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Syntactic Generalizations
in Compositional Grammars

Jan Odijk - Institute for Perception Research (IPO)

Abstract

In this paper I present an approach to the description of natural language in which
two aspects are combined: (1) the grammars used are compositional, so that the
semantics of natural language and the relation between syntax and semantics is
adequately described. and (2) svntactic constructions are derived by the interaction
of a conglomerate of construction-independent rules. so that syntactic generaliza-
tions can be adequately captured. Svntactic transformations play an important
role here. The first aspect has been adopted from the Montague-Grammar tradi-
tion. the second aspect from the Move a program as pursued in the Principles
and Parameters Approach. Both aspects are combined in a computationally viable
grammatical framework. called controlled M-grammar. which has been used in the
Roset1a3 experimental machine translation system developed at Philips Research
Laboratories.

It is shown that for an adequate description of the syntax of auxiliaries and
inversion in English. syntactic transformations. i.e. rules with identity as meaning.
are required in a Montague-type compositional grammar. It is then shown that
such rules are also useful to obtain an adequate description of passivization.

The optimal use of svntactic transformations yields as one of its conse-
quences the fact that the relation between form and meaning is rather indirect. in
the sense that the form aspects which are visible in the sentence are often accounted
for by one set of rules, but the meaning aspects by a diflerent set.

1 Introduction

In this paper I will sketch an approach to the description of natural language in
which it is possible to express syntactic generalizations adequately in a composi-
tional grammar. The approach makes it possible to combine insights from Montague
Grammar® and from the Principles and Parameters Approach.”

Montague Grammar represents a framework for the description of natural
language in which emphasis is put on semantic issues, and in which a specific idea on
the relation between syntax and semantics (viz. compositionality) has been adopted
as a guiding principle. The Principles and Parameters approach to the description
of natural language focuses mainly on syntax, and one of its main objectives is the
elimination of language-specific and construction-specific rules of grammar. This
program is dlso known as the Move a program.

The framework adopted in this paper. controlled M-grammar, attempts to
combine the virtues of these two frameworks. Controlled M-grammars are com-
positional grammars. but a special kind of rule, called syntactic transformations,
is used optimally to express syntactic generalizations. These syntactic transforma-
tions make it possible to describe constructions as the result of the interaction of
a conglomerate of construction-independent rules.® This will be discussed in more
detail below.? In addition, controlled M-grammars are computationally viable, and
effectively reversible (see Van Noord 1993. Rosetta 1993), so that it can be used in
applications both for synthesis and for analysis of natural language. This framework

Thomason 1974

For a recent overview, see Chomsky and Lasnik 1991.

We will not deal with the language-specificity of rules in this paper.

See Appelo et al. 1987, Rosetta 1993 for a more elaborate discussion of this framework.

R R
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has been used as the framework of the experimental machine transiation system
Rosetta3 developed at Philips Research Laboratories.

2 Compositional Grammars

T'will consider a language to be a set of pairs < form. meaning >. A (formal) gram-
mar is a formal description of a language and usually is a procedure which generates
all and only the pairs which are members of the language.

A compositional grammar is a special kind of formal grammar in which
the pair-like nature of the elements of language is taken very seriously and is re-
flected throughout the whole grammar. A compositional grammar consists of (1)
basic expressions. i.e. pairs < basic form. basic meaning >, and (2) rules. i.e pairs
< syntactic operation. meaning operation >. A compositional grammar can gener-
ate (or "derive’) the elements of a language in the following manner. The form part
of these elements is derived by recursively applying the syntactic operations of rules,
initially to basic forms. The meaning part of these elements is derived by recursively
applying the meaning operations of rules. initially to basic meanings.

An example compositional grammar is given in Table 1. This grammar is
extremely simple. and uses a syntactically quite primitive grammar. It is kept this
simple for expository purposes. and no linguistic claims are made with it.

In the first part of table (1). the basic expressions of the grammar are enu-
merated. Each of these basic expressions is assigned a syntactic category which is
given in the first column. followed by a number of example basic expressions and
(between brackets) the names of the associated basic meanings. The basic meanings
themselves have not been given here. In most cases they are not Very interesting.
but where required I will specify the relevant meaning.

In the second part of table (1) the rules are specified. The first column
contains the rule names and (between brackets) the names of the meaning operations
of the rules. The second column contains a description of the syntactic operations
of the rules. These operations apply to tuples of strings which have been assigned
a syntactic category (categorized strings) and turn these into a categorized string
(Greek letters are used as variables for strings).3 To illustrate a simple example.
consider rule RXP1. This rule takes an arbitrary string (a) of syntactic category N
(e.g. book) and an arbitrary string (3) of category Det (e.g. a) and turns them into
their concatenation (a book) of syntactic category NP.

Rule RSUBST is slightly more complex. It is a parameterized rule which
applies to a tuple of categorized strings. The first string must be of category S or
VP. and it must be possible to partition the string into three parts: an arbitrary
string which precedes a variable with index i (). a variable with index i (this index
is determined by the parameter of the rule). and an arbitrary string which follows
the variable with index i (3). The second argument of the rule can be any string
(%) of category NP. Applying the rule results in a copy of the first string in which
the variable with index i is replaced by 5.

The meaning operations associated to each rule are given in the last part
of table 1. The symbols #i stand for the i** argument of the relevant meaning
operation.

Given this example compositional grammar. pairs < form, meaning > can
be derived. The form he bought a book can be derived as indicated in (1), which
represents its svntactic derivation tree. This is clear from (2). in which the results of
applying the rules are represented on the nodes of the tree, The top node contains

5. 1 would like to emphasize again that this is a far too simplistic grammatical formalism for real
grammars. but it is used here for expository convenience.
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Basic Expressions
category | basic expression (basic meaning)
TV buy(buy’). see (see’),...
v leave (leave'), walk (walk'). ...
Det a (a'). the (the’), which (which’)....
N book (book’). car (car’),...
Pron I (I'). he (he"),...
Adv never (never’). ...
Var 1‘1(.\'1).1‘2(:\.?)....

Rules

rule name {meaning name) | syntactic operation

RxP1 (LNP1) N[a] + Det[3] = NP{Det[8] N[a]]

RXP2 (LxP2) Pron[a] = NP{Pron|a]]

Rvpl (Lvpl) TV[e] + z; = VP[TV[a] 2]

RvrO (LvpO) IV[e] = VP[IV[a]]

Rs (Ls) VPle] + 1; = S[z; o]

RSUBST.I (LsUBST) S/VPla z; 5] + NP[+] = S/VPla 4 5]

RPAST (LPAST) Sla TV/IV{3]1] = Sla TV/IV{tense=past}{3]1]

meaning name | meaning operation
Lxpl F#2(#1)

LxP2 . #1

Lvpl #1(#2)

LvrO #1

Ls #1(#2)

LSUBST.I #2(Azi#1)
LPasT P#l

Table 1: Example compositional grammar

the result of applying all rules as described by this derivation tree.®

RpasT
RsUBST.1
RstBsT.2 RxpP2
(1 |
/\, he
Rs RxP1
/\ NG
Rvrl ry book a
PN
buy zao

6. For simplicity. I ignore the fact that the form buy{+past} has to be spelled out as bought.
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Sthe buy{+past} a book]
|
S(he buy a book]

S[z, buy a book] NPlhe]

i /\ ] hle

Since each basic expression also has a basic meaning. and each rule a meaning
operation. the meaning associated to the form he bought a book can be derived as
well. This is represented in (3). a semantic derivation tree. The related meaning is
actually computed (in the form of a logical expression) in (4):7

LprasT

LsUBsT.1

N

LstssT.2 Lxp2
he’
Ls NP1

Lvpl X, book’ a

=

buy® X,
P3book’(x) A buy'(z)(y)
|
Jrbook’(2) A buy'(2)(y)
il 3rbook'(2) A buy'(2)(r;) APP(y)

|
Pl APP(y)

buy'(za)try)  AQ[3rbook’(x) A Q(x))
ey
buyi(zra) X,
P book’ AP[PAQ[3:P(z) A Q(2)])
buy’ X,

This concludes our illustration of compositional grammars. In the next sec-
tion I will take this example grammar as a basis. and I will try to extend it to
cover a more substantial fragment of English. It will become clear soon that the
compositional grammar will get quite complex and that it is necessary to duplicate
several syntactic operations. In addition. I will sketch how this problem is solved in
the controlled M-grammars.

For this computation. I have to be explicit about the basic meaning of the determiner a. I
assume its meaning to be AP[AQ[3: P(r) A Q(x)]].
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3 Auxiliaries and Inversion in English

In this section I will introduce the general problem using the peculiar properties
of English auxiliaries as an example (section 3.1). A general characterization of
the solution to this kind of problem. and an instantiation of this kind of solution,
specific to the problem at hand. will be described in section 3.2.

3.1 The Problem

Let us start by considering the following two sentences
(3) a He bought a book.
b Did he buy a book?

It is our intention to extend the example grammar from the preceding section
in such a way that both sentences in (3) can be derived.

At first sight. these sentences appear to be excellent examples for an anal-
vsis within a compositional approach. The two sentences clearly differ in meaning
(declarative sentence versus ves-no question) and corresponding to this meaning
difference there is a difference in form. Sentence (5a) contains a sentence-initial
subject followed by an inflected main verb. while sentence (3b) contains a sentence-
initia) inflected auxiliary verb. followed by the subject. followed in its turn by the
main verb in its basic form.® It is fairly straightforward how two different rules can
be constructed. each with its own meaning, and each carrying out different formal
changes to an input structure. We have seen that the rules from the example gram-
mar can derive the structure S(he buy{+past} a book). The properties common to
(5a.b) have been expressed in this structure, which will be the input for the rules to
form declarative and ves-no interrogative sentences. One rule. which will be called
RDECL. will take this structure as its input, and it simply resets the value of the at-
tribute mood of the S-node dominating the structure from unspecified to decl . The
rule is associated with the meaning of declarative sentences. A second rule. which
will be called RYNQ. also takes this structure as input. and it eflects the following
changes: the attribute mood of S is changed from unspecified to yngq. the auxiliary
verh do is introduced in a sentence-initial position. the tense features are copied
from the main verb onto this auxiliary. and then deleted from the main verb. This
rule is associated with the meaning of yes-no questions. -

If we extend the grammar with additional rules. however. it soon becomes
clear that the simple approach outlined above runs into severe trouble. I will extend
the grammar with a number of rules using the compositional approach as indicated.
to illustrate in what ways such an analysis is unsatisfactory.

Consider the following sentence:

(6) Which book did he buy?

This sentence differs from the sentences discussed above in several respects.
Let us compare it with (5a). First. there is a semantic difference: (5a) has the
meaning of a declarative sentence, (6) has the meaning of a wh-question. Second.
corresponding 4o this semantic difference, there is a formal difference: sentence (6)
has a sentence-initial NP. with the determiner which instead of the article a: this
NP is followed by an inflected auxiliary verb. which is followed by the subject, and
the main verb in its basic form is sentence-final. Again. it is quite straightforward to
write a rule to form such sentences. and to associate this rule with its own meaning.
If we assume that the input for the rule is S(he buy{+past} x;),° the rule, which
will be called RwHQ. has to perform the following formal changes: the attribute
mood of the S-node must be reset from unspecified to whg: an NP containing a
interrogative determiner (in this example, the NP which book) must be substituted
for the variable x- and this phrase must be preposed 1o a sentence-initial position.

8. Details relating to punctuation will be ignored.
9. This structure can be derived by the example grammar. as one can easily check.
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the auxiliary verb do must be inserted. the tense features of the main verb must be
copied onto this auxiliary verb, and then these tense features must be deleted from
the main verb.

Similarly. we can formulate rules to form a certain kind of topicalized struc-
tures (7a). negative sentences (7b) and emphatic sentences (Te). T will call the
relevant rules RTOP. RNEG and REMPH, without discussing their exact formulation
in detail.!?

(7) a Never did he buy a book.
b He did not buy a book.
¢ He did buy a book.

We have now postulated five rules: Ryng, RwHQ. RToP. RNEG and REMPH.
Each of these rules has its own meaning. and each performs its own formal opera-
tions. They could readily be incorporated into a compositional grammar. Neverthe-
less. the approach adopted here has serious shortcomings. Certain operations occur
in each of these rules:

e introduce the auxiliary verb do
e copy the tense features from the main verb onto the auxiliary verb do
e delete the tense features from the main verb.

These operations must be described separately in each of these rules. It is
clear that this is an undesirable state of affairs. In fact, the situation is worse than
described. because the operations were only defined for a limited variety of sentences.
As soon as we try to extend the analysis to cover an interesting fragment of English.
the common operations invariably become considerably more complicated: different
operations must apply if the input already contains auxiliary verbs, the introduction
of the auxiliary verb is optional if the main verb is have. and then the main verb have
starts to occupy the position where otherwise the auxiliary verb is introduced, ete..
etc. The important point here is that all these complications are the same for all the
rules introduced. By formulating these rules separately in each rule given above. this
fact is described as being accidental: a considerable redundancy is introduced into
the system: the rule system is unnecessarily large. and maintaining and updating
the svstem of rules is made considerably more complex. In short. it is clear that a
number of linguistic generalizations have been missed.

3.2 A Solution

It is obvious how the problems described in the previous section can be solved: the
operations common to all these rules should be factored out. Each individual rule
can then be considerably simplified. the grammar as a whole becomes smaller, the
common properties are explicitly identified and isolated, and maintainability and
updating become easier. A future change in an operation that has been factored
out will immediately have effects in each of the constructions mentioned, clearly a
desirable result.

One way to factor out these operations is by writing these operations as
separate rules of grammar. This is the method which will be illustrated here, and
has actually been used in the Rosetta system. This method has several advantages.
It turns out that most of these operations resemble syntactic rules to a high degree.
The method adopted accounts for this fact immediately: it supplies one with a
format and a notation to describe the operations, and the modes of interaction
with existing rules are also immediately determined. An alternative method could
consist of writing a set of functions which are called by rules. as suggested by Partee
1977. Partee 1979 and Partee et al. 1990. p. 318-9. Though I did not compare
the methods in detail. the latter method requires additional clarification of the
operations allowed. a format and a notation for them and a specification of the

10. See Odijk 1993 for an elaboration of the formulation of these rules.
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possible modes of interaction with rules, and it appears that certain operations
cannot be kept local under this approach. See Odijk 1993 for further discussion.
To my knowledge. this latter method has never been applied in a real large-scale
system. while the method adopted here has proven its usefulness in the Rosetta
system.

There are. however, examples where it is advantageous to call functions from
within rules. and where an analysis in terms of separate rules does not really achieve
the desired result. Such examples have been described in Odijk 1993, p. 54. However,
the functions called can perform only a limited set of well-defined operations which
are independently required in the grammar.

Applying the solution, in which the common properties are factored out in
separate rules, to the analysis of auxiliaries in English, we observe that the rule in
which the common properties of the preceding rules are described performs opera-
tions on auxiliary verbs. It is not at all obvious that a meaning can be associated
with this rule. The rule performs a number of the operations needed to form yes-no
questions, wh-questions. topicalized constructions. negated sentences and emphatic
sentences. [ts semantics should be the ‘intersection’ of the meanings of these con-
structions. but this intersection is most probably empty. This rule must therefore
be a transformation. i.e. a rule which is associated with the identity operation as
its meaning. The rule will be called Ratx.

When we consider the rule RAUX in a realistic system. it proves desirable to
split it up into two different rules. Note that RAUX introduces an auxiliary verb in
all examples. but in certain cases it should do so to the right of the subject (in the
constructions for which RNEG., REMPH have been proposed). and to the left of the
subject in others (in the constructions for which RyNq. RWHQ, RTOP have been
proposed). When another auxiliary verb is present in the structure, no additional
auxiliary verb should be introduced. but in the case of Ry~Q. RwWHQ and RTOP the
auxiliary present has to change its position and be placed before the subject. By
isolating and factoring out this operation of inverting the subject and the auxiliary
verb. the complicated rule RAUX can now be broken down into two simpler rules:
one which introduces the auxiliary verb do if no other auxiliary is present, and one
which inverts the subject and the auxiliary in certain configurations. The rule of
inversion is necessary anyway. to deal with cases of inversion involving auxiliaries
other than the auxiliary verb do. This rule can now also be simplified. since it
need no longer exclude the auxiliary verb do: it can simply state that in certain
configurations any auxiliary verb must invert.

In fact. the rules and the whole grammar can be simplified still further if
the auxiliary verb is introduced into all structures which do not already contain an
auxiliary verb. and by postulating a rule which copies the tense features from the
auxiliary do onto the main verb and deletes do if, at the end of the derivation, do
and the main verb are adjacent. This simplifies the rule of auxiliary introduction,
simplifies the rules assigning values to tense attributes (these rules can now refer
in all cases to the auxiliary verb), and simplifies the rule of subject-verb agreement
(which also need only refer to the auxiliary verb). The only problem it creates is
that this solution will not work for REMPH (e.g. in he did buy a book the auxiliary
verb do and the main verb are adjacent, but do cannot be deleted). This, however,
can be solved in a very simple manner, e.g. by marking do in this construction
as [+stressed]. and formulating the rule of auxiliary deletion in such a way that
it does not apply to [+stressed] elements. or by postulating an abstract element
EMPH which occupies the position between do and the main verb, and is deleted
later in the derivation. This abstract element could be a basic expression with the
meaning of emphasis. The analysis of the English auxiliary system presented here
is. of course. based to a large extent on the analysis given originally by Chomsky
1957 and in several studies since.
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3.3 Summary

To summarize, the resulting analysis which has actually been implemented, can be
described as follows. There is a transformation which introduces the auxiliary do to
the right of the subject in all finite sentential structures. unless there is already an
auxiliary or modal verb. The meaningful rules RNEG, REMPH, RYNQ, RwHQ and
RTOP still apply. but they have been considerably simplified since the operations
common to them have been factored out. There is an inversion transformation which
inverts the auxiliary or modal verb and the subject in certain configurations created
by the meaningful rules RTor. RWHQ and Ry~xQ. And there is a transformation
which copies the tense features of the auxiliary do onto the main verb and deletes
this auxiliary if it is adjacent to a verb.

In the analysis. the relation between the meaning and the form of the sentence
has now become very indirect. Though the sentences (8a.b.c) differ formally only
with regard to the presence of an auxiliary and to the relative positions of the
subject and the auxiliary. neither of these formal differences is accounted for by a
rule which takes care of the semantic differences.

(8) a  he bought a book
b he did buy a book
¢ did he buy a book?

This situation is typical of most phenomena in natural language. The kind
of approach described here, in which common properties of rules are maximally
factored out and written as separate transformations. turns out to be useful for
many constructions.

This can be illustrated with a number of examples (see Odijk 1993). In all
these cases. common properties are factored out of semantically motivated rules. and
this leads to operations which operate in a purely formal. syntactic way. making
the relation between meaning and form considerably more indirect.

In this paper. T will illustrate how the approach adopted here can be used to
describe passive constructions in such a way that various insights from the Principles
and Parameters Approach are incorporated.

4 Passives

There are basically two major types of analyses of the passive construction in mod-
ern formal theories of grammar. They are called the syntactic and the Jexical analysis
of passive. respectively. I will not discuss the differences between these approaches
in detail here (see Odijk 1993 for a more elaborate discussion).

In the Rosetta grammars. the syntactic analysis of passivization of Govern-
ment Binding (GB) theory has been taken as a basis for the analysis. The main
reason for this is that the lexical analysis combines a number of operations which in
my view are independent and should be described as independent operations. This
will become clear below. where I will describe and justify the analysis adopted in
Rosetta. Many of the arguments for certain assumptions have been derived directly
from GB-like analyses of passive constructions.

The analysis of passive in the Government Binding Theory is an excellent
example to illustrate what the Move a program has led to. I have attempted to
incorporate some of the positive results of this approach into the controlled M-
grammar framework. especially with respect to the fact that most rules involved
In forming passive structures are not specific to the passive construction. but have
independent motivation and are used to form completely different constructions as
well.

I will first outline globally how passive structures are derived in the grammar,
and then explain in more detail why this analysis has been adopted.
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The first step to form a sentence consists of combining a verb with a number
of variables into a propositional structure consisting of a predicate and optionally
a subject. by so-called start rules. The position of the variables and the grammati-
cal relations they bear in this structure correspond to their positions and relations
when used in an active sentence. Thus, for instance, the two-place verb kiss can be
combined with two variables, x; and x»2, where x; is the subject and x, is the direct
object in the propositional structure headed by kiss.

Voice rules apply to determine the voice of the structure. The rule for active
voice leaves the structure unchanged, and only changes the value of the voice at-
tribute of the proposition node from unspecified to active.

The rule for passive voice (called Rpassive) changes the value of this voice
attribute into passive, but a number of other changes are also performed. The rule
Rpassive. however. is not really comparable to the traditional passive transforma-
tion (e.g. as in Chomsky 1957). The traditional passive transformation has been
decomposed into a number of separate rules and transformations, which together
form passive structures. This approach is inspired directly by the treatment of pas-
sives in Chomsky 1981.

In order to illustrate this. I will summarize the differences between a typical
passive sentence and the corresponding active sentence. and indicate where and how
the differences among them are accounted for:

Voice The atiribute voice has the value active in active sentences, the value passive
in passive sentences. As pointed out above. the value of this attribute is set
in the voice rules called Ractive. Rpassive.

Subject The first argument of a verb in active sentences is expressed as a subject.
In passive sentences it is expressed as a complement to the preposition door
in Dutch. by in English or por in Spanish. This change is performed in a
separate rule.

Verb Form In active sentences the form of the main verb is not fixed. It can be a
finite verb. an infinitive. a present participle. a past participle (if an auxiliary
verb hebben or zijn (in Dutch). have (in English) or haber (in Spanish) is
present): in passive structures the main verb is a past participle. The form
of the verb is set in the rule Rpassive.

Auxiliaries In active sentences no auxiliaries to express voice are present. In pas-
sive sentences. however. auxiliary verbs (Dutch: worden or zjjn: English: be:
Spanish: ser) are present. These auxiliary verbs are introduced by rules turn-
ing the propositional structure into a clause.

NP-movement One of the NP-arguments inside VP in an active sentence is usu-
ally realized as a subject in the corresponding passive sentence. I will call this
NP the moving NP. It can be a direct object, (The girl was kissed), an indi-
rect object (The man was given a book), a prepositional object (The girl
was Jooked at). the subject of an embedded clause (The man was believed
to be ill) or the subject of an embedded small clause (He was considered
a fool). The operation to turn the moving NP into a subject will be called
NP-movement. NP-movement is performed by a special transformation.

As is clear. the traditional effects of the passive transformation are performed
by the interaction of voice rules. rules to form by-phrases (or their equivalents
in other languages). rules to form clauses and transformations to turn NPs into
subjects. The reasons for doing this in this way are:
by-phrase This phrase is not formed in the rule Rpassive. because it is used in

other constructions as well. Dutch has a construction which can occur only
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with the verb Jaten “to let” in which the Dutch equivalent of a by-phrase
(formed with the preposition door) occurs in a structure which is active in
all other respects: hij liet het huis door hen schoonmaken lit. he let the
house clean by them ‘he had them clean the house’. As in passives, this
phrase is optional (cf. Hij liet het huis schoonmaken). By-phrases also occur
in nominal constructions. and in so-called ‘modal passives', a construction in
which te + infinitival V' has the meaning ‘can/must be V-ed" (e.g. de door ons
schoon te maken huizen lit. the by us clean to make houses *the houses which
are (o be cleaned by us"), though we did not deal with these systematically
in the Rosetta system. It is clear then. that by-phrases are not specific to
passive structures. and that their formation should not be carried out in the
rule Rpassive.

NP-movement This operation is not performed inside the rule Rpassive because
1t is not essential to the passive voice at all:

e There are passive sentences with no V'P-internal NP at all (impersonal
passives. for instance Er werd gedanst (lit. There was danced) in Dutch,
and passives of verbs that take a sentential complement, for instance It
was said that he was dishonest). If NP-movement were part of the rule
Rpassive. a separate rule for such passives would have to be stated.

e In personal passive sentences the moving NP sometimes remains inside
VP. and is not moved into the subject position. Some relevant examples
are: De mannen werd het boek gegeven (lit. The men was the book
given). Er werd door hem een boek gelezen (There was by him a book
read). for which it can be argued convincingly that the boldface NPs
are in object position. not in subject position (cf. Den Besten 1981).

® A distinction is made between ergative and non-ergative verbs. Ergative
verbs are verbs that take an NP as argument but do not realize any of
its arguments as an external argument. i.e. none of the verb’s arguments
1s made the subject of the verb when its arguments are combined with
the it. For these verbs there must be a rule to turn an NP into a subject
as well. though this involves only active structures. It is natural to use
the same rule both in passives and in ergative structures.

®  NP-movement must also be performed for NPs that are not vet present
in the structure at the moment that the rule Rpassive applies. As
pointed out above. the first rules to form sentences combine verbs with
a number of variables. and it is the case that for a sentence such as
She was considered smart by us the structure contains a variable for
the subject (we). and a variable for the ‘small clause’ she smart. but
nothing that corresponds directly to the NP she (which is the NP which
should become the subject) at the moment that the rule Rpassive must
apply.

e  Control transformations dealing with obligatory control (in the sense of
Williams 1980) can be simplified if the object is still an object at the
moment that they apply. This makes it easier to account for the fact
that a derived subject can still function as a controller, though an NP
in the by-phrase cannot. I will not discuss this argument here. A more
detailed discussion can be found in Odijk 1993.

Auxiliary Verb The auxiliary verb is not introduced in the rule Rpassive because
there are passive structures where no such auxiliary occurs. This is the case in
small clauses with a verb as their head. e.g. Hij kreeg het boek afgeleverd
(He had the book delivered). Hij wist zich door hem gesteund (He knew
himself by him supported). They had him killed .

So. the effects of passivization are achieved by the interaction of a number

of rules. some of which are necessary on independent grounds. The analysis is very
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much in the spirit of analyses within the Move a program. The following properties
of these analyses have been incorporated: (1) passivization is syntactic, not lexical:
(2) no reference to a by-phrase is made inside a rule specific to passive structures:
(3) no reference to a direct-object NP or any NP whatsoever is made; (4) move-
ment of NP is necessary in certain cases. but (3) this movement is independent of
passivization: (6) the presence of the auxiliary is independent of passivization.

Note that the lexicon contains no passive verbs (passive participles) as en-
tries. Each verb is in the lexicon in its base form. The passive forms of a verb are
created in syntax. Even verbs which can occur in passive only (e.g. Dutch achten
‘expect’. English rumor) are in the lexicon in their base forms. though their in-
herent properties specify that they can occur in passive voice only. The analysis
deviates considerably from analyses of the passive construction in most other com-
putationally oriented frameworks (LFG. HPSG). in which the passive construction
is usually accounted for by a lexical rule that creates a new lexical entry with new
complementation properties from an existing lexical entry.

5 Conclusions

In this paper 1 presented an approach to the description of natural language in
which t1wo aspects are combined: (1) the grammars used are compositional. so that
the semantics of natural language and the relation between syntax and semantics is
adequately described. and (2) syntactic constructions are derived by the interaction
of a conglomerate of construction-independent rules. so that syntactic generaliza-
tions can be adequately captured. Syntactic transformations play an important role
here. The first aspect has been adopted from the Montague-Grammar tradition. the
second aspect from the Move a program as pursued in the Principles and Parame-
ters Approach. Both aspects are combined in a computationally viable grammatical
framework. called controlled M-grammar. which has been used in the Rosetta3 ex-
perimental machine translation system developed at Philips Research Laboratories.

Srarting from a purely compositional Montague-style grammar. 1 showed
that for an adequate description of the syntax of auxiliaries and inversion in En-
alish. symiactic transformations. i.e. rules with identity as meaning. are required.
I 1hen showed the usefulness of such rules to obtain an adequate description of
passivization.

The optimal use of syntactic transformations yields as one of its consequences
the fact that the relation between form and meaning is rather indirect. in the sense
that the form aspects which are visible in the sentence are often accounted for by
one set of rules. but the meaning aspects by a different set.
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FLEXIBLE VARIABLE-BINDING AND MONTAGUE GRAMMAR

Peter Pagin and Dag Westerstahl
Department of Philosophy, Stockholm University

1 Introduction

In [5] we introduced a version of predicate logic (PFO), with a new method of
variable-binding, designed to handle some familiar anaphoric constructions in nat-
ural language compositionally. The idea to adapt a classical logical formalism to
obtain a compositional account of certain linguistic binding phenomena is also the
basis of Groenendijk and Stokhof’s DPL (3], but their adaptation is different. DPL
preserves the formulas of predicate logic, but changes the variable-binding mecha-
nism and uses a dynamic semantics in the sense that the semantic value of a formula
is a relation between assignments rather than a set of assignments. PFO on the other
hand employs a new kind of formulas, with yet another variable-binding mechanism,
but keeps essentially the standard semantics. The switch to a dynamic semantics
is a substantial departure from classical predicate logic (PL), and we argued in [5]
that whereas PFO is just a variant of PL. DPL is not.

The main interest of PFO, we feel, is that it is so simple and departs so little
from PL. We will not here discuss the need for or the implications of a dynamic
semantics (cf. [4] for a recent discussion). Regardless of this it is of interest to see
how far one can handle the relevant anaphoric phenomena with a very slight change
in the formal language.

PFO and DPL stop at sentence level. To obtain full compositionality & la
Montague, one needs to extend the formalism to something like (intensional) type
theory—NMlontague’s IL. In this paper we present such an extension of PFO, called
TFO. Here the difference with DPL becomes more drastic. The extension of the
latter to Dynamic Montague Grammar (DMG) in {2] is not straightforward, since
the dynamics and the DPL style variable-binding do not extend to the A operator.
Instead, explicit dynamic mechanisms are added to the formalism, via devices that
were formerlv used to handle intensions but now take on this further role. The
extension of PFO to TFO, on the other hand, proceeds smoothly once one realizes
how to do it. The basic PFO recipe for variable-binding works in the type theory too.
The intensional apparatus has the same role as in IL. The expressive power is the
same. The only thing that needs to be reviewed with some care is conversion—this
is a syntactic phenomenon and TFO does have a different syntax than IL.

After some background on PFO style variable-binding we present the syntax
and semantics of TFO, and then discuss conversion, in particular the Church-Rosser
property and normalization. Finally we show how a standard Montague style trans-
lation into TFO handles familiar examples of donkey anaphora and cross sentence
anaphora in a compositional way.

The paper is to be regarded as an extended abstract of a more detailed pre-
sentation. In particular, some definitions and all proofs have been omitted.

