines with a term, e.g. Mary to
result into promise Mary, and then takes an infinitive, e.g. to come to receive

the result promise Mary to come, which is an intransitive verb. On the other hand
side, permit is of category TV/INF. This means, that it first takes an infinitive,
e.g. to come with the result permit to come. This is a transitive verb that can

take a term, e.g. Mary to yield permit Mary to come. Thus, promise Mary is a phrase

while permit Mary is not; promise to come is not a phrase in (1), while in (2)
permit to come is. On the other hand side, promise to come is a phrase in John
promises to come, where promise 1is classified as a IV/INF, like try, want, etc.
In the terminology of Partee 1975 we have the same: promise is of category
(IV//IV)/T, and thus takes Mary to form a phrase; permit to is of category TV/IV,
and thus takes come to form a phrase.

The treatment of Thomason and Partee tries to give a solution to the control problem
in sentences like (1) and (2) by assigning different syntactic structures to these
sentences. The only argument in favour of a distinction between promise and permit

in this way comes from the different behaviour of both verbs in the passive
construction:

(1) * Mary is promised by John to come.
(2) Mary is permitted by John to come.

As Planck points out, there are, in German, passive constructions with promise,
for example (3') and (4'). ° '
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(3') Mary ist von John versprochen worden kommen zu diirfen.
'Mary is promised by John to be allowed to come. '

(4') Mary ist von John versprochen (worden) eingeladen zu werden.
'"Mary is promised by John to be invited.'

which corresponds with (3) and (4) that preferably have object control in German,
but are also possible with subject control.

(3) John versprach Mary kommen zu diirfen.
*John promised Mary to be allowed to come. '
(4) John versprach Mary eingeladen zu werden.
'John promised Mary to be invited.'

In constructions like these, promise behaves 1ike permit with respect to the
control problem. The same holds for promising something unfavourable, namely for
threatening (Vennemann in personal communication).

(5) John droht dem Mddchen an zu kommen.
tJohn is threatening the girl to come.'
(5') % Dem Middchen wird von John angedroht zu kommen.
'The girl is being threatened by John to come.'
(6) John droht dem Mddchen an kommen zu miissen.
*John is threatening the girl to have to come.'
(6') Dem Midchen is von John angedroht kommen zu miissen.
'The girl is being threatened by John to have to come.'

Examples (3), (4) and (5) suggest another syntactic analysis for promise and
threaten that also would put them into the same class as permit, nariely TV/INF

in Thomason 1974 and TV/IV in Partee 1975, respectively. Thus Thomason should have
at least three different category assignments for promise and threaten. Planck 1976

points out that this is an undesirable consequence. He suggests "that is is not the
matrix verb alone (certainly not its syntactic category), but its interplay with

the structure of the complement that determines the solution to the control problem",
i.e. the solution to understanding what the complement's hidden subject is. Planck
shows that the control depends on the internal properties of the complement, namely
the semantical information it includes, the voice (active or passive) and modal
modifications included in the complement. Thus, with respect to one single verb,

e.g. beg or promise, and even with permit, the control can be different. Planck

notices that there are verbs that are inherently neutral with respect to control,
and others that are rather fixed with regard to that, but even there we find



exceptions. An example is permit:

Lady Churchill erlaubte der Hollindischen Regierung finanziell (von ihr)
unterstiitzt zu werden.

'Lady Churchill permitted the Dutch government to be financially
supported (by it).'

Such an ambiguity has been recognized with respect to English ask: The boy asked
the teacher to leave the room. Here control is ambiguous and decided on the basis
of knowledge about the situation then sentence describes.

Planck writes: "I suggest that in German, there does not even exist a class of
strict promise-type matrix verbs; such items as versprechen, anbieten 'offer',

versichern 'assure', geloben 'vow' all seem to be inherently neutral. Mostly it

is the context of use, rather than the structure of the INF-complement, that
occasionally succeeds in disambiguating the jdentity relations of understood
complement subjects." (1976: 213).

Before I want to give a non-syntactical, but a Jexical solution to the control
problem, I want to point out that the argument from passivization does not hold

for German, and, historically, I guess it did not hold for English in a time where
accusative and dative were morphologically marked by different case endings.
Even, now, when we use the morphologically marked dative in English, which is built
by using to prepositionally, Thomason's argument does not hold. This gives us the
hint to look for another reason for the unacceptability of (1') rather than try to
find it in categorial syntax. In German we have the following passive constructions:

(7a)  Den ilddchen wurde vom Lehrer er laubt zu gehen.
% 'The girls (dative) was permitted by the teacher to go.'
(8a) Den Mddchen wurde vom Lehrer versprochen einen Ausflug zu machen.
% 'The girls (dative) was promised by the teacher to go on a school trip.'

These constructions, in German, contain den Mddchen as a dative phrase, and the
number of the verb is not marked for plural because the sentence subject is notmarked
for plural; the sentence subject being to go and to make a school trip,respectively.
In English we can imitate this construction by using the morphologically marked

dative to the girls, and to reckon with English word order which requires 'subject
first'.

(7E)  To go was permitted to the girls by the teacher.
(8E) To go on a school trip was promised to the girls by the teacher.
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The so-called English Dative-passive does not correspond to the German sentence
(7a):

(1EY) The girls were permitted by the teacher to go.

Historically, this seems to be a reanalysis of (7a): when dative marking was
lost in English the girls, a former dative in the literal translation of (7a),
was reanalyzed as a nominative, and thereby as the subject; and on the basis
of this, verb congruence demanded a plural marking on the verb (see 7E'). This
reanalysis carried out with respect to (8a) would yield:

(8E') ? The girls were promised by the teacher to go on a school trip.

Sentence (8E') apparently seems stranger to English speakers than (7E'), when
interpreted such that the girls will go on a school trip. Passive constructions
in German require that we treat the infinitive of promise and permit as a term
that is the direct object in the active sentence and is the subject in the
passive sentence. If we do that, then infinitives are terms; and, indeed, they
can take all the positions in the sentence a direct object can take.

Further passive constructions:

(7b) Zu gehen wurde den Mddchen vom Lehrer erlaubt.

(8b) Einen Ausflug zu machen wurde den Mddchen vom Lehrer versprochen.

(7¢) Vom Lehrer wurde den Mddchen erlaubt zu gehen.

(8c) Vom Lehrer wurden den den Mddchen versprochen einen Ausflug zu machen.

Further active constructions:

erlaubte :
(99) Der Lehrer {versprach} dem Jungen zu gehen.
. permitted )
The teacher {promised } the boy to go.
erlaubte
(9b) Dem Jungen {VerspraCh} der Lehrer zu gehen.
erlaubte
(9¢) Zu gehen {versprach} der Lehrer dem Jungen.

Comparing these constructions with constructions involving a direct object
noun phrase (accusative phrase), We see that the infinitive phrase behaves like
a direct object.
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passive
(10a) Den Midchen wurde vom Lehrer eine Englischstunde gegeben.
Tit. * 'The girls was given an English lesson by the teacher.'
'"The girls were given an English lesson by the teacher.'

(10b) Eine Englischstunde wurde den Mddchen vom Lehrer gegeben.
(10c) Vom Lehrer wurde den Midchen eine Englischstunde gegeben.
active

(11a) Der Lehrer gab dem Jungen einen Stift.

'The teacher gave the boy a pencil.’
(11b) Dem Jungen gab der Lehrer einen Stift.
(kL)) Finen Stift gab der Lehrer dem Jungen.

The same, of course, holds for subordinate clause word order, for which I give
examples in the active voice only:

einen Stift gab

(12a) (Weil) der Lehrer dem Jungen {~ geben } {er1aubte/versprach}'
. einen Stift gab
(12b) (Weil) dem Jungen der Lehrer { zu geben } {erlaubte/versprach}'
s einen Stift gab '
(12c) (Weil) {7, geben } der Lehrer dem Jungen {,,.j5,hte/versprach’ "

Topicalization in subordinate clauses is hardly possible; therefore (12b) and
(12c) are rather strange, although (11b) and (1lc) are perfectly allright, because
in main clauses topicalization is normal. The infinitive phrase can be topicalized
1ike every noun phrase that is a main constituent of the sentence, i.e. a term
that is applied to the verb in one of its term-places.

To illustrate the points I want to make in this paper I only need one syntactic
rule, namely the rule that connects verbs with the terms that fill their term-
places. Infinitives and that-subject and -object-clauses will be treated as sub-
classes of terms, one subclass for infinitives and another for that-clauses.

The categorial rule for the application of terms to verbs is:
Sl If g' is an n-place verb (Vn) with the set of n term-places K, i€ K,

and o' is a term (T), then (a', i)(8') is a (n-1)-place verb (Vn'l) with
the set of term-places K-{i}. For this we write: (alT<1>(Ban)V"'1)‘



Since the teyms can be of different subcategory and we will need variables of
different logical types to characterize the term places of the verbs with respect
to these subcategories. we use a translation scheme rather than a translation

rule covresponding with 51,
H o’

Transjation scheme of Si:

o[ylE2 If «” i3 the translation of term o' and Avj cee Vo Bv M "with n
it m

variabies v with the place markings «: = j...m dis the translation

i

ot the n-place verb g', then the translation of (a', 1)(B) is:

A i\)TMA\) (OL”()\\)_i B\) o ")), with \)_i' as the variable
: ! j-.- m

precadaing v, and ‘v. as the variable following Vi

)
3 §

This we can write shorter by using k for the set of variables

feitowing A Ae-{v.} (a"(xvi BK“)).

The place marking can be skipped if we use different variables x, y, z, etc. in
different piaces. Note, that every n-place predicate can be written in this form,
namely & foiicwed by the n variables and by a sentence open in these variables.

Rules S1 and Tl have been constructed in Bartsch 1975 and 19%a to be able to
deal with "frae” word order and cases in German. The System of Montague 1974 and
Thomason 1974 could he adapted for the treatment of cases and "free" word order,
but on the cost af a very complicated syntax and lexicon, where for every word
order the order of arplication of the verb to the terms would be different and
thereby the verh wouid get assigned as many categories as there are word orders.
This had been worked out by Ballmer (1975). The other strategy to solve the
problem would be the transformational approach, where one word order is taken to
be basic and the others derived. This to me seems an unnecessary blowing up of
the transformational device which rather should be as small as possible. The
rule S1 proposed here, with its translation scheme handles all word orders and
case assignments by one rule. It is accompanied by a rule of serialization that
rewrites the hierarchical categorial structures in linear order. Serialization
rules are language specific, but there are universal properties of serialization
(cf. Vennemann 1973 and 1977).

Rule of serialization: (for German)
If a categorial structure consists out of terms and a verb the hierarchy of
application (a'(8')) will be realized as aB. (This is the general case; now the

marked cases follow.)
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If the structure is to be realized as a main clause then:
(1) If the term that is the highest in the hierarchy is to be topicalized,
then the verb is inserted directly behind it.
) If there is no topicalization, the verb is preposed and es is put in front.
) If the term o' is sentential ("that"-clause) then o'(g') is serialized as 8a.
(4) If o' is an infinitival term, then a'(g"') may be serialized as pa.

Example: _

(39 (Weil) der Junge dem Vater den Apfel gibt.
(unmarked)

1it.*'Because the boy Father the apple gives.'

Der Junge gibt dem Vater den Apfel.
'The boy gives Father the appie.’
Es gibt ein Junge dem Vater einen Apfel.
'There is a boy giving an apple to Father.'

Furthermore, to realize the categorial structure we do not only need serialization
rules but also morphological rules for the realization of the term place markings

as case markings on noun phrases.

Morphological rule:

If not marked differently, noun phrase term places of verbs will be realized as
follows: 1 -- nominative; 2 -- accusative; 3 -- dative.

Since geb- ‘'give' behaves regular with respect to this rule we have

(geb) = nominative
(geb) = accusative
3(geb) = dative

(This need not be spelled out in the lexicon.)
The verb gedenk 'think of' behaves unregular. For this verb we need a marking in
the lexicon:

2(gedenk) = genitive

The lexicon specifies with what kind of complements the term places of a verb are
filled (compare the "Valenzwdrterbuch der deutschen Sprache" by Helbig and
Schenkel 1969). For every verb (and also adjective and noun) we have a correspond-
ing expression of intensional logic. :
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List of variables of different types used in the paper

Type Variable
e Z> Yy 2
<@, t> B}.g
<s,<e,t>> ¥, Q

<s,t>, intensions of sentences
<<s,t>,t>, predicates of intensions of sentences
<<s,<e,t>>,t>, predicates of intensions of predicates of type <e,t>

List of term translations treated in the paper

noun phrases, extensional APor:
infinitives, if a" is the translation of the one-place verb A5°TP(‘u")
subject-object sentences (Y

Translation of the matrix verb

versprechi, V3. AXPy versprech”(}}"([”‘? 1(x)),y) (1-place controlling)
erlaub', V3 2 AXPy erlaub"(x, “([Y PI(y)).y) (3-place controlling)

*: xRy versprech”(x,([¥# 1 (y)),y)  (3-place controlling)

versprechs, V

examples: Hans verspricht dem Freund zu kommen
‘John promises his friend to come'
Hans erlaubt dem Freund zu kommen
"John permits his friend to come'
Hans verspricht dem Freund das Auto fahren zu diirfen
‘John promises his friend to be allowed to drive the car'

There is a lexical schema for the translation of infinitive terms:

If o" is the translation of a one-place verb, then the translation of the infinitive
formed from this verb stem is:

AT’?’(‘a“); where & is of type <<s,<e,t>>,t>, i.e. a variable for
predicates of intensions of predicates of type <e,t>.

The morphological schema for the formation of infinitives is:

INF(aVl) = (Eﬂ)u—§ﬂ$<inf>, where o is the verb stem and INF the
syntactic operator that denotes the operation of infinitive formation; <inf> is the
subcategory marker.

example: INF(komm—Vl) = (zu) kommenT.
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We thus need a rule to construct infinitives from one-place verbs, on the

morpho]ogica],<categoria1, and logical Tanguage level:

Morph, INF
If o is a V1 then INF(a) = (zu)y-en, where y is the stem of the lexical verb of a.

Categorial syntax rule:
S, INF
If o' is a Vl, then INF(o') is an infinitive term.

We write (INF(“'VI)T<infl or shorter a's s ¢5-

Translation rule:
T, INF
If " is the translation of the one-place verb o', then the translation of

INF(a') is 2D P("a").

example:
komm' 1 : ax komm"(x); then
komm' 1 s eo X®P("ax komm"(x))
Example:

(14) Der Junge verspricht dem Vater zu kommen

(Weil) der Junge dem Vater zu kommen verspricht

'The boy promises Father to come'
(der Junge'T<1>(dem Vater'T<3>(zu kommen'T<inf>(verspr1cht'V3)V2)V1)Vo)
with a referring to the boy and b referring to Father, this translates, after’
A-conversion, into: versprech"(a, ~(komm"(a)), b). :

Accordingly,
(15) Der .Junge erlaubt dem Vater zu kommen
translates into: erlaub"(a, *(komm" (b)), b).

Both sentences, (14) and (15), the one with verspricht 'promise' and the other
with erlaubt 'permit', have the same categorial structure. The difference is due
to a purely lexical property of the respective verbs. In the Texicon certain
properties that are syntactical on the level of logical syntax, are incorporated
in the translation schema for certain classes of verbs. Thus we have a schema
for first-place controlling verbs, the class of promisel, that is different from
that of the third-place controlling verbs, the class of permit. Some verbs are

a member of both classes and thus have two translations, with respect to
infinitive constructions. This is true of English ask, i.e. German bitten.
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bitt!, v3:

1> AyP bitt"(x, ¥, T( IR (x))) (1-place controlling)
example: Der Junge bittet den Lehrer zu kommen
‘The boy asks the teacher to come'

3.

bitté, Voroaxy'® o bitt"(x, ¥y, (Y P11 (x))) (2-place controlling)

example:  Der Junge bittet den Lehrer kommen zu diirfen
'The boy asks the teacher to be allowed to come'

‘The boy asks the teacher to come'

We also have corresponding constructions with object clauses (and subject clauses
in the passive, accordingly).

versprech', v3: AX ¥ y versprech"(x, T , y)
and for the other verbs accordingly. 0 is a variable of type <s,t>.

Example:
(16) Hans verspricht dem Freund, dass er kommt.

The translation of a sentential term is two types higher than ¥, since it has
to be applied to.a verb, following S1. If «" is the translation of a sentence
then the translation of the sentential term dass a", 'that o', is: MW ("),
where "® 1is of type <<s,t>,t>.

example: verspricht, dass er kommt

‘promises that he will come'
(dass er kommt$<s>(versgr1'c "V3)V2): Axy(A®® (“er_kommt"))(Ay versprich"(x, ¥, y))
= Axy versprich"(x, “er kommt", y).

Before I give examples of infinitive constructions with passives,
and with pronouns, I want to present the 1ist of variables and translations used
in this paper.



The passive construction

Since, with regard to versprech- and erlaub- the infinitive phrase holds the same

position with respect to the verb as does the accusative noun phrase, the infinitive
phrase becomes the subject phrase of the passive construction, i.e. takes the
position of the nominative with respect to passive verbs. :

There is a morphological rule for passive formation:

Morph. Poss.
If o is the stem of an n-place verb that can form passive then

(a{gﬁgi} (werdﬁv)vn) is the process-passive verb and (“{ngi} (SE1ﬁV)V") is the
PERF

state-passive verb. a{psor} 1 realized morphologically as ge-a-t, or, if marked

as exception, according to the paradigma of a.

Translation rule

(T, PASS)

If o' translates as A...a"(u, v,...) then (u'{gggﬁ}(ygrgHv)vn) translates into
Xevod"(v, Hs...), where &" is the translation of a".

There is a schema of meaning postulates that relates a" with its converse &".
Necessarily: ¥ou(&" (v, us...) @ a"(u, VLG

According to these schemas the passives of versprech- and erlaub- translate as:

versprochen werd', v3: Aéx\:P versproch"("( [V*P 1{x))s X5 ¥)
(2-place controlling)

erlaubt werd', V3 : Axy P erlaubt" (" ( (VY™ 1(y))s X ¥)
(3-place controlling)

(Note, that the order of the variables after A does not matter; they are unordered,
but marked for the place by the use of different letters.)

gebeten werd’, V3 : Axy P gebeten"(y, x, “([Y'P 1(¥)))
(1-place controlling)

versprochen werd's V3: xézujf versErochen“(‘( [¥YP1(y))s x> ¥)
(3-place controlling)
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gebeten werden,, V3: A P xy gebeten"(y, e LD SR N (EaN

(2-place controlling)

Examples: Compare (7a) and (8a) for bromise' and 'permit' in German.

erlaubt }

(31) Die Suppe aufzuessen wurde der Mutter (dat.) vom Vater {versprochen

erlaubt

(31') Der Mutter (dat.) wurde vom Vater {versprochen

} die Suppe aufzuessen
(32) Eine Stunde spater zu kommen wurde das Midchen vom Lehrer gebeten
(32') Das Madchen wurde vom Lehrer gebeten eine Stunde spiter zu kommen

'The girl was asked by the teacher to come an hour later'

Control problems with pronouns in infinitive constructions

With the proper translation procedure for pronouns we will be able to handle the
following examples:

Peter, _. ,
Mary} sich zu waschen

Peter , . b
Mary} to wash himself

(33) John verspricht {

‘Jdohn promises {

(34) John erlaubt Peter sich zu waschen
'John permits Peter to.wash himself'

(35) (a) John verspricht Peter ihn:zu waschen
*John promises Peter to wash him'
(b) John's Vater verspricht Peter ihn zu waschen
‘John's father promises Peter to wash him'
(c) John verspricht Mary ihn zu waschen
‘John promises Mary to wash him'

(37) John erlaubt sich zu kommen
"John permits himself to come'

(38) John verspricht Peter ihn waschen zu diirfen
'Jdohn .promises:Peter to be allowed to wash him'
Dem Vater . .
(39) ¢ John } Wird von Peter erlaubt ihn zu waschen
John is allowed by Peter to wash him'
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(40) John wird von Peter erlaubt sich zu waschen
tJohn is allowed by Peter to wash himself'

Translation. procedure for sich', 'himself':

(T, Reflex): sichy, 'himself': APR(v),

!
i

with v: = vl,and V1 is the variable occurring in place 1 of the verb to which
himself is applied according to syntactical rule S1. Thus, we have a context
sensitive translation rule for the reflexive pronoun.

Example:
sich+<2>(wasthQ2)V1: Ax((APP(x))(ry wasch"(x, y))) = Ax wasch"(x, x);
according to T1 and (T, Reflex). ‘ :

(T, PRO): Translation procedure for personal pronouns in obligue cases:

A personal pronoun translates into APP(v), with v being any constant or variable

with the following restrictions:

(1) v may not stand for the variable or constant occurring in place 1 of the verb
to which the personal pronoun is applied according to syntactical rule Sl.

(2) v may not stand for a variable or constant occupying the n-th place of an
n-th place controlling verb.

Note: the control properties show in the logical structure of the verb, i.e. in

their translations.

There are certain restrictions on possible co-referential noun phrases that are
not special to pronouns in oblique cases. I tried to formulate a search procedure
for noun phrases co-referential with pronouns in texts in Bartsch 1976b and 1978,
that includes a hierarchy of qualification for being a noun phrase that can serve
as co-referential with regard to a pronoun.

Restriction (2) for pronouns in infinitive complements takes care of the fact that
in sentence (35a) and (35c) the pronoun cannot refer to John, in (35b) not to John's
father, and in (36a) not to Peter, in (36¢c) not to Peter's father, and in (38) not
to Peter.

Restriction (1) secures that pronouns in obligue cases are not understood in the
way reflexive pronouns are. '

With the translation procedures for pronouns and the restrictions (1) and (2) for
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pronouns in infinitive and comp]ements, and in obligue

cases we can handle the above examp]es as well .as their passive
versions and more complicated examples where several such constructions are embedded

into eachother, e. .9, John prom1ses Peter to allow him to wash himself; or John ver-
sgr1cht Peter s1ch zZu er]auben 1hn zu waschen, 'John promises Peter to allow himself
to wash h1m It 1s not very usua1 that somebody allows something to himself but it
is certa1n1y not grammatically odd; maybe it is behaviourally odd; but we are not
concerned with thét,

Tfeatme"t of the examples:

(33%)
P
(Johns o (I pey eter T<3>((INF(s1ch T<25(Waschy2)y 1)1 inss) (versprec v3)y2)y1)y0)

After app11cat1on of the translation rules and A-conversion we receive
versprech"(j, fwasch"(j, j), {%&)

(34')
(Johns ;. (Peters 3 ((INF(sichy o, (waschy2)y1) 1 inf>) (€rlaubys),2)y1),0)
erlaub”(J, Z’wa;r,ch"(g,\, P)s p)

(35'a)

Here, we receive two readings because ihn 'him' is ambiguously interpretable
between v: = p or some. other v: # p, v: # j. Let: v: = P

Then (jﬂg&<2>(waschvg)v1)Aisztnans]ated into:

AX((APP(p) M {ry wasch"(x, y))) = Ax wasch"(x, p).

Otherwise the categorial structure and the translation procedure is like in (3825,
. We receive:

versprech“(J, Twasch"(j, p) p.

Let v: = r. Then: (1hnT 25 (waschuz)vl) translates into Ax wasch"(x, r); and we
receive versprech"(j, ]wasch"(g,wgn Pp) as the second reading.

(35.'b)

Here, the pronoun can.refer to- Peter, or to John, or to somebody else, let's say r,
who is not Johnfs»father, Our search- and translation procedure for pronouns gives:
us ‘these three possibilities. (1): v:=p, or (2) v: =J, or (3) v: =r, r does not
refer to John's. father. If f is the constant referring to John's father, we receive:
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(1) versprech"(f, “wasch"(f, p)s p)
(3) versprech"(f,{wasch"(f, i) p)
(4) versprech"(f, wasch"(f, r)s p)

(35'c)

Here, the gender marking of Mary excludes reference of ihn 'him' to Mary. Thus
the only possibility is that ihn refers to a third person, let's say to the one
referred to by r in the context of speech. Then we receive from the categorial
structure and the translation procedure:

versprech”(j, wasch"(j, rj, m).

(36'a)
The categorial structures are not syntactically different from those above.
I will present then in a shortened version:

(a) John+<1>(Peter+<3>(ihn zu waschen+<inf>(er1aubV3)V2)V1)V0).

Here, according to our pronoun search and translation procedure, ihn "him' can be
translated by using v: = p,or by some other constant or variable with v: # p,

v: # j. Thus, if v: = p,we receive

erlaub” (3, Twasch(ps 3)» B)-

If v: = r, gotten from the context by the search procedure, we receive

erlaub"(j, Twasch"(p, r)s p)-

(36'b)

Here v: = m is excluded by the gender restriction and thus we only receive a
?eading with some constant found from the context, with v: # p. If that constant
is r, we get:

erlaub"(m, Twasch"(p, r)s p)-

(36'c)

Here v: = jor vi = p,or vi =TI, with r as some constant from the context and
r# f, if f refers to Peter's father.

(1) erlaub"(J, twasch(f, i), f)

(2) erlaub"(j, twasch(f, p)» f)

(3) erlaub"(j, Twasch(f, r) f)

(37')

The categorial structure is
(John+<1>(sich+<3>(zu kommen+<1nf>(er1aubﬁg)vz)vl)vo)

zu kommen erlaubt translates into AXy erlaub"(x, Tkomm" (y))s ¥)-
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Then sich zu kommen erlaubt translates into: AXx erlaub'(x, Tkomm"(ﬁﬂ, X),
according to the translation rule for reflexive pronouns.
For the whole sentence we then receive: erlaub"(j, 7k0mm"(i»,.i).

(38) -

Here, we have two infinitives, zu diirfen and waschen without zu.'to', since darf-
is a modal verb. The English translation is structurally different from the
German since it uses the passive of permit or allow accompanied by an infinitive
with to. Here we use the dative controlling versprech,.

(John+<1>(PeterT<3>(INF(INF(ihn+<2>(waschég)Vl)T<inf>)(darfvz)vl)T<ian(ver-
sprechs ) ,) 1) ).

=223\ 2) 10

The pronoun ihn can be translated by v: = J,or some other constant, say r,

r # p, received from the context. Let us choose v: = ik
ihn waschenr . o : 29D (“(az wasch"(z, §)))

ihn zu waschen darf",l: AX A?@V(A(E wasch"(z, j)))(A*P PER("(( [ v % 1{x})))="
AX PER(" (wasch"(x, j)))

ihn waschen zu dUrfenT<inf>: s G’(‘Aé_fgg(‘(wasch"(i,.i))))

ihn waschen zu diirfen verspricht, 2t AXy versprech"(x, {PER(~(wasch"(y, j))), y)
_I_V — b T— Tk WIRE 1 e =

The whole sentence then translates into:
versprech"(j, {PER("(wasch"(p, j))), p)

Although we have two verbs versprech' 'promise' in German which differ in their
control properties (first-place controlling versus third-place controlling), there
is only one 3-place predicate
versprech" in intensional lTogic. If we would transiate sentence (38) by using
versprechi we would get a formula that is well-formed but that is semantically
odd because it says that John promised Peter that he himself (= John) would be
permitted to wash him (= Peter). |

[
The translation of sentence (38) with a reflexive instead of the non-reflexive
dihn is straight forward, the only differenée being that sich waschﬁl translates
as Az wasch"(z, z). Thus, for John verspriLht Peter sich_;;;ZE;;_;h diirfen 'John
promises Peter to be allowed to wash hinuk]f' we get

versprech"(j, YEEB(‘(wasch"(E,_E))»,_B). 4
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(39')

Passive formation in German changes first and second place in the formation of
the converse relation. There is no change involved in the third place, the dative
marked one. Thus, the passive verb erlaubt werd' is, like the active verb erlaub’',
third-place controlling. This means that ihn may be translated by any constant or
variable except the one standing for John.

(gghgi<3>(von Peter+<2>(ihn zu waschen+<inf>(er1aubt Wird§3)V2)V1)VO)'

Since the details of the passive construction have not been worked out we treat
the agentive phrase simply as a term in place two of the passive verb. Let us
assume v: = p. With that ihn zu waschen. . o translates into:

2@ @ ("ax wasch"(x, p))-
The infinitive phrase takes the first place of the passive verb erlaubt werd". The

translation amounts to:

erlaubt werd" (" (wasch"(j, p), P, J)-

Using the meaning postulate mentioned above, this is equivalent to
erlaub"(p, ~(wasch"(Jj, p), J).

(40')

Here we have sich zu waschen.r<1.m_.> and therefore: A% ®( Ax wasch"(x, x))-.
Since the passive verb erlaubt werd' is third-place (dative) controlling), the
translation of sich zu waschen erlaubt werd' is (see schema for passives)

axy erlaubt werd"("(wasch"(y, ¥))s X5 ¥).

The whole sentence translates into:

erlaubt werd" (" (wasch"(j, i), p» J)-

Note, that we get two different translations for the reflexives, according to
whether we have a versgrechl, which has first-place control or a versgrechz, which
has third-place control. Thus we have:

Der Lehrer versprach den Kindern sich zu waschen

1

and

Der Lehrer versprach den Kindern sich waschen zu diirfen
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To be able to treat the examples given by Jan Anward (in personal communication)
for Swedish, where himself can refer to John in a sentence of the form 1it. John
permits Mary to wash himself, which is acceptable in Swedish, we _have to provide
for the possibility to apply an infinitive of a two-place verb, e.g. wash, to
permit. In this way we receive permit to wash. Syntactically this was formulated
in the notation of Planck 1975.

Syntactical rule
If a is an m-place infinitive and B an n-place verb taking infinitive complements

then o(g) is an (n+m)-place verb.

Note that from an n-place verb we get an (n-1)-place infinitive term by applying
the infinitive operation, for example

tanzy, (INF(taanl)T<inf>) with 0 term places.

washoz, (INF(washog)T1<inf>) with 1 term place.

EECINE): If Avyeeevo a" is an m-place verb then

S Y)
Y1 m

Woeove & ((TAvg a” )) is the (m-1)-place infinitive.
Vl...\)m

(T, INF, COMP): If avy...v D (P ("Av, " )) is the translation of the
2 m 1 VieeVo

(m-1)-place infinitive and Ao s"v h is the translation of the n-place
1"V

verb g' taking an infinitive complement in its i-th place, then the translation
of a'(B") is:

AVpe ooy Hyeeby Iui"‘"j()‘(‘m’hvl a"vl...vm»(xui s m

Using this rule, we can build up

Axyz(AE(*ru wash"(u, z) (A *P permit"(x, “( [¥ P 1(y)), ¥)).

This, after r-conversion, amounts to

Axyz permit"(x, “(wash"(y, z)), y).

If we apply himself' to this with respect to the place marked by z we get

Axy permit®(x, “(wash"(y, x)), y),

and then with John as T<1> and Mary as T(2) we receive the translation

permit(j, “(wash"(m, j)), m)

as a translation for the literal English equivalent for the Swedish construction.
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The translation for infinitives gives us a form that can be used to apply terms
to. The places marked by V... Vo Can be filled out by applying terms to the
infinitive in these places. To do this a simple extension of rules S1 and T1,
which are formulated for the application of terms to finite verbs, can be used.
This provides us with an alternative to the procedure adopted in this paper,
where we constructed one-place verbs first before we applied the infinitive
operation. We constructed the infinitive term ihn wash" as
(INF(1hn+<2>(wash92)Vl)T<1nf>). But we could also do it by applying INF to the
lexical verb and then apply the terms:

(ihn+<2>(INF(waShVZ)T1<1nf>)T<inf>)’

Conclusion

The main difference between Groenendijk and Stokhof's (1977) treatment of
infinitives and mine is that they introduce a special kind of variables, context
variables, that are interpreted in a certain way in a model, such that in the
context of promise the context variable denotes the entity introduced into the
context (within the model) by the interpretation of the subject phrase of

promise and in the context of permit the denotation of the context variables

is the entity introduced into the context by the interpretation of the indirect
object phrase. What Groenendijk and Stokhof do within the semantics, i.e. within

a model and the context dependent interpretation of expression in the model, I

do in the translation procedure. Thus I keep the model theory simpler, but make
the translation into intensional logic more complicated. The reason why I do that
is, that I need surface word order information for the interpretation of pronouns
in general and this information can get lost by translating sentences into
intensional logic, except if we change the syntax of intentional logic in such a
way that the linear order of expressions is going to play a role and that it
mirrors surface order such that, for example, p & q is not anymore equivalent to

q & p in the moment q and p contain expressions that are interpreted context
dependently. Another difference between mine and Groenendijk & Stokhof's proposal
is that I treat infinitives not as the characteristic set of properties of certain
propositions but as the characteristic set of properties of properties, like
Thomason. But other than Thomason, I do not need meaning postulates to account for
the paraphrases between the infinitive constructions and the corresponding

clause constructions. Rather, the propositional structure attributed to infinitives
by Groenendijk and Stokhof is, in my proposal, not attributed to the infinitive
phrases themselves but to the internal structure of the matrix verb.
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In the translation procedure the translation

of an infinitival phrase is inteqrated into the propositional

structure of one of the term-places of the matrix verb. Thus, I have two categoriza-
tions for the matrix verb in the categorial grammar of German (or English), one
taking an infinitive and one taking a sentential complement, but only one type for
the matrix verb on the level of the syntax of intentional logic, and of course only
one lexical content analysis of the verb. I do not derive infinitives from imbedded
propositions and I do not derive pronouns and reflexives from artificial syntactic
variables as in Bennett's (1976) and Thomason's (1976) analysis.Rather, I construct
infinitive constructions directly on the level of categorial syntax; and I derive
the infinitives morphologically from the verb-stems; and pronouns, including
reflexive pronouns, are basic expressions, except for morphological and morphopho-
nemic case, number, and gender modifications. I could also imagine a modification

of my proposal in the way that the infinitive is translated by a sentence open 1in
the subject position, such that, for example, John promises Mary to come would
translate into promise"(j, “(come"(x)), m). If we do that we need to restrict the
possible assignment functions when interpreting phrases 1ike this in a model. The
arguments of Groenendijk and Stokhof (1977) against this course are not decisive

since they assume that restriction to be unduely heavy. How strict the restriction
is depends on the kind of context. Thus for the sentence mentioned it is stricter

than for Peter promises John that he would come.

With regard to the sentences with that- complements the requirement is fairly loose:
The sentence ... is true if there is an assignment g with g(x) # F(j) such that

Fiis oo Bee ] Shus g(x) might be Peter or someone else. But even that is too strict

since we can interpret the above sentence even with 9(x) = F(j) if the promise is a
kind of threat or of it means that Peter promises John that he would be invited.
Here, it is John who is the referent of he. The same is not possible for the
infinitive construction: there g(x) cannot be somebody different from John or Mary;
in the first place it must be John; but we have discussed examples where it can be
otherwise, for example, John promises Mary to be invited. Here, g(x) more Tikely
will be Mary and not John. Thus, as Planck pointed out, control should be subject

to context properties. These context properties can be formulated as restrictions

on the assignment functions used to interpret variables. If we take this course we
need not have in the lexicon promise1 and promisgz, that differ in their control-

properties. Then we can do with one promise in natural language, 1ike we can, any-
how, in the syntax of intensional logic. But the drawback of this position has been
already mentioned: we need to consider surface properties to formulate the restrict-
ions on the assignment functions, if we want to use this method for the interpretaion
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N2
of all pronouns. Therefore, besides structures of categorial syntax we need to
formalize the surface properties that are relevant for the choice of the proper kinds
of assignment functions and store them in a component parallel with and referring to
the categorial structure. This can be skipped if we use all this relevant surface in-
formation directly in the translation procedure into intensional logic, as done in

Bartsch 1976, 1978, and in this paper.

~

The point of the lexical treatment given here is, thdt there is a fair amount of
logical structure included in the lexical information of lexical items, which we
know when we know the meaning of a lexical item. This information need not be part
of the syntax of natural language and thus the synmtactical structures of natural
language can be simpler than they would be if all that lexical knowledge would be
explicit in the categorial syntax of natural language sentences.

Nevertheless, we have lexical information of this kind available when 1ntérpreting
sentences. In the logical language this kind of Tlexical knowledge is made exp11c1t
in tﬁe syntactic forms. The alternative would be to make quite comp11cated context
dependent rules of interpretation in a model that express these properties. The
third way, namely to force these differences into the syntax of natural language,
where they do not appear, in fact, I reject. Thus I reject making an artificial
natural language syntax with never realized artificial pronouns 1ike bgn in
Montague grammar, and further employed by Partee 1975, or with traces as 1in
transformational grammar, e.g. in Chomsky 1976.
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FORMAL TREATMENT OF TENSES AND TEMPORAL CLAUSES

Pieter Uit den Boogaart, University of Technology,
Eindhoven, Netherlands

In this paper I will present a number of formal systems, Lo through
Lg . The semantics of each of them is meant to formalize partially
the way temporal clauses behave in natural Languages. As only temporal
aspects of sentence building are taken into consideration, the syntactic
parts of the systems are very simple, if not trivial. The semantic parts,
on the other hand, are far from simple, at least in the cases of the
latest three systems. Their relative complexity is, as I hope,justified
by the advantage of having systems in which al kinds of temporal clauses .
are treated as meaningful units of the same semantic type. I include
tenses in the variety of possible temporal clauses.

Lg might be the "logical" framework for temporal constructions in
formal languages that are more similar to natural languages ~ just like
intensional logic is the logical base for Montague's fragments of ordinary
English. I hope I will be able in due time to present some formalized
fragments of ordinary Dutch language that have a kind of Lg-semantics:
at this stage,however, I restrict myself exclusively to the more esotheric
systems with syntaves simple but hardly adapted to the demands of ordinary
language usage.

The formal definitions of the systems consist - of five
parts: the declaration of the alphabet, the declaration of the names
of syntactic classes, the list of the syntactic rules, the definition
of what models are supposed to be, and,finally, the list of the semantic
rules which are cuonterparts of the syntactic rules.

In all of the systems there is a syntactic category called "formulae".
In Ly - _ the semantic rules assign truth values 0 and 1 to formulae
for falsehood and truth respectively. In other systems formulae are
assigned "indexed truth values', i.e. mappings from the set of moments
into truth values.

Throughout the paper, we will use the symbol U for referring to the
set of moments. This set <s taken to be isomorphic to the set of real
numbers with respect to order and with respect to distance measure.
This metaphysical point of view is not beyond philosophical criticism.
I believe, however, it is pretty harmless in the present context.

The power set of a given set S will be referred to with ZS J

Particularly,ZU denotes the set of subsets of U .
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The system L
1 Alphabet
The Lg-alphabet consists of two kinds of variables: term variables
Tgs T1sTgs +-. and proposition variables pg, Py, Pos--- -

in the sequel we will use symbols for sets of variables:

P will denote the set of proposition variables, and 7; the set of term
variables.

2 Syntactic Categories

Lo has three syntactic categories: Lg-propositions, L,-formulae and
Ly — terms.

In this system and the following, we will speak simply of propositions,
formulae and terms, instead of Ly—formulae, L,—terms and so on. From the
context must be clear what kind of formulae or terms we have in mind.

The same is valid for those syntactic categories that will be developed
later on. L ol

We will use F as denoting the set of formulae, and T as denoting the
set of terms. (Of course, in different contexts, the above symbols may
have different denotations).

3 Syntactic rules

The expressions of L, are generated completely by the following rules:
0-Synt(Z) P _<s the set of propositions;
0-Synt(ZzZ) T=T,_; . _
0-Synt(Z<%Z) Zft€T, and ocP , then to€F.

4 Models
A Lgmodel is a pair (oy,05) such that 01:P+{0,1}U and g5:T-U
5 Interpretation functions

LetM be the Lgmodel (oy,05).
The denotation function A is the triple (zy,z0,03)defined
as follows:
0-Sem (Z) £3=0]
0-Sem (Z7) t2=0o _ :
0-Sem (it’L) ’I:f €T, and oEP, then Cl(TOL)=Z_:3(0L) ((‘;2(1)).

Remarks

Of course, the rules could be given far more simply than we have done
now. The way theyare presented is uniform with the presentations of the
other systems.
In a more relaxed style we can say that formulae consist of a term
variable and a proposition variable, that the proposition variable denotes
a function from moments into truth values, that the term variable denotes
a moment, and that the denotation . of the formulae <s yielded by application
of the denotation of the proposition to the denotation of the
term. So, with respect to a model that assigns to a a function Llike
AtE€U.Tt Z8 raining at the moment t, and to T the moment 3-10-'77, 12.00 h.,
ta will be true if and only i1f it actually rained on that specific moment.
So far our system Lo . It only serves as m introduction into the next systems.
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The System L,

1 Alphabet
The Ly-alphabet is just the set of proposition variables P.

2 Syntactic Categories o
L, has only one syntactic category: the set of (Ly)-formulae F.

3 Syntactic Rule
The expressions of L, are generated completely by 1-Synt(Z) P=F .

4 Models
An Ly-model ig a mapping¢n1 such thatfnl:f+{0,1}u

5 Semantic Rule

Let be an Ly-model. We associate to it the (L))-denotation function

4&, defined by Ie (‘)eg -
-sem(z) M =

Remarks

Of course, Ly is practically worthless for almost all purposes that
can be imagined. We have constructed this system in order to show the
fundamental behavior of time dependent sentences: they are true or false
with respect to a given moment of time — this moment may be considered
as the moment of utterance. In the sequel we will use meta-expressions
Like "o is true at (the moment) t". Statements like these presuppose
a given, temporarily fixed, modequ. Their sense is obviously the following:
"(The first coordinate of7'ﬁ% assigns to a a function that assigns 1 to t .

The System L,

1,2,3 Alphabet, Syntactic Categories, Syntactic Rules
Ltke in L.

4 Models
An Lo-model is a pair (oy,05) such that 01:5+{0,1}U and 02:7+U;

5 Semantic Rules

Let M _be the L -model (oy,0,). We associate to it the (L,)-denotation
functionM =(c,,z0,83), defined as follows. .
2-Sem(7)  g3=oj
2-Sed(i7) gy=0y
2-Sewliit) cl:f+{0,IJ and

'L.f '1'61—l and (xEﬁ then Cl(Td)(t~)= C3(OL) (Cz(’[))(t)).



Remarks

With respect to their syntaxes, L, and Lo are the same languages.
Semantically, they differ in that formulae of L, have truth values depending
on the moment of utterance. So the semantic type of Ly—formulae is equal to
the semantic type of formulae in Ly . This will be the case in each of the
remaining systems.

The dependency on time of the truth value of L,~formulae is made possible
by the dependency on time of the denotation of terms. Terms in Lorefer to
moments, but it depends on the moment of utterance which moment is referred
to by a given term t with respect to a given model . Hence the meanings of
terms in L, are conceived of as mappings from moments (of utterance) to
moments (of reference).

Now, let ¢ be a function from moments to moments, equal to o,(1).

o, 18 intended to be the second coordinate of an L,-model, and t to be a term.
We give a few examples of posstible properties of ¢: '

1 ¢ may be monotously inereasing and continuous.
In that case ¢ may correspond to clauses in ordinary language like
"exactly one year ago', "exactly five hours ago"(or "now", in which case
¢ assigns to each moment itself).

2 ¢ may be monotously increasing and discrete (i.e. constant in separate
intervals).Here we think of functions corresponding to clauses like
"yesterday at noon", "the latest time it started raining'.

3 ¢ may be constant. In that case the term 1 refers to one moment, say,

12th of October, 1977, 10.00 h. p.m.,independently of the moment of utterance.
Of course, if Lp,-models were restricted to those having constant functions
in their second coordinate, the system Lywould be essentially the same as Lg.

One of the disadvantages of L, is that formulae have an obligatory 'temporal
clause". We would like to get rid of this rather unnatural feature. This wild'=
be done in our system Ls.

The System Lj

1 Alphabet
Like in Ly

2 Syntactic Categories

Ly has two syntactic categories: (Ly)-formulae and (Lj)-terms.

3 Syntactic Rules

The expressions of L are completely generated by the following rules:
3-Synt(Z) PeF _  _
3-Synt(Zz) To=T _ _ _
3-Synt(Zii) <f T€T and o€F, then ta€F

4 Models

An Li-model is a pair (01,00), satisfying the conditions of an Lo-model.
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5 Semantic Rules

Let be the Lz -model (0),0;). We associate to it the (Li)-denotalion
function (gy,r,), defined by the following rules:

ET0 0 )L o
3-Sem(’L') £1<0;
3-Sem(ZZ) gp=0,_ ¥,
3-Sem(iii) if 1€T and o€F then z;(ta)=ty(a)oz, (1)

(Here the sign "o" is used for function composition.)

A

In order to avoid ambiguities, we shall use the symbol instead of &ﬁ

for the denotation function depending on¢W\, if‘qq_is to be considered as
“an Lz-model.

Remarks

L3 28 the first system where recursive definitions of syntactical categories
and semantic functions are applied.It is an extension of L,. Each formula
consists of a (possibly empty) sequence of terms, followed by a proposition
variable.

We show now that L3 is an extension of L, with respect to its semantics
too. Indeed, let M| be anly-model (thus also an Lz-model), and let o be
an Ly~formula (and hence an L3-formula too). Furthermore, let (ry,L,) and
(z],z3) be the L, —denotation funection and the Ls—denotation function
associated to respectively.

a must be of the form tp , 1 being a term and p a proposition variable.

We are going to show that t{(a)=tz;(a):

zi(a)=t{ (tp)=c] (p)ozd (t)=1 (ploc, (t)=At€U.z; (p) (g2 (1) (t))=

At€U.zq (tp)=t; (o)

It is not difficult to show that a sequence of terms corresponds
semantically to the reverse composition of the "meanings" of the tevms.
Let M be a model, and (t1,z;) the denotation function associated to ¢
For terms 11 and ty,we assume ty(ty)=¢ and t,(1y)=x. Let 13 be a third
term, such that o (t3)=xo¢
Now for each formula u,ﬁl(Tszoc):Cl(Tzot)c ¢=§1(OL)0 Xo¢=(;1(0t)°c2 (T3)=Zi (dt3)_
It may be worth noticing that in many cases composition of term meanings
18 commutative. Two terms with meanings like "one year ago" and"two years ago
will have the combined effect of "three years ago" ; the order of the terms is
here irrelevant. But, as function composition is basically not commutative,
we may expect cases too where meaning is changed by changing order.
This happens for example to pairs of terms of which one is assigned a constant
value. Whenever ¢ and x arve meanings of terms, while ¢ is a constant function,
dox Wil be equal to ¢ = xed will be a constant too, but in general different
from ¢ . This consider ition mirrors our intuition that sentences like
"a year ago it rained at noon on the 29th of June in 1960" arve equivalent to
the same sentence without the redundant "a year ago". On the other hand, the
sentence "at noon on the 29th of June in 1960 it rained a year ago" is rather
equivalent to "it rained at noon of the 29th of June in 1959."

Our next system will be essentially richer than the system we have been
studying now. Although syntactically the same as L3, Ly s able to express
temporal quantifiers like "always" and "during an hour™.
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The system L,

Some preliminaries

Here and in the sequel we will use some abbrevations.
So we define: W={0 ]}U.

w+=ww

1,2,3 Alphabet, Syntactic Categories, Syntactic Rules:

Like in Lj.

4 Models
An Ly,-model is a pair (o1,07)such that
01;$+w and 02:?+w+ A
5 Semantic Rules
Let be the Ly-model (o,0,). We associate to it the L, —interpretation
function (g1,02) , defined by the following rules:
4-Sem(Z) T1<01

L-Sem(Z7) Tp=0o_ i
L-Sem(ZZi) <f T€T and a€F then Ql(Ta)=§2(T) (z1(a)).

Remarks N

In medal logic systems, it is comvenient to identify the meaning or "sense"
of a sentence with the set of possible words in which the sentence 18 true
(or with the characteristic function of such a set).

In the same way it is convenient to identify, within tense logic systems,
the meaning of a sentence with the set of moments at which the sentence s
true. Actually, in L, through Lz we did identify sentence meanings with
characteristic functions of sets of those moments at which a given sentence
18 true.

In all of our systems terms must be thought of as temporal clauses.

They change the meaning of a sentence into a different sentence meaning.
So, if we agree on taking sentence meanings as elements of the set W,
ot is+quite natural to take temporal clause meanings as elements of the
set W .

Now it is easily seen thut all possible denotations of terms in Lj
can be expressed in Ly too. Indeed, let oj be the second part of an L3-
model. Now, to each element¢y of we assidm its "translation” AYEW.Yed
We indicate the result of this tﬁgnslation as § . Clearly, for each
6 in U, $ will be an element of W . So the functioncy, obtained by
translation from oo, and defined Dby op=AT€T.55 (1), gives rise to the
L,-model (oy,03).

Let (z,,z,) and (t],t3) be thels- resp. Ly -denotation function, associoted
to (07,05) and (0y,03) respectively. It can be proven in a straightforward
way that ry and t] are equal. So for each Ly-model, we may take a Ly-model
that yields interpretations of formulae to the same semantic effect as the
original Li-model exercises on formulae. ;

Apart from this use of terms, there are three rather important ways

to apply the machinery involved in L.
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These are what may be called universal reference to sets, existential
reference to sets, and measurement on sets.

We encounter universal referencc to sets in clauses like"during the past
year". More or less informally, "during the last year" applied to a sentcnce S
18 true at the moment t if and only If S is true at all momentsindicaled
as "the last year." In this case the period itself referred to is dependent
on the moment of utterance, like time point references as "last sunday at
noon'". Of course, it 18 possible to have constant references to periods too:
"during the first millennium BC'" might be such a constant reference.

Let € be any function that assigns subsets of U to elements of U.

We define VE to be A¢€W.At€ﬁT—T b(t")
t'eg(t)

Here the iterated product sign is used to quantify univerally on truth
valued functmons

Whenever & is a mapping from U into oY V_ might be the denotation of
some term, and behaves like a kind of untve%sal quantifier.

"Always", taken in its most literate sense can be considered as corresponding
to V_, E being the constant function that assigns U to any moment of U.

Existential reference to sets may occur in sentences like 'yesterday I met
Mary'", which sentence is true at t, if at least at one of the moments of the
day previous to t, the sentence "I meet Mary" is true.

Suppose again that & assigns subsets of U to moments of U.

We define HE to be AOEW AT, T 4(t') . %%z%% Zd SU tca?goneg% for

1EE () anLLLLed
"Sometimes" in the most unrestricted sense of the word corresponds to
= JA

[&4]

It must be stressed here that often in natural language references to
sets of moments are made, while it remanains unclear if the kind of quanti-
fication 18 universal or existential, or, perhaps, different from both types.
Particularly references to periods as "last year" and so on seem essentially
unclear in this respect. In the systems still to be explained we will try
to handle these cases.

Existential and universal quantification on a set coincide if and only if
the set referred to is a singleton. In this case we have a kind of reference
to moments like in Lg.

The third important application of Ly,-like clauses consists in the use
of time measurement phrases like "half an hour'. This applied to a sentence
seems to be true at a moment t if and only if there exists an interval
of length half an hour during which the sentence is true. But here we feel
that something goes wrong: i1f we are going to explain the logical status
of time meausurement clauses this way, then the truth value of sentences
with this sort of clauses would become independent of time. It seems that
this conclusion would be completely absurd. Evidently,the truth value of
"vesterday I sang half an hour'" is dependent on time. We may infer that
we were too simple-minded when we assumed that "half an hour" just changes
sentence meanings into different sentence meanings. Considerations of this
kind will lead us to the complex semantics of Lg.

Finally, it is easy to see that negation can be expressed in\_qtoo.
Consider the mapping AEW.AtEU.1-y(t) . Obviously, this is an element
of W , and it acts like negation in proposition calculus.

We may use it in combination with "always" and "sometimes' in order to
get "mever". It may seem strange that such an "untemporal' element as nega-
tion enters into the system. On the other hand, it does no harm.



The System Lg

1 Alphabet

The alphabet of Ls is the union of the alphabet of L, and the set WO,
which is the set of conjunction variables {vg,Vi,Va,...}

2 Syntactic Categories

Syntactic_categories are those of Ly in addition, there is the syntactic
category VU, the set of conjunctions.

3 Syntactic Rules

The first_three syntactic rules of L5£gre identical to those of L. In addition:
5-Synt(Zv) V=V, ;

5-Synt(v) zf veV and o€F, then voET .

4 Models
An Lg-model is a triple (07,09,03), such that (0q,0,) 28 an L,-model and
03:v+(w+)w

5 Semantic Rules
Let be an Lg-model (oy,0,,03). We assoctiate to it the interpreation function

(z1,20523) » the rules of which coincide with the semantics of L. In additionm,
the following rules hold:
‘5-Sem (1v) £3=03 _

5-Sem(v) if V€V and o€F, then t,(va)=t3(v) (g (a))

Remarks

In the first place, the way the semantic rules are presented presupposes
that Lg <s not syntactically ambiguous. In our earlier systems this fact was
so obvious, that we did not find worth noticing it. Here, however, the situation
is slightly different: the non-ambiguity of Lg is not so evident. But fortunately
Ls s syntactically not-ambiguous. Here we omit the proof of this statement.

About the logical structure of Ls,the following fact may be interesting.

Propositional 2-valued conncetives like conjunctin, disjunction, material
implication can be expressed in the conjunctions of Lg .

Let us take conjunction, for example. Now let M| be a model that assigns
to the conjunction variable v the value AGEW. AYEW. AtEU. ¢ (t) Ap (t) ;

It is easily found that under the interpreation function ¥y > vejop will be
true at the moment t if and only if both a; and ap are true at this moment.

Of course, we are not only, and even not in the first place, interested in
logical connectives. We may construct interpretations of our conjunctions
that have something to do with time too. As an example, we might assign to
a value that can be understood as "half an hour before --—-'.

We must admit that the semantics of this kind of expression is not sc clear |
as it might seem. In the sentence "half an hour before it started raining. he
went auay’ there is some strange point. Evidently, it soes not say just .
"Thepre is a moment t, such that at t it started raining, ana haly an nour before

t he went away." More adequate solutions for the semantics of this kind of
expressions will be given in the ultimate system Lg .
Finally, Ls is both semantically and syntactically a preoper extension of

This can be seen directly from the rules.

f



The system Lg

Some preliminaries

The semantics of Lg is quite complex. So we will introduce
some new concepts before we will present the system as such .
First, we observe that quantifiers with respect to a given set S can be
thought . of as truthvalued functions with the power set of S as their domain.
The universal quantifier with respect to S is the fumction that assigns
0 to all parts of S, except S§ itself; the existential quantifier with
respect to S assigns 1 to all parts of S, except the empty set, which gets
value 0 (or falsity). In similar ways other known quantifiers (e.g. "exactly
one", "exactly two", "infinitely many", "more than hundred") can be easily
defined.

Now we introduce the concept of complex quantifier.

This is a function that assigns to all pairs of subsets of a given set
a truth value, under the condition that whenever Q is a complex quantifier
with respect to S, and X and Y are subsets of S,the equality

Q(x,Y)=Q(X,XnY) must hold.

By the latter restriction it is easy to relate each complex quantifier
with respect to S to a function that assigns to subsets of S quantifiers
with respect to that subset.

The universal complex quantifier with respect to S is a function

Q:25x25+{0,1}
such that for X,YcS , Q(X,Y)=1 <f and only if YX ; (5%)
stmilarly, the existential complex quantifier with respect to'%s a function
such that for X,Y<S , Q(X,Y)=0 <f and only if X Y=0 .
Now it is possible to costruct functions with domain and range the

set of complex quantifiers with respect to S. Functions of this kind

will be called indexed complex quantifiers with respect to S .

A complex quantifier with respect to S is said to select s from X
whenever s€S , X<S and for all Y S: Q(X,Y)=1 Zf and only if s€XxnY.

We call an indexed complex quantifier nearly constant if it satisfies
the following condition:
- let Q be the indexed complex quantifier with respect to S ; now for
$1,52€S, X,YS:
if Q(s;) does not select s; from X, and Q(s,) does not select s, from X
then Qls,) (X,Y)=0(s,) (X, V)

The reason for the definition of "nearly constant' may seem mysterious.
We motivate it as follows. In the present system and in Lg, "sentences”
without explicit temporal clauses are supposed to refer to a given set
of moments by some contextual or extralinguistic information. If the moment
t 18 included in the set referred to at t, the truth value of the sentence
ig supposed to be equal to the truth value of the same sentence, prefixed
by a reference to the moment t. On the other hand, whenever t and t are
both outside the set referred to (by extralinguistic information or by a
temporal clause) the way of quantification over this set must be equal
for both'outsiders"

Now we define the standard indexed complex quantifier with respect to S .

This is the unique indexed complex quantifier that satisfies

for s€S, XS, YcS:
aQ(s)selects s from X , if s€X ;
b Q(s)(X,Y)=0 Zf and only <if XnY=@, Zf sgX




The standard complex quantifier with respect to the specific set S, will bc
indicated by the symbol STANDg.

The symbol Q will be used for te set of allthose indexed complex quantificrs
that are nearly constant.

We will write A for the set of pairs QX(Z ) and ©F for Al

Now we define a "transformation, i.e. a function that assigns elements of wh
to elements of A.

This transformati % 18 given the name Tr, and is defined by:

for EQ, and £:0-2",

Tr(Q,£)=ApeW.At€U. Q(t) (£ (¢) At g(er)=11).
After these introductory definittons and conventions, we exhibit the system.

1 Alphabet
The alphabet of Lg is like that of Ls , except for the presence of two
additional bracket signs: "[" and Egjtiom

2 Syntactic categories

Lg has the same syntactic categories as Ls, and in addition the category B (clauses)

3 Syntactic Rules

For Lg, the syntactic rules (7), (iv) and (v) are the same as in Ls. The ramaining
rules are: _
6-Synt(i7) Tt
6-Synt(iiz) <If TOETO and t,€T, then ty1 €T
6-Synt(vi) if 1€1, then [t]€B =
6-Synt(viZ) <f BEB and o€F, then Ra€F

. W, L. V.,

4 Models
An Lg-model is a quadruple (oy,0,,03,E) , such that
01:3+w, 02:?+A+ , O3:V» (A+)w and E:U+2U.

5 Semantic Rules

Let be the Lg-model (o1,0,,03,8) . We associate to it the interpretation function
, which is a quadruple (gl,gz,c3,g4) , such that

g1:FW, zo: Tt L3t Vs (n* ) JCyiBW
and satisfying the following semantic rules:

6-Sem(Z) o,z
6-Sem(Z7) oocr, _
6-Sem(7l’w) ’Lf ToET and T]_ET_, then Zo (T0T1)=02 (TO)C‘CZ (’1’1)
6-Sem(Zv) 03T 3 -
6-Sem(v) if veV and wEF , then zo (va)=z3(v) (g1 (a))
6-Sem(vi) if 1€I , then gy ([t])=Tr(z,(x) (STANDg,£))
6-Sem(vii) if BEB and a€F , then g, (Ba)=t,(8) (z1(a))

e L. L, b, L, L, L,



Remarks

First, we consider the syntax of Le. ALl formulae consist of a (possibly
empty) sequence of "clauses', followed by omne proposition variable.

Clauses are terms in brackets, and terms are non—empty sequences of "atomic
terms', i.e. either temm variables or formulae prefixed by a conjunction var-
zZable.

On the semantic level, the structure of Le s quite more complex.

We notice that the clauses in Lg have t&e semantic function of tevms in
Ly and Ls, being of the semantic type W'.
The terms form the ingredients for clauses, in that their meaning by
: . A # = +
enclosing in brackets, is transformed into a meaning of type W .

One may wonder how term meanings must be interpretated intuitively.
The following remarks are intended to clarify this point.

We have met in L, some difficulties with combining clauses like "yesterday"
and "during half an hour".

If we take "during half an hour" semantically as an L,-term, Z.e. as a modi fier
of sentences, then inevitably sentences like "yesterday she was singing during
half an hour" are bound to get absurd interpretations.

Indeed, let us ignore,for the sake of stmplicity, the complications involved
with the use of the past temse. Then after having been translated into L, ,
with the use of an appropriate model, we may obtain these two interpretations
(it depends on the order of the terms which interpretation we actually obtain):

a "Yesterday it was the case that there is a period of half an hour during
which she will be/ is / has been stnging";

b "Once in the future, the present or the past the sentence'she was singing
yesterday' will be/ is/ has been true during half an hour."

In L, the problem consists in the tmposstbility to combine "yesterday' and
"half an hour" in such a way, that the quantifier "during half an hour' is
applied to the period indicated with "yesterday" only. And this, we feel, is
the way "half an hour" shuold be interpreted.

At this point, we might think of an alternative system with two kinds of
temporal clauses:

a References to sets (which may depend on the moment of utterance);

b Indicators, how the set referred to, must be referred to(e.g. existentially,

or universally, or in some still different way. )
Evidently, clauses like yesterday would belong to class a, and clauses like
"during half an hour" to class b.

Actually, for several reasons we do not construct a system like the one sketched
above, but on the other hand, the distinetion between reference (a) and complex
quantifier (b) is preserved in Le: terms have both properties at once, so to say.
The semantic effect of a term (at a given moment t) is that it changes a given
set of moments referred to into a new one, and a given complex quantifier into
a new one. "Yesterday", for instance, taken as an Leg—term, restricts a given
set referred to, at the momenttto the intersection of the set referred to with
the set of moments of the day before t. It leaves complex quantifiers unchanged,
while "during half an hour" leaves the set referred to unchanged, but changes a
complex quantifier into the ome that could be defined as

AT U AT,cU.6(T,,T,) :
such that o is truth valued, and takes on value 1 for Ty and T,, if and only
if there is an interval T3cTiNT,, that lasts half an hour.
(We are not concermned here with the question whether this definition is accurate) .
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te
It is important to notice that at a moment [are not interpreted as pairs
of complex quantifiers and sets of moments; they rather change such a pair
into another one. So there must be sets referred to, to start with, and there
must be an (indexed) complex quantifier to start with.

Now the set referred to "from the start" cannot be expressed by linguistic
means, but must somehow be clear from the context. The knowledge about "unstated
references' at each moment t 18 given in the model by the fourth coordinate.

At each moment t , 1f we want to evaluate the truth value of a formula
Ba at t, we proceed as follows. First evaluate that term t, that satisfies the
equation = t . The result of this operation is applied to the pair (STANDg,£) -
This yields a pair, consisting of an indexed complex quantifier and a function
that assigns sets of moments to moments. We evaluate both parts at t.

The result is a complex quantifier Q, and a set of momentsT,. Now we evaluate
necessarily at t, but at all moments ofT,.) Let T, be the set of those moments
in Ty, at which o is true. Finally, we calculate Q(T,,Tp). This ultimate result
18 the truth value of Bo at the moment t.

One of the weaker points in the present system is the definition of the
standard indexed complex quantifier. The underlying assumption here is that,
1f no indication of the contrary is given one must quantify existentially over
sets referred to. So "I saw you" is regarded as true at the moment t, 1f and
only if the part of the past of t referred to contains a moment at which "I see
you'" s true.

One can take a different point of view. One could argue that, if no indication
18 given how to quantify over a set referred to, one specific "prefered" moment
of that set is particularly referred to. Formalization of this line of thought
leads us into accepting so called choice functions (i.e. mappings that 'choose
from sets 'preferred'" moments) as a semantic tool.

Before enriching Lg with these choice functions, we are going to construct
a system with choice functions that is in some respects poorer than Lg.

The system Ly (1 Alphabet)

The alphabet of L, consists of P, the so called term constants t , t
Tht and the conjunction constants Ve V o, V Ve Vpe o

Vbv? Vot Vbt?
2 Syntactic Categories

, bv’
ot’

Syntactic categories .of L, are F, T and U

3 Syntactic Rules

Rules (Z) and (v) are like in Lg. The remaining rules are

Synt(Zz) {T St }<T 5
Synt(tzw) "bv ot Tt V= {v R VorVy i
3 ) v’ b!’ bt’ ’
Synt(zv) 1f o€F andr€T , then TaE? ;
4 Models -
An L7—m0deZ s a pair (oy,K), such thatoy:P-W and
g_K 2 \{ﬂ}+U
b K(T)ET whenever T and T#ﬂ



5 Semantic Rules

Let W\ be the L,-model (o,,K).Wc associate to it the i@terpretgtiin
f@nctionlﬁj, which s a triple (z1,22,z3), such that g,:F-W, Co:T-W,

= +\W
and g3:V>(W")".
We are going to give some temporary definitions, before fixing the
values of the coordinates of‘ﬁﬂ.
First, for any yeW, and t€U, we write:

¢<t for the characteristic function of

{t'eU|t'<t and p{t')=1} ;

for the characteristic function of
{t'eU[t'>t and y{t')=1}

>t

In the second place, for V150,EW  and t€U e write:

Ex(¥1,92)  for Jui (t)ay,(t) ;
teu
fOl” lpz(K({teUll\Ul (t)=] })).

¥ for the characteristic function of T.

Finally, for TcU we write T

We are able now, to present the semantic rules in a comprehensible fashion.
Rules (i) and (v) are identical to the corresponding rules in Ls and L.
The remaining rules are: e
7-sem(i2) @ Yqlt )= AeW. AteU.Ex(y, (1°7) )

b Zh(Tbv)= AVEW. AtEU.Keuze(w,(T<t)‘)

© % T,.)= MWEW. At€U.Ex(y, (T ") )
zh(Tbt)= MEW. AteU.Keuze (y, (17°) ")
Vo) =M 1EW. Apo€EW. ALEU.EX (0,95 )
vy, ) =AY €W Ay, €W. AteU. Keuze (4, , b3 ")
(Vo) =AU EW. Ay €W ALEV. Ex (v, 5 ")
Vi) =M1 EW. A€W, AtEU. Keuze (p1, 95 )
BV) =Ay EW. Ay €W. ALtEU. Ex () ,1,)
}va) =AP1€EW. AP €W. AtEU. Keuze (1, 9,)
7-Sem(Zv) if o€F and €T, then 21 (ta)=g,(1) (z;(a))

(Here T stands for UT)

7-Sem(z227)

IS 18 e |

= o & |6

Remarks

The system L, has been built up for just one purpose: to show the difference
between "definite" vs. "indefinite" references. The indices "o" and "b"
stand for indefnite (onbepaald) and definite (bepaald) respectively. The indi-
ces "v"' and "t" stand for past (verleden) and future (toekomst).

First we shall consider the distinction between indefinite and definite past.
As far as I know, it 18 easier to find clear examples of this distinction
in Dutch and in French, than in English. So I will take some examples from the
former two languages.
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Sentences like "Ze vertrokken" in Dutch or "Ils partirent” in (litterary)
French won't be easily understood in the sense of "once they left." They
rather presuppose some moment in the past that is referred to. Whenever in
Dutch one would not refer to such a moment in the past whose identity is
tacitly assumed to be known, one would say in the perfect past "Ze zijgn
vertrokken'; in French one could say "Ils sont partis" for this existentially
referring to the past.

T believe that to a certain extent, in a large number of languages, the
distinction between existentially or indefintel referring and referring
definitely or by choice function (which is fized at beforehand), can be
formally expressed. On the other hand, in no language known to me, the
formal distinctions conincide completely; for example, the distinction
between simple and perfect past in Dutch serves a lot of purposes, among
which the distinction definite vs. indefinite is, to my opinion, of great
importance.

The indefinite past could very well be circumsceribed with an expression like
Mgt a moment in the past", while the definite past might be thought of as
equivalent to "at the moment in the past”. In the latter case, there must
be agreement between partners in the communication process about the time
point referred to.

Such an agreement must exist too, in those cases where the past is restric—
ted to a set of moments in the past.

With this I mean sentences of the kind "when he came in, silence fell."

This sentence, I suppose, says, that at the moment of reference silence fell,
while the moment of reference is defined by "when he entered". But how do

we know which moment of his entering 18 referred to? Somehow, during communi-—
cation acts, we do know. This knowledge (often extralinguistic) is necessary

for correctly understanding a lot of vaguenesses in natural languages. This
knowledge is tacitly assumed whenever we want to refer to objects by mentioning
the sets to which they belong.(The use of the definite article in e.g."the book",
even while there is not necessarily one unique book, s another example of this
use of knowledge.) Such knowledge can be described by a so called choice
function. In reality the choice function offers far more than we can ever know:
in this respect the comstructions in are highly unrealistic. As to that point,
Lt would have been better to use partial choice functions. For a lot of purposes
they would equally well do too; but using them would have required some techni-
cal changes whose consequences are still unknown to me.

contains two rather strange looking conjunctions, and , whose
senses are more or less equivilent to "at a moment that ..." and "at the
moment  Ehat". Although they look at first sight natural, a second look comvinces
us of their unusualness. Formulae, constructed with these conjunctions are
alvays "timeless": i.e. their truth values do not depend on time.

Tt does not seem very likely that existential or choicewise reference s
possible, without any indication of either past or future. So, the last two
conjunctions, even if formally alright, are no candidates for translations of
conjunctions in natural languages.

Most things I said about definite and indefinite past, hold for definite and
indefinite future too, I believe. But in practice, so it seems to me, it is
difficult to employ definite future, unless for highly predictable parts of
the future, or for communication between psychics. So I completed with
definite future, more for the sake of symmetry than for practical matters.
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The system Lg

Preliminaries

In Lg we defined the standard indexed complex quantifier STANDg .
This can be regarded as a construction that at a given moment t

and for a given set referred to T behaves as a quantifier that
selects t from T if possible (T.e., if t€T),and refers existentially
to T in other cases.

In Lg similar standard indexed complex quantifiers are present, but
here the existential or indefinite referring has been changed by
choicewise or definite referring.

Formally, whenever K is a choice function (i.e. K:ZU\{ﬂ}+U U and
: for each T€2"~{@}: K(T)eT),
we write STANDK for the function Q , defined by

(1) Q <8 a indexed complex quantifier;
(i) for t€U and Ty ,T,cU :
Qt) (T3,Ty)=1 , 4F t€T1NT,
or t4T  and K(T)€T,;
=0 , <n other cases.

Vow we give the formal definition of Lg.

1, 2, 3 Alphabet, Syntactic Categories, Syntactic Rules

Like in Lg

4 Models

An Lgmodel is a quintuple (01,0,,03,8,K) that satisfies the following
conditions:

a (01,02,03,5) is an Lg -model;

b (01,K) Zs an Ly -model.

5 Semantic Rules

Let be the Lg -model (01,0,,03,8,K) . We associate to it the (Lg )—inter-
pretation fhnctithﬁﬁ, which is a quadruple (C1ats, 88,80 ) s

The semantic rules of Lg are equal to the corresponding rules of Lg , with
the exception of:

8-Sem (vi) if1€T, then ty ([11)=Tr(z, (1) (STAND, ,£))

Of course, the difference with 6-Semvi) is mintmal, from a superficial
point of view: the only change comsists in substitution of STANDg by

STANDK
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Remarks

Anything that can be expressed in one of the systems Ly through L; can
be expressed in Lg too. This may seem obvious, but the proof of this statement
requires the proof of some nepanslation lemma's" which I am not going to carry
out here.

'S0 I shall restrict myself to giving a few examples of temporal constructions
in natural languages that cannot be expressed in one of the former languages,
while they are "translatable" into Lg.

The treatment of these cases will be rather informal; the calculations that
show how the "translations' work exactly are omitted.

First, in the remarks after the presentation of Lg , we stated that clauses
like "yesterday" , referring to (time dependent) sets,must be considered as
functions that leave complex quantifiers unchanged, while they restrict the
the set referred to, to its intersection with the set of moments of the day
before. We keep this position here, but as the semantics of Lg is different,
"yesterday" behaves differently too. Indeed, if we prefix a sentence with a
bracketed™jesterday” in Lg , the semantic effect will be that the prefixed
sentence is true if and only if its unprefixed part i8 true at least at one
moment of the day before, insofar such moment is included in the set implicitly
referred to.

Now, in Lg no existential, but choisewise referring will determine
the possible truth values of a sentence with a bracketed "yesterday" at head.
So the sentence will be true if and only if its unprefixed part is true at
that particular moment that is chosen to be the representant of the intersection
of the current set referred to with the set of moments of the day before.

My second point concerns the behavior of time measurement clauses Like
"during half an hour." Both in Ls and in Lg there are difficulties to translate
it properly. In Lg we took the position that it is to be regarded as a function
of indexed complex quantifiers that changes quantifiers into the "half an hour'-
quantifier of Lsand leaves the set referred to unchanged.

In Lg we prefer a different, and, as %&%ppe, more appropriate definition.
The sense of "during half an hour' mus ‘aken to affect the current complex
quantifier in the following way:
o for indexed complex quantifier Q, and EEA ,
the first coordinate of "half an hour'(Q,£) is Q%, defimed by

Q'=AtEU.A(Ty,To)cU.T(T1,To, t)

Here T(T,,To,t)=1 Zf and only if there is a moment t' such that Q(t)
selects t' from Ty, while TiNT, contains an interval T3 of length half an hour,
such that t'€Tj.

So, "half an hour", at a given moment,will refer to a period of half an
hour in the neighborhood of a moment referred to .in the operand sentence.

If a term does not refer to a specific moment (at a given time point), then
prefixing the term with"half an hour" will yield a term that, taken as a
clause, makes formulae trivially false. So no sentence, prefixed with
[half an hour always] can be true.
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Sentences like "during half an hour she coughed sometimes" seem to contradict
this statement. This need not be so, however. If we translate the sentence into
Lg-ltke terms in the following way:

"lhalf an hour definite pastl [sometimes] she coughs"

- and "sometimes" is assigned a meaning like 'repeatedly", "from time to time"
"frequently, more or less,in the enviromment of the specific moment referred to'
no doubt the sentence above will get its proper interpretation.

In this translation "half an hour" is prefixed to "definite past", and these
together, as a clause,are prefixed to the sentence

"[sometimes] she coughs."

One feature that could have been explained in the remarks on the system L, too,
18 the possibility of constructions of the "past perfect past' temse in sentences
like "I had come".

This tense refers existentally to the past of the iwhoisewisely determined
moment of the "actual past". Thus, in order to know if "I had come is true" one
need to establish whether at the moment of the past the sentence "I have come"
is true, whereas this later sentence is regarded to be true if and only if
"I come"™s true at some moment in the past (or rather that part of the part
which s under discussion).

Finally, I would like to touch the problem of the so called consecutive
conjunction. The sentence "He walked out of his house and crossed the voad
18 clearly no logical conjunction: in societies like ours it would always
be false, as the two events, described in the successive parts of the sentence,
cannot occur simultaneously. No one has ever found any difficulty in finding
an explanation for this fact: the two events deseribed occur one after another.
In Lg it is rather easy to de€iflea semantics of this consecutive conjunction.
This conjunction, applied to jormulae in Lg, yields modifiers of sets referred
to, to the effect that the set referred to originally is restricted to those
moments in the set that follow the moment of the evént described in the subor-
dinated formula.

So in the sentence mentioned above, first a given moment of the past is given
us by the choice function, that applies to the past part of the set referred
to. Then we look, if at that moment "He walked out of his house" is true.

. If not so, the sentence is false. If the first part is true, we restrict the

set referred to to the moments after our first choice. We make a new choice,

and this will give us a moment after the first one. We look if at this second
moment "he crossed the road" is true. If not so, the sentence is false, in spite
of the truth of the first part. If so, the sentence is true.

The semantics of the consecutive conjunction must be organized so that the
subordinate formula may contain no universal quantifiers(and so on) of time,
and if it does contain them, the whole sentence becomes trivially false (in
fact meaningless).



Final Remarks

In a number of ways, even the latcst system, Lg, Zs incomplete.

The first kind of incompleteness could be called "ontological®: one could
make the obgjection that only one possible structure of time is taken into
consideration, and that moments instead of short open intervals are the
primitive points of reference.

The second kind of incompleteness regards the fact that, in the preceding
pages, all structure in sentences, apart from the temporal constructions, has
been ignored. This omission 18 very serious indeed: even the use of proper names
without any temporal designation may affect the choice of the time referred to.
For example: we all know immediately and intuitively the difference in reference
to time when we compare two sumple sentences: "Julius Caesar wrote a letter"
and "Aldo Moro wrote a letter”.

Thirdly, one would like to see temporal constructions and words systematically
translated into the systems we treated.

And finally: the reader may wonder why I never mentioned any author on the
subject of time and tenses.

As to the first point: the elaboration of the systems e Bl ~only
to a minor degree depends on the actual structure of time. So I do not think
it will require a great effort to adapt them to different concepts of time.
The second and the third form of inompleteness are to be coped with: I hope
the futurewill enable me to pay themthe attention they deserve.

The forth omission can hardly be apologized for.

T am indebted to all time logicians and linguists for the suggestions
I found in their texts. By no means I want to give the impression that to
my opinion my problems, and their solutions are original.

T believe there is some originality in the latest three systems, but I
do not know if this originality will hot turn out to be a waste of time.
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A FORMAL SEMANTIC ANALYSIS OF MASS TERMS AND

AMOUNT TERMS

Harry Bunt
Institute for Perception Research
Eindhoven, Holland

1. Introduction

In recent years there has been quite some interest in the se-
mantic problems of mass termsl), both from a philosophical

and from a linguistic point of view?), but to my knowledge no
adeQuate proposal for the formal semantic analysis of mass
terms has been worked out so far. The most elaborate and ex-
plicit proposal comes from Parsons (1970), but unfortunately
his framework can be shown.to be logically inconsistent
(Bunt, 1976; 1977). In the present paper I propose an ana-
lysis of mass terms that has a certain similarity with Parsons'
analysis, but that does not suffer from the same logical de-
ficiencies. In order to deal with quantified mass terms I also
include a formal analysis of amount terms, which has a certain

interest in its own right.

I want to focus on those aspects of mass terms in which they
differ semantically from count terms; therefore I restrict
myself e.g. to non-intensional contexts. Mass terms are, seman-
tically as well as syntactically, similar in some respects to

plural count terms and also in some respects to singular count



(1a)

(1b)

(2a)
(3a)
(2b)
(3b)

(2c)

(4c)

(4c’)

€1

terms- A mass term is, informally speaking, sometimes similar
to a singular count term in the sense that both seem to refer

to one single entity. For instance, in the sentence
The ice cream in the blue dish comes from Italy

the mass term "The ice cream in the blue dish" can very well
be thought of as referring to.an unstructured entity, just like

the corresponding singular count term in:
The statue in the right corner comes from Italy

On the other hand, a difference between the mass term noun
"jce cream"and the count noun "statue" is brought about by
changing the predication "comes from Italy" into "weighs

5 kilogrammes" and recognizing that the resulting sentence
(2a) has the implication (3a), whereas the resulting sentence

(2b) does not have a similar implication (3b).

The ice cream in the blue dish weighs 5 kilogrammes
There is 5 kilogrammes of ice cream in the blue dish
The statue in the right corner weighs 5 kilogrammes

*There is 5 kilogrammes of statue in the right corner

If we compare sentence (2a) with a sentence where instead

of the mass noun we have a plural count noun, such as:
The oranges in the blue dish weigh 5 kilogrammes

we notice on the syntactic level that the verb must have the
plural form and on the semantic level we notice for instance
that (2c) is ambiguous with respect to the type of quantifi-

cation between a "total" reading:

The total weight of the oranges in the blue dish is 5

kilogrammes
and a "distributive" reading:

Each of the oranges in the blue dish weighs 5 kilogrammes

(which is of course not a very plausible reading, but one that
cannot be excluded in view of the possibility to inject oranges

with mercury).
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Such an ambiguity does not exist in the mass noun case;

there is no reading (4a') corresponding to (4c'):

*Each of the ice cream in the blue dish weighs 5

kilogrammes

Why is (4a') wrong? Why, in general, is it wrong to say
"each of the m" with m a mass term? I think the reason must
be that it would be quite unclear what such a phrase would

refer to.

Comparing the noun phrases in (2a) and (2c), "The ice cream
in the blue dish" and "The oranges in the blue dish", we have
the modifying phrase "in the blue dish" functioning in both
cases in the same way, viz. as a restriction of the extension
of the head noun to the extension of the noun phrase. In the
count noun case this notion of restriction is naturally treated
in a formal analysis as the restriction of the set of all
oranges to the subset of those oranges that are in the blue
dish; in the mass noun case there is not such an obvious
counterpart in terms of sets and subsets. The difference is
that the singular form of the count noun indicates the ele-
ments of which the set consists that corresponds with the
plural form, whereas in the mass noun case there is nothing
in the language indicating what would be the elements of the
set corresponding with the noun. This difference is often
expressed by saying that a count noun 'individuates' or
'divides' its reference but a mass noun does not (see e.gq.
Quine, 1960, p.91).

A mass noun is, informally speaking, often similar to a plural
count noun in the sense that its reference must be assumed to

be a structured entity. Consider, e.q. the following sentences:

All the ice cream in the blue dish comes from Italy
All the oranges in the blue dish come. from Italy
All the statue in the corner comes from Italy

In order to understand the quantifier "all" in (4a) we must

make some assumption as that the ice cream in the blue dish
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consists of certain parts, all of which are said to come from
Italy. This might suggest the view that the mass term "the
jce cream in the blue dish" refers to the set of all objects
that count as ice cream parts in the blue dish. However, this

view leads to a fundamental difficulty.

The difficulty is this. Suppose that a mass noun m is analysed
formally as corresponding to a set S. Then the combination of
m with a restrictive modifier corresponds to a subset of S.

A set consists of elements, and thus has minimal,atomic sub-
sets: subsets of one element. These subsets would correspond
to minimal parts of the extension of m. Therefore, this commits
us to the view that there are minimal parts of what a mass
noun refers to. Indeed, Quine (1960) and others have expressed
the view that an analysis of mass nouns should take into
account that for every mass noun there are minimal parts of a
size, characteristic for that noun. I think this view is mis-
taken. For one thing, though it may be true that e.g. gold,
water and ice cream ultimately consist of molecules, the mini-
mal parts of e.g. time, music, motion, phlogiston, love and
nonsense still have to be discovered. But more importantly,
such things as the physical knowledge of the molecular struc-
ture of matter is irrelevant to a formal linguistic study.
Formal semantics is a study of aspects of language as a

system in its own right. From a linguistic point of view,

the particular feature of a mass noun is precisely that it
provides a way of speaking as if its referent is not built

up from atomic 3:1lements ("it seems that coffee ought to be
infinitely divisible, though in fact it is not", Cartwright,
1970, p. 41)3).

In a way, one would like to use sets in the formal analysis

of mass terms while forgetting about their elements and thereby
about their atomic subsets, but this is of course not possible.
Therefore, I have developed a set-like concept that I call an
ensemble, having the same part-whole propefties as sets and
subsets but not necessarily having atomic parts. I will now
proceed to outline the formal mathematical theory of ensembles;

a more extensive introduction can be found in Bunt (1978).
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2. Ensembles

Ensembles are characterized by their parts: two ensembles
are identical if they have the same parts. The part-of rela-
tion C is a primitive notion in the theory of ensembles and
its transitive nature must therefore be established by an

axiom:

(6) (Vx, y, z) ((xcy & yCz)~+ (xCz))

On the basis of this part-of relation it is possible to de-
fine operations corresponding to the union and intersection

of sets. First, I define equality between ensembles as mutual

inclusion:
(7) x =y iff xcy & ycx

The overlap (intersection) of two4) ensembles is then defined
as their largest common part, largest in the sense of the

sense of the part-of relation:
(8) z = x0y iff 2zcx & zcy & (Vz') ((z'cx & z'Cy)~z'cz)

The overlap of two ensembles can be empty. The empty ensemble

¢ is defined by the property that it has no other parts than
itself:

(9) (Vx) (xcgrx = @)

The axioms of ensembles theory (listed in the appendix) guaran-
tee that (9) defines the empty ensemble uniquely and that the

empty ensemble is part of every ensemble.
The merge (union) of two®) ensembles is defined as the

smallest ensemble including both these ensembles:

(10) z = xvy iff xcz & (Vz') ((xcz' & ycz')~> zcz')

- A fundamental property of the merge is that the merge of a
number of parts of an ensemble is again a part of that ensemble.



A theorem of central importance in ensemble theory is
the following.
Theorem 1. Given an ensemble x and a property P there exists
an ensemble y which is the smallest ensemble con-
taining all parts of x with the property P.

In formula:

(11) (vx) ((F3y) ((¥2) ((zC€ x & P(2z)) - 2Cy) &
(Vu) ((vz) ( zC x & P(z)) » zCu)~» ycu))

I designate the ensemble y, uniquely determined by (11), by

N

(12) [zcx | P (2)].

From the definition of merge it follows immediately that
Theorem 1 entails the following corollary.

Corollary 1. For any ensemble x and property P, the ensemble

[zgx|P(z)] is equal to the merge of those parts
of x that have the property P.

In formula:

(13) [zCx |P(z)] = ul{z|zCx & P(z)}

Theorem 1 and corollary 1 form the basis for the applica-
tion of ensembles to the formal semantic analysis of mass

noun constructions, as we will see in section 3.

Two particularly interesting kinds of ensembles are those
that I call continuous and discrete, respectively.

It is useful to introduce first the relations of proper
part (c) and genuine part (C). The proper part-relation is

defined in terms of the part-of relation and the equality re-
lation (and thus, ultimately, in terms of the part-of rela-
tion only) in a way familiar from other parts of mathematics
(See e.g. Kleene 1952, p.10).

(14) xCy iff xcy & X # Y
Genuine part is then defined as non-empty proper part:

(15) xCy iff xcy & x # &
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An ensemble is called continuous if each of its non-empty

parts has a genuine part. In formula:
(16) X is continuous iff (Vz) ((zCx & z # @)~ (Jy) (yCz))

In a continuous ensemble one can continue ad infinitum to
take ever smaller parts. I believe that this kind of ensembles
is the appropriate concept for formalizing the logical pro-
perties of mass terms of which the referents do not have mini-
mal parts.

To introduce the notion of a discrete ensemble, I must

first introduce atomic ensembles. An ensemble is called ato-

mic if it is not empty and has no genuine parts. In formula:
(17) x is atomic iff x # ¢ & 7T@y) (ycx)

To indicate that an ensemble x is atomic, I will write ATOM(x)
as an abbreviation for the right-hand side of (17). An equiva-
lent, alternative definition of atomic ensembles would be that
an atomic ensemble has no other parts than the empty ensemble

and itself. Thus:

(18) ATOM (x) > (¥y) (yCx>(y = x vy = @))

Note that, if x, y and ¢ in (18) would denote sets rather than
ensembles and C would denote the subset relation, the sets
satisfying (18) would be those sets that have exactly one ele-
ment (atomic sets).

An ensemble is called discrete if it is equal to the merge

of a number of atomic ensembles:

(19) X is discrete iff x = aanZUa3 ... With ATOM(al),i=l,2,3..

Note that, if x, aj ., a,, CETRRR in (19) would denote sets
rather than ensembles and U would denote set-union, then this
formula would be satisfied by every set x: a set is always
equal to the union of its atomic subsets.

Discrete ensembles play a very special role in the formal
theory. In order to see that clearly I introduce the second

primitive relation of ensemble theory, the unique-element or

'unicle' relation € . The significance of this relation is
expressed by the axiom saying that every atomic ensemble has

exactly one unique element and every other ensemble has no
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unique element. In formula:
(20) (vx) ((ATOM (x))~(3ly) (y& x) & (TATOM(x)-1(dy) (ve x)))

In terms of the two primitive relations ¢ and ¢ we can

define a new relation, designated by € , as follows:
(21) ye x iff (3Jz2) (zCx & y¢g z)

In other words, Y€ x iff y is the unique element of an atomic
part of x. Note that, since a continuous ensemble has no ato-
mic parts, it has no elements.

The e-relation defined by (21) has exactly the same pro-

perties as the element-relation in set theory. If we add to
the axiom system by which the ensemble concept is formally
defined (see the appendix) one more axiom saying that all en-
sembles are discrete, i.e. we restrict the ensemble concept

to the discrete case, this axiom system can be proved to be
equivalent to the Zermelo-Fraenkel axiom system for set theory
(see e.g. Fraenkel et al., 1973, ch.II). In other words,

discrete ensembles are sets. It follows that ensemble theory

is a logically consistent generalisation of set theory. I will
therefore call the e-relation, defined by (21), the element-
relation and I will also speak of the union of ensembles in-
stead of the merge and of their intersection instead of their

overlap.

Mass terms and ensembles

Let us see how ensembles could be used in the formal se-
mantic analysis of mass noun expressions such as those consider-
ed in section 1.

My analysis will consist of giving a translation of such
expressions in a formal language such that their formal (i.e.’
non-lexical) semantic properties are brought out precisely.

For the points that I want to analyse in this paper it is
sufficient to take for this formal language a simple extension
of the language of first-order predicate logic, the extension .
consisting of the use of the C-,& - and = - relations, the

ore sl

set notation {ze x

...} and the ensemble notation [ zCx

I call this language Ensemble Language (EL)6).



Consider sentence (2a):
(2a) The ice cream in the blue dish weighs 15 kilogrammes

In terms of ensembles there is a simple way of referring to
the totality of all the ice cream in the blue dish as follows.
Let IN BLUE DISH be a l-place predicate constant, expressing
that its argument is " in the blue dish", and let ICE be a
constant referring to (naming) the totality of all ice cream.
According to theorem 1, there exists a uniquely determined

ensemble
(22)  [xC ICE | IN BLUE DISH(x)]

which, according to corollary l, is the union of all the ice
cream parts in the blue dish. The ensemble denoted by (22)
would thus correspond to what is meant by the English phrase:
"the whole (totality) of all the ice Cream in the blue dish",
Oor simply: "the ice cream in the blue dish". Notice the
striking structural similarity between (22) and the corres-
ponding translation of the count noun phrase "the oranges in
the blue dish":

(22a) { xe ORANGES|IN BLUE DISH (x)}

The analysis of the complete sentence (2a) would involve,
besides the translation of the mass noun phrase as (22), a
translation of the amount bPhrase "15 kilogrammes". This must
be postponed until section 5; in the next section I will first

develop a formal analysis of amount terms.

Amounts

So-called amount terms occur in English and in many other
languages in two kinds of context: in isolation, as in sentence

(2a) , or followed by "of" plus a noun phrase, as in (3a):

ila) The ice cream in the blue dish weighs 5 kilogrammes
(3a) There is 5 kilogrammes of ice cream in the blue dish

Following Parsons (1970) I call these kinds of occurrence
isolated and applied, respectively. I will present a formal
treatment of both kinds, taking as my point of departure that

in both cases an amount term can be viewed as denot+ing an
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abstract entity, an 'amount' (though for isolated amount
terms I think it would be better to speak of 'magnitudes').

One of the most conspicuous features of amounts is that
some amounts can be compared, e.g. 7 kilometres is more than
2 miles (but 7 kilometres is not more, less or equal to 7

kilogrammes), and can be added and subtracted, e.g. 7 kilo-

metres minus 300 metres is 6 kilometres and 700 metres.
Numbers of kilometres, miles and metres can be compared,
added and subtracted because these units belong to the same
dimension (length) and units of the same dimension are numeri-
cally'related: a kilometre is 1000 metres, a mile is 1.6
kilometres, etc. Because of these numerical factors, 'conversion
factors', it is possible to convert from one unit to another.
For a given set U of units of a certain dimension, the
conversion factors relating the units can be specified by
means of a function assigning to each pair of units the con-
version factor that must be taken into account upon conver-
sion from the first of these units to the second. For in-
stance, for the dimension length the conversion function FL
would say: FL(miles, kilometres) = 1.6. A conversion function
must take into account that it is always allowed, when conver-

ting from a unit u, to a unit Uy, to first convert from uy

1
to an arbitrary unit u' and subsequently from u' to u,- More
precisely, a conversion function F for a set U of units, i.e.
a function from UxU into the set R+ of positive real numbers7),

must satisfy:
(24) F(x,y) . F(y,z) = F(x,z) for all x, y, 2 € U

where the dot represents ordinary multiplication of numbers.

A function satisfying (24) I call transitive, and I denote

the set of all transitive functions from UxU into R+by Tr(U).
A dimension is now formally defined as follows.

Definition. A dimension D is a pair (U, F) with

(i) U a set, the elements of which are called
D-units,

(ii) F a function belonging to 1r(U).
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The conversion function F of a dimension D = (U, F) can
bé used to define a relation 7 between pairs consisting of

a positive real number and a D-unit as follows:

(25) (nl ¥ ul) 7 (u2, u2) iff nl .F(ul, u2) = n,

The relation 7 is easily proved to be an equivalence relation.

Therefbre, the relation F determines a partitioning of R+xU

(see e.g. Birkhoff & MacLane, 1967, p.21) into equivalence
classes. I will designate the set of equivalence classes

in R+xU determined by the relation Fr defined by the dimen-
sion D =(u, F), by AD. The elements of AD will be called
D-amounts.

Example. In the British system of lenghts, some of the units
and their conversion factors are; yards, foot and
inches with 1 yard being 3 foot and 1 foot 12 inches.
This can be modelled by the following dimension

= (Uyg, , Fr):

(26) U = { yards, foot, inches }
F. ={((yards, foot), 3),
((foot, yards), l/3),
((foot, inches), 12),
((inches, foot), l/12),
st x )

Now the following equivalence class is an example of a
weight-amount:
{(5, yards), (15, foot), (180, inches)}.

I will say that the elements of a D-amount are representations

of that amount, and I will use the notation I 3, inches ZD

to designate the amount represented by (3, inches).

In this section the comparison (i.e. ordering), addition
and subtraction of amounts of the same dimension are formally
defined.

Let D be the dimension D'= (U, F).

Let zero-D-amount ¢D is /defined by:
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(27) ¢D = Z o, u k_  for an arbitrary ue U.

D
It is easily proved that ¥ o, u ID =3%o0 u'ED for arbitrary
u, v ed, in other words that ¢D is uniquely defined by (27),
and also that for all pairs (n,u) with neR+, ueU (n,u)e ¢D
iff n = o (the number zero).
; , +
Between pairs (nl, ul), (n2, u2) with n,, nzeR and

u €U an ordering relation % is defined by:

1’ Y2

(28) (n ul) § (n2, u2) iff n, . F(ul, uz) < n,

1’
An ordering relation between D-amounts is now defined as

follows:
' . v ' < 1 . '
(29) aD< ap iff (3xe€ aD)(:Jx e.aD)( x5 x' & _I(xF XA )
For any two D-amounts an and aﬁ it is either the case that
' ' = '

aD< aD or that aD<aD or that aD aD.

An addition of pairs (nl,ul) and (nz,uz) is defined as
follows:
(30) (nl,ul) +F (n2,u2) = (n3,u3) iff n3= nl.F(ul,u3)+

n2.F(u2,u3)
In terms of this operation the addition of D-amounts can be
defined by:

(31) ay + by =c, iff (3x_e ap, bee b,D,Elxcc__ RO el <l = ]

Subtraction of D-amounts can be defined similarly, provided

that we take care to subtract from a D-amount only D-amounts that
are smaller in the sense of (29) or equal, in which case the
result is ¢D.

The multiplication of a D-amountwith a non-negative number

(which is useful for analysing expressions like "twice as
much”, "half as much") can be defined as follows. For any

their product k.a. is de-

number keR+ and D-amount ap€ A D

DI
fined by:

(32) k.aj = {(n,0)| (ImeR") (n=k.m & (mu) € a,)}

It is easily proved that k.a. is again a D-amount, i.e.

D
k.aDe AD and that for any k, n€;R+, ue U:

(33) k. Tn,u *_ =% k.n,u ¥

D D



It is also possible to define the multiplication of a unit

and a number (think of the unit gramme multiplied with the

number 1000, resulting in the unit kilogramme) and to define
operations on units for forming complex units such as "dollar per
gallon", "metre per'secondz", etc. However, for the problems

considered in this paper we don't need these extensions.

Measure functions

D-amounts are meant to be useful in particular for analysing
certain types of quantified mass noun expressions; we want to
measure such things as icecream parts along as certain dimension D.
This means that in the formal semantic analysis we must relate
ensembles and D-amounts, and a natural way to do so is by means
of functions, defined on ensembles and having D-amounts as
values. I call functions, suitable for this purpose, measure
functions.