2 Background

The characteristics of PFO style variable-binding are that it is unselective and
reverses the binding order: from the outside in, rather than the usual order from
the inside out. Instead of standard connectives and quantifiers two binary variable-
binding operators |-, -] and (. -) are used, corresponding to universal quantification
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(implication) and existential quantification {conjunction), respectivelv. These bind
(unselectively) all common variables of the two arguments, whether these variables
were already bound in the arguments or not—such bindings are thus ‘cancelled’
(binding from the outside in). Details are given in [5], but a few sample formulas
and their PL counterparts suffice to convey the idea:

[Az, By Az — By
[Az, Bz] Vz(Az — Bzx)
(Azy, Bzyz) dz3y(Azy A Bzy:z)

((Azy, Bz), Czv] dz(Azy A Bz) — Czu
[(Azy, Bx), Dzz] Vz(Azy A Bx — D:zx)

In PFO the sentence
(1) If a man encounters a lion he runs from it
can be translated as
(') (M. {Ly. Ezy)), Rey]
and
(2} A man walks. He talks.
as
(2") (M. Wa), Tx)

Both translations are compositional at sentence level.

The reverse binding order of PFO necessitates an adjustment of the usual
inductive definition of satisfaction. One way to do this is to let a set of variables X
be an argument of the satisfaction relation. When you start evaluating a formula
this set is usually empty. but quantified variables are successively put in the set as
subformulas. subformulas of subformulas. etc.. are evaluated, to prevent variables
from being quantified again. That is. the satisfaction relation

M. X
}?97

between an assignment f, a formula ¢, amode]l M, and a set X of variables is defined
so that the variables in X are never quantified. The ordinary ternary satisfaction
relation is then obtained by letting X = 0.

Before moving on to TFO we make two brief comments. The first is that it
is primarily the reverse variable-binding of PFO. rather than the unselectivity, that
makes anaphoric sentences come out right. To see this, consider a formalism which
is exactly as PL except that variable-binding goes from the outside in. In such a
system (1) could be translated

(1") Vx¥y(3e(Mx AJy(Ly A Ezy)) — Rzxy)

This has as snbformulas the translations of a man encounters a lion and he runs
from it, so it is compositional at sentence level. And. because of the reverse variable-
binding, it gets the correct meaning—the existential quantifiers are ‘cancelled’ be-
cause they are within the scope of corresponding universal quantifiers.

Still. (1) is rather ugly, and it is not quite obvious what the rule for ‘if-then’
would lock like. The unselective PFO operators vield a more elegant system and
more natural translation rules, and we will continue to use them in TFO.

Our second comment is that whereas with universal and existential quan-
tification. selectivity vs. unselectivity is mere matter of stvle, this is not so with
other quantifiers. In effect, unselective variable-binding allows quantification over
finite sequences of individuals, which is an increase of expressive power with many
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generalized quantifiers. For example, suppose we add to PFO an operator [m-,]m
corresponding to the determiner most. To evaluate a sentence [, 0, 1]y relative to
a model M, we find the variables common to ¢ and ¢, say zi,...,%,. Let R (5)
be the set of n-tuples (ay,...,an) such that the assignment of a; to z; satisfies
¢ (¥) in M. Then [m¢, %] is true in M iff [RN S| > |R — S|. This PFO style
generalized quantifier is stronger than the ordinary selective quantifier most which
binds one variable only in each formula.! In the terminology of generalized quanti-
fier theory, if you add a monadic generalized quantifier to PFO, you also obtain all
the resumptions of that quantifier, because of the unselective variable-binding.

3 TFO

The terms of TFO are the same as those in IL, except that we use the two PFO
operators instead of connectives and quantifiers. The types are the usual ones: basic
types € and t. and complex types (a,b) and (s,a). So the terms T, of type a are
defined inductively as follows.

Definition 3.1 (TFO syntax)
(a) Variables and constants of type a are in T,.
(b) LeT;.
(c) Ift,u e T, then (t =u) € T,
(d) If ¢.4» € Ty then [, ¥), (¢, v) € T}.
(e) Ift € T(upy and u € T, then tu € Tp.
(f) If t € T, and « is a variable of type a then (Ax.t) € T(g -
(g) 11t €T, then € Tiy q)-
(h) If t € Ticy then V1 € T,
(i) If o € T; then O¢ € T;.

Thus. we use the unselective PFO operators as well as the selective A operator
in the syntax. However, for both operators, the binding direction is from the outside
in. Roughly: let an =-binder, for a variable « of any type, be a term of the form
(Mz.u), or of the form {¢,v] or (.+!) where = occurs in both ¢ and ¢*. Then an
occurrence of x in t is bound by the outermost z-binder in ¢ within whose scope it
occurs. For example. the term

(Az, Bz)

(with A and B constants of type (e, 1)) expresses, as in PFO, that AN B # 0. But
in

M.z(Az, Bx)
the PFO binding is not in force, and the term denotes the set AN B. And the A
binding can in turn be ‘cancelled’ by a PFO binding further out, as in

((Az(Az, Bz))y, Cr)

which expresses that AN BN C # @. Note that since the A binding is not in force
here, the application of the A term to y has no (semantic) effect.

A precise syntactic definition of binding in TFO is easily given, but the above
examples should make the idea clear. The meaning of TFO terms is given by the
next definition, which with each term t, model M, possible word w, M-assignment
£, and set of variables X associates a denotation [t] ,, ., RS As usual, M consists
of a domain D = D.. a set of possible worlds ¥ and an interpretation function J.
D, = {0,1}. and the domain is lifted to a function domain D, for each type a in

1. A proof of this fact can be found in [6].
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the usual way. I assigns functions from W to D, to constants of type a, and an
M-assignment assigns a value in D, to each variable of type a. If t is of type a,

[t amtw,gx € Da-

Modulo the variable-set X , the clauses in the definition below are exactly the
same as for IL, except the two clauses (d) and (f) dealing with variable-binding
operators.

Definition 3.2 (TFO semantics)
(a) If = is a variable and C a constant of type a, then E sx = f(z) and
ECIM wfX T I(C)(w).
( J‘ ]M w,fX = 0.

(c) [f =uf gy px = 1iff [f]Mw_rx = [u) pg g x:
(d) Suppose {‘-ar.,,ﬂ Vary) = X = {z1,...,%,}, Wwhere z; is of type «;. Then

[(e Nptwsrx =1 lﬂ' there are d; € D,,,...,d, € D, such that
o), sizerdsy X 0trrrzn) = B i sy X0ty = 1
Similarly for [o. 1], except that universal quantification and implication is used.
(e [iu] Mo fN T If}M w, \([T"']M w,f )
(f) If (Aat} 1s of type (a, g} then, for ﬂll de D,.

[t]_M ifee X
(Az1) d ULV . .
I ]Muf\( )= { [f]Muj(a/d Yu{z} ifeg X

( ) ' € W then [“] 5, .. rx ) = [l pxe
) MMlvsx = [H'Muf\("”)
(i) 100} o, sx = 1iff for all w’' € W Aol px =1
We also define
ﬂth,w,_{ - ﬂfI'M.ur,f,ﬁ

It is rather clear that TFO has the same expressive power as IL. To translate
from TFO to IL, define for each TFO term ¢ and each set X of variables an IL term
=Y inductively following Definition 3.1, distributing over the operators except in
clauses (d) and (e) which read, re<pect1\el}

(0. 0] = Vi, .. Vg (@r X et | gt Xofo )
(with xy,... . as in Definition 3.2 (d); (0.v)™" is similar),
()\.’L'.f)+'x = (A.’lt.f+"\'u{-f})

It then follows that [t],, . ,v = |[t+""]|M‘u__f, so in particular

I’]IM,.UJ bl [[{+‘Q]IM,|U,I

To translate in the other direction simply note, first, that logical symbols V,
A. etc. can be eliminated in IL, second, that every IL term is equivalent to a strict
term, i.e., one where no variable is both free and bound, nor quantified more than
once, and third, that strict IL terms without logical symbols are also TFO terms
and moreover mean the same in both systems.

4 Conversion

The fact that TFO has both selectively and unselectively binding operators makes
conversion a little more complex than in IL. Also, the reverse binding direction
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means that we should keep track of the set of variables X in conversion. Let ~ x be
the conversion relation relative to X between a redex and the result of performing
B conversion. Here are some case where 3 conversion can not be performed: Unless
yEX,
(AI[AI, BI])y 7(".\' {Ay! By]
(Az.[Az, By))y #x |Ay, By
(Az.[Az, (M\y.(By, Cx))z])y x [Az,(Ay.(By, Cy)):]

The reason, of course, is that the usual constraint that no new bindings must be
created by the substitution is violated. It is just that such bindings can arise in
more ways than one in TFO. In fact, they may arise in three ways, illustrated by
the above examples. Therefore, the most straightforward approach to conversion
in TFO is to formulate explicitly the variable constraints on conversion and then
verify that conversion under these constraints is sound.

Of course, there is another kind of constraint on § conversion, due to the
presence of intensional operators. But these constraints are exactly as in IL. They
lead to the failure of the Church-Rosser property—a failure which can be overcome
by treating « as a regular type of possible words (cf., for example, [1]. ¢h. 5). Thus, for
simplicity. and to bring out the characteristic binding features of TFO, we restrict
attention in this section to the extensional part of TFO. That is. we only consider
terms as defined by Definition 3.1 (a)~(f). Hence possible worlds are not needed,
and the denotation of a term ¢ can be written [t] 4, ;-

If t and « are terms and x is a variable. let

[ /u)t

be the result of replacing all occurrences of z in t by u.?
The next definition gives the condition for this substitution to be permissible.

Definition 4.1 P(z.t,u,X) is the conjunction of (a)-(c) below:

(a) if z is PFO-bound in ¢ then Var, € X

(b) if & occurs in one component of a subterm (o, ') or [¢.v] of t and y € Var, in
the other. then y € X

(¢) if & occurs in a subterm (Ay.v) of t where y € Var, then y € X.

Now we sav that
t=y it
if ¢/ results from ¢ by performing one 3 conversion: replacing an occurrence of a
subterm (Ar.u)e of ¢ for which P(z,u,v, Z) holds by [z/v]u, Where Z results by
adding to X the variables which become bound in the semantic evaluation process
from t to the subterm (Az.u)r. The following can now be proved.

Proposition 4.1 Ift =x t'. then [t] o ; x = ['Ipq,5.x-

This approach to 3 conversion is a quite simple extension of the ordinary one,
but it has one problem: the Church-Rosser property fails. Here is an example. We
have

(Az.((Az.(Az, Bz))2))y =9 (A2.(Az, Bz))y

and ;
(Az.((Az.(Az, Bz))z))y =a (Az.{Az, By))y

9. Here “occurrence” is to be taken in its literal sense, except that r is not taken to occur in AT
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but there is no way to continue the reduction to a common term. Note that changing
bound variables (a conversion) will not help. In fact, whereas in ordinary A calculus
bound variables can always be chosen so that the variable constraint on substitution
is satisfied. this is not so for TFO and the constraint P(z,t,u, X).

In view of this one may try the following alternative approach. First, require,
for t =y ', that the free variables of ¢ are elements of X. This can always be
achieved. More precisely, if Y is the set of free variables of t, one can a convert ¢ to
a term tg such that

[l x = Bodpn s xuy

for all M and f.3 Second, for such terms one may redefine substitution, incorporat-
ing a conversions in a way that always makes substitution permissible. Then there
is no need for the condition P.

In the example above, both (Az.(Az. Bz))y and (Az.(A4:. By))y convert to
(Ay. By) relative to a set of variables containing y. In general, it seems to us that
the Churcli-Rosser property would hold with this approach to conversions. We hope
to present the details in the full version of the paper.

Even if Church-Rosser fails on our first approach to conversion, normal forms
always exist. This follows from the

Theorem 4.2 (Strong Normalization Theorem)
For every term t and every set of variables X Every = x-chain starting witht is
finite.

5 Montague grammar

A few examples will suffice to illustrate how a fragment of English, containing
sentences with donkey anaphora, can be compositionally translated into TFO. To
begin we again skip intensions, since they are unimportant for the first examples,
and are handled in exactly the same way as in IL. Also, the analysis trees will be
implicit—they are just as in ordinary Montague grammar, except that we shall use
indexing to indicate anaphoric links. Let * be the translation function. Also, let ‘=’
stand for {repeated) applications of =4 as well as standard meaning postulates and
intension-extension cancellations.

a; =AY X (Yr;, Xay)

mau” = M

walk™ = W

(a; man)* = ajman* = A\YAX.(Yz; Xa;))M = AX. (M, Xuy)
(a; man walks)* = (ayman*)walk™ = (M, Wzx,)

hel = AN Xu;

The next example, a donkey sentence, also illustrates a global constraint that
the translation must satisfy: Always choose distinct bound variables in the transla-
tions Otherwise unwanted binding may occur, due to the reve se binding order.

(if «; man walks he; sings)™ = [(a; man)*walk™, (he; sings)™|

= [(AX.(Mzi, Xz:) )W, (AY.Yz,)S] = [(Mz;, Wx;), S

The following examples use the PTQ meaning postulates and notation for
extensional transitive verbs.

(a1 man encounters ag lion)* = (a; man)*(encounters* (ay lion)*)
= (AX{(Mzy, X2))(E(AY.(Lxg, Y3))) = (Mzy, (Lzy, E, (i1, 02)))

3. In PFO. this holds without any a conversion. since no variable can occur both free and bound
in a PFO formula. But TFO does not have the latter property.
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(if a; man encounters ag lion he; runs from ity )*
= [("‘I'Tll (L$2: E‘(IlfIQ))) 1 R‘(zlsEQ)]

Finally. we point out that we will also get donkey sentences with attitude
verbs. For example,

(if a; man believes he; owns a; donkey he; wants to beat ity)
= [ (Max;, BEL(z1," (D2, 04(21,22)))) , WANT (21, B. (1, 72)) ]

Again we get universal quantification over (men and) donkeys. The intuitive
de dicto reading of this sentence certainly appears to universally quantify over
something. The best candidate seems to be so called objects of thought. The reading
can hardly be captured by any informal analysis that would give wide scope to
an attitude verb. Hence examples such as this present a rather strong case for a
quantificational treatment and for an ontology of objects of thought.
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Abstract. We hold that combining a mereological approach with a topological perspective
provides a resourceful framework for the formal-ontological analysis of natural language
semantics. In this spirit we present a general setting—using as primitives the relation of
overlapping and a pure topological notion of boundary—which is meant to apply uniformly
to as diverse domains as space, time, and the common-sense world. In particular, we focus
on event-related issues and show how the temporal dimension can be reconstructed from the
basic primitives. Illustrative examples include a discussion of some facts about present
tense sentences and a tentative characterization of Aktionsarten-aspectual phenomena.

1. Introduction

Much recent work in philosophy, linguistics, and cognitive science has em-
phasized the role of mereology—the theory of parts and wholes—in providing
a basis for formal-ontological investigations. In some cases, a mereological
framework can even be viewed as a candidate alternative to set theory in lay-
ing down the foundations of semantic theorizing. However, reasoning about
the common-sense world also shows that a purely mereological prospect may
turn out to be too tight unless integrated with concepts and principles of a
topological nature. There are in fact various reasons for this. One is that the
notion of connectedness (or individual integrity) runs afoul of plain mereol-
ogy, hence a theory of parts and wholes really needs to incorporate a topologi-
cal machinery of some sort. A second reason becomes apparent particularly
in connection with certain areas of artificial intelligence, most notably naive
physics and qualitative reasoning about space and time: here mereology
proves useful to account for certain basic spatio-temporal relations among
the entities of ordinary discourse; but one needs topology to account e.g. for
the fact that two events can be continuous with each other, or that something
can be inside, abutting, straddling, or surrounding something else.

How exactly mereology and topology can be bridged and combined is in
itself an interesting and rather unexplored issue. In this work we consider
using two distinct primitives, a plain mereological relation of parthood and a
pure topological notion of boundary. These two notions are axiomatized with-
in the framework of a free quantification theory and the resulting system can
be shown to subsume classical extensional mereology and to allow a rather
natural reconstruction of a fair deal of standard topology. Moreover, the sys-
tem supports a variety of derivative notions in terms of which several con-
ceptual distinctions and taxonomies can be formulated that cannot easily be
captured by means of standard set-theoretic tools.
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The approach is meant to apply uniformly to as diverse domains as
space, time, and the common-sense world. In particular, here we focus on
events and event-related phenomena and point out how the temporal dimen-
sion can be reconstructed from the basic mereo-topological primitives. In the
final part we argue that the framework thus advanced can be fruitfully ap-
plied to the analysis of natural language semantics and we provide some
illustrative examples. These include a discussion of some facts about present
tense sentences and a tentative characterization of Aktionsarten-aspectual
phenomena.

2. Combining Mereology and Topology

As we mentioned, we sympathize with the view that mereology—as rooted in
the work of Lesniewski [1916] and Leonard & Goodman [1940]—provides a re-
sourceful alternative to set theory for the formal analysis of common-sense
reality. Specifically with respect to events, this view goes back to Whitehead
[1919] and has been defended e.g. by Thomson [1977] and, more recently, by
Moltmann (1991] and Franconi et al. [1993]. At the same time, we urge that a
mereological prospect need be supplemented with topological concepts and
principles even for the purpose of very simple representations (Tiles [1981)],
Simons (1987, 1991a), Smith [1992, 1994]). With reference to Figure 1, for in-
stance, it appears that reasoning exclusively in terms of parthood cannot do
Justice to the topological distinction between the two self-connected discs x
and y (on the one hand) and the scattered sum z of their facing halves (on the
other). Likewise, Figure 2 illustrates a simple case where mereological rea-
soning proves inadequate to account for relations that entail a step into the
territory of topology. Mereologically the two patterns involve no difference,
though of course we may want to keep track of the basic opposition in terms
of inclusion of the square, x, inside the doughnut, y.

- N AN
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Figure 1 Figure 2

There are various ways in which the two domains of mereology and
topology can be combined (see Eschenbach & Heydrich [1993] and Varzi [1884]
for a first assessment). One can see them as two independent provinces
(following in the footsteps of inter alia Tiles [1981], Lejewski [1982], and Smith
[1994]); or one may grant priority to topology and characterize mereology
derivatively, for instance defining parthood in terms of topological connection
(as in Clarke [1981, 1985)). The latter approach is apparently more popular in
artificial intelligence, and has been applied e.g. to spatio-temporal reasoning
(Randell & Cohn [1989, 1992], Randell et al. [1992a, 1992b]) and to the analysis
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of spatial prepositions in natural language (Vieu [1991], Aurnague & Vieu
[1993]). Indeed the approach proves fit to account for a fair deal of mereo-topo-
logical reasoning if we confine ourselves to an ontology of temporal intervals
and/or spatial regions. If, however, we are to take an open-faced attitude to-
wards real world entities and actual happenings (without identifying them
with their respective spatio-temporal co-ordinates), then the reduction of
mereology to a distinguished chapter of topology seems hardly tenable, as dif-
ferent entities can occupy exactly the same spatio-temporal regions (see
Doepke [1982] or Simons [1986]). An object can be wholly located inside a hole,
hence totally connected with it, without actually bearing any mereological re-
lation to the hole (Casati & Varzi [1994]). Or two events may have exactly the
same topological connections and yet be mereologically distinct, as with the
rotating and the becoming warm of a metal ball that is simultaneously rotat-
ing and becoming warm (example from Davidson [1969]).

In general, therefore, we are inclined to favor the first option men-
tioned above, treating mereology and topology as conceptually independent
domains. Formally this is reflected in our use of two distinct primitives, viz.
a pure mereological notion of part and a pure topological notion of boundary.
The basic principles axiomatizing these notions, along with some examples
and illustrative comments, will be set forth in the following section. In the
remaining of the paper we shall then consider in greater detail applications
of the formalism to the study of events and event-related phenomena.

3. The Basic Formalism

3.1 Preliminaries. The entire mereo-topological machinery can be developed
within a first-order language with identity and descriptions. We shall use
', ‘A%, V', ‘=, and ‘e>’ as connectives for negation, conjunction, disjunc-
tion, material implication, and material equivalence respectively; ‘v’ and F
for the universal and existential quantifiers; and ‘’ for the definite descrip-
tor. To simplify readability, we shall rely on standard conventions to mini-
mize the use of parentheses. In particular, we shall assume the five connec-
tives to bind their arguments in decreasing order of strength as listed, so that
negation binds the strongest and equivalence the weakest.

Note that the description operator will not have any use per se. How-
ever, it will play a crucial role in the definition of the term-forming operator
of general sum in terms of which several basic mereological and topological
notions will be characterized. (Alternatively one could use set variables along
with a set fusion operator, as in Tarski [1937] or Leonard & Goodman [1940],
but this method would introduce additional complications and would be in
contrast with the above-mentioned foundational outlook on mereology.) Since
this sum operator may be undefined for some arguments, the underlying
logical apparatus requires therefore some means of accounting for the possi-
bility of non-denoting expressions.

This of course can be done in a number of different ways. A preferred
option is a free quantification theory with a supervaluational semantics (as
in Bencivenga [1980] or Varzi [1983]). This would have the advantage of enter-
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taining the unconditional acceptance of various “natural” principles that on
a standard treatment & la Russell [1905], where descriptions are handled in-
directly as improper symbols, would only be assertable under restriction. The
following are some interesting cases in point (where ‘Q’ is any predicate and
‘¢’ an arbitrary formula):

1) Q(xQ(x))

(2) ¥y = x(x=y)

3) xQx) = xQx)

4) d(xQ(x)) & o(xQ(x))

(6)] Fy(y=wxéx) & IyVa(dx © x=y)
(6) Vy(y=wox & (¢y A Vx(¢x - x=y))

Each of these principles has been taken seriously by most free logicians ever
since the pioneering work of Hintikka [1959] (see Lambert [1987] for an over-
view), and only a supervaluational semantics seems adequate to account for
them in a systematic way. Unfortunately, however, this account is seriously
defective from a computational perspective, as the set of valid principles is
known to be not recursively enumerable.

In the face of this, among the several alternatives available (including
Lesniewski’s [1916] original approach) we find it convenient to rely instead
on the minimal theory stemming from Lambert [1962], consisting in assum-
ing (6) as the only specific principle for descriptive expressions. This theory
is “minimal” insofar as it only captures the logic of " with respect to descrip-
tions that are denotationally successful, leaving open the issue of what spe-
cific principles should continue to hold in the presence of referential gaps. It
does, however, allow us to treat descriptive terms as genuine singular terms,
and this is all we need for our present purposes. In fact, with slight modifi-
cations of the original argument of Van Fraassen & Lambert [1967], it can be
shown that the system obtained by adding the principle in question to a free
quantification theory, e.g. the one obtained from standard quantification the-
ory by replacing the principle of Universal Instantiation with its universal
closure

(7) Vy(Vxdx - ¢y),

is complete with respect to a semantics using partial models with classically
saturated bivalent valuations. Thus, though too weak to validate (1), (2), or
any other specific principle for descriptions, this system is strong enough to
secure the validity of (3), (4), and any other propositional or quantificational
laws for singular terms.

This minimalistic strategy has already been exploited in the context of
mereological theorizing by Simons [1991b], and will prove sufficient also for
our purposes in spite of failing to reveal the whole truth. In any case, to facil-
itate comparisons, we shall generally try to highlight those points where the
choice of a different strategy may affect the theory.

3.2 Mereology. We symbolise the primitive mereological relation of parthood
by ‘P, so that ‘P(x, y)' reads “x is (a) part of y”. Derived notions, such as iden-
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tity, overlapping, and the like, or the operations of sum, product, difference,
etc. can be immediately defined:

DP1  x=y =4r P(x,y) A P(y, x) x is identical with y
DP2 O(x,y) =4f 3z (P(z,x) A Plz,y)) x overlaps y
DP3 X(x,y) =af Oflx,y) A —-Px,y) % crosses y
DP4 PO(x,y) =qr Xx,y) A X(y,x) x properly overlaps y
DP5 PP(x,y) =4¢f Plx,y) A=PQ,x) x is a proper part of
DP6  oxdx =4f wVy (O(y, x) & 3z (¢z A O(z, ¥))) sum of all ¢ers
DP7 mxo¢x =4f Ox Vz (¢z = Plx, 2))) product of all gers
DP8  x+y =4f oz (P(z,x) v P, ¥) sum of x and y
DP9  xxy =4f oz (P(z, x) A Pz, ¥)) product of x and y
DP10 x-y =g oz (P(z, x) A =0(z, y)) difference of x and y
DP11 -x =47 ©z (=0(z, x)) complement of x
DP12 v =4f 0z (2=2) universe

Note that each functor/term based on DP6 may be partially defined (i.e., cor-
respond to an improper description) unless we go with the fiction of a null
individual that is part of everything (as in Martin [1965, 1978)). For instance,
non-overlapping entities will have no preduct and the universe will have no
complement. This introduces a significant deviation in the obvious corre-
spondence between mereological operations and the standard set-theoretical
operations of union, intersection, etc.

As purely mereological axioms we assume the following two, along
with the standard axioms for identity:

APl  P(x,y) e V2 (0@z, x) - Oz, ¥))
AP2  Jxox — JxVy (Oly, x) & 32 (¢z A Oz, ¥)))

AP1 secures that parthood is an extensional partial ordering while AP2
guarantees that every satisfied condition ¢ picks out an entity consisting of all
oers. This vields a classical mereology as usually understood, corresponding
to a Boolean algebra with zero deleted (see Simons [1987]). A sample selection
of specific theorems that will be relevant to the following is listed below:

TP1 P(x, x)

TP2 P(x,y) A P(y, z) = Plx, 2)

TP3 x=y & Vz (P(z,x) & Plz, y))
TP4 x=y & Vz (P(x,2) & Py, 2))
TP5 x=y < Vz (O(x, 2) & Oy, 2))
TP6 PP(x, y) = 32(P(z, y) A =0(z, x))
TP7 —P(x, y) = 3z(P(z, x) A —0(z, y))
TP8 Axpx — Jy(y = oxdx)

It may be worth recalling that none of these principles is uncontrover-
sial. For instance, since Rescher [1955] several authors have had misgivings
about such straightforward consequences of AP1 as TP2, expressing the
transitivity of ‘P’ (see e.g. Cruse [1979], Winston et al. [1987], Moltmann
[1990]), or TP3-TP5, expressing its extensionality (Wiggins [1979], Simons
[1987]). In both cases, however, the objections involve reasoning about the va-
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riety of part-whole relations that may be distinguished (e.g., between compo-
nents and complex, or quantity and mass) and may therefore be disregarded
as long as we remain at a sufficiently general level of analysis. Even such an
apparently innocent consequence of AP1 as the reflexivity of ‘P’ (TP1) might
on some conditions be objected to, particularly insofar as the logical back-
ground that we are assuming allows for non-denoting terms. For instance,
in this regard Simons [1991b] suggests applying the falsehood principle of
Fine [1981] to deny that ‘P(x,x)' can be true when x does not exist. However,
such a stance would introduce a disturbing asymmetry between parthood
and other basic predicates such as identity—of which parthood is a general-
ization—unless we are also ready to make a self-identity statement ‘x=x’ de-
pend on the existence of x. This is in contrast with our general attitude to-
wards free logic, which in fact follows the popular policy of assuming a stan-
dard identity theory. Therefore, also this type of objection will be disregarded
in the following.

The second axiom is not uncontroversial either. For one thing, in the
presence of AP1 it implies the so-called “supplementation” principles ex-
pressed by TP6-TP7, which some authors found reason to deny (see e.g.
Chisholm [1978])). There are actually cases where restrictions on the domain
of interpretation might involve violating such principles (a2 disc with a disc
removed is not a disc), but this is already a matter of material ontology and
need not concern us for the moment. As a matter of generality, the existence
of a remainder between a whole and a proper part can hardly be denied:
otherwise it would be possible for an object or event to have a single proper
part, and that goes against any intuitive understanding of the very meaning
of ‘part’. Likewise, AP1 has often been disputed for having counter-intuitive
instances when ¢ is true of scattered or otherwise ill assorted entities or
events, such as the totality of red things, or Brutus’ birth and his stabbing of
Caesar (see e.g. the early criticisms of Lowe [1953])). From a purely mereo-
logical prospective, however, this criticism is also off target. If you already
have some things, allowing for their sum is no further commitment: the
sum is those things (Lewis [1991]; that the sum is always uniquely defined is
guaranteed by TP8). In any case, one may feel uncomfortable with treating
unheard-of mixtures as individual wholes; but which wholes are more “nat-
ural” than others is not a mereological issue. As noted above, the question of
what constitutes a natural, integral whole cannot even be formulated in
mereological terms: it is precisely here that topology—the theory of bound-
aries—comes in. A

3.3 Topology. The primitive topological notion of boundary is symbolized by
‘B’, su Lthal ‘B(x, y)' reads "x is a boundary in y”. (Following ( hisholm [1984],
we say “boundary in” (rather than of) to avoid a reductive interpretation of
boundaries as maximal boundaries. In general, any boundary in something
is a boundary of some part thereof.) Some useful derived notions can be
defined as follows:

DB1 b(x) =4f oz (B(z, x)) maximal boundary of x
DB2 clx) =gf x+b(x) closure of x
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DB3 i(x) =4f x—b(x) interior of x

DB4 e(x) =4f —x—b(x) exterior of x
DB5 Cl(x) =4f x=c(x) x is closed
DB6 Oplx)  =4r x=i(x) x is open
DB7 T(x,y) =df 3z (P(z,x) AB(z,y)) x is a tangential part of y
DB8 I(x,y) =dr 3z (0Op(z)APlx,2) AP, y) r is an interior part of y
DB9 Clx,y) =dr Olel(x), y) v O(c(y), x) x is connected with y
DB10 EC(x,y) =dr Clx,y) A -O(x, y) x externally connects to y
DB11 STi(x,y) =dr Vz(I(x,2)> X(z, y)) x straddles y
DB12 Cn(x) =¢fVyVz (x=y+z = C(y, 2)) x is self-connected
DB13 k(x) =gf ®z(Cn(z) A Plx, 2)) convex closure of x

Again, these functors, predicates, and relations may not be defined for cer-
tain arguments, as they may involve improper definite descriptions.

Note that nothing in these definitions implies that boundaries are al-
ways parts of the entities they bound. In fact, we accept the standard topologi-
cal distinction between open and closed entities, allowing for events with ex-
ternal boundaries. (This marks a departure from Clarke [1981] and related
Al work mentioned above, where boundary elements are not acknowledged
thereby violating the supplementation principles TP6-TP7). We shall see be-
low that this permits a natural characterization of the standard classifi-
cation of event types (Vendler [1957]) by treating processes (such as climbing
the mountain) as non-closed events, accomplishments (having climbed the
mountain) as closed processes, and achievements (reaching/having reached
the top) as parts of the corresponding boundaries.