Consider a certain ensemble E and a dimension D along which
parts of E can be measured. Not every function from E-parts to
D-amounts is suitable for that purpose; in order to be a suitable
measure function we must impose on a function the requirements
of being additive, which means that, applied to the union of

two (or more) disjoint ensembles its value equals the sum of

the values for these ensembles and of having the value ¢D only
if applied to the empty ensemble. Formally, a measure function

v is defined as a function from the set of E-parts

into the set A i.e. satisfying the requirements:

D’

(34) (WVx,Y€E) ((xNy= @)>p(xVy) = u(x) + p(y))
(VXCE) (x#8) > u(x)>g))

This concept of a measure function is a straightforward ex-
tension of the usual mathematical concept of a measure (see e.g.
Halmos, 1958).

Two useful theorems concerning measure functions, that follow
from (34) and the logic of ensembles, are:
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Theorem 2. If p is a measure function that assigns to at least one

8)

ensemble in its domain a finite value ', then u(g) = ¢D.

Theorem 2. Let A and B be two ensembles and y a measure function
defined for A and B, with up(A) finite. If AcB and up(A)
= qu(B) then A = B.

Amounts_of something

—————————————————— -

D-amounts and measure functions, as developed above, express how
much there is of what the measure function is applied to in terms

of a certain dimension. When we consider a sentence like:

(35) The amount of gold in John's ring is the same as the

amount of gold in Mary's ring,

there is a strong suggestion that we should make an analysis in
terms of a concept 'amount of gold' which is not tied to a parti-
cular dimension. It should not matter, for (35) to be true, along
which dimension the quantities of gold in question are measured.
Cartwright (1970, p.39) expresses this view when she says that for

a mass noun B the notion 'amount of B' should be such that:

(36) "Given any two (appropriate) measures of B, m, and m, ,

the values of m, are the same for amounts of B, x and vy,

just in case thé values of m, are the same for x and y."
It may be noted that when we are considering 'amounts of B' for a
certain B, it is possible to compare amounts along different dimensions:
2 kilogrammes of gold is less than 2 m3 of gold. I think this possi-+
bility exists because, although kilogrammes and cubic metres in
general are independent notions, when applied to e.g. gold they are
related since gold has a specific weight: a m3 of gold weighs a
certain number of kilogrammes which is characteristic for goldg).
In general, when M is a mass term and Dl’ D2, D3""'Dn are di-
mensions along which M-parts can be measured, we can speak of
D

1 -+ Dy
because M determines a relation between the units of the different

'amounts of M' in a way that cuts across the dimensions D

dimensions.
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This notion 'amounts of M' can be formalised as follows.

Let Dl' D2, D3,... Dn be dimensions along which M-parts can be
measured, with Di = (Ui' Fi) and UiﬁUj =@ for i # j. Let the
relation between the units of Ul, U2, U3,... Un, determined by M

be described by a function SM' having as its domain a set of
pairs (uik’ ujl) from UixUj such that for each Ui there is one
element U,y occurring at the left hand in a pair and one element
uim occurring as the right-hand element of a pair, and having

non-negative real numbers as values.

On the basis of SM and the conversion functions Fl’ F2, F3, 5% . Fn

a function FM belonging to Tr(U1U U2UU3U cee UUn) can be defined

as follows:

(37) 1. Let the pair (uik’ ujl) from UixUj belong to the domain of
S

M.
Then for an arbitrary pair (uim’ ujs) FM is defined as:
FuUimrUye) = Fy (Uyp0gp) . Sylagy,ugq). Fy P h gty

2. Let, moreover, the pair (ujm’ukp) belong to the domain
of SM'

Then for an arbitrary pair (uir,ukn) eUixUk,FM is defined
as:

FM(uir'ukn) > FM(uir'ujm)‘ SM(ujm’ukp)' Fk(ukp’ukn)
3. And so on.

In much the same way as a conversion function this function FM can

be used to define an equivalence relation #1 + in this case an
equivalence relation between Di—amounts and Dj—amounts, as
follows:

" = 5 +
(38) aD.M bD. iff (3n1,n2eR )(JuikeUi,ujler)(nl.FM(u

.o yUL )= n,)
4 i ik’ 751 2

For instance, if M is CHEESE and SCHEESE (litres, kilogrammes) = 1.5
thenFCHEESE(lltres, pounds) = SCHEESE(lltreS’ kilogrammes) . FWEIGHT

(kilogrammes, pounds) = 3, so the volume-amount 4, litres IV is

equivalent to the weight-amount 2% 12, pounds IW.
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the different kinds of D-amounts, AIUAzUA3U'.... UAn. I de-

note the set of these equivalence classes by AM and consider

The equivalence relation 5 determines a partitioning of all

these classes as the formalisation of amounts of M. So for

example ¥ 4, litres % v and £ 12, poinds ¥ w are instances
of the same amount of cheese. I indicate such an amount as

T 4, litres = CHEESE .

The relation between the units of the various dimensions,
established by SM’

funtions for the dimensions in question. A cheese-part,

entails also a relation between the measure

measured as to its volume giving the value I 3, litres EV’

must give the value T 12, pounds EW when measured as to its
weight. Generally speaking, if p and u' are the measure
functions defined on M-parts for the dimensions D and D',

the for any part xCM:

(39) uy (x) u, (x)

M
This means that, if Hyr Hpr Hg oeeo. noare the measure
functions defined on M-parts, a general 'amount function'

Uy from the set of all M-parts into AM can be defined by:

(40) uM(x) = {ui(x)l i=1, 2, 3,....n} for any xCM

Instead of u,(x) I will also write [le.

It is easg to see that this general amount function in-
herits the properties (34) from the measure functions in terms
of which it is defined and also satisfies the theorems 2 and
3,

It may be noted thag, according to (38), the formal notion
'‘amount of M' defined here satisfies Cartwright's requirement
(36) . Russell (1937), who also discussed the requirements that
a notion 'amount of something' (which he calls 'magnitudes
of a kind') should meet, remarks that of any two amounts of
M either the one must be less than the other or else they
must be identical (rather than equal). This requirement is
also fulfilled by the notion amount of M', formally defined
here.

The analysis of mass terms and amount terms.

Let us now turn to some examples of the use of ensembles,

amounts and measures in the formal semantic analysis of
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sentences with mass terms and amount terms. To this end T
extend the syntax (and semantics, accordingly) of the
analysis language EL with the expressions ¥ n, u ID for
D-amounts and lx]M for amounts of M.

Let us take first the sentences containing mass terms
considered in section 1.

Concerning sentence (1a) :

(1la) The ice cream in the blue dish comes from Italy

It was already noted in section 3 that the mass-NP "the ice
€cream in the blue dish" is analysed in terms of ensembles
as (22).

(22) [xC ICE |IN BLUE DISH (x)]

If we agree with the view, expressed in section 1, that "the
ice cream in the blue dish" can well be taken to refer to a
single entity, sentence (la) is simply analysed in EL as
(38), using the Predicate constant ITALIAN for "coming from
Italy":

(38) ITALIAN (I x C ICE [IN BLUE DISH (x)])
Sentence (2a):
(2a) The ice cream in the blue dish weighs 5 kilogrammes

only differs from (la) in the predicate. The isolated amount
term "5 kilogrammes" is analysed in EL as:

(39) f 5, kilogrammes EW

and the ensemble (22) and the weight-amount (39) are tied
together by the measure function in question, Hige SO0 the ana-
lysis of the complete sentence is:

(40) My ([ x C ICE|IN BLUE DISH (x)1) = 2 5, kilogrammes E
Sentence (3a):

(3a) There is 5 kilogrammes of ice Cream in the blue dish

is analysed as: there is an ice cream part in the blue dish
weighing 5 kilogrammes, which Corresponds in EL with:
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(41) (4 xC ICE) ( IN BLUE DISH(x) & Wy (x)=% 5, kilogrammes %)

Intuitively, sentence (3a) expresses a logical conse-
quence of sentence (2a). A requirement on the formal semantic
analysis of these sentences is that this logical relation comes
out. Indeed, formula (41) is a consequence of formula (40)
according to ensemble theory. The proof comes down to showing
that the ice cream part called "x" in (41) is the ensemble
denoted by (22). Since this ensemble is the union of a number
of parts of ICE (see (13)), it is itself a part of ICE. Since,
as we may assume, the union of ice cream parts that are in
the blue dish is again in the blue dish, this ensemble itself

is in the blue dishl?®)

. Moreover, according to (40), it
weighs 5 kilogrammes.
Sentence (5a):

(5a) All the ice cream in the blue dish comes from Italy
Can be analysed simply as a distributive quantification over
all the ice cream parts in the blue dish, i.e., formally, as:

(42) (VyC [xC ICE|IN BLUE DISH(x)]) (ITALIAN(y))

It was noted in section 4.4 that a sentence like (35):

(35) The amount of gold in John's ring is the same as the

amount of gold in Mary's ring.

Seems most appropriately analysed in terms of a dimension
independent notion 'amount of gold'. Using the formalisation
of this notion, developed in 4.4, and using EL predicate con-
stants IJR, IMR for "in John's ring" and "in Mary's ring",

resp., we get the following analysis of (35):

(43) |[I[x EGOLDIIJR(x)]EOLD= |l yc GOLDIIMR(y)]IGOLD

For this analysis to be adequate, it should e.g. bring out that
(35) plus (44) implies (45):

(44) The gold in John's ring weighs 10 grammes
(45) The gold in Mary's ring weighs 10 grammés
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In terms of EL, (43) and (46) should imply (47):

(46) B ([XC GOLD|IJR(x)]) = % 10, grammes ¥

(47) uw ([ y© GoLD IMR(y)]) = T 10, grammes ¥

W

W

That this is indeed the case is proved as follows. An amount

of gold contains at most one weigh-amount; according to(46)

the weight-amount in the amount of gold at the left-hand side.

in (43)-is £ 10, grammes ¥.__. According to (43), this is also

W

the weight-amount in the amount of gold at the right-hand side.

Since, according to definition (40), this weight~amount is

the value of the function uw, applied to the gold-part in

question, (47) follows.

Notes

1.

See Bunt (1978) for a definition of 'mass terms'. The dis-
cussion in thispaper is completely restricted to mass noun
phrases. Bunt (1978) also contains a tentative probosal for
defining count - and mass adjectives.

See Pelletier (1975) and (1978) .

This matter is discussed in more detail in Bunt (1978)
section 2.3.

The definition can easily be extended to more than two.
Again, the definition can also be given for more than two
ensembles. I will write the merge of ays ay, d3,...as:
aluazua3,....; also I write the merge of all ensembles
that are the elements of a set § as US, see e.g. (13).

The formal language EL is defined precisely in Bunt (1978)
section 4.2. I have no pretensions with EL as a semantic
representation language; it is 6nly meant to be illustrative
for the use of ensembles in a formal representation
language . EL is in fact a highly simplified version of
the semantic representation language used in the PHLIQA 1
language understanding system (see Medena et al.,1975).
The work described in this paper was conducted as part of
the PHLIQA 1 project.

More accurately, by R+ I mean the set of all non-negative
real numbers and the symbol + =, that is the non-negative

half of the so-called gg;gg@g@hggglﬁﬂgmge£§ (see e.qg.



Halmos, 1958, p.2).

8. By a finite value I mean any D-amount In, u %, with
n <o,

9. For many mass terms, such as "stufi", "matter", "equipz :
ment ", etc. there are no such clear specific properties
(see Cartwright, 1970, p. 37 ff. fo1 a discussion of this
point). In fact, this makes me doub+ about the usefulness
of a dimension-indepedent notion 'amount of M'.

10. The role of the logical properties of predicates in the
formal analysis of quantified mass noun expressions is

discussed extensively in Bunt (1978), section 5.

Appendix . Axioms of ensemble theory

The following list of 10 axioms constitutes an axiomatrisa-
tion of ensemble theory. In addition to the notations, intro-
duced in section 2 a special notation is used here for ex-
pressing that there is an ensemble x that is the smallest
ensemble for which formula ¢ (x) holds, smallest in the sense
of the part-of relation: (Elx) Yy (x) abbreviates
Fx) (v (x) & (vy) (W(y}> x C y)).

1. Axiom of Transitivity.

(Vx,y,2z) ((xCy & yCz)-+(xCz))
2. Axiom of Extension.
(Vx,y) (((Vz) ((z€x & z # @g)»(2ny # @))>(xCy)) &
ATOM (x)~> (xCx))

3. Axiom of Unicles.
(vx) ((ATOM (x)~(A!y) (y€x)) & (TATOM(x)> T(dy) (y€x)))

4. Axiom of Substitutivity.
(Vx,v,2) ((x€ z & x =y )>(y€z))

5. Axiom of Unions.
(vx) ((Ay) (ye€x)~>(Fu) (¥z) (z€x> zCu))

6. Axiom of Replacement.
Let § be any well-formed expression with 2 free variables,
such that (vx,y,z) ((¢(x,y) & ¢(x,z))>(y=2z)) i.e. ¥ re-
presents a function. (vx) (Ay) (¥2z) (z€y* Ju) (u€x & Y(u,z))



80

7. Axiom of Powers.
(¥x) (Ip) (Vz) (zCx> zE€p)

8. Axiom of Pairs.
(vx,y) (dp) (x€p & y€Ep)

9. Axiom of Infinity.
Let {2z} denote the atomic ensemble with unicle z.
x) ((Iy) (vex) & (Vz) (z€x> {z}€x))

10. Axiom of Regularity.
(vx) ((dy) (yex)»(dz) (z€x & znx = ¢))
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Ergative languages, reflexives and questions of
formal grammar
by
Jerold A. Edmondson, Tééhnical University Berlin

l. Introduction

Just as the title indicates, this paper is going to have three
parts.* I will open with a general discussion of some features of
language typology, i.e. the properties of the so-called ergative-
absolutive languages. Of particular interest will be the traits of
such languages as they cluster along the following two dimensions:
(a) the encoding properties, e.g. how are the grammatical relations,

subject, direct object, indirect object, etc. indicated; (b) the

syntactic and control properties, e.g. what kinds of operations--

conjunction reduction, complementation, etc.--do the langquages al-
low? The second part of the paper will contain a discussion of the
reflexive constructions in a number of the world's languages. Once
again the analysis will be seen from the perspective of the two
dimensions, encoding vs. syntactic/control properties. The third
part of this paper turns to the implications of cross-linguistic
variation for a universally valid descriptive apparatus of the type
envisaged by Montague in "Universal grammar" (1974a).

The term universal grammar as employed by Montague lays the

emphasis on the construction of a mathematically precise theory

that can comprehensively capture the formal semantic and syntactic
features of natural languages and logical languages simultaneously.
Paramount in Montague's program is comprehensiveness. Keenan and
others, while acknowledging the requirement of universality, have
claimed that the language specitic realizations of the effect. of a
universally valid principle may differ; zero variation must be re-
garded as only one possible realization of linguistic universals, cf.
(1975a) . Most importantly, Keenan has pointed out that a formal
treatment of language phenomena can lead to predictions about what
operations are possible in various kinds of languages, Keenan (1975b) :

...that the task of formally defining logical structures (LS)
for natural languages (NL) has a linguistic interest beyond

the immediate one inherent in representing logical notions like
entailment. presupposition, true answer, etc. The reason is
tnat LS ¢an be used as a basis for describing and in some cases
explaining, certain kinds of syntactic variation across NL.
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One of the problems that Keenan (1975b:410-13) uses to exemplify
"logically expressive power" in natural language is the reflexive.
After discussing a number of examples, he concludes (1975b:413) :

NL then are logically different in that they vary with regard
to the NP positions that are naturally stipulated as being
co-referential. But for the moment we can offer no general
explanation for this variation.

This paper addresses an explanation of this question.
2. Ergative-absolutive languages

Most of the grammar fragments for which an explicit semantics
has been developed are oriented on English and to a lesser extent
on some West European languages. There can be no doubt, however,
that these culturally and genetically related languages will yield
categories of analysis that are strongly biased. In particular,
these languages fail to exhibit very pronounced ergative-absolutive
features. Among the group of clear ergative languages are: Eskimo,
Chukchee, Burushaski, Tongan and many of the native languages of
Australia and the Americas. West European languages tend for the
most part to exhibit rather strong nominative-accusative features,
which may be considered the opposite end of the spectrum. For ex-
ample, PTQ makes implicit use of the direct object position in the
derivation of intensional contexts, the direct object of seek can
have de dicto readings. But, the grammatical relation direct object
in some ergative-absolutive languages is rather different than in
English. Should we not expect that this difference could influence
the semantic outcome in such languages?

Having talked about ergativity for some time without defining
it, I want to continue by stating how one recognizes an ergative-
absolutive language. With respect to the encoding dimension, er-
gative-absolutive principles are at work if in that language the
subject of an intransitive verb and the object of a transitive verb
are indicated identically. Nominative-accusative languages, on the
other hand, express the subject of a transitive verb and the subject
of an intransitive verb identically. The surface realization or en-

coding of ergativity is typically: {(a) an absolutive case marker

on the intransitive subject and the transitive-object with a diff-
erent case marker {the ergative case) for transitive subjects, or

(b) agreement in the verb that employs one marker for TV-object and
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IV-subjects and a different marker for TV-subjects. Tongan and Yu-
catec illustrate ergative-absolutive encoding:
(1) Tongan (Malayo-Polynesian VSO language)

a. Na'e taak'i 'e Sione a, € puaka.
rpast hit erg John abs def pig

‘John hit the pig."

b 'eku ' lahi ‘'a Sione.
pPres big abs John

'John is big."
(2) Yucatec (Mayan VSO language)

a. Bin in kins-oobe. 'T will kill them. '
fut isg kiil 3pl
erg abs
b. Bin kink-oobe. '"They will die.'
fut Fgia W3pl
abs

If ergativity ended with the encoding traits, it might be re-
garded as a peculiar but not particularly interesting feature of
some off-~beat languages. More recent work, however, has demonstrat-
ed that ergativity can figure decisively in‘ the permitted syntactic
operations that stand at the disposal of a particular language. As
is well-known from more familiar languages, being subject or object
can determine what structures are potential candidates for some
transformation (L use the concept transformation for the purposes
of convenience only). In English, tor example, conjunction reduc-
tion demands not only that the NP's involved be identical (co-re-
ferential) but that both also be nominatives:

(3) John hit the pig and died.

&=John hit the pig and John died.
: &~John hit the pig and the pig died.
3 unambiguously asserts that John and not the pig has died. 1If the

pig dies, then no conjunction reduction is possible, a pronoun must
be retained. 1In Tongan, however, the identity of case is between
absolutive NP's. If different cases are involved, then, just as in

English, a pronoun is retained.

(4) a. Na'e taak'i i €un/Sipne 'a e puaka pea mate.
past hit erg John abs def pig and die

'John hit the pig and the pig died.'
b. Na'e taak'i ‘'e Sione 'a € puaka pea ne mate.

past hit erg John abs def pig and he die

'John hit the pig and he died.' ne could mean he or it.



This kind ot example makes it look as if encoding of one sort
entails automatically syntactic/control properties of the same
type. This assumption, however, would be false. Basque, according
to Lafitte (1962:668), allows conjunction reduction even when the
subjects differ in case.

(5) a. Ama ethorri da eta erran du.
gg%her come has and told{me)has

'Mother has come and told me.'® {da="be’ auxiliary with
intransitive verbs and du='have' auxiliary with

transitive verbs.)

b. BAmak gakoa hartu du eta joan da.
mother key taken has and dissappeared has
erg

‘Mother nhas taken the key and disappeared.’
An ergative NP and an absolutive NP can be simultaneously involved
in conjunction reduction. The different auxiliaries reveal that
the transitivity of the combined forms was different and nevertheless
the deletion is possible. Basque thus exhibits ergative-absolutive
encoding but with respect to this operation subject and not nomin-

ative decides.
I was also able to find a case of the opposite type, i.e. nom-

inative-accusative encoding but ergative-absolutive control pro-
perties. Modern German is not normally considered to be ergative.
Yet, when intransitive and transitive sentences are conjoined below
the causative verk lassen, the deletion takes place according to
ergative-absclutive principles.l

(6) Der Kbénig liess den Dierner kommen und tdten.
'the king had the servant come and kill

'The king had the servant come and be killed.'

The NP den Diener servee as the subject of the infinitive kommen

but as the object of tdtern. The translation shows that in English
the reduction s permitted only if the second infinitive is passiv-

ized.
3. Reflexives cross-linguistically

The terminolcgy we have been employing in discussing the effects
of ergativity can alsc be fruitfully applied to describing the re-
flexive construction. I will therefore consider reflexives from the
viewpoiht of erncoding; how does the language indicate that the init-

iator of an action is also the sufferer cf the action, i.e. patient.
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T will then turn to the syntactic properties that reflexives dis-
play.

There are, first of all, a few languages that indicate the
presence of a controller-reflexive link c¢nly in a very weak manner.
Typically the encoding of the non-reflexive is used. These langua-
ges do not have sentence positicns that are especially marked when
there is identity between two terms, cf. Keenan (1975b:411) for
other examples of this.

(7) Burmese (Tibeto-Burman SOV language)

a. John ha thu kecu tha' te. 'John kills him/her.'
John subkj.him obj. kill fin
her

b. John ha thu kou thu tha' te. 'John kills himself.
John sukj.him obj. him kill fin
her her

te is the final particle for assertions.
(8) Tongan (VSO Malayo-Polynesian language)

a. Na'e alo'i ia 'e Nuku. 'Nuku taught him/her.'
past teach him erg Nuku

her
b. Na'a ku ako'i pe au ‘a au. 'I taught myself.'
past I teach only I abs I

The reflexive is apparently viewed in these languages as a kind of
strengthened non-reflexive, the added strength being imparted by
repeating the pronoun. In both of these languages the strengthendng
part may be omitted sc that there is no encocding ditrference between

John kills him and Johkn kills himself. This latter situation appears

to have also been the case in Anglo-Saxon.
For languages in which reflexive encoding is differentiated
from non-reflexive enceding, I was able to confirm the taxonomy of

types proposed in Faltz (1977): (a) noun reflexives, cften a noun

meaning 'core', 'head', 'body' or ‘marrow'’ sometimes accompanied by

a possessive proroun; (b) pronoun reflexives, having no clearcut

interpretation out cf construction, i.e. synsemantic and nrot autc-

semantic expressions; and (c) verbal reflexives, a special form of

the verbal paradigm is employed. There may, of course, be more than
one strategy in a language. Some examp.es of the first kind of

encoding are: English hjmsg}f, German selbst, Basque burua 'head',
= . - ~ = - 5 - s a9

Buginese a2lena 'body', Okinawan du:na 'bocy', !Xu l'esi ‘body' and

possibly Japanese jibun. Some clear cases of pronoun reflexives

are: German sich, Swedish sig, sin(a), sitt, Russian sebja, the
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Pomance forms se, si, soi, Finnish iE_g_ard Hungarlan magan. It is
not always easy to decide what forms are nouns and what forms are
pronouns. Verbal reflexives are probably less familiar than the
preceeding types. They are, however, quite widespread in Africa,
Australia and the New World.

(9) Swahili (SVO Bantu language)

a. u- 1li-~ mw- ona. 'You saw him.'
you past him/her see
bh. a- 1i ji- ona. 'He saw himself.

he past self see
(L0) Malagasy (VOS Malayo- Polyno sian lapguage)

a. Isaky ny olona dia manasa lamba. 'Everyone washes
Every def person def wash clothes ;. thes.'
pred
b. Isaky ny olona dia misasa. eryone washes him-
Every def person def wash him- _ elf.

pred self
(11) Quechua (SOV Quechumaran language)
a. majka- n- 2 maki- s- n- ta. 'He washes his

i =

wash 3 3 hand pl _ acc (another's) hands.'

b. may}aﬂ ku- n- ¥ maki- s- n- ta. 'He washes his
wash ref 3 2 hand Fpl acc own hands.'

Faltz (1977) pecints out that it is most likely that reflexives
arise in the nominal form and become in the course of historical
change more and more grammaticalized, first becoming pronouns and
then clitic pronouns and finally merging with the verb altogether.
The history of English, at least, suggests this development. 1In
the earliest stages the non-reflexives were used. Sometimes an
intensifying self is present. (Examples from Traugott 1972:88.)

(12) a. hu hi hi beheaidan sceolden. 'Eow they should direct
how they them direct should. themselves.'

b. ba adrencte he hiene selfne. 'Then he drowned himself.'
then drowned he him selt

In Modern French the reflexive se is always clitic, with the ex-

ception of reflexives following indefinite. controllers such as or,

nul, personne and gquicongue tel where soi may be found in non-clitic

position, e.g. after prepositions. Latin, however, permitted §§

after prepositions, Dumnorigem ad se vocat 'he calls Dumnorix to

him'. Cenerally speaking, nominal reflexives have a larger set of
permitted contexts in which they appear than do pronominal reflex-
ives. Adding the form selbst in German, for example, enables ccn-
troller-reflexive links to be established that are not normally

found.
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(13) a. ?Der liebe Gott Hberliess die Menschen sich.
'God abandoned mankind to himself (i.e. God).'

b. Der liebe Gott #lberliess die Menschen sich selbst.
'God abandoned mankind unto himself (i.e. mankind).'

German normally demands that the controller of a reflexive be a sub-
ject NP. With the strengthening selbst in 13b a direct object may
also be possible.

Though much more could be said about the encoding o6f reflexives,
this short introduction should suffice for orientation. I now turn
to some of the syntactic properties of reflexives. Of particular
interest will be the positions, i.e. sukbject, object, prepositicnally
governed NP's and genitives, in which a reflexive may appear.

It has been widely reported in the literature that various
languages permit reflexives in various NP positions. Lees and Klima
(1963) puzzled akout the fact that English sometimes has self-pro-
nouns after prepositions. and sometimes the non-reflexive forms.

The tesi sentence has even become famous.
(14) a. The soldiers ignored the smokescreen around them.

b. The soldiers threw up a smokescreen around themselves.

German and Swedish are more highly constrained than English as they de-
Mand reflexives after prepositions. Kuno (1973) reports that Japan-
ese can even tolerate intersentential controller-reflexives linkages.
Faltz (1977) has investigated this phenomena ip a large number of
languages. I tabulate now some of the data he unearthed supplemented
by my own informant work.
Language Permissible position of reflexive
Same subj. obj. prepositional genitive Inters

G X x 35 X
Jaranese b ¢ X X X
Okinawan X b 4 X X

Swedish X X X ?x
Russian X b'4 X ?2x
Latin X X b4 ?x
German b 4 X

Dutch X x

English X ?X
Dholuo X ?x
Jacaltec/ X
Yucatec
French X

TABLE 1
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The cases of intersentential controller-reflexive linkages in Swe-
dish and Latin are highly marked and at some stage have disappeared.
In Modern Swedish the Clausemate Constraint i usually observed.

As Mona Lindau and I found, howevér, there are 18th century examples
with intersentential reflexivization, cf. Edmondson/Lindau (1972).
Classical Latin permitted intersentential reflexivization, the so-
called "indirect reflexive", when the lower sentence expressed words
or thoughts of the subject, cf. Allen/Greenough (1931:181). This
feature, however, also disappeared in Late Latin.

Table 1 clearly shows an implicational -pattern, direct objects
are most accessible to reflexivization, followed by prepositionally
governed NP's, genitives and finally intersentential terms. Same
subject positions are not accessible to reflexivization. Even in
cases for which the conditions would be given, reflekives are not
found in this sentence position.

(15) Swedish

*
Jan och flickvdn gick till stationen. sin=reflexive

'Janiand hisi girlfriend went to the station.'
But:

(16j Jan gick till stationen med sin flickvdn.
Jan went to the station with his girlfriend.

And similarly in Japanese:

e
(17) Kichi to x¥jibun ., tsuma wa ikimasu. (acceptable jibun=

kare : speaker)
'Kichiiand hisi wife are going.' p

This observation also holds true for German and Bengali.
iy
(18) Peter und die Freunde von T%%EE kommen mit. Sich=reflexive

'Peter.and the friends of himi are coming along.'

e,
(19) . §§ o %&%EE .istri ekta ¥Yap kete-silo. nijer = reflexive

'Heiand hisi wife a snake killed.

I+ must be seen as a surprising fact that languages that consistently
require reflexives in the predicate, disallow them when such refle-
xive forms appear as a genitive or beneath a preposition in the same
subject as their controller. This regularity appears extremely wide
spread, I am aware of only one clear counterexample, Kurdish.

(20) Héns 1 jina xwe ¢ﬁh mal. xwe= reflexive form.
'Hans and wife his -go home we = non-reflexive.

The reflexive form of the pronoun is acceptable in this case as .is
also the non-reflexive.
I'd now like to address the status of reflexive sentences with

respect to transitivity. Some philosophers, notably Geach (1962,
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1965 and 1972), have been arguing that on semantic grounds sentences
containing reflexives are in fact intransitive despite their outward
appearance. Geach observes that the sentences 5 is divisible by 5
and 1 and 3 is divisible by 3 and 1 share in common the structure

—— is divisible by -- and 1, which is usually paraphrased by the
one-place predicate --is prime. To put this claim in a more testable

form, reflexives are not terms, that is noun phrases, and do not
refer to things; they are instead mere place reducers of transitive
verbs. Semantically reflexives would then be functions mapping
two-place properties onto one-place properties. In more recent work
Partee (1975) has argued that reflexives in English behave like
bound variables and not like full NP's. This claim, in my opinion,
is a further manifestation of the non-terms status of reflexives.
The question of interest, however, is what cross-linguistic evidence
is there that supports non-termhood for reflexives.

First let us consider some wellknown but still puzzling facts.
In the Scandanavian and Slavic languages unstressed forms of the
reflexive pronoun have become attached to verbs to create a kind of
medio-passive, i.e. Han kalla sig Jan ‘'He calls himself Jan' has
become Han kallas Jan 'He is called Jan'. Many West European lan-
guages possess reflexive verbs that obligatorily cec-occur with a form
identical with the reflexive pronoun. This pronoun has, however,
only a kind of ghost status since it can usually not be questioned
or emphasized. In some languages it must also remain in close pro-

ximity to the verb. Thirdly, in French verbs with the reflexive

pronoun: raquire the auxiliary §E£§ and not avoir just as most of
the common intransitives, €.g9. rester, venir and aller. All of these
cases speak for a one-actant status for reflexive forms.

Ergative languages provide us with some very useful evidence
in this issue. Of those ergative languages I have consulted many
with verbally encoded reflexives have subjects with absolutive mark-
ers, indicating that these languages regard TV + reflexive as in-
transitive. Typical of this type of language is Yanyuwa, an Aust-
ralian aboriginal language, cf. Kirton (1976)

(21) a. Ganj-ilu-wudu¥uma-g¢ nja-mininiya-g nju—mafalnudji—
him he feed past masc man" abs masc doctdr

lu. 'The doctor fed the man.'
erg

b. Gumba-wudu¥uma-g nja-mininiya-g
refl. feed past masc man- abs

'The man fed himself.'!'




Nearly identical structures are found in Chukchee, Eskimo, Yid;p
and Dyirbal. 1In Navajo the verbally encoded reflexive is always

accompanied by a detransitivizer, cf. Young/Morgan (1976:50,62):

V4
(22) a. 00— lif 'He sees him.'
he-him seég ,
b. 'éaoo— it li. 'He sees himself.'
he-self detr. see

When the reflexive is encoded as a noun or pronoun, ergative lan-
guages generally regard the verb as transitive, i.e. the subject
takes an ergative marker. This is, however, not the entire story.
There is some evidence that despite encoding traits of a transitive
verb sentences containing reflexives treat such sentences syn-
tactically as if they were intransitive.

Craig (1976:147,158) remarks on an exception to a rule of
Jacaltec, an ergative Mayan VSO language spoken in Guatemala. When-
ever the subject of a transitive verb undergoes Relative Deletion,
Clefting or Question, i.e. is moved or deleted, a special marker is
attached to the verb and the ergative pronoun in the verb is delet-
ed. This special marking occur, however, only if the moved or
deleted NP is a transitive subject, i.e. is marked ergatively, and
does not occur to transitive objects or intransitive subjects, i.e.
absolutively marked NP's. Notice that the NP's themselves contain
no indication of case.

(23) a. x-@-w-il naj x~@-ul 3 ewi.
asp-A3-El-see cl asp-A3-arrive DEL. yesterday.

*1 saw the man who arrived yesterday.' (embedded S is

intransitive.) naj and te' are classifiers and pronouns.

b. x-@-w-il te! tx'at x-@-s-watx'e naj T3
asp-A3-El-see cl bed asp-A3-E3-make cl DEL

'T saw the bed he made.' (embedded S is transitive.)

c. x-@-w-il naj x-g-[Fwatx'e-n ] te'
asp-A3-El-see cl asp-A3-DEL-make-suffix DEL cI
tx'at. 'I saw the man who made the bed.' (embedded
bed

S is transitive and the subject has been deleted.)

As can be seen in 23c, when the embedded subject is relativized
upon, the suffix n(i) is added to the verb and the ergative pronoun
is deleted. Craig argues that the addition of the suffix disambi-
guates possible confusion about the status of the following NP; it
could be subject or object of the underlying embedded sentence.
But, if the NP relativized upon in the lower sentence is sub-

ject of a reflexive sentence, then the ergative marker in the verb
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is not deleted and the n(i) is not appended to the verb.

(24) Caw meba naj =x-@g-s-potx' s-ba I |
very poor c¢l asp-A3-E3-kill self DEL

'The man who killed himself was very poor."
Even though the verb in 24 possesses ergative agreement, i.e. is
transitive, the behavior of the constuction is like an intransitive.
While Craig's disambiguation analysis is compatible with these data
and also with my conception--clearly reflexives cannot be subjects
and therefore ambiguity does not arise--, it seems to me that dis-
ambiguation is more an epiphenomenon than a phenomenon. Evidence
for this claim is found in a passing remark that the n(i) suffix
"is an intransitivizer suffix as shown by the intransitive future
suffix -oj which must follow it." Craig (1976:146). This fact is
difficult to accommodate in a disambiguation analysis, but follows
clearly from the hypothesis that verbs + reflexives behave syn-
tactically as if they were intransitives. A second intransitivizer

would be superfluous.
4. Questions of formal grammar

In the preceeding sections I have tried to show that facts of
language typology can influence not only the encoding of grammatical
. relations but also the behavior of structures with respect to synF
tactic operations. I hope I also have demonstrated that position
is important in picking a form, reflexive or non-reflexive. Some
positions are more accessible than others. Beyond that, reflexives
when combined with a transitive verb yield structures that are fun-
damentally different than a transitive verb plus direct object, for
example. I would now like to turn to questions of what influendge
these observations must have on a grammar with an explicit semantics.

I will begin somewhat circuitiously by looking at the guestion
of how categorial grammars express grammatical relations. Relation-
al grammarians such as Johnson (1976) have correctly criticized
transformationalists for not placing the relations subject-of, direct
object-of and indirect object-of in a central enough position in the
theory. These categories are derivatively\gxpressed in phrase struc-
ture grammars of the type used in TGT. Defiﬁitions like subject is
the NP directly dominated by the S node encounter difficulty in
VSO languages since it seems questionable that there is a VP constit-
uent at all. If there is no VP coqstituent, however, then both sub-
ject and object would be dominated by the S node and no NP could be

\n



singled out as subject.

In categorial grammar chposing categories determines what can
combine; dominance is not a meaningful concept. Nevertheless, it is
easy to conceive of ways to relate category and grammatical function.
For example, Montague selected the functor category t/IV for terms,
leaving no elements in the basic category, e. A term is to be that
functor category that turns intransitives into sentences. The impor-
tant point about this choice with respect to grammatical relations
is that the subject position is used to define the category of terms.
This development must be considered crucial. Although Montague's
motivation for this choice is his concern for an adequate semantics,
with this step he provides us with the foundations of linking category
and function. Putting it more pointedly, in categorial grammars where
terms belong to the category t/IV, an architypical term is a subject.

Such categorial grammars differ’ both from relational grammars
and from phrase structure grammars in interesting ways. First of
all, categorial grammars of this type employ a grammatical function
to define the category and not the reverse as in transformational
grammar. The choice of category t/IV automatically gives the subject
widest scope of any term and the most independence of the accompanying
verb. And, most importantly, these properties are inherent in the
category and are not superimposed upon it by means of some special
configurational definition. On the other hand, the grammatical ;
functions subject-of, direct object-of, etc. are not primitives of
the descriptive system as in relational grammar. In this paper I
will be arguing that one may want to consider categorial grammars
instead of relational grammars for universal syntactic description
because they contain fewer primitives and possess a more transparent
semantics. Set theoretical counterparts of subject and direct
object might ultimately be required in a truly universal grammar but
it is unclear what sort of entities would be appropriate.

One difficulty for categorial grammars of the type we have
been discussing is that terms clearly can occur in relations
other than the subject relation. And, in order to account for just
such cases, categorial grammarians have had to resort to various
devices to enrich the syntax. Cresswell (1973) introduces lambda
cconversion as a syntactic mechanism, while Montague opts for alter-
ing the category of transitive verbs. Instead of picking the cate-

gory t/(e, e), he chooses a category of higher order, i.e. IV/T.
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As I am now going to argue, this complication of order of categories
can be seen as the natural result of choosing one sentence position
as definatory. If it can be shown that the resulting positions fall
along the accessibili_ty heirarchy: subject$ direct object > indirect
object > prepositionally governed > genitive, then categorial grammar
will provide a close reflection of natural language phenomena.

Let us first consider direct objects. Since terms operate on
intransitives, one solution to employing terms as objects is to make
out of the transitive verb an intransitive; this is Cresswell's
solution. Hit, a 2-place verb, is remodeled by means of lambda con-
version to a l-place verb,jky(hig(x, Y)). Montague selects a cat-
egory for the transitive verb that makes a term its argument. This
choice accords well with the general tendency of objects to be much
more dependent upon their verbs than subjects. The things objects
denote can be denied reference if the verb is intensional or exist-
ence if the verb is negated, objects can be created or destroyed by
their verbs. The price paid, however, is an elevation of the order
of the category from a functor containing only basic categories, i.e.
t/(e, e) to one of higher order, i.e. (t/e)/(t/(t/e)). By count-
ing parentheses, we see that the latter expression is of the third
order.

Under the assumption that prepositionally governed terms along
with their prepositions are adverbs, we can also count the order of
the category needed to operate on a term, i.e. a preposition is then
((t/e)/(t/e))/(t/(t/e)). The numerator of this expression is one
level more complex than that of direct objects.

Finally, let us consider ~cnitives. I shall assume that gen-
itives function as functors that make a term into a determiner. In
most languages John's car is just as definite as the car. The gen-

itive operator is realized in English as 's but may not always have
an overt morpheme in other languages. The category for the genitive
would then be ((t/e)/(t/(t/e)))/(t/(t/e)) = (T/CN) /T.

As I have just demonstrated, the complexity of the functors that
must operate on terms to make out them connex strings varies in a
manner parallel to the accessibility of the terms to syntactic opera-
tions. The reason for the fanning out of categories in such a grammar
is that terms must be made into something that is combinable with

other sentence parts. Metaphorically speaking, terms are located
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at varying depths in the structure, cf. Bartsch/Vennemann (1972)
on arcgument raising.

Wwhat categcry do we want to assign to reflexives? I have tried
to show that there are good reasors to believe that reflexives in
some languages or reflexives in some uses differ from terms, €.9.
direct objects. This occurs whenever the reflexive lcses its seman-
tic independence as a true referring expression and becomes a grammat-
ical particle dependent on the verb. The test for such grammatical
uses I take to be whether a sentence with a reflexive in the environ-
ment. of only is ambiguous; if one can still interpret the reflexive
as a proxy of a full NP, then it possesses more nominal features; if
only sloppy identity readings are permitted, then it has altered its
status, cf. Partee {1975) . As Partee points out, himself can go
proxy for a full NP only if it is stressed. Unstressed forms in
English behave like bound variakles.

(25) Only Lyndon voted for himself.

25 with an unstressed reflexive 1is cormpatible with the interpretation
that Lyndon received more than one vote but was the only self-voter.
I would like to propose that this kind of case is the typical use of
reflexives and demands a category Iv/Tv, a functor mapping transitive
verbs onto intransitive verbs. This choice of category can account
for many of the cross-linguistic traits of reflexives we have dis-
covered.

The first prediction this choice of category would make 1is that
the unmarked position for reflexives is the object position, i.e.
an operatcr on the 2-place verb. For those categorial grammars like-
Montague's, the reflexive would appear in & similar position as the
direct object although the function-argument relation would be diiERe
erent. As indeed the cross-linguistic facts have demonstrated, the
object position can always be reflexivized upcn even when any other
position is excluded. This choice also can accourt for the tendency
of reflexives to cliticize onto the transitive verb.

The second prediction this choice makes is that the accessibility
hierarchy is derivable and not a primitive. Since thre architypical
reflexive is in the category IV/TV, other positions must be asscciated
with special functors that can join the reflexive to other sentence
merbers. Prepcsitions, therefore, belong not only to the category
of operators on terms but also to the catecory of operators on v/Tv,
i.e. would be in the seccond category (IV/IV)/(IV/TV). Genitives map
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reflexives onto a kind of determiner just as terms are mapped onto
a determiner. Reflexive genitives, however, have a peculiarity not
found in non-reflexive genitives.\ As Cresswell (1973) points out,
a quantifier phrase in the genitive position can react with the
subject to produce scope ambiguity, i.e.

(26) Everyone loves someone's wife.

But, determiners that contain reflexives cannot be ambiguous in this
way.
(27) a. Only John loves his own wife.

b. Only John loves his wife.

27a unlike 27b permits only the sloppy identity reading "John was the
only one that loves own wife", cf. the discussion in Edmondson (1976).
The conclusion to draw is that his own wife is itself an expression
cf the category IV/TV. With the internal structure (Gen (Refl)) (CN),
the category for genitive must be ((Iv/TV) /CN) /(IV/TV) . A comparison
of the three categories, direct object, prepcositionally governed re-
flexive and genitive shows that the order of the functors needed to
operate on reflexives mirrors the accessibility hierarchy.

A third and most important prediction of this category choice
is that reflexives should not be part of the subject. If I have made
correct analyses of the preposition and genitive, then these functors
always produce something that demands a verb to form connex strings.
But, if such an expression winds up in the subject, then there is
no way for it to combine with a verb since subjects take verbs as
arguments.

This choice of category also more or less rules out intersentent-—
ial reflexivization. 1In languages where such a linkage is permitted
there is nearly always some additional non-reflexive sense attached
to this form. 1In Latin and Greek, for example, these are the cases
of the "indirect reflexive". If I understand Kuno (1973) correctly,
the same must be said for Japanese. For such cases the reflexives
present the situation from the perspective of the subject and not
from the perspective of some observer, cf. Cantrall (1974).

Finally, this theory can explain why reflexives are to be assoc-
“ated with intransitives. The category itself intransitivizes. It
is also certainly nc accident that Cresswell (1973) assigns the passive
operator to the same categcry as the reflexive, i.e. IV/TV.

Ergative languages must also suggest to us that some of the well-

known semantic properties and their concomitant syntactic structures
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may require a different analysis than Montague gave to English. PTQ
provides that direct objects are to be treated as arguments of the
verb and subjects as functors on the verb. Yet, in ergative languages
the encoding and syntactic/control properties of subject and cbject
have a different distribution than in English. This fact must lead
to the question whether this difference extends to the semantic
properties of the type: (a) de dicto vs de re readings, and (b)
preferentially narrow scope for the object term of a two quantifier
sentence. In other words, does the encoding reflect a basically
different stance as to what sentence positions can be influenced by
the verb?

Ioup (1975:97) found that the grammatical relation entered into
by a particular term was more of a factor in assigning scope prefer-
ence than linear order. Subjects tend to receive a wide scope inter-
pretation in preference to objects. Thus, in 28:

(28) Every sailor on the ship is in love with an attractive girl.

most speakers have definite priorities; every sailor has the wide

scope reading more naturally than an attractive girl. But, in a

passive sentence like 29:
(29) An attractive girl is loved by every sailor on the ship.

the priorities usually reverse. This point is important because
ergative encoding has often been viewed as a case of passive in
disguise. Might one then not expect basically opposite preferences
in sentences with scope ambiguity? My investigation of ergative-
absolutive traits and scope preference has only begun and therefore
must be considered preliminary. But, in Tongan, at least, there
appears to be no clear deviation from the pattern found in English.

(30) Na'e tamate'i 'e he ongo tulimanu e lapisi 'e tolu.
past kill erg def two hunter def rabbit ? three

'Two hunters killed three rabbits.'
30 was interpreted by my informant to mean that a total of three
rabbits were killed, which is also the usual reading in English.2
The results are similar for putative cases of scope ambiguity between

negation and a quantifer phrase as subject, e.g. All the men didn't

come .
(31) a. Na'e 'ikai ha'u katoa e kau tangatd.
past NEG come all def man
b. Katoa e kau tangatd na'e ‘'ikai ha'u.
all def man past NEG come

kau accompanies indefinite quantities, (lit.) 'a score'



08
3la and 31b represent unmarked word order and clefted word order
respectively. Both mean 'no one came'. If anything, this result
contradicts the prediction that subjects of intransitive sentences
in ergative languages tend to be more under the influence of the
verb, i.e. are more patient-like, than subjects in nominative-accu-
sative languages. As a matter of fact, the interpretation 'not
all the men came' is possible when the quantifier is floated to
preverbal position:

(32) Na'e 'ikau katoa mai e kau tangata.
rast NEG all here def man

'The men didn't all come.'

Let me now try to sum up some of the conclusions that one must
make about the logical expressive power of reflexive forms. It
appears that reflexives typically begin as nominal expressions and
tend to become grammaticalized. Nominal reflexives are, therefore,
somewhat overexpressive since they can have independence of the
verb; pronominal reflexives and especially verbal reflexives have
a great deal less freedom. This unused freedom isn't needed to
express the intransitivity of reflexive sentences. It is, therefore,
not surprising that reflexives end up a part of the verb or even as

zZero.



Notes

*part of the data cited here was collected within the frame of
the project "Universals and language data" sponsored by the Deutsche

Forschungsgemeinschaft, Ed 9/1.

lThere are a number of factors at work in such constructions
in German beyond those of interest here. It seems to be necessary
that only one term appear explicitly with the transitive verb.

(i) Der K8nig liess den Diener kommen und jemand tdten.

This sentence can mean only 'the king had the servant come and

kill someone (not be killed by someone).'

2 ] . . :
The particle 'e sometimes occurs 1n front of cardinal numbers,

cf. Churchward (1953:172).
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0. INTRODUCTION.

In this paper we discuss the interface between Montague grammar and
the research field of semantics of programming languages. The existence of
such an interface was realised back in 1976 by the second author. It appeared
that certain problems in the semantics of programming languages could be
solved by applying Montague's ideas in this field.

We will not present here a complete technical proposal; this has
been done elsewhere ( see [ 9,10] ). Instead we explain for the non computer
scientist the nature of the problems involved, and the way Montague grammar
is used to solve them. This application is a prime example where the use of
a possible-world-semantics is above all criticism. Moreover, this applica-
tion inspired the development of some new tools which may be useful for
natural languages as well.

The paper is organised as follows. Section 1 presents an introduc-—
tion to programs, and the need for some formal semantics for programs. Some
approaches to semantics are sketched in section 2. In section 3 we consider
a particular aspect of programs : variables and aséignment; their semantical
treatment and the problems arising 'in their treatment are discussed in sec-
tion 4. Section 5 presents some features of our proposal for a Montague-style
semantics for variables and assignment. In section 6 we illustrate by examples
how the problems explained before are solved in our system. Section 7 contains
some tentative suggestions how the tools developped before may be applied for

natural languages.
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1. PROGRAMS AND THEIR SEMANTICS.

Programs are pieces of text written in some programming language.
These languages were designed for the special purpose of instructing compu-
ters, or, indirectly, instructing human beings how to instruct computers.
Sometimes they are used by humans to communicate algorithms among themselves.

There exist nowadays several thousends of mutually partly incompatible
programming languages. Each has its private set of strange ideosyncrasies,
design errors, perfectly nice ideas and clumsy conventions. A few type of
instructions are present in most of the languages; the present paper deals
with one of those instructions - assigning a value to a variable.

We discuss programs on base of some examples. These examples are
written in the programming language ALGOL 68 .

Our first example computes by use of a well known formula the solutions

of the quadratic equation a x2 +bx+c = 0 : * vy -mbLE vrbz -4 ac

2 a

The program readsas follows :

program | : begin real a,b,c,disc,d,x1,x2 ;
read((a,b,c)) ;
disc = b*b-4%xaxc ;
d := sqrt(disc);
xla. G5 D7 chde B i xlpgm auli/ (2808
x2 = -b-4d; x2 :=x2/(2%a) ;

print((a,b,c,x1,x2,newline))

end

The program illustrates the fact that the computer, in order to perform
some usefull computations, must obtain data from outside (input) and commu-
nicate the results to the outside world (output). It also illustrates that
the mathematical expression above looks much compacter than the program,
but this compactness is made possible by the use of hidden mathematical
conventiowns which have to be made explicit to the computer. For example
b x denotes b times =x but in the program we must write b * x . In the

formula we use some 2-dimensional features which are eliminated in the
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program ( sqrt( ... ) 1in stead of al sess, - ) 3 suchra linear
characteristic is enforced by the fact that programs have to be communicated
by way of a sequential channel , l1ike the wire connecting the computer with
a card reader. The program contains some words written in a peculiar charac-
ter set like begin ; in the program these words are considered to be indi-
vidual symbols just like a, b, ; , +, =, etc. .

Programming languages are formal languages with a complete formal
definition for the syntax of the language. Such a definition specifies exact-
ly when a string of symbols from the alphabet of the language is a program
and when it is not. All tools from formal language theory are applicable,
and , in fact, designers of programming languages form the largest user
group of Chomskian-style rewriting rules since they were invented.

The definition of a programming language specifies also how a string
of symbols which has the correct syntactical structure for being a program,
should be executed on a computer, or formulated more generally, what the
program is intended to do. The formal definition of a programming language
should specify both the syntax and the semantics of the programs in the
language.

There exist a large confusion among programmers, theoreticians, and
designers what we should understand by the semantics of a programming
language. First one should look for the relevant properties of programs to
be dealt with by a formal semantics. For some of these properties there is

a larger dergee of agreement ; thece properties are :

correctness: a program should perform the task it is intended to perform.
For example program 1 is incorrect: it does not account for a=0 or
disc < 0 .

equivalence: two different programs may yield the same results in all
circumstances; we like to explain or even prove this behavior. For
example, in program 1 we may interchange the order of computation
of x1 and x2 but we cannot compute d Dbefore we compute disc.

termination: if we start the execution of a program will it ever stop ?

In order to illustrate this aspect we need another example of a pro—
grém. It is known in mathematics that the sequence defined by X, = 2125

X

L = (xn + 2/xn)/2 is a decreasing sequence with limit V2.
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In the program below the elements in this sequence are computed until the

value gets sufficiently close to the limit.

program 2 :  begin real x := 2 ;
while ( x*x=-2) > 1.0B-14
do x :=(x +2/x)/2 od ;
print (x)
end

On base of the mathematical result that the sequence monotonically
decreases to /2 we might conclude that the program terminates by achieving
the required accuracy in the approximation of the limit.(Whether this
prediction is justified when the program is executed on a concrete computer
depends on the computer involved . Due to numerical inexactness the mathe-

matical properties of the sequence yield no guarantee for termination.)

Each of the above aspects, correctness, equivalence and termination,
tells us something on the possible computations invoked by the program when
provided with input data which are presently not specified. We want to make
predictions on what may happen in case that ... ; more specifically, we like
to prove that our predictions are correct. How can we achieve this goal ?

Clearly it is impossible to try out all possible computations of the
program. In stead one is tempted to run the program on a "representative"
set of input data - this activity is known under the name program debugging.
This way one may discouver errors, but one can never prove the program to
be correct. Still, in practice, most programs being used in our world have
been verified in this way.

One might try to understand the program by reading its text. Again
this is not of great help since the mistakes made by the programmers can
be remade by the reader.

The only way out is the invention of a mathematical theory for pro-
ving the correctness and other aspects. Therefore we need a formalised

semantics on which such a theory can be based.
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What does a formal semantics look like ? The most common approach is
a so-called operational semantics. We define the meaning of a program by
first describing some abstract machine (which is in fact a mathematical
model of the real computer) and next specifying how the program is to be
executed on the abstract machine.

Needless to say that in this way the problem is transfered from the
real world to some formal idealistic world; the possibly infinitely many
computations of the program remain as complex as before. On the other hand,
it is by the use of an operational semantics that most of the existing

programming languages have obtained their meaning.

For some 14 years there have been given so-called denotational
semantics for programming languages (see EG. [16]). The meaning of a program
is represented by a mathematical object in a model. Mostly this object is
a function which describes the input-output relation of the program. In
denotational semantics we abstract from the intermediate stages of the
computation, and the model has far less resemblance to a machine than the
abstract machines used in operational semantics.

In denotational semantics programs are not so much considered as
transforming values into values, but transforming the entire state from
the computer from some initial state to some final state. States are highly
complex descriptions of all information present in the computer. In general
we are only interested in a small part of the information in the computer
(EG. the values of the input and output variables ). This leads to the
"dual" approach to semantics which uses the so-called predicate transfor-
mers. A predicate is a (mostly highly incomplete) desription of states ;

a predicate specifies a set of states - all states for which the predicate
holds true. We like to correlate desriptions of the state before execution
of the program with descriptions of the state afterwards or vice versa.
Given a partial description of the state before we like a description of
the state afterwards, or conversily, given some description of the state
we like to achieve, we want to find out from which initial states this

goal state may be reached.
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Both directions have been investigated. The meaning of a program is
expressed using a forward or backbard predicate transformer.

For example consider program 1. We may describe the initial state by
specifying that on the input channel there are present three numbers a, b
and ¢ such that a #0 and b2 -4 ac20 . From this description we
conclude that execution of program 1 leads to a state where x! and x2
contain the solutions to the equation a x2 + bx+c=0 . Note that
both descriptions are incomplete in so far that the initial and final values
of disc and d remain unspecified.

Conversily we may observe that, in order that after execution of the
program xI and x2 represent the solution of the equation a x2 + b x +
+ ¢ = 0, it suffices to require that the coefficients a, b and c are
present on the input channel (in this order !) before execution of program 1
and that moreover a # 0 and b2 -4ac=z=20 .

In the formalization we will forget about the input and output
instructions in the program, and restrict ourselves to the real computation.
In program | we will omit the 2nd and 7th line. The above observations

are now formalised by the formula :

a#0 & (b2 -4ac)>0 { program 1 } axf + bx1 +c¢c=0 & axg + bx2 +¢c=0.

Here we use a convention introduced by Hoare [7] . The expression & { 1 } V¥
means that if we execute program 1 starting in an initial state where
predicate ¢ holds true, and if the execution of the program terminates,
then predicate ¥ will hold true in the resulting state.

The convention can be used in both directions: given V¥ one likes to
find a formula @ which specifies the correct precondition without specify-
ing too much; this precondition is called the weakest precondition and is
denoted by wp( I,¥ ) . Conversily, given & one likes to obtain a formula
¥ which expresses as much as can be said of the resulting state; this
so-called strongest postcondition 1is denoted 4p( 1,3 ) .

Mathematically wp( I,¥ ) 1is characterised by :

1 wo(ML,¥Y ) {n} ¥
II from ¢ {11 } ¥ we can derive ¢ = wp( I,¥ ) .

The problem of program semantics now may be rephrased as

Given T and Y compute wp( 1,Y ) based upon the structure of 1N and Y
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" requires some

The phrase '"based upon the structure of 1 and V¥
further explication.

It would be useless to have a semantics which attaches to each program
I and each postcondition ¥ a weakest precondition by an ad-hoc method.
We must use the fact that the class of programs (as well as the class of
predicates) is formed in a structured way by way of the grammar used for the

syntax of the programming language. For example, if T and T are

1 2
programs then Hl 5 H2 is a program as well ; it is executed by first
executing I, and next executing I, beginning in the final state of the

1 2
first computation. This program is called the sequential composition of I,
and HZ . Clearly the structure of this composition must be retrievable
from the semantics. This is indeed the case as can been concluded from the

following rules :

e{mn }E & E{NM}yY =o{N ;0,}Y
or

wp( My3M, 5 ¥ ) = wp( Ty, wo( T,,¥ ) )

or

I

Sp( M, 5 @) sp( T,, sp( 1,50 ) )

So what is practised here is nothing but Frege's principle of
semantical compositionality : the meaning of a compound expression must be

a composition of the meanings of its constituent parts.
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3’ VARIABLES AND ASSIGNMENTS.

In order to give the reader some intuition about the subjects treated
in the sequel we use a model for an Abstract Computer. Our model consists of
an infinite number of registers, each capable of storing an integral number.
The registers are numbered by integers; the number of a register is called
its address, whereas the number stored in the register is called its value.

The register with address j is denoted M[]j] (M comes from the
anthropomorphic term Memory). In many circumstances we will denote the value
of register M[j] by M[j] as well. This ambiguity wich repeats itself in
most existing programming languages is the origin of some of the problems
dealt with in the present paper.

An essential feature in the behaviour of a computer is the possibility
to modify the values of the registers by executing an instruction. Suppose
that in a particular state it is the case that M[5] =1 , M[6] = 3, M[7] = 5,
and M[8] = 7 . If we now execute the instruction :

M[5]:= M[7] + M[8]
we have to replace the value of M[5] by the sum of the values of M[7] and
M[8] , so M[5] now contains the value 12 . Next execute the instruction :

M[5]:= M[5] + 1
The meaning of this instruction is that the value of M[5] is increased by
one, so afterwards the value of M[5] equals 13 .

The above instructions may be represented in the programming language
by statements like : x :=y + 2z and x :=x+ 1 or alternatively =x+:=1
the identifiers x,y, and 2z denote individual registers which remain
fixed during the execution of the program. This method of addressing is called
direct addressing.On most computers there exist other ways of addressing.

We discuss also the methods of <ncremental addressing and indirect addres-
ging . For the method of incremental addressingone of the general registers
is used for the following special purpose: its value is added to the address
given explicitly in the instruction, and the resulting integer is taken as
address of the instruction. The special register is called an <ndex register
and is denoted by B . Assume by way of example that B is the register

M[6] , and consider the instruction :

M[B+2] := 15
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Since the value of B equals 3 this instruction is in the state considered
equivalent with M[5]:= 15 ; after execution the wvalue of M[5] has become
15 and all other registers keep their former value.

In the programming language incremental addressing is indicated by the
use of arrays and subscripted variables . The former imstruction may be de-
noted by : al3]l:= 15 . The array a denotes an infinite list of variables
indexed by use of an index which is an integer. In executing the instruction
the value of the index is stored in the index register B ; the constant 2
is added to the value of B indicating that the array a starts at address
M[3] in the computer. In this way all instructions involving array a
are of the form M[B+2] := .... ; for some other array this may look like
M[B+44] = ..ove &

In the programming language the index of the array element may be a
complicated expression; in this way statements like alalx+4]-5]:= y+al14]
can be obtained.

For the method of indirect addressing the value of a general register
is used as the addressof an instruction. For example in the instruction :

M[M[7]] = 6
the value of M[7] (which equals 5 ) is taken as address for the instruction;
the result is that the value of M[5] becomes again equal to 6 .

Indirect addressing is represented in the programming language by the
use of pointers . Pointers are variables whose value don't represent plain
integers but addresses within the computer. In our abstract computer it is
impossible to see from the value which is stored in some particular register
whether it represents an integer or an address. (the same is true for most
real computers as well). In order to prevent the unintended use of variables
for adresses or vice versa, some programming languages require for each
jdentifier a specification of the kind of values to be stored in the corres-
ponding register. This way there is created an artificial distinction between
the identifiers occurring in the program.

In the programming language ALGOL 68 this typing has been worked out
completely. We have among others the types int for plain integers, ref int
for integral variables, ref rejf int for pointers referring to integral varia-
bles, ref[ lint (read ref row int) for array variables, etc. .

The general assignment instruction in ALGOL 68 has the form :
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Xehis= noT
The destination X denotes some variable of a specific type ref T whereas
the source 7 denotes some expression of the type X . The instructiou
requires that the value of x is made equal to the value of 7 ., It is
allowed that the type of 7 1is not equal to X but of type ref ¥ or even
ref ref T etc.. In these circumstances the superfluous ref's are removed
by the action of dereferencing °; we deliver the value of a variable instead
of the variable itself. In programs like x:=x+! » OF X:=y+z this derefe-
rencing will occur on the source side of the assignment statement automati-

cally. More examples of dereferencing can be found in our next program

example :

program 3 : begin int x,z ; ref int P ;
X =55 p =X ; xi=x+] ; z :=p
end

The specifications in the first line explain the types of the variables

X, z and p . ALGOL 68 uses the (deplorable) convention that the type of
a variable always is one ref Thigher than indicated in the specification ;
so X , being an intfegral variable is of type ref int | etc. .

The first two assignments require no dereferencing ; in the third
assignment the variable x is dereferenced once, but in the fourth assign-
ment the pointer p must be dereferenced twice. The value of p which
equals x is not an integer ; we use the value of the value of p, which
equals the value of x which equals 6 ( since the value of x is increa-
sed by one by the third instruction ).

Program 3 is a typical example for the type of problems encountered
when we want to define the semantics for the assignment statement. The fact
that the twofold dereferenced value of p is modified by the third assign-
ment which does not involve p visibly, has escaped a correct treatment

by previous semantics for the assignment statement.
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4. THE HOARE PREDICATE TRANSFORMER FOR THE ASSIGNMENT STATEMENT.

Let us investigate the semantics for the assignment x := t . In the
Hoare formalism we must provide a precondition @ describing the set of
states o from which we may arrive in states o' where a given postcondi-
tion ¥ holds by execution of the assignment x := t . Now the states @
and o' are equal except for the fact that the value of x in state o
equals the value of t+ 1in state o . This has inspired Hoare and Floyd

for proposing the following rules:
[e/xly { x:=t } ¥

or equivalently

wp( x:=t,¥ ) = [t/=]¥ (Hoare) (=713
and
sp( x:=t,® ) = 3z[ [z/x]e & x = [z/x]1t ] (Floyd) [ 21 .

Here [t/x] denotes the substitution operator which replaces all
occurrences of the identifier x by the expression t ; the variable z
which occurs in Floyd's rule is used to "remember" the old value of x before

the assignment.

Some examples may illustrate the use of these rules :
t>0 ({(=x:=1} x>0 or
wp( x:=1, x>0 ) = 1>0 , which reduces to [frue :

This example formalizes that always after execution of x:=1 it will

be the case that x>0 .

x =4 { x = x+1 } x =25 or

wp( x:=x+1,x=5 ) [x+1/x]1( x=5 ) = (x¥1 =5) , which reduces to x=4 .

3z[ [z/x](x=4) & x = [z/x](x+1) ] which reduces to

Ap( x:=x+1,x=4 )
3z[ z=4 & x = z+1 ] , which reduces to X = S

It has been realised during the last five years that the above rules
lead to incorrect results when applied to more complex situations. Again

some examples :
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wp( alil:= 13, a[i] = a[j] ) = [13/a[1])(al[i] = aljl) , which reduces to
al[jl = 13 .

this is a correct precondition but it is not the weakest one ; i=j is
a correct precondition as well ! An even more serious problem is encountered
in the treatment of program 3. In the computation we use the rule for

sequential composition explained in section 2. We like to compute
wp( x:=5 ; p:=x ; x:=x+l] 52 :=p, z=6 ) ,

and according to our intuition the result should reduce to frue . Applying

Hoare's rule we obtain however :
[5/X][X/P][X+1/x][p/z] (z=6) » which reduces as follows

[5/x][x/pllx+1/x] (p=6) = [5/x]1[x/p] (p=6) = [5/x] (x=6) = (5=6) =
= false

This formal computation has yielded the absurdity that it is impossible
that 2z=6 becomes true. The problem is caused by the substitution operator
which does not replace the value of some identifier but this identifier
itself. Grace to the fact that programmers have been trained to live with
the ambiguity between identifiers and their values, these problems have not
been discouvered before when Hoare's rule was originally formalised.

At this point we should indicate a link with Montague grammar. We
claim that the above problem with assignments may be considered to be an
instance of the problem with an opaque context. This may be illustrated

by comparing the assignments :

x+7

y+7 X
y+7 y = x+7

X
y :
If we have in the initial state that both x and y have the value
4 , then the assignments are row-wise equivalent, but column-wise dis-
tinct. In the context of the source identifiers with equal values may
replace each other ( referentially transparancy ), whereas such replacement
is strictly forbidden on the destination side ( referentially opaqueness ).
Identifiers behave differently on both sides.
This observation is not new. Strachey [15] observed it back in

1964 , and the entire "name" or "reference" concept in the definition of
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ALGOL 68 [17] is based upon this distinction. Pratt [12] even uses Quine's

terminology for describing the situation. However, the solutions offered to
the problems are far from ideal. Strachey introduces L- and R-values for
identifiers where L-values represent abstract locations. The ALGOL 68
semantics introduces a highly abstract machine where names may refer to
values or may be the value refered to by other names. Pratt evades the
problem by restricting himself to first order references only - in this
context the consequences of the opaqueness are not visible. According to
Hoare's opinion the rule should be considered to be an axiom - if it is
violated by some program then this program is outside the realm of programs
under consideration. I

In our proposal we attack the problem using the same tools which were
introduced by Montague for dealing with opaqueness in natural language:
Intensional logic . Variables will be considered to represent intensions
of their values. Dereferencing becomes simply taking the extension of some
intensional value, and pointers and other higher order references become
intensions of intensionms.

On base of this idea we have constructed a Montague grammar for a
fragment of ALGOL 68 which contains the above assignments. Clearly Montague
grammar introduces more than the use of Intensional logic; there is also
the strict correspondence between syntactic and semantic rules. This idea
is not revolutionary in the theory of semantics for programming languages.
Most designers of programming languages have used some form of structural
compositionality for both syntax and semantics, in order to make it possi-—
ble that a computer program may understand and translate or interprete a
program. Never the less, the use of this principle has inspired in our
treatment an unconvential method for describing the assignment to subscrip-—
ted variables like ali] := y . We obtain a three—placed rule which differs

from the rules in the ALGOL 68 report.
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5. FEATURES FROM A MONTAGUE SEMANTICS FOR ASSIGNMENT STATEMENTS.

The programs we like to treat are simple sequences of assignments
involving variables, array elements and pointers of arbitrary complexity.
Program 1 and program 3 are examples. Note that this is only a very
restricted class of programs, which, however, forms the building blocks of
more complex programs. As such our theory is relevant for other areas of
progfam semantics, where problems involving conditionals, iteration or
recursion are discussed. Our treatment deals with problems which have been
overlooked or taken for granted in this area of flow-of-control semantics.

Related work can be found in de Bakker [1] or Gries [5]

5.1. Grammar.

In Montague semantics sentences are represented by tree-structures
which indicate the way the sentences are generated by the rules of the
grammar. This is also common in programming language theory, with the addi-
tional restriction that the syntactical structure must be effectively and
efficiently computable from the program text. The algorithm performing this
analysis is called a parser ; its output is called the parse tree. This tree
may become input to another program, called code generator, which generates
a sequence of machine instructions which are capable to execute the program
on a real computer. The combination of a parser and a code generator is
called a compiler.

In Montague grammar the syntactic tree structures are input to a trans-—
lation procedure which translates the sentence into a formula in IL. The same
can be done with the parse tree of a program; its translation will be some
meaningful expression in IL (more specifically an IL expression denoting a
predicate transformer).

An essential feature of a Montague grammar are the Categories. Each
phrase belongs to some particular category, which corresponds to the type
of its translation in IL. Since the grammar contains only finitely many
rules at most finitely many categories will be non—empty.

This typing mechanism is present in many of the grammars used to
describe programming languages. The most complete typing can be found in

the definition of ALGOL 68, where a van Wijngaarden grammar is used.
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A van Wijngaarden grammar may be considered to be a categorical grammar
dealing with infinitely many categories. The categories themselves are gene-
rated using a context—free meta—grammar. The rules of the grammar actually are
rule-schemes which only become rules by replacing occurrences of meta-variables
by some categories which are terminal productions of these meta-variables in
the meta—-grammar.

We illustrate this mechanism by way of an example. Our meta-grammar
is given by :

MODE : int ; ref MODE ; [ ] MODE . a)
This is a regular meta—grammar involving the single meta-variable

MODE ; terminal productions are : int ,ref int [] int, ref[]lint, etc. .

Next consider a rule scheme like :
<refMODE assignment > :< ref MODE destination> := <MODE source> . (a) .

A rule is obtained by replacing in (a) the three occurrences of MODE

by a production of MODE in (A) . This way we obtain among others the rule:
< ref int assignment >: <ref int destination> :=<int source> .

The same production of MODE must be used for each of the three occurrences,

so the following utterance is not a rule :
< ref imt assignment > . <ref[] int destination > i=<ref ref int source> .

Note that (a) expresses the structure of the assignment statement to
integer variables or pointers as explained in section 3 : if the destination
is of type ref ¥ then the source must be of type T .

In our proposal we have used a van Wijngaarden grammar ; the above
rules are taken from our proposal. This grammar can thus be considered as a
grammar with infinitely many rules and an infinite number of non-empty

categories.

5.2. Interpretation - types .

An interpretation of intensional logic requires a set S of possible
worlds. In our proposal these worlds must represent computer states. Since

these states can actually be constructed no ontological problems arise.
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The modes in our grammar correspond to the type in IL. In fact there
exist types in IL which do not correspond to a mode in the grammar, but are
used for the interpretation of complex expressions. Below we present a list

of types with their corrsponding modes, values and IL-expressions.

type MODE values IL-expressions

(e —_—— {true ,false } true ,false, 0=1 ,“x=5, ...
e int Z o= {...,-1,0,1,..} 1, 3+4; Y%, " “¥p, ....

8 — S (states) 803 5> ..; N

<s,e> ref int integer variables X, ¥, z, ¥p, al5], ...
<§,<s,@>> ref ref int integer pointers P

<e,e> [ Jint integer functions ~“a, An[if n=7then 5else nfi]
<s,<e,e>> ref[lint array variables a, b, qf5]

<s,<e,<e,e>>>ref [1[)int two dim array var's ¢

<s,t> — predicates ¢ vx=5)

<<8,t>,<8,t>>———— predicate transformers AP[*(*P and -(*x=5))]

The last two lines in the list will be discussed in section 5.4. Note

that we have extended IL by introduction of the if then else fi -construct.

5.3. Interpretation - states and state-switchers.

For each of the types there exists a set of objects of this type.
Objects of the type <s,e> will be functions from the set S to the set Z .
We should however not be naive and take for the set of objects of type <s,e>
the full set of all functions from S to Z . Instead we need a general model
in the sense of Henkin (see [6] & [4] ) . This restriction is motivated by
the following requirement :

If we like that our worlds describe the states of a computer it is
reasonable to require that a variable of type ref = may obtain each legi-
timate value of type Z as value in at least one state. Now take X equal
to the type ref imt . Then the above requirement implies that for each
legitimate function f from S to Z there exists a state s ¢ S such
that the value of p in state s (i.e. the interpretation of "Yp with
respect to world s ) equals £ . This would imply that there exists a
surjective mapping from the set of states S to the set of legitimate func-

tions so,due to cardinality reasons,this cannot be the full set of functions.
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The general model which we have constructed is described in [9] .

It has the following property : Let X denote the interpretation of some
ref £ identifier in the grammar, and let B denote an acceptable value of
type Z (i.e. a value which is required to exist within our model). Then
there exist for each state s an unique state denoted (x < B)s , such that
the value of x in (x « B)s equals B , whereas the value of all other
ref T identifiers are equal in the states s and (X < B)s . As before

we mean by "the value of X in state s" the interpretation of VX with
respect to world s .

This property expresses that we can freely assign a value to a desti-
nation without leaving our universe or destroying the values of other
identifiers.

The state transitions (X < B) are made expressible in IL by the use
of a corresponding set of modal operators called state-switchers . The
state-switcher corresponding to the transition (x <« B) is denoted'{ﬁlfx} .

Its meaning is defined semantically by :

"the interpretation of (8:/*x}s in state s equals the interpretation of

§ in state ((x «B8)s " .

The state switchers resemble a substitution operator but they behave

slightly different. We have the following reduction rules:

B/ x} x

= x
{8/ xY Yx = B
'{51fx} vy=-Yy 1if y#x

{B/x} (tHu) = {g/'x} t + "B/ x}u
P B < B 8

5.4. Predicate and predicate transformers.

The goal of our semantics is to obtain a predicate transformer which
expresses the behaviour of a program. The predicates on which this trans-
former should operate clearly are functions from states to truth-values,
i.e. they are objects of the type <s,t> . Since all arithmetic is perfor-
med at the level of objects of the types t and e we use the intension

operator for describing the predicates in IL .



118

For example , 5 is an integer and so is " Yx (note the use of the
extension operator !) . Hemce "Yx = 5 is a truth value ; it is frue iff the
value of x in the present state equals 5 . Now the predicate '"the value
of x equals 5" is denoted “(*x=5) .,

A predicate transformer is of the type <<s5,t>,<8,t>> . In IL these
transformers can be described using \-expressions where P denotes a
variable of the type <s,t> . We can use these expressions to denote the
meaning of programs . We illustrate this by some example.

Consider the predicate transformer :
n =APL “({5/x}*P) 1.

We compute the result of this transformer on the predicate “(*x=5) .
APLEUS/ 2P PYI(A("x=5)) = *~({5/*x}* *(*x=5)) = “U5/x¥(*x=5)) =
= “(5=5) = “true .

This simple computation shows that the transformer n transforms

the predicate '"the value of x equals 5 " into the predicate "true" .

Note that by Hoare's rule we obtain :
wp( x:=5,x=5 ) = [5/x](x=5) = (5=5) = true .

So for this particular combination of an assignment and a postcondition

the transformer 7 has yielded the correct weakest precondition.

6. THE REVISED FLOYD AND HOARE RULES FOR THE ASSIGNMENT STATEMENT.

Suppose that we execute x :=t in some state s then the resulting
state should become (x « t)s . So if we want that some predicate V¥ becomes
true after execution of x :=t it should be the case that the predicate
¥  should hold in state (x <« t)s . According to our definition of the
state-switcher this is equivalent to requiring that the predicate {t/*x}V
holds in state s . If we remember that in our framework most predicates:-

are of the form ¥ = *Y we obtain our revised Hoare rule :

wp( xi=t,¥ ) = *( {t/'x¥ ) (Hoare')
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The revised Floyd rule becomes :
Ap( x:=t,¥ ) = ~( 3z{ {z/fx}¢ N fx = {z/*x}t 1) (Floyd')

We may express the above by stating that the meaning of the assignment

x := t is given in IL by the (backward) predicate transformer :
APL “( {e/*x}P ) ]

or the (forward) predicate transformer :

AP[ ~( 3z {z/*xI*P A “x={z/"x}t 1)1

By way of example we treat program 3. As postcondition we take

*(CVz=6 A fp=x ) . By applying rule (Hoare') we obtain the following
calculation:
wp( program 3, “( Yz=6 A ¥p=x ) ) =

~( A5/ xHx/ pHx+ 1/ XM7Y p/" 2} (Tz=6 A Vp=x) ) =

~( A5/ xHx/ pHx+1/"x} (Yp=6 AVp=x) ) =

‘('{S/fx}{x/fpﬂfx+l1fx} ( Vx=6 A p=x )y ) =

‘('{S/fx}{x/fp} (¢ fx+l=6 A¥p=x) ) =

~C {5/ xHx/*p} (Yx=5 A¥p=x) ) =

‘('{S/fx} ¢ v =5 A x=x Yy ) =

*C{5/x} (¥x=5) ) =

A(5=5) =

~ true

So this computation yields the correct result.

The correctness of the rule (Floyd') was proved in [9]; in [10] we
have shown that the correctness of (Floyd') and (Hoare') are equivalent
so (Hoare') is correct as well.

Next we consider the assignment to array elements, e.g. afil:=vy .
In this assignment both y and i may be replaced by expressions with the
same value, but for a such a replacement is forbidden. So the phrase
al[i] := y is referentially transparant in i and y, but referentially
opaque in a . This indicates that each of the three sub-expressions a ,
i and y has an independent contribution to the meaning of the assignment.
Due to the principle of correspondence between syntax and semantics we have

decided to use a three—placed rule for describing these assignments.



Ji2@

The value of a 1is the intension of a function from Z into Z .
The semantics of assigning a value to an array element can easily be descri-

bed by assigning a new function to the array-identifier as follows :

"the meaning of the assignment a[i] :=y 1is equivalent to the meaning of

the assignment a := An[ if n=1ithen y else a[n]l fi 1" .

This type of rewriting is repeated until the destination becomes a
simple identifier.
By way of illustration we present the example:
wop(alvil:= 6, ~(Cal*il="al[*jl ) ) =
wp(a := Anl[ if withen § else valnl fil, “Cval*il =*al'jl) ) =
([ if n= i then 6 else ¥a[nl] fi-/*a} ( Ya[*i] = val¥jl ) ) =
“(Anlif n="it1:én 6else>alnlfi }[¥il = A\n[ifn="1ithen 6el,§é Yal[nlfi H¥jl =
=Y =" fhen,6=6 else 6=*a[vjl fi ) e - - |
Gl i v Yaltyl = 6 )
This is again the correct result.
The solution of considering an assignment to the array element as
being an assignment to the array itself is not new. It can be found in
Gries [5] , Hoare [8], or Pratt [12]. The solution given in de Bakker [1]
may be derived from our solution, but was not obtained by use of assignments
to the array identifier. Moreover, the use of intension and extension
operators seems unnecessary as long as no pointers are involved.

Examples of use of the modified Floyd rule can be found in (9] .



7. APPLICATIONS TO NATURAL LANGUAGE

In this section we present some tentative suggestions indicating how
the tools mentioned in the previous sections might be useful for natural

languages as well.

7.1. Van Wijngaarden grammar

It has been demonstrated that the concept of a van Wijngaarden grammar
is a very powerful tool (e.g. in the formal definition of ALGOL 68 [17 ]). On
the other hand it is a very manageable kind of grammar, due to the principle
of splitting up the rules in two levels: the meta rules and the rule schemes.
A -restricted- use of such grammars seems fruitful for natural languages as
well.

There are syntactic arguments for distinguishing among the nouns:
several subsets, e.g. mass nouns and count nouns. If these subsets are
considered as independent categories, we would lose the information that
they behave in much respects the same: they can all be combined with a
determiner in order to form a term, they all may have a relative clause and
in each we may substitue a term for occurrences of hen. If we use the idea's
of a van Wijngaarden grammar, the differences and relations between these
subsets can 'be expressed in a short and readable way.

We might use the meta-rules

NOUN -~ Mass Noun
NOUN —= Count Noun
and the rule schemes

s 1 € € S
83: if o PNOUN and B Pt then F3’n(a,3) B I

S4: if a € and ¢ € P_ then F (a,2) € Py

P
NOUN T 10,n OUN

The definition of a van Wijngaarden grammar requires that all
occurrences of NOUN in e.g. S3 are replaced by the same terminal production

of NOUN. So S3 expresses that a Mass noun with a relative clause still is a



Mass Noun and that a Count Noun with a relative clause is a Count Noun again.
The same holds for rule S15.

The power of a van Wijngaarden grammar can also be used to deal with a
restriction on the use of term substitution. Rule S14,n needs as input a
term phrase and a sentence. The term has to be substituted for the first
occurrence of hen. A reasonable requirement is that the sentence indeed
does contain an occurrence of hen. This cannot be expressed in the rules
of PTQ. Using a van Wijngaarden grammar with structured category symbols
which contain information about the hen's that have to occur, one can
formulate the rules in such a way that it is guaranteed that the restriction
is satisfied. In such a situation the rule scheme representslan infinite
number of rules since there is no last hen.

Notice that in fact PTQ [1! ]contains (very limited) rule schemes.

A rule like Sl4,n is rule scheme with meta notion n » the terminal productions

of this metanotions are 1,2,3,.. .

7.2 State Switchers

In PTQ [ 11 ] there are defined the modal pperators for necessity, possi-
bility, future and past. The state switchers provide a large extension of
this class of operators. An example of a sentence which is difficult, if not
impossible, to treat using only these four modal operators is the following
(due to Saarinen [14 ] )

Every man who ever supported the Vietnam war, now believes that he was

an idiot then.

A translation like

Vx [man(x) A M ( support(x, Vietnam-war) - believe(x, ™ H({idiot(x))]
is incomplete in sofar that it does not express that the same moments in the
past are involved. If we can use a state-switcher for modifying the time-
coordinate, we may enforce coherence:

Vx Ve, [man(x) AL 7t} (support(x,Vietnam-war) -

be,&éeve(x,*({to/t}ictéot(x))]
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7.3, Predicate Transformers

The basic expression in a programming language is the assignment.

For the computer an assignment is a command to perform a certain action. We
have demonstrated how the semantics of such commands is dealt with by means
of predicate transformers. Inspired by this approach we might do the same
for commands in natural language. Consider for instance the imperative

John, drink tea.

Its translation as a predicate transformer would becomes something like

AP [ “(BC'P) A drnink-tea(”j)]

This expression describes the change of the state of the world if the command
is obeyed. The operator B is a kind of state-switcher, it indicates the
moment of utterance of the command.

A similar approach can be used to describe the semantics of actioms.
One might describe the semantics of performative sentences like

We crown Charles emperor.
by means of an predicate transformer.

Often a sequence of sentences is used to perform an action rather
than to make some assertions: sentences can be used to give information to
the hearer. Consider the text

Mary seeks John. John is a unicorn.

These sentences might be translated into the predicate transformers

APIP A eeky(m,i)] and P[P A uniconn, ()]

Suppose that the information the hearer has in the beginning is denoted
by ¢. Then by the first sentence this information is changed into

o A seely,(m,j)
and by the second sentence into

¢ A seek,(m,j) A unicorn (J)

From the final expression the hearer may conclude that Mary seeks a unicorn.



124

8. REFERENCES

1

10

11

13
14

15

16

17

de Bakker, J.W., Correctness proofs for assignment statements, Rep.
IW 55/76, Mathematical Centre 1976, Amsterdam.

Floyd, R.W., Assigning meanings to programs, in J.T. Schwarts (ed.)
Proc. Symp. in Appl. Math. 19, Mathematical aspects of computer
sciences, Am. Math. Soc. 1967, pp. 19-32,

Frege, G., Ueber Simn und Bedeutuny, Zeitschrift fir Philosophie und
Philosophische Kritik 100, 1892, pp. 25-50. Transl.: On sense and
reference, in P.Geach & M.Black (eds.) Translations from the
philosophical writings of Gottlob Frege, Basil Blackwell 1952,

Oxford.

Gallin, D., Intensional and higher order modal logic, North. Holl. Publ.
Comp. 1975, Amsterdam.

Gries D., Assigmment to subscripted variables, Rep. TR 77-305, Dept.
Comp. Sci. Cornell univ. 1977, Ithaca NY.

Henkin L., Completeness in the theory of types, J. Symb. Logic 15 1950,
pp. 81-91,.

Hoare, C.A.R., An axiomatic base for computer programming, Comm. ACM 12
1969, pp. 576-580.

Hoare, C.A.R. & N. Wirth, An axiomatic definition of the programming
language PASCAL, Acta Inf. 2 1973, pp. 335-355,

Janssen, T.M.V. & P. van Emde Boas, On the proper treatment of referen—
cing, dereferencing and assigrnment, in A. Salomaa & M. Steinby
(eds.) Proc. ICALP 4 (Turku 1977), Springer Lecture Notes in Comp.
Sc. 52, pp 282-300.

Janssen, T.M.V. & P. van Emde Boas, The expressive power of intensional
logic in the semantics of programming languages, in J.Gruska (ed.)
Proc. MFCS 6 (Tatranska Lomnica 1977), Springer Lecture Notes in
Comp. Sc. 53, pp. 303-311.

Montague, R., The proper treatment of quantification of ordinary English,
: in J.Hintikka, J.Moravesik & P.Suppes (eds.), Approaches to
natural language, Reidel 1973, Dordrecht. Repr.: in R.H.Thomason
(ed.) Formal philosophy. Selected papers of Richard Montague,
Yale university press 1974, New Haven & London.

Pratt, V.R., Semantical considerations on Floyd-Hoare logic, Proc. IEEE
FOCS 17 1976, pp. 109-121.

Quine, W.V.0. Word and Object, the MIT press 1960, Cambridge Mass.

Saarinen E., Backwards-looking operators in tense logic and in natural
;anguagg, ig J.Hintikka, I.Niiniluoto & E.Saarinen (eds.) Fssays
on mathematical and philosophical logic, Reidel 1978 Dordrecht.

Strachey, C., Towards a formal. semantics in T.B.Steel (ed.) Formal

language description languages for computer programming, North.
Holl. Publ. Comp. 1966 Amsterdam, pp.198-220.

Stoy, J.E., Denqtational Semantics: The Scott-Strachey approach to
programming language theory, the MIT press 1977, Cambridge Mass.

van Wijpgaarden, et al. (eds.), Revised report on the algorithmic
lanquage ALGOL 68, Tract MCT 50, Mathematical Centre 1976,



125

THE USE OF CATEGORIAL SYNTAX IN MONTAGUE GRAMMAR

Peter Eisenberg

This paper examines some aspects of the way, categorial syntax

is used in Montague grammar. It tries to answer the question
whether it is justified, suggestive or even necessary to take ca-
tegorial syntax as the basis for grammatical description within

this framework.

Our problem must be seen within the following context. One of the
main issues in recent work on syntax has been the relatedness
between properties of grammars and properties of language. This
problem can be approached in many different ways. One way of
putting it was the well known attempt of the generative school

to find out which grammar - or class of grammars - is formally
most restricted and still sufficiently rich for the description
of natural language. For reasons which have been given elsewhere
we consider this kind of question as misleading and not to be

answered.q

Much less ambitious but indispensable is the requirement for the
grammarian to know, whether the formal properties of a grammar -
understood as the properties of a metalanguage - are such that
the structural properties of a given object language can be
adequately described. With respect to the use of categorial syn-
tax in Montague grammar there are a number of obstacles to the
answer of this question which force us to rely partly on specula-
tions and suppositions. First of all, the fragments which are
dealt with in Montague grammar are at present still relatively
small. Therefore it is not always easy to imagine how certain
phenomena would be handled within a certain fragment, what the
result would be if certain fragments would be put together etc.
So it might very well be the case that some of the suppositions
which will be made in what follows do not lead to the best
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solution possible. I am quite sure that some of my criticisms
could be avoided by simply giving a different grammatical solu~-
tion for the phenomena in question.

Another difficulty is caused by the fact that if one wants to

say something about the relation between properties of grammar
and properties of language one has to know exactly what these
properties are. The interest of this paper is mainly a syntactic
one, i.e. we are interested in the compatibility of the structu-
ral properties of the object language with categorial syntax. In
Montague grammar this syntax is not used for the description of
the surface of natural language in a strict sense: in most cases
our object language is a language somewhere between the surface
and a semantic correlate language and has to be related to the
surface by a transformational component or the like. So it is not
quite clear to what extent we are talking about syntactic proper-
ties of natural language at all when we talk about Montagues des-
ambiguated language, about the language which Bartsch describes
on what she calls the categorial level etc., or wkether we are
talking at least in part about semantic properties of natural lan-
guage. For this reason we will be cautious and mostly employ the
term 'grammatical' to avoid « committment with respect to syntax
and semantics. The difficulties with the language are augmented
by those with the grammar. Categorial grammar is by no means the
same thing everywhere in Montague grammar. On the other hand,
categorial grammar is now widely used within this framework. For
some people it is even part of the characteristics of modeltheo-
retic semantics to use a categorial syntax.

Despite these difficulties it seems possible to put forward some
properties of categorial grammar (henceforth CG) as well as of
the object language to be described which are common to most
approaches and to relate these to each other. By doing this we
will come to the conclusion that CG is not compatible with the
properties of these languages, or that it is at leas not justi-
-1ied to use this highly restricted type of grammar.

T> begin with an example, I would like to question the assumption



that it really is an advantage, as some authors seem to imply,2
if the potential categories of the grammar are recursively enu-
merable, provided the basic categories are given. This property
of categorial grammars Seems of questionable value, because up to
now the recursive properties of natural language as well as of
those artificial languages used for semantic description have
been explicated by relating the infinite set of object language
expressions to structural relations between elements of the fi-
nite metalanguage vocabulary. CG certainly does not claim that

an infinite stock of categories is needed for the description of
any language, but nevertheless it makes available such '‘an inven-
tory. By doing this it poses the question in which way and for
what reasons a language does choose its categories from the in-
finite stock. This question is of great interest, but it can

only be put as a gsensible and concrete one if one knows something
about the parameters by which the infinite set of categories is
to be describéd. Infinitness is not a merit as such. Therefore
one is again confronted with the question of whether the specific
formalism of CG is at all adequate to capture the grammatical

properties of natural language.

In what follows we will discuss this question by defining a cG

as having the following properties: (a) the categories of the
grammar are recursively enumerable, (b) the set of categories
devides into the disjunctive subsets of basic categories and de-
rived categories, and (c) all derived categories have to be under-
stood as being functors or operators on other categories.

I would now like to make some remarks on the relation between

CG and context free phrase structure grammar (PSG), since I be-
lieve that the extensive use made of CG at the moment can histo-
rically be explained by considering the relationship between

these two types of grammar.

In his work on CG Bar-Hillel discussed in some detail the
question of why this kind of grammar is not adequate for the
description of natural language surface structure. Besides the
repeatedly mentioned difficulty to handle discontinous consti-
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tuents Bar-Hillel (1960a,81) hints at the problem that a more
detailed categorization of nouns (sg. - pl., animate - inanimate)
or of sentences (question, assertion, imperative) would enhance
the number of basic categories without giving us the possibility
to relate these categories to each other in an adequate way.
Further notational complications which have nothing to do with
the basic idea of CG would be required to formulate the rules

for grammatical determiners, subject-verb agreement, and similar
phenomena. Bar-Hillel concludes that it is "highly doubtful
whether English grammar ... can at all be forced into the strait-
Jackett of the immediate constituent model and remain workable
and revealing."(ibid.).

This formulation shows that Bar-Hillel is not concerned with the
specific properties of CG, but with PSG in gerneral. He extensively
discusses the relationship between the two types of grammar and
concludes that CG is inadequate for the description of natural
language because PSG is. Since Chomsky (1957) had shown PSGs to
be inadequate, it was sufficient for him to show that CG and PSG
are (weakly) equivalent to question the adequacy of CG (cf. Bar-
Hillel 1960b, 103 and 114). This equivalence was then often an
important argument when the question of adequacy was discussed.
The specific properties of categorial grammar as compared to PSG
have not been considered to be of great interest. So it is not
surprising that Lewis (1972,173) remarks one should be concerned
with categorially based transformational grammars because "we
have become interested in the plan of using a simple phrase
structure grammar as a base for transformational grammar". And
for Lewis, a PSG is of course nothing but a notational variant

a CG (ibid).

In the most recent discussion concerning the appropriateness of
CG as surface grammar Bartsch et al. (1977) also draw our atten-
tion nearly exclusively to those difficulties which also hold

as well for PSGs. Besides Bar-Hillel's criteria they mention the
following ones. (a) "die morophophonemischen Veranderungen an
Wortern in ihrem syntaktischen Gebrauch" (216) as we find for
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instance as Ablaut in the forms of the past of German strong
verbs (singe - sang). There are no gpecific difficulties for

categorial grammar here, i.e. no difficulties which would not
arise with PSG. (b) the fact that certain constituents can have
multiple syntactic functions (215f.). In sentences like Maria
ist schoner in Hosen als im Kleid, in Hosen has the same syntac-
tic relation with respect to Maria as has im Kleid. Similarly,
tanzt has a double syntactic function in Hans tanzt und Fritz
auch. Here we also don't see special problems for CG. And if one,
as Bartsch et al. (216) does, calls such expressions not well -
formed with respect to CG "weil sich aus den Bedeutungen der
Teile nicht die Bedeutung des Gesamtausdrucks ergibt", then this
can of course be generalized. There is no grammar at all which

could assign the meaning of Fritz tanzt auch to an isolated con-
stituent Fritz auch. According to the logic of Bartsch et al.
such expressions would not only be illformed with respect to CG
but would not be wellformed at all. (c) the assignment of ex-
pressions to different categories, "die in ihrer Funktion gleich
sind" (214), for instance the categorization of the adjective in
weiBe Rose as n/n and in rose blanche as m\n. Here we are in fact
faced with a difference to PSGs. While in PSGs the distributional
behavior of syntactic units may be a criterion for their categori-
zation, this is necessarily the case for operator categories in
CG. Yet it is questionable whether one can call CG "nicht ada-
quat fiur natiirliche Sprachen" (215) because German and French

have different syntax.

I hope that was has been said so far is sufficient to illustrate
that the specific properties of CG have not played a central role
when its adequacy was discussed. In most cases it was rejected
because of its close relationship to PSG.

As long as one talks about syntactic surface structures it does
not seem to cause much trouble if CG is just understood as a
special type of PSG. But in my opinion this identification has
had the unfortunate consequence that some important properties
of CG have not been seen any more. In other words, it was
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assumed that CG would be adequate for the description of natural
language if the problems could be solved which prevent its appli-
cation as surface grammar. As a cosequence of this, we will have
to show that this is not the case. In my opinion CGs are even
inadequate for the type of language they are now used for.

Let us now first have a look at the relationship between the
category of an expression and its distribution. Generalized lin-
guistic statements, concerning classes of expressions or whole
languages, can not be made without the use of grammatical cate-
gories, no matter what is considered to be the ontological sta-
tus of these categories. The possibility to make generalized
statements relies on the assumption that grammatical categories
are sets or indices of sets of expressions which share certain
properties. If - as it is explicitly or implicitly the case in
most linguistic approaches - distribution is the most important
criterion for categorizing expressions, then the simplest common
property of a grammatical class of expressions is to ocecur or
not to occur in a certain linguistic context. Of course this
simplest case is not what linguists are looking for. Instead,
expressions are classified with respect to all or no common con-
texts. Only by trying to do this can one hope to come close to
the most generalized statements.

This is one of the points which can only be partly taken into
account if we use a CG. The reason is that within CG every cate-
gory has to be used either as an operator or as an argument.
With respect to the use of categories as arguments no special
problems show up. Arguments are usable more or less like 'normal'
grammatical categories in that they can occur in every possible
context. Those categories which occur exclusively as arguments
can even be established by classical distributional methods,
since for every possible context one can think of a suitable

derived category. Derived categories, on the other hand, are
bound to the occurrencein one single context as long as they are
used as operators. Therefore, we are forced to assign to a class
of functional or relational expressions a different category
for each single context, even if these expressions share all of
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their contexts. So it is impossible to account for the familiar
property of natural language and many artificial languages

that expressions of this kind take formally (i.e. syntactically)
different classes of expressions as arguments. Let us give some
examples for what is ment by this.

In Montague 1970 (250) conceive and be are taken as transitive
verbs (tv). Both of these verbs illustrate the difficulty of CG
we are talking about. Besides transitive verbs Montague (ibid.)
uses a verb class which maps sentences into intransitive verbs

(iv/t) like believe that, assert that etc. Without doubt con-

ceive that belongs also to this class, since we have John con-
ceives that the plan is difficult as well as John conceives the

difficulty of the plan. Montague has avoided the treatment of
such cases, which really are nothing special in natural language.
In his fragments a verb always belongs to the 'that-verbs' or

to the transitive verbs. From a linguisitc point of view it is
most important for the categorization of conceive that this verb
takes nominal complements as well as certain sentential comple-
ments. It is this property which makes conceive syntactically
different from tv-verbs and from iv/t-verbs, and of course there
are semantic differences which correspond to the syntactic

ones.

Most grammars express facts of this kind on the level of syntax
by taking verbs like conceive as a class for themselves and
giving them their own syntactic category. As opposed to this, in
CG this verb has to be considered as belonging to several cate-
gories. Of course it is possible in every single case to bring
up an argument as to whether a unit should be assigned to seve-
ral categories or whether one should establish a new categorye.
At the moment we are not interesting in claiming that we have
found the right solution of this problem, not even in any single
cagse. What we want to show is that CG brings discussions of

this kind to an end simply because the format of its categories
does not allow us to formulate things in different ways. The
structure of the grammatical format prevents us from raising
certain grammatical questions.