In this regard, therefore, our basic axiomatization is in line with the
familiar Kuratowski axioms, which we assume in the following form:

AB1  Plx, clx))
AB2  c(elx)) = clx)
AB3  clx+y) =clx)+c(y)

This gives us a straightforward reformulation of standard topology
based on mereology instead of set theory, provided only that we take care in
handling undefined operators. In particular, it follows that the relation of
connection is reflexive and symmetric and that boundaries are always sym-
metrical, in the sense that every boundary of an entity is also a boundary of
the entity’s complement. Here is a list of further theorems that can be proved
from AB1-AB3 and that will be used in the following developments:

TB1 B(x, y) A B(y, 2) = B(x, 2)

TB2  P(x,y) ~B(y,2z) = Bz, 2)

TB3 I(x, y) A P(y, 2) - Ix, 2)

TB4 P(x,y) Al(y, 2) o Ix, 2)

TB5  Blx,y) © Vz(P(z,y) = 8T(z, y)
TB6  Blx,y) o Vz(P(z,y) - T(z, y)
TB7 Vx(¢x = Bl(x, y)) - Bloxix, y)

The last of these theorems is particularly important, as it shows that
boundaries are closed under general sum and are therefore closed under all
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mereological properties. Following Smith [1994], however, we also wish to
capture some further common-sense intuitions that go beyond the repertoire
of standard topology. In particular, we need at least a rendering of the intu-
itive Brentanian idea that boundaries are “parasitic” entities, i.e., cannot ex-
ist independently of the things they bound (Brentano [1976]; cp. also Chish-
olm [1984], Smith [1992]). This stands in opposition to the standard set-theo-
retic conception of boundaries as sets of ordinary, ontologically independent
points. More specifically, we assume that every self-connected boundary is a
boundary part of some larger self-connected entity with a non-empty interior;

AB4 Cn(x) A3y Bz, y) o 3z 3w (Cn(z) A B(x, 2) A P(x, 2) A I(w, 2))

It is understood that further principles would be needed to obtain at
least a rough approximation of the folk theory of spatio-temporal continua.
Here, however, we shall content ourselves with AP1-AP2 and AB1-AB4, re-
garding this as a minimal theory for the purpose of formal ontological repre-
sentations.

Note that, within these limits, the main formal connection between our
mereological and topological notions is neatly expressed by the following the-
orem:

TB8  P(x,y) = V2 (C(z, x) = C(z, y))

As already hinted at above, many systems in the tradition of Clarke [1981]
also assume the converse of this principle, with the effect of reducing mere-
ology to topology. By contrast, the possibility that topologically connected enti-
ties bear no mereological relationship to one another leaves room for a much
richer taxonomy of basic mereo-topological relations than usually recog-
nized. For instance, the customary relations of connection, overlapping, part-
hood, and interior parthood introduced above, and common to most known
systems, can be integrated by the following (Varzi [1993]):

DBl4 E(x,y) =ar Vz(Clz,x) - Clz, ) z is enclosed in y
DB15 S(x,y) =4qr 2(E(z,x) A E(z,y)) x is superimposed on y
DB16 Alx,y) =gr C(xz,y)r=S(x,y) x abuts y
DB17 Wix,y) =4r E(x,i(y)) x is within y

Evidently S is implied by O, E by P, and W by I. The resulting taxonomy of re-
lations is depicted in Figure 3. ;
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4. Event Structures

4.1 Preliminaries. The mereo-topological framework outlined above can be
specialized for application to a variety of domains. Here we illustrate it in
connection with some phenomena pertaining to event-based semantics.

One reason for this is that historically the first applications of mereol-
ogy concern precisely this domain (Whitehead [1919]). As a matter fact, in
recent times it has been rather popular to conceive of events as purely tempo-
ral entities. In forms ranging from the strong reductionist view that events
are nothing but intervals cum description (in the spirit of Allen [1981, 1984])
to the weaker forms that take events as primitive entities connected by some
primitive temporal relation (the strict ordering of Kamp [1979], van Benthem
[1983], Bach [1986] or Link [1987]), this view has been predominant in Al,
natural language semantics, and knowledge representation. By contrast, in
the following we endeavour to show that events can be given an independent
characterization that satisfies common-sense intuitions about their mutual
relations.

Our characterization relies on the auxiliary concept of a divisor. Intu-
itively, a divisor may be thought of as a complex event whose maximal
boundary is disconnected, i.e., an event that splits the entire event domain
into two separate parts, thereby making it possible to choose one part as cor-
responding to the sum total of all events that temporally precede—and the
other as the sum of all events that follow—the divisor itself. (The choice of
which part is to count as preceding and which as succeeding will be arbi-
trary, as long as successive choices for different divisors be done in a consis-
tent way: if we think of an event domain as comprising the totality of all hap-
penings—past, present, and future—there is no a priori way to fix the tem-
poral orientation.) Formally this is obtained by requiring every divisor to split
every one of its neighbourhoods into disconnected parts:

DE1  D(x) =45 ¥y (I(x, y) » -Cn(y-x))

One may recognize here an analogue of the 1-codimensionality property that
in set theory characterizes points with respect to the line, lines with respect
to the plane, and so on (compare White [1993]}).

Note of course that although every divisor is itself an event, not every
event is a divisor. We may think of a divisor as a sort of cross event made up
of all that happens during a certain “period”. By contrast, an action such as
Brutus’ stabbing of Caesar, or an incident such as the sinking of the Titanic,
are “localized” events that do not qualify as divisors: many other actions and
events occurred at the same time, but in different places. This is of course a
complication arising from our rejection of the identification of events with
the intervals that they occupy. Events are fully-fledged entities, though we
need not for this reason see them as endowed with a multidimensional part
structure distinguishing for instance between spatial and temporal mereo-
logical relations (see Moltmann [1990] for a proposal in this direction).

We also want our construction to allow for a certain degree of control on
its grain. Intuitively, the idea is that any two events that are parts of the
same divisor should count as simultaneous. However, for that purpose we



need some means of associating each event in the domain with the “right”
divisor, as it were, i.e., the smallest one containing it. (Note in fact that for
any two events x and y one can generally pick out a sufficiently large divisor z
containing both.) Furthermore, the possibility of varying the grain itself may
be a welcome one. For instance, it could be helpful to account for the various
degrees of precision that natural language permits when talking about
events and time. Thus, in general reference to the predicate ‘D’ will not be
sufficient, for it only captures one (ideal) possible way of defining a consistent
segmentation of the universe. We should rather like to rely on a more gen-
eral notion of a divisor, one of which ‘D’ itself is a special case but which may
very well yield different result for different cases. We shall, in other words,
rely on what we call an event structure.

4.2 Characterization. We define an event structure quite generally as a triple
(E, 8, f) made up of a domain of events, E, and two functions. The conditions
are as follows. First, we assume the domain E to be mereo-topologically self-
connected:

AE1 vz(Olz, x) v O(z, y)) = Clx, y)

We are here taking E as a domain satisfying all mereological and topological
axioms set forth in the previous section, taking variables to range over this
domain. Thus, AE1 could also be written as

AE1" SC(v)

which effectively corresponds to the statement that the universe is self-con-
nected. This is stipulative, but reflects the idea that there are no gaps in his-
tory: there is always something happening, whether remarkable or not. (If
the universe consisted of two or more separate parts, one could still apply the
reasoning below to each of these parts, ending up with a family of discon-
nected worlds each having its own temporal ordering. Here we shall not
pursue this possibility to keep things simple and intuitively straightforward.)

Second, 8 is a divisor-specific condition incorporating the above-men-
tioned requirement of minimality. It satisfies the following axioms:

AE2 & — D(x)

AE3  0xbx = oxD(x)

AE4  Vx (x — 8x) - d(k(oxox))
AE5 Vx (¢x — 8x) - n(cxdx)

In other words, the events fulfilling § are all divisors, covering the entire
domain of divisors and such that the connected closure as well as the product
of any number of them is itself a divisor. (We have assumed nothing concern-
ing the possibility that the universe be bounded somewhere. If it is, for in-
stance if it has a starting event—a sort of Big Bang—,then notice that such
an event will not qualify as a divisor and will not be part of any divisor re-
gardless of how we choose 8.)

Note that in set-theoretic terms the last condition on 8 (AE5) means that
divisors form a closure system. The corresponding closure operator associ-
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ates each event x with the smallest divisor containing x (relative to the condi-
tions specified by §). We define it as follows:

DE2 d(x) =g4f nz(& A Plx, 2))

That this is indeed a closure operator is guaranteed by the following
facts, which can be regarded as the analogues of the usual increasing, idem-
potency, and monotonicity conditions:

TE1 P(x, dx))
TE2  d(d(x)) = d(x)
TE3  Plx, y) - P(d), diy))

Finally, the last term in the definition of an event structure is a (possi-
bly partial) function f:E — E closed under the following four conditions:

AE6  f(x) = f(dx))

AE7  flx)+f'(x) = —d(x)

AE8  P(x, f(y)) = P(fx), fF))

AE9  D(x) A D(y) A Oly, f(x)) A Oy, f'(x))— Plx, y)

where in general
DE3  f(x) =qr oz (Px, f(2))).

Intuitively, our purpose is to regard f as a function of temporal orienta-
tion associating each event in the given domain with the totality of events that
preceded it. Correspondingly, f’ will map each event to its future events, and
the above axioms are to secure that the mapping be coherent, as it were,
throughout the entire domain of events. (In particular, AE6-AET7 relate this
interpretation to the intuitive interpretation of the divisor operator.) More
precisely, since f is only defined for events that have a minimal divisor, i.e.,
only events that are temporally bounded “on both sides”, we shall for this
purpose expand f and f' to a new pair of functions f* and f*' as follows:

DE4  f*(x) =ar mz Iy (PY,x) Az=f¥))
DE4' f*(x) =qf mz Iy (Ply, x) Az=f' ()

As is easily verified, these new functions coincide with f and f' whenever
d(x) is defined, and vice versa. Unlike f and f', however, reference to f*
and f* allows us to express the fact that the infinitely extending sum of all
future events follows each past event, or that the infinitely extending sum of
all past events is followed by each future event. (In fact, note that in such
cases, where d(x) is undefined and x#v, f*(x) is defined iff f*'(x) is not de-
fined.)

The behavior of these functions is schematically illustrated in Figure 4
below, which portrays a section of a simple event structure showing an event
e together with its minimal divisor d(e). (Events are indicated by line seg-
ments, boundaries by vertical thick traits.) Note that the event-sum £ cannot
qualify as a divisor of e’, due to condition AE9.

Further constraints on E, 8, or f can possibly be added. For instance,
we may want to rule out the possibility that there be atomic events (i.e.,
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events with no proper parts) that are open, or we may want to impose
stronger conditions than self-connectedness on E. Moreover, let us stress
again that the operators and mappings introduced above may be not defined
for some arguments, and that different models could therefore be obtained by
changing the underlying logic and/or semantics.

fle) dle) flte

die) k

Figure 4

4.3 Remark. We can show that if (E, §, f) is an event structure, the following
conditions are generally satisfied:

TE4 Plx, f*() = P(f*(x), F*())
TE5  Plx, y) = P(f*(), f¥x))
TES  Plx, y) = P(Ff*(y), f*())
TE®6 P(x, f*(3)) & P@, f*(x))
TE7  =O(f*x), f*(x))

These theorems justify our suggested interpretation of f* and f*.
Moreover, we can prove the following:

TE8  Plx, f*(f*x)))
TE8  Plx, f*(f*(x)))

which together with TE5 and TE5' ensure that f* and f* behave as a pair of
Galois connection in E.

These facts allow us to intuitively think of E as a domain of events and
f* as a function of temporal orientation. In particular, we can define 2 rela-
tion of temporal overlap and a corresponding relation of temporal precedence
as follows:

DE5  Otlx,y) =af T23w(P(z, x) A Pw, y) » Od(2), dw))

DE6  Pr(x,y) =dar Plx, f*(y))
(In DES, reference to parts is necessary, since the minimal divisors of x and
y may themselves be undefined).

The important thing to observe now is that these relations are can be
shown to satisfy the usual conditions on temporal relations of Kamp [1979]:
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TE9 Ot(x, x)

TE10 Otlx, y) = Ot(y, x)

TE1l Pr(z,y) > =Pr(y, x)

TE12 Pr(x,y) A Pr(y, 2) - Pr(x, 2)

TE13 Pr(x,y) = =Ot(x, y)

TE14 Pr(x, y) A Ot(y, 2) A Pr(z, w) - Pr(x, w)
TE15 Prix,y)v Ot(x,y)v Pr(y,x)

Thus, although the basic formal ontological machinery is silent on time, the
temporal dimension can be easily regained within event structures, at least
relative to the usual characterization: all we need to do is to take divisors as
the counterparts of intervals.

5. Applications to Natural Language Semantics

It is understood that event structures are only a first, very rough indication
of how the mereo-topological framework advocated here can be specialized
for application to event-related phenomena. Arguably, they can already pro-
vide a useful perspective from which to address in a uniform fashion various
issues that are typically associated with treating events as bona fide individu-
als, including philosophical issues concerning e.g. the characterization of
adequate identity and individuation criteria for such entities (see Bennett
[(1988] for a general overview). Here, however, we shall confine ourselves to
some illustrative applications to natural language semantics.

The idea that we are going to pursue is that eventive predicates can im-
pose conditions that restrict the particular structures availabe for the pur-
poses of semantic interpretation. Note in fact that event structures are enti-
ties strongly dependent on the choice of a specific condition §: divisors are
events that separate the past from the future; but what exactly is to count as a
relevant divisor, i.e. what is the granularity of the temporal segmentation, is
not fixed once and for all. Actually, one may observe that a structure’s orien-
tation function f —and, consequently, its extension f*—is completely deter-
mined by 8, free choice being limited to associating it with the totality of pre-
ceding events or with the totality of events that follow. Thus, varying the con-
ditions on the component & is the main formal instrument at our disposal to
approach different issues within the uniform framework provided by event
structures. Our examples below will illustrate this with specific reference to
some tense and aspect phenomena.

5.1 Present tense and imperfective readings. Our first application concerns
some facts about present tense. As is well known, in this respect English dif-
fers from all other Germanic and Romance languages in that it does not al-
low for the continuous or imperfective reading of present tense sentences in-
volving accomplishment and activity predicates (we do not consider progres-
sive forms here). For instance, (8) below cannot mean that John is presently
involved in an act of eating an apple; and likewise, (9) does not mean that
John is presently involved in an act of running. By contrast, both readings
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are available in the other languages, as exemplified here by the Italian
translations (8') and (9');

(8) John eats an apple

9) John runs

(8" Gianni mangia una mela
(9 Gianni corre

Furthermore, neither English nor the other Germanic and Romance lan-
guages—and we suspect no language tout court—allows for the perfective
reading: for instance, (8) or (8') cannot mean that an act of eating an apple
was performed and completed by the subject at the speech time (where we
take the notion of completion to be a crucial one for defining perfectiveness).
This peculiar behaviour of the English present tense with accomplish-
ments and activities can be related to the more generally manifested impossi-
bility of present tense perfective readings (Giorgi & Pianesi [1992]). More pre-
cisely, it can be argued that the English verbal stem has the status of a full
word, or, in X-bar theoretic terms, it is an X0 (Roberts [1993]; see also Giorgi
& Pianesi [199+]), whereas it is a bound morpheme (an X-1) in the other lan-
guages. In a minimalist perspective (Chomsky [1992]) one can see these dif-
ferences as fixed by processes operating before the insertion of a lexical item
in the syntax. In English the lexical determination of the verbal stem as a
full word is accompanied by the assignment of a [Perf+] feature to the stem
itself; in the other languages the verbal stem remains perfectively neutral.
Accordingly, English verbal stems always surface with a [Perf+] feature.
From this perspective, therefore, the reason why (8) and (9) cannot have
a continuous interpretation is that the verbs ‘eats’ and ‘runs’ are perfective.
But why is it that perfective readings cannot be obtained with the present
tense? One possible account would be to exploit the alleged punctuality of the
utterance time (Dowty [1979], Smith [1991]). Since the present tense requires
the event time to be co-temporaneous with the utterance time, the fact that
the latter is punctual makes it impossible to accommodate, so to speak, an
event having duration within it. On this account, however, it is not clear why
it is possible to have present tense imperfective readings (usually, the events
they refer to have a duration). Furthermore, the account would predict that
no similar restrictions should hold when the event in question is itself punc-
tual. Achievements are aften regarded as good candidates for punctuality;
however, it is a fact that when achievement predicates are involved, as in
(10)~(10), the imperfective reading of present tense is blocked not only in
English, but also in Italian and the other Germanic or Romance languages:

(10) John finds a book
(10')  Gianni trova un libro

Reference to the general mereo-topological framework set up in the
previous section allows us to conjecture a different explanation. Generally
speaking, our suggestion is that the reason why present tense does not sup-
port perfective readings has to do with the kind of restrictions that the
Aktionsarten of eventive predicates and aspectual factors place on the choice
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of the divisor condition 3 in the relevant event structure—that is, ultimately,
on the temporal structure that is induced by the domain of events on which
the discourse is being interpreted. In particular, some of these restrictions
can be characterized in terms of a notion of punctuality which is made avail-
able by the mereo-topology of event structures. Building on previous work
(Franconi et al. [1993]), we maintain that some sort of minimality is crucial
for a proper understanding of punctuality, in the intuitive sense that a punc-
tual event cannot accommodate more structured ones. This is in line with
the account put forward in Kamp [1979]. However, here we do not consider
the distinction between istants and intervals, and more generally any dis-
tinction based on some absolute notion as size or duration, to be the relevant
parameters. We also differ from Kamp in not imposing any specific axioms
for characterizing punctuality. Rather, the same properties proposed by
Kamp will be derived from more basic aspects of our constructions.

As a first step, let us introduce the notion of a minimal divisor (relative
to a given event structure (£, 6, f)):

DL1 MD(x) =4r & A ¥y(P(y, x) = —8y)

Thus, a divisor x is minimal iff it does not contain other divisors (relative to
the same structure). As a consequence, every event which is part of such an
x has x as its divisor:

TL1 MD(x) A P(y, x) = d(y)=x

In a sense, “temporal” differences are neglected inside a minimal divisor;
any two events that are parts of such a divisor are co-temporaneous:

TL2 MD(x) A P(y,x) AP(z,x) = y=:2

where the relation '=; of temporal coincidence is defined in the obvious way
using ‘Ot’ (compare TP5):

DL2  y=z =gr Yw(Oty, w) & Otz, w))
More generally, we have

TL3 MD(x) A Ot(y, x) A Ot(z, x) - Ot(y, z)
TL4 MD(x) A P(w, x) A Ot(y, w) » Ot(z, w)) = Ot(y, 2).

Thus, if two events temporally overlap a minimal divisor (or a part thereof)
they temporally overlap each other. Vice versa, we have that:

TL5 & A VyVz(Ot(y, x) A Ot(z, x) = Ot(y, z)) - MD(x).

Putting TL3 and TL5 together, we can see that the fundamental proper-
ties characterizing punctual events according to Kamp hold of minimal—
and only minimal—divisors. We can then propose the following definition for
punctual events:

DL3 PE(x) =4r MD(d(x)).

Thus, punctual events are not just—and not necessarily— atomic events, i.e.
events with no proper parts (though of course every atomic event is punctual
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regardless of 3). Rather, they are events whose internal structure is irrele-
vant for the purpose of temporal distinctions. Moreover, a major advantage of
this notion of punctuality over Kamp’s is that it is relativized with respect to
the particular event structure at hand (and, ultimately, with respect to the
particular divisor conditin §), while retaining Kamp’s basic insights. Chang-
ing 8, previuosly punctual events may become non-punctual, in that their in-
ternal temporal structure is made available, and vice versa. On the other
hand, once we declare a given event to be punctual, we place restrictions on
the kind of event structures it can be an element of and, eventually, on the
particular &'s available.

With this notion at hand, we can now address our question on present
tense perfective readings. If, as we suppose, utterance events in a sentence
are conceived of as punctual, then we propose that the unavailability of pre-
sent tense perfective readings of eventive senteces is due to conflicting re-
quirements introduced by punctuality and perfectiveness. On the one hand,
punctuality needs that “temporal” structure be neglected; on the other hand
perfectiveness, as applied to processes (activities and accomplishments),
makes it available.

5.2 Perfectivity. We now proceed to a characterization of process-type events
and, more generally, to a revisitation of the classical distinction between pro-
cesses or activities (on the one hand) and accomplishments and achieve-
ments (on the other). This proceeds from the remark that perfectiveness does
not add anything to the temporal structure of a given event; it rather forces
considering the event itself as a whole. Temporal structure is introduced by
the Aktionsarten of the predicate. For example, Dowty [1979] proposed the so
called activity postulate to characterize activities. It states that if A is an ac-
tivity and A is true at an interval i, then A is true at every reasonably large
subinterval of i (see also Landman [1992)). This idea can be extended to pro-
cesses in general in terms of event structures.

First of all, in order to make the internal structure available, we can
state that a process cannot be punctual; by DL3 this means that an event x
can only be a process if d(x) is not a minimal divisor in the given event struc-
ture. In the second place, the grain of the process cannot be too fine. That is,
if d(x) contains a minimal divisor y, then either y does not overlap x or it con-
tains a part of x that is of the same type as z, i.e., satisfies the same basic
predicate as x. Accordingly, if ¢ is x's basic predicate, we can take the follow-
ing two postulates as expressing two necessary conditions for an event x to
qualify as a process:

PR1 —PE(x)
PR2  MD(y) A P(y, d(x)) A Oy, x) = 3z (P(z, y) A PP(z, x) A 02))

Note that, because of AE4, these postulates naturally allow for pauses
during the process, capturing what the “reasonably large sub-interval” con-
dition was intended to capture in Dowty’s postulate. Thus, a process need not
be a self-connected event: the vacuuming of the carpets (example from Thom-
son [1977]) may be a discontinuous event involving other activities.
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Imperfective (neutral) aspect does not add anything to this picture.
Therefore, it is possible for tense to pick out proper parts of an event. Given
the crucial role played by the restrictions on divisors, we can make this ex-
plicit by assuming that eventive verbs have two Davidsonian variables: the
first ranges over events, as in Davidson [1967]. The second variable ranges
specifically over divisors and plays the role of the temporal variable in other
approaches. Tense and aspect operate on this second variable. (In the syntax,
Aspect is a category c-commanding V and c-commanded by tense (Cinque
[1993]). By specifier head agreement, when Asp? has the feature [Perf+], its
specifier is occupied by a (possibly null) sum operator binding the divisor
variable of the verb. Tense is conceived of as a monadic predicate which T-
marks AspP (Giorgi & Pianesi [199+]). For our present purposes, we may as-
sume that the eventive variable gets bound by means of the default existential
closure operator. When aspect remains neutral (or imperfective, for our pre-
sent purposes the difference does not matter), then no value for the Perf fea-
ture is specified and default existential closure intervenes.)

When aspect is perfective, then tense picks out the whole event. We can
then represent a neutral (imperfective) reading of a present tense sentence
as in (11), and a perfective reading as in (12), where ‘v’ denotes the utterance
event and ¢ is, as before, x’s basic predicate:

(1D IxTy (0x A &y A Py, dx)) A d(u)=yy)
(12) Ax (¢x A d(u)=¢d(x))

However, when x is a process there is no event structure that can satisfy (12)
because the requirements in PR1 conflicts with those on u (punctuality) and
this explains the non-availability of the perfective reading with present tense
eventive sentences.

5.3 More on the mereo-topology of Aktionsarten. We only gave two basic pos-
tulates that an event must satisfy to qualify as a process. A more complete
charaterization of Aktionsarten would require considering the topological
properties of events a bit closer. In particular, the following requirements
may be added to PR1-PR2 as postulates that an event x must satisfy in order
for it to qualify as a process, capturing the intuition that processes must not
be closed but only initially bounded:

PR3 —Cl(x)
PR4  clx)xe(f*(x)) = x xblx)

Here the left term of the identity in PR4 may be thought of as the left limit of
the process; its right limit would represent its culmination and can be
defined symmetrically by reference to f*' instead of f*:

DI4  lx) =qf elx)xc(f*(x))

DL5  r(x) =gf clx)xe(f*'(x))
(Perfective events are always topologically closed. The importance of the clo-
sure properties for aspectual purposes would deserve more discussion than

is possible here. There is evidence to suppose that closure plays the main role
in perfectiveness, so that [Perf+] shoud be better understood as [Closed+].)
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One interesting consequence is that certain peculiarities of achieve-
ments could now be explained if we regard them as composed of two parts: a
culmination, to which the achievement predicate directly refers, and a pro-
cess leading to it, whose existence is simply entailed. On this view, accom-
plishments would then be closed events, whereas achievements could be
characterized as the right limits of processes (and therefore as ontologically
dependent entities in the sense of AB4). Using ‘Pro’ to indicate processes (as
characterized by PR1-PR4), we obtain the following definitions:

DI6  Acc(x) =¢f Jy(Pro(y) A x=c(y))
DL7  Ach(x) =4r 3y(Pro(y) A x=r(y))

The behaviour of achievements with the present tense (as exemplified by
(10)<(10") would then follow.
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Abstract

Within the context of natural deduction for Labelled Deductive Systems,
we formulate what appears to be a middle ground solution to the ‘intensional’ vs.
‘extensional’ dichotomy which permeates most of the work on characterising propo-
sitional equality (as in, e.g., P. Martin-L&f's type theories). The intensional aspect
is dealt with in the functional calculus on the labels, whereas the extensionality is
kept to the logical calculus on the formulas. Equalities which are dependent on the
deduction/computation path (context) are handled by the functional calculus on
the labels. Those equalities are usually definitional, and may come from the ‘geom-
etry’ of deduction (e.g. 8, 1, ¢, p), and thus carry essentially ‘intensional’ informa-
tion. On the other hand, equality in the logical calculus (propositional equality) is
essentially ‘extensional’ as it refers to the ‘existence’ of a way of rewtiting a referent
into another one.

We look at propositional equality (‘=') as a ‘Skolem-type’ connective (such
as disjunction and existential quantification), where notions like “dependent vari-
ables' and ‘choice’ play a crucial role. This means that in the elimination rule for
=* we need to introduce identifiers (new symbols) for compositions of equalities
denoting arbitrary rewriting paths. We believe this provides a new perspective on
the connections Gentzen-Herhrand (i.e. the ‘sharpened Hauptsatz’).

1 Introduction

The functional interpretation of logical connectives via deductive systems which use
some sort of labelling mechanism (Martin-Lof 1984,Gabbay 1991) can be seen as the
basis for a general framework characterising logics via a clear separation between a
functional calculus on the Jabels, i.e. the referents (names of individuals, expressions
denoting the record of proof steps used to arrive at a certain formula, names of
‘worlds’, etc.) and a logical calculus on the formulas. The key idea is to make
these two dimensions as harmonious as possible, i.e. that the functional calculus on
the labels matches the logical calculus on the formulas at least in the sense that
to every abstraction on the variables of the functional calculus there corresponds
a discharge of an assumption-formula of the logical calculus. One aspect of such
interpretation which stirred much discussion in the literature of the past ten years
or so, especially in connection with Intuitionistic Type Theory (Martin-Lof 1984),
was that of whether the logical connective of propositional equality ought to be dealt
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with ‘extensionally’ or ‘intensionally’. Here we attempt to formulate what appears to
be a middle ground solution, in the sense that the intensional aspect is dealt with in
the functional calculus on the labels, whereas the extensionality is kept to the logical
calculus. We also intend ta demonstrate that the connective of propositional equality
(cf. (Aczel 1980)'s ‘=) needs to be dealt with in a similar manner to ‘Skolem-type’
connectives (such as disjunction and existential quantification), where notions like
hiding, choice and dependent variables play crucial réles.

Our motivation: where did it all start?

The characterisation of a proof theory for Labelled Deductive Systems has been
our concern for some time now.! Here we address two topics of special interest to
logic and computation, namely substitution and unification. As a sta rting point, we
posed ourselves two interrelated questions: how could we incorporate the handling
of rewrites and function symbols into the proof theory, and how could we ‘give
logical content’. so to speak, to the procedures coming from unification algorithms?

For those not familiar with the LDS perspective, it suffices at this stage to say
that the declarative unit of logical svstems is seen as made up of two components: a
formula and a label. The label is meant to carry information which may be of a less
declarative nature than that carried by the formulas. The introduction of such an
‘extra’ dimension was motivated by the need to cope with the demands of computer
science applications,

Indeed. with the diversification of computer science applications to problems
involving reasoning. there has been a proliferation of logics originated mainly from
the need to tailor the logical system to the demands of the particular application
area. If there were a number of ‘logics’ already developed and well established in
the mathematical and philosophical logic literature (relevant. intuitionistic, mini-
mal. etc.). the diversification was significantly increased with the contribution from
computer science,

Gabbay observed that many of the distinctive features of most logies being
studied by logicians and computer scientists alike, stemmed from ‘meta-level’ con-
siderations: in order to consider a step to be a valid one, it was invariably the case
that one had to take into account questions like: ‘whether the assumptions have
actually been nsed’; “whether they have heen used in a certain order’: ‘whether the
number of times an assumption was used has been in keeping with the need to take
care of resources’: etc.

There are a number of inconveniences in having to cope with increasingly
diverse logical systems. and Gabbay set out a research programine with at least the
following desiderata:

e to find a unifying framework (sequent calculus by itself would not do, and
we shall see why later on) factoring out meta- from object- level features;
e to keep the logic (and logical steps, for that matter) simple, handling meta-
level features via a separate, vet harmonious calculus;
e to have means of structuring and combining logics;
= to make sure the relevant assumptions in a deduction are wieovered, paying
more attention to the explicitation and use of resources.
The idea of labelled deduction seemed to be a natural evolution from the traditional
logical systems. The development of a novel approach to logic. namely Labelled
Deductive Systems, where the meta-level features would be incorporated into the
deductive calculus in an orderly manner, looked general enough to be an appropriate
candidate for such an unifving framework.
In summary, it seems fair to say that Labelled Deductive Systems offer a

1. (Gabbay and de Queiroz 1992: de Queiroz and Gabbay 1991; Gabbay and de Queiroz 1991;
de Queiroz and Gabbay 1993).
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new perspective on the discipline of logic and computation. Arising from computer
science applications, it provides the essential ingredients for a framework whereby
one can study:

e meta-level features of logical systems, by ‘knocking down’ some of the el-
ements of the meta-level reasoning to the object-level, and allowing each
logical step to take care of what has been done so far;

e the ‘logic’ of Skolem functions and substitution (dependencies, term decla-
ration).

Why sequent calculus by itself will not do. Boole did manage to formalise the
algebra of logical connectives, with the aspect of duality coming out very neatly.
The sequent calculus follows on this quest for duality:

negative b positive
conjunctive F+ disjunctive

Nevertheless. since Frege, logic is also about quantifiers, predicates, functions, equal-
itv among referents, etc. In a few words: beyond duality, first order logic also deals
with quantification in a direct fashion, instead of via, say, Venn diagrams. Thus, a
proof theory for first order logic ought to account for the manipulation of function
symbols, terms, dependencies and substitutions, as Herbrand already perceived.
We shall see a little more about this later on when we come to a brief discus-
sion of the so-called ‘sharpened Hauptsatz'. But it seems appropriate to add here
that we are looking for strengthening the connections between Gentzen's and Her-
brand’s methods in proof theory. We believe that the two-dimensional approach of
LDS is the right framework for the enterprise. This is because, if. on the one hand:
(+) Gentzen's methods come with a well defined mathematical theory of proofs,
and
(+) Herbrand’s method show how to handle function symbols and terms in a
direct fashion,
on the other hand:
(—) in Gentzen’s calenli (plain natural deduction, sequent calculus) function sym-
bols are not citizens,
and
(—) Herbrand’s methods hardly give us means of looking at proofs (deductions)
as the main objects of study.
By combining a functional calculus on the labels (which carry along referents, func-
tion symbols) with a logical calculus on the formulas, the LDS perspective can have
the (+)'s without the (—)'s.