Consider now the difficulties which we run into when we want

to h@pdle'the most simple grammatical phenomena involving the

verb be. Montague's treatment of be as transitive verb is

based bn sentences with nouns in predicative position. The
question then arises, to which category be should be assigned in
copula sentences with predicative adjectives. If one is not to
claim that 1s in John is teacher is the form of a completely
different verb from is in John is clever, then one has to treat
be uniformly as a transitive verb and to assign predicative ad-
jectives to the same category as predicative nouns. But the attri-

butive adjectives, which are normally considered to be of cate-
gory n/n, would have to be categorized differently from predi-
cative adjectives., Categorial grammar makes the best of this
dilemma when it states that "schon in drei Kategorien, nimlich
als Adnominal, als Adverbial un als Prdadikatsadjektiv gebraucht
wird." (Bartsch et al. 1977, 214). If one follows our argument,
then adjectives like schon belong to several categories simply
because sein should not belong to several categories. This is
again a cqnéequenqe of the fact that in CG operator categories
cannot operate on different argument categories.

In most Montague grammars adjectives belong to those classes of
expressions which can equally well be used as operators (attri-
butive) and as arguments (predicative). Verbs also belong to
this class, since they mostly work as operators when they bind
their subject and objects, and as arguments when they are modi-
fied by adverbs. But while in the grammar of Bartsch et al.
(1977, 212) as in many other CGs verbs do not change their ca-
tegory when they switch from operators to arguments, adjectives
do'change their category. What could be the reason for this dif-
ference? In my opinion, the claim that adjectivesbelong to
several categories rests on a confusion of the concept of cate-
gory and the concept of function, in other words, attributive
and predicative adjectives belong to: one single category (namely
the category of adjectives), but they can have different gramma-—
tical function.
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With respect to most types of grammar, much has been said about
the danger of confusing the concepts of category and function.
For CG of the kind which is presently used within the framework
of Montague grammar almost nothing has been said about this
problem, though there are special reasons here for mixing up
the two without becoming aware of it.

In CG category and function coincide for those units which are
used as operators. 1f an adjective is of category n/n and is
used as operator, then this means that its function as attribute
is given with its category. By this we don't want to say that
this method of characterizing grammatical functions or relations
will be generally sufficient for natural language. This method

is restricted to the use of dominating and coordinated catego-
ries, since only these categories can show up in a derived
category, and it is doubtful whether this will be enough for

all cases.3 Yet as far as this method works, category and function
indeed coincide for the units in question, i.e. the function of

a unit is given by its category alone. In a language which is
described by a CG such an unit has, when used as operator, one
and only one function.

The situation is different with respect to units which are not
used as operators, no matter whether they belong to basic or de-
rived categories. Nothing can be said from the category alone
about the function of the unit. According to the grammar of
Lewis 1972 (172) we would categorize grunts as t/n and piggishly
as (t/n)/(t/n) when they are used as in Petunia grunts piggishly.
Here the category of the verb does not tell us anything about
the verb's grammatical function but only about a possible func-
tion as predicate. With respect to units which belong to basic
categories, not even this will be the case. Their categories do
not tell us anything about their function, as is generally the
case with the other types of grammar. The same holds for units
which belong to derived categories but whose category is never
used as an operator category, like intransitive verbsy(t/e) and
common nouns (t//e) in Montague 1970 or infinitive phrases
(t///e) in Thomason 1976 @28
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In CG the relationship between category and function is more
complicated than in other types of grammar because there is the
special difficulty that in certain cases categorial and functi-
onal decisions coincide. This restricts the flexibility of our
metalanguage to some extent. It also means that there cannot be

a unified method of establishing grammatical gategoeries. Whereas
normal grammatical procedures can be applied in most cases for
establishing argument categories, this does not hold for
operators.

The partial identification of category and function has the fur-
ther consequence that the grammarian is faced with the necessity
to regard one certain occurrence of a unit as basic, i.e. respon-
sible for the categorization of that unit, and all the other
occurrences as secondary. The distinction between a 'primary',

an underlying', or 'basic' use and 'derived', 'secondary', or
'nonbasic' uses of a unit is to a certain extent responsible for
the fact that the empirical foundation of many grammars,
especially those of the generative persuasion, has become more
and more problematic during the past ten years or so. For this
reason alone, one should try to avoid such a distinction as long
as one does not have a satisfactory interpretation for concepts
like ‘primary' and Secondary' use. The constraint that one has to
decide between primary and secondary uses, which has its reason
in the special format of the derived categories, often makes the
distinction an arbitrary one. Moreover, it leads to technical
difficulties in some cases.

As an example consider intransitive verbs as compared with nomi-
nals. For the verbs it seems to be quite natural to regard their
use as predicates as primary and their use as arguments to ad-
verbs as secondary, though it is not quite easy to give the pre-
cise reasons for this intuition. But with respect to nominals

we cannot even rely on our intuition. Take the nominals which
Montague (1970) calls terms. Their categorization as t/(t/e)
tells us that their use as subject is regarded as determining
the category. Now Cresswell (1973, 81) points out that this
categorization of terms (or that as t/(t/n), since the special
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role, which Montague assigns to the category e, is of no impor-
tance here), does not allow for the grammar to be formulated in
a natural way as long as one wants to have what Cresswell calls
a pure categorial language as object language and CG as language
- of grammatical description. The reason for the difficulties is,
according to Cresswell, that terms have to belong to the same
grammatical category, regardless of whether they are used in
subject position or in object position. But when categorized as
t/(t/n), terms can not combine with transitive verbs (which are
of category t/m,n in Cresswell's grammar). Therefore Cresswell
proposes the introduction of variables, i.e. he changes the
object language and makes an important step towards A-categorial
languages. Terms can now be uniformly assigned to category
t/(t/n). For this one has to pay the price that the object lan-
guage has diverged quite a lot from natural language. Grammar
has had another victory over language.

Quite different consequences follow from a uniform categorization
of terms in Montague 1970. While Cresswell uses an object language
in which terms occur always as operators of the category t/(t/m),
regardless of whether they are used as subject or as object in
the corresponding natural language sentence, Montague uses terms
as operators only in subject position. As direct objects and in
prepositional phrases, terms are considered to be arguments of
transitive verbs or prepositions respectively, but they are
always of category t/(t/e), cf. Montague 1970, 251 (rules S4,

S5, S6). As is well known, Montague wants to assign expressions
like John and every man to the same category because they are
closely related with respect to their syntactic properties. They
both can occur as subject and as object (cf. Partee 1975,
236ff.). Since in Montague grammar a strict parallelism between
syntax and semantics is required, syntactic kinship also has to
mean semantic kinship. Therefore, Montague treats terms semanti-
cally always as sets of properties. From this in turn it follows
that they syntactically must operate on expressions which denote
properties (i.e. intransitive verbs).
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This example shows what it can mean for CG if in fact syntactic
considerations are not neglected at some point. The assignment
of terms to one single category has the consequence that sub-
Jjects and objects have a different status with respect to the
operator-argument-distinction. For the grammar of PTQ this con-
sequence is even worse, because transitive verbs translate to
simple two place expressions in intensional logic, whose argu-
ments don't show any syntactic differences. With respect to the
object language, syntactic unification at one point leads to
irregularities at some other point, the reason for this being
that category and function can not be related to each other in
an uniform way.

One further restriction of CG, which also follows from the
division of the categories into operators and arguments, becomes
apparent when one looks at its possibilities to handle recursive
properties of languages. No difficulties arise with argument
categories as can be seen from widely used categories like n/n

or iv/iv. On the other hand it is impossible to use operators

as selfembedding categories since an operator always contains

its dominating category. A structure like (1), which could occur in

(1) [afa[b ¢ e]]

a verb phrase (a) dominating several noun phrases (c) as objects
on different constituent levels, has no isomorphic correlate in

CG.Instead one would have something like (2).

@) .
2N

//ﬁ(sxxx‘ c
(a/c)/c c

But in the present case one has to realize that the structure

in (2) is more adequate than the. one in (1), which is generated
by the recursive rule a-—»a b . Since we always can tell

what the number of objects can be for a given verb, no recursive
rule should be applied here.4
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Yet in natural language there can be constructions where a
branching category is dominated by itself by virtue of recur-
sive rules. Consider for instance nominal attributes in German
1ike das Auto des Mannes der Schwester seiner Frau, to which a

structure like (3) would be assigned in PSG.

(3) [a[a a[a a[a a]]]]

If we want to treat all attributes in the same way we treat
attributive adjectives, i.e. as operators on nouns, then we

would have to assume a structure like (4) in CG.

() E
////\\\\
a a\a
\
a d\(%}izhﬂ
4 an(a\(ana))

Of course this structure can do everything that could be done

by the constituent structure (3). Nevertheless it is an extre-
mely clear demonstration for the necessity to keep category and
function distinct, since otherwise the category of a unit will
be dependent of how deep that unit is embedded in a recursive
construction. This would mean that we would have to give up the
idea of assigning a unit to finitely many categories and instead
to make use of the possibility to generate and to use infinitely

many categories for CG.

Moreover, (4) exhibits a consequence from the property of cate-
gorial grammars to specify syntactic rules by specifying syn-
tactic categories. Schnelle writes (1973, 157): "Zu jeder so
eingefiihrten Kategorie ist im Prinzip eine Regel moglich ... Aus

diesem unbeschrénkten, aber definiten Reservoir wird aber Jjede
Sprache ... nur endlich viele aussondern ... Zu jeder speziellen
Sprache gibt es also, wie bei den klassifikatorischen Gramma-
tiken, ein endliches System von Eigenschaften, nach dem die unbe-
schrankte Menge von Ausdrucksgestalten charakterisiert wi:r.'d."5
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Despite this, there is a significant difference with respect

to PSG. In PSGs every category can be dominated by itself if
there is a rule to this effect. Since there is - as far as I
know - no theory which says that the recursive properties of na-
tural language have to be explicated by means of certain cate-
gories, one should regard it as a necessary condition for gram-—
mars to allow for all categories to occur in endocentric con-
structions. In this respect every restriction needs special
Justification.

One concluding remark concerning the possible generality of our
arguments seems to be necessary. Our starting point was the re-
lationship between category and distribution, i.e. we have inter-
preted a category like a\b/c as "the unit which belongs to this
category has the categorial context a._c." Without any doubt
this is not the only interpretation which can be given to the
categorial slash, cf. Schnelle 1973, 155f. But however it is
interpreted, it always expresses a structural relation between
constituents. And whenever this relation will be changed, the
category has to be changed. Therefore category and function will
always be bound together in the way we have criticised. Indepen-
dance of category and function presupposes that the elements of
pairs or n-tuples of constituents can be related to each other
by the same grammatical relation even though their structural
relations might be completely different.

Montague (1970, 249) made the guess that "It was perhaps the
failure to pursue the possibility of syntactically splitting
categories originally conceived in semantic terms that accounts
for the fact that Ajdukiewicz's proposals have not previously
led to a successful syntax." I do not think that this is quite
correct but that there are more basic shortcomings of CG which
prevent us from using it for the description of natural lan-

guage.
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4 In Lieb 1974, 43ff. it is argued that transformational gram-
mars do not contain any expressions "that can be understood as
statements on the intended subject matter of the grammar". (43)-

2 ¢f. e.g. Schwarz 1977, 69: nMit zwei klaren Grundkategorien
und einer einfachen Regel wird versucht, alle anderen Katego-

rien zu entwickeln ..."

3 A clear example where we have to "look down" into the struc-
ture are sentences like Egon zweifelt ob Paul kommt as comparerl
to Egon zweifelt weil Paul kommt. The syntactic function of the
subordinate clause becomes clear only when we look at its intexr--

nal structure.

i An other way of handling nominals in subject- and object-
position, which also shows clearly how CG works, is proposed ip
Iambek 1958. Lambek (161f.) categorizes proper names uniformly
as n whereas pronouns are assigned to different categories. One
reason for this is the difference in form between he and him.
For pronouns Lambek introduces categories very similar to those
which much later were used by Montague and Cresswell, namely
s/(n\s) for he and (s/n)\s for him. This differentiation is
possible because there is a correlation between difference in
form and difference in distribution in this case. The common
properties of proper names and pronouns are then expressed by
syntactic rules of the form n — s/(n\s) . This is to say that
basic categories can be expanded into derived categories within
this grammar. If the difference between operators and arguments
is to make any sense at all for the syntactic description, then
rul 3s of this kind certainly can not be permitted.

5 Roughly speaking, klassifikatorische Grammatiken in Schnelle's

sense are grammars whose categories are to be one place predi-
cates whose extensions are classes of expressions (op.cit., 143) .
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SOME OPERATORS CANCELLING HYPERINTENSIONALITY
Michael Grabski

Hyperintensional contexts - in the sense that they are
"egstablished" by certain operators - are those in which
substitution even by logically equivalent expressions does
not presérve the truth Value of the sentence in questionl)
An example for an operator establishing hyperintensional

contexts is believe that; believe that is more "sensitive"

than, for instance, necessarily, in that the latter, but

not the former, permits substitution by logically equivalent
expressions salva veritate.

In the following, I discuss properties of German analogues

of these operators (i.e. glauben daB and notwendigerweise)

as well as of some other German words as my intuition, al-
though probably strange enough, is more firm there.

The mentioned properties of glauben daB and notwendiger-—

weise can be illustrated by the following sentences, where
(1) and (2) entail (3), but (4) and (2) don't entail (5).

(1) Notwendigerweilse (2 und 2) = 4.
(Necessarily (2 plus 2) = 4.)
(2) 2 = (5 minus 3)

(3) Notwendigerweise ((5 minus 3) und 2) = 4.
40)

(Necessarily ((5 minus 3) plus 2)

(4) Fritzchen glaubt, da8 2 und 2 = 4.
(Fritzchen believes that 2 plus 2 = 4.)

(5) Frdtzchen glaubt, daB ((5 minus 3) und 2) = 4.
(Fritzchen believes that ((5 minus 3) plus 2) = 4.)

A situation (or context) in which (2) and (4) are true while
(5) is false can easily be conceived: Fritzchen knows enough
of arithmatics for the truth of (4), but he is far from

accepting (2), although, for a more or less classical notion
of "possible world", (2) should be true in all possible worlds.

In other words, substitution of the term 2 by the logically
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equivalent term 5 minus 3 within a sentence like (4) does

not preserve its truth value.

A similar, although a bit different case is the relation

between (6) and (7):

(6) Fritzchen glaubt, daB nicht der Fall ist, daB Franz
nicht kommt.

(Fritzchen believes that it is not the case that Frangzg
does not come.)

(7) Fritzchen glaubt, daB Franz kommt.

(Fritzchen believes that Franz comes.)

(6) does not entail (7) , as it might be the case that Pritz-
chen is so "logically blind"z)that he believes a twice neg-
ated sentence to be true without believing the sentence it-
self to be true.

The difference of the step from (6) to (V) to the one from
(4) to (5) is that in the former no substitution is involv-
ed; instead, it is crucial how certain words occuring in (6)

(especially nicht) can be "computed@" with one another.

Now some words seem to interfere with glauben daB in that

they change the hyperintensional contexts established by
that operator into intensional ones when embedded under it.
Among these words is sozusagen (Engl. as it were, so to
speak) , others, which I shall not differentiate here, are
dewissermassen, gleichsam, guasi.

I take sozusagen as a Trepresentative of these. It is plaus-

ible to regard it to be a t=placeé /sentence operateorvthat

can be inserted under glaubt daf in (4) and (5) which yields
(4') and (5'):

(4') Fritzchen glaubt, daBg gozusagen 2 und 2 = 4,

(Fritzchen believes that, as it were, 2 plus 2 = 4,)

(5') Fritzchen glaubt, daB sozusagen ((5 minus 3) und 2) = 4.
(Fritzchen believes that, as it were, ((5 minus 3) plus
2)=4.)

Now, for me, (5') is entailed by (4'), together with (2)
above; it is even entailed by (4), together with (2). As for
(6) and (7), (7') is entailed by (6):

{7') Fritzchen glaubt, daB sozusagen Franz kommt.
(Fritzchen believes that, as it were, Franz comes,)
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In the same way, (7') seems to be a consequence of (7) but
not vice versa, for (7') might be true because (6) would be
true and, at the same time, Fritzchen would not subscribe

to the truth of Franz kommt.

To sum up the rdle of sozusagen and its mates in more pragma-
tical terms, it seems to permit reference to beliefs (and
similar highly subjective propositional attitudes) of others

by sentences which are no longer hyperintensional, that is,
gﬁgge%£eat least to some logical operations; these operators
have a kind of "adapting function".

In (5') a logically equivalent expression has been substituted;
does sozusagen permit substitution by contingently equivalent
expressions? This seems not to be the case (although my intuit-—
jon is weaker here), cf. (8) - (10) (substitution of a term) and
(11),(12) (substitution of a sentence) :

(8) Fritzchen glaubt, daB Franz kommt.
(Fritzchen believes that Franz comes.)

(9) Franz = der Gewinner des Wettrennens.
(Franz = the winner of the race.)

(10) Fritzchen glaubt, daB sozusagen der Gewinner des Wettren-

nens kommt.
(Fritzchen believes that, as it were, the winner of the
race comes.)

(11) Franz kommt genau dann,wenn Lisa kommt.
(Franz comes 1if, and only if, Lisa comes.)

(12) Fritzchen glaubt, daB sozusagen L.isa kommt.
(Fritchen believes that, as it were, Lisa comes.)

Sentences like (10) and (12) show, that also when sozusagen has
been inserted, all belief worlds of the believer have to be
considered (as for Fritzchen, not in all of them (9) or (11)

have to be true) . Thus, in hyperintensional contexts, sozusagen
does not re-establish extensional contexts for the sentence
embedded under it, but hyperintensionality is changed to "normal"

intensionality.

-

1. Writing down the semantical properties of sozusagen that
have been discussed so far presupposes the existence of a sem-

antical analysis of operators like glauben daB that takes into

consideration the fact that these operators establish hyper-
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intensional contexts.

Within the approaches along model theoretical lines I know
there have been different successful s¢lations to the problem
how substitution by logically equivalent expressions can be
made impossible, but it seems to me, that the price that has
been paid in all of these approaches is to high.

The price is in general, that the sentence embedded under

glauben daB is not interpreted as a normal proposition but

as an entity that is made incomparable to normal propositions
in some way or other; the effect is always that substitutions
of the indicated kind are made impossible. On the other hand,
the reflections made on sozusagen above show that it is worth
while not to change the semantical type of the interpretation

of sentences embedded under operators like glauben daB.

A deep-going change of charaeter is imposed on the interpret-
ation of the embedded sentence in solutions like Hill (1976),

wWwhere the embedded sentence is interpreted as a complex ob-

ject that, in any case, contains a syntactical individual,
i.e. the embedded sentence itself (or a sentence that is"in-
nocuously equivalent”"). It is not clear how semantical relat-
ions of the kind mentioned in the preceding paragraph could
be treated in this approach; probably, what one would expect
to be relations between propositions would have to be recon-
structed as relations befween individuals.
Moreover, this approach seems to have difficulties with sent-
ences like
{13) C&sar glaubt, dafB Kleopatra ihn liebt.

(Caesar believes that (leopatra loves him.)
In this approach, (13) comes out false for all situations in
which Caesar does not know German (English) .
As for that, better proposals have been made in Cresswell (1974)
and Thomason (1974) as they try to come to grips with the
hyperintensionality of the embedded sentence by purely sem-
antical means.

In Cresswell's approach the sentence embedded under glauben daB

is interpreted, according to its construction, as a function
that is applied to certain arguments. Now, like in the normal
case, i.e. when the sentence in question is not embedded under

glauben daf, the function has the character of an intension;

the arguments, on the other hand, are in general entities of a
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different kind, i.e. they are meanings of the syntactical parts
of the sentence in question.

This notion has been defined in Lewis (1972) as follows: For an
expression X that is not complex, the meaning of o« = the in-
tension of x ; if K is complex, i.e. X consists of a funct-

ional expression cf that has been applied to argument express-

ions ﬁz,...,ﬁh intension and meaning are defined as something
different:
(14) Intension (o) = Intension ( 4 ) (Intension (F” g

Intension (/Sﬂ))
whereas

(15) Meaning (X)) = Meaning (cf), Meaning (ﬁi),...,
Meaning ( /Sn)>

The advantages of Cresswell's approach are obvious: the notion
of a meaning of an expression is defined in terms of its intens-
sion (together with the notion of sequence); thus, no part of

a sentence combined with glauben_daB is interpreted by entities

of a principally non-gemantic kind. And, for all expressions X
the meaning of X is an unequivocal representation of xX's
syntactical construction. (€) and (7) above are sentences whose
intoerpretation came out differently according to this solution.
Still, two objections can be raised:

For certain reasons, Cresswell wants the differentiation bet-
ween the intension and the meaning of an expression to apply
only to the argument expressions of a sentence embedded under
glauben daB, that is, for a construction a glaubt daB ¢> 5
where <p itself is of.the form d]%.”/%L,Cb is to be interpret-

ed as

(16) 1Intension (c;)(Meaning ( ﬁk) , ..., Meaning (ISn))

There certainly occur cases where some fin is not complex, but

where there still is hyperintensionality, as in

(17) Fritzchen glaubt, daB Cicero groBartig ist.
(Fritzchen believes that Cicero is great.)

This sentence is syntactically so simple that, when the pre-
scription (16) has been applied for its interpretation, there
are no meanings of complex expressions which would bring out

the difference between (14) and (15) above.
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In general, this smlution seems to rest on the assumption that
hyperintensional properties of sentences depend on the way the
non-complex expressions occurring in them are reckoned up, not
on the meanings of the non-complex expressions themselves.

Now, for this solution, the substitution of Cicero in (17) by
Tullius (Tully) which possibly would change the truth value of

the sentence cannot be taken account of, unless one would re-
gard the two terms as only contingently equivalent; that is,

one would make this case a matter of intensions; in Kripke (1972)
at least strong philosophical reasons are given which point

into another direction.

Secondly, it is not cleadhow entities within a universe of
discourse can be referred to by a sequence like the one in the
second half of (15); one would prefer a more natural interpret-
ation of hyperintensional sentences, one in which not the
possiblity of constructing consequences of these sentences was
blocked at a certain depth by the sequences.

The approach in Thomason (1974) is about like this: Principally,
expressions of the object language are assigned two differeént
interpretations, an "objective" one according to which e.q.
sentences are interpreted as functions from words into truth
values, as well a "subjective" one according to which sentences
are assigned functions from worlds into a set of sets of persons;
intuitively, a sentence is interpreted, at a world, as the set
Of persons believing that sentence to be true at that world.

By this assignment for sentences, together with one for terms,
assignments for further categories can be defined. Belief
operators then involve the subjective interpretation for sent-
ences embedded under them which makes it possible to stop cert-
ain substitutions that otherwise, i.e. within objective inter-
pretations, would be possible.

This seems to be the most successful approach consideredup till

now; the logical properties of sentences containing glauben daR

are met, at the same time the contributions made by the parts

of the embedded sentence are taken account of.

Still I should prefer to modify this approach, such that the
subjective and objective interpretation of an expression are
ailowed for by a"double indexing!

The idea is that hyperintensional operators, such as glauben daB
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not only take into consideration ether worlds (for a belief
operator just those worlds that are compatible with everything

a person believes), but also the way in which the facts in those
other worlds are expressed and that this way of expression
partly reflects the linguistic usage of the person to which the
"propositional attitude" in question . is assigned.

That (5) and (7) fail to be consequences of (4) and (6) respect-
ively, can, along these lines, be explained by saying that
Fritzchens linguistic usage is such that it does not permit sub-
stitution of 2 by 5 mimis3 and that the interpretation ef the
negation sign is different from that of classical logic.
Sozusagen then is an operator that leaves everything as it is,
but for the"linguistic usage" aspect of the contexts taken into
account by the hyperintensional operator; what sozusagen does

is to copy the actual linguistic usage that has been preserved
by the second place of the ordered pair of contexts onto the
contexts where the embedded sentence has to be true.

As the actual context (here) is one where classical logic and
arithmetic are compulsive for the interpretations of certain
constants, hyperintensionality is removed from the embedded
sentence, that is, the contexts where its truth is at stake

are all"linguistically normalized!

2. Let an interpretation (, for an object language L that contains
the operators discussed be a sequence with at least the follow-
ing elements: sets U, C, W, SG, and functions fW, fSG""’ a
family of relations<Rﬁe;>for ue U, and a function F.

U, C, W, SG are the sets of individuals, contexts, possible worlds,
and linguistic usages, respectively; fw and fSG are such that

for ceC, fw(c) € W and fSG(c) € SG, i.e. fW and fSG are functions
that determine, for each context, certain "aspects" of that con-

text.4)

As for SG, it can be conceived of as the set of all possibilities
constants of L are assigned intensions of (categorially) appropr-
iate kind, cf. Thomason (1973).

F is a function that assigns intensions to the constants of L;

it is important that this is done dependent on elements of SG.
Rzel is a relationsWxW and gives, in a classical way, for the
worlds in its domain, the worlds that are, for u, "doxastic

alternatives"of these worlds.
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Then, within the exaples given above, what is affected by the
(possiblY) alien linguistic usage of the beljever, is the inter-—
pretation of constants, including "logical" ones like the
negation sign.

It remains open if hyperintensionality also concerns the categ-
orial properties of constants and the semantic rules. At least
from one point of view this seems to be not the case, as, on

the one hand, operators like believe that are combined only

with sentences that are well-formed in the sense of the actual
syntax (in this way these operators are different from quotat-
ion marks), and, on the other hand, the expressions combined
with these operators have to be interpreted in a way that makes
clear (also) the actual meaning of the expression (otherwise the
belief etc. of the subject of the operator would not be express-
ed by the sentence).

What, then, is changed by the operators in question? It seems
plausible to explain the fact that (7) is not entailed by (6)

by saying that at those contexts that are relevant for Fritz-
chens belief nicht is not interpreted classically and that
Fritzchen is, as for that, "logically blind".

A different though similar case is exemplified by (3) - (5);
here the linguistic usage governing the contexts relevant for
Fritzchens belief does not contain a meaning postulate yield-
ing the equivalence of 2 and 5 minus 3.

These cases can be summed up as follows: the first case arises
if the constants occurring in the embedded sentence are inter-
preted differently in relevant contexts, the second case arises
if certain meaning postulates that introduce further constants
lack in relevant contexts.

Yet if a sentence of the kind a glaubt daB d) (a believes that
Jil_) is true, the following has-to be the case: at the relevant
contexts qb gets the same truth value (i.e. true) according to

the interpretation the constants in 4> get (1) by the linguistic
usage of the actual context and (2) by the linguistic usage
predominant for the individual denoted by a.

cb has to be true (1) at just those contexts whose worlds
(for this individual) are doxastic alternatives to the world of
the actual context; likewise 4) has (2) to be true at all con-
texts like them, but for the difference that the linguistic
usage there (possibly) is not the actual one.
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Probably it would be too weak to postulate that the linguistic
usage at the second set of contexts just is different from the
actual one; for each world being a doxastic alternative to the
actual world, far too many contexts could be made up. Perhaps
an ad-hoc device of the following sort will do here: let there
be a function fdes that gives, for each person u, a designated
context:; this context can be imagined to be the actual one for
that person, oOr the one that is linguistically ideal, or it
somehow represents his theory about the world, or something of
this kind.

If we accept this so far we can write down the truth conditions
for sentences with glauben daB and sozusagen ( 121 is a function

that maps expressions of L into intensions according to )

(18) B, (a glaubt das &) («c!, c») =1 iff for all ceC

such that

Bel
a) £,(c) G{W | £,4(co) Eﬁd(a) (<el cz) w}

b) £,(c) = fy(c,) if xe{w, sc;}

it is the case that
o) (1) if g () = fgoley), then D (P) (<eregy) =1

and
(2) .8OL(4>) (<c',cp>) = 1, where c' is like c,

with the possible difference that

'l des -
foglc') = foglf ('Da(a)(<°é'°o>)”

(19) ‘3(1 (sozusagen ¢ ) el , ) =1 iff
Do () ey’ y o) = 1, vhere

a) fgglcl') = £56 (%)

b) fx (cé') = fx(cé) if X # SG

3. The working of (18) can be demonstrated, for the problem of
the sentences (6) and (7), by a small interpretation Q' of the
kind sketched above.

Let propositions (= intensions of,sentences) be functions in
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2 C><C, i.e. they can be represented by sets of pairs of con-
texts. A sentence cb' is a consequence of a sentence 4) iff the
proposition assigned to 4) by all interpretations is included
in the one assigned to 45 i

Let U'be such that U = {u}, C ={éo,c1, cz} , W ={wo, Wi w2} 2
SG ={sgol Sg1}l fW ={<colwo>l<c1 Iw1>l <C2Iw2>} 14
2 des .
fse —{kco,.sgo> ,<b1,sg1> ; <c2,sg1>}-, £ () = c,,
RP®L o ,w,> ,<cw_wx).
u (o AL O

As the interesting difference between sgo and s94 is the inter-
pretation of nicht let them both be alike except that:

(20) F(sgo)(nicht) = that function
(, C X{co})
g€ (ZC i {co}) that, for pe 2cxc,<c,co>€C x[éo},

g(p) (<C.co>) =1 iff p((c,co>) =g

F(sg1)(§iggg) = that function

(2 cx{c]})

g e (2¢*{ed that, for pe 2°™ %, <c,c>e cxfe ),

1
if g(p)((c,c1>) = 1 , then not p(<b,c1>) = 1.

Let Franz kommt be an unanalysed sentence, then within the matr-

ix of pairs of contexts we capn, as for the distribution of tre

intension of Franz kommt!have the following situation:

(21)

J?I}Franz kommt )

<co,co>
flzx(es ist nicht der
Fall daB Franz
nicht kommt)
<co,c1> <c2,c1>
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Ol' is a case where (6) above comes out true, at the contexts
whose worlds (for u) are doxastic alternatives to W i the sent-

ence es ist nicht der Fall, daB Franz nicht kommt is truel, both

from the linguistic point of view of s9, (= fSG(co)) and from

that of sg1(= fSG(c1) = fSG(CZ))'

Franz kommt, however, is not true at all these contexts;(cz,c1>

and<c2,c2> show that F(sg1)(nicht) allows for a "weaker" mean-
ing of that word.
Therefore, (' is a case for (6) being true and (7) being false.

4. The truth conditions for glauben daB as given in (18) are

still insufficient in an important respect. NoO account is taken
of the possibility that the "alien" linguistic usage may be
such that it does not provide an interpretation for the words
in 4) . (13) is an example of this situation as the linguistic
usage that is actual for Caesar probably is same form of Latin,
i.e. a linguistic usage with a syntax different from that of
(13).

Generally, one could imagine that, .to handle these cases, one

would need some kind of translation of¢» an interpretation then

should contain meaning postulates for semantical relations bet-
ween words of different syntaxes. ,

This would mean that a structure would be defined on SG which
would take account of the fact that

1. thére are sets of linguistic usages that do not differ
as for their syntax (or: as for relevant parts of their
syntax) - one might define languages as such sets —;

2. dependent on time, history, experience, knowledge, theor-
ies etc. there will be a variable translatability bet-
ween constants of different linguistic usages, perhaps
even of their syntactic rules.

That the translatability of constants is dependent on theories
that define them for a given linguistic usage explains why (22)

sounds strange:

(22) Plato believed that the gene pool of the Guardians would

probably produce some children with low I.Q.'s.s)

(18') is a modification of (18) which tries to capture these
reflections; it is sufficient to modify only clausula c) (2) .

((18') presupposes that the notion "translation of a sentence"”
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has been defined.)

(EBE)Ga) 2 rsis
1), * e s
c)(1)..

(2) B (P (Letie>) = 1, if there is d'e A

and if c¢' is as ¢, with the possible difference that

as in (18)

e des i
where
@ °*L. is the set of expressions whose interpretat-
f A : des ; :
ion is defined by fSG(f (bq(a) (<CC'),CO>)))
C) qb'is a translation of41(If there is no such 4§

"Ba (a_glaubt das g§ ) (<el, c>) is not defined)

It is to be expected that different classes of words show diff-
erent translatability properties.

Probably indexical words vary less within one "language" than:
others (cf. I, you, tomorrow, etc.), whereas scientific terms
probably vary considerably within one "language" (cf. the simple
mathematical terms 2, 5 minus 3 discussed above), but are
easily translatable across "languages", in any case into words
interpreted by a scientific linguistic usage; this would explain
why scientific vocabulary can easily be taken over by other
languages. &
Sentence (22) shows that also time plays a crucial réle -for
translatability. Here, translations of scientific terms are con-
cerned, and although the linguistic usage we attribute to Plato
is a more or less scientific one, (22) sounds strange (not
false). I think it does so because a term like gene pool didn't
have an equivalent in Plato's time.

In this, there is a difference between (22) and the situation
expressed by (23) in which Fritzchen is to be a contemporary
(and which might be true):

(23) Fritzchen believes that the gene pool of Plato's Guardians
probably would produce some children with low I.90.'s.

To conclude with, (24) shows that the operatorsof the sozusagen
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class are able to copy linguistic usages on others that are

remote in language and time:

(24) Plato believed that, as it were, the gene pool of the
Guardians would probably produce some children with low

I.Q.'s.

Notes:

1) The term has been coined, as far as I know, in Cresswell
(1974)

2) Cf. Cresswell (1974) p. 2.

3) The differentiation of worlds and ways of fixing the inter-
pretation of (the constants of) a language is due to
Thomason (1973)

4) The relations between certain kinds of indices such as con-
texts and worlds have been reflected and worked out in great
detail in Lutzeier (1974).

5) The sentence is taken from Hill (1976), p. 215.
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ol
EPISTEMIC PRAGMATICS: OUTLINES AND TWO APPLICATIONS
Jeroen Groenendijk

Martin Stokhof

Introduction

The basic assumption from which the contents of this paper start is that

an adeqguate theory of meaning of a language should consist of at least

a semantic theory, which gives a recursive characterization of the truth
conditions of the sentences of that language, and a pragmatic theory, which
gives a recursive characterization of the correctness conditions. One of

the grounds for adopting this assumption is that there are aspects of the
meaning of certain expressions and constructions which cannot be captured

in terms of truth conditions, but which should be described in terms of the
conditions under which these expressions and constructions can be used
correctly.(l) An important and interesting part of these conditions are those
which concern the information of language users. The part of a pragmatic
theory which deals with these conditions we call 'epistemic pragmatics’'.

The main Gricean maxims of quality, quantity and relation can be reformulated
in such a theory, not, however, as mere slogans but as correctnass conditions
which are recursively characterized.

In order to state the correctness conditions concerning the information of
language users, an epistemic pragmatic theory should contain a framework
which fulfills the following requirements: (a) the information of language
users about a compound sentence can be computed from the information they
have about its compounds; and (b) the information about an atomic sentence
can ve computed from the information about the denotation of the expressions

occurring in it. Furthermore, the framework should enable one to represent

the information of language users about the information of other language users

in such a way that conditions (a) and (b) are met.

In this paper we want to illustrate this concept of an epistemic pragmatic

theory by developing a framework fulfilling the requirements mentioned akove

for two very simple lanquages. After we have done so, we will concentrate
(2)

not on tihe formulation of correctness conditions , but on the analysis of

two problems. The first problem concerns the distinction between the specific



and non-specific use of terms, such as a picture in the sentence 2 picture
ey - o S e

is missing from the gallery. The second problem concerns the de dicto/de re .

distinction between objects of belief, as in the sentence John believes that

Peter passed the exam.

Propositions and connectives

We will now sketch an epistemic pragmatic theory for a simple propositional
langﬁage containing propositional variables, pd, pl, pz..., and the usual
connectives -1, &, v, en ~. The core of such a theory is a definition of the
notion of an 'epistemic model‘. The purpose of defining epistemic models is

to evaluate formulas of the language with respect to (the information of) a
language user. Therefore, an epistemic model EM will contain, as one of its
components, a non-empty set I of language users. The values which are assigned

by the valuation function of a model to pairs consisting of a formula and

a language user, represent the possible situations with respect to the information

a language user may have about the truth status of a formula.
It is important to notice that the phrase 'information about the truth status
of a formula' is used without any factual implications. I.e. the phrase is used
in such a way that a language user can be said to have the information that
a formula ¢ is the case even in a situation in which ¢ in fact is false.
One can distinguish three possible situations with respect to the information
a language user X may have about the truth status of a formula ¢:
- x has the information that ¢ is true;
- y has the information that ¢ is false;
- x has no more information than that either ¢ is true or ¢ is false: i.e.

% has no opnion about $.
These three situations are represented by the epistemic values {1}, {o},
{0,1}, respectively, where 1 and 0 represent the truth values 'true' and 'false'.
As remarked above, we should also be able to talk about the information a
language user X has about the information a language user y has about a formula
¢, or, generally, about the information x_1 has about ... the information X has
about ¢, .Therefore, the valuation function assigns epistemic values to pairs
of formulas and n-tuples of language users. Some examples of possible situations

and the values representing them, are:

- x has the information that vy has the information that ¢ is true: ({1}3;
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- x has the information that y has no opinion about ¢: {{0,11}};

- x has no more information than that either y has the information that ¢ is
true, or y has the information that ¢ is false, or y has no opinion about ¢,
i.e. x has no opinion about what information y has about ¢: {{1},{0},{0,1}};

- x has the information that y has the information that it is not the case that

z has no opinion about ¢: {{{0},{1}}}.

The general picture is as follows: starting from Sp, the set of truth values
{0,1}, we build S;, the set of epistemic values that can be assigned to an

ordered pair consisting of a formula and one lanquage user, as follows:
S =4f POW (So )\ {@}, where POW is the powerset operation

From S, we build S; , the set of epistemic values that can be assigned to a pair
consisting of a formula and a sequence of two language users, in the same way.

In general:
Sn = POW(Sn;!)\{ﬂ}, for all n>0

We can now define an epistemic model EM as a triple (I,{0,1},V , in which Vv
is a valuation function taking ordered pairs consisting of a tormula and an
n-tuple of language users into Sn' The clause for atomic tormulas and the ones

for negation and conjunction of the recursive definition of V are:
(1) V(p,in)ESn, for every ordered n-—-tuple i% of elements of I

(2) V(7¢,in) = NEG{V(¢,in)], where NEG is defined as follows:
NEG 1] = 0; NEG[ 0] = 1; NEQ[ X] = {NEd x] |x€X}, for X # 1,0

hy e L : . PR :
Y. V{y,17)] , where CONJ is defined as follows:
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congf 1,1] = 1; cong[0,1] = coNg[ 1,0] = congf 0,0] = O;

congl X, Y] {condl x,y] |x€X & yEY}, for X,Y # 1,0

The other connectives can be defined in terms of negation and conjunction in

the usual way.

This framework meets the first compositionality requirement mentioned in section O.
For example, if V(p,x) = {0,1} and V(g,x) = {1}, then the definitions imply that
V(p&q,x) = {0,1}.

Note that this framework 'contains' the ordinary semantics of two-valued proposi-
tional logic, in this sense that the values assigned to pairs consisting of a
formula and the empty sequence of language users, are as in ordinary propositional

logic.
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The framework can be used to formulate correctness conditions concerning the
information of language users. For any formula ¢, it can be defined whether it
is correct for a language user x to utter ¢ adressing a language user Y in a

situation described by an epistemic model EM. In this way, the main Gricean

- . 3
maxims can be captured )

The framework as it is sketched here gives the basic tools for the representation

(4)

of information of language users, but it needs to be (and has been ) enriched
in such a way that also information of language users about logical and non-—
logical dependencies between formulas can be incorporated. Incorporation of‘
information about dependencies between formulas is needed, for example to give
a more satisfactory treatment of disjunctions. In the framework sketched here,
a language user can only have the information that a disjunction is true if he
has of (at least) one of the disjuncts the information that it is true.

We will not incorporate information about dependencies between formulas in this

paper, because it is not strictly necessary for the treatment of the problems

we want to discuss here.

Predicates, constants and quantifiers

In this section we will outline how the framework can be extended to apply to

a language with predicates, constants and quantifiers. In doing so, we illustrate
how the framework fulfills the second compositionality requirement that the
information a language user has about a sentence must be computed from the

information he has about the denotation of the expressions occurring in it. \

let us first limit ourselves to a language only containing one-place predicates,

P, ..., and individual constants, a, b, ¢, a;, a;r --- (and the usual

B, 0n B B

propositional connectives) .

Tne actual denotations of individual constants are, as usual, individuals. And
the actual denotations of one-place predicates are sets of individuals. With
respect to the information a language user X may have about the denotation of
an individual constant ¢ a variety of situations are possible. Some examples of
such situations and their representations in the framework are:

- x has the information that the individual constant o denotes the individual a,

represented as {2};
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- x has no more information than that the individual constant o either denotes
the individual a, or denotes the individual b, his information does not tetl
him which of the two it is, but he does know that it is one and only one of
them: {EJEJ;

- x has no information at all about the denotation of «, as far as his inform-

ation goes, the denotation of o could be any individual in the domain A: A.

The information a language user x has about the denotation of an individual
constant o is represented as a subset of the domain of individuals A, specified
in the epistemic model. The interpretation function F of an epistemic model
assigns subsets of the set of individuals A to pairs consisting of an individual
constant and a language user.

With respect to the information of a language user about the denotation of
one-place predicates the situation is quite similar. Just as in the case of
individual constants, the interpretation function F assigns sets of what are

the actual denotations of one-place predicates, being sets of sets of individuals,
to pairs consisting of a predicate and a language user. Examples of situations
with respect to the information a language user x may have about the denotation
of a one-place predicate § and the corresponding representations are:

- x has the information that the predicate § is true of the individuals a, b

and ¢ (and false of all other individuals): {{EJEJEQ} ;

x has the information that the predicate § is true of =ither a and E, or
a; E_and c, i.e. X is not sure whether & is true of X but he is sure that
§ is true of a and b and false of all other individuals: {{319}'{§!E!C}}7

x has the information that & is true of all individuals: {Al;

x has the information that there is no individual of which & is true: {@}.

Pl o~~~ .y~ N
As before, w not only want ¢

O
K

about the denotation of constants and predicates, but also the information of
x4 about ... the information of x about the denotation of tl.ese expressions.
n

Some examples:

- x has the information that y has the information that « denotes a: {{al};

x has the information that either y has the information that o denotes a,

or y has the information that o denotes b: {{3),{9}};

x has the information that y has the information that either o denotes a
or b: {{a,b}}:

x has the information that y has the information that z has the information

that 8 is true of two of the three individuals a, b and c: {{{{a,b},{b,c},{a,c}}}}
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These conéiderations lead us to the following notion of an epistemic model

for this language. An epistemic model EM is a quintuple (A,I,{O,l},F,V§, in
which A is the domain of individuals, of which I, the set of language users,

is a subset. {0,1} is the set of truth values. F is the interpretation function

which is defined as follows:

n Ay = .
F(a,i) € An, for all individual constants & and n—tuples ln of elements of I;

F(G,in) € A£+ , for all predicates § and n-tuples in
1
The domains An, A; are constructed from the domain A as follows:

= - = \ >
B, =g¢ Bi B =g POW(A__ ) {g}, for n>0

e S pow(a!_ )\ {g}, for n>1

af

To the definition of the valuation function V we add the following clause

-1

for the evaluation of atomic formulas:

(0) V(G(u),in) = T[F(d,in),F(a,in)], where T is defined as follows:
(a) if x €A, YE A;, then T[x,Y] =1 iffx € ¥, = 0 otherwise;

(b) if x,Y otherwise, then T x,¥] = {T[z,U]‘z € x & UE Y}

The following examples may serve to illustrate this definition:

- suppose F(al,x) = {g} and F(Po,x) - {{EJE}}' then V(Po(al),x) =
(T z,0] |[2€la} & vE({a,b}}} = (Ha, {20} = {1}

- suppose F(a, ,X) = {a,c} and F(P,,x) = {{a,b},{a,b,c}}, then V(P, (a,) %)
{ml a,{a,b,c}] /Tl a,{a,b}j,Mc,{a/b,c}l T c,{a,pH} = {0,1};

— suppose F(a, ,xy) = {{a}} and F(P, /xy) = {{{Ejgjg}},{{gjgﬁ,{31219}}}, then

V(p, (a,) xy) = 1Tl {at,{{a,b,c}}l, ™ {a},{{a,b},{a,b,c}}}

{{T[_a_r{_a_-lP_lE_}l }I{T[E-_I{E_Ili}] ITl. il{ilglg}] }} 5 {{l}l".l 11}} {{1}}-

Il

Let us now extend the language with the existential and universal quantifiers.
We start from the observation that in order to compute the information of
a language user x about the truth status of quantified sentences such as

All men are mortal and A picture is missing it suffices to know what information

x has about the denotation of the predicates man, mortal, picture, and missing.
In fact, this is a special case of the general point that it is possible

to do predicate logic without any variables (cf. Quine 1966). Our reason for
doing away with variables in the context of epistemic pragmatics is that it

is quite unclear to us what in that context the relation between variable
assignments and the information of language users would be.

For the purposes of this paper it suffices to take into consideration only

one kind of quantified formulas, viz. those which are constructed according to
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the following rule: if § and Y are one-place predicates, then 35(y) and
VG(Y) are wellformed formulas.(5) The valuation of quantified formulas comes
to a comparison of the interpretations of the predicates occurring in themn.

In this comparison the notions of intersection and subset play a role, as one
might have expected. The clauses in the definition of the valuation function V

for the kind of quantified formulas defined above, are as follows:

(4) V(35(Y),in) E[F(ﬁ,in),F(Y,in)], where E is defined as follows:

(a) if X,Y € A;, then H X,¥Y] =1 iff x N Y # @, = 0 otherwise;
(b) if X,Y otherwise, then E X,¥Y] = {E[x,y]lx €EXay€ vV

(5) VOWS(y),i™) = U F(8,1™),F(v,i™)], where U is defined as follows:
(a) if X,Y € A', then U X,¥Y] = 1 iff X C ¥, = 0 otherwise;

(b) if X,Y otherwise, then U X,¥] = {U[x,y]|x € X e&yE€E v}

Consider the following two very simple examples:
- suppose F(P; ,x) = {{a,b},{a,b,c}}, and F(p, ,x) = {{a,b,c,d}}, then v(Vp, (P,) ,x)
{U[ {El_b_}l{ilglslg}] IU[ {21919_}'{?_!2!9_’2}] } = {-'l}F

"= suppose F(P,,x) = {{a,c}} and F(P, ,x} = {{a,b},{b}}, then v{@p, (P ) ,x) =

(8] {a,c},{a,b} ,E {a,c),{bJ]} = {0,1}.

To conclude this section, it should be noted that not only has the language
defined here a very limited expressive power, but that the epistemic framework
developed for this language suffers from the same defect as the framework

for propositional languages sketched in section 1: it needs to be extended in
order to be able to represent information ot language users about logical and
non-logical dependencies between the denotations of expressions. However, for

the present purposes these aspects may be left out of consideration,

Specific and non-specific use of terms

In this section we will indicate how the framework outlined in the previous
sections can be applied to the analysis of some aspects of the distinction
between the specific and non-specific use of terms. This distinction, wellknown
and often discussed, but not always understood in exactly the same way, can

)
best be clarified by the following example( ):

(1) A picture is missing from the gallery

There are two different kinds of circumstances in which this sentence can be used.
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One can use the term a picture to refer to a specific piece of art, and one can
use it to refer to any old picure exhibited in the gallery. Although perhaps
the first kind of circumstances may seem to be more likely, the second is
certainly possible. To follow Kasher & Gabbay 1976, one can imagine a gallery
fitted with an alarm system which gives an acoustic signal in a control room
whenever one of the pictures hanging in the gallery is taken away. The guard,
alarmed by this signal, could utter sentence (1) without having any idea about
Which of the pictures is missing. This latter kind of use we call non-specific,
the former specific.

As is not too often noted, this distinction seems to apply not only to the use
of indefinite terms, but also to that of definite terms, such as proper names and

definite descriptions. consider the following sentence:
(2) Mary talked to dr. Johnson

The proper name dr. Johnson can be used non-specifically, i.e. without having
any idea as to who the referent of the name dr. Johnson is, whereas at the same
time sentence (2) is used correctly, e.g. if one knows that Mary talked to

every veterinarian in town and that one of them happens to be called dr. Johnson.
This kind of use of proper names is even a necessary requirement for the

correct utterance of sentences such as:

(3) I wonder which of these men is John Smith

(4) I don't know who John Smith is

The same holds, mutatis mutandis, for the use of definite descriptions like

the most competent veterinarian in town, and even, as we would argue, for terms

like every veterinarian in town.

The main controversy oOver the specific/non—specific dichotomy is whether it
constitutes a semantic or a pragmatic distinction. If one upholds that it is a

semantic distinction, then one is committed to the view that a sentence like

(5) John talked to a Swede

is ambiguous. I.e. that (5) has two distinct readings, represented by two
different logical forms which have different truth conditions. If one claims
that it is a pragmatic distinction, one claims that (5) is not ambiguous, i-.e.
that there is Jjust one kind of circumstances under which (5) is true, and one
explains the distinction in terms of the different kinds of circumstances

under which (5) can be used correctly. Kasher & Gabbay have claimed indeed
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that the specific/non-—-specific distinction is a semantic one, i.e. that (5) is
ambigquous. According to them, (5) is true on the specific reading if and only if
John talked to some Swede whom the speaker can 'canonically identify' (i.e. can
identify by means of a proper name or a suitable defihite description). On the
non-specific reading then, (5) would be true if and 6nly if there is some Swede
whom John talked to. We agree wholeheartedly with Klein when he says:

"This line of reasoning is, in my opinion, patently incorrect. However strong-
ly a person wno uttered (3.17) [our (5) Gr/sSt] conveyed that he was capable
nf identifyina a particular Swede to whom John talked, I do not agree that
he could be accused of saying something false just because either (a) he
could not in fact make a canonically identifying reference to any Swede,
or (b) John talked only to Swedes he could not canonically identify."

[ Klein 1977 p.17]
One might go even further, suppose John talked to Sven whom the speaker can

canonically identify, and suppose further that the speaker thinks he talked to
Lars whom he can also identify canonically, would these be circumstances under
which (5) would be false? Certainly not.

" Besides, Kasher & Gabbay's criterion for canonical identifiability, i.e.
identifiability by means of a proper name or suitable definite description, does,
in our opinion, not guarantee specificity at all, since proper names and definite’
descriptions themselves can be used non-specifically, as we remarked above.

Kasher & Gabbay claim that ambiquity tests such as conjunction reduction provide
evidence for their thesis that sentence like (5) are ambiguous. In our opinion
Klein has convincingly refuted this claim. For reasons of space, we will not go
into the respectove arguments here, but refer the reader to Kasher & Gabbay 1976,
Klein 1977 and Klein 1978.

Contrary to Kasher & Gabbay then, we want to claim that' the distinction between
specific and non-specific use of terms, at least in sentences not containing
intensional verbs, is of a purely pragmatic nature. We also want to claim that

it is not a pure dichotomy, but rather, that specificity comes in degrees. We will
say something more about sentences containing intensional verbs later on, but let
us first consider some examples intended to show how the specific/non-specific
distinction can be handled in the framework of epistemic pragmatics as it is

sketched in the previous sections.

Let us represent the sentence
(1) A picture is missing from the gallery

by the formula 3P(Q), in which P and Q stand for the one-place predicates
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picture and is missing from the gallery respectively. This formula is a

wellformed formula of the language defined in the previous section and it can
be interpteted according to the rules given there. With respect to the
information of a language user x about the denotations of the predicates

occurring in the formula, the following situations, among others, are possible.

(a) F(p,x) = {{a,b,c}} and F(Q,x) = {{a}}

According to x there are three pictures: a, b, and c, and there is exactly one
object missing: a. This is a characteristic case of specific use of the term

a picture in the context is missing from the gallery. The fact that there are

more pictures according to x does not prevent him from using the term a picture
specifically. In this case, the fact that according to x the only obiject
missing is a helps to use the term a picture to refer specifically to the

object a in the context is missing from tre gallery. Notice that the pragmatic

character of the specific/non"specific distinction is reflected by the fact
that it is formulated in terms of the values assigned by the function F to the
predicates P and Q with respect to the language user X. These values are not
related to the actual denotations of P and Q, and only the actual denotations

play a role in the semantics, in the determination of the actual truth value
of JP(Q).

(b) F(p,x) = {{a,b,c}} and F(Q,x) = {{a},{b},{c}}

Again, there are three pictures according to x: a, b, and ¢, and there is
exactly one object missing, but this time x has no more information than that
the missing object is either a, or b, or ¢, which one of the three, he doesn't
know. This is a typical case of non-specific use of the term a picture in the

context is missing from the gallery.

(c) F(P,x) = {{asb,c},{a,b}} and F(Q,x) = {{a}}

In this case x is not sure whether c is a picture, but he is sure that the only
object missing is a and that a is a picture. So, no matter the uncertainty
about what tlie pictures are, x uses the tern a picture to refer specifically

to tne object a in tie context is missing from the galliery.

(@) F(r,x) = {{a,b,c}} and F(2,x) = {{a},{a,g}}

This time, there is no doubt about the pictures, but x is not sure whether

the object g is missing. But since x is sure that g is not a picture and that

a is the only ocject which is both a picture and missing, X still uses the termn
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a picture to refer specifically to the object a in the context is missing from

the gallery. If g would have been a picture too according to x, i.e. if F(P,x)

would have been {{gjgjgjg}}, then the term g_picture_would not have been used

specifically by x.
(e) F(PIX) i {{E’E’(_:_}} and F(QIX) = {{ir_l?_}}

Since there are, according to x, two ofjects missing which are both pictures,

the term a picture cannot be used to refer to a specific object in this case.

(f) F(Plx) =5 {{alblcldlelf}} and F(le> . {{%_}'{E}’{.c_}'{g}'{g}'{i}}

In this situation x uses the term a picture extremely unspecifically. If F(Q,:)
would have been {{a},{b},{c},{d}}, then it would have been used less unspecific-
ally. If F(Q,x) would have been {{al}l the term would have been used to refer
specifically to the object a in the context is missing from the gallery. This

illustrates that specificity comes in degrees, as we remarked earlier.
(9) F(P,x) = {{a}} and F(Q,x) = {{a,bl}}

In this case there is just one picture accgording to x, viz. a, and this picture
is one of the missing objects according to x. This is a clear case of specific
use of the term a picture, but this time the specificity does not depend on

the context is missing from the gallery. Even if F(Q,x) would have been {{b,c}¥

the term a picture would still have been used specifically. But this, to be sure
is a borderline case. If F(P,x) is such that x has the information that there

is only one picture and x has the information which object in the domain is this
picture, then, no matter the linguistic context, the term a picture is used

specifically to refer to that object,

These examples show that, exceot for borderline cases such as (g), the specific
use of an indefinite term not only depends on the information a language user

has about the denotation.of the predicate corresponding to the common noun phrase
in the term, but also on the information he has about the denotation of the
predicate corresponding to the verb phrase. This is captured in the definition
velow. In this definition we use P and Q as variables over common noun phrases

such as picture and verb phrases such as is missing from the gallery respectively,

and P and Q are the corresponding one-place predicates of our logical language.
Further, if a language user utters a sentence a P Q (represented by a formula

AP (Q)), we say that he uses the term a P in the context Q.
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We can now define the notion SPEC(x,a P,QJEJEM), according to a language user x
the term a P refers specifically to the object ¢ in the context Q, in a situation

described by an epistemic model EM, as follows:

SPEC (x,a P,Q,c,EM) iff F(P,x) = {{c}} or ¥VX€F(P/x), VYEF (Q,x): XY = {c},

where F is the interpretation function of the model EHM

According to the definition, a language user uses the term a picture to refer

specifically to an object c in the context is missing from the gallery if either
he is sure that g_is the only picture, ox, he is sure that ¢ is the only thihg
which is both a picture and missing.

Notice that there is a certain connection between the specific use of the term
a P in the context Q and the sincere use of the sentence a P Q. A language user
x uses the sentence E_E_g'sincerily iff VEP(Q),x) = {1}, i.e. if x has the
information that 3AP(Q) is true. If x uses the term a P to refer specifically to
an object, say ¢, and if the specificity depends in part on the information x
has about the denotation of Q, (i.e. if F(P,x) # {{y}}, for all individuals y).
then specificity implies sincerity. If x isn't sure that there is at least one

object which is both a picture and missing, and that is required for the

sincerity of a picture is missing from the gallery, he can't be sure that c

is the only object which is both a picture and missing, which is required for

the specific use of a P to refer to c. In case the specific use of é_g_depends
only on the information one has about the denotation of P, it is possible to

use the sentence a P O insincerily. If there is exactly one object which is a
picture according to x, this does not guarantee that there is at least one object
which is both a picture and missing according to him.

One might wonder whether it is ever correct to use an indefinite term specifically.
If one can use an indefinite term specifically, isn't it then always also
possible to use a definite description or proper name to refer to the individual
in question? And if soO, wouldn't this disqualify the use of an indefinite term

as being not optimal informative? Not necessarily so, it can very well be the case
e.g. that the use of the indefinite term a picture is more informative than that
of a proper name, €-9. in case according to the speaker the hearer has no idea
whatsoever about the referent of that name, or at least does not know that it is
the name of a picture. It might also be the case that the speaker has no proper
name ox definite description for the object in question at his disposal- SO, the
use of an indefinite term to refer to a specific object is not necessarily

incorrect, and will in many cases be the best one can do.
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Es we remarked above, in our opinion not only indefinite, but also definite

terms can be used both specifically and non-specifically. But as we'shall sce,
there is one imporatant difference. Whereas, except for some borderline cases,

~ the specific use of indefinite terms depends also on information about the
denotation of predicates outside the indefinite term itself, this is never the
case with definite terms.

Let us consider what would be situations in which proper names and universally
quantified terms (being the kinds of definite terms that can be represented in
the language developed in the previous section) are used specifically and non-
specifically. If we use j as the individual constant representing the proper name
John and P and Q as one-place predicates representing the expressions man and
walks respectively, then the formula Q(j) represents the sentence John walks

and the formula ¥P(Q) the sentence every man walks. Typical (and in fact the only)
cases in which the proper name John is used specifically by a language user x

are cases in which x has no doubts about the denotation of the proper name, e.g.
in case F(j,x) = fa}. Analogously, typical (and again in fact the only) cases in
which a universally quantified term every P is used specifically by x are cases
in which x has no doubts about the denotation of P, e.g. in case F(P,x) = Ll ciare
Notice that in case of these definite terms, certainty about their denotation
guarantees specificity of their use. This is not true of indefinite terms

(vide example (b) above in which F(P,x) = {{a,b,c}} and F(Q,x) = {{a},{b},Ic}}).
In this situation, the term every P is used to refer specifically to the set of
objects {EJE!E}' Notice that with respect to these definite terms, certainty
about their denotation guaranteed specific use. This is not true of indefinite
terms (vide situation (b) above in which F(P,x) = {{EJE!E}} and F(Q,x) =
{{a},{b},{c}}). On the other hand, in case of an indefinite term a P, uncertainty
about the denotation of P does not necessarily prevent it from being used
specifically. If x is to refer specifically to an object c in the context Q with
an indefinite term a P without being sure about the denotation of P, then two
conditions must be satisfied: (i) x must be sure that ¢ belongs to the denotation
of P; (ii) x must be sure that € is the only thing which both belongs to the
denotation of P and to the denotation of Q. However, in case of definite terms,
the equivalent of the first condition can never be met. If x does not know for sure
to which individual the proper name John refers, he can't be sure that a certain
individual, say a, to which he wants to refer specifically is the denotation of
that proper name, and that would be the requirement corresponding to condition (i)

in case cof proper names. And analogously, if x doesn't know for sure to which set
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of individuals the predicate P refers, he can't use the term every P to refer
specifically to a certain set of objects, say {QLQ,Q l because he can't be sure
that this set is the denotation of P, and that would be the requirement correspond-
ing to condition (i) in case of universally quantified terms.

The conclusion must be that the only kind of specific use of definite terms

is the kind of use illustrated Ly the examples given above. This leads us to

the following definition.of the notions SPEC (x,b,c,EM), according to a language
x the proper name E_refers specifically to the object c in a situation described
by an epistemic model EM, and SPEC(X'EYEEZ_EJEJEM)' according to x the term
every P refers specifically to the set of objects C in a situation described by
EM (B_and b are variables over common noun phrases and proper names respectively,
P and b stand for the corresponding predicate and individual constant of the

(7)

logical language) :
SPEC(x,p!g!EM) iff F(b,x) = {E} , where F is the interpretation function of EM

SPEC(x,gzgry_EJC,EM) iff F(P,x) = {g} F is the interpretation function of EM

Let us conclude this section by making some remarks about sentences containing
an intensional verb such as to owe, which might support the view that sometimes
besides the pragmatic specific/non—specific distinction, a similar semantic

notion plays a role. It seems reasonable to claim that a sentence like:

{6) Cleon owes Pericles a horse

is ambiguous. One reading would be the one in which Cleon has paid his debt if

he has given Pericles a member of the set of horses, another one would be the one
in which he has paid his debt only if he has given him a particular member of that
set, say Jojo Buitenzorg. The latter one would be semantically specific. It should
be noted that the pragmatic specific/non-specific distinction at least also ‘
applies to the semantically specific reading. One can use (6) on its specific
reading in two different kinds of circumstances: one can have the information which
particular horse it is that Cleon owes to Pericles, e.g. one can have the inform-
ation that Cleon owes Pericles Jojo Buitenzorg. ©ne can also have the information
that it is a particular horse which Cleon owes Pericles, but without knowing
exactly which one it is, Jojo Buitenzorg, Kees Verkerk or Speedy Volita
Concerning the application of the pragmatic specific/non-specific distinction

to the semantically non-specific reading, things are much more unclear. An answer
to the question whether the pragmatic distinction applies here as well must await
an epistemic pragmatic treatment of higher order languages, since we believe that
only these languages provide a suitable framework for a representation of the

semantically non-specific reading of sentences such as (6).
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4. An ambiguity concerning objects of belief

In this section we will discuss a second application of the framework of epistemic

pragmatics. We will be concerned with the two distinct readings of sentences like:
(7) John believes that Peter passed the exam

Under the first reading (7) is true if and only if John believes of a certain
person that he passed the exam, and this person is in fact called Peter. On this
reading it does not matter whether or not John believes of this person that he

is called Peter. On the second reading, (7) is true if and only John believes that
a person he believes to be called peter passed the exam. On this reading it does
not matter whether Peter in fact passed the exam. The first reading is often called
the de re reading, the second the de dicto reading .

One would expect that the framework of epistemic pragmatics, which is intimately
tied to the notion of information of language users can handle this ambigquity in

a natural way. We will see that this is indeed the case. For this purpose we

have to enrich the framework developed sofar with a doxastic operator, representing

belief.

To the language given in section 2, we add a set of indexed operators: Bi' Bj,

BEs%y; Bi ; .., and the following syntactic clause: if ¢ is a wellformed formula,
1

and BX an indexed operator, then Bx(¢) is a wellformed formula. The valuation
of formulas of the form BX(¢) will be defined in terms of the information x
has about ¢, Bx(¢) will be assigned the value 1 if and only if according to
the information of x, ¢ is true (remember that the phrase 'has the information
that' is used without factive implication), and will be assianed the value O
otherwisé?)Further, the valuation function will be defined in such a way that a
language user y will have the information that Bx(¢) is true if and only if ¥

I has the information that x has the information that ¢ is true. The clause of
the recursive definition of the wvaluation function V for formulas of the form

(9)

BX(¢) is as follows:

(6) V(BX(¢),in) = BEH:V(¢,i%“x)1,where BEL is a function from Sn+1 to Sn such that:
Bel {1}] = 1; BEY {0}] = BE {0,1}] =0
Bel vl = {BEL y] |yEY}, for ¥ # {1}, {0}, {0,1}

- ’ .
In this definition iq“x stands for the concatenation of i and x.
Notice that according to this definition, the operator BX creates a truly

. .n T
intensional context. V(BX(¢),in) is not computed from V(¢,i ), but from V(9,1 ™).
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This can be illustrated by the following example:

Let e be the empty sedquence, then V(Bi(P(a)),e) = 1 iff BEl v(P(a),i)] = 1.
This is the case iff v(p(a),i) = {1}. And this is the case iff every element of

F(a,i) is an element of every element of F(pP,1).

So, the actual denotations of the constant a and the predicate P do not enter
in the evaluation of the truth value of the formula Bx(P(a))
Notice that if we consider the formula Bj(P(p)) to be a representation of sentence

Peter respectively, and the predicate P the verbphrase passed the exam, we only

obtain the de dicto of (7). In order to obtain the de re reading as well, we have
to enrich the syntax of the logical language in such a way that sentence (7)

can be represented by another formula as well. This can be done in the following
way. A general feature of a language without variables is that the various
sentential operators, such as the connectives, tense operators, and in this case -~
the belief operator, do not only operate on sentences, but on predicates too.
Another way of saying this is that these expressions operate on predicates with
an arbitrary number of places, where sentences are considered to be zero-place
predicates. The need for this device:zcan be illustrated by a simple example.

In order to construct in a language without variables a formula which corresponds
to the following formula of a language with variables: Ix(P(x) & Q(x)), we need
to apply negation as an operation on the predicate Q. In that way we can obtain
the formula gP(jQ). Without this device one could only construct the formula
J@AP(Q)), which is the non-variable equivalent of 1dx(F(x) & G(x)). The result

of application of negation to a (one-place) predicate § is straightforward:

F(Wé,in) = COMPL[F(S,in)], where COMPL is a function from A£+1 to A$+1 such that
(a) if x€a!, then coMPLlx] = A - X
(b) if X other wise, then COMPL{X] = {comp1] x} | x€x}

Given this definition the formula 4P (71Q) means what dx (F(x) & 1G(x)) usually
means.

For a definition of the full apparatus needed for the construction of a language
without variables which is equivalent with the language of standard predicate
logic, see Quine 1966 and Groenendijk & Stokhof 1978k, In the latter, the epistemic
pragmatics of this language enriched with epistemic and modal operators is given

in detail.
If we allow the belief operator not only to be apnlied to formulas, kut also
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to one-place predicates, by adding a syntactic clause like: if § is a 1-place
predicate and Bx an indexed operator, then Bx(G) is a 1—place predicate, then the
two readings of sentence (7) can be represented by two different formulas which

can be constructed as follows:

(7") Bj(P(P)) (7™) Bj(P}(P)
Bj P(p) Bj(P) p
AR 2 %
P p Bj P
'de dicto' 'de re'

The interpretation of the syntactic application of an indexed operator BX to a

predicate §, resulting in the predicate Bx(G) is as follows:

F(Bx(ﬁ),in) = INTER[F(G,in x)] , where INTER is a function from A'n+2to A5+1 such that
(a) if X€a,, then INTER X] = =X
(b) if X otherwise, then INTER X]= {INTER[x]IXEX}

It will be clear that the operator Bx applied to a predicate § creates an

intensional comtext, since F(Bx(d),in) is defined not in terms of F(G,in), but

in terms of F(P,iq“x).

What remains to be shown is that the formulas Bj(P(p)) and Bj(P)(p) are assigned

different truth conditions within this framework:

- V(Bj(P(p)),e) =1 iff
BEL V(P(p),J)] = 1 iff
V(P(p),j) = {1} iff
{T[x,Y] |x€F(p,3) & YEF(P,31} = {1}, i.e. iff
every element of F(p,j]. is an element of every element of F(P,j), i.e. iff
every object that according to j could be the denotation of p is an element of

every set of objects that according to j could be the denotation of P

= V(Bj(P)(p),e) =1 iff
T[F(p,e),F(Bj(P),e11 =1 iff
F(p,e) € F(Bj(P),e) iff
F(p,e) € INTER F(P,j)] iff
F(p,e) € XEF (P, ) i.e. iff
the actual denotation of the proper name p is an element of every set of objects

that according to j could be the denotation of P
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Tt will be clear that the truth conditions of these two formulas differ. The
formula representing the de dicto reading of sentence (7) does not imply the

formula representing the de re reading: if F(p,e) = a, F(p,3) = {b}, and

F(p,j) = {{b, c,d}}, then the formula B (P(3)) is true and B (P) (p) is false.
Neither does the formula representing the gg_Eg_readlnq 1mply the formula
representing the de dicto reading: if again F(p,e) = a and F(p,j) = {b}, but
now F(P,j) = {{EJEJQJ}' then Bj(P)(p) is true and Bj(P(p)) is falsef '

Let us conclude this section, and thereby this paper, by pointing out that

a language user can significantly be said to use the proper name Peter
specifically (or non-specifically) in uttering sentence (7) only if he uses it
on its gg_ze_reading. In case he uses it on its gg_giggg_reading the question
simply does not arise. In terms of the framework this is expressed by the fact
that evaluation of the formula B (P) (p) with respect to the information of

x, i.e. the computation of V(B (P)(p),x), involves considerations concerning
the information of x with respect to the denotation of p, i.e. F(p,x), but the
evaluation of the formula Bj(P(pjj with respect to the information of x does
not involve considerations concerning the information of x about the denotation

of the constant p representing the proper name Peter.
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NOTES

The preparation of this paper was part of the research project 'Performatives
and Pragmatics', supported by the Netherlands Organization for the advancement
of Pure Research. We would like to than Renate Bartsch, Johan van Benthem and

Theo Janssen for their comments on part of the material presented here.

See Groenendijk & Stokhof 1978a for empirical and theoretical arguments which

justify this assumption.

For a formulation of the Gricean maxims in terms of recursively characterized

correctness conditions, see Groenendijk & Stokhof 1978b.
For definitions see Groeriendijk & Stokhof 1978b.
Sce Groenendijk & Stokhof 1978b.

For a full treatment of a language with the same expressiva power as standard

predicate logic, see Quine 1966 and Groenendijk & Stokhof 1978Db.
See the references in Xasher & Cabbay 1976.

A quite similar definition might be given for the specific use of definite
descriptions of the form the ».

lThis is, in fact, a simplification. For an adequate semantics of belief, in
particular in connection with a semantics for knowledge, it is necessary tc
distinguish informaticn of language usere according tec its degree cf reliability.
Since it plays no essential role in the problems discussed here, we have cmittad
this complication, but see Groenendijk & Stokhof 1378b, which also contains a

critique of the dintikka-type semantics for the notions cf knowledge and oelief.
A more complex definition which allows also for a 'subjective interpretation'
of the index of the cperator is:

s ( \
V(B)S‘ﬂi IV

VEF(x,1

The reason for omitting this aspect here is that eventually we analyze believe

n, BEL{ Vi, iy ]

as a two-place predicate, in which case a subjectlive inte:rpretation of the subject

term is automatically aliowed for. For deitails, see Greenendijk & StokhoZ 1978b.
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SURFACE COMPOSITIONALITY AND THE SEMANTICS OF MOOD

Roland R. Hausser

0. Introductory remarks

The goal of the present paper is to extend the principles of truth-conditional
semantics to non-declarative sentence moods.l) My basic hypothesis is that the
different syntactic moods should be characterized semantically in terms of their
characteristic kind of possible denotation. In the same way as the declarative

mood is characterized semantically by the fact that declaratives denote propositions
(i.e. functions from points of reference into truth values), I want to characterize
the imperative and the interrogative mood by assigning suitable and natural kinds

of possible denotations, which are a strictly compositional result of the
characteristic syntax defining each mood.

In order to motivate my hypothesis I will outline a syntactico-semantic analysis
of the English declarative, imperative, and various kinds of interrogatives in the
style of a canonical extension of the grammar defined in Montague's PTQ (Montague
1974, chapter 8). This mode of presentation allows to formulate the specifics of
my analysis in brief, yet formally precise terms.

I will rely in particular on the intensional logic of PTQ, which is a type system
with x-calculus, and on the categorial surface syntax of PTQ, which characterizes
the meaning of English surface expressions indirectly by systematic translation
into formulas of intensional Togic. The semantic representations are interpretable
in explicit model-theoretic terms according to the truth-conditions of intensional
logic as stated in PTQ. In order to handle certain phenomena of context-dependency
arising with the imperative and with the interpretation of 'non-redundant answers',
I will also refer to the system of a context-dependent intensional Togic based on
context-variables presented in Hausser (1978).

1) The term 'mood' can be used either in connection with verbal mood, such as
indicative, subjunctive, optative, etc., or in connection with syntactic mood, such

as declarative, imperative, or interrogative. The specifics of a certain mood may

vary from language to language, and different languages may have different moods,

as a comparison of the verbal moods of Greek vs. English demonstrates. The present
paper will be concerned with syntactic mood only,
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Unfortunate1y, in PTQ a declarative sentence is defined as denoting a truth-value
rather than a proposition (i.e. a function from points of reference to truth-values).
I agree with Tichy (1971) and Maderna (1974),who have critized such 'relicts of
extensionalism' in Montague's semantics.Rather than kedefining PTQ in this respect
(which would be space consuming, but techniéa11y routine), I will gratuitously
intensionalize trans]ation-forhu]as where it is semantically relevant.

1. Syntactic mood versus speech acts

When we talk about syntactic moods we are talking about formal properties of
linguistic surface expressions. These are to be kept clearly distinct from (the
properties of) the speech acts in which a linguistic expression may function.

For example, (1)

1) Could you pass the salt?

is by virtue of its form an expression of the interrogative mood. If we use (1)

at the dinner table we are normally performing a speech act of a request. But

we may use (1) also as a question, for example when we use (1) to ask a disabled
person about his physical abilities. The difference between these two types of speech
acts may be characterized in terms of different appropriate responses: if (1) is used
as a request, the appropriate response would be passing the salt; if (1) is used as a
question about the hearers state of recovery, on the other hand, a simple 'yes' or
'no' would be an appropriate response. The crucial point is, however, that the
literal meaning of (1) is exactly the same in the two different speech acts indicated.

In the same sense as a Jinguistic expression Tike (1) may be used 1in different types
of speech-acts, different linguistic expressions may be used to perform the same type
of speech act. Consider for example (2) and (3):

2) You know where the can opener is. (declarative)

3) Get the can opener. (imperative)

I take it that the locutionary acts indicated in (4) and (5)

4) John says to Mary at 10.45: 'You know where the can opener is.'

5) John says to Mary at 10.45: 'Get the can opener.'

may constitute the same illocutionary acts, namely (6):

(6) John requests from Mary at 10.45 to give him the can opener.

In other words, (2) and (3) may be used in locutionary acts which are equivalent on
the illocutionary level, despite the fact that (2) and (3) are syntactically of
different mood and denote semantically different things: while (2) denotes a

proposition, (3) does not.
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There is a certain feeling that declarative sentences are used primarily or pre-
dominantly as statements, while imperatives and interrogative sentences are used
mostly as requests or questions, respectively. The above examples demonstrate clear-
1y, however, that the syntactic mood does not determine the speech act. Rather,
syntactic mood participates with al1 the other linguistic properties of a given
surface expression ¢ inidéiimiting the set of use-conditions of ¢. Since there is

no one to one relation between syntactic moods and speech acts, it would be a

mistake to implement speech act properties in the semantic characterization of
syntactic mood.

The conclusion stands in contrast to the practice of Austin (1959), Lewis (1972)
and many others, who proceed in their analyses on the assumption that examples 1ike
(7) and (8) are semantically equivalent.

7) I order you to leave. (declarative)

8) Leave! (imperative)

Before we scrutinize this assumption, let us note that (7) and (8) are of quite
different syntactic structures. Comparison of (7) and (9), furthermore,

9) You ordered me to leave.

shows clearly that (7) and (9) are in the same syntactic paradigm,

It is curious that Austin and Lewis draw quite contrary conclusions from the
presumed equivalence. Lewis recognizes that (7) is a declarative sentence and
therefore wants to treat it semantically as a proposition. The presumption of
semantic equivalence between (7) and (8), however, leads him to the counter-
intuitive consequence that (8) 1ikewise denotes a proposition. Austin, on the other
hand, notes correctly that (8) does not denote a function from points of reference
into truth values (proposition). The presumption of semantic eauivalence between (7)
and (8), however, leads Austin to the counterintuitive conclusion (and contrary to
Lewis) that (7) does not denote a proposition, which means breaking the linguistic
paradigm (according to Austin, (9) denotes a proposition while (7) does not).

Austin and Lewis agree that (7) and (8) are semantically equivalent and disagree
about whether (7) (the explicit performative sentence) should denote a truth value
or not. I take the position that (7) is a normal declarative sentence and denotes
a proposition, while (8) is an imperative and does not denote a proposition.
Consequently, (7) and (8) cannot be semantically equivalent in the sense that they
have the same denotation at any given point of reference: if (7) and (8) have
different types of possible denotations they cannot be semantically equivalent.

The assumption of semantic equivalence between, e.g., (7) and (8) must go. Instead
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the relation between (7) and (8) is one of overlapping use conditions, just as in
the case of (2) and (3) above. Furthermore, it is easy to show that an explicit
performative sentence 1ike (7) denotes a proposition (pace Austin). Imagine a run
down Hobo who walks by the docked Q.E. II; throws an empty champagne bottle at
her hulk and says:

10) I hereby christen this ship Q.E. II.

If we were to report this incident by saying (11),

11) That hobo christened this ship the Q.E. II.

(11) would be false under the indicated circumstances. Thus the so-called happiness
conditions for an act of christening must be part of the truth conditions of the
performative verb christen. (11) is false because the happiness conditions for
christening are not satisfied in the 'ceremony' referred to. And (10) would be as
false as (11); This truth value assignment reflects that in the indicated circum-
stances no christening has taken place in the moment of pronouncing (10).

The alleged semantic equivalence between, e.g. (7) and (8)

7) 1 order you to leave.

8) Leave.

has served as the corner stone of the so-called performative analysis of non-
declaratives. Lewis, for example, treats (12b), (13b), and (14b) as paraphrases
of (12a), (13a) and (l4a), respectively, and proposes to derive the latter from
the former via meaning-preserving transformations.

12a) I state that you are late. 12b) You are late.
13a) I command that you are late. 13b) Be late.

14a) 1 ask whether you are late. 14b) Are you late?
Lewis says:

"I propose that these non-declaratives (i.e. (13b) and (14b), R.H.)

ought to be treated as paraphrases of the corresponding performatives,

having the same base structure, meaning, intension, and truth value

at an index or an occasion. And I propose that there is no difference

in kind between the meanings of these performatives and non-declaratives

and the meanings of the ordinary declarative sentences considered hre-

viously." Lewis 1972, p. 208
It seems to me, however, that by deriving (12b), (13b) and (14b) from the indicated
declaratives, Lewis relies not only on the unsubstantiated semantic equivalence
discussed above, but also fails to respect the distinction between syntactic mood
and speech acts. The problems resulting are easy to see: if the surface syntactic
form of declaratives, imperatives, and jnterrogatives is systematically related to
the 'underlying' performative clauses 'I state', 'I.command' and 'I ask', respective-
ly, then also examples like (15a,b) or (16a,b) are rendered as paraphrases:

!
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15a) I command that you feel yourself at home.

15b) Feel yourself at home!

16a) I hereby ask you whether you could pass the salt.
16b) Could you pass the salt?

The desire to reduce different syntactic moods to the same kind of meaning is
also apparent in the analysis of Stenius (1967), according to which examples Tike
(12b), (13b) and (14b)

12b) You are late.

13b) Be late!

14b) Are you late?

share the same sentence radical (propositional content) and differ only in their
underlying mood operators. However, as Lewis points out correctly, 'it is hard to
see how it (i.e. the method of sentence radicals, R.H.) could be applied to other
sorts of questions ...' (op.cit., p. 207). Compare for example (17) and (18):

17) Who came?

18) John came.

There is no complete propositional content which could serve as the basis of (179%

The only reason for the popularity of the performative approach and the sentence
radical method I can see, is that it derives different moods from the same kind

of structure. This way one can continue to practice logic in the ways one has

long been accustomed to and evades the task to provide the syntactic structure

of each mood with its own characteristic semantics. While I believe that the
principles of referential semantics should be rigorously maintained, there is no
reason why we should not use these principles creatively. The performative approach
and the sentence radical approach proceed as if propositions were the only inter-
pretable expressions of logic, which is a completely unwarranted assumption.

Consider for example (19) and (20):
19) Stop to kiss Mary.

19') ‘stop'(kiss'*(m))

20) John stops to kiss Mary.

20') “stop(“j, § kiss'(y, PP{"m}))

The denotation of a complex IV-phrase like (19) can be interpreted in exactly the
same compositional manner (relative to a model and a point of reference) as a
complete declarative sentence 1ike (20). The only difference is that (19) denotes
a function from points of reference into functions from individuals into truth
values, such as indicated in (a):
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a) IxJ » (A~ {0,1})

while (20) denotes a function from points of reference into truth values, such as
indicated in (b):

b) IxJ » {0,1}

The meaning of (19)/(19') is characterized in terms of the same kind of truth-
conditions as the meaning of (20)/(20"). (It would perhaps be more appropriate

to speak of denotation-conditions rather than truth-conditions, since the rules

in question characterize the meaning of expressions of ggz_semantic type in general

model theoretic terms.)

Propositions are like other possible denotations in that they occur as the
denotation of subordinate clauses. So why should not other types of possible
denotation be Tike propositions in that they may serve as the denotation of
complete linguistic expressions? I will present a treatment of interrogatives
(section 5), according to which (21) translates into (21")%

(21) Who talks?

(21') P [P{"talks'} | € ME_o £ot/7)>
(where P is a variable of type <s,f(T)>

(21') is treated as a complete expression of intensional logic, denoting a function
from points of reference into sets of term-denotations (John', Bi1l1', the man you

saw yesterday', etc.) According to my view, this type of possible denotation is as

characteristic of the type of interrogative involved as propositions are the
characteristic type of possible denotations for declaratives. As far as I can see,
the indicated semantic characterization of the meaning of (21') does in no way

exceed the basic principles of intensional logic.

The point I want to make here is that it is logic-wise conceivable that possible

denotations other than propositions may serve as denotation of complete linguistic
expressions, such as, for example, interrogatives, or imperatives. Note in this
connection that a type system (such as the one employed the intensional logic
defined in PTQ) provides infinitely many different types of possible denotations

(compare the recursive definition of types, p. 256, and the recursive definition
of possible denotations, p. 258, in PTQ). Later (section 4, 5) I will discuss the
further question of which types of possible denotations should be defined as
characteristic of which kinds of syntactic mood. This decision will be motivated
in Tinguistic terms, since we proceed on the hypothesis that different syntactic
moods are different kinds of syntactico-semantic composition occurring in natural
language.



189

2. Linguistic standards of analysis (surface compositionality)

One reason why I have chosen to present my analysis of syntactic mood in form of
an extension of PTQ is that PTQ is a complete grammar in the sense that the
generation and interpretation of a fragment of English is coordinated in a

rigorously formal generative system. Lewis (1972), on the other hand, is incomplete
because the transformations which supposedly make an explicit performative
categbria] structure into a (non-)declarative surface structure are not spelled
out. I take it, however, that it would be a rather nasty job to explicitly define
these transformations and give a 'reasonable' Tinguistic motivation for them
(though I have no doubts that it could be done).

As long as we do not coordinate the surface syntactic analysis with the semantic
characterization of an expression in terms of a complete, formal generative grammar

generating a fragment if a natural language, we can postulate any kind of logic for
the characterization of syntactic mood.

The confusion of semantic properties and speech act features shows, furthermore,
that in addition to the methodological standard of completeness we need some kind

of linguistic standard to guide our use of mathematical power to linguistically

well-motivated analyses. But which standard of linguistic analysis should we adhere
to?

The assumption that the semantics of natural languages works like the semantics

of formal languages in that the meaning of complex expressions is the systematic
result of the meaning of the basic parts (and the mode of syntactic combination)
suggests a principle which I would 1ike to call the principle of surface

compositionality. According to this principle, the semantic representation of a

linguistic expression should contain nothing that does not have concrete surface
motivation. Furthermore, a surface compositional analysis must characterize ex-
plicitly how the meaning of a complex surface expression is composed from the

meaning of its basic surface constituents. For example, an analysis which derives

passive via transformation from the corresponding active violates the principle

of surface compositionality though it might still be complete in the sense that
the Tinguistic expressions investigated are systematically characterized in model-
theoretic terms by means of formal translation into intensional logic (compare
Partee (1975), Cooper (1975)).

Thanks to the presence of A-calculus, the principle of surface compositionality
can be easily accomodated in a PTQ-style grammar. Consider for example (23):
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233) John regrets that Mary leaves
PP{"j} (“regret that') . (PP{"m}) (“leave')
t/(t/e) (t/e)/t t/(t/e) (t/e)
I |
t
|
t/e
|

The semantic representation in (23) assigns the standard logical translations to the
surface constituents- apart from the unresolved analysis of regret that, which
would require further attention. Since the surface syntax and the logical syntax
are completely parallel in their respective function-argument structure, the
composition of the meaning in the surface expressions is explicitly characterized.
Yet our surface compositional analysis remains strictly within the realm of
referential semantics. The formula in (23) reduces rautomatically' via A-conversion
into the more standard looking but equivalent formula (24):

24) “regret that'("J, “leave'("m))

Neither Lewis (1972) nor Hintikka (1976) follow the principle of surface
compositionality because their semantic representations contain a 1ot more than

can be surface-syntactically motivated, and because the structure of the surface
syntax is completely disregarded in their respective semantic analyses. The
movement, deletion, and insertion transformations of transformational grammar

in general run counter to the principle.

The linguistic literature of recent years has been quite concerned with

revaluation measures', designed to help finding the 'right' grammar for a natural

language (c.f. Chomsky (1965), Partee (1978)). It seems to me that the combination

of %

a) the principle of formal completeness (regarding the coordination of syntax and
semantics), and

b) the principle of surface compositionality

would result in a restriction on linguistic analysis of natural language which

would induce the following desirable properties: an approach conforming to (a)

and (b) would have to be such that (i) different 'local’ analyses in the system

must really be shown to be compatible with each other, and (ii) all aspects of

linguistic analysis would have to be motivated over concrete surface properties

(rather than putative speech act and/or paraphrase properties).
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3. Denotation conditions versus use-markers

There is no question that the syntactic mood of an expression ¢ is relevant for the
use-conditions of ¢. However, since all properties of ¢ are relevant for the use-
conditions of ¢, this statement does not say anything about the nature of syntactic
mood. The real question is whether syntactic mood is a syntactico-semantic phenome-
non to be characterized in terms of the classical denotation-conditions (truth
conditions) or whether syntactic mood should be treated as a use-marker. The
interrelation between denotation-conditions, use-markers and use-conditions of

an expression of natural language may be indicated as follows:

25) denotation-conditions use-markers

use-conditions

The position that mood is something T1ike a use-marker is quite clearly expressed
in the following quotation from Lewis (1972):
“Fundamentally, however, the entire apparatus of referential semantics
(whether done on a categorial base, as I propose, or otherwise) pertains
to sentence radicals and constituents thereof. The semantics of mood is
something entirely different. It consists of rules of language use... In
abstract semantics, as distinct from the theory of language use, a meaning
for a sentence should simply be a pair of mood and an S-meaning (mood being
identified with some arbitrarily chosen entities)."
Lewis (1972), p. 207

Yet, there is no one to one relation between mood and use/speech-act (compare
section 1). Furhtermore, to identify mood with arbitrarily chosen entities
violates the principle of surface compositionality (c.f. section 2). Finally, why
should referential semantics be limited to sentence radicals? As Lewis points out
himself, sentence radicals are a theoretical construct and do not normally appear
on the linguistic surface.
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4. A compositional analysis of imperatives

The crucial question for a surface compositional analysis of non-declarative
sentence moods is: What do complete but non-declarative expressions denote? I take
it that an imperative denotes a property (roughly that property which the speaker
wants the hearer to acquire). This concept is formally captured in the semantic
representation (33') of (33):

33) Leave. € PIV

33" ) Fax [Fz{x} A leave'(x)l € ME<s,f(IV)>

(33') denotes the property of being the hearer (Fz) and to be leaving. T»p is a
context-variable representing the property of being the hearer. For detailed
definitions of the presumed treatment of context-dependency see Hausser {19783
where T, appears in the translation of second person pronouns such as you (e BT)’

your (e BT/CN)’ yours (e BT), our (e BT/CN)’ etc. T, 1is of type <s,f(CN)>.

The indicated treatment of imperatives may be imnlemented into the PTQ-system
by adding the following two rules:
S20. If o € PIV’ then on(a) € PIV and FZO(OL) stz
T20. If o € PIV and o translates into o', then on(u) translates into
X [Ty{x}A i) 9
Thus, (33) and (33') are derived in our extension as follows:

34) leave. € PIV 35) % [Fz{x}.A Teave' (x)]
S20 T20
leave ¢ BIV leave'

Our analysis may be motivated linguistically as follows:

It seems to be a universal linguistic fact that imperatives do not have subjects.
Therefore, it seemed best to avoid the postulation of an 'underlying' subject.

Since the syntactic structure of English imperatives is identical to the structure
of un-inflected IV-phrases, it suggests itself to take such IV-phrases as the point
of departure for the derivation of imperatives. The presence of the context-variable
Ty in the semantic representation of imperatives is motivated over the universal
fact that second person personal T-pronouns serving as the direct or indirect object
of the main verb in an imperative must be reflexive nronouns. With regard to this

jmportant detail, our treatment of imperatives plugs in directly to the surface
compositional treatment of pronouns presented in Hausser (1978) (for the analysis
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of reflexives see section 8). The context-variable F2 is crucial, furthermore, for
distinguishing imperatives semantically from the corresponding IV-phrases (which
are not considered to be complete linguistic expressions). The 'propositional
content' of imperatives, finally is captured in the semantic representation without
the counterintuitive assumption that imperatives denote propositions and without
invoking putative speech-act properties.

The fulfillment-conditions for imperatives used as requests may be roughly

characterized as in (36):

36) If the speaker s utters fzo(a) (where o ¢ PIV) towards a hearer h at time j
in order to make a request, then this utterance is a fulfilled request if and
only if there is a time j', j' > j, such that [h=x a a(x) ] is true at j'.

Whether a certain imperative expression is used as a request or an order, etc.

depends on pragmatic criteria concerning the status of the speaker (authority),

his wishes (sincerity), etc. But assuming that an utterance of an imnerative
constitutes a request, (36) specifies the conditions under which this request is
fulfilled.

Our semantic representation of the imperative (33) may seem rather parsimonious.
Is (33") sufficient as the semantic representation of the literal meaning of (3302
And what is the Tliteral meaning? In order to clarify my position regarding the
relation of meaning and use, semantics and pragmatics, it might be helpful to
consider a metaphor.

Imagine A and B sitting at the dinner table, B looks cuietly at A and flashes the
little card indicated in (37).
37)

Would not A cuite normally understand the flashing of this card under the indicated
circumstances as a request to pass the salt? No illocutionary force indicator is
necessary to use the card in (37) for making a request. Furthermore, we could use
the same card also in a descriptive function if the circumstances are of an
appropriate nature. For example, (37) could serve as a label on a box containing
little bags with salt (in distinction to another box containing little bags with

suqgar).



Now, does (37) have two or more meanings depending on how many different uses we

can find for it? Or is (37) one sign with one meaning? Though (37) has an

extremely rudimentary 'surface-syntax' and there is no special syntactic mood

to speak of we may extend the performative approach to this examnle by postulating

'underlying' meanings.
If (37) is used as a request then it means 'T request from you that you Dass
the salt.'. But if (37) is used as a label then it means 'This container
contains salt.'.

I would like to argue, on the other hand, that (37) has only one simple meaning,

as represented in the picture of a salt-shaker. We may say that this picture denotes

in the same sense as the English word salt-shaker.

It seems to me that the study of speech-acts makes sense only if we operate with
concrete linguistic signs in their literal meaning. Only if we stick to the meaning
concretely given in the sign can we study the use-conditions of this sign. By making
explicit assumptions about the believes, intentions, emotions, and preferences of
the speaker and other relevant features of the utterance situation, we can
systematically deduce the intended use of the sign. The theory of pragmatics should
be able to account for different uses of cards 1like (37) in the same way as it

should account for the use of natural language signs.

In order to further motivate my surface compositional approach (with its
consequences for syntax, semantics, and pragmatics), I will present below an
analysis of the interrogative mood which illustrates how 'literal' the translation
of linguistic surface structures into the standard notation of intensional logic
can be (though much could be improved in a more thorough and detailed analysis).

1)

5. The syntax and semantics of interrogatives

Wnhile the imperative mood in English is characterized by one basic type of surface
syntactic construction, the interrogative mood exhibits a systematic variety which
creates a whole spectrum of different surface syntactic constructions. For reasons
which will become apparent shortly, we may distinguish between the following two

basic types of interrogatives: non-restricted interrogatives and restricted inter-

rogatives.

1) The discussion of interrogatives in the present section summarizes the main
points of Hausser (1977, chapter 5).
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Examples of non-restricted interrogatives are (38-42):

38) Who came? (John,)

39) Why did John come? (Because he admires Mary.)
40) When did John arrive? (Early.)

41) How often did John kiss Mary? (A 103 times.)

Examples of restricted interrogatives, on the other hand, are (43) and (44):
43) Did John kiss Mary? (Yes./No.)

44) Does Mary love John or Bil1? (Yes./No./dohn./Bil11.)

~ The expressions in brackets in the above examples are compatible answer expressions.

In the same sense as we have to distinguish between an interrogative X and a speech
act of asking which contains X as a token, we have to distinguish between 'answer-
expressions' and the speech act of answering. Which kind of expressions may serve
as answers to which kind of interrogatives? Consider the following example:
45) John asks Bill: "Who came?"

Bill answers:

a) "Peter." (non-redundant answer)

b) "Peter did." (pseudo-redundant answer)

c) "Peter came." (redundant answer)

d) "Peter, on Mary's bicycle." (explicatory non-redundant answer)

e) "Peter did, on Mary's bicycle." (explicatory pseudo-redundant answer)
f) "Peter came, on Mary's bicycle." (explicatory redundant answer)

The non-redundant and pseudo-redundant answers (i.e. (45a), (45b), (45d) and (45e)
are special surface expressions which (i) are not a complete declarative expression,
(i1) denote a truth-value (proposition) if interpreted relative to a suitable inter-
rogative, and (iii) exhibit highly specific structural properties which delimit the
class of interrogatives they may function to answer. The redundant answers (i.e.
(45c) and (45f), on the other hand, are complete and regular declarative expressions.
Whether these declaratives are used as answers or not is solely a matter of the
speech-act they are used in.

The answers indicated in (38-44) are all non-redundant answers. They demonstrate
that a non-redundant answer-expression may be related only to two kinds of inter-

rogative because it is structurally incompatible with all other kinds. The expression
"John.",for example, is a possible answer only to (38) and (44), on the 'disjunctive
reading' of (44). The declarative sentence (46),

46) John came early because he admires Mary.

on the other hand, may serve as an explicatory redundant answer to (38), (39), and
(40). Which interrogative (46) is used to answer is indicated only in the intonation.
Note that this specific intonation is a use-marker: it has no influence on the
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denotation of the sentence.

How can the structural properties of interrogatives, answer-expressions, and the
important property of compatibility observed in the above examples be formally .
characterized in a complete and surface compositional analysis? In the analysis
presented in Hausser & Zaefferer (1977) and Hausser (1977, chapter 5), an inter-
rogative is analyzed syntactico-semantica]]y in such a way that it fits together
with a compatible non-redundant answer and vice versa. Their combination results
in a proposition which is semantically equivalent to the translation of the
corresponding redundant answer:

48); interrogative expression non-redundant answer

bl PN ﬂ__J

N
N

redundant answer

Note that the interrogative elements who, why, when and how in the non-restricted
interrogatives (38-41) have the same syntactic category as the constituents of
their respective non-redundant answers. This fact is taken into account in the

analysis of the following example:

49) Who came? (e Pt/T) John. (e Pt)
“AP [ Pyl "come'} ] rt/Teap 1Py 1)

[ |

where EO is a variable of type <s,f(T)> ranging over term-denotations, while
Ft/T is a context-variable of type <s,f(t/T)> ranging over translations of
t/T-interrogatives provided by the context. '

The non-redundant answer (49b) is interpreted with respect to the interrogative
(49a) by replacing the context-variable by the transiation of (49a). The result
is (50a), which reduces via A-conversion to (50b).