The geflerality of Herbrand base

Let us take the example which Leisenring uses to demonstrate the application of
Herbrand's decision procedure to check the validity of the formula Leisenring 1969:

30 vyP.(P(z) - P(y))

Herbrand's ‘original’ procedure. The first step is to find the Herbrand resolution
(3-prenex normal form), which can be done by introducing a new function symbol
g, and obtaining:

3P (P(z) = P(g(2)))

As this would be equivalent to a disjunction of substitution instances like:

P(a) — P{g(a)) Vv P(a)=P(g(a)) Vv P(")—P(g(a")) Vv
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the second step is to find a p-substitution instance (p finite) which is a tautology.
For that, we take the ‘Herbrand base’ to be {a, g}, where a is an arbitrary individual
from the domain, and g is an arbitrary function symbol which can construct, out
of a, further elements of the domain. Thus, the 1-substitution instance is:

P(a) — P(g(a))

which is clearly not a tautology. Now, we can iterate the process, and find the
2-reduction as a disjunction of the I-reduction and the formula made up with a
2-substitution (taking a’ = g(a)), that is:

P(a)—Plgla)) v P(g(a))— P(g(g(a)))

which is a tautology.
In summary:
. 3P wyP (P(z) = P(y))
take ¢ as a unary function
- 3D (P(g(z)) = P(y))
- Pla)=P(g(a)) v P)=Pg(a')) v Pla")—=Pg(a”)) V
. I¥ substitution: P(a) — P(g(a))
. take a’ = g(a)
. 2" substitution: P(a) — P(g(a)) Vv P(g(a)) — P(g(g(a))) (tautology)
In checking the validity of EI:::D.VyD.(P(n:) — P(y)) we needed the following
extra assumptions:
1. the domain is non-empty (step 4).
2. there is a way of identifying an arbitrary term with another one (step 6).
As we shall see below, the labelled deduction method will have helped us ‘to bring
up to the suwrface’ those two (hidden) assumptions.

Now. how can we justify the generality of the ‘base’ {a.g}? Why is it that
it does not matter which a and g we choose, the procedure alwayvs works? In other
words, why is it that for any element a of the domain and for any *function symbol’
g. the procedure always works?

In a previous report (de Queiroz and Gabbay 1991) we have already demon-
strated the universal force which is given to Skolem functions by the device of
abstraction in the elimination of the existential quantifier. The point was that al-
though there was no quantification over function symbols being made in the logic
(the logical calculus on the formulas. that is), an abstraction on the name for the
Skolem function was performed in the functional calculus on the labels. The observa-
tion suggested that, as in the statement of Skolem's theorem, for any (new) function
symbol f we choose when Skolemising VxD.SyD‘P[:c, y) to VmD.P(:n‘f{x)}, if an
arbitrary statement can be deduced from the latter then it can also be deduced
from the former, regardless of the choice of f. We shall come back to this point
later on when we will then demonstrate that in our labelled natural deduction the
Herbrand function gets abstracted away thus getting universal force.

1.1  Gentzen—Herbrand connections: the sharpened Hauptsatz

The connections between the proof theory as developed by Gentzen and the work
on the proof theory of first order logic by Herbrand are usually seen through the
so-called ‘sharpened Hauptsatz’.
Theorem 1.1 (Gentzen’s sharpened Hauptsatz)Given T - A (prenez formu-
lae), if T A 4s provable then there is a cut-free, pure-variable proof which contains
a sequent T' = A’ (the midsequent ) with:

1. Every formula inT'F A’ is quantifier free.

2. No quantifier rule above TV F A'.
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3. Every rule below T F A’ is either a quantifier rule, or a contraction or
ezchange structural rule (not a weakening).

The theorem relies on the so-called permutability lemma which says that quantifier
rules can always be ‘pushed down’ in the deduction tree.
Lemma 1.2 (Permutability) Let 7 be a cut-free proof of T+ A (with only prenez
formulas): then it s possible to construct another proof n' where:
every quantifier rule can be permuted with a logical or structural rule applied
below il (with some provisos).

(The interested reader will find detailed expositions of the sharpened Hauptsatz in
(Kleene 1967), (Gallier 1987) and (Girard 1987).)

Our example. For the sake of illustration, let us construct a sequent-calculus de-
duction of the formula used in our original example, i.e. let us build proof of the
sequent
b 3zvy(P(y) — P(y))
and see what the midsequent means in that case.
P(c),P(b) F P(a), P(b)
P(c) - P(b) — P(a),P(b)
P(c) - P(b),P(b) — P(a)
[- P(c) = P(b), P(b) = P(a) |
FVy(P(y) — P(b)), P(b) — P(a)
F 3xvy(P(y) — P(b)), P(b) = P(a)
F P(b) = P(a), 3zVy(P(y) — P(b))
F Vy(P(y) — P(a)), 3zVy(P(y) — P(z))
F 3zVy(P(y) — P(z)), 3zVy(P(y) — P(z))
F 37vy(P(y) — P(x)

Note that every rule below the boxed sequent is either a quantifier rule, or a con-
traction or exchange rule (no weakenings). Due to the eigenvariable restrictions to
the quantifiers rules (3 on the left, and ¥ on the right), we had to use contraction
and choose the same b in different instantiations. (As we will see later on, when we
use labelled natural deduction the ‘assumption” that the firstly used b is the same
as the other one is introduced as a logical formula using propositional equality.)
With such an example we intend to draw the attention to the fact that
although the sharpened Hauptsatz brings Gentzen’s methods closer to Herbrand’s
methods, it shows how less informative the former is with respect to the latter. The
midsequent does not mention any function symbol, nor does it point to the inductive
nature of the generation of the so-called ‘Herbrand universe’: the fact that the proof
obtains is related to the ‘meta-level’ choice of the same instantiation constant b.

2 A proof theory for equality in perspective

The intention here is to show how the framework of labelled natural deduction can
help us formulate a proof theory for the logical connective of propositional equality.
The connective is meant to be used in reasoning about equality between referents
(i.e. the objects of the functional calculus), as well as with a general notion of sub-
stitution which is needed for the characterisation of the so-called term declaration
logics (Aczel 1991). The characterisation of propositional equality shall be useful
for the establishment of a proof theory for ‘descriptions’.
In order to account for the distinction between the equalities that are:

551



definitional, i.e. those equalities that are given as rewrite rules (equations),

orelse originate from general functional principles (e.g. 3, 9, etc.),
and those that are:

propositional, i.e. the equalities that are supported (or otherwise) by an

evidence (a composition of rewrites),
we need to provide for an equality sign as a symbol for rewrite (i.e. as part of the
functional calculus on the labels), and an equality sign as a symbol for a relation
between referents (i.e. as part of the logical calculus on the formulas).

Within the framework of the functional interpretation (& la Curry-Howard
(Curry 1934,Howard 1980)), the definitional equality is often considered by reference
to a judgement of the form:

a=b:D

which says that a and b are equal elements from domain D. Notice that the ‘reason’
why they are equal does not play any part in the judgement. This aspect of ‘forget-
ting contextual information’ is, one might say, the first step towards ‘extensionality’
of equality. for whenever one wants to introduce intensionality into a logical sys-
tem one invariably needs to introduce information of a ‘contextual’ nature, such as,
where the identification of two terms (i.e. equation) comes from.

We feel that a first step towards finding an alternative formulation of the
proof theory for propositional equality which takes care of the intensional aspect
is to allow the ‘reason’ for the equality to play a more significant part in the form
of judgement. We also believe that from the point of view of the logical calculus,
if there is a ‘reason’ for two expressions to be considered equal, the proposition
asserting their equality will be true, regardless of what particular composition of
rewrites (definitional equalities) amounts to the evidence in support of the proposi-
tion concerned. Given these general guidelines, we shall provide what may be seen
as a middle ground solution between the intensional (Martin-Laf 1975b) and the
extensional (Martin-Lof 1982) accounts of Martin-Laf’s propositional equality. The
intensionality is taken care by the functional calculus on the Jabels. while the exten-
sionality is catered by the logical calculus on the formulas. In order to account for the
intensionality in the labels, we shall make the composition of rewrites (definitional
equalities) appear as indexes of the equality sign in the judgement with a variable
denoting a sequence of equality identifiers (we have seen that in the Curry-Howard
functional interpretation there are at least four ‘natural’ equality identifiers: 3, n,
€ and p). So. instead of the form abave, we shall have the following pattern for the
equality judgement:

a=.b:D

where ‘s’ is meant to be a sequence of equality identifiers.

In the sequel we shall be discussing in some detail the need to identify the
kind of definitional equality, as well as the need to have a logical connective of
‘propositional equality’ in order to be able to reason about the functional objects
(those to the left hand side of the ;" sign). For example, one might wish to prove that
for any two functional objects of —-type, if Lhey are equal then thenr application to
all objects of the domain type must result in equal objects of the codomain type.

2.1 Definitional equality

Equality in mathematics is more complex to deal with formall v than it might first
appear. Prior to any attempt at a formalisation, one needs to consider the conceptual
framework which is more appropriate. We have found Frank Ramsey’'s ‘The Foun-
dations of Mathematics' (Ramsey 1925) particularly attractive, especially in what
concerns the defence of the idea that many equalities in mathematics are simply
definitional (though not necessarily abbreviatory) equalities. So, in the functional
interpretation we have 8-equality (reduction rules), n-equality (induction rules) and
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£-equality (second introduction rule, stating when two canonical elements are equal),
¢-equality (permutative conversions for Skolem-type connectives) and all are ‘defi-
nitional” equalities, even if not abbreviatory equalities.

Clearly, there is a need for a careful analysis of equality in its various facets,
especially in connection with the formalisation of mathematics in the lines of Frege's
logic. Recall, for example, that £-equality is the formal counterpart to Bishop’s
constructive principle of definition of a set that says that not only the canonical
elements must be shown (Bishop 1967), but also the condition under which two
canonical elements are equal.

The methodological point about defining sets by not only showing how to
build its elements, but also by saying when two elements are to be taken as equal,
would seem partly to find a counterpart in Frege’s idea that for an expression to
be a logical object it has to have a criterion for identity (Frege 1884). Only, there
seems to be more to the establishment of a minimum criterion for identity, as there
are other kinds of equality than £-equality, which is to say that equality among non-
canonical and canonical elements (the conversions) also plays an important role in
the definition of a logical object. Here we are not taking a type to be identical
to a set. as it is done in some accounts of constructive mathematics (Bishop 1967;
Martin-Lof 1084), but we are trying to follow the general principles set out by Frege
in the sense that the establishment of criteria for identity among the so-called logical
objects ought to be of prime concern in formal logic.

2.1.1 Reckonable (inspectable) terms

The notion of *definitionally equal reckonable terms’ was introduced in Godel’s Di-
alectica interpretation of intuitionistic arithmetic via the system T of functionals
of finite type (Godel 1958). Although the notion of reckonable ( inspectable) terms
is thoroughly discussed, there is little clarification concerning on what should be
understoad by equality among two inspectable terms. In his intensional interpreta-
tion of Gadel's svstem, Tait defines the notion of definitional equality relative to a
definite collection of operations with their conversion rules (cf. opening paragraph
of (Tait 1967)).

Starting from a clear separation of our logical system into a functional calcu-
lus on the labels and a logical caleulus on the formulas, here we shall keep the term
definitional equality for those equalities given by the conversion rules (i.e. those
immediate conversions, such as 3, 5, €, ju. etc.), whereas the term propositional
equalitv will be left for the counterpart of Tait's definitional equality: a sequence
of conversions leading up to an equality of terms (in the functional calculus on the
labels) constitutes a support (evidence) for them being considered propositionally
equal (in the logical calculus).

Existential force. Observe that in the present formulation the connective of propo-
sitional equality embodies an existential force: the truth conditions will be such that,
given that there is a sequence of rewrites to support the assertion, the propositional
equality among two referents is taken to be true. The implications for the analysis
of deduction (proof theory) will be such that the pattern of introduction rules will
involve. as in the case of ‘v’ and ‘J’, witness hiding, and those of elimination rules
will be concerned with the opening of local branches with the introduction of new
local variables.

2.1.2 Equality in labelled natural deduction

Following our methodology of ‘keeping track of proof steps’ via a mechanism of
Jabelling formulas with relevant information about the deduction. we take it that the
reason for equality (e.g. B, m, £, p, ete.) must be part of the information carried by
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the label. As the separation functional-logical is taken seriously in labelled systems,
there will be no place for formulas in the label, so the equality sign used in the label
will not be indexed by the domain (as in some accounts of intensional equality given
as ‘a=p b').2

Obviously, there will be a place for the formula expressing the domain of both
elements said to be equal, such as D in a =, b : D, in the logical side of calculus.
That is to say, the logical connective of propositional equality will be relative to the
given domain in much the same way the quantifiers are defined with respect to an
explicitly stated domain of quantification. Thus. we would like to go from:

a=,b:D

which is the (functional) rewriting judgement where s stands for a composition of
definitional equalities. to:
s(a,b) :=p (a,b)
which is the (logical) assertion that a and b are propositionally equal due to the
evidence ‘s(a.h)". i.e. ‘a’ and ‘b are identifiable via s.
Examples of definitional equalities come from A-caleulus and the functional
interpretation:
(3): an introduction followed by an elimination

[ A]

b(xz):B
a: A Azb(z): A—B
APP(Az.b(x),a) : B

— -inir

[a: A]
bla/z): B

— -elim —3
thus
APP(Ax.b(x), a) =3 b(a/x)
(n): an elimination followed by an introduction
[r: A] c:A—~B

APP(c.z) : B
Az.APP(c,7): A — B

— -elim

— —inir —n c:A—B

thus
AT APP(c,x) =, ¢

(€): preserving dependencies of local branches

[Sl .‘A]] [SQ : A2]
P:AIVA; d(s)):C ¢(sp):C
CASE(p, vsy.d(s;).vsg.e(s9)) : C
w(CASE(p, vs1.d(s;), usg.c(sg))) : W ¢

[S], ‘ Al] [82 : Az]
d(s;): C e(sg): C

PiAIVA) wds)): W  wle(sy)): W
CASE(p, vsyw(d(s1)), vso.w(e(s2))) : W

thus

w(CASE(p, vs;.d(s1), vsy.€(s3))) =¢ CASE(p. usi.w(d(s1)), vso.w(e(sq)))

2. CL (Troelstra and van Dalen 1988, page 593): “Let = T'= A, A = I{B.s.t) and abbreviate
I(N.t.s)ast =x s."
and (Nordstrém et al. 1990, page 62): “Instead of Id(A,a, b) we will often write « =4 0"
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(€): stating when two canonical proofs are equal

[z: Al
f(z) =« g(x) B
Az.f(z) =4 Ax.g(z) : A= B

(p): stating when two noncanonical proofs are equal

a:A m=,n:A—B
APP(m,a) =,., APP(n,a): B

Note also that whilst the equality belonging to the functional calculus (i.e.
the equalities which are to be seen as rewrites) is always relative to a particular
(sequence of ) definitional equalities, the propositional equality (i.e. the equality be-
longing to the logical calculus) is always relative to a domain of individuals (similarly
to the quantifiers).

3 Martin-Lof’s Equality type

There has been essentially two approaches to the problem of characterising a proof
theory for propositional equality, both of which originate in P. Martin-Lof’s work on
Intuitionistic Type Theory: the intensional (Martin-Laf 1975b) and the extensional
(Martin-Lof 1982) formulations.

3.1 The extensional version

In his (Martin-Laf 1982) and (Martin-L&f 1984) presentations of Intuitionistic Type
Theory P. Martin-Lof defines the type of extensional propositional equality ‘I" (here
called ‘I.,;’) as:

Ycr-formation

D type a:D b:D
IFI!(Ds a, b) typ(‘

I -introduction

Loze-elimination®
¢: Lze(D.a.h)
a=b:D
Text-equalidy
- c: L. (D,ab)
c=r1 It (D,a,b)

Note that the above account of propositional equality does not ‘keep track
of all proof steps’: both in the Lez-introduction and in the I..(-elimination rules
there is a considerable loss of information concerning the deduction steps. While
in the I.;,-introduction rule the ‘a’ and the ‘b" do not appear in the ‘trace’ (the
label/term alongside the logical formula), the latter containing only the canonical
element ‘r’. in the rule of I .;-elimination all the trace that might be recorded in

3. The set of rules given in Martin-L5f 1982 contained the additional eltmination rule:
c:I(D,a,b) d: C(r/z)
J(e.d) : Ce/2)

which may be seen as reminiscent of the previous intensional account of propositional equality
(Martin-L&f 1975b).
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the label ‘¢ simply disappears from label of the conclusion. If by “intensionality’ we
understand a feature of a logical system which identifies as paramount the concern
with issues of context and provability, then it is quite clear that any logical system
containing I.,(-type can hardly be said to be ‘intensional’: as we have said above,
neither its introduction rule nor its elimination rule carry the necessary contextual
information from the premise to the conclusion.

And, indeed, the well-known statement of the extensionality of functions can
be proved as a theorem of a logical system containing the I.;e-type such as Martin-
Lof’s Intuitionistic Type Theory (Martin-Lof 1984). The statement says that if two
functions return the same value in their common codomain when applied to each
argument of their common domain (i.e. if they are equal pointwise), then they are
said to be (extensionally) equal. Now, we can construct a derivation of the statement
written in the formal language as:

V7. gA~B (vzA 1..,(B, app(f, ), APP(g,7)) — Lot (A — B, f. g))

by using the rules of proof given for the I.;;. assuming we have the rules of proof
g p g g p
given for the implication and the universal quantifier.

3.2 The intensional version

Another version of the propositional equality, which has its origins in Martin-Léf’s
early accounts of Intuitionistic Type Theory (Martin-Lof 1975a; Martin-Lof 1975b),
and is apparently in the most recent, as yet unpublished, versions of type theory,
is defined in Troelstra and van Dalen 1988 and Nordstrom et al 1990. In a section
dedicated to the intensional vs. extensional debate, (Troelstra and van Dalen 1988,
page 633) savs that:

“Martin-Lof has returned to an intensional point of view, as in Martin-

Lof (1973), that is tosay, t = 1’ € A is understood as “f and ¢/ are

definitionally equal”. As a consequence the rules for identity types

have to be adapted.”
If we try to combine the existing accounts of the intensional equality type T’
(Martin-L6f 1975b; Troelstra and van Dalen 1988; Nordstrém et al. 1990), here
denoted °I;,,,". the rules will look like:

Liy-formation
D type a:D b:D
Lini(D,a,b) type

Li-introduction
a:D a=b:D
e(a) : I,,;(D, a,a) e(a) : Iins(D, a, b)

Linc-elimination
[z: D] [z:D,y:D,z2:1(D, z,y)]
a:D b:D c:Lin(D,a,b) d(x): Clu,z. e(z)) Clz,v. z) type
J(e.d) : C(a,b.c)

Lini-equality
[z : D] [r:D,y:D,z: L (D, z,y))
a:D  d(z): Clx,z,e(z)) Clz,y,z) type
J(e(a),d(x)) = d(a/z) : C(a,q, e(a))
With slight differences in notation, the ‘adapted’ rules for identity type given
in (Troelstra and van Dalen 1988) and (Nordstrém et al. 1990) resembles the one

given in (Martin-Lof 1975b). It is called intensional equality because there remains
no direct connection between judgements like ‘a = b : D’ and ‘s : Li,,¢(D, o, b)".
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4 A labelled proof theory for propositional equality

Now, it seems that an alternative formulation of propositional equality within the
functional interpretation, which will be a little more elaborate than the extensional
I...-type, and simpler than the intensional I;,-type, could prove more convenient
from the point of view of the ‘logical interpretation’. It seems that whereas in the
former we have a considerable loss of information in the I.r-elimination, in the
latter we have an ILine-elimination too heavily loaded with (perhaps unnecessary)
information. If, on the one hand, there is an overexplicitation of information in
L., on the other hand, in I., we have a case of underexplicitation. With the
formulation of our proof theory for equality via labelled natural deduction we wish
to find a middle ground between those two extremes.

4.1 Identifiers for (compositions of) equalities

In the functional interpretation, where a functional calculus on the labels go hand
in hand with a logical calculus on the formulas, we have a classification of equalities,
whose identifications are carried along as part of the deduction: either 3-, -, §-, p-
or ¢- equality will have been part of an expression labelling a formula containing ‘=’.
There one finds the key to the idea of ‘hiding' in the ¢ntroduction rule, and opening
local (Skolem-type) assumptions in the elimination rule. (Recall that in the case of
disjunction we also have alternatives: either into the left disjunct, or into the right
disjunct.) So, we believe that it is not unreasonable to start off the formalisation of
our propositional equality with the parallel to the disjunction and existential cases
in mind. Only, the witness of the type of propositional equality are not the ‘a’s and
‘b’s of ‘a = b : D", but the actual (sequence of) equalities (8-, 7. -, ¢-) that might
have been used to arrive at the judgement ‘a = b : D’ (meaning ‘e = b’ because
of *s’), ‘s" being a sequence made up of 8-, 7-, £&- and/or ¢-equalities, perhaps with
some of the general equality rules of reflexivity, symmetry and transitivity. So, in
the introduction rule of the type we need to form the canonical proof as if we were
hiding the actual sequence. Also, in the rule of elimination we need to open a
new local assumption introducing a new variable denoting a possible sequence as a
(Skolem-tvpe) new constant. That is, in order to eliminate the connective ‘=’ (i.e. to
deduce something from a proposition like ‘=py (a, b)’), we start by choosing a new
variable to denote the reason why the two terms are equal: ‘let ¢ be an expression
(sequence of equalities) justifying the equality between the terms’. If we then arrive
at an arbitrary formula ‘C" labelled with an expression where the ¢ still occurs
free, then we can conclude that the same C can be obtained from the =-formula
regardless of the identity of the chosen ¢, meaning that the label alongside C in the
conclusion will have been abstracted from the free occurrences of ¢.

Observe that now we are still able to ‘keep track’ of all proof steps (which does
not happen with Martin-L6{'s I.z-type) (Martin-Lof 1982; Martin-Lof 1984), and
we have an easier formulation (as compared with Martin-Léf’s Ii,.,-type) (Martin-
L6f 1975b) of how to perform the elimination step. Moreover, this will hopefully
be coherent with the chosen conceptual framework, namely, Ramsey’s idea that
mathematical equalities are definitional (though not always abbreviatory) equalities
(Ramsey 1925).

4.2 The proof rules

In formulating our propositional equality connective, which we shall identify by ‘=’
we shall keep the pattern of inference rules essentially the same as the one used for
the other logical connectives (as in, e.g. (de Queiroz and Gabbay 1991)), and we
shal] provide an alternative presentation of propositional equality as follows:
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=-introduction
a=,b

:D
s(a,b) :=p (a.b)

=-reduction
a=.b:D A o [a=¢b:D]
s(a,b) :=p (a,b) ' dit): C din [a=¢b:D)
TEST(s(a, b), 6t.d(1)) : C T 2 d(s/t): C
=-induction
________Ia =R D] = -inir
e=p(ab) e :=p (ab) . "
TEST(e, 61.4(a, b)) = (a, ) =-ebim =y ei=p(ab)

where *6" is an abstractor which binds the occurrences of the (new) variable ‘¢’
introduced with the local assumption fla =¢ b: D] as a kind of ‘Skolem'-type
constant denoting the (presumed) ‘reason’ why ‘a’ was assumed to be equal to ‘b’
(Recall the Skolem-type procedures of introducin g new local assumptions in order to
allow for the elimination of logical connectives where the notion of ‘hiding’ is crucial,
e.g. disjunction and existential quantifier — in (de Queiroz and Gabbay 1991).)
Now. having been defined as a ‘Skolem’-type connective, '=" needs to have
a conversion stating the non-interference of the newly opened branch (the local
assumption in the =-elimination rule) with the main branch. Thus. we have:

=-(permulative) reduction

[e=,b:D] [a = b: D]
e :=p (a,b) d(t): C d(t): C :
TEST(e, 6t.d(t)) : C €:=p (e,b) w(d(t)): W

w(TEST(c.01.d(1))) : W ¢ " TEST(e, Bt.w(d(r))) . W

provided w does not disturb the existing dependencies in the terin e (the main

branch), i.e. provided that rule ‘r' does not discharge any assumption on which
4 1

‘=p (a.b)" depends. The corresponding C-equality is:

w(TEST (e, 81.d(1))) =¢ TEST(¢, 81.w(d(1)))

The equality indicates that the operation w can be pushed inside the §-abstraction
term, provided that it does not affect the dependencies of the term e.

Since we are defining the logical connective ‘=’ as a connective which deals
with singular terms, where the ‘witness’ is supposed to be hidden, we shall not
be using direct elimination like Martin-Léfs Ieri-elimination. Instead, we shall be
using the following =-elimination:

la=,b:D]

e:=p (a,b) d(t): C
TEST(e, 81.d(1)) : C

The elimination rule involves the introduction of a new local assumption (and cor-
responding variable in the functional calculus), namely ‘la =¢ b : D] (where ‘' is
the new variable) which is only discharged (and ‘1’ bound) in the conclusion of the
rule. The intuitive explanation would be given in the following lines. In order to
eliminate the equality =-connective, where one does not have access to the ‘reason’
(i.e. a sequence of ‘3", ‘n’, ‘€" or ‘¢’ equalities) why the equality holds because ‘=’
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is supposed to be a connective dealing with singular terms (as are ‘v’ and ‘3'), in
the first step one has to open a new local assumption supposing the equality holds
because of, sav ‘t’ (a new variable). The new assumption then stands for ‘let t be
the unknown equality’. If a third (arbitrary) statement can be obtained from this
new local assumption via an unspecified number of steps which does not involve
any binding of the new variable ‘t’, then one discharges the newly introduced local
assumption binding the free occurrences of the new variable in the label alongside
the statement obtained, and concludes that that statement is to be labelled by the
term ‘TEST(e. 6¢.d(t))’ where the new variable (i.e. t) is bound by the ‘@’-abstractor.

Another feature of the =-connective which is worth noticing at this stage is
the equality under ‘€’ of all its elements (see second introduction rule). This does
not mean that the labels serving as evidences for the =-statement are all identical
to a constant (cf. constant ‘r’ in Martin-Lof's I.-type), but simply that if two
(sequences of ) equality are obtained as witnesses of the equality between, say ‘a’
and ‘b’ of domain D, then they are taken to be equal under £-equality. It would
not seem unreasonable to think of the =-connective of propositional equality as
expressing the propoesition which, whenever true, indicates that the two elements of
the domain concerned are equal under some (unspecified, hidden) composition of
definitional equalities. It is as if the proposition points to the existence of a term
(witness) which depends on both elements and on the kind of equality judgements
used to arrive at its proof. So, in the logical side, one forgets about what was the
actual witness. Cf. the existential generalisation:

F(a)

Jz.F(z)

where the actual witness is in fact ‘abandoned’. Obviously, as we are interested in
keeping track of relevant information introduced by each proof step, in our labelled
natural deduction system the witness is not abandoned, but is carried over as an
unbounded name in the label of the corresponding conclusion formula.

a:D fla) : F(a)
er.(f(x). a) : 3zD F(x)

Note. however. that it is carried along only in the functional side. the logical side
not keeping any trace of it at all.

Now. notice that if the functional caleulus on the labels is to match the logical
caleulus on the formulas, than we must have the resulting label on the left of the
‘3" as 3-convertible to the concluding label on the right. So, we must have the
convertibility equality:

TEST(s(a.b),81.d(t)) =3 d(s/t) : C
The same holds for the n-equality:
TEST(e, 6t.1(a. b)) =, ¢ :=p (a,b)

Parallel to the case of disjunction, where two different constructors dis-
tinguish the two alternatives, namely ‘inl’ and ‘inr’', we here have any (sequence
of) equality identifiers (‘8’, ‘0, ‘i’ ‘€', etc.) as constructors of proofs for the
=.connective. They are meant to denote the alternatives available.

4.3 General rules of equality

Apart from the already mentioned ‘constants’ (identifiers) which compose the rea-
sons for equality (i.e. the indexes to the equality on the functional calculus), it is
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reasonable to expect that the following rules are taken for granted:

reflexivity symmetry transitivity
z:D z=,y:D z=,y:D y=yz2:D
T=refl 2:D y=gymm.x:D T=¢,2:D

4.4 Substitution without involving quantifiers

We know from logic programming, i.e. from the theory of unification, that substi-
tution can take place even when no quantifier is involved. This is justified when,
for some reason a certain referent can replace another under some condition for
identifying the one with the other.

Now, what would be counterpart to such a ‘quantifier-less’ notion of substi-
tution in a labelled natural deduction system. Without the appropriate means of
handling equality (definitional and propositional) we would hardly be capable of
finding such a counterpart. Having said all that, let us think of what we ought to
do at a certain stage in a proof (deduction) where the following two premises would
be at hand:

a=g,y:D and f(a) : P(a)

We have that a and y are equal (‘identifiable’) under some arbitrary sequence of
equalities (rewrites) which we name g. We also have that the predicate formula P(a)
is labelled by a certain functional expression f which depends on «. Clearly, if @ and
y are ‘identifiable’, we would like to infer that P, being true of a. will also be true of
y. So, we shall be happy in inferring (on the logical calculus) the formula P(y). Now,
given that we ought to compose the label of the conclusion out of a composition
of the labels of the premises, what label should we insert alongside P(y)? Perhaps
various good answers could be given here, but we shall choose one which is in line
with our ‘keeping record of what (relevant) data was used in a deduction’. We have
already stated how much importance we attach to names of individuals, names
of formula instances, and of course, what kind of deduction was performed (i.e.
what kind of connective was introduced or eliminated). In this section we have also
insisted on the importance of, not only ‘classifying’ the equalities, but also having
variables for the kinds of equalities that may be used in a deduction. Let us then
formulate our rule of ‘quantifier-less’ substitution as:

a=,y:D f(a) : Pa)
9(a,y) - f(a) : P(y)

which could be explained in words as follows: if @ and y are ‘identifiable’ due to a
certain g, and f(a) is the evidence for P(a), then let the composition of g(a,y) (the
label for the propositional equality between a and y) with f(a) (the evidence for
P(a)) be the evidence for P(y).

By having this extra rule of substitution added to the system of rules of
inference, we are able Lo validate one half of the so-called ‘Leibniz’s law’, namely:

vz,yP.(2p (z,4) = (P(x) — P(y)))

4.5 Our initial example

Now, if we were to construct a deduction of the formula used to demonstrate Her-
brand’s procedure, i.e.

H:ED.VyD.(P(-’C) - P(y))

we would proceed by using the sntroduction rules backward. First of all, assuming
the formula is valid, and knowing that its outermost connective is an existential
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quantifier, its labels must be of the form:
ex.(f(x),a) : 2P vyP (P(z) = P(y))

for some functional expression f, and witness a. Now, to have arrived at that con-
clusion, we must have come from two premises of the form:

e:D and  f(a):¥P.(P(a) » P())

The first premise is already reduced to an atomic formula so we cannot go any
further, but the second one has an universal quantifier as its outermost connective.
Thus, our f(a) must be of the form:

Ay.h(y,a) : Vg2 .(P(a) = P(¥))

for some h which depends on both y and a. In its turn, this h will have come from
a deduction where we ought to have had:

[v : D] as an assumption, and h(y.a): P(a) = P(y) as a premise
Now, the latter, having implication as its major connective, must be of the form:
dum(u.y, a): Pla) = Py)

for some expression m which depends on u, y and a, and must also have come from
a deduction where:

[u(a) : P(a)] is an assumption, and m(u,y,a) : P(y) as a premise

(Recall that labels of predicate formulas will be such that they are expressions which
depend on the object of predication.)

Now we have reached the atoms, and we now need to move backwards ‘solv-
ing’ the unknowns: we need to find the form of m as an expression depending on u,
y and a. in order to find what h is. and so on, until we really obtain the whole label
expression of our original formula. Thus, we have the assumptions:

a:D, y:D, ula):P(a)

and we need to arrive at
m(u,y. a): P(y)
As we need to get P(y) from P(a), let us then recall our ‘quantifier-less’ substitution

procedure. What extra assumption do we need to make in order to be able to apply
our rule of quantifier-less substitution? It is not too difficult to guess:

=,y:D

for some arbitrary sequence of equalities (rewrites) g. If we have that extra assump-
tion we can apply the rule and get P(y) as follows:

a=qy:D u(a) : P(a)
g(a,y) -u(a) : P(y)

Having done that, the fact that the validity of the formula must be independent of
the choice of g. there must be a step where the g is ‘abstracted’ away from the label
expression at some point down the deduction. This will happen if the assumption
a =4y : D will have been introduced in the context of an =-elimination inference.
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Prima facie, the degree of explicitation may look a little too excessive, but
if for nothing else, we have certainly uncovered two extra assumptions on which
the validity of the formula SmD,VyD.(P(z) — P(y)) must depend. First, the do-
main must be non-empty, therefore if no specific element is mentioned we simply
take an arbitrary one (‘let a be an arbitrary element’). Secondly, there must be a
way of performing substitutions even after we strip the formula of its quantifiers,
which means that if there is no ‘function symbol' already specified so that other
elements can be built out of a, then take an arbitrary one (‘let g be the key to the
identifications/substitutions’).

If we now reconstruct the whole deduction as a tree, we get the following:

la=u:D]  [u(e):P(a);
ia:D),{y:D) 9(a.y)u(a):P(y)
[s(aw)=py(aw)]  Auglay)u(a)P(a)=Py)
TEST(s(a.y)jg..'\u,,q(u.y]-u(a)):["(a)—-P(g]
AS-TEST(-‘(o-y}.ﬂﬂ--\u-ﬂ(c‘y)-"(ﬂ))tén(ayy)—'(P(ai-*P(y))

Ay.2s.TEST(s(a ,y),0_q.Au.g(a,y)-u(n}):V‘UD.(5D(°-ﬂ—'(P(ﬂ)—‘P(y)))
Er.(Ay./\s.TEST(s(r,y),G_q,Au.g(r,y)-u(;r)).a):E:D,VyD.(='D(:,y)-‘(P(J')——-P(v)))
Aa.exr (Ay. 2s TEST(s(z,y),69.Au ,g(r,y)m(r)),u):D—o(ErD ,V],-D.(='D (r.y)—~(P(x)——0P(y))))

fa:D:

If we ook at abstraction as a device which brings universal force to the reading of
a functional expression, it is not difficult to see why our ‘base’, i.e. ‘{a,g}', has a
generality aspect to it: in the final label:

[Xafz.(Ay.As.TEST(s(z, v).[99- Pufg)z,9) - ul@).[@)

both a and g are bound by the respective abstractors X and 8.

5 Finale

When Frege set up a framework to formalise arithmetic, pursuing his programme
on demonstrating that ‘numbers are objects’, it was inevitable that the theme of
equality gained prominence. In order to have a precise characterisation of those
objects. Frege needed to establish conditions for deciding when two objects would
be considered equal or non-equal. In passing, it may be relevant here to remind
ourselves of the contribution given by Peano with his axiomatisation of arithmetic:
two numbers were equal or not depending on whether they would be provably equal
in Peano arithmetic. Peano’s arithmetic provided the means for the characterisation
of equality among the objects called numbers.

Now, when we study deduction systems, and we wish to characterise proofs
as objects, it may be wise to look back at Frege's attempt at treating numbers as
objects. It is important to have adequate means for providing criteria for considering
proofs as equal (or equivalent). The establishment of criteria for equality between
proofs has in fact been a recurring question among proof-theorists, at least since
Kreisel's investigation on the foundations of intuitionistic logic and the theory of
constructions (see, e.g. (Kreisel 1968)).

The importance of the so-called ‘internalisation’ of the proof transformation
rules has been our concern for some time now,? and it has remained an important
1ssue In our programme of characterising a generalised functional interpretation for
labelled deductive systems.® We believe it is an important aspect of any framework
for svstems of deduction which to some extent demonstrates the need for using a

4. (de Queiroz 1988),(de Queiroz 1990), (de Queiroz and Maibaum 1990),(de Queiroz 1994).
5. (de Queiroz and Gabbay 1991),(de Queiroz and Gabbay 1992).
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separate calculus alongside the calculus on the formulas: the rewriting system arising
out of the functional calculus on the labels provides the adequate and sufficiently
fine-grained means for comparing proofs. The sequent calculus by itself does not
seem to enjoy this useful feature, as the only proof transformation rule is the rule
which allows one to transform a proof with cut into a proof without cut. It is obvious
that the granularity of the calculus on proofs is far too coarse in a system with only
one way of identifying two deductions. This again would seemn to support the view
that the sequent calculus needs some extra device to cope with the various kinds of
equality among proofs.

A recent manuscript entitled ‘What is a deductive system?’ by J. Lambek
rightly points out the need for the formalisation of equality among proofs when
characterising deductive systems. We quote from the opening lines (Lambek 1992):

‘A deductive system should deal with

(a) formulas,

(b) deductions, alias proofs,

(¢) equality between deductions.

While most, if not all, logicians would agree with (a) and (b), they

have often neglected (c), the importance of which is now becoming

apparent under the influence of category theory and computer science.

Computer scientists may even go further and replace the equality in

(c) by a partial order called “reduction”.’

We feel this is an important observation, and the previous accounts of our
labelled natural deduction (de Queiroz and Gabbay 1991: de Queiroz and Gabbay
1992) go further in defining a framework for equality. They show how we provide
fine-grain analysis of various kinds of equalities between proofs. This paper adds to
the previous ones by demonstrating how we can reason with equality itself.
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Anaphoric Presuppositions and Zero Anaphora

Kjell Johan Szbp
University of Oslo

1 Introduction

The purpose of this paper is to use an anaphoric notion of presupposition for solving
the problem of zero argument anaphora. Since Shopen (1973) it has been known
that many missing arguments have an anaphoric interpretation, but it has not been
known how this interpretation arises. I argue that these arguments are involved in
presuppositions. On an anaphoric account of presuppositions as in van der Sandt
(1992) or Kamp & RoBdeutscher (1992), it can be shown that the zero arguments
acquire an anaphoric interpretation through the presuppositions. The analysis rests
on the principle that the Discourse Representation Structure for the presupposition
is proper. so that the discourse referents for the zero arguments are in its unjverse
and must be anchored to discourse referents in the context.

1.1 The Problem

It has been noted many times that some zero arguments are regularly interpreted
existentially while other zero arguments are regularly interpreted anaphorically.
But although intuitions converge that this different behavior of zero arguments is
related to the semantics of the predicates, it has not proved possible to determine
the responsible semantic property. Consider some examples of zero anaphora.
(1) John wants to sell his house.

Sue has offered one million, but he isn’t satisfied.
(2) A sheep has been killed in the mountains.

Environmentalists suspect a poacher. but farmers disagree.
(3) Scrooge had buried a hoard of nuggets at his claim on Agony Creek.

He had forgotten completely, but the pills reminded him.
(4) Tt's dangerous to hypnotize people. You might do it to somebody

with a gullible mind sometime, and that person would never recover.

Tim Shopen in his pioneer paper (1973) claimed that the definiteness is due to the
semantic structure of the verb and that there is a significant relationship with the
notion of presupposition (p 68). This remark has not been elaborated on, however,
and he himself wrote the definiteness of the relevant argument into the lexical entry.
The apparatus was not yet in place for analyzing the presuppositions in such a way
that the anaphoric reading of the zero argument follows, but now I believe it is.

1.2 Anaphoric Presuppositions

There have been repeated suggestions in the literature — notably, Soames (1989)
and Heim (1987), both referring to Kripke (unpublished) - that some, if not all,
presuppositions have an anaphoric property that makes even a context-oriented
notion as in (Karttunen 1974) inadequate. Relevant data include the following,
where there is a strong tendency, on account of the adverb again, to infer that
Norway is a Scandinavian country.

(5) After suffering humiliating 0 to 2 against Norway,

Taylor vowed never to underestimate a Scandinavian team again.

Such ‘accommodation effects” show that when accommodating a presupposition,
sometimes we do not add it totally but partially: We verify it as far as possible and
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only accommodate the rest. We tend to differentiate the discourse referents and
the conditions of the presupposition, verifying the former and accommodating the
latter. This requires a more fine-grained notion of presuppositions.

Such a fine-grained notion underlies Irene Heim’s (1982) familiarity theory:
For a definite description to be felicitous with respect to a file, the set of sequences
satisfying it must include the set of sequences satisfying the file for every world.
And Heim's (1983) strong definition of admittance conditions incorporates this:
The context must entail the presupposition. In contrast to Karttunen'’s definition of
pragmatic presupposition (1974), the context and the presupposition are both not
propositions but sets of pairs of worlds and variable assignments.

Two proposals have been made for an anaphoric conception of presuppo-
sitions in Discourse Representation Theory. In the theory of van der Sandt ev-
ery instance of anaphora is an instance of presupposition and vice versa. Kamp'’s
& RoBdeutscher’s (1992) ‘principle of presupposition justification’ mirrors van der
Sandt’s (1992)
definition of presupposition resolution in all essentials. A sentence is represented
provisionally in a bipartite structure, the presupposition and the assertion DRS,
and as many as possible of the discourse referents of the former are mapped onto
familiar discourse referents, respecting consistency of the merge of the context DRS
and the so-called picture of the presupposition DRS under the mapping. Finally,
the context DRS is merged with the so-called picture of the presupposition and the
assertion DRS under the mapping. Since binding has priority over accommodation
of referents. accommodation effects like the one observed are in effect predicted.

1.3 Zero Argument Anaphora

Given this notion of anaphoric presupposition, there is a straightforward way of
predicting when a zero argument is anaphoric: If (and only if) the predicate triggers
a presupposition involving it. The zero anaphor is then resolved in the same process
in which the presupposition is justified. Consider an example:

(6) John is finally stepping down as coach despite efforts to dissuade him.

The zero argument of dissuade is interpreted as ‘from stepping down as coach’, and
it is not necessary to postulate a zero anaphor associated with the verb to predict
this. Instead. I assume, and this assumption must be made anyvway. that the verb
triggers the presupposition that John has been planning to do what there have been
efforts to dissuade him from doing. More precisely, a sentence Susan dissuades John
asserts that Susan dissuades John from P, and presupposes that there is some P
such that John plans to P. On the anaphoric notion of presupposition, P must be
anchored to some familiar (action) property Q such that John plans to Q; and once
it is. Q replaces P in the assertion.

The argument involves the principle that the presupposition DRS is proper,
containing no free occurrences of referents. Thus when there is a presupposition
involving the zero argument, we can predict that the corresponding referent is
introduced in the presupposition structure, vielding an anaphoric interpretation.
However, to show that a zero argument is anaphoric only if a presupposition involves
it, it is necessary to impose the converse principle that when a referent is introduced
in the presupposition structure but does not occur in a condition in that structure,
it originates in an overt anaphor. This depends on empirical investigations which I
cannot carry out completely in this paper. One has to make a convincing case that
every instance of zero anaphora is connected with a presupposition of the predicate,
and some putative presuppositions are admittedly subtle, vague, and elusive. Still,
it is my hope that further investigations can show that presuppositions do provide
the kev to the explanation of zero anaphora in general.
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2 Anaphoric Presuppositions

Anaphoric presuppositions have been approached from several different angles. 1)
For some ten years, Saul Kripke has been arguing that facts about certain triggers
demonstrate the need for an anaphoric account of the associated presuppositions.
Soames (1989) and Heim (1987) cite and discuss his observations, concerning, in
particular, the focus particle too, the adverb again, and the aspectual verb stop.
2) Rob van der Sandt has devised an anaphoric account of presupposition invoking
the concept of resolution, as a general theory intended to cover all presuppositions
(1992). A general definition of an anaphoric conception of presupposition is also
proposed by Kamp & RoBdeutscher (1992), in connection with work on the adverb
wieder (again). 3) In a third category, Heim’s (1982) analysis of definite descriptions
in terms of the Familiarity Condition, characterized as a presupposition, is in reality
an anaphoric interpretation of the classical existential presupposition of definite
descriptions. Heim (1983) generalized this notion, and Heim (1992) applies the same
mechanism in defining the presupposition of the focus particle too.

I devote section 2.1 to reviewing the intuitions which can be traced to Kripke.
Section 2.2 represents the presupposition of Heim (1982) and (1983) and presents
a “translation” into Discourse Representation Theory, and section 2.3 discusses the
definitions proposed by van der Sandt (1992) and Kamp & Rofideutscher (1992).
Section 2.4. finally, is designed to develop a definition of anaphoric presuppositions
that can form an adequate basis for the analysis of zero anaphara in section 3.

2.1 Accommodation Effects

Soames (1089) credits Kripke for calling attention to a number of facts that show
the necessity of an anaphoric concept of the presuppositions of too, again, and stop.
According to Soames (1989: 613), Kripke has observed that the presuppositions of
the sentences (7)(i)-(iii) should include (8)(i)-(iii), and that these presuppositions
would not be forthcoming if the presuppositions of (7)(i)-(iii) were just (9)(1)-(iii).
(7) (i} 1f Herb's wife comes, then Francis will come too.
(ii) If Reagan criticizes Hart in his radio talk,
then he will criticize him again in his press conference.
(ii) 1f Bill watches the opera at 2 o'clock.
he will stop watching it when the Redskins® game begins.
(8) (i) Herb's wife will come — Francis is not Herb's wife.
(ii) Reagan criticizes Hart in his radio talk —
the radio talk will take place before the press conference.
(iii) Bill watches the opera at 2 o'clock —
the Redskins' game will begin after 2 o'clock.
(9) (i) Herb's wife will come — someone other than Francis will come.
(ii) Reagan criticizes Hart in his radio talk —
Reagan will have criticized Hart prior to the press conference.
(iii) Bill watches the opera at 2 o'clock — Bill will have been
watching the opera prior to the beginning of the Redskins’ game.

“Kripke suggests that ...the content of the presupposition of a sen-
tence or clause containing too, again, or stop may vary with, and be
dependent upon, the preceding discourse or conversational context.
The idea is that these presupposition creating elements may, in some
way. be anaphoric with other elements in the discourse or context.”
(Soames 1989: 614)

Heim (1987: 12ff) provides an interpretation of this situation. Consider (10).

(10) We will have pizza on John's birthday,
so we shouldn’t have pizza again on Mary’s birthday.
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“As Kripke observes, you will spontaneously infer from this utterance
that John's birthday precedes Mary’s. This inference seems due some-
how to the presence of again in the sentence: if again had been left out,
it would have been just as easy to imagine the birthdays in the op-
posite temporal order. |...] Suppose that the presupposition of again
amounts to the requirement that a particular proposition among a cer-
tain set be entailed by the common ground. For the sentence at hand,
suppose that [the second clause] calls for a context in which some oc-
casion t is salient and the common ground entails about it that at t
we have pizza and t precedes Mary’s birthday. Under this analysis,
we expeet that the lLearer will need to identify an appropriate con-
textually salient occasion of pizza eating, and of course the one that
immediately comes to mind is the one mentioned in the first sentence,
viz. John's birthday. This will do if only it can be presumed to lie be-
fore Mary's birthday, so what is more natural than to accommodate
this missing bit of information.”

Consider next (11) and Heim'’s comment (1987: 14),

(11) John is cooking.
He will stop (cooking) when tomorrow’s football game starts.

“This utterance invites the spontaneous inference that John is engaged
in one single protracted cooking activity that started before the speech
time and will continue through the night. Why should this inference,
which isn’t all that plausible pragmatically, arise? [...] Suppose what
John will stop cooking at t really requires is a context with a salient
cooking event by John about which it entails that it extends right up
to t. Under this assumption, we can explain the inference: The obvious
candidate for a salient event of John cooking is the one mentioned in
the first sentence. The information that this event extencs right up
to the beginning of tomorrow’s football game is then a natural one to
accommodate to make the context fit the requirement of stop fully.
This explains the inference and thereby receives empirical support.”

Let us try to state as precisely as possible how the relevant inferences come about.
The context should entail that there is somebody different from Francis who will
come. that there is an event such that we have pizza prior to Mary’s birthday. and
that there is a state such that John is cooking prior to and adjacent to the start of
tomorrow’s football game. Now the linguistic context almost entails this, but not
quite. What is lacking is the piece of information that Herb's wife is different from
Francis, that the event such that we have pizza on John's birthday is prior to Mary’s
birthday. and that the state such that John is cooking now is adjacent to the start
of tomorrow’s football game. So this is accommodated. The most interesting point
to note in this connection is that what is accommodated, then, is stronger than
necessary. so to speak: the proposition that we'll have pizza on John's birthday and
on Mary's and the former precedes the latter is stronger than the proposition that
we'll have pizza on John's birthday and on Mary’s and on some occasion preced-
ing the latter. (This occasion might be John's birthday but it might be another.)
This accommodation effect is a clear symptom of anaphoric presuppositions:
Accommodation does not consist in taking the shortest logical route to recreating
the presupposition but preserves the discourse referents already present, within lim-
its of course. Accommodation effects of this sort support the conjecture of Kamp
& RoBdeutscher (1992: 119) that accommodating new discourse referents carries a
higher price than accommodating new conditions on old discourse referents. When
this principle is effective, we can speak of anaphoric accommodation.

The conditions accommodated in the cases considered so far are what can be called
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structural conditions, coming from the general format of the presupposition itself,
independently of the individual carrier sentence. The referent involved is what can
be called the structural referent, that is, the alternative individual or event, or the
state about to stop. Here, it seems, accommodation is routine. But accommodation
effects do not stop here. Rather, the anaphoricity of the presupposition can be seen
to affect other referents, in such a way that other conditions are accommodated.

(12) Jack broke his leg in July 1933, and Joe also broke his leg at the age of 15.

;From (12), we spontaneously infer that Jack was 15 in July 1933. Again, it is the
stronger proposition which is accommodated: Instead of accommodating that Jack
broke his leg at the age of 15 (in addition, maybe, to the event in July 1933), we
accommodate that the event of his breaking his leg at the age of 15 was the event
of his breaking his leg in July 1933, thereby maximizing the sum of information.

As a consequence of anaphoric accommodation, presuppositions can provide new
information by virtue of being presuppositions. The result is something over and
above what it would be if the presupposition were an assertion. It is a well-known
fact that notably factive presuppositions can carry new information; but this is
different. The match is imperfect, but still close enough to license a ‘unification’ of
two bits of information, and in this way, accommodation yields information that is
new both with respect to the context and to the carrier sentence.

2.2 Anaphoric Definite Descriptions

In her landmark thesis (1982), Irene Heim reinterpreted the classical presupposition
of definite descriptions in terms of the familiarity condition (p 3G9).

“For ¢ to be felicitous w.r.t. F it is required for every NP; in ¢ that:
]
(ii) if NP; is [+definite], then

o]
(b) if NP, is a formula, F entails NP;”
“A file F entails a formula ¢ iff for every world w:
Satw (F) C Satw(F+¢)"

Informally, for the file to entail the logical form of the definite description, every
‘sequence’ (variable assignment) and every world satisfying the file must satisfy the
update of the file by the logical form of the definite description. This means that
the index i on NP; must have been introduced into the file previously and that the
information going with it (the content of the NP) must have been assembled. Heim
calls the familiarity condition a presupposition, and I think it is useful to think of it
as the existential presupposition traditionally associated with definite descriptions
interpreted as an anaphoric presupposition. Let me illustrate this.

(13) A man wielding a crowbar outside the elementary school where his two
children are enrolled was fatally shot by a police officer. The principal said
the fnan had gone to the school to see his daughter's teacher and had been
asked to leave. The police were called, and when an officer approached
the man charged with the crowbar and was shot.

The last line of this discourse presupposes that there is a man (and that there is a
crowbar). For the file to satisfy this presupposition it must contain that information.
However, it is not sufficient that the file entails ‘z is a man’ for some x; rather, it
must entail ‘z; is a man’ for the variable x; coming with the description. If it does,
as it well may if it is correctly constructed from the discourse at hand, the assertion
‘z; ...was shot’ updates an already established file card.

If anaphoric definite descriptions, analyzed as in Heim (1982) or equivalently, are
instances of anaphoric presuppositions, this shows that anaphoric presuppositions
are sensitive to variable assignments. The weak requirement that the file entails ‘z
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is a man’ for some z corresponds to a traditional concept of entailment: For every
world satisfving the file, there is an assignment satisfying it plus the presupposition;
and to Karttunen's (1974: 181) definition:

“Surface sentence A pragmatically presupposes a logical form L, if and

only if ... A can be felicitously uttered only in contexts which entail

L'H
However, the stronger requirement that the file entails ‘z; is a man’ for the variable
z; coming with the description corresponds to a strong concept of entailment: Every
world and every assignment satisfying the file satisfy (it plus) the presupposition.

In her seminal paper (1983), Irene Heim generalized this concept of presupposition.
Heim (1982) did not focus on presuppositions in general, but Heim (1983) did. On
the other hand, that paper did not focus on definite descriptions, or on other typical
instances of anaphoric presuppositions, so the capacity of the theory presented there
to account for anaphoric presuppositions is only stated implicitly. The definition is

“S presupposes p iff all contexts that admit S entail p.” (p 117)

And as long as contexts and presuppositions are propositions, this is of course
more or less the same as Karttunen’s (1974) definition quoted above. However, in
order to account for presuppositions of phrases with free variables, Heim reidentifies
contexts and presuppositions, along the lines of (1982), as sets of pairs of variable
assignments and possible worlds instead of just sets of possible worlds (pp 120f).
Thus in (1983), Heim actually presents an anaphoric concept of presupposition.
And, in fact, in (1992), Heim presents an analysis of too which parallels her (1982)
analysis of definite descriptions (1992: 180):

“The general rule for the interpretation of too is (21).

(21) ¢|ar]too; presupposes z; # oA glz;)”

“...I assume that too is implicitly deictic or anaphoric, sort of like

in addition to z, where the intended referernce of z is disambiguated

at Logical Form by means of a referential index.”

It may be useful to provide a ‘translation’ into Discourse Representation Theory
of Heim's (1983) strong admittance condition. This definition presupposes that a
sentence gives rise to two provisional Discourse Representation Structures S and P,
corresponding to S and p in Heim’s own formulation.

Heim’s strong admittance condition in procedural terms

Let C be any context DRS, § a sentence DRS and P the presupposition

DRS of S.

C + S is only defined if there is a function f:Up — Ug such that

{Uc , CongU*“f(Conp)") is a logical consequence of C, and if defined,

it contains the conditions = = f(z) for every = € Up for some such f.
The presupposition DRS uses fresh discourse referents, just like any ‘new’ DRS. For
such a DRS to be a consequence of the context DRS in the strong sense that for every
model M and every embedding f verifying the context DRS in M, f verifies it in M as
well. those discourse referents must be replaced by ‘old’ discourse referents. Under
such a substitution, the requirement is sufficient that the merge of the context DRS
and the presupposition DRS be a consequence of the former in the weaker sense
that for every M and f verifying C in M, there is a g verifying the merge of C and
“the picturc of P* under the substitution.

2.3 The Discourse Representation of Anaphoric Presuppositions

The strong admittance condition modelled on Heim (1983) is very strong indeed:
There is no way for the presupposition to introduce novel entities, nor is there any
way for it to introduce novel information. In short, the condition does not allow
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for accommodation, either with respect to discourse referents or with respect to

conditions. As it happens, the discourse (13) contains several definite descriptions

where accommodation is necessary and possible:

(13) A man wielding a crowbar outside the elementary school where his two
children are enrolled was fatally shot by a police officer. The principal said
the man had gone to the school to see his daughter’s teacher and had been
asked to leave. The police were called, and when an officer approached
the man charged with the crowbar and was shot.

But they all involve accommodation of discourse referents, conforming to Heim’s
linking condition (1982: 373): “When a new file card is introduced under accommo-
dation, it has to be linked by cross-references to some already-present file card(s).”
By contrast, the cases considered in Section 2.1 involve accommodation of conditions
on old discourse referents: Anaphoric accommodation. Anaphoric accommodation
oceurs in connection with definite descriptions too. Zeevat (1992: 407) comments
on (14) and (15) that “this is not accommeodation proper, which would also create
the antecedents themselves”.

(14) A soldier entered the room. The man asked for a beer.
(15) A man died in a car crash yesterday evening. The Amsterdam father of four
was found to have been drinking.

Section 2.1 has shown that in some cases at least, it is more difficult to accommodate
discourse referents than conditions, so an account of anaphoric presupposition and
accommodation should discriminate between the two forms of accommodation.
Rob van der Sandt has proposed an anaphoric account of presuppositions in a
Discourse Representation Theory framework on which presuppositions are anaphora
with descriptive material. Accommodation is treated not as a repair strategy but
rather as another way of presupposition satisfaction: Resolution has two parts, bind-
ing and accommaodation, where binding has a form of priority over accommodation.
DRSs are defined as triples where the third member, encoding the presupposition(s),
is itsell a set of DRSs, the A-structure (A for anaphora).
van der Sandt’s presupposition resolution (1992: 358):
“Resclution
Let K be a DRS and let K¢ be the source of an anaphoric expres-
sion. that is an element of an A-structure of some sub-DRS of K and
Jet A(K,) be empty. Let its target be a (sub)DRS K, on K.'s projec-
tion line. Let K. have the markers i ...yn, and Ace(K,) the markers
xy...7,. Let f be a function from U(K,) to Ace(K,). such that the
conditions of K, are compatible with the conditions of K under the
substitution of ¥ ...ym for z; ...zq. The resolution of the anaphoric
structure K. with respect to K, yields a DRS K’, which differs from
K in the following respects.
Binding
(i) U(K;)=Con(K{)=0
(i) U(K)=U(K:JUU(K,)
(ii) Con(K{)=Con(K,)UCon(K)U{z =y |z = f(y)}
[...] Accommodation of K into K. is [...] just like binding with the
one exception that no restrictions on compatibility are required and
no anaphoric equations are added to Con(K,).”
The definition of binding takes height for accommodation of information in that
the conditions of K, are only required to be compatible with the conditions of K
under the relevant substitution, and accommodation of referents and information
is covered under Accommodation. Let us go through an example to see how the
theory works. Consider the NP his daughter’s teacher in (16).
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(16) A man came to a school. His daughter’s teacher was inaccessible,

DRSs are constructed in two stages. First, a DRS is constructed for the incoming
sentence. This DRS is then merged with the main DRS, resulting in a new DRS in
which the anaphoric structures still await processing:

({u, v}, {man(u), school(v), cometo(u, v), inaccessible(z)},

{{{z}, {teacher(z), poss(y, z)}, { ({y}, {daughter(y), poss(z, )},

{({-’:nmsc}s 2, 2)Hhh}.
Resolution starts with the deepest embedded anaphor, the A-structure set up for
the possessive pronoun. Going upwards along its projection line we check whether
a suitable antecedent can be found. We do, and identify the anaphoric marker =
with the established marker u. Next we repeat the maneuver for the A-structure
set up for his daughter, but now we cannot find a suitable antecedent, so it will be
accommodated. that is, the marker y and the conditions daughter(y) and poss(z,y)
will be transferred to main DRS level. The same happens with the A-structure set
up for his daughter's teacher, and the result is the A-structure-empty DRS

{u.v.z.y.2}, {man(u), school(v), cometo(u, v), inaccessible(a:),

z = u, daughter(y), poss(z,y), teacher(z), poss(y, )}, ).

And in fact, since ‘binding’ has a form of priority over ‘accommodation’,
this theory can account for anaphoric accommodation, where the presupposition
provides novel information about familiar referents, as in (10)-(12) and (14)-(15).
The conditions of the presupposition are compatible with the conditions of the main
DRS. so binding can occur; and they are transferred to the new DRS by rule (iii).

Kamp & RofBideutscher (1992) develop an anaphoric conception of presuppo-
sitions very similar to van der Sandt’s theory. Their immediate aim is to account for
the presuppositions of the German adverb wieder, corresponding to English again.
Consider the ‘restitutive’ variant of wieder as in (17).

(17) Der Patient ist vor einigen Wochen an Typhus erkrankt.
Jetzt hat der Assistenzarzt ihn wieder vom Typhus geheilt.

This discourse displays an accommodation effect: We infer that the typhoid of which
the intern has cured the patient is the same typhoid with which she came down a
few weeks ago. Since wieder requires that the context contain a representation of
the state which the described process turns into the result state, the presupposition
by accommodation brings about the unification of the two typhoid states.

“What we see here is a kind of mixture of presupposition verification
and presupposition ‘accommodation’: part of the information . .. in the
presupposition is present in the context; the rest has to be assumed.
[---] In general they [presupposition verification and accommodation)
do not represent exclusive alternatives, with accommodation coming
into play only when verification fails, and then wholesale. Rather
...they often go hand in hand. We will refer to such combinations
of verification and accommodation as presupposition justification.” (p
109)

The authors are not yet in a position to state a justification procedure precisely.
They do, however, propose the following principle in the form of a conjecture:
“Principle of Presupposition Justification
To justify a pair (K.K') in a DRS K find a function f from a subset
of Ux- into Ugg, such that Ko U f(K") is consistent and such that
Dom(f} is maximal among such functions. Extend f to a function g
such that Dom(g)=Ug. which is 1-1 on Dom(g)\Dom(f) and which
maps the discourse referents from this set onto discourse referents not
occurring in Ko. Add g(K) to Ko.” (p 120)
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A lengthy footnote fills in the picture.

“The weak point in this formulation is the requirement that KoU f(K’)
be ‘consistent’. As it stands, this requirement aliows for cases where
the information that K' contains about a discourse referent x has very
little to do with the information which K contains about f(x); all that
we required is that there be no logical inconsistency between these
two bits of information. In general, however, this won’t be enough to
rule out presupposition justifications that are intuitively unacceptable.
)

(i) |...] Everyone in the Gertraudenkrankenhaus remembers some
child’s cure by an intern of a blood disease. Now an intern has
once again cured a patient of some pernicious disease.