50a) ‘AEO [EO{‘come'} 1("AP [P{°3} 1)

50b) “come'("J)

(50b) is the transiation of the corresponding redundant answer "John came", as
desired. For the details of contextual reconstruction (i.e. replacement of a

~ontext-variable as indicated in (49)) see Hausser (1978).
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According to the indicated treatment, an interrogative denotes a function from
points of reference into sets of corresponding non-redundant answer constituent
denotations. The category variation (type-variation) of different interrogatives
(i.e. interrogatives with interrogative elements of different category) is crucial
for the characterization of compatibility between an interrogative and its non-
redundant answers. As an example of a t/IAV-interrogative consider (51):
51) Whez djd John azrive? (e Pt/IAV) Early. (e Py)

‘Aan [PP{‘j}(‘an{“arrive'}) 1 T

result of contextual reconstruction:
5P{“j}(‘ear1y'(‘arrive'))
(the variable aﬁ is of type <s,f(IAV)>, where IAV = IV/IV, ranging over the
denotation of time-adverbs. In order to differentiate between different kinds
of adverbs, I assume that the variables representing IAV-interrogative
elements are sorted with respect to time, place, manner, etc.)
Comparison of (50) and (51) illustrates that the compatibility between an inter-
rogative and a non-redundant answer expression depends largely on the category
correspondence between the interrogative and the context-variable in the answer
(where the type of the context-variable must always be such that the answer
denotes a proposition). Further restrictions are induced by sub-cateqories such
as different kinds of adverbs:
52) * Where did John go? Yesterday.
Where corresponds to an IAV-variable sorted with respect to places. Though the
constituent in the answer-expression in (52) is of category IAV, it is not of
the right subcategory,

Our semantic treatment covers also the multiple interrogatives (which are 1ikewise
non-restricted interrogatives). Consider (53 )

53) Who kissed whom where? (e P(((t/T»WW/IAV))
AahAPIPY  [Po("ab("see! (Py))) |
John Mary in the kitchen. (e Pt)
r T (30 the kitchen') (Bpe-my) (Bpe-41)

= P/ T/T/IAY 5o - 51 - Bprom ~in the kitchen')
where ag is a variable of type <s,f(IAV)> sorted with respect to places.

EO andﬂ1 are variables of type <s,f(T)>.



100

Contextual reconstruction renders again a formula which is equivalent to the

translation of the corresponding redundant answer:

John kissed Mary in the kitchen.

PP{~j}(~in the kitchen'( kiss(PP{ m})
(53) demonstrates that the category of interrogative elements as well as their
number and relative order determine the category of the whole interrogative ex-
pression. Furthermore, the number of interrogative elements in a non-restricted
interrogative is theoretically indefinitely large and restricted only by
limitations of perception (a parallel case is the stacking of relative clauses).
This means that there are indefinitely many kinds of non-restricted interrogatives,
having different types of possible denotations and different types of compatible
non-redundant and pseudo-redundant answers. Semantically, we may motivate the
postulated syntactico-semantic structure of interrogatives by saying that inter-
rogatives denote sets of their non-redundant answer constituent-denotations. ,

We have captured the intuition underlying the hypothesis in Hamblin (1973) that
interrogatives denote sets of possible answers, though in a manner quite different

from Hamblin's. Hamblin proceeds on the assumption that an answer must be a
declarative sentence, which leads him to define interrogatives as uniformely
denoting sets of propositions. He motivates this move by proposing to treat

declaratives as denoting unit-sets of propositions. Thus imperatives and declara-
tives denote the same kind of function - though imperatives are apparently not
included in this 'generalization'. Needless to say, the question of compatibility
between interrogatives and suitable answer-expressions is not raised in this paper.

The basic principles of my approach to non-restricted interrogatives are suited
also for a logically standard treatment of restricted interrogatives. Consider (54):
54) Did John leave?

“arg [rg(Tleave (3 AL(r =B L VP 1) V (ry=F [¥2p 1)1

No.

R CTO T2

(rn 1i § variable 2f t{Pe MEf(t//t)‘ I assume that yes and no (e Bt//t) translate
intoP[VYpl and P[Y~p 1, respectively. Contextual reconstruction renders an

expression which is equivalent to the translation of the corresponding redundant

answer 'John did not leave', i.e. “nleave'("j).)

\:s/no-interrogatives like (54) are morphologically and semantically related to
the so-called alternative interrogatives, such as (55),

55) Did John kiss Mary®4q SGAVZUA 2,
which is ambiguous between the fof?hwing two meanings:
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55a) Fn [rn(kiss'(‘j, P [P{"m} VP{ s} 1)1 (yes/no-reading)
55b) P [kiss'("j, PATL(R, ='PP{ R} V P,=Pp{"s}) 11  (term-reading)
Expressions 1ike (54) or (55) are called restricted interrogatives because the
possible values cf the variables in their translatior is restricted via exnlicit
enumeration. Note that there are again indefinitely many kinds of restricted inter-
rogatives, as shown by example (56):
56) Did John kiss Mary or Bill Suzy? (e Pt/T/T) John Mary.

The different readings (55a) and (55b) are marked on the surface in terms of
different intonation. These intonation patterns constitute an instance of
'syntactic intonation' (are not a use-marker). The rules of implementing the
indicated syntactico-semantic treatment of restricted and non-restricted inter-
rogatives, redundant and non-redundant answer-expressions as well as the so-called
'indirect questions' into a complete and canonical extension of PTQ are given in
Hausser (1977, chapter 5), and need not be repeated here.

6. Conclusions

Let us return now to our basic hypothesis according to which different moods should

be characterized semantically in terms of their characteristic kind of possible

denotation (induced by their characteristic syntax). We have seen that different

moods arise in form of very clearly defined different kinds of surface structures.

We argued that

a) declaratives denote propositions, i.e. they are expressions of type <s,t>,

b) imperatives denote porperties of individual concepts (restricted in the
indicated way), i.e. they are expressions of type <s,f(t/e)>,

c) interrogatives denote functions from s into sets of non-redundant answer
constituent denotations, i.e. they are expressions of type <s,<<s,a>,t>>, where
a is the type of the constituent of the respective compatible non-redundant
answer expressions.

Thus there is no type-overlap between different syntactic moods. It seems to me

that the kinds of possible denotations assigned to different moods are fairly

natural. To say that an imperative denotes properties of individual concepts

(restricted to the hearer) is no less motivated than saying that declaratives

denote propositions.

While the presented treatment of non-declaratives is logic-wise completely standard,
it is Tinguistically close to the surface and maintains the original categories of
the constituents. In line with the principle of surface compositionality, our
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semantic representations of different moods contain nothing that is not
concretely reflected in the linguistic surface..
Our analysis of mood has shown that the principle of surface-compositionality
leads not only to a highly restricted syntactico-semantic analysis of expressions
of natural language, but is also of greatest'éonsequence for the analysis of the
- use-conditions of these expressions. The systematic study of speech-acts cannot.
be successful as long as we do not proceed on the basis of concrete linguistic
signs in their literal meaning.
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COMPARING ADJECTIVES -- AND GRAMMARS1

Frank Heny

An adequate treatment of the English comparative would pre-
suppose a grammatical theory capable of handling virtually the
whole of natural language. So I shall not attempt it. The con-
struction involves practically every syntactic and semantic
problem that I am aware of. Is deletion, or movement an operation
that is indispensable in linguistic theory: will lexical rules
(or some kind of categorial grammar of a constrained type) suffice
to give a natural account? Problems of scope and opacity interact
with the more basic semantic questions: are adjectives properties
of individuals, functions from properties to properties —-- or in
some way normative, binary predicates? These issues underlie the
ensuing discussion but will seldom emerge overtly since space
dictates economy. There is only one theory of linguistic structure
capable of supporting empirical investigation into the overali
structure of natural language: transformational grammar in one or
another form. The more carefully defined the permitted operations.
the more empirically based a study can be. There is only one
reasonably precise version of transformational grammar; and that
is demonstrably inadequate: that of Logical Structure of Linguistic
Theory, Chomsky (1975). I shall assume that some adequate refor-
mulation of the crucial apparatus can be made, to incorporate the
lexical insertion rule of Aspects, and take that as the implicit
basis of this discussion. The basic issue is then whether the
comparative construction requires a nonlexical transformational
rule. It will be suggested that the phenomena covered by the
transformation(s) of Comparative (and Sub-) Deletion in Bresnan
(1973) (1975a), (1976a) can be more adequately analysed by inter-
pretive rules. This argument can be extended to Chomsky's (1977)
hypothesis that WH-movement is involved, but I shall make no
further reference to that proposal. Semantically, T shall suggest
that the English comparative is a unary predicate, a property thus,
which in many cases carries a (partial) specification of criteria
contextually relevant to the truth conditions for the predicate.
The nature of these have given rise to the "naive point of view
(that) the comparative is an operation which forms out of an
adjective a binary predicate" (Kamp (1975)) . The Comparative is,

‘we might say, base-generated and the apparantly "missing" material
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is to be handled interpretively. But neither by a delta-filling
rule, as suggested by Williams (1977), nor by a rule of

anaphora, as suggested by Jackendoff (1977). Nor does it help
much to translate into even so versatile a logical language as
Cresswell's lambda categorial language (Cresswell(1973) (1976)).
Some indication will be given of what seems required if the
crucial properties of the construction are to be given due weight:
a mechanism partially specifying truth conditions.

The following remarks are based upon and owe everything to
Bresnan's cited analyses of the construction; they are in no
sense an attack on her analysis but point out cases where because
of the theoretical grounding of that analysis it was in principle
unable to provide a satisfactory account. The foundation was a
deletion transformation, Comparative Deletion, which operated on

structures of the form (1) to yield sentences like (2) :
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2. Algy is more intelligent than Simon (is). \\\v///
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As indicated, the A''' in the subordinate sentence is removed
by a deletion rule, under the condition that it not be distinct
from the A''' in the main clause: where the latter has -er, the
former is empty, represented D in (1). The -er then cliticizes
onto much to form more; for adjectives in the class of tall,
moret+Adj forms Adjer, thus, taller. An obligatory rule of much-
deletion applies after -er, if present, has cliticized onto much;
if at that stage, much is immediately to the left of an adjective

it deletes. Hence,‘*(as) much intelligent becomes (as) intelligent.

So brief a summary does no%&ﬁustice to the original but is adequate
for the criticisms that follow.

The fact that"\e too much tall is ungrammatical is to be explained
by much = @ / Adj. (Bresnan(1973) p. 278.). The word much

————

is freely generated before nouns (He hasn't much sense.) and

adjectives in the quantifier slot. If —er or some other item

intervenes, the rule of Much deletion is blocked, but otherwise it

applies. But analogous to the just cited "He hasn't much sense",
we have "He has little intelligence": Little and much appear torbe

more or less parallel forms. We do not get'*(too) little tall, any

more than'* (too) much tall. So it might be reasonable to attribute

this to a little -deletion rule. This would also explain*‘John is
as little tall as Bill and ¥ John is little tall, ungrammatical forms

precisely counterbalancing similar forms with much, and would

provide a source for John is less tall than I thought he was, —er

little becoming less. But of course that is nonsense. Every form
putatively derived from a deleted much will also come from a
deleted little. If there is any relationship at all between the

postulated sources and meaning, such a hypothesis must be excluded.2

Trouble with little is not the only trouble with much. It has

plenty of its own. Consider the following:

x

3. a.' John has much water in his glass

b. John hasn't much water in his glass

c. Has John much water in his glass
Some speakers of English might not totally reject a positive
declarative like (3a); they would all agree that it is odd, and
that the others are not. So it seems that much is not qguite so
freely distributed before nouns as we perhaps assumed.
Either there will have to be a rule deleting much before nouns

but only in positive declaratives (deriving John has water in his

glass from (3a)), or we shall have to constrain the domain of
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lexical insertion of much. Presumably the choice of treatment
could affect the account of much in adjective (and other quahtified)
phrases, and will in turn be influenced by such example as:
4.a. *Mary is very asleep
b. ¥Mary is much asleep

Er. Mary is very much asleep
b. Mary is more asleep than you think she is
5.a. Mary is very alive

b. 9FMary is much alive
Cs Mary is very much alive

d. Mary is more alive at this party than she was at the last.

(Tn.3(5). it «dis obviously a special sense of alive that is intended;
one not obtained with a plain positive adjective.) Grammaticality
varies considerably in forms with and without both much and very.
If a deletion rule for much is involved in whatever permits the

(d) forms to be generated, this little transformation is going to

have to be prevented from operating before asleep if very precedes

it, and yet retain the obligatory force it has for most adjectives
if there is no very present. Before alive in this special sense,
it will be optional after very (or obligatory with optional base
generation) and obligatory as usual if there is no very. Now this
kind of idiosyncratic behavior governed by lexical items is just
exactly what has been used at other times to motivate a lexical
rule rather than a transformationAdhile it is true that we are
not yet directly concerned with the rule of Comparative Deletion
itself, it seems clear that the distributional facts about much, far
from supporting an account of comparatives involving deletion of a
lower phrase containing much, non-distinct from a higher phrase
containing the same item and later yielding either more or the
comparative adjective, are actually themselves a trifle unmanggeable.
It begins to look as though much might not be the source of more,
and hence be unavailable for deletion in the lower sentence.

In fact there is some slight evidence from a different source

that more is a distinct item: .

6.a. Did Sandy eat{*zigﬁ apples?

g ¥many . 5
b. Did Sandy eat{_much ice cream?

C. Did Sandy eat as EFmany

& £k -
Fmuch apples as he did ice cream:

d. Did Sandy eat more apples than ice cream?

Only when the word more is involved can an acceptable comparison
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of mass and count be made. (And not always then, but that does
not seem relevant.) It has been supposed that both many and much -
yield more when combined with -er. There may be other explanations
of the above facts, but a very simple one is that the item more,
occuring separately in the lexicon, is not sensitive, itself, to
the relevant distinction.
Furthermore, there is reason to doubt the derivation of
a comparative adjective form Froma more supposedly cliticized onto
the corresponding positive form -- the putative source, as we
have seen, for the comparative. There are a number of adjectives
which appear to undergo this "process" optionally. Perhaps sure

(of oneself) is such an adjective:

7.a. John is a little more sure of himself these days.
b. John is a little surer of himself than he used to be.

And there is a modifier, unbelievably which patterns with positive

adjectives, never with compared adjectives, but fairly freely
with periphrastic forms based on more.
8.a. Jane is unbelievably tall.
b. '*Jane is unbelievably taller than I expected.
Er This problem is unbelievably more difficult than I expected.
Even those that seem to "optionally" undergo "cliticization":
9.a. John is unbelievably more sure of himself than I expected.
b. *John is unbelievably surer of himself than I expected.
Even if we seldom find absolute differences in grammaticality in
such pairs, it will require some fancy footwork to explain whatever
difference there is (and that seems considerable in (9)) if a
non-lexical transformation is responsible for converting forms
like (9a) into (9b).

Tt is time to turn from the minor rules to the putative trans-
formation of Comparative Deletion itself. A general methodological
remark is called for. I am arguing against a transformational
analysis. It has been more or less universally assumed by those
working within the general framework developed by Chomsky in recent
years that one is fairly well justified in assuming standardly
accepted transformations unless good arguments are provided against
them. Thus, it is quite normal to argue for lexical analysis. This
is misconceived. Only if there are very good arguments can one
adopt a Egg—lexical rule as part of an analysis. I have argued this
point atk some length elsewhere and will not pursue it here. (Heny
(forthcoming, a). The reievance of this observation to what follows

is just this: I shall try to show here that for reasons much like
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those provided by Chomsky for a lexical analysis of certain nominals,
one would be led to adopt such an analysis for constructions
putatively derived by Comparative Deletion; but it is not really
incumbent upon me, or anyone else, to show that comparatives
cannot be derived by transformation. On the contrary, if anyone
proposes such a derivation he must show that it has some very
distinct advantages over a lexical account.

Comparative Deletion has been left quite crucially underdefined.
In Bresnan (1976,a,b.) there is actually no mention of comparative
. morphemes at all; the rule is to apply crosscategorially bc>)<")
subject to the relativized A-over-A constraint and recoverability
conditions. In Bresnan (1977) the morphemes than and as are required
to be in the complementizer of the subordinate clause. That is
obviously the intention, in all the published versions. But is it
really an adequate reflection of the range of forms which appear
to be relevantlyclose in form and meaning to those constructions
that contain these two items?
Consider the following:

(10) John is the same height as Bill (is).
This is extremely similar in both form and meaning to

(11) John is as tall as Bill (is)
There are many such cases:

(12) a. Jane took the same number of pens to school as John did.

b. Jane took as many pens to school as John did.

It is worth pointing out that these additional as constructions
behave just like standard comparatives in regard to their boundedness,
to constraints such as the noun phrase constraint, contraction etc.
This is shown in the following examples, which I will not discuss
in detail. Reference to Bresnan's papers will make them clear to
those who are not able to interpret them.

(13) a. Jerome took the same number of pens as Bill thought
Algernon was accusing Max of having taken.

b.®Gillian took the same number of pens as Manfred knew an
old schoolmate who had taken.

c. I will am taking as many pens to Chicago as Pete is to
Salzburg.

a.¥1 will take as many pens to Chicago as Pete's to Salzburg.
Of course this should in principle be no trouble, for the rule is
already formulated, at least in Bresnan (1977), with as in the
complementizer position. But the problems arise with the supposedly
"non-distinct" lower constituent subject to obligatory deletion.

Returning to the simplest example, (10), it is quite difficult to
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suggest anything remotely suitable. "John is the same height
as Bill is x much height" is obviously a non-starter.

Once such deviant forms are noticed, with even an as appropriately
contained in the complementizer, it is a relatively simple matter
to extend the problem yet further, For the word after is not
difficult to analyse as a comparative in form and meaning on some
level, and interestingly enough it behaves at least in certain
respects like one.

(14) a. John left after Bill (left).

b. John left after Bill decided that his mother did.

c ¥John left after Bill knew someone who had.
And of course before acts in very much the same way. In both cases,
the contraction facts seem, in so far as they support a deletion
analysis, just as relevant here as in the case of "real"
comparatives.

(15) a. John is going to Chicago before his brother is to L.A.

b?(John is going to Chicago before his brother's to L.A.
The floodgates are open. Or at least there is one more form that
seems closely akin to the comparative which nevertheless is hard
to analyse by a deletion, like, as in

(16) John runs now like his father used to say I ran.
Clearly the meaning of the lower sentence is not that of "I ran"
put rather "I ran thus" or something of that sort. How this could
figure in the definition of a transformation deleting under non-
distinctness is hard to see. In these cases we find no sign at all
of an as or a than in the complementizer; if the transformation
is to be extended, it seems that it will have to be governed by an
odd assortment of lexical itcms. Perhaps it is as well to establish
quickly that it will need to be governed. Unless we require that one
of the appropriate morphemes appear properly embedded, it seems that

Bresnan's rule would generate Jake and Jeff are tall(er)men that

have gold, from Jake and Jeff are(-erymuch tall men that have D

much gold. The rule will actually have to be rather severely
constrained to prevent this kind of thing.

Turning away from the problem of constraining the rule to operate
on just the right forms, while including, as it seems certain would
be necessary, some of these additional constructions, I want to
point to a number of cases which are obviously less closely
related to the comparative, but which quite clearly are, in some
way, related. Syntactic rules like transformations do not in

principe seem adequate to the task of capturing partial relatedness,
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degrees of relatedness and so on between these forms. Lexical
rules obviously are. If some instances are covered by a transfor-
mation, others (because of their irreqularity, for example) by
lexical rule, it is doubly hard to envisage a notion of inter-—
relatedness emerging from the description.

One, perhaps not quite serious, example of these "extended"
comparatives comes readily to mind. What is the source of:

(17) I would rather be playing a mandolin than banging a typewriter.

We might propose:

(19) I would er much RATH be playing...than I would D much RATH be....
but that is quite absurd as a serious proposal within the extended
standard theory of syntax, though interestingly reminiscent of
generative semantics. There is in fact one part of the analysis
forced upon Bresnan by the constraints within which she was working,
in particular the assumption of a transformational rule deriving
all (standard)comparatives, that is perhaps even more typical of
that framework I mean the assumption of an underlying copula of
abstract form, symbolised =, which is never realized at the surface
and in that way is able to account for the grammaticality of

John is taller than six feet, but not of'ililﬁhan sl Fect TS

An alternative solution is available for such forms. Hankamer
(1973) has in fact argued that there are two words than in English,
one of which takes sentences, one noun phrases and prepositional
phrases. Assuming that six feet is a noun phrase of some sort, then
the above example would not be generated by Comparative Deletion
at all, but would presumably be base generated as it is, and the

ungrammatical*bohn is taller than six feet is might be excluded

i i 3 g 7~ P Siy e d aiE] AR, S
adESTobn s kal) and Sdis Feet #s tall  -both ©OFf Whieh sScem grammatical,

could be appropriately distinguished so that Comparative Deletion
.could not be applied to delete a part of some extension of the latter
on the basis of what seems the equivalent part of the former.

Be that as it may, the proposal that certain comparatives are
generated in the base, and not by deletion at all raises very
serious problems in principle for the deletion account of the
remaining forms, and leads naturally to a consideration of the
semantics of the construction, to which we must turn directly.

The problem is this. If some comparatives can be given appropriate
syntax and semantics on the basis of apparently degenerate forms
possessing the overt appearance of just one simplex sentence,; then
could not all comparatives be assigned appropriate status in the

grammar on the basis of surface forms! This will depend in part on
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how extensive the "noun phrase" comparatives are. They seem
to be quite central to the construction. If some kind of inter-
pretive rule must deal with all comparatives that have super-
ficially nothing but a noun phrase or PP after than , then the
interpretive component will need to be quite powerful. While
evidence adduced by Hankamer does not seem overwhelmingly
convincing for English, there is no doubt that it would simplify
our account of such forms to exclude them from those derived by
deletion -- still assuming that there is a rule of comparative
deletion in the grammar of English. Considerations relating to
scope play some role in this. For while (19a) is ambiibus (19b)
is not.

(19) a. John believes Sue is taller than she is.

b. John believes Sue is taller than herself.

Different derivations would obviously simplify an account of this
fact, though how far such an account could be based on a
distinction between a deletion vs. non-deletion account remains
an open question worth careful investigation. In addition to scuh
considerations, however, there are some interesting vaguenesses
associated with the noun phrase construction which could rather
easily be attributed to a derivation from a form close to the
surface. A typical example is

(20) I'm sure you can find a nicer girl friend than Mary
This is open to several interpretations. It could be said if
Mary had been the girl friend of the addressee but was no longer.
Then the natural continuation in a comparable sentential
comparative would be ...was. Said when Mary remained his girl
friend at the time of utterance, it would be naturally completed
...is. If she is proving elusive and the speaker is seeking to
dissuade the hearer from further pursuit, it could be continued

...might have been. And said in an effort to dissuade the speaker

from an adventure that is (certain) to take place in the future,

it might end ....will be. A deletion account of such examples

is obviously, on the basis of assumptions about, and attempts to
constrain such rules, on the part of those who continue to
believe in them, highly unsatisfactory. It would appear that the
language is permitting a considerable degree of vagueness and
indeterminacy, providing rather minimal constraints on the
conditions for truth.

One might of course seek to set these cases off completely from

those derived from full sentences. In principle there could be
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nothing against such a proposal. However, there are reasons

for thinkiﬁg that the boundary between the two constructions
simply will not settle in the right place. In particular, there
are "sentential” and hence "deletion" comparatives where there
simply is no suitable source for a deletion which will yield
the right input to the semantics. Some are indeed very similar
to the noun phrase cases. They have been called, by Williams
"null complement anaphora", or at least are related to cases
which he has discussed under that heading:

(21) John drove faster than I had hoped.

( "John drove faster than I had hoped he drove.)

(22) Jane drove faster than I like

( ? Jane drove faster than I like Jane drove(fasﬂ.)

(23) Mike drove faster than I am used to.

And so on. There is once again a range of interpretations possible,
just as in the case of the noun phrase comparatives; yet these
have at least the structure of partial sentences.

Finally, there are cases with the structure of full sentences,
where the interpretation is more or less fully determined, in
fact, but where it does not correspond to any putative deep
structure appropriate for derivation by a rule of deletion under
non-distinctness. For the meaning that seems to be borne by the
lower sentence actually contains additional items or what appear
to be semantically distinct elements. Some simple cases, and
probably the least troublesome for a deletion rule, involve
negative items like little,the negative counterpart of much which
on a very superficial level was hard to reconcile with the
analysis. A sentence like (24) seems most likely to be
under the standard account from a source containing few, as indicated:

(24) Sam has fewer books than his brother has

Sam has er few books than his brother has D few books.
It seems at the very least questionable whether we would want to
use the putative source if Sam's brother had many thousands of
books ...it is in fact he that has more than Sam. Comparable
positive instances have in fact been discussed by Bresnan. She has

suggested that in a sentence such as John drove more carefully

than I did, there need be no implication that I drove carefully

at all, though there is an implication that I drove; and this is
consistent with a semantics for comparatives somewhat along the
lines of the commonly assumed binary predicate over degrees. Merely

to assign some degree on the scale of carefulness to my driving
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would be, positively, careful. The greater discomfort that one
experiences in saying of a person who is specifically claimed

to have more books, perhaps a very great number in fact, that he
has a certain degree of fewness of books (to twist the language

a little), is merely a reflection of the marked value of negative

scalar items like few, young, small etc.

Be that as it may, and I leave this question open, there are
nevertheless clear cases where these forms, and their positive
counterparts too interact with certain modal notions to yield
unquestionably inappropriate input to the semantics on a simple-
minded deletion analysis.

The following two sentences provide quite clear examples, one
positive, one negative.

(25) John shot fewer ducks than he was allowed to shoot.

(26) John shot more ducks than he ought to have shot.

The first would presumably be derived by non-distinct deletion
from a source something like

(25') John shot er few ducks than he was allowed to shoot D

few ducks
But clearly the point of the sentence is, in its standard inter-
pretation, that he was allowed to shoot a certain number of ducks,
and did not exceed his quota...i.e. he was allowed to shoot
"D many" ducks. Someone allowed to shoot few ducks would be a
reluctant hunter, forced to go out into the field but not forced
to shoot many ducks. This is not part of the meaning of the
sentence at all. The second example has an equally odd source:

(26') John shot er many ducks than he oughtto have shot D many

ducks.
But there was no number of ducks that John ought to have shot at
all. He ought not to have shot more than a certain number.

Rather similar effects can turn up in quantified sentences of
certain sorts. Thus, the following must not be understood to
embody the claim that there was some distance such that several
of the boys ran that far but John ran further. Rather, the point
is that there is a certain distance that John ran and the boys in
question did not run that far.

(27) John ran further than several of the boys.

Given the existence of the various irregularities of different
sorts outlined here, it seems highly dubious that a transformation
of comparative deletion is an appropriate way of analysing

comparatives; but of course it remains to be shown how an
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interpretive account might work. It will obviously depend in
part (and to a much greater degree than a syntactic rule need do)
on an adequate account of the semantics of comparatives.

And that having been said the question obviously arises what
in the context in which the notion "interpretive rule" is used
here, an interpretive rule is. Williams (1977) has already
suggested using one, so has Hellan(1977); and so Jackendoff (1977)
has argued, for very different reasons from those given above,
that one must have an interpretive acccount of the comparative.
The first two are assuming rules that will copy material appearing
elsewhere in a syntactic stree structure into nodes left empty
(but generated) in an Aspects-type base structure. Jackendoff
suggests that what is needed is an anaphoric pronoun, and in his
examples clearly shows a single element at the point where the
former comparative deletion rule would have operated to delete
structure.

Neither proposal seems adequate. Pronouns do not obey the
constraints typical of movements (and deletion) rules in standard

transformational analysis. Thus a sentence such as John spoke to the

man who had hit him is fine, with the pronoun inside the complex NP

anaphoric to John. We have seen that comparatives obey the constraint.
The proposal to use a rule filling in empty nodes appears to suffer
from all the disadvantages, or nearly all the disadvantages of a
transformational account, for the irreqularities that we have

pointed out cannot be taken care of any better by a rule which is
essentially the converse of a transformation. What about an
essentially interpretive rule, in the sense of a rule which assigns
meanings to lexical items and then seeks to combine these to yield an
appropriately projected semantics? Using a rough approximation to
Cresswell's lambda categorial language as a vehicle for representing
the structure of the result (but without any

commitment to the appropriateness of this in the long run), let us

see what might be done to interpret the simplest case, the plain

noun phrase comparatives with adjectives, in particular a rule

that will assign the sentence John is taller than Bill a suitable

truth conditional semantics. The following is a rough approximation:
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One point may be worth making briefly in connection with ‘
the semantics of,above. I£ is of course a binary predicate. The
arguments are degrees. I have chosen to represent the comparative
thus not purely arbitrarily, but because it seems to be the
best approximation to an appropriate account that we have. In
particular, it seems that the discussion in Kamp (1975) is in one
crucial aspect unconvincing. The complexity of many adjectives
relative to various criteria is obviously important. But these
criteria appear to be held constant in any given context, and this
permits the analysis to be made in terms of a simple (partial)
ordering. An example will illustrate the crucial aspects of what
is too long an argument to enter into properly here. Under Kamp's
analysis of very and rather in terms of degrees of truth, it is
impossible to conclude from John is very clever and Bill is (only)

rather clever that John is cleverer than Bill. This is clearly

wrong. The point is that in evaluating a single sentence, a single
set of criteria are consistently applied, and comparatives are
necessarily contained within a single sentence. Hence it seems
perfectly permissible to adopt the reduction to a binary predicate.
Now, how usefull will a set of lexical meanings of the sort
sketched above, be? We have 'read back' material into a suitable
semantic structure, certainly without making any use of overtly
repeated elements of the natural language
syntax. Presumably such entries could be extended (with considerable
complication) to do the same for other cases, though even for a

simple extension to handle Bill has a bigger book than Sam we would

have to build into the interpretation of -er and/or than variables

variable, and so on. But the project is really pointless. For
this more "seriously" interpretive framework is doing just what
the mapping into empty nodes did; in particular, it is going to
have to be separately complicated, as far as one can tell, to
handle each of the little complications that have beset the other
analyses.

Let us try again. We did not attempt to motivate the assumption
that the comparative is a binary predicate. It has often been
pointed out, e.g. by Bartsch and Vennemann (1972), that
comparatives and ordinary positive adjectives have a good deal
in common. Some analyses have been proposed of the positive which
set that up as a binary predicate. The details do not matter.

For I am going to suggest that the structure of English( the way
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in which comparatives are used, in other words, is such that
we must analyse them as properties, with, in many contexts
but not always, the requirement that certain rather specific
aspects of the attendant truth condition%:%vertly specified.
Perhaps the mere fact that the comparative occurs in a higher
sentence than the clause that goes with it is enough to suggest
that this may have some value. But there are specific comparatives,
(often overtly excluded from attempts at analysis) which suggest
that this may well be the right direction to look:
(28) a. I don't have any more apples to give you

b. I have just received several more of those books

c. Mary grew taller and taller

d. Can you reach any higher?

e. Give me the larger piece of pie.

f. He is growing angrier every minute.

The suggestion is that in forms which have "missing" material
this is at least in some cases actually not being specified.
Just as in Horses eat grass and Horses graze in that field

natural language is crucially under-specifying and we misconstrue
‘ the situation if we map material "back" where it never belonged.
But what of the "deletion site" for comparatives? Surely that
cannot be left unspecified. The suggestion (and on this occasion
it must remain only that) is that there is again no need to
specify....all that is necessary is that there be an indication
of the relevant place in structure. For the comparative is, T
have claimed a property, not a binary predicate, and it is
obviously totally irrelevant to add, in the often highly degenerate
sketch of criteria that constitute the comparative "clause" or
phrase, information which exists overtly where it is needed,

in the higher sentence.



FOOTNOTES

1. A number of the arguments that are used here have been

around for quite a long time. I have not tried to attribute
them to specific individuals. It is however important that
I not give the impression that Bresnan is unaware of them;
in many cases they appear in some form in footnotes to

her own work. One worries about counter-examples when they
suggest an alternative.

Many people have helped to shape this paper. Ewan Klein has
contributed in many ways expecially in connection with the
abstraction.

Jackendoff (1977) suggests an interesting but still far from
adequate account of little.
For further discussion see Heny (forthcoming, b.).
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Compositionality and the form of the rules in Montague grammar

by

T.M.V. Janssen

ABSTRACT

Two fundamental principles concerning Montague grammar are proposed
and a formalization of these principles is given. It is investigated which
consequences these principles have for the possible forms of the rules in

a Montague grammar.

KEY WORDS & PHRASES: Montague grammar, Frege's principle
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1. THE PRINCIPLES

In the last years several extensions and variants of PTQ (MONTAGUE
1973) have been published. They deal with phenomena which are not treated
in PTQ or are treated in a defective way. In order to do so, often new kinds
of rules and new technical tools are incorporated in the system; a most in-
teresting example is the attempt to make a synthesis of Montague grammar
and transformational grammar (PARTEE 1973,1975). This growth of the kinds of
rules is not restricted by PTQ since PTQ does not provide a description of
what a possible rule is like. On the contrary, its syntactic rules suggest
that any description of the desired effect by means of an English sentence
is acceptable. This way of description has been used in semantics as well.
Since this tool has a great expressive power, it is not surprising that the
new proposed rules differ considerably.

Such an uncontrolled growth of the types of rules is for several
reasons undesirable. The most important are probably the considerations of
methodological nature. A standard definition provides, for instance, for a
languange in which one can formulate observations, relations and general-
izations and it provides a good starting point for formulating extensions,
restrictions or deviations of the framework. Some objections of practical
nature are as follows. If each "extension" uses a deviant framework, then
one has to start each time anew in obtaining intuitions about the proper-
ties of the system and to check whether old knowledge still holds. If omne
uses a computer program then it means that one has to rewrite the program
completely, probably using new data-types. As long as there is no standard,
it is impossible to avoid ad-hoc programming. Objections of a linguistic
nature are presented by PARTEE 1978. She wishes to restrict the concept of
Montague grammar in order to come to a characterization of the possible
natural languages. Finally, an important justification for this research
can be found in the interesting results obtained by it.

Our investigations concerning the possible kinds of rules in a Montague
grammar will be based on two principles. These principles have a simple and
natural formulation, they are intuitively very appealing and I expect that

hardly anybody will disagree with them. The priciples are:
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SEMANTIC COMPOSITIONALITY PRINCIPLE:

The meaning of a compound expression is built up from the meanings

of its constituent parts.
SYNTACTIC COMPOSITIONALITY PRINCIPLE:

Each syntactic rule operates on the well-formed expressions of

specified categories in order to produce a well-formed expression

of a specified category.

The semantic compositionality principle has a long history. It goes
back to Tarski and Frege and therefore it is sometimes called the Fregean
principle. This principle gave rise to the development of model-theoretic
semantics for logic. The principle is fundamental for the Montague style
of dealing with semantics and it is widely known and generally accepted
among people working in Montague grammar. The syntactic compositionality
expresses the way in which PTQ works and the way in which the syntax of
much formal grammars is organized. The formulation of the syntactic compo-
sitionality principle is almost the same as the formulation of the well-
formedness constraint of PARTEE 1978. We have chosen another name for the
principle because we will give it a different interpretation from what
Partee does; the name well-formedness constraint will be used for an inter-
pretation which is more according to her ideas.

As a direct application of the well-formedness constraint Partee con-
siders a rule which constructs adnominal adjectives from relative clauses.
Its syntactic function Fi has the effect that:

Fi(immigAant who is recent) = recent immigrant.

The input for this rule is an ill-formed expression (Zmmigrant who <s
recent) and she judges that therefore such a rule is interdicted by the
well-formedness constraint. This argmentation is, in my opinion, based
upon a confusion between a general definition of a possible grammatical
rule, actual examples of such a rule and the notion adequacy of a grammar.

On the one side one may consider an abstract definition of the kind
of grammars one wishes to use. This definition contains a definition of
what the possible rules of a grammar are. A simple example would be the
definition of a context-free rewriting rule. It is a natural requirement
that on the basis of this definition one is able to decide whether a cer-—

tain text describes a rule which satisfies the definition. If there is no
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effective way to obtain a definite answer on this question, such a defi-
nition is useless. The definition of the grammar also contains a descrip-
tion of how the rules should be used to produce strings over some alphabet.
These strings are called the well-formed expressions over this alphabet
generated by the grammar. A subset of the well-formed expressions is called
the generated language. The generated language of the PTQ grammar for a
fragment of English consists of the generated expressions of the category
t. The language of intensional logic consist of all expressions generated
by its grammar. According to the PTQ grammar for English the expressions
love himl is well-formed whereas Zove her is not well-formed since this
expression is not generated by the grammar.

On the other side one may consider some actual grammar satisfying the
definition and some -in an other way defined- language (for instance English).
Then one may ask whether this language is the same as the language generated
by the grammar; In other words one may ask whether the grammar is adequate
for that language. One should be aware that adequacy of a grammar is com-
pletely different notion from the notion definition of a grammar. Grammars
may exist without being adequate for some natural language: in the defi-
nition of a grammar adequacy plays no role.

Clearly Partee understands by a well-formed expression an expression
occuring as subexpression in some English sentence. Her well-formedness
constraint states that all expressions produced by the grammar must be well-
formed expression in the above sense. This is a mixing up of definition and
adequacy and makes her constraint to an unusable one. Suppose that one is
presented a list of rules and one is asked whether this list constitutes
according to her constraint a list or rules of a grammar for English. In
order to answer this question one may start to produce some strings and
ask each time whether it is an well-formed expression English. Suppose they
are well-formed, then one cannot conclude that the list obeys the constraint
since not all possible outcomes of the rules are considered. One has to try
and try again, but never the definite answer "yes" can be given (related
questions in formal language theory are known to be recursively unsolvable).
It is of course possible for some special lists to obtain a definite answer
(e.g. if the list consists of one non-recursive rule), but a constraint one

can check only for some special lists and not for others is not a usuable
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constraint on the system. So the well-formedness constraint cannot be accept~
ed as a formal constraint on the possible rules in a Montague grammar. It
must be considered as expressing just some hope or desire: namely that an
adequate grammar of English will be such that it contains no rule which
produces recent immigrant from immigrant who is recent. In section 4 we will
try to guarantee some of this desire by a formal conmstraint.

We have to say ourselves what we understand by the phrase "well-formed
expression” in the syntactic compositionality principle. It is the other
interpretation: the well-formed expressions are the expressions generated
by the rules of the grammar. Any output of a syntactic rule is produced by
that syntactic rule, so it is a wellformed expression. The phrase in the
principle stating that the rules produce well-formed expressions is a pleo-—
nasm. The same holds for the inputs: the only possible expressions of spe-
cified categories are the expressions generated by the grammar. The word
well-formed gives no restriction on the expressions, it does not contribute
anything to the meaning of the syntactic compositionality principle and it
may be ommited. In section 4 we will consider what is left of the principle.

Thus we observe that the interpretation of the syntactic composition-
ality principle is not uniquely determined. There occur so much vague, un-—
defined words in the principles that they hardly say anything; everybody
can find its own interpretation in them. Maybe this explains why these
principles are so attractive and acceptable. In order to give substance to
the principles, we must make the interpretation of several such words ex—
plicit. The guiding policy will be to give the principles as much content
as possible, they should express sufficient and necessary conditions. It
will appear that the compositionélity principles together with the additional
definitions give rise to interesting claims about the possible rules in a
Montague grammar: several rules proposed in the literature are interdicted
by the principles. If someone is not willing to accept some of the conse-
quences of the principles, he may reject the principles, or he may give
another interpretation for the vague words. We will consider just a formal-

ization, although I consider it as a rather straightforward one.
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2. SEMANTIC COMPOSITIONALITY

In this section we will make explicit what we understand by building
up the meaning of a '"compound expression" from the meanings of its constit-
uent parts. By a compound expression we understand an expression that is
produced by some syntactic rule from some input expression. It does not mat-
ter how complex or simple the expression is. By speaking about 'constituent
parts" we do not mean that the compound expression is divided into parts
and that we combine the meanings of these parts. We allow that certain parts
have no meaning in isolation; such expressions are called syncategorematic
expressions (examples from PTQ: every, such that). Since they do not con-
tribute a meaning from which we can build a new one, there is no use in
considering them as constituted parts. We also allow that words from the
constituent parts are disappeared in the compound expression (in PTQ: term-
substitution). By the parts of a compound expression we understand the ex-
pressions which served as inputs for the syntactic rule according to which
the compound expression is constructed. But knowing these inputs is not
enough to determine in which way they are constituents (John and Love himl
can be combined in at least two ways). We have to know in which sequel they
served as inputs and of which syntactic rule. Therefore, by "the meanings of
its constituent parts" we understand a list of meanings of syntactic ex-
pressions together with the information in which sequel they served as in-
puts and of which syntactic rule. This is the information which is available
for constructing the meaning of the compound expression. At the one hand we
may use all this information. For each syntactic rule we may combine the
meanings of the constituent parts in another way. Therefore we will have
for each syntactic rule a separate semantic rule. On the other hand we may
use only this information. If the principle would be understood as stating
that you may use this information, but also other information if you wish
so, then the principle would not state the whole truth and it would become
a hollow phrase.

What does "meaning" mean? Let us consider the case of declarative sen—
tences. According to PTQ, such a sentence is translated into an expression
of intensional logic (henceforth IL). The interpretation of this expression

with respect to some point of reference and some variable assignment yields

L
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a truth-value. This truth-value does not constitute the meaning of the sen-
tence; meaning is more. The meaning of a sentence determines the circum-—
-stances under which the sentence is true or false. So knowing the meaning
is (for all variable assignments) knowing for what kind of indices the in-
terpretation yields true and for which false. Generally stated, it is know-
ing (for each variable assignment) a function from indices to the possible
denotations of a certain type: it is knowing the intension.(The reader might
consult LEWIS 1972 for a more extensive argumentation to this apnroach to
semantics). So meaning is some element in the domains of the model. This
element can be represented by some expression from IL. The interpretation
of this formula with respect to a certain index gives us the value of the
intension function for that index. By an expression representing a certain
meaning we understand such an IL-formula. Notice that the translation func-—
tion from PTQ yields such a meaning representating expression. One should
be aware that such an expression is not identical with the meaning it rep-
resents. One and the same meaning can be represented by several expressions.
Each of them is equally good in this respect.

The formalization of the concept meaning we considered above, it not
the last and final answer. The intuitive concept meaning is rather vague,
one may relate it with several phenomena, which are not covered by the
above approach. In our formalization all tautologies have the same meaning,
if one is interested to discriminate among them, another formalization is
needed. (See LEWIS 1972). No extension of PTQ actually uses this formal-

ization of meaning, in essence all 1

have the same formalization: meaning is
an intension.

What is allowed for building up new meaning? Meanings are functions,
and we can do with them everything that can be done with functions. I see
no argument to restrict our tools here. For building a new meaning from
old meanings we allow every method which can be used to define a new func—

tion from old ones. We consider some examples.

1. If the meanings of the expressions ¢ and y are functions yielding
truth-values, then we may define a new function which yields true for a
certain index if and only if both the meaning of ¢ and of } yield true.

Then the new meaning can be represented by ¢ A .
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2. Suppose that the interpretation of a may operate on the meaning of 8,
then we may define a new meaning as the intension yielding at each point of
reference the result of this operation. This new meaning is represented by
a("B).

3. Suppose that the interpretation of n yields a truth value and n con-
tains the free variable z then one may define as new meaning that function
which yields true for an index if there is a variable assignment for the
variable z such that the interpretation of n yields true for that assignment.

This new meaning can be represented by 3Izn.

One observes that in all the cases above, the interpretation of the
new meaning consists of a single IL-formula containing the representations
of the old meanings. These occur unchanged and identifiable in the repre-
sentation of the new meaning: the representation of the first constituent
part occurs unchanged at a specified position, the second at another posi-
tion and so on. If we would allow that the representations of the old
meanings become changed, we would define an operation on representations.
This does not always define an operation on the meanings they represent
(see also section 3). We make the semantic compositionality principle
operational by requiring that we may only define operations on meanings by
a providing a single formula from IL (or an appropriate extension thereof)
which contains at specified positions the unchanged representations of the
input meanings. One might at first glance be tempted to think that this
operational version is more restrictive than the original formalization we
give of the principle. This is, however, not completely true; it is a re-
striction on the format in which operations on meanings can be represented.
If someone considers IL as being too restrictive for his purposes, he may
éxtend IL by new operators etc. The interpretation of such operators must
recursively be defined as is done in PTQ for the usual ones (0,H,3,A). The
main advantage of requiring that the representation of an operation on
meanings is presented by an IL expression is that this way of presenting
guarantees that the compositionality principle is obeyed automatically.

We have explained rather extensively how we came to our formalization
and operationalization of the semantic compositionality principle. I hope

that no one will be surprised by it, we followed the obvious way from
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intuition towards a precise formalization. Some of the implications of

this formalization have been stated by others, although not with the argu-
mentation and coherence as we did. PARTEE 1973 states that the '"the trans-
lation rule must be such that the translation of the input expression must
occur intact in the translation of the output'. PARTEE 1978 mentions as a
"semantical constraint' that the meaning of a compound should be given by
means of an IL formula. The more surprising is it, that several authors
present extensions or variations of PTQ which do not obey the so fundamental
principle of semantic compositionality. In most cases it is not the complex-—
ity of the problems which makes it difficult to obey the principle; in con-
trary, often it is not so difficult to provide a proposal which is in accor-
dance with the principle. Probably one is not aware of the implications of
the principle one accepts; therefore it seemed useful to present such an
extensive argumentation. In section 3 we will consider some proposals which

do violate the principle.
3. EXAMPLES CONCERNING SEMANTIC COMPOSITIONALITY

1. Shake John awake
DOWTY 1976 treats, among others, the semantics of factive constructions
such as shake John awake. In order to do so, he extends the language of
intensional logic with two operators: CAUSE and BECOME. Interesting for our
discussion is his treatment of CAUSE. In order to define its in interpreta-
tion Dowty adds "to the semantic apparatus of PTG a selection function f
that assigns to each wff ¢ and each i ¢ I a member £(¢,i) of I. [Intuitively
£(8,i) is to be that i' most like i with the (possible) exception that ¢
is the case [..]]". Then the interpretation of CAUSE reads:
"If ¢, € ME then (¢ CAUSE p)2*1+328 i3 1| if and only if [eapTheisd:8 1o 4
and [7¢]A’f(j¢’i)’j’g is 1

The function f is defined on IL-expressions and not on the interpreta-
tions of these expressions. As a consequence CAUSE is an operator on IL-
expressions and not on the meanings they represent. This is illustrated as
follows. The definition of f allows that for some ¢,n,i holds that
f(¢An,i) # £(nA¢,i). So it may be the case that 7(¢Aﬁ) CAUSE wA,i,j,g yields
1 whereas "1(nA¢) CAUSE ¢A,i,j,g yields 0. So the compositionality principle
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is not obeyed and, moreover, the implications of this CAUSE are incorrect.
A correction is possible by taking as domain for f the intensions of for-

mulas: f assigns to each deD_ and i € I a member £(d,i) ¢ I. Then a

s, t>
situation as described above is automatically excluded. The interpretation
of CAUSE now becomes

"If ¢,0 € ME, then ¢ CAUSE y*’**328 is 1 if and only if [eapT® 2728 5 |

and [WwJA’i’j’g where i = f((é7¢)A’i’jfg,i)-

2. Horse Cannonero

DELACRUZ (1976) considers expressions like the horse Cannonero. Such
expressions belong to a category T and they are generated by the following
rule:
S3.1 1If o ¢ B

and C € B N then F?](c,a) PT’ provided that whenever ¢ is of

T C
the form hen, FZI(;,a) = a3 otherwise F21(c,a) = the T o.