(ii) [...] Everyone in the Gertraudenkrankenhaus remembers some
patient’s cure by an intern of a blood disease. Now an intern has
once again cured a child of some pernicious disease.

(i) is felicitous, (i) is not. [...] ... mere consistency isn't good enough.

At present we have no clear idea of a suitable stronger condition ...”

The Principle of Presupposition Justification as it stands is weak in another respect:
The function f is not required to be total on the universe of the presupposition.

“A second shortcoming of {the principle] is its failure to provide lower
limits on the set of discourse referents that must find targets under
f in the context DRS Ko. When the context is too meagre, so that
too many discourse referents have to be accommodated, the discourse
becomes unprocessable and will be rejected as incoherent.”

And the principle is nondeterministic in that it does not require there to be a unique
f. This reflects the resolution problem known from anaphora in the narrow sense.

“The details of how presuppositions are justified in situations where
several parts of the DRS offer themselves as candidates is a matter
that will have to be looked into more closely than we have so far
done.”

All these features the Principle of Presupposition Justification shares with van der
Sandt's definition of Presupposition Resolution (though in van der Sandt’s theory,
accommodation of discourse referents is constrained by admissibility conditions).

Evidently. the constraints on accommodation of conditions on discourse referents,
that is. the constraints on anaphoric accommodation, are very difficult to generalize.
The asvmmetry between patient and child in the contrast quoted above suggests
that the subset relation is relevant: A child to be cured of a disease is necessarily a
patient, but not conversely. But as (18) and (19) demonstrate, the relation between
a constant and a set is also unidirectional in this respect. In other words, entailment
(consequence) is too strong, but compatibility (consistency) is too weak.
(18) The 5000 m race was won by Zandstra.

The 1500 m, too, will be won by a Dutch skater.
(19) 7 The 5000 m race was won by a Dutch skater.

The 1500 m, too, will be won by Zandstra.

2.4 Anaphoric Presuppositions and Anaphoric Presupposition

To apply an anaphoric notion of presupposition to zero anaphora. it is practical to
state a simple deterministic condition. The following definition of the contribution
of a presupposition to the update of a discourse by a sentence presupposes that the
sentence is represented in two separate provisional structures, one for the assertion
and one for the presupposition.
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Anaphoric Presupposition

Let K¢ be any context DRS, K; an assertion DRS and K the
presupposition DRS of K;. Kg + K, / K is defined if and only if there
is a best function f:Ux — Ukg such that the merge of K¢ and “f(K)"
is consistent; then it is the merge of Ko and “f(K,;)” and “f(K)".

The cost of determinism is vagueness: The best function f is in principle partial
but defined for as many as possible of the discourse referents of the presupposition,
and the merge of Ky and ¢ J(K)” should come as close as possible to being a logical
consequence of Ko. The definition thus abstracts awey from the resolution problem
and the accommodation problem.

The definition predicts that the presupposition is independent of the assertion.
Specifically, there cannot be discourse referents free in the presupposition structure
introduced in the assertion structure. Indeed, the principle that the presupposition
DRS is proper will play a central role in section 3. Now both van der Sandt (1992)
and Kamp & RoBdeutscher (1992) assume that the assertion is merged with the
context prior to processing the presupposition. One reason is that the (repetitive)
presupposition of again is supposed to include the condition ¢’ < e where ¢ is the
event introduced in the assertion. This is reasonable in many cases, but not when
the sentence is negated; then e is inaccessible. Similarly, the presupposition of too is
supposed to include the condition =’ # & where = is the focus referent. Again, this
is reasonable in many cases, but not when there is a proportional NP in focus. In
the general case, the presupposition must be represented without reference to the
assertion. To be sure, in some cases it is necessary to process a part of the sentence
first. in particular, when the presupposition is in the scope of a quantifier, as in
(20): The quantifier and its restrictor must be merged with the context prior to
processing the scope and its presupposition. I return to this issue in 3.4.

(20) Every man loves his wife.

Are all presuppositions anaphoric? The above definition is cast as a general principle,
but. as Delin (1992) points out, factive presuppositions and cleft presuppositions
are fasy to accommodate. Also, they do not seem to display accommodation effects.
I assume that these presuppositions are not anaphoric in the sense that there are
discourse referents to be anchored to already-introduced discourse referents, but
that they are still subject to the same rule. They are anaphoric in a wide sense but
the anaphoricity does not show. This means that the universe of the presupposition
DRS is empty and the content of the embedded clause is represented as a condition
in the form of a sub-DRS. This reduces to Karttunen's pragmatic presupposition,
where the presupposition is entailed by the context; but the same general definition
applies. An anaphoric presupposition in the narrow sense is, then, a presupposition
with a nonempty universe.
Anaphoric Presuppositions

An anaphoric presupposition in the narrow sense is a presupposition
represented as a structure with a nonempty universe.

3 Zero Argument Anaphora

The empirical basis of anaphoric presuppositions would seem to be rather limited.
The triggers examined so far form a closed class: The definite article, focus particles
like too, adverbs like again, aspectual verbs like stop. But, as this section shows,
the concept of anaphoric presuppositions naturally generalizes to a wide range of
lexical presuppositions, triggered by words with a full meaning from open classes.
However, it is not the main aim of this section to extend the domain of anaphoric
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presuppositions quantitatively: rather, the goal is a qualitative extension to the
concept of anaphoric presuppositions. By this I mean that anaphoric presuppositions
can be seen to cause more than we have considered so far, which is, basically, to
impose strong admittance conditions, induce anaphoric accommodation effects, and
bind definite descriptions. What they accomplish over and above this is to bind
implicit variables in the carrier sentence, thus taking the load off overt anaphors.
Specifically, what I have in mind is that the concept of anaphoric presuppositions
can be used to solve the problem of definite ellipsis, as stated by Shopen (1973).

Since Shopen (1973) distinguished between indefinite and definite ellipsis, we have
known that missing arguments sometimes have an existential interpretation but
sometimes depend on context. The latter case gives rise to so-called zero anaphora.
But it has remained a mystery why these zero arguments behave like anaphors, and
it has seemed necessary to mark this behavior lexically. My hypothesis is that this
phenomenon correlates with presuppositions and that the context dependence in a
missing complement can be independently described as an effect of presupposition.
The idea is that the corresponding referent is introduced in the presupposition and
that in the update process, the substituted referent is propagated to the assertion.
Just as with definite descriptions, there is variable sharing between the assertion
and the presupposition, and the variable is instantiated through the presupposition.
For instance. a sentence Sue agrees asserts that Sue thinks that p and presupposes
that there is a proposition p such that somebody other than Sue thinks that p;
this p must be mapped onto some previously mentioned proposition q, and once
it is. q replaces p in the assertion. Thus zero anaphors are not really anaphors
but epiphenomena of presuppositions, and there will be no need to distinguish
null complements with a definite interpretation in any other way than through the
presence of a presupposition, which must be marked in the lexicon anyhow,

The first subsection 3.1 reviews descriptions of zero argument anaphora, 3.2 presents
hvpotheses and principles of a presuppositional account, and 3.3 discusses a variety
of applications. Subsection 3.4, finally, confronts a number of problems.

3.1 Definite Ellipsis

Tim Shopen (1973) observed that ‘lexically-determined constituent ellipsis’ can be
definite as well as indefinite. Since, it has become common knowledge that when
an optional complement is not realized syntactically, the semantic result is either
that the corresponding variable is existentially quantified over, that is, the empty
argument is interpreted as though it were an indefinite, or it remains free, that is,
the empty arguiment is interpreted as though it were a definite, an anaphor. For the
former case, Shopen cites (21), where the ‘source’ role is left unexpressed.
(21) - Bill received a letter today.

- Who did he get it from?

“Tt is a natural sequence for the second speaker to ask what he does

because it does not conflict with any of the presuppositions of the

initial statement . ... The ellipsed SOURCE of receive is interrogated

and the meaning of receive does not tell us that it should be uniquely

identifiable. This is indefinite ellipsis.” (p 67)

Thomas (1979) followed up with a similar test for indefinite ellipsis (pp 57):

(22) - Have you been eating onions?
- I've been eating, but not onions.

Cases of definite ellipsis, on the other hand, are unacceptable in such sequences:

(23) - Do you expect to pass your driving test?
7 -1 expect to pass, but not my driving test.
(24) - When Mother told him to clean up his room, Bobby refused.
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? - \What did he refuse to do?

“The question ‘What did he refuse to do? is an unnatural sequence be-

cause it rejects the presupposition of definiteness in ‘Bobby refused.’.

[---] The definiteness of the ellipsis with refuse is due to the seman-

tic structure of that verb (there is a significant relationship at this

Juncture with the notion of presupposition), as revealed in its lexical

entry.”
Shopen offered many more examples of definite ellipsis, ia. featuring the predicates
agree, continue, disapprove, persuade, suspect, and surprised. For a few instances
of zero anaphora complete with a suitable discourse antecedent, cf. (1)-(4) in 1.1. In
(Szbo 1984) I gave many authentic examples of indefinite as well as definite ellipsis.
Two descriptive generalizations made there are that many of the verbs that require
a definite interpretation of their missing optional complements express reactions and
that in many cases the complements are infinitival or sentential. Cases of definite
ellipsis in an individual argument are rare (note, however, offer). as are cases of
indefinite ellipsis in an abstract entity argument (note, however, think).

3.2 The Source of Zero Argument Anaphora

Shopen’s remark that there is a significant relationship with the notion of presup-
position (p 68) has not been elaborated on, and he himself writes the definiteness of
the “activity proposed by a second party in an offer, a command or an invitation”
into the lexical entry for refuse: “z = definite when ellipsed” (p 69).

It is unsatisfactory to have to indicate in every single case what intuitively appears
as a function of some semantic property which the predicates in question have in
common and which should be recoverable from the lexical entries anyhow. If it is
correct. as Shopen claims, that the definiteness of the ellipsis is due to the semantic
structure of the verb and that there is a significant relationship with the notion of
presupposition, then that semantic structure and. specifically, its relationship with
presupposition. should be explored. And I believe that with the notion of anaphoric
presupposition at hand, there is a straightforward way of predicting when a zero
argument is anaphoric and how zero anaphora works: It is anaphoric if (and only
if) the predicate triggers a presupposition involving the argument, and the zero
anaphor is resolved in the same process in which the presupposition is justified.
When there is no presupposition involving the relevant referent, it is introduced in
the assertion structure, and indefinite ellipsis evolves. When, on the other hand,
there is a presupposition involving the relevant referent, that referent is introduced
in the presupposition structure, and definite ellipsis evolves. The difference surfaces
in where the referent is introduced; which universe it belongs to, but it originates
in the absence or presence of a presupposition involving it.

Hypothesis A zero argument is anaphoric iff the predicate triggers

a presupposition involving it.
There are two directions to this hypothesis: The ‘if’ and the ‘only if” implication.
The ‘if’ claim is theoretical and can be shown on the basis of the following simple
assumption about provisional DRS construction.

Principle 1 The presupposition DRS is proper.
That is, the presupposition DRS does not contain free occurrences of referents (ef.
Kamp & Reyle 1993: 111). If the discourse referent representing a zero argument
occurs in a condition in the presupposition, it is introduced in the presupposition,
it is in its universe. In other words, the zero argument is an anaphoric element, to
be instantiated in the process of presupposition Jjustification.
The ‘only if" implication, on the other hand, is empirical and must be defended piece
by piece. To first see how the indefinite interpretation can come about, consider
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Principle 0 The merge of the assertion DRS and the presupposition

DRS is proper.
Thus if the zero argument referent is not involved in any presupposition, it can
belong to the universe of the presupposition DRS or to the universe of the assertion
DRS. In the latter case, it is essentially novel; the universe of the presupposition DRS
is the only place for an anaphoric element. Now to force an indefinite interpretation
of a zero argument not involved in a presupposition, we need the principle

Principle 2 If a referent is in the universe of the presupposition
but does not occur in a condition in that structure, it originates in an
overt anaphor.

That is, to be anaphoric a zero argument must be involved in a presupposition.

When a sentence with a zero argument is processed, it is initially represented as a
bipartite structure assertion / presupposition where the zero argument is rendered
as a dummy referent in the relevant argument places of the relevant relations. This
referent must be introduced in the assertion or the presupposition DRS. If it occurs
in a condition in the presupposition DRS, then as a consequence of Principle 1 it
is introduced in this DRS. If it does not, as a consequence of Principle 2 it is not.
On this account, in contrast to overt anaphors, zero anaphors do not trigger the
introduction of a referent in the presupposition. In general, the zero argument does
not trigger the introduction of a referent; it is only on account of general principles
of provisional DRS construction that the effect is the same as with an indefinite or
a definite pronoun. An anaphoric element, we might say, is an element which corre-
sponds to a referent in the presupposition’s universe, whether this correspondence
is direct, as with overt anaphora, or indirect, as with zero, or covert, anaphora.

Principle 2, saying that only an overt anaphor is represented as a referent in the
presupposition’s universe without occurring in a condition in the presupposition,
secures an indefinite interpretation of zero elements not involved in a presupposition.
As noted. the ‘only if* direction of the hypothesis, encoded in Principle 2, depends
on showing piece by piece that there really is a presupposition involved, and it would
go bevond the scope of this paper to deliver a complete defense of this half of the
hypothesis. The following section is intended to show for some select cases that the
presuppositional analysis is more than a mere stipulation.

3.3 Applications

Quite many predicates that can have anaphoric zero arguments describe reactions
and generate presuppositions as to the stimulus. The verbs agree and refuse are
clear cases in point. The class of emotive past participle predicates like surprised,
describing how the subject is affected by a piece of information presupposed to
reach the subject, can also be subsumed under reaction predicates. These, in turn,
are closely related to factive predicates where the fact argument can be zero, like
remember. Finally, the presuppositions of state transition predicates like recover
involve optional arguments characterizing precondition states.

3.3.1 Reactions

Let us first consider the verb agree. This word has quite much in common with the
focus particle also or too; in fact, it can almost be paraphrased as also believing.
The relevant variant subcategorizes for a that clause.
We seek a principled way of deducing (26) from (25):
(25) A sheep has been killed in the mountains.

Farmers believe it was a wolf, and the Sheriff agrees.
(26) A sheep has been killed in the mountains.

Farmers believe it was a wolf, and the Sheriff agrees it was a wolf.
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Let us first consider (26). Simplifying and abstracting away from inessentials, we
take this to be a case of full match between the presupposition and the context:

context: {{z1}, { believe(zy, ({w}, {wolf (w)}))})

assertion: ({zs}, { believe(xs, {{w}, {wolf (w)}))})

presupposition:  ({xq}, {believe(xs, ({w}, {wolf (w)}))})
For (25), eliminating the subDRS altogether, initially we have

assertion: ({z3}, { believe(xa, K)})
presupposition:  ({z,}, {believe(xq, K)})

However, this structure violates the principle that a presupposition be proper, so
the correct result is:

presupposition:  ({z;, K}, {believe(zo, K)})
The context stays the same, of course, or equivalently (cf. Asher 1993: 225fF),
context: {z1, K'}, {believe(z1, K'), K' = ({w}, {wolf (w)}) })

Thus on anaphoric presupposition, K is replaced by K’ and (25) savs the same as
(26).

For Shopen’s paradigm verb refuse, consider

(27) The board instructs the management to reduce employment,
but it refuses.

context: {{z,y. P}, {instruct(z,y, P),
P = »y( y reduce employment )})
assertion: (D, {refuse*(w, Q)})

presupposition:  ({v,w, Q}, {ask(x, w, Q)})

Here and in the following, predicate* is supposed to designate the predicate stripped
of its presupposition. It should not come as a surprise that in the majority of
cases. there is no straightforward way of identifying the separate presupposition
and assertion components of a predicate. Rather, agree is a special case in that it is
almost possible to transeribe the presupposition and assertion in natural language
predicates. but even here, it represents an idealization. In general, what is required
is in the presupposition a meta predicate just unspecific enough to cover the range
of appropriate contexts, and in the assertion a meta predicate expressing the rest.

Implicative verbs. of course, do permit an unambiguous formulation of the assertion
component:

(28) On Wednesday, the chief UN negotiator, Thorvald Stoltenberg. met
with Mr. Izetbegovic to try and ease those fears. He clearly failed.
assertion: (O, {-P(z)})
presupposition:  ({z, P}, {try(z, P)})

3.3.2 Emotive Predicates and Factives

Zero anaphora occurs regularly with a number of past participle verb forms like
surprised, impressed, delighted, shocked, relieved. The syntactic category of the
optional complement varies, but its semantic type is basically propositional.
(29) Sue told Joe that she was pregnant.

He was surprised that she was pregnant.

The fact that these past participles subcategorize for ia. a that clause indicate
that they are not true passives. For ellipsis, the salient fact is that the proposition
in the theme role is involved in the presupposition of the predicate. That Joe is
surprised that Sue is pregnant presupposes that Joe learns that Sue is pregnant.
Thus (simplified with respect to the pronouns):
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context: ({5, 7}, {tell(s, §, (pregnant(s)))})

assertion: ( @, {surprised*(j, (pregnant(s)))})

presupposition:  ( @, {learn(j, (pregnant(s)))})
Now when the that clause is omitted, the double occurrence of the constant propo-
sitional referent (pregnant(s)) is replaced by a variable propositional referent K.
The presupposition must be proper, so K is introduced in its universe.
(30) John was surprised.

assertion: ( @, {surprised*(j, K)})

presupposition:  ({K}, {learmn(j, K)})
This means that it must be mapped onto some propositional referent in the context.
Strictly, there is none in the universe of the context, but it must, for independent

reasons of abstract entity anaphora (cf. Asher 1993: 225ff), always be possible to
declare one for a constant abstract entity referent occurring in a condition.

Even presuppositions which are not anaphoric in the narrow sense that the universe
is nonempty can become anapharic in this sense once the predicate generating them
occurs with an empty argument. In fact, this is the case with factive predicates in
case the propositional arguments are optional. In English, know can be used without
an overt propositional complement, along with a range of other factive verbs and
adjectives such as forget, remind, and remember (cf. (3) in 1.1), notice, and aware.
Many have presuppositions over and above pure factivity: forget and remember,
for instance, appear to presuppose in addition that the subject has known the
proposition or other object, and notice appears to presuppose that the proposition
or other object (not) noticed is epistemically accessible to the subject. Let us see
how the zero argument of know acquires its anaphoric interpretation.

(31) It is not necessary to tell them the climb is dangerous. Sue knows.

assertion: {{z}, {Sue(z), believes(z, K)})

presupposition: ({K},{K?})
The propositional variable K occurs in two different roles in the presupposition,
both as a referent in the universe and as a condition, more accurately a referent
in an empty condition encoding factuality. In the assertion it appears as a referent
in a regular condition. Now the verb know shows a zero anaphor more often when
the ‘antecedent” is a question than when it is a definite proposition. and then the
factive presupposition is in effect tantologous: cf. (32). The verb ask can reasonably
be assumed to presuppose that the asker does not know the answer to the question,
mavbe even that she wants to know it:

(32) We were wondering which track to take to Goatteluobal,
so we asked a Lap woman, but she didn’t know.

3.3.3 Phase Presuppositions

State transition verbs like recover or return and verb groups like stop raining have
traditionally been analyzed in terms of a backward-looking presupposition and a
forward-looking assertion, plus, as the case may be, some process of transition as
part of the assertion. Thus a recovers at t would presuppose that a has been ill
up to t and assert that a is well from t on, and that a process of recovery goes on
at t. And it stops raining at t would presuppose that it rains some time up to t
and assert that it does not rain some time from t on. Recall Heim’s (1987) Kripke-
inspired example (11) in 2.1. The interesting thing to note now is that the state
type verb cooking is enclosed in parantheses in Heim’s formulation. It is omissible,
and in fact. its omission can be shown, using discourse referents at state type level,
to be a case of zero anaphora via the backward-looking presuppasition of stop.
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We should be able to predict the validity of the inference from (4) in 1.1. to (33):
(33) It’s dangerous to hypnotize people. You might do it to somebody
with a gullible mind sometime, and that person would never
recover from the hypnosis!
This is strongly reminiscent of a case treated by Kamp & RoBdeutscher ( 1992):
“Our ultimate goal is to account for the validity of the following inference:
The tourist came down with typhoid.
After three weeks he was well again. A doctor from Izmir cured him.
Conclusion:
The doctor cured him of typhoid.” (p 76)
They reach this goal only by invoking discourse (rhetorical) relations. Let us see how
it can be reached with recourse only to presuppositions. Simplifying the example
and abstracting away from inessentials:
(34) John comes down with typhoid at t. He recovers at t'.

context: ({e. s, u}, {ANT(HEILEN (e, 5, y), typhoid(y).c at t,
PRE(HEILEN (s, 5,v), ¢)(s})
assertion: ({¢'.s'. 2}, {HEILEN(¢', 5, z),¢’ at ¥,

RES(HEILEN)(s', j, 2),¢')(s'})
The predicate HEILEN is primitive, and there are the meaning postulates
1. s : PRE(C)(u,v) & s : ~RES(C)(u.v),
2. ({e.w.c}. {Cle,u,1)}) = ({s}. {PRE(C)(s,,v)}) and
3. PRE(ANT(C)) = RES(C) and RES(ANT(C)) = PRE(C).
By postulate 2, the precondition state, intuitively the state of having that from
which the HEILEN event is a recovery, can be added to the assertion:
assertion: ({e'ys',2, "}, {HEILEN(¢', 5, z),e at t,
RES(HEILEN)(s', 4, z2), ¢)(s’,
PRE(HEILEN)(s".j,z), s")(e'})
Thus Kamp & RoBdeutscher do not treat the precondition as a presupposition.
However. if it is treated as one, we can conclude (35) from (34):
assertion: ({e'. s’} {HEILEN(¢'. . z),¢ at ¥,
RES(HEILEN)(s'. j.2).¢')(s})
presupposition: ({s".z}, {PRE(HEILEN)(s", j, z). s e’}
{35) John comes down with typhoid at t. He recovers from the typhoid at t'.
The precondition state s” is mapped anto the result state of the ANT(HEILEN)
event and the referent z for the illness is mapped onto the referent y for the typhoid.

3.4 Problems

The hypothesis that a zero argument is anaphoric iff involved in a presupposition
(3.2) rests on the principle that the presupposition DRS is proper (Principle 1)
in one direction and on the principle that only an overt anaphor can trigger the
introduction of a referent in the presupposition DRS (Principle 2) in the other. Now
both principles are problematic. Cases where apparently, an argument involved in a
presuppasition is not anaphoric, are discussed in 3.4.1, and cases where apparently,
an anaphoric zero argument is not involved in a presupposition. in 3.4,2.

3.4.1 Subsentential Presuppositions

At first sight. cases like (36) seem to contradict the assumption that a predicate
like recover triggers a presupposition involving the state to recover from:
(36) John has just recovered from a serious jllness.



The indefinite signals novelty, and novelty is incompatible with the presupposition.
Referents for indefinite descriptions are introduced in assertion structures, not in
presupposition structures. But these cases are reminiscent of cases like (37).

(37) John has written to the author of a book about Schubert.

That is, cases where, contrary to Heim’s (1982: 373ff) linking hypothesis, a new file
card is introduced under accommodation without being linked by cross-references
to some already-present file card(s). Evidently, the indefinite outscopes the definite.
The assertion consists of two parts: First, there is a book y about Schubert, and
second, John has written to z; and the presupposition is that y has an author 2.
In this way. the referent y in the presupposition is bound in a part of the assertion
processed in advance. To see more clearly that this is a sensible analysis, consider

(38) John knew the crew on every ship in the harbor.

This sentence must be processed as a tripartite structure: the quantifier ‘every ship
z in the harbor’, the presupposition ‘z has a crew’, and the associated assertion.
Quantificational NPs appear as complements of predicates that supposedly trigger
presuppositions, too:

(39) John refuses to do everything he is asked to.

The reasonable approach to these cases is, then, to decompose the sentence into
three parts. processing the indefinite or quantificational NP at once. The sentences
will presuppose nothing because the presupposition is preempted in the NP. (40)
will be analvzed as ‘there is something K John has heard on the radio such that
(presupposition) John has learnt of K; (assertion) John is shocked* at K'.

(40) John is shaocked at something he has heard on the radio.

What this shows is, first, that it is too simple to identify the carrier sentence with
the entire incoming sentence. second, that we must qualify the principle that the
presupposition DRS is proper. It may contain free occurrences of discourse referents
as long as those occurrences represent bound variables.

3.4.2 Elusive Presuppositions

The claim that zero argument anaphora depends on presupposition is, of course,
vulnerable to facts. It should not be possible to locate an anaphoric zero argument
without being able to formulate a presupposition going with it. Now predictably,
many presuppositions will be subtle, vague, and difficult to specify. In some cases,
positing a presupposition risks circularity and comes close to stipulation. Let me
comment on a few problematic predicates.

Consider first a class of predicates describing how agents are ascribed to actions,
like suspect and blame. It seems prima facie plausible that a sentence with suspect
presupposes that the action property of the of complement holds of somebody. So
(41) would presuppose that (the police believe) the bomb has been placed. However,
this presupposition is difficult to maintain in cases like (42).

(41) The'police suspect the mafia of having placed the bomb.
(42) The police suspect Neonazis of having started the fire.

This sentence does not appear to presuppose that (the police believe) the fire was
started by somebody. In fact, it appears to have two readings, one presuppositional
and one non-presuppositional, where an accent on started correlates with the latter.
By comparison, the verb blame appears to only permit a presuppositional reading.
Evidently, the zero argument construction is based on the presuppositional reading.
The other reading might be accounted for by saying that the property description,
the of object, is processed in advance (cf. 3.4.1), in the appropriate belief context,
thus restoring presuppositionality:

(43) The police believe the fire was started by somebody, suspecting Neonazis
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(of having started it).

Manfred Pinkal (1985: 76) noted that the German verb verkaufen (sell) shows in-
definite ellipsis in its indirect (an or dative) object but definite ellipsis in its direct
(accusative) object, as witnessed by:

(44)  Kolumbus hat an Cortez verkauft.

{45)  Kolumbus hat die Santa Maria verkauft.

The former sentence can only mean that Columbus has sold it to Cortez, while the
latter sentence can only mean that Columbus has sold the Santa Maria to somebody.
This asymmetry is prima facie mysterious. But note that the zero theme argument
cannot be a zero anaphor with the same antecedence conditions as the anaphor jt:

(46) Cortez hat ein Schiff. Kolumbus hat es ihm / en ihn verkauft.
{47) 7 Cortez hat ein Schiff. Kolumbus hat ihm / an ihn verkauft.

Although the antecedent is available in the form of the indefinite ein Schiff , the
zero anaphor is not resolved. This is indicative of a presupposition, and in fact, on
the reasonable assumption that x verkauft y an z presupposes that x has had y,
both the definite interpretation of the direct object zero argument and the indefinite
interpretation of the indirect object zero argument are predicted. as the presuppo-
sition involves only the former. However, since (46) is felicitous, the presupposition
is evidently to some degree dependent on the zero argument, and this, of course,
complicates the analysis. Similarly, the verb tell, probably not inherently factive,
appears to acquire a factive interpretation with a zero propositional argument:

(48) John believes that Susan is pregnant. She has told him so / that.
(49) John ?believes / knows that Susan is pregnant. She has told him.

This indicates that the zero argument itself helps bring about the presupposition. I
am told the same holds for the German verb gestehen (confess).

Is it reasonable ta describe zero anaphoric arguments of relational nouns, as in
‘bridging” definite descriptions (the captain. the crew), in terms of presuppositions?
Note that as long as the noun phrases are definite, it is not necessary to assume a
presupposition for an anaphoric interpretation of the zero argument: given the pre-
suppositional analvsis of definite descriptions in general, the zero argument referent
is in the presupposition.. The ‘ellipsis rule” stated by Zimmermann (1991: 199) (if
a is a relational noun and © an empty genitive NP the extension of a@ is the set
of z such that (z,y) is in the extension of a where y is relevant in the utterance
situation) is redundant as far as anaphoric definite descriptions are concerned. And
in fact, as Zimmermann notes, there is in principle the possibility of an indefinite
interpretation, when the definite article is replaced by the indefinite: A captain.
However, if a relational noun shows definite ellipsis as an indefinite, as does victim
in (50). there is reason to assume a Presupposition, such as: There is some event to
be described as an accident, an attack, a calamity, or the like.
(50) In the night of the American bombardment, Anna Braun,

a survivor, and her mother, a victim, were asleep in their beds.
To be sure, there are several cases of implicit anaphora remaining problematic on the
account proposed; notably implicitly anaphoric adverbials like 2 miles away, elliptic
comparatives, implicitly deictic words like come and go, and nouns like enemy,
where a presupposition is difficult to identify. It may ultimately turn out that some
instances of zero argument anaphora are not presuppositionally but inferentially
driven, depending on relevance, coherence, or informativeness considerations.
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4 Conclusions

In a nutshell, I have tried to describe zero argument anaphors not as anaphors in
their own right but simply as variables accidentally occurring in a presupposition.
Unless the connection between definite ellipsis and presupposition is appreciated,
covert anaphors are a variant of overt anaphors, which are presuppositional de se
in that they introduce discourse referents in the presupposition structure. However,
once the presuppositions of the predicates are taken seriously, the zero anaphors
reduce to argument positions, so to speak; and via general properness principles, in
particular prohibiting free occurrences in the presupposition structure, the referents
surface in the position of anaphora, in the universe of the presupposition structure.
Thus implicit anaphors come out as truly implicit in that they do not come with
an instruction to find an antecedent, instead, such an instruction comes about in-
directly through the presupposition involving them. In this way, it is not necessary
to notate the anaphoricity of certain zero arguments as opposed to others.

Another advantage of this account is that it allows a uniform treatment of null
anaphors which have no overt anaphor counterpart because the verb simply has
no syntactic argument place to provide. Partee (1991) notes that “not all depen-
dent elements take complements or otherwise offer a ‘site’ for a ‘null pronoun’”, as
evidence against regarding (primarily deictic) null elements as concealed pronouns.
The present account draws a sharp distinction between zero and overt anaphors, and
this accords well with cases where it is not possible to substitute an overt anaphor.
A clear example is the German verb nachdringen (approximately two-place replace
with an optional complement). This verb takes no complement, but semantically,
it is two-place. and the second argument is invariably anaphoric. The anaphoricity
comes about through the presupposition of nachdrédngen(x,y): y goes away.

1 do not claim that every form of zero anaphora is presuppositionally conditioned,
but I do claim that zero argument anaphors are presuppositionally conditioned -
typically or generally. In any case, a presupposition is a sufficient condition, and this
mechanism can be shown to account for a considerable subset of zero anaphors.
Whether a presupposition is also a necessary condition is an empirical question.
As elsewhere. there are a number of clear cases, but also quite a few less clear cases.
In some. a case can be made that the predicate triggers a presupposition after all.
But I leave the possibility open that the presuppositional account must ultimately
be supplemented by some other principle.
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Polarity, veridicality, and temporal connectives

Victor Sdnchez Valencia, Ton van der Wouden, Frans Zwarts
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I am strongly inclined to maintain
that the rules for our grass-roots
employment of temporal conjunc-
tions - not only "at the same time”,
but also "before” and ”after” - be-
long to the domain of formal logic.
Peter Geach, Logic Matters, 1972:
316.

1 Introduction

The purpose of this paper! is to draw attention to the semantical properties
of before, after. and related elements. In particular, we shall raise the ques-
tion whether the occurrence of negative polarity items in before-clauses can be
described in terms of the semantic structure of the connective. In order to pro-
vide an answer, we adopt the analysis proposed by Landman (1991), which is
based on Anscombe’s (1964) discussion of before and after, and incorporates
the findings of Heinimiki (1974), Hinrichs (1981), Partee (1984) and Over-
steegen (1989). We then show that before is not only a monotone decreasing
connective, but has the characteristic properties of an n-word.2 This result will
enable us to point out some unexpected connections between the phenomenon
of negative polarity, on the one hand, and ontological assumptions about the
flow of time, on the other. In particular, we will prove that before can only be
analyzed as an n-word if the model of time underlying natural language is the
model of linear time. We also discuss two other interesting features of Land-
man's account: before and after cannot be treated as converses. and before is
what Montague (1969) calls nonveridical in that it doesn’t force us to accept the
truth of the clause it introduces.® Veridicality and monotonicity turn out to be

1. The work reported here is part of a larger project entitled Reflections of Logical Patterns
in Language Siructure and Language Use, which is supported by the Netherlands organization
for scientific research (NWO) within the framework of the so-called PIONIER-program. We
wish to thank Rainer Biuerle, Erhard Hinrichs. Bill Ladusaw, and Henriétte de Swart for
their part in discussing the semantic properties of before and afier.

2. The notion of an n-word is due 1o Laka Mugarza (1990), who uses the term to describe
universal negatives like nadie 'no one', nada 'nothing’ and nunce 'never' in Spanish. Though
Laka herself regards these expressions as existential polarity items, Zanuttini (1991) argues
that they should be treated as universal negatives. Van der Wouden and Zwarts (1993) main-
tain that Romance n-words are at times polarity items and at times universal negatives, a
point of view which was advanced earlier in Zanuttini (1989). For present purposes, an n-word
is simply a universal negative which has the semantic structure of what will hereinafter be
referred to as an anti-additive expression.

3. We refrain from employing the terminology introduced by Heindmaéki (1974), who calls
before ‘non-committal’ instead.
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related properties, since it can be shown that monotone decreasing connectives
are nonveridical in nature.

2 Negative polarity items

The term polarity item, as applied to language, allows us to describe the be-
havior of certain words and phrases with respect to negation. One class of such
expressions, usually referred to as the class of negative polarity items, requires
the presence of a negative element in the sentence. As an illustration, consider
the examples in (1).

(1) a. XNone of the children noticed anything
b. *Each of the children noticed anything

The ungrammaticality of (1b) proves that the presence of the noun phrase each
of the children is not sufficient to Justify the occurrence of the polarity item
anything. Apparently, it is only negative expressions such as none of the chil-
dren that are capable of licensing such elements. We must not suppose that
this is a peculiar feature of English. Similar patterns can be found in Dutch
and German, as shown by the examples in (2) and (3).

Dutch
(2) a. XNiemand zal zulk een beproeving hoeven te doorstaan
No one will such an  ordeal need to go through
"No one need go through such an ordeal’
b. *Iedereen zal zulk een beproeving hoeven te doorstaan
Everyone will such an  ordeal need to go through
*"Everyone need go through such an ordeal’
German

(3) a. Keiner wird solch eine Priifung durchzustehen brauchen
No one will such an  ordeal to go through  need
"No one need go through such an ordeal’
b. *Jeder wird solch eine Priifung durchzustehen brauchen
Everyone will such an  ordeal to go through  need
*Everyone need go through such an ordeal’

Although the contrasts between these sentences may well seem perplexing at
first, Ladusaw (1979) has shown that they can be explained in terms of the
monotonicity properties associated with various words and phrases. By way of
illustration. consider the conditional At least one villager sang londly — At
least one villager sang. Provided that the structure of the universe is such that
the class of individuals associated with the verb phrase sang loudly (VP;) is a
subset of the class of individuals associated with the verb phrase sang (VP3),
we may legitimately pass from the proposition At least one villager sang loudly
to At least one villager sang. What this means is that noun phrases of the form
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at least n N have are monotone increasing: if NP VP and VP; € VPy, then
NP VP;. The same test shows that expressions of the forms some N, every N
and both N are also upward monotonic. For if the predicate ate fish applies
only to what the predicate ate also applies to, then the following conditionals
are all valid: Some porters ate fish — Some porters ate, Every child ate fish —
Every child ate, Both lawyers ate fish — Both lawyers ate.

It turns out that monotone increasing noun phrases have a decreasing
counterpart. To demonstrate this, we begin by considering the conditional At
most one villager sang — At most one villager sang loudly. Whenever the state
of affairs in the universe is such that the class of individuals associated with
the verb phrase sang (VP;) is 2 superset of the class of individuals associated
with the verb phrase sang loudly (VP2). we may legitimately pass from the
proposition At most one villager sang to At most one villager sang loudly. This
is important because it entails that noun phrases of the form at most n N are
monotone decreasing: if NP VP, and VP2 C VP, then NP VP5. In a similar
manner, one easily shows that expressions of the forms not every N, no N and
neither N are also downward monotonic. For if the predicate ate applies to
whatever the predicate ate fish applies to, then the following conditionals are
all valid: Not every woman ate — Not every woman ate fish. No attorney ate —
No attorney ate fish, Neither connoisseur ate — Neither connoisseur ate fish.

In the light of the distinction between upward and downward monotonic
noun phrases, the contrasts in (1), (2), and (3) admit only one explanation:
the class of elements which are capable of licensing the occurrence of negative
polarity items is coextensive with the class of monotone decreasing expressions.
This conclusion is corroborated by the contrasting examples in (4).

(4) a. At most five of the children noticed anything
b. *At least five of the children noticed anything

Of the two phrases at most five of the children and at least five of the children,
it is only the first that can act as a licensing expression for the negative polarity
item anything - a state of affairs which must be attributed to the circumstance
that at most five of the children belongs to the class of monotone decreasing
noun phrases, and at least five of the children, to the class of monotone increas-
ing noun phrases.

2.1 Weak and strong polarity items

Negative polarity items can be either of the weak, or of the strong, type. In
order to get a clear view of the content of this distinction, one does well to take
the following Dutch and German examples into consideration.

4. A more elaborate discussion of weak and strong forms of polarity can be found in Zwarts
(1993) and van der Wouden (1994).
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Dutch
(5) a. Hoogstens én kind zal zich hoeven te verantwoorden
At most  one child will himself need to Justify
‘At most one child need Jjustify himself’
b. Niemand zal zulk een beproeving hoeven te doorstaan
No one will such an  ordeal need to go through.
'No one need go through such an ordeal’

(6) a. *Hoogstens zes agenten hebben ook maar jets bemerkt
At most st cops  have anything  noticed
“At most six cops noticed anything’
b. Niemand heeft van de regenbui ook maar iets bemerkt
No one has of the rain anything  noticed
"No one noticed anything of the rain’

German
(7) a. Hochstens eine Frau wird sich zu verantworten brauchen
At most  one woman. will herself to Justify need
"At most one woman need justify herself’
b.  Keiner wird solch eine Priifung durchzustehen brauchen
No one will such an ordeal to go through  need
"No one need go through such an ordeal’

(8)  a. *Hochstens zehn Kinder haben auch nur irgendetwas bemerkt
At most ten children have anything noticed
‘At most ten children noticed anything’
b. Keiner von diesen Leuten hat auch nur irgendetwas bemerkt
None of these people has anything noticed
‘None of these people noticed anything’

The contrast between (5) and (7). on the one hand, and (6) and (8), on the
other. proves that expressions such as ook maar iets and auch nur irgendetwas
place stronger restrictions on their environments than the negative polarity
items hoeven and brauchen (‘need’). As the ungrammatical sentences in (6)
and (8) show, neither Dutch ook maar iets nor German auch nur irgendetwas
is satisfied with the presence of a monotone decreasing expression of the form
hoogstens (hdchstens) n N "at most n N’. Instead, both seem to require an
n-word like niemand (keiner) 'no one' or keiner von diesen Leuten ‘none of
these N'. As a matter of fact, the distinction between weak and strong forms of
negative polarity appears to correspond with that between monotone decreasing
and so-called anti-additive noun phrases.

Monotonic noun phrases are characterized by the fact that they are closed
under supersets or subsets. If they are closed under supersets. they are mono-
tone increasing; if they are closed under subsets, they are monotone decreasing.
This does not exhaust the matter. for a closer look reveals that there are several
alternative ways to determine whether a noun phrase is upward or downward
monotonic. In fact, monotonic noun phrases can be given a number of logically
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equivalent characterizations. The next theorem provides the relevant details.

Fact
(9) a. A noun phrase is monotone increasing iff the following two schemata
are logically valid:
(a) NP (VP; and VP3) — (NP VP; and NP VP3);
(b) (NP VP; or NP VP;) — NP (VP; or VP3).
b. A noun phrase is monotone decreasing iff the following two schemata
are logically valid:
(a) NP (VP; or VP3) — (NP VP; and NP VPy);
(b) NP VP; or NP VP2) — NP (VP] and VP2).

On the basis of these tests one can arrive at fairly accurate judgments concerning
the presence of monotonicity properties. It is readily established, for instance,
that expressions of the forms many N, most N, and several N are all upward
monotonic. The class of monotone decreasing noun phrases, on the other hand,
can be shown to include expressions of the forms few N, no N, and not all N.

The foregoing result gives us yet another way of characterizing the behav-
jor of monotonic expressions. If we regard the semantic value associated with
noun phrases as a function, the typical monotonicity patterns can be repre-
sented as in (10).5

Upward monotonic Downward monotonic
(10) a. flxny) C flx)Nnf(y) c flxuy) € fla)nfy)
b. fl@)Uf(y) C fleuy) d fl@)Ufly) C flxny)

Tt should be noted that the formulas in (10c) and (10d) correspond to one half of
the first, and one half of the second, law of De Morgan, respectively. Inasmuch
as these laws can be said to characterize the use of negation, monotone decreas-
ing phrases may be regarded as being weakly negative. We can now show what
the difference is between a monotonic expression and one which is additive or
anti-additive. An element which is additive displays the pattern in (11a); one
which is anti-additive exhibits the pattern in (11b).

. Additive Anti-additive
a. fzuy)=Ffl@x)Ufly) b flzuy) = f(@)N f(y)

In other words, anti-additive phrases embody a stronger form of negation than
downward monotonic ones in that they are governed by the first law of De
Morgan as a whole. This logical difference is reflected in the behavior of the
negative polarity items in (5)-(8). Whereas Dutch hoeven and German brauchen
are content with a monotone decreasing expression like hoogstens (hdchstens)
n N as licensing element, ook maar iets and auch nur irgendetwas require the
presence of an anti-additive phrase like niemand, keiner or keiner von diesen
Leuten.

(11)

5. Monotone increasing functions are sometimes said to be isotone. Their monotone decreas-
ing counterparts. defined in (11), are accordingly referred to as antitone functions. See Birkhoff
(1967: 3) and Stoll (1974: 55), among others.
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By way of illustration we give here a formulation of the laws which govern
the distribution of negative polarity items.

Laws of negative polarity
(12)  a. Only sentences in which a monotone decreasing expression occurs
can contain a negative polarity item of the weak type.
b. Only sentences in which an anti-additive expression occurs can con-
tain a negative polarity item of the strong type.

According to the first law, the presence of a monotone decreasing expression
Is a necessary condition for the appearance of negative polarity items of the
weak type. The second law stipulates that negative polarity items of the strong
type require the presence of an anti-additive expression as licensing element. To
forestall any misunderstanding, we note that every anti-additive expression is
also a monotone decreasing expression. It follows that negative polarity items of
the weak type can also occur in sentences containing an anti-additive expression.

2.2 A hierarchy of negative expressions

Although the distinction between monotone decreasing and anti-additive ex-
pressions may not at first seem transparent, it finds its origin in the fact that
phrases of the forms no one, nothing, neither N and none of the N embody
a stronger type of negation than those of the forms at most n N and few N.
This becomes apparent when we compare the logical behavior of such elements
with that of the sentential prefix it isn't the case that. By way of illustration,
we consider the biconditionals in (13).

(13)  a. It isn't the case that Jack ate or Jill ran «
It isn’t the case that Jack ate and it isn't the case that Jill ran
b. It isn’t the case that Jack ate and Jill ran «
It isn't the case that Jack ate or it isn't the case that Jill ran

One sees immediately that the equivalences in (13a) and (13b) must both be
-accepted as valid - a state of affairs which admits of no other explanation than
that the operation in question is governed by the laws of De Morgan. This ob-
servation is important because it has frequently been argued that the logical
patterns in (13) characterize the use of negation. Although such a conclusion
is correct with respect to sentential negation and similar expressions, it must
be regarded as misleading when it comes to other forms of negation. Not only
does natural language contain a variety of negative expressions, their logical
behavior is also not the same. In order to convince ourselves of this fact, we
consider the conditionals in (14).

(14)  a. Few trees will blossom or will die —
Few trees will blossom and few trees will die -
b. Few trees will blossom and few trees will die bl
Few trees will blossom or will die



¢. Few trees will blossom and will die /4
Few trees will blossom or few trees will die

d. Few trees will blossom or few trees will die —
Few trees will blossom and will die

;From these examples it is clear that the phrase few trees, though a negative
expression, differs substantially from the prefix it isn’t the case that. Of the four
conditionals presented above, only two are valid: the one in (14a) and the one
in (14d). In other words, the logical behavior of noun phrases of the form few N
is governed by one half of the first law of De Morgan and one half of the second
law of De Morgan. In this regard, they are by no means alone, for it requires
little reflection to realize that monotone decreasing noun phrases of the forms
at most n N. not all N, only a few N and no more than n N behave in much
the same way. What this suggests is that such expressions embody a weak form
of negation.

It turns out that there exists, in fact, a whole hierarchy of negative ex-
pressions. For not only do we have phrases of the forms few N and at most n
N. but we also find anti-additive cases such as no N, none of the N and no
one. The latter category differs from the former in that it expresses a stronger
form of negation. The following conditionals provide a clear illustration.

(15) a. No man escaped or got killed — No man escaped and no man got
killed
b. No man escaped and no man got killed — No man escaped or got
killed
¢. No man escaped and got killed 4 No man escaped or no man got
killed
d. No man escaped or no man got killed — No man escaped and got
killed

From these examples we may conclude that the noun phrase no man, regarded
as a negative expression, differs considerably from few trees. Of the four con-
ditionals presented above, no less than three must be counted as valid: the one
in (15a). the one in (15b), and the one in (15d). What this means is that the
logical behavior of noun phrases of the form no N is determined by the first
law of De Morgan as a whole and one half of the second law of De Morgan.
We must not suppose that this is a mere accident, for it is easy to see that
the property in question also holds of anti-additive noun phrases of the forms
none of the N, neither N and no one. The conclusion must therefore be that
expressions of this type embody a stronger form of negation than monotone
decreasing phrases like few N and at most n. N, though not as strong as the
type of negation expressed by the sentential prefix it is not the case that.
There is another class of expressions which represents a stronger form
of negation than the monotone decreasing ones, but which is independent of
the class of anti-additive expressions. These are the so-called antimultiplicative
elements, which are typically associated with the semantic pattern in (16b).
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(16) Multiplicative Antimultiplicative
a flzny)=f@)Nfy) b flzny) = fla)U )

It is easy to see that the antimultiplicative expressions differ from their anti-
additive counterparts in that they validate not the first, but the second law of
De Morgan as a whole. Well-known representatives of this group are phrases of
the forms not all N, not every N and not always.

3  Temporal connectives

Negative polarity items such as anyone and ever can occur in several tempo-
ral environments, among them before-clauses. As is illustrated by the contrast

between (17) and (18), before differs in this respect from after. which does not
allow such elements.®

(17) a. The children left before anyone had arrived
b. The boys died before they ever reached Nice

(18)  a. *The children arrived after anyone had left
b. *The boys died after they ever reached Nice

We must not suppose that this is a peculiar feature of English. Similar patterns
can be found in Spanish and Dutch, as shown by the examples in (19) and (20),
which feature the negative polarity items mover un dedo lift a finger’ and ooit
‘ever',

Spanish
(19) a. Juan se fué antes que Marfa moviera un dedo para ayudarle’
Juan left  before Maria lifted a finger to help him
‘Juan left before Maria lifted a finger to help him'
b. *Juan se fué después que Marfa ha movido un dedo para ayudarle
Juan  left after  Maria had lifted a finger to help him
‘Juan left after Maria had lifted a finger to help him’

Dutch
(20) a. De kinderen vertrokken voordat zij ooit een tempel gezien hadden
The children  left before they ever a  temple seen  had
"The children left before they ever saw a temple’
b. *De kinderen vertrokken nadat zij ooit een tempel bezocht hadden
The children  left after they ever a temple wvisited had

6. See Heindmiki (1974) and Ladusaw (1979), among others.

7. Like its French counterpart avant que (see de Swart 1991). antes que requires the presence
of a subjunctive in the clause it introduces. In what follows, it will be argued that this is a
consequence of the non-veridical nature of both connectives. Henriétte de Swart informs us
that avant que. as opposed to aprés que, licenses the use of paratactic negation (so-called
expletive ne) as well.
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"The children left after they ever visited a temple’

In view of the fact that expressions such as anyone, ever, mover un dedo, and
ooit are typically restricted to downward monotonic contexts, this means that
before must receive a monotone decreasing function as its semantic value. The
temporal connective after, on the other hand, cannot be associated with such
a function.

It is easy to establish that before is not only downward monotonic, but
behaves like an anti-additive expression. As the Dutch examples in (21) clearly
show, it is possible for the strong polarity item ook maar iets to appear in a
clause which is introduced by before.

Dutch
(21) a. De kinderen vertrokken voordat zij ook maar iets ontdekt hadden
The children  left before they anything discovered had
“The children left before they had discovered anything’
b. Wij zullen vertrokken zijn voordat zij ook maar iets ontdekken
We  will left have before they anything discover
"We will have left before they discover anything’

Such patterns can be found in German as well. The strong polarity item auch
nur irgendetwas. for example, may be part of a clause headed by bevor 'before’.

German
(22) a. Er ist abgefahren bevor sie auch nur irgendetwas bemerkt hatten
He has  left before they anything noticed have
"He left before they noticed anything’
b. Er wird abgefahren sein bevor sie auch nur irgendetwas bemerken
He will left have before they anything notice
‘He will have left before they notice anything’

This raises the question how the anti-additive behavior of elements like voordat
and bevor can be derived from the associated semantic values.

4 Landman’s analysis

At first sight, it is perfectly natural to regard after and before as converses. This
way of portraying the matter entails that p after q (henceforth: pAq) should ex-
press the same as g before p (henceforth: gBp). The definitions which Landman
(1991: 141) proposes are given in (23).* Since he restricts his attention to after
and before as past tense operators, they only characterize the retrospective use
of these connectives. The corresponding prospective definitions are given in (24).

Retrospective definitions
(23)  a. pAq(to) iff 3z < to A plx) A3yly < 2 A g(y)]]

8. Note that t is used to indicate an arbitrary moment of evaluation.



b. pBq(to) iff 3z[x < to Ap(z) AJyle <y < to Ag(y)]]

Prospective definitions
(24)  a. pAq(to) iff 3zfto < z A p(z) A Tyly < 2 Ag(y)])
b. pBq(to) iff 3x[to < z Ap(z) Aylte <z <y Aq(y))]

From this it follows immediately that the statement Juan arrived before Maria
arrived can only be true if Maria arrived after Juan arrived is a true statement
as well. It is also clear, however, that the different behavior of before and after
with respect to negative polarity items cannot be explained in this way. For that
reason, Landman proposes that the retrospective definition in (23b) be replaced
by the somewhat more complex characterization in (25a). The corresponding
prospective definition is given in (25b).

(23)  a. pBq(to) iff 3xfx < to A p(z) AVY[(y < to A qy)) = a < 9]
b. pBq(to) iff 3xfto <= Ap(x) AVY[(ta < y A q(y)) — 2 < y]]

Such an account is attractive in more than one respect. To begin with, it no
longer forces us to infer from the truth of the whole sentence that the clause
headed by before should also be true. That this is indeed the right approach
is shown by the work of Heinimiki (1974), who points at the existence of sen-
tences like (26).

(26) They left the country before anything happened

Here we have a clear example of the nonveridical use of before: one can accept
the truth of the whole sentence without being forced to accept the truth of the
beforeclause. Heindméki (1974) speaks in such cases of 'non-committal’ before.
Following Anscombe (1964). she distinguishes two other uses as well: ‘factual’
and ‘nonfactual® before. In the first case, the truth of the whole sentence implies
the truth of the before-clause. as in (27).

(27) John checked the car carefully before he bought it

In the second case, we may legitimately pass from the truth of the whole sen-
tence to the falsity of the before-clause. According to Heinamiki, a typical
example is the sentence in (28).

(28) Max died before he saw his grandchildren

Landman’s treatment of before is compatible with all three uses and conse-
quently doesn’t force us to distinguish more than one lexical element. The
definition in (25) makes before a nonveridical connective whose characteristic
feature is that pBq doesn’t necessarily imply ¢. This is reflected in the linguistic
behavior of the Romance counterparts of before, which require the presence of
a subjunctive in the clause they introduce. After, on the other hand, must be
regarded as belonging to the class of veridical connectives: by definitions (23a)
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and (24a), pAq unconditionally implies g. We assume that such elements always
select the indicative mood.

Even more important is the fact that Landman’s analysis entails that be-
fore and after cannot be treated as converses. If pBg doesn’t necessarily imply
g, then we aren’t forced to infer gAp either. A closer look reveals that this
property holds in the opposite direction as well: g4p doesn’t necessarily imply
pBg. As observed by Heinémiki (1974), and before her by Anscombe (1964),
we are not always able to pass from the truth of (292) to the truth of (29b).

(29) a. Doris travelled all over the world after she finished her studies
b. Doris finished her studies before she travelled all over the world

In view of Landman’s analysis, this need not surprise us. By virtue of definition
(23a). the sentence in (29a) is true if there is a moment #; at which Doris
travelled all over the world is true and a moment fp preceding t; at which
Doris finished her studies is true. Obviously, this is compatible with a situation
in which Doris travelled all over the world is true both before and after the
moment at which Doris finished her studies is true. However, in order to be
able to infer (29b), every moment at which Doris travelled all over the world
is true must be preceded by the moment at which Doris finished her studies is
true. In other words, Landman’s account not only predicts that pBg does not
imply ¢gAp. but it also predicts that gAp does not imply pBg.

The present treatment of before thus solves three problems: the observed
lack of veridicality, the absence of a transition from pBg to ¢Ap (as a result of
the non-veridical nature of before) and the absence of a transition from gAp to
pBy (as a result of the use of an existential quantifier over moments of time in
the semantic characterization of after, but a universal quantifier over moments
of time in the characterization of before). It remains to be seen how Landman’s
analysis deals with the fourth problem: the possibility of strong polarity items in
before-clauses and the impossibility of negative polarity items in after-clauses.®

5 The main theorem

To prove that before is anti-additive it is enough, in virtue of definition (11b),
to prove that it validates the biconditional in (30).

(30) pB(q V r)(to) < (pB(q)(to) A pB(r)t(o))

9. Linebarger (1987) claims that the occurrence of the negative polarity item budge an inch in
* The mule sighed before 1t budged an inch leads to an ungrammatical sentence. In her opinion,
this should be contrasted with The mule sighed piteously for hours before the heartless owner
budged an inch. which is perfectly acceptable. As Jack Hoeksema reminds us, however, it is by
no means clear that the observed contrast is a matter of well-formedness. Pragmatic factors
influencing acceptability may be responsible instead. See also von Bergen and von Bergen
(1993). The OED (s.v. soldier) gives the following example (from Melville’s White Jacket):
off Cape Horn some ‘sogers’ of sailors will stand cupping. and bleeding. and Ulistering before
they will budge.
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We assume that the interpretation of disjunction in a temporal setting is the
usual one. That is to say:

(31) (g V 7)(t0) = (g(ta) V (r)(t0))

It can be shown that from this, together with the characterization of before in
(25), it follows that (30) is valid from left to right. For the reverse, we must
assume that the model of time underlying natural language is the model of
linear time.

5.1 The easy part

In what follows, we will restrict our attention to the retrospective use of before.
It should be emphasized, however, that everything we say about retrospective
before holds for prospective before as well.

We begin by noticing that the formulas in (25) and (31) allow us to ex-
pand pB(q V r)(1g) into (32).

(32) Bzfx <to A p(a) AVY[(y < ta Ag(y) V r(y))) — a < ]

It is easy to see that within this formula the disjunction (g(y) v r(y)) is part of
the antecedent of a conditional. Because conditionals are monotone decreasing
with respect to their antecedents. this means that the disjunction in question
may be replaced by a stronger formula.!® In particular, we wish to consider the
formulas that result from replacing the occurrence of (g(y) Vv r(y)) in (32) by
any of its two proper subformulas.

(33) & Jnfr <ta Ap(a) AVYI(y < to Ag(y)) — 2 < 9]
b. Jrlr <to Ap(@) AVY[(y < ta Ar(y)) - & < y]]

By definition (25). the formulas in (33a) and (33b) may be replaced equivalently
by pBg(to) and pBr(to), respectively. Clearly. these sentences may be conjoined
by the introduction rule for A, which gives us the result in (34).

- (34) pB(qV r)(ta) = (pBq(to) A pBr(ta))

In view of definition (9b), this shows that before is monotone decreasing with
respect to the clause it introduces. as desired,

5.2 A countcrexample

The argument from right to left is more difficult. As a matter of fact, without
additional assumptions about the flow of time the relevant formula, given in

10. The relation of strength among formulas is usually defined in terms of entailment. We say
that p is stronger than g if p entails g. In monotone decreasing contexts. this means that ¢
may be replaced salva veritate by p. In monotone increasing contexts, on the other hand, we
find the opposite to be the case: p may be replaced by the weaker formula g. See Kadmon
and Landman (1993) for an interesting attempt to describe the distribution of any in terms
of strength of propositions.
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(26). permits the construction of a countermodel.

(35) (pBq(to) A pBr(to)) — pB(q V r)(to)

To see this, we consider the branching model in (36).
(36)

t1

q
oty
P

Notice. to start with, that according to the definition in (253) pBg holds at 2o if

1. there is a p point and it lies earlier than tq itself; and

2. all points, if any, at which g is true lie between this p point and #o itself
Look at any of the two branches in this model, for instance, the upper one. The
only potentially falsifying ¢ point is located on this branch, but is preceded by
a p point and so p B q is verified by this branch and a fortiori by this model.
Similarly. the only » point located on the lower branch is preceded by a p point
and so there is no way of falsifying p B r. Consequently, we have shown that
the model in (36) verifies (pBq) A (pBr).

On the other hand, notice that the ¢ and r points in (36) are also (g V r)
points. But the upper p point does not precede the lower (¢ V r) point. By the
same token we can argue that the lower p point does not precede the upper
(gVr) point. Hence, there is no p point in this model of which we can truthfully
say that it precedes all the (¢ V1) points. This proves that pB(qV r) does not
hold at 1q.

5.3 Eliminating the counterexample

The the above argument rests essentially on the branching nature of the relation
of temporal precedence. If we assume that the model of time underlying natural
language is linear, it can be shown that before is anti-additive. To see this it
is enough to check what happens when we adopt a non-branching perspective.
Suppose we merge the two branches. Let us concentrate on the three possibilities
that arise with regard to the p point t; and the only r point.
1. Suppose the r point is identified with the upper p point ;. In this case
the lower p point, t, will precede all the (g V ) points.
Suppose the r point precedes t;. Once more the lower p point, t2, will
precede all the (g V r) points.
3. Suppose t; precedes the r point. In this case, the upper p point, ¢1, will
precede all the (g V r) points.

w

Thus. we see that in such a setting our counterexample does not arise. In fact,
it can be proven that no model in which the underlying precedence relation is
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transitive and connected falsifies the biconditional in (30).1 This means that
before is invariably anti-additive in linear models of time.

6 Restricted definitions

The truth definitions in (25) become inadequate when repetition is involved.12
In order to see this, it is sufficient to take the situation in (37) into consideration.

(37) q P q
L J [ ] [ ] L ]
i3 io 1 To

It follows from the retrospective definition of before that if John lighted a
cigarette and later he coughed and then lighted a cigarette again, we cannot
truthfully say John coughed before he lighted a cigarette. The reason is that the
existential and the universal quantifier in (25) are both unrestricted, ranging
over the entire past, relevant or not. It should be clear that this leads to truth
value evaluations which are not at all in accordance with our intuitions.

Interestingly, these problems were anticipated in Anscombe’s (1964) dis-
cussion of before and after. One of the analyses of before which she considers is
the following.

“p before " means “There was some time at which p such that every time
at which ¢ was after it” (1964: 10)

Although such an account yields the right truth conditions for sentences which
contain an occurrence of the negative polarity item ever in the before-clause,
Anscombe rejects this analysis because it doesn't adequately deal with certain
uses of plain before. To quote her verbatim:

Now this formulation is right for “I was in Greece before You were ever
in Italy™: but “I was in Greece before vou were in Italy” may be true,
although -1 was in Greece before you were ever in Italy™ is false. Or again
“He studied his appearance in the glass before he used the telephone” may
well be a true piece of narrative: it does not at all suggest that he studied
his ’appem-ance in the glass before he ever in his life used the telephone.
(1964: 13)

The foregoing passage clearly shows that Anscombe was aware of the difficulties
that repetition creates for the truth definitions in (25). But it is equally clear
that the source of these difficulties is the use of unrestricted quantification.
This forces us to take the whole time axis into consideration when evaluating a
sentence of the form pBg. In particular, if we find a situation as depicted in the

11. A standard first-order argument showing this is presented in Sdnchez Valencia, van der
Wouden. and Zwarts (1993).
12. We owe this observation to Henriétte de Swart.
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diagram in (37), we will have to conclude that pBg is false, even if the points
at which ¢ is true are far apart and in some cases contextually irrelevant.

There are other considerations which suggest that tensed sentences should
not evaluated with respect to the whole time axis. One of the issues that Partee
(1973) addresses is the problem of interpreting negated statements against the
background of indefinite time. The sentence she discusses is I didn 't turn off the
stove, which illustrates the deictic use of the past tense morpheme. As Partee
observes, when uttered halfway down the turnpike, such a sentence does not
mean either that there exists some time in the past at which I did not turn
off the stove or that there exists no time in the past at which I turned off the
stove. The sentence clearly refers to a particular time whose identity is generally
obvious from the context.

One way to obtain a correct semantics for Partee’s example is to abandon
the idea that sentences are to be evaluated at a single point. Inst ead, one eval-
uates at points with respect to a relevant time span. In the case at hand, this
means that we propose that the unrestricted definition of retrospective before
in (23b) be replaced by the restricted one in (38a), in which a definite time span
7 has been substituted for the indefinite past. The corresponding prospective
definition is given in (38b).