Examples:
FZI(horse,Cannonero) = the horse Cannonero
FZl(horse,hel) = he1

Translation rule:

T3.1 If o € Bt’ z €e B and a,f translate into a',7' respectively, then

CN
F2](c,d) translates into o' if o is of the form hen; otherwise

FZl(c,q) translates into
(1) AP3yLvxllz'(x) A APAzP{"Ax[* z=" x1} (Ca ') (x)] <> x=y] A P{y}]

Translation rule T3.1 refers to the syntactic form of the input
expressions of the syntactic rule. This means that in order to obtain the
representation of the compound expression we need more than only the mean-—
ings of the inputs for the syﬁtactic rule and the information which rule is
used. So T3.1 violates the formalizafion of the semantic compositionality
_ principle. The correction of this rule can be provided for in the syntax.
The phenomenon considered by Délacruz provides evidence that among the terms
we should distinguish syntactically Proper names and indexed pronouns and
ask in S3.1 just for.a proper name as input. Notice that the formula Dela-

cruz presets is not the simplest one. I would prefer

(2) APIVx[Z'(x) A a'(TAz[¥x="z]) > x=y] A P{yl}]l.
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3. Easy to please
This example concerns a rule which is so close to a correct formula-
tion that I would not like to call it a violation of the principle; is
rather a (illustrative) slip of the pen. The main reason for mentioning
it, is that we will use it in the discussion of the syntactic composition-
ality principle. We consider the following rule from PARTEE 1973.
Derived verb phrase rule:
If ¢ € Pt and ¢ has the form tET[hei]IVEaj]’ then F]o4(¢) € PIV’ where
F]04(¢) = a', and o' comes from a by replacing each occurence ofvhei,
himi, himiself by he*, him™ him*ser respectively.
Examples:
Flo4(he1 sees himlself7 = see him*self
F104(he7 18 easy to please) = be easy to please.
Translation rule

If ¢ € Pt and ¢ translates into ¢', then F]04(¢) translates into Axi¢'.

From the formulation of the translation rule it is not as evident as
in the previous example that the translation rule uses syntactic information.
In order to decide what the actual translation is (Kx]¢ or Ax2¢ or ...) one
needs to know the index of the first word of ¢. The correction of this rule
rather simple, in analogy of term-substitution in PTQ we give the syntactic
operation an index as parameter: so F]04 is replaced by F104,i' Iq a later

paper (PARTEE 1977) she corrected the rule in this way.

4. John who runs
BARTSCH 1976 and BARTSCH 1978 considers term phrases containing non-

restrictive relative clauses. Such expressions are produced from a term

and a sentence by the following rule (BARTSCH 1978)

S4, If a is a term and B a relative sentence, then B(a) is a term. [...]

The corresponding translation rule reads

T4. 1If o' is the translation of the term a and RELT(Ax B'(x)) is the
translation of the relative clause B from S4, then (RELT(Ax B'(x)))(a')
is the translation of B(a), and for all terms a with a' = AP(..P(v)...)
we have: (RELT(Ax B'(x)))(AP(...P(v)...)) = AP(...B'(V) & P(v)...).



Take as the representation for the meaning of the term every man

(3) APVv[man'(v) - P(v)].

If we combine (3) with the translation of some relative clause, the effect
of T4 is well-defined. We might also consider another representatiom for
the meaning' of every man. Let Q be a variable of the same type as P and
in (1) and Let R be a variable of the same type as the translation of term.

Now the effect of T4 is not defined for:
(4)  AQVV[AR[R(man') - R(Q)1 (AP P(v))].

A reaction on these objections against rules like T4 might be that
one adds to the rule a clause stating that if the input formula is not in
the required format, it must be reduced to that format. This a is a very
simplified formulation of complex way of defining function between meanings.

In order to define functions, one has to fulfill the following three re-

quirements.

I. One has to describe exactly for which representations one will define
the function.

2 One has to define for all expressions in the subset what the effect
of the function is.

3, I consider two alternatives.

3a, One has to prove that each mcaning for which we wish to define the
function has precisely one representation in the subset defined in 1.

(It lies at hand to prove this by providing an algorithm which transforms
a given expression into one in the subset. This can, however, not be done
sinee it would bring us ip conflict with the undecidability of IL).

3b, One has to prove that each meaning for which we wish to define the
function,has at least one representation in the subset and moreover that
the result of applying the function to two different representations of

the same meaning yields the same result.

Rule T4 does not fulfill the requirements. In general it is a complicated
and extensive task to define a function between meaning by defining a func-

tion for specially selected representations. It can probably only be done
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in practice, if one considers a situation with a special structure in
which all the proofs become drastically simplified. But if the situation
is such a special one, one may expect that the same effect can be obtained
in a more direct way as is demonstrated below.

The idea behind our reformulation is that the effect of replacing
P(v) by B'(v) & P(v) can be obtained by giving Az[R'(z) & P(z)] as argu-—
ment of AP[...P(v)...]. We must take care of the binding of the variable
and thus we come to a version of T4 which is in accordance with our for-
malization and operationalization of the semantic compositionality principle:
T4'. Let o' be the translation of the term o and y' the translation of the

relative clause y. Then the translation of the compound expression y(a) is:

(5) AQa'(Azly'(z) & Q(z)1))

One observes that it is not needed to define the intended function from
T4 along the laboured way of defining a mapping on special selected rep-
resentations. The formulation of T4' is more exact and more simple than
the formulation in T4.

One might take instead of (5) a more complex representation in which

the translation of the term is operand rather than operator. This gives
(6) ARLAQ(R(AzLy'(z) & Q(z)1)1(a").

It is interesting to compare (8) with the expression RODMAN 1976 gives

for the nonrestrictive relative clause:
(7) APLAQ P{"xx [y & Ofx_}1}1 (Ca').

It turns out that their approaches are semantically in essence the same.
This illustrates the use of writing semantic functions in the same format,

from the formulation in T4 the close relationship could not be observed.

5. a[pllal =: v

JANSSEN & van EMDE BOAS 1977 present a Montague grammar for the syntax
and semantics of the assignment statement in the programming language ALGOL
68. They treat the semantics of an assignment to arrays of dimension n by

reducing it to the case of dimension n-1. Unfortunately this approach gives
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rise to problems concerning semantic compositionality principle. Adopting
Lewis formalization of meaning (section 2) would make it possible to save
the principle. This is, however, a rather sneaky escape since in the con-
text of programming languages all tautologies do have the same meaning.
Although the compositionality principle is not standard among computer
scientist, the authors prefer to obey it. So the authors have to give up
their claim that they can treat the semantics of assignments to arrays with-
out the need of a separate rule.for each dimension. Giving up this claim is
not too hard: there remain enough reasons for preferring their Montague-—
still approach. It is the only known semantic treatment of pointers and it
is a proposal which (now) obeys the semantic compositionality principle

whereas several other proposals do not.

4, SYNTACTIC COMPOSITIONALITY

We will interprete the syntactic compositionality principle (just as
we did for the semantic principle), as giving a necessary and sufficient
condition. It is not so surprising that a rule may operate on expressions
of specified categories. The interesting aspect of the principle is that
it states that this is also sufficient. Once the input expressions of spe-
cified categories are available, the rule can be applied. One does not
need to know in which larger expression context the expression will be used.
1f several rules can be applied, then they are equally possible: there is
no prescribed order among them. The derivational history has no influence
on the question whether the rule applies or not. Even the actual form of
the input expression is not of importance: if expressions of the required
categories are available, the rule always is applicable. The syntactic
rules must be total rules!

There are several arguments for interpreting the syntactic composition-
ality principle in this way. The most important one is that the requirement
of total rules gives rise, in combination with the semantic compositionality
principle, to several important and attractive consequences concerning the
form of the rules. One consequence will be discussed below others will be
discussed in the next sections. Another argument is that our interpretation

of the syntactic compositionality principle expresses the way in which much
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formal grammars work, for instance PTQ has total rules. It is moreover an
attractive and elegant principle because of its analogy with (our formal-
ization of) the semantic compositionality principle. Finally, there is a
practical motivation for total rules. Total rules are easier to understand
and can easier be handled by a computer program.

The first consequence of having total concerns the "un~well-formed"
expressions. Suppose the grammar contains a rule Si of which the syntactic
operation Fi has the following effect:

Fi(immigrant who is recent) = recent immigrant.

So the rule operates on a common noun-phrase which, according to rule S3.1,
must be constructed from the common noun Zmmigrant and the sentence hel is
recent. This sentence must come from the IV-phrase be recent. Since we re-
quire that the rules are total, we may also combine this IV-phrase with
other term-phrases. So also the sentence John <8 recent is generated by
this grammar, which is not a correct sentence of English. This example
suggests that an adequate grammar for English cannot contain a rule which
generates recent immigrant in the way rule Si does.

® The above reasoning is not a mathematically proof that it is absolutely
impossible that an adequate grammar for English contains the rule Si' In
fact it can be made possible by changing the PTQ rules and applying the
following trick. We split each category in two new ones: one that may con-
tain expressions such as 7s recent and one that may not contain them. So

the grammar becomes rather complicated while a simple solution lies at hand.

[

It is unlikely that someone will ever write down a grammar as sketched above.
If some rule in the grammar introduces an "un-well-formed" expression, then
it is due to the totalness of the rules, very difficult to get rid of that
expression. So in a certain sense Partees well-formedness constraint is
saved. The syntactic compositionality principle, with the interpretation

of requiring total rules guides us towards a grammar which fulfills her

desire.

5. TRANSFORMATIONS

In this section we will investigate the consequences of the two

compositionality principles for the incorporation in Montague grammar of
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transformations as they are used in transformational grammars. Therefore

we consider some fundamental aspects of such transformation. These are:

1. Transformations define mappings from trees to trees rather then from
strings to strings.

2., 1f several transformations can be applied, then the order of applica-
tion may be prescribed.

3. A transformation applies on one input tree,

4, A transformation imposes certain structural conditions on the analysis

of the input tree.

In order to take care of the first point, it is required that a Montague
grammar does not operate on plain strings but on trees or equivalently on
labelled bracketings. Let us assume that the Montagues framework can be
adapted in this way. This change of the system makes all the rules to rules
which operate on trees, so in a certain sense all the rules in Montague
grammar become transformatioms. In order to avoid confusion in terminology,
we will use the name C—-transformation ("Chomskyan'") for transformations as
they are used in transformational grammars. Once they are incorporated in
Montague grammar they are called P-transformations ('phrase-structure').
The second point gives rise to problems concerning syntactic composition-—
ality. It asks for more than only the category of the input expressions:
it asks for information about the derivational history of the expressions.
In a grammar which obeys the syntactic compositionality principle, there
cannot be a prescribed order on the order of applications of the rules:
only an implicit ording is possible. Notice that PARTEE 1978 comes, based
upon the well-formedness constraint, to the same conclusion concerning this
point. The third point is rather peculiar in the context of a Montague
grammar. A syntactic rule in a Montague grammar may have any number of
inputs. It seems rather artificial to incorporate transformation-like rules
in Montague grammar, while at the same time restricting such rules to the
case of rules with one input expression. The most problematic is the last
point since it implies that C-transformations are partial rules. It is a
very important aspect of C-transformations that they have conditions on the
structural analysis of their inputs; this aspect makes them very attractive

for practical use. It makes it possible to indicate what the relevant trees
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are without bothering about all details that are considered as being
irrelevant. Evidently the aspect of structural conditions where for PARTEE
1978 the main reason for allowing partial rules.

In spite of the above considerations, we will continue to require
total rules. We will incorporate C-transformations in Montague grammar by
means of a slight reformulation that makes them total. The reader might be
surprised by this reformulation and consider it at first glance as a sneaky
trick used in order to obey the letter of the principle. This is not com-—
pletely true: the reformulation expresses a different view on transforma-
tions and this has, in combination with the semantic compositionality
principle, important consequences.

Let us demonstrate how the reformulation works. Suppose a C-transforma-
tion is given in the following format.

If the input expression is of the category C, and it satisfies

structural condition SC, then we mzy apply transformation T in order

to obtain an expression of the category C2 and else we may not apply

Al
Its reformulation as a total rule has the following format:

If the input expression is of the category C, then we may apply the

transformation T'. Transformation T' reads as follows. If the input

expression satisfies the structural condition SC, then apply transfor-
mation T and otherwise apply a specified do-nothing transformation.
By a do nothing transformation we understand a rule which gives one of the
his reformulation the do-nothing
transformation reflects the essential difference with Montague rule descend-
ing from C-transformations. So the essential aspect of a P-transformation
is the occurrence of a do-nothing transformation.

The reformulation expresses the conception that the P-transformation
always applies if an expression of the required category is available and
that this application always yields an output. For rules with one input
the output may, under certain conditions, be that input itself. Since the
input category and the output category are specified in the syntactic rule,
this means that for a P-transformation with one input, the output has always
the same category as the input. It is a nice coincidence that this is always

the case for C-transformations. For transformations with more than input,
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the use of a do-nothing transformation implies that (at least) one of the
inputs must have the same category as the input. This consequence disallows
us to impose conditions on the inputs of a rule like S4 (which combines a
term-phrase and an IV-phrase to a sentence).

The other consequence of having total rules is that the corresponding
semantic rule always applies. We already observed that for every P-transfor-
mation it may under certain conditions be the case that one of the inputs
is used as output. So in this case the meaning of the output expression is
the same as the meaning of that input. We observed in section 3 that it is
a conseqﬁence of the semantic compositionality principle that the semantic
rule must be the same for all inputs: it may not depend on the structural
analysis of the input expressions. So in all cases the meaning of the out-
put of P-transformation must be the same as the meaning of the input. The
translation rule corresponding with a P-transformation must be the identity
mapping on one of its inputs. This means, for instance, that a variant of
rule S14 from PTQ cannot impose conditions on its input expressions since
the corresponding translation rule is not the identity on one of its inputs.
If we restrict our attention to P-transformations with one input, we come
to the following consequence. From the two compositionality principles it
follows that the transformations in a Montague grammar must be meaning
preserving! For transformational grammar this is a well-known requirement
(e.g. PARTEE 1971). Some examples in the literature of transformations which

are not meaning-preserving, will be considered in the next section.
6. EXAMPLES CONCERNING SYNTACTIC COMPOSITIONALITY

1. Hel is loved

PARTEE 1973 considers the C-transformation Passive Agent Deletion. An
example is:

FIOZ(hel 18 loved by hzms) = ﬁel 18 loved
Translation: If ¢ € Pt and ¢ translates into ¢', then F]02(¢) translates

into ﬂxj¢'.

At the one hand this transformation applies only to input trees of a

special form. At the other hand the tramslation rule is not the identity
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mapping. This means that we cannot reformulate this transformation as a
total rule. So the traditional way of dealing with agentless passive is
disallowed by the compositionality principles. THOMASON 1976 provides rules
for generating agentless passive by means of categorical rules and DOWTY
1978 does so for the case of double passives. So there is an alternative
way available for dealing with agentless passive. When we follow this way,
it is rather strange to generate passives which do contain an agent by
means of transformations; they also can be generated according to the rules

of Thomason and Dowty.

2. Mary shakes John awake again
In section 3 example | we considered some semantic aspects of the
proposals of DOWTY 1976 concerning the treatment of factives. Now we will
consider some syntactic aspects. Of course, in doing this we cannot neglect
the semantic aspects of the rules. Dowty produces the factive sentence Mary
shakes John awake from the term Mary and the IV-phrase shake John awake.
This IV-phrase in its turn is obtained from the TV-phrase shake awake. The
first rule he presents for generating this TV-phrase is as follows.
S30 If a ¢ PIV
then F3O’n(u,¢) e P

and ¢ € Pt and ¢ has the form %e, is v
oy Where F30’n(u,¢) = a¢d.
An example is:
F30 ](shake, hez 18 awake) = shake awake.
b
The corresponding translation rule reads: If o translates into o' and ¢

translates into ¢' then F30.n(a,6) translates into
APAXP{"Ay [a'(x,”APCP{y}]) CAUSE [BECOME Co*T713.

Again this rule is a partial rule which is not meaning preserving.
So we have to find another approach; can the above result be obtained by
means of a total rule? For generating expressions like shake awake one only
needs an adjective and a TV-phrase. So it lies at hand to try the follow-
ing rule:
8930 If a € PTV and B € Padj then F93O(a,B) € PTV where F93O(a,B) = af.
The corresponding translation rule would be

2 . ; d
T930 If o translates into o' and B translates into B , then F930(a,8)

translates into
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APAXP{"AyLa'(x,”AP P{y})]) CAUSE [BECOME [B'(y)111}.

Mary shakes John awake again is ambiguous. On the one reading Mary
has done it before, on the other John has been awake before. Dowty treats
again as a sentence modifier and he needs two different sentences in the
deriviation in order to deal with the ambiguity. He probably starts his
investigations along this line for historical reasons: it is the way in
which such constructions are treated in generative semantics. By rule 5930
we are guided to another approach to this ambiguity. The one reading can
be obtained by combining again with Mary shakes John awake, the other by
combining it with shake awake. We do not go into details of this approach
for the following reason. After considering several phenomena concerning
factives, Dowty observes that his first approach is not completely adequate.
He discusses extensively several alternatives and escapes. Finally he con-
cludes "there would be no reason why we should not then take the step of
simplifying rules $30-S32 drastically by omitting the intermediate stage
in which a sentence is produced'". He presents a rule which is identical
with 8930 28 the rule which he considers as the best one. So the syntactic
compositionality principle has led us immediately to the solution which is
‘the simplest and the best one. This example suggest that we might derive

from the syntactic compositionality principle the advice '"to ask for what

you need and not for more'.

3. Easy to see himself

In section 3 example 3 we considered the Derived Verb Phrase rule from
PARTEE 1973. An example concerning this rule was

F104(hel sees himlself7 = see him*self.
At the one hand the derived verb phrase rule is a partial rule, at the
other hand its output belongs to a different category than its input. There-
fore we cannot reformulate this rule as a total one using a do-nothing trans-
formation. So we have to find another treatment for the cases where Partee
uses this rule. Let us, in accordance with the syntactic compositionality
principle, just ask for what we actually need and not for more. In the

above example we only need a TV-phrase. So the syntactic rule becomes

S If a € P then F

. Kk
902 TV 902((1) e P where F (d,) = o htm ser‘

IV 902
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The corresponding translation rule reads:

T902 If o translates into o', then Fgoz(a) translates into Ax o'(x,”AP P{x}).

PARTEE 1975 provides as an explicit argument for use of the Derived

Verb Phrase rule the treatment of the sentence
(8) John tries to see himself.

If the derived verb phrase rule is used for (1) then the translation

becomes:

(9) try to! (Cj,"Ax., see' (x3,“AP P{X3})).

3

Sentence (1) can also be generated according to the lines of PTQ. Then

the translation is
(10) try to' ("j,"see’ (AP P{"j1)).

Partee gives some considerations why she might prefer (9) above (10). Rule
8902 is compatible with that opinion, it gives rise to a translation which
is equivalent with (9). So we have found a simple, total rule.

Partee also presents the example

Floﬁ(he7 18 easy to please) = be easy to please.

This is not treated by 8902. We search for a total rule and thus ask
just for what we need for generating easy to please. We need an expression
like easy and some TV-phrase. Let us, as Partee does, assume that we have
a special category ADJ which contains easy, though etc. The resulting ex-
pression easy to please will be of the category ADJ'. Then we are guided
to the following rule
8903 If o € PKEE and B € PTV then F903(a,8) € PADJ where F903(a,8) = o to B.
The translation of (this) easy must be such that it may be combined with a
TV-translation in order to obtain an expression of the type of translations
of adjectives. Then the translation rule reads
T903 If o translates as o' and B as B! then F903(a,6) translates into

Ax o' (AyB' (x,AP P{y})).

Rule 8903 makes it possible to generate the expressions containing

easy to please which we mentioned above. Unfortunately, Partee does
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not provide an explicit semantics for the source of her construction

(to please him7 is easy), so it is difficult to compare the semantic
consequences of 5903. I expect that she will finally end up with something
close to the result of T903. Concerning the syntax, it is demonstrated

that our principles guide us to a much simpler treatment

4. Comparatives
There are more situations where the traditional approach uses rules
which ask for more input than actually is needed. We will make some remarks

concerning the case of comparatives. An example is:

(11) Fewer of the women came to the party than of the men.

This sentence is derived from the (illformed) sentence:

(12) Fewer of the women came to the party than of thé men came to the party.
This is in its turn derived from a source sentence like

(13) Fewer of the women came to the party than x many of the men came to

the party.

PARTEE 1978 presents (11) as a difficult case for the well-formedness
constraint since it uses an illformed source (12). For the syntactic com-—
positionality principle the intermediate stage of (12) is undesirable since
one can hardly get rid of this sentence. Moreover the rules relating com-
paratives with sources as (12) or (13) are rather complicated. Why following
this approach? Maybe one judges that a source like (12) or (13) expresses
the semantic content of the comparatives more completely than comparatives.
Or one wishes to explain the semantic relations between comparatives by
generating them from the same kind of source. In transformational grammar
this might be valid arguments, no other formal tools than transformations
are available. In Montague grammar there is semantic component in which
such semantic relations can be formally expressed. So if we do not need such
a source for syntactic reasons we may try another approach. The syntactic
compositionality guides us to ask for just what we need. In order to make

a comparison between two individuals concerning the amount of some property
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they have, we need two terms and a property. So we introduce a three place
rule which has the effect that

Fglo(thn, Bill, see women) = John sees more women than BilLl.
The semantic component has to express what is compared; the syntax needs
no to do so.

Another ruie might compare of two sets in which amount they are in-
volved in a certain property.

Fgll(man, boy, come to the party) = fewer of the men come to the

party than of the boys.

One may also compare two individuals for two properties.

F9]2(John, Bill, see men, meet women) = John sees more men than Bill
meets women.

These examples do not_proyi@e for a treatment of the ‘comparative. They

just illustrate the kind of solution we would search for in accordance with
the compositionality principles. The other examples in this section make us
expect that a solution along these lines will be simpler than the tradition—

al treatment,
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SEMANTTC WINIBE %D OTHER PROBTLENS TN WORD SEMANTICS
RECONSTIEPRD W

Peter Poif ITutreiors

When | ospoke 1.t +ime ot this copference in
\msterdam I »recdyv saw a strone voint in makine deta’led
studies nhont word comantics witling Montag: r aorapmavr.

Cdinece then Yhizs ~edirt has Lecamo mora ond rarTe abyviocus,

Dhat oy wennraiis Ll Lave taeoma g0 ol~vises 483 thae Caer
Bl £ e 3 - e -~ — e o G Loga . o 20 T8 2 =
RIS e GO e B N G Sethan, LS F e et e e e SRR

wiven expraossinns in Inetis ow ferman leacds us heock At
the sare tire to very general ~uestioms aboeut the wtd, L it
of the mydcl theoretic zpnreazh for a descriptiocn Af «
ratnr-s1l loanruage .

Ye ol Fmaw thob 90 ssedel thohory we cssiea a
semantisc tyya T L orch svatactic cateirnry o, Tho zopr-e-
spondin: sopartic tyvne ta a civen syntactic cntecory
determir: s the domain aud rauge of the denotation fimction
of every exnroezsion Lelangine to this svpntoctic category.
Howe ror, it is normally unenccifiecd which denocotatior
function wa shonled nick out of the whole slass of
finetions frem the given domain into the givan renge for

civen evoresgion., A= far as T know no one has ever

(]

2

advocated the view that none of the ¢iven expressions

o

hould have a fixed denotation fuonction. That is no

&+
-

n

surprising as one could claim that the differernce betwesn

anenac

s
4
nd
o
D

and a practice of making arbitrary noises is
that the former cmhodies a concept of negation, In other

waords, the cxistence of conventions of negavion is one

¥ This paper is a rouch starting pnoint of more longer
lasting work in lexical semantics. T am esnpecially
grateful to my wife Elizabeth C. Lutzeier for
checking my iInglish of the version which was read at

the comTerencs,
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Y ] 1 ;e
mirimum regquirement for a language. So, if we want 1o

take Encl<sh or German as a language seriously, we have

to make sure~that the 'megrntion’ pnrtlcleq not and nicht
are internreted as megation rartlclas.g 0Of course,
tradition~lly 211 the key words for a language in the
framework of predicate logic ~™e given » fixed denntation
furction. A1? the successful steps townrds nragmatic
languaces have allowed further contributions concerning,
fer instance, modal, local and temporal expressions. The
designation of these key words, sometimes called logical
words, is a nacessary condition for arriving at all fhe
logical truths of the languare, No doubt, this is an
important part of a lancunage, hut as linguists w~ cannot
he interested only in knowing whether the truth of a
certrin srmterce is inferred by its logical form, We also
want to know the contribuntior of all meaningful perts of
the sentence townrds its meaning as a whole, instead of
having only the comtribhution of a few desigrated words,
This even holds for all sentences with the logical form
of a lorical trutr, hecouse thrre are senseless ones, e.o.

(1) No unwarr1ed nail IS married.

So, vhert the clenvage between logical and non-logical
particles boils down to is that you cive a list of words
and prrefixes, ca11 them logical narticles, and assume

that these items deserve special semantic treatment.

1) Coampare A.Cuinton, The a priori and the analvtic,
Proceedings of the Aristotelian Society Ah(1963-4)
31-54, Reprinted in: Philosophical loric (ed. P.F.
Strawson), Oxford University Press 1967, 107-128;

N, 11617,
oY phyinnsly, tteye moy he other fonotiocns Tor mot. Thinl

~ nhraoses 1ike: Tf'% hﬁ"1t1fvl here sn'+ it? A
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Surely, [in Aninz this ore dis poart of ar ald tradi tion
and nnes ~xcuse for doing so might be that it hns alwvavs
heen so verful for determinire logical truths.

Still

1, as we h~ve seer, that canmnt be enough for

linruistics. Shnuld we not nostulnte for anv interpre-
tation the extreme requirement that each basic?

expression should have jts denotation function fixed?
Cresswell explircitly favours this view in sAaving that
every werd in » maoturanl langnage is, in some sense, a
constnnt.u Hence, he cortainly reminds us of the fact

that for a naturnl Tanguage we cannot cstablish interpre-
tations out of the blue., We have to aim at interpretations
which coutorm to cur intuitions about the larcuare,
especially to our intuitions about the semantic part. In
other words, we shonld aim at so-called 'intended
interpratations'. Obviruslv, more and more investigations
about the semantics of single words can help us to get
closer to the intuitions of a native speaker and should
therefore he encouraged. But do our intuitions about
language turn out to be verv clear, when we are forced

to write them down? T am not so sure about that, so to me
it seems to be questionable whether one should stote
Cresswell's view ac an abhsolute requirement for any
interpretotion ot the moment. Nesides its feasibility,
merely adding up what is at most looselv connected
information about the meaning of single words would hardly
he enlightening about the vocabulary of a language; as,
for instance; adding up unrelated information ~hout the
meanineg of individual sentences could not tell us anvthing
interesting about their relations to each other. If we

take seriously the idea that the vocahulary of a natural

3 At the moment hv usineg 'hasic' I just refer te the
status of the expressions within grammar. As Werner
Abraham rightly voints out one would like to have some
outside criteria for that status.

t) M.J.Cresswell, Hvperintensional logic (unpublished)

Wellinzton 1974, P.15-16.
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language like English or German is suitable for
investigations about relations between its members
- which T do -, then concentrating on that idea may be
a fruitful alternative to the specific investigation of
single words,.
ne traditional method fitting in with this idea
is the methnd of subclassification, because suclassifi-
cations within one syntactic category are scmantic
grounings within that category which reflect different
semantic hohaviour‘.5 I think it will be a promising step
forward tewards 'intended intervretations', if we aim at
subclassifications within all svntactic categories.
Which criteria do we use in order to establisb
subclassifications within santactic categorirs? T we
100k into Mont cue ~raopmar, then we realize that a given
clasz of expreosstonsg of a ceriain sxyntactic r=tegory vels

-

Aividod into sevara! suabclasses accerding to their
different tehavicur with reg=rd to the somantic vrelation
'Jogical conseguence'. Let us look at the class of
adjectives and the ecpne of transitive verhs, Differeuces

Hetween the well-knowrn sentence nairs

(2) This tulip is_a red_flover

(2)

() John is an_alleged murderer

(5) John is ~ murderer

to the effect thnt (2) is a logicnl consequence of (2),
wherenrs (5) is not a logical conscouence of (), show
thnt we have a renson for estahlishing at least twe
subclasses for the class of adjectives. The same holds

for the class of transitive verbs. Some of them allow

5) We mav need to qualify the idea that different
syntactic behaviour is best dealt by assuming

different svntactic categories.
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the rule of existential instontiation with regard to

their direct objects; others do not. Compare Montague's

(6) Rolf

pair flgg amd seek jn the following scntence pairs
1f_finds_a_proof for Goldbach!'s assum

(7)) There 1 snmofh]nr whlch Rolf f1nds

(8) Rolt sceks a_pro

(2) Therec

(7) is nerfectly alvight os a logical conseqguence of (6),
whereas in one rveading of sggk (9) is not a locicnl
consequence of (8),

Ar imnortant question arises now: Are there other
criterin in addition to logical consequence? Syntactic
criterin are excluded, because we started on o oiven
syntactic c]nsrifﬁration;G In other words, we are locking
for further semartic criteria or rnossiblv the nragmatic
criteria which have to he taken into account in semantics
too, for instance, criteria involving speech acts. But
may it not be that a1l semantic relations are reducible
to lomics1 conseauence? Lvons, for instance, describes
a1l semantic relations which he treats in terms of
imp]icntion.7 This seems to hold also for the semantic
nderstoanding of the notion '»Dresupnosition'.

A gcod canfdidate for another criterion for sub-

classification might be the intuitive rotion 'similarity'.

o+
]

Certainlv, this notion still meeds a lot of study, hu
douht if nrne can cover it by means of the logical conse-

querce, J expect that a close look at semantic fields will

6) See foctnote 5.

7) J.lyvors, Introduction to theoretical Tinenistics
Camhridge University Pres: 1968, chapter 10,n.443-/181
or in his new hnnk: Semantics I, Cambridre miversity
Press 1977, chapter 0 ,p,.270-335,

8) Compare E.Kcenan, Presuprosition in natural logic,

The Monist 57(1973),p.344-370.
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give us nseful insights into 'similaritv', because this
notion must have played a majior role on the intuitive
level for the constitution of semantic fields. So, for
instance, its memhers are ahle to occur in the same
verbal context and have teo he regarded 2s heing sint? o=
tn5 each other at leost with vespect to this. The study
of semantic firlds may lead to a better understanding
of similaritv nd th-refore he helpful for the nroblem
of snhclassification, which, as we have seen, has to be
tackled in word semantics. This prospect should be
reason enough to deal in more detail with semantic
fields. A few other reasons may bhecome clear during

my lecture. Tn addition, a precise idea about semantic
fields would make available the vast material about
word semantics of traditional linguistics and I would
be pleased to support a convergent trend between more
logical interests within linguistics and wore traditional
ones.

T am not interested in an exegesis of the original
understandinz of semantic fields. What 1 am interested in
is a notion of semantic fields which will give us the
nonortunity of incorporating into our theory well-
established traditional facts in wnrd semantics in a more
precise and satisfving way as well as the opportunity of

finding new results within word semantics.

Intuitively we know that semantic fields are
special paradigms deriving from verbal contexts. The
miembers of a semantic field represent choices expressive
6f intentions which are mnossible in the given verbal
context., In other words, a semantic field is the

repertoire of choices in the language with respect to a
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given verbal context. There will be intentions which
are possible in the given verhal context for which we
cannot find any suitable member of the semantic field
or for which we cannot find a unique member of the
semantic field. Uniqueness, of course, is only guaranteed
up to synonymy. Sn, quite often, several, non-svnonymous
members can express one intention, especiallv if it is
not a very preccise one. These are reasons why there will
not normallyv be for a semantic field in language A such
a semantic field in language B that it is a 1-1
correspondent to the one in language A, quite independent
of whether we find svnonymous verbal contexts in the two
languages.

The intention to express something special within
a certain verbal context must not be confused with the
actual motive of speaking. Whether, for instance, the
speaker really wants to deceive the hearer by uttering
something specific is not relevant for the gquestion of
which choice the speaker should make in order to express
in the best way his intention to utter something specific.
In other words, only the adequacy on the expressive level
‘with regard to his intention counts not what he really
wants to achieve with his utterance. That is why semantic
fields are definitely part of semantics. Still it is only
the intention of the speaker that counts, therefore the
auestion of the truth voiue of the possible utterance
doecs not come in either. So much for intuitive remarks.
I shnll look now at the notion 'semantic field' in more
detnil, The exami.les +»ill he riven in German, bcecause I
take them from Germnan,

First, we must be clear what sort of naradigm we
are aiming at. It is the notion 'paradiem' which is
detormined by a verbal context and it should be suiteble

Tor our notion 'semantic field'. So, what sort of verbal
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context do we allow for ounr nnotion ‘paradigm'? Let us
examine the following examples:

(i 10 TR § Al i - S A

(3) ...schlafen / aus, ein, weiter,...

e - — -

(4) ... macht mich krauk / Schlafen, das Wetter,...

(5) die ... macht mich krank / Krise, Sorge, Frau,...

(6) ein ... Mann / armer, guter, kranker,...

(7) ein Mann, der ... / schldft, liigt,...

For semantic fields we are not interested in phonological
paradigms or ones which consist of inflections. Therefore,
we want to rule out context (1) and context (2). The rest
of the examples are alright, hecause we do not require
that the substitution of an element of the paradigm yields
a sentence., This would be an unnecessary restriction as
example (6) shows. However, all syvntactic concatenations
for the verbal context should be done with the aim to get
a sentence, which the ones in our examples obviously are.
Therefore, we are interested in the following notion
‘verbal context':

Definition: Let us add to the basic words one designated

element X (X stands for the empty place where
the substitutions can be made).
o he a concatenation of basic words and X

¢ is a verbal context iff there is a sen-

terce s such that there is an u' which
derives from & by substituting elements of
sentence s for X and which occurs in s.

Given a sentence, x'! is normally not uniquely determined.
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Examn]e to our definition: o := ein Mann der X

(Compare (7))

We want to show that 6 4is a verbal context.

fangt den Tag schlecht an is a sentence.

® := ein Mann, der morgens aus derives from o

by substituting elements of s for X. &' occurs

in s, therefore o/ is a verbal context.
Roughly speaking, it is clear what we can substitute for
X in order to check whether a concatenation of basic words
and X is a verbal context. It is not clear vet what
praradigms consist of. In other words, the question is
which items can renlace X in a given verbal context in
order to arrive at a PAaradiem? We understand semantic
fields as special paradigms, sc the answer to this
question will be influenced by our conception of semantic
fields. We only want to have svntactic entities as
members of paradigms. That is not surprising if we
remember the following: semantic fields are supposed to
be a help in word semantics by revealing relations within
the vocabulary of a language, so =semantic entities like
concepts must not be memhers of semantic fields.

Basic words are obvious candidates for being
memhers of our paradiems., T wonld like to roint out
t

-~ o~ <+
1w ot e

)

~
(3 &

that thoe svnin 7oy of the words to he

a

substituted for X in a given context will not alwvays be
mnicunely determined by this verbal context. Let us
illustrate this fact bv the following examnle:

llans _lauft X is a verbal context. With regerd to the

t/e simplest distribution of
syntactic categories we have

Tt it , t/t two possibilities for the

2. t/e | t/e/t/e syntactic categorv of words to
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he substituted for X: t/t (eore place sentence operator)
and t/e/t/e (predicate modifier). We get as paradigm:
schnell; moglicherweise; wahrscheinlich; gut: langsamj;..o

Should we allow anything else besides basic words?
what about phrases, in other words, concntenations of
basic words accordine to syntactic rules? Compare the
following examples:

(1) das Bonbon klebt an_der X / Schachtel; Innen-

seite der Schachtel; frisch gestrichenen Tiirej...

(2) das Bonbon klebt X / aufen; inwendig; an der

Bettdecke:; an dem Punkt, an dem Otto erschossen

wurde ;...

(3) Hans lauft X / schnell; sehr schnell; zu schnell :

cemaBigt schnell;...

(4) das Buch ist X / vor zwei Monaten erschienen;

soeben auf den Markt gekommen;... .
Again, the decision about having phrases or not depends
on our idea of what semantic fields should serve for. If
we understand semantic fields as something which could
throw some light on the lexical level of a language, then
we should not accent bigger phrases in a paradigm. Not
surprisingly, T agree with this view, because I see the
role of semantic fields in word semantics, for instance,
as a guide for subclassifications. Nevertheless, we must
not only allow basic words for paradigms; we also have to
allow the use of morphological rules and the use of a few
syntactic rules, like the use of the rule for combining
a noun with the definite or indefinite article. Compare
our example (4), where we would like to have phrases

like: ein I’'lagiat, ein_Skandal, der Kniiller, die Masche.

If we did not allow such rules and only asked for basic

words, then, for instance, we could not get nouns with
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different gender in cne paradigm relative to a verbal
context like (4). The few rules can easily be listed

as soon as we have written down the morphological and
syntactic rules feor a given fragment of German. As
example (3) shows, members of the paradigm itself create
new verbal contexts; in our example:

(3') Hans 15ulft X schnell.

This, however, is onlv of interest for further,; new
paradigms but 1ot for the originel one, because having

these bicger phrasces like: zu schnell as members in »

paradiem would rot contribute anytlhing to our questions
an the lexical level.

Sn far, ve have got for our notion of paradigm
syntactic rcriteria, first, hecausse naradigcms are
determined b+ verh-1 contexts and verbal contexts were
practically based on the criterion of well-formedness,
and secondly, because as members we allow basic words
and any phrase bujilt by rules from a specifind list.
ffowever, given a2 verbnl) context something still has to
govern the suhstitntion nrocess, Compare our example:

(5) Unser Schimmel ist X / ein Xlassepferd; cin

Ass; elegant; stattlich; schwarz; ein Mensch;

vierheinig; gefleckt;... .
Presumably, schwarz should be excluded from the paradigm
for o standard version of German, because it would lead
to a contradictory sentence in that version. We already
realized earlier on that truth cannot be a criterion,
even in an intuitive sense. Still, if we do not want to
fall back on the traditional criterion of actual occur-
rence in a text, which may be important for the possi-
bility of finding new results and for realizing
potentials of the language, we have to allow an intuitive

notion of possibility for the substitution as a criterion.
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No doubt, that is a point which will need further thought
and I certainly would like to¢ invite comments on that
part as I do for any other part of my lecture.

Because of some vagueness at this point, mainly
with regard to the notion 'possibility', I can only give
a provisional version of a definition for the notion
iparadigm'.

Provisional definition: ¢ be a class of basic words or

rhrases huilt by rules from a snrecified list.
of is a parandigm iff there is a verbal context c
such that for all membhers m of 08¢ *there is a
possihle sentence s such that ¢ occurs in s if we
substitute m for X in c.
'‘Possible sentence', of course, is meant semantically and
not svntanticelly. Bv the way, we need this extra clause

about the existence of a sentence s because we allow

‘incomplete' verbal contexts like ein_ X Mann. One camn

easily see from the provisional definition that a given
verbal context car create different paradigms. Some of
them may be ordered by inclusion and others will not. The
union and the intersection of two paradigms created by
the same verhal context will also vield a paradigm
created by this verbal context. It is clear as well that
one paradigm cnon be created by different verbal contexts.
A trivial example would be to replace each word in the
verbal context by a syunonuious word or phrase:

(a) Stefan sucht nach einem X

(h) Stefsn dist auf der Suche nach einem X,

T turn now to the notion 'semantic field'., The
way we defined the notion 'prradigm' was in order for it
to be suitabhle for a sensible notion of semantic field.
Nevertheless, I have not vet solved quite a few of the

problems concerning semantic fields, so at the moment T
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cnould not come un with a satisfactory definition. I

shall need an extended empiri~al nhase, especially with
paradigms which are considered to he semantic fields,
before T feel competent in giving a tenable definition

of semantic fields, So, 7 nrefer to eive snme hints for

a definition and to state some of the problems concerning
semantic ields.

We certainly exwvect from memhers of a scmantic
field that thev hrve something semantically in common.

We Also know thrt in a naradigm phrases of different
syntactic categories can occur. Phrases of different
syntactic categories can certainly have something
semantically in common, especiallyv when they occur in
the same verbal context as the ones of a paradigm. How-
ever, members of different svntactic categories woulAd
not help in establishing inner semantic relations bhetween
one svntactic category. And we really need that in order
to get help in subclassification. In other words, in my
conception a semantic ficld only consists of basic words
and nhrases of one svntactic category.

This is already aqnite a step forward towards our
intuitive ijidea about semantic fields, but it does not
suffice yet. The restriction to one syntactic category
will not keep us from results we would not like to have.
I suprose for a semantic field we are mot just interested
in choijices expressive of intentions which are possihle in
the given verbal context, but we are also interested in
choices exnressive of intentions which are nossible in the
given verbal cnntext and which are relative to a certain
aspect. Let ns illustrate this for the syntactic category
tadjective':

(1) das Buch ist X / alt; interessant; neu;

originell; umfangreich; dick; langweilig;
foszinicrend; erschienen; erhidltlich; ver-

kavft; vergriffen; veraltet; ... .
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"Relative to a certaiun aspect' could mean for adjectives

what has been called 'relative to a certain d]'mension'.9

So, for instance, we would have the aspect: 'Possibility

of getting it', which would 1+ad to a semantic field 1:

S 1: alt, neu, erschienen, erhdltlich, verkauft, vergrif-
fen

and the aspect: 'value of the content', which would lead

to a semantic €ield 2:

S5 2: interessnnt, originell, langweilig, faszinierend,
veraltet.

On the other hand, there are possible aspects
which must not restrict our choices cxpressive of intentions,
because actual truth must not play any role for semantic
fields. For instance, specific points of reference belong
to this class; like Tuesday, 10th January 1978 for the

verhal context: Das Wetter_ ist X, whereas an abstract

aspect like 'Time’, of course, will not. If we took
seriously specific points of reference we would not get
interesting semantic fields, because, for instance,
antonvms would not appear. Dy the way, the truth issue
also forces us to jsrecre somehow indexical elements, if

they occur in a verbal context., Compare cur examnle:

windig, wirdstill, unliebsam, unwirtlich,
angenchi, «ao o
T =holl look now ai arother nroblem for the
definiticn of samaniic fieslds. At the =ame time it will
lend to some annlication ot the motion '‘semantic field'.
I shall consider ambiguous basic words or phrases ond
ask how thev enter semantic Tfields? In paradigms we are

nsed +o havine ambiguous phrases meither disambiguated by

9) Comnare R.Bartsch/T.Vennemann, Semantic Structures

Atherinm Verlag Frankfurt 1972,p.67.



249

the rest of the poradigm nor by verbal contexts creating

the noradigm. Compare the basic phrase Pferd in the

following paradiam:

(3) Rolf griff nach_dem X / Pferd, Schlitten, Buch,

Rind, Schaf, ... .

Here Pferd can still have all its possible interpretations,

such as an interpretation as an Aanimal, as a toy, as a
chess figure and as a gymnastic apparatus. Does that hold
for scmantic fields as well? Yes, it does, as we can
realize by looking at the following semantic field Bt

S5 3: Pferd, Stute, Rappen, Schimmel, Fohlen, Hengst,

Mahre, Gaul.

semantic field, becouse besides the obvious interpretation
as an animal the semantic field 3 does not exclude an
interpretation as a toy. Why is that? Well, all the other
members of the semantic field 3 allow this interpretation
too and an interpretation for a member of a certain
semantic field must be according to the inner structure

of the whole semantic field. That is the reason why
interpretations as chess figure or gymmastic apparatus

for Pferd are out, because other members of the semantic

field 3 do not have these interpretations. This line of
argument takes into account that items entering a semantic
field must have something semantically in common.

T menticned at the beginning of my lecture the role
of similarity hetween expressions for the constitution of
semantic fields. Now we found out that semantic fields can
serve for the explication of a further notion of similarity,
namely the notion of similaritv between interpretations of
ambignous phrases. In other words, a semantic field
determines the meaning of its memhers only un to similar

interpretations. Tn our example we get for Pferd the

strong similarityv between the interpretations as an animal
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and as a toy. By the way, the similarity between inter-
pretations is independent of similarities between cor-
responding objects in reality. For instance, we could
have a wooden figure in the shape of a horse as a
gymnastic apparatus, nevertheless, the interpretation

for Pferd as a gymnastic apparatus would still be

excluded by the semantic field 3, simply because the
other memhers do not have such an interpretation in a
standard version of German. The other interpretations

for Pferd, such as the one as a gymnastic apparatus or

as a chess fignre, arise from other semantic fields. As

examples:

S_4: pferd, Reck, Barren, Ringe

for the interpretation as gymnastic apparatus and

S 5: Konig, Bauer, Liufer, Turm, Pfcrd, Dame

for the interpretation as chess fiocure. These semantic
fields show that there is mno such similarity between

these two interyratations for Pferd, the same holds with

regard to the interprotation as an animal or tov. The
l1ine of arecument would be analogous to the one earlier
on. This notion of similaritv may help to clarify the
traditionally awkward difference between nnlvsemic and
homonymic expressions. Intuitively, for polysemic expres-
sions one =sees a connection between its interpretations.
whereas for homonymic ones one doecs not see a connection.
Semantic fields could perhaps be used at least as a
necessary test for homonymic phrases in the sense that if
an10 ambiguous phrase is homonvmic then there is no

semantic Tield with the questioned phrase as member which

10) 'an ambiguous phrase' is to be understood as follows:
If it is homonvmic then it is a homograph as well
and cannot bhe differentiated on the graphematic level.
Of course we would speak of different phrases in the

end.
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allows all its possible interpretations., I am reluctant

to accept this test as a sufficient one, because T am

word. And Pferd reallv falls under our criterion: I would

claim that in a stoandard version of German there has to
occur another term for gvmnastic apparatuses in the
semantic field in order to get the 'gymnsstic apparatus'-

interpretation for Pferd at all. However, such an occur-

rence excludes at least the 'animal'-interpretation, so
there is no semantic field which allows all the inter-

pretations for Pferd. What about kosten which with its

interpretations as 'tasting' and 'baving a certain price!
is traditionally regarded as homonymic word? Tvpical
semantic fields for each interpretation are:

§_§; kosten, abschmecken, probicren, versuchen,...

with der_ Koch X die_Speisen as creating verbal context;

S 7: kosten, verlangen, bezahlen, auszeichnen, feilschen,

kalkulieren, ...

with das Madchen X zuviel as creating verbal context,

Although S 7 allows an interpretation with regard to meals
or beverages, only the aspect 'value' comes in but not the
aspect 'tasting'. In general, any semantic field with

kosten as member which should allow for the 'tasting'-

interpretation would need more terms out of our typical
semantic field S 6 and would therefore automatically
exclude the 'price'-interpretation. So, our test would

hold for kosten. In addition, the semantic field

S 8: kosten, beanspruchen, verschlingen, bendtigen,...

with die Lektiire X zuviel Zeit as creating verbal context

shows that the 'having a certain price'-internretation
has not only to be interpreted with regard to money but
can be scen in more reneral terms too. We can draw two

conclusions out of this: first, the interpretations, for
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instance, developing from semantic field 8, are similar

to each other and thrrefore the split up phrases of a
homonymic vhrasc can thems~lves he pol_vs:emic'.1'1 This<

nnint depends on the following idea: Semantic fields

may te used as a sufficient test for polysemic nhrases

as follows: If a semantic field which has the phrase as

a member allows secveral internretations for this phrase,
then the phrase is polvsemic. Obhviously, this criterion
lecads to a fairly weak notion of polyseny. Secondly, the
'money'-internretation is the basic one of all these
‘price'-interpretations, because there is a semantic field,
for instance S 7, which favours this interpretation
compared to the others. A generalization of this would be:
Let & be a polysemic phrase with the interpretations Ii""’

L Ik (x €{ 1,...,nﬁ ) is nore basic than Ikz

(k G,{1,...ﬂ15\{k1 ) iff there is a semantic field which

allows for & the interpretation qu but not Ik , but
2

there is no semantic field which allows for ®& the inter-

pretation Ikz hut not Ik4°
These last remarks about further applications for

a more precise notion of semantic fields may suffice for

today. I hope that they have shown that semantic fields

will not only be helpful for methodological questions

like 'how to‘proceed in word semantics' but that they can

also help to clarify traditional problems in word semantics,

like the jolysemy versus homonymy distinction. These

questions touch theory of grammar as well as theory of

language. In addition, the insights ahout the two notions

11) Example: kos*en in the 'price'-interpretation is a

polysemic word.



253 .

of similarity- the one betwern members of a semantic

field and the other betweeﬂ in@erpretations of a lexical
item - should be taken into acéount in philosophy of
language. Enough reason, one should think, for contuinuing

thé work on semantic fields and related topicse.