(3%) a. pBq(I.to) iff 32 € Ifx <to Ap(x) AVy € Iy <t0Aq(y)) —a < Y]]
b. pBq(l,to) iff Jn € Ifto < = Ap(x) AVY € I[(to <y Aq()) = & < yl]

It should be emphasized that such an approach solves the problem of repetition
as well. To see this, it is enough to take the model in (37) into consideration.
If the relevant time span I includes t1, t2. and t3. then pBq(I,to) is false. But
if this time span is restricted to t; and t2, then pBq(I,1q) is true, as desired.

Note that the restricted definitions in (38) do not affect our reasoning
with regard to the relationship between anti-additivity and the structure of
time.

7  Nonveridicality

It is easy to see that the definitions in (25) and (38) make before a nonveridical
connective one of whose pronounced features is that pBg doesn’t necessarily im-
ply g. Other connectives with this property are or, unless and without, among
others. In many cases, the absence of veridicality is not a coincidence. Since it
can be shown that monotone decreasing connectives are always nonveridical,
the observed lack of veridicality must often be regarded as a consequence of
the downward monotonic nature of the element in question. In order to demon-
strate this, we will record a simple, but useful fact.

Fact

(39) Let C be a connective which is both veridical and monotone decreas-
ing with respect to its second argument. Then pCq — g A g.
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Proof . Suppose that pCq is true. Since (gA—g) — ¢ is a logical truth,
it follows from the monotone decreasing nature of C that pC(g A —)
Is true as well. Therefore, by the veridicality of C, g A —. o

The above result proves that no connective can be both veridical and downward
monotonic with respect to a given argument place. In other words: every con-
nective which is monotone decreasing in a given argument place is nonveridical
in that argument place and every connective which is veridical in a given ar-
gument place is either monotone increasing or nonmonotonic in that argument
place.

8 A comparison of ’before’ and ’after’

If we assume that the model of time underlying natural language is the model
of linear time. then before must be classified as a connective which is both
anti-additive and nonveridical in its second argument. Matters are different,
however, when we turn to the first argument position. The presence of the ex-
istential quantifier in the definitions (25) and (33) is sufficient to make the ele-
ment in question additive and veridical in its first argument. What this means is
that the logical behavior of before is characterized by the valid formulas in (40).

(40) 2. (pVq)Br« (pBrV¢Br)
b. pB(qV r) « (pBq ApBr)
c. pBg—p

Accordingly. we expect to find negative polarity items in the subordinate clause,
but not in the main clause. The examples below show that this is the right pre-
diction.

(41) a. The children left before anyone had arrived
b. *Anyone arrived before the children had left

In view of the fact that before is anti-additive in its second argument, we even
expect to find strong polarity items in the subordinate clause. That this is
indeed the case is shown by the Dutch and German examples in (21) and (22).

A closer look at the semantics of the temporal connective after, presented
in (23h) and (24b), reveals that it is additive and veridical in both argument
places. The logical behavior of the element in question can therefore be char-
acterized by means of the valid formulas in (42).

(42)  a. (pVQ)Ar o (pArvqAr)
b. pA(gVr) - (pdg VpAr)
c. pAdg—rp
d. pdg—q



Consequently, we do not expect polarity items in either the main, or the sub-
ordinate, clause. The ungrammatical sentences in (43) confirm this expectation.
(43) a. *Anyone left after the children had arrived
b. *The children arrived after anyone had left

9 A problem with ’since’ and 'until’

The logical behavior of the temporal connectives since and until has been stud-
ied by Kamp (1968). He presents two truth definitions: one for the retrospective
use of since and one for the prospective use of until.

(44)  a. pSq(to) iff x|z < to Ag(x) AVylz <y < to — p(y)]]
b. pUq(t0) iff afto < x A g(x) AVyY[(to <y < & — p(y)]]

Tt is readily established that since and until, so defined, are multiplicative with
respect to their first argument, and additive with respect to their second argu-
ment. Moreover, the existential quantifiers in (44) ensure that both connectives
are veridical in the q position. If the relation of temporal precedence is not only
linear. but dense. they will be veridical in the p position as well. This means
that the logical behavior of the two connectives is characterized by the valid
formulas in (45).

a. (pAg)Sr e (pSragST) e (PAQUr«— (pUrAqUr)
. b. pS{gvr) e (pSqvpSr) f pU(gvr)«— (pUqVpUr)
(45) s U
c. pSq—p g pUg—p
d. pSq—q h. pUg—yq

For the sake of clarity the semantical properties of after and before, since and
until have been listed in table 1.

Table 1: Semantical properties of four temporal connectives

p after q | p before g p since ¢ p until g

p position | additive additive multiplicative | multiplicative
veridical veridical veridical veridical

g position | additive | anti-additive additive additive
veridical | nonveridical veridical veridical

In view of the monotone increasing nature of since and until, both in the p and
in the g position, Kamp's analysis predicts that we will not find negative polarity
items in either clause. It is interesting to see that there are several counterex-
amples. Bolinger (1977: 31), for example, reports that the sentence It's been a
week since I bought any is perfectly acceptable. In the corpus of English texts
that Hoeksema is collecting. we also find a number of sentences which appear to
involve the polarity item anyone. The relevant cases have been collected in (46).
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(46)  a. It’s two weeks since anyone was towed away from outside their door,
the Computerland clerk tells me
b. "You know, it's been a long time since anyone did that for me’. 'Did
you like it?’ I asked
¢. 'W-what’s that for?’ "It's been a while since anyone’s been to the
bathroom’

Curiously enough, Dutch does not allow polarity items at all in such examples.
This might be taken to suggest that any-phrases differ substantiall y from other
types of polarity items in their distributional properties. On the other hand, the
Dutch grammarian Paardekooper (n.d.) tells us that tot(dat) "until” is capable
of licensing ook maar iets ‘anything at all’ in examples like (47):

(47) Het zal heel lang kunnen duren totdat er hier ook maar iets veran-
dert
It will verylong can  last until there here anything changes
It will take a long time before anything changes here’

Note, however, that sentence (48) which involves the perfect instead of the fu-
ture is considerably worse:

(48) 7Het heeft heel lang geduurd totdat er hier ook maar iets veranderde
It has very long lasted until there here anything changed
It took a long time before anything changed here’

This suggests that the polarity item ook maar iets in (47) is licensed by the
future operator which is nonveridical, though not monotone decreasing.

10 A similar problem with ‘as soon as’

The temporal connective as soon as and its Dutch equivalent zodra present us
with a similar problem. When used retrospectively these expressions are clearly
veridical in both argument places. As prospective connectives, however, they
.appear to be nonveridical. A number of negative polarity items seem to be sen-
sitive to this distinction, as is clear from the examples in (49).

(49)  a. *De kinderen vertrokken zodra zij ook maar iets ontdekt hadden
The children left as soon as they anything dicovered had
*'The children lefl as sovu as they had discovered anything'13
b. De kinderen zullen vertrekken zodra zij ook maar iets ontdekken
The children will leave as soon as they anything discover
"The children will leave as soon as they discover anything’

We see that ook maar iets and anything are only compatible with zodra and
as soon as if these elements are used as prospective connectives, with present

13. Greg Carlson informs us that the English equivalent is just as bad as the Dutch sentence.
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or future tense. It is not clear, however, whether the polarity items are licensed
by the connective or by the tense operator. It is also not clear whether the non-
veridicality of prospective as soon as and zodra entails downward monotonicity.
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An algebraic appreciation of diagrams

Jerry Seligman®

1  Are diagrams terms?

At least since Frege, it has been widely acknowledged that the concepts of function
and argument are indispensable tools in linguistics. This idea is most clearly and
forcefully expressed by Montague in [3]. Simply put, Montague claims that algebraic
semantics is completely general: the semantic values of syntactic parts of a linguistic
svmbol are related to the semantic value of the whole in the same way that the de-
notation of subterms of a term are related to the denotation of the whole term. This
follows alinost directly from the assumption that the symbol is unambiguous and
Frege's principle of compositionality. Any unambiguous symbol is uniquely analysed
as the result of composing its syntactic parts together in a way that determines the
meaning of the whole from the meaning of the parts. Consequently, any symbol
can be seen to have the abstract term structure ‘F(Sy,....Sy), where St
are the term structures of its principal components, and F stands for the mode in
which thev are composed. By the principle of compositionality, F can be given an
algebraic interpretation, as the function mapping the semantic-values of S1,..., 5,
to the semantic-value of the whole symbol.

It is very tempting to suppose that the Frege-Montagne view of semantics
applies quite generally, not just to language but to all forms of symbolic represen-
tation. After all, the approach has a great track record. In computer science, the
method of using algebraic specification-languages has proved a powerful tool in the
analvsis of data-structures and programming languages. In linguistics, especially in
semantics. an allegiance to the Frege-Montague approach has inspired many of the
advances of the last thirty years. Moreover, the approach is very robust—quite often
apparent detractors can be brought back into the fold if a sufficiently abstract view
is taken (see Janssen's [2]).

One would expect simple diagrammatic systems of representation, such as
Venn diagrams and Euler circles, to be ideal candidates for an analysis along Frege-
Montague lines. Each diagram is composed from & finite number of diagrammatic
objects, such as circles, ellipses, crosses and shading, perhaps with a few simple
annotations: and the meaning of the diagram is clearly composed from the meaning
of its parts. Two such diagrams are shown in Figure 1.

Indeed. one might try to argue, as follows, that all diagrammatic systems
can be given the abstract syntax of terms. First, fix a co-ordinate frame for each
diagram—for instance, that provided by measurement in inches, vertically and hori-
zontally, from the mid-point of the paper. Associate each component of the diagram
with its position within that frame. For each integer n, and each n-tuple ¢ of co-
ordinates, let F, stand for the syntactic operation of drawing a diagram by placing
its ith argument at co-ordinate position a;. Together with a range of atomic sym-
bols of various sizes, this is enough to specify an abstract term structure for every
diagram.

The author wishes to express his gratitude to the Institute for Logic. Language and Compu-
tation. Universiteit van Amsterdam, for its hospitality during the period in which this paper was
written, and to the Science and Engineering Research Council of the United Kingdom for funding.
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Figure 1: Homeomorphic diagrams

The proposal fails because it is manifestly at odds with our use of diagrams.
Imagine that the diagram on the left of Figurel were to be transformed imper-
ceptibly; the above analysis would assign a distinct syntactic structure to the new
diagram, even though we take it to be syntactically unchanged. The compulsion
that the two diagrams are syntactically equivalent is as basic as the compulsion
that two inscriptions of the same word are instances of a common syntactic type.

Clearly, there must be some partition of the uncountably many syntactic
forms into those which we regard as syntactically equivalent. The crucial difference
between dingrams and linear systems of representation lies in how this partition is
to be made.

A characteristic feature of linear systems, such as written language, is that
their symbols can be divided into segments in a way which is invariant across all
instances. For example, this sentence can be divided into ten words. Any other
inscription of the sentence can also be divided into ten words, and the sentences
will be syimtactically identical if and only if they match word-for-word.! Once such a
segmentation is given, the possibility of following the Frege-Montague line is opened:
at the very worst, one can regard each symbol as a term built from primitive symbols
and the operation of concatenation.

By contrast, the task of finding a useful segmentation of diagrams is quite
hopeless in all part the most trivial cases. Indeed the fact that primitive components
of a diagrain overlap is often of the utmost importance in determining the meaning
of the whole. The uncountably many arrangements of diagrammatic objects on the
page must be partitioned in a different way.

A moment’s thought suggests a viable alternative: the structure of most dia-
grams is invariant under many transformations of the plane, such as enlargement,
rotation. reflection. and even more general topological transformations: so perhaps
we can partition diagrams into classes which are closed under a given set of transfor-
mations. Put slightly differently, the proposal is that the syntactic type of a diagram
is an Invariant of some class of transformations.

Exuactly which transformations are chosen will depend on the diagrammatic
system we are analysing. In this paper, we will consider only the very simplest of
diagrammatic systems, in which syntactic type is taken to be a topological invari-
ant Venn diagrams and Euler circles fall into this category, because their meaning
depends only on facts about whether or not one diagrammatic objects overlap with
another, and not on the size or shape of the object. However, we must not be too
quick to identify syntactic type using semantic equivalence. Although—we claim—
any adequate semantic theory of Venn diagrams should ensure that semantic-valie
is a topological invariant, it need not be the same invariant as syntactic type. Just
as in language. there are many semantically equivalent diagrams which are not

1. Of course. this is an idealization. In phonology, the problem of providing a segmentation of
natural speech is very difficult, and some argue for a “tiered” approach in whicli several stacked
segments are required for a correct analysis. Nonetheless, it is almost universally accepted that
spoken language has a segmental syntax at some level of analysis,
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Figure 2: Basic diagrams: connected and not
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Figure 3: Three deviant diagrams

naturally analysed as being of the same syntactic type.

We acopt the most liberal approach to diagram syntax by identifving syntactic
type with invariance under homeomorphisim. By this criterion, the diagrams in
Figure 1 are syntactically equivalent.

2 Basic diagram syntax

Although we believe that the methods adopted in this paper can be applied to any
diagrammatic system in which syntactic type is identified witli invariance under
homeomorphism, we will anly consider the simplest of such system, in which the
only diagrammatic objects are simple closed curves. 2

Definition 2.1 A (basic) diagram D = (Op.Op) consists of a rectangular region
Op of the real plane, and a finite set Op of simple closed curves inside Op, such
that the following conditions hold.

(i) No two curves intersect without crossing.

(ii) No two curves intersect at more than finitely many points.

(iii) No three curves intersect at the same point.
The region Op is called the rectangle of D, and each member of Op is called a
curve of . D is said to be connected ifl each pair of curves intersects at exactly
two points or not at all.

Examples of connected, and disconnected basic diagrams are shown in Fig-
ure 2, on the left and right, respectively. The labels ‘A’, ‘B’ and ‘C'". are not con-
sidered part of the diagram itself, they are merely annotations which enable us to
refer to the curves in the text. Diagrams which fail to satisfy conditions (i) to (iii)
are shown in Figure 3.

Notation Given a function f:A — B, we often need to refer to the associated
function mapping each subset X of A to its image under f, namely {f(x) |z € X}
To avoid notational clutter, we call this function f, and rely on the reader to discern
which function is meant. Likewise, we use =7 to refer both to the function mapping

2. A simple closed curve is a homeomorph of the unit. circle.
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each subset ¥ of B to its inverse image under f, namely {: € A| f(x) € Y}, and
to the inverse of f, if it has one. To support this convention, we banish sets which
contain a subset as a member.

Definition 2.2 Given a diagram D and a homeomorphism h of the plane, the
image of I) under h, written h(D), is the pair {(h(Op), {h(c) | c € Op}).

If D is a diagram and h(Op) is rectangular then hD is also a diagram; more-
over, if D) is connected, so is hD. Thus the class of diagrams (and the class of
connected diagrams) is “almost” closed under homeomorphic images. We could lift
the restriction to rectangular rectangles—and with it the “almost” of the previous
statement—but the need for such restrictions is often present in more complicated
diagrammatic systems of representation, and so it would be somewhat artificial to
do so.

Definition 2.3 Diagrams D; and D; are said to be syntactically equivalent iff
there is a homcomorphism h such that Dy = hD,.

3 Basic diagram semantics

Basic dingrimns may be interpreted by taking each curve to represent a class of
individuals. A diagram is trie under an interpretation just in case the set-theoretic
relationships between the clusses are as portrayed. For example, the dingram shown
on the right of Figure 2 is true under an interpretation just in case every member
of the class represented by the curve labelled ‘B’ is also a member of the class
represented by the curve labelled ‘A’. The curve labelled ‘C* may be interpreted as
any class whatsoever, without effecting the truth-value of the diagram.

We can sharpen the account of how a diagram receives a trnth-value with
the aid of « simple thought-experiment. To see if a diagram is true under an inter-
pretation. imagine placing each individual on the diagram in such a way that it is
surrounded by a curve if and only if it is a member of the class represented by that
curve. If this can be done, the diagram is true under the interpretation: if not, it is
false. We invite the reader to check that this method agrees with conunon sense.

Interpretations of diagrams are modelled using structures called classifications.?

Definition 3.1 A classification A consists of two sets tok{( A) and fyp(A), whose
elements are called tokens and types, respectively, and a binary relation of classifi-
cation between them. We write a 14 a to mean that token « fol{ A) is classified
by type a € typ(A), dropping the subscripted ‘A" when no ambiguity can arise.
The extension a of a type a € typ(A) is defined by a = {a€ tol(A)|a: a}.

A generic example of 4 classification is a relational structure. all of whose
relations are unary—indeed the reader may prefer to think of all classifications in
this way, amd niay interpret our definitions and results accordingly. 4

Definition 3.2 Given a diagram D, an interpretation of D consists of a classifica-
tion A, together with a function f:0p — typ(A). The diagram is true under the
interpretation, written A, f = D, iff there is a function g: tok{A) — Op such that
for each a € tok(A), and each ¢ € Op,

3. The theory of classifications is developed by Barwise and Seligman in a series of papers, the
most recent being [1]

4. The advantage of using classifications is that we will be defining structure-preserving maps
between classifications which do not generalize easily to arbitrary relational structures.
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a4 f(c) iff g(a) is surrounded by c. ®
A function g satisfying the above is called a witnessing function of the interpretation.

Our informal account of interpretation can be recaptured by regarding the
type f(c) as the class represented by the curve c of D, whaose members are the
elements of f(c). The function g witnesses the imaginary placement of individuals
in our thought-experiment.

In support of our definition of syntactic equivalence, we show that interpre-
tations commute with homeomorphisms.

Notation Given functions f: A — B and g: B — C, the function gf: A — C is the
composition of f and g. Given a set A, the function id(A4): A — 4 is the identity
function on A.

Claim 3.3 Given a diagram D and a homeomorphism h, if (A, f) is an interpre-
tation of D then (A, fh™!) is an interpretation of D, and

A fEDIFA fR-1ERD.
PROOF: Given a homeomorphism h, a simple closed curve ¢, and a point p, p is
surrounded by ¢ iff h(p) is surrounded by h(c). The rest follows from the definitions.
QED

4 Diagram classifications and links

We will now work towards an alternative characterization of the syntax and seman-
ties of basic diagrams using some concepts from the theory of classifications and
links. The first step is to see diagrams as classifications.

Definition 4.1 For any diagram D, D is the classification defined by: tok(D) =
Op. typ(D) = Op, and for each point p € Op and each curve ¢ € Op. p:p cifl pis
surroundecl by .

The 1ext step is to see interpretations as links between a diagran classification
and the classification into which the diagram is interpreted.

Definition 4.2 Given classifications A and B, and functions f: typ(A) — typ(B)
and g: tok{B) — tok{A), the pair (f, g} is an S-link from A to B, written f,g: A = B,
iff for each b € tok(B) and each a € typ(A), gla) :a @ iff a:p fla). ©

Claim 4.3 A, f |= D iff there is a g such that f,g: D - A
PRroor: Direct from the definitions. QED

This characterization puts the following, purely link-theoretic question in fo-
cus: given a function f:typ(A) — typ(B), what property must f have for there to
be a function g: fok(A) — tok(B) such that f, g: A = B, and when is the choice of
g uniquely determined? For the reminder of this section, we will work towards an
answer. First, we introduce a useful abbreviation.

5. A point in the plane is surrounded by a simple closed curve iff it lies in the (bounded) open
region bounded by the curve.

6. In the language of (1], an ‘S-link’ is a Strongly Sound link with functionality "=, i.e., it is
‘S’-shaped.
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Definition 4.4 Given classifications 4 and B. a function Jityp(A) — typ(B) is a
partial S-link from A to B iff there is a g: tok{B) — tok( A) such that f,9: A = B,

To sharpen Claim 4.3, we would like to show that there is a one-one corre-
spondence between true interpretations and S-links. In general, it is not true that
a partial S-link f:typ(A) — B has a unique extension to an S-link f,g9: A = B.
However, we can find another classification A.., such that if f uniquely determines
and is determined by an S-link from A.. into B.

Definition 4.5 Given a classification A, elements a,b € tok(A) are indistinguish-
able, written a ~ b, iff for each a € typ(A), a 14 a iff b:4 a. The indistinguisha-
bility class of a, written [a], is the set of elements of tok(A) which are indistin-
guishable from a. The ~-quotient of A is the classification AL with tok(A.) =
{la]~ | a € tok(A)}, typ(A~) = typ(A), and l[a]w 4. @iffa g a.

Theorem 4.6 If f jsapartial S-link from A to B then there is an S-link f, fo: AL 2 B,
and for any S-link f,g9: A. = B, f is a partial S-link from A to B and fv=g.

To prove Theorem 4.6 we will need to establish a few elementary properties
of links and ~-quotients. First, note that S-links compose in the obvious way: if
J.00AZ B and f, 9" BZ C then f'f, g9 A= C. Also, for any classification A,
there is an identity link, id(1yp(A)),id(t0k{A)): A = A. Finally, if f.9: A = B and
both f and g are bijections, then (f. g) is called an isoinfomorphism and A and
B are said to be isoinfomorphic, written A = B. As expected, the compositions
(f=1f.997") and (ff~1g™1g) are the identity links on A and B. respectively.

A classification is related to its ~-quotient by the following lenmna.

Lemma 4.7 Given classifications A and B, there are functions y4 and 7.4 such
that

(i) iff.g0AL. 2 B then f.n4sg:AZ B
(ii) if f,y: A= B then f,isqg: A2 B

PROOF: Let ji 4: tok( A) — tok(A.) be the function mapping eacli « € tok(A) to its
indistinguishability class, and let 174: tok(A.) — tok(A) be a function which selects
a representative of each indistinguishability class, so that yqy.4 is the identity func-
tion on tok( A. ). From these definitions, it is easy tosee that id(fyp(A)). jiq: AL = A
and id(1yp{A4)),14: A = A.. The two parts of the lemma follow by composition of
S-links. - QED

Unlike classifications in general, ~-quotients have the useful property that
any partial S-link from A_ is uniquely extendable to an S-link.

Lemma 4.8 If f,g;: A. = B and f.qy: A.. = B then 91 = 03.

PROOF: By Lemma 4.7(i). f.n40:: A = B and finaga: A= B. So for each b €
tok(B) and each a € typ(A), n4g1(b) 14 a iff b:g fla) iff 7492(b) : 4 a. showing
that 1491(b) ~ 1492(b). Thus pansg1(b) = panaga(h). But pany = id(tok(A)),
and so g, (h) = ga(b). QED

PROOF OF THEOREM 4.6: Given that A4, f E D, the existence of ¢ follows from

Claim 4.3 and Lemma 4.7(ji), the uniqueness from Lemma 4.8. The converse follows
from Claim 4.3 and Lemma 4.7(i). QED
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5 Consistent and tautologous diagrams

The results of the previous section provide us with a way of investigating the logical
properties of diagrams.

Definition 5.1 A diagram is consistent iff it is true under at least one interpreta-
tion, and tautologous iff it is true under every interpretation.

Observe that every diagram can be interpreted in itself: by Claim 4.3, the
existence of the identity link on D establishes that D,id(Op) = . Thus:

Corrollary 5.2 Every diagram is consistent.

And. by compasition of links, we can see that S-links between interpretations
are truth-preserving.

Corrollary 5.3 If A, f = D and f’ is a partial S-link from A to B then B.f'fE
D.

As promised, Theorem 4.6 vields a characterization of the true interpretations
of diagram D as S-links from D...

Corrollary 5.4 If A, f = D then f, fo: D = A is the unique S-link from D. to
A extending [. Moreover, for any S-link f,g:D. < A, A, f E D.

Thns. for any diagram D, the classification D contains all the information
necessary to evaluate the truth of D under an interpretation. It is finite and very
easy to inspect. especially when D is connected. because then the tokens of D.. are
just the smallest regions bounded by curves of the diagram.

An important aspect of our analysis is that S-links can be used to study both
the semantics and the syntax of diagrams in a uniform way. The bridge is made by
exploring the idea that one diagram can be interpreted in the dingram-classification
of another.

Definition 5.5 Given two diagrams D and I, a function f:Op — Op is a
diagram-homomorphism from D to D' iff f is a partial S-link from D to D'. A
diagram-homomorphism is a diagram-isomorphism iff it is a bijection and its inverse
is also a diagram-homomorphism. Diagrams [ and ' are isomorphic iff there is
an isomorphism from D to D',

The diagrams in Figure 2 are isomorphic, with an isomorphism given by asso-
ciating curves with the same labels. To check whether two diagrams D and D’ are
isomorphic it is often advisable to look for an isoinfomorphism between D.. and
D... This is clearly sufficient, but the existence of such an link is also necessary.

Claim 5.6 Diagrams D and D’ are isomorphic iff D.. = D.,.

PROOF: Suppose f:Op — Op is an isomorphism from D to D'. By Theorem 4.6,

f.foD. = D' and {7}, f7: D, = D. So, by Lemma 4.7 and composition of links,

fid{op)f~tid(op’), fonp f7 i np: DL = D But fid(op)f~tid(0p') = id(Op) and

so (fid(Op)f~tid(Op’), fenp f71np) must be the identity link on D, by Lemma 4.8,
Thus fonpf7'np = id(tok(D..)). A similar argument shows that fmpfonp =

id(tok(D")). and so 7 np = (fonp)™". The required isoinfomorphism is therefore

{f. fonp’). The converse is trivial. QED
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Figure 5: The diagram D,

The following two Lemmas follow straight from Claim 4.3 and the definition
of homomorphism.

Lemma 5.7 If A, f' = D' and f:0p — Op is a homomorphism then A, f'f = D.
Lemma 5.8 f:Op — Op: is a homomorphism ifD',f ED.

Definition 5.9 A diagram D is free iff for each diagram D', every function from
Op to Op: is a homomorphism. Examples of free diagrams are given in Figure 4.

Theorem 5.10 A diagram is tautologous iff it is free.

PROOF: Suppose D is a tautologous diagram. For any diagram )’ and any function

f:Op—0Cp.D'.fl=D.so fisa homomorphisi, by Lemma 5.8. Thus D is free,
Conversely, suppose I is free and (A. f) is an interpretation of ). For each

a € tok{A). let f, be the function from Op to the curves of the diagram D, depicted

in Figure 3, defined by

_f do if a:f(c)
fa(C)—{ d? otherwise

fa is a homomorphism, because D is free, and so there is a fiunction Ja such that
Ju:ga: D = D,. Now define the function g: tok(A) — tok(D) by g(a) = gu(*), where
‘" is as marked in Figure 5. Noting that g(a) :p ¢ iff *:p, fo(c) iff @ ‘4 fle), we
can conclude that f,g:D = A. and so A, f = D. QED

Corrollary 5.11 Tautologous diagrams with the same number of curves are iso-
morphic. :

PROOF: QED
If D and I)' are tautologous diagrams with the same number of curves then there
is a bijection f from Op to Op:. By Theorem 5.10. D and D' are bLoth free, so f
and f~! are both homomorphisms, and so f is an isomorphism.
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This shows that the diagrams Fy, Fy, Fy and F3, shown in Figure 4, are
the unique tautologous diagrams with 0, 1. 2, and 3 curves. respectively, up to
isomorphism. In fact, these diagrams are also the unique tautologous, connected
diagrams in their size, up to syntactic equivalence. Unfortunately. we will see later
that the series cannot be continued.

Definition 5.12 Diagram D’ is an extension of diagram D, written D’ 2 D, iff
Op = Op: and Op € Op:. We also say that D is a subdiagram of I)'.

Diagram D' is a free extension of diagram D, written D' > D, iff I’ 2 D and
for any diagram D" and any function f:Opr — Opw if the restriction of f to Op is
a homomorphism then so is f. D is simple iff it is a free extension only of itself.

Corrollary 5.13 D is tautologous iff D > F.

PRrRooF: For any f:Op — Opr, the restriction of f to O, = @ is just the empty
function, and so is a homomorphism. Thus D) > Fy iff D is free. The result then
follows from Theorem 5.10. QED

6 Covers

A different kind of characterization of partial S-links (and so of trme interpreta-
tions and dingram homomorphisms) can be obtained by looking for the structural
property they preserve.

Definition 6.1 Given a classification A and sets T, 2/ C #yp(A4). let [E.Z'] =
Moz — Unrzge @l The pair (2. F) is a cover iff [Z, '] = 0. A subcover of a
pair (E.T7) is any cover (Zq.Ef) such that o & T and Ty € ¥'. A function
fityp(A) — typ(B) is said to preserve covers from A to B ifl the image under f of
each cover in A is a cover in B.

Theorem 6.2 A function f:typ(A) — typ(B) is a partial S-link iff it preserves
COVers.
Proor: If f is a partial S-link then there is a g such that f.g: A = B. For any
T.Y C typ(A). we will show that if b € [fE. [X'] then g(h) € [Z.E']. which is
enongh to show that f preserves covers. So. for any b € [fESET] and any a €
typlA),

ifae X thenbe fla). sobea, and

ifa'eT thenbd f(a'),sobga'.

Conversely. if f preserves covers, we define a function g: tok(B) — tok(A) as
follows. For each b € tok(B), let £7 = {3 € typ(B) | b:p 8} and let £ = typ(B) -
T; . Note that b € [Z7.Z;]. Also note that fIEE € Iy and ffTIE C I,
and so b € [ff~'Zy, ff'E;]. But then (f~'Ty, f~'E7) is not a cover, because
f preserves them. So pick any a € [f~1Z; . f7'E, ] and let g(h) = a. We leave it to
the reader to check that. for each a € typ(A). g(b) 14 e iff b:p fla). QED

The theorem may be applied to both interpretations and homomorphisms.

Corrollary 6.3 A, f | D iff f preserves covers.

Corrollary 6.4 f:Op — Op is a homomorphism iff f preserves covers from D to
D'



Corrollary 6.5 D is a tautologous diagram iff D has no non-trivial covers.
PROOF: For every interpretation (A, f) of D, f preserves trivial covers. so the result
follows from Corollary 6.3. QED

Covers are also useful for studying free extensions.

Lemma 6.6 D' is a free extension of D iff each non-trivial cover in D' has a
subcover in D.

Theorem 6.7 Every diagram is the free extension of & unique simple diagram.

PROOF: Let core(D) be the subdiagram of D with Ocore(D) = N{cp | D' < D).
We show that core(D) < D, and so establish that core( D) is the smallest subdiagram
of D with this property. Suppose (C, C') is a non-trivial cover in D with no proper
subcover. We call such a cover a minimal pair of D. For all I < D, (C,C") has
a subcover in D', by Lemma 6.6. By minimality, this subcover can only be (C, c’)
itself: and so (C.C") is also a cover in core(D)), by construction of the latter. We
have shown that every minimal cover in I is also a cover in core(?). The subcover-
order is clear]y well-founded, so every cover in I) contains a minimal subcover in D,
and hence also in core(D): thus core(D) < D. by Lemma 6.6 again. Now core(D) is
clearly simple, and every D' < D is a free extension of core(DD). so core(D) is the
only simple subdiagram of D having D as a free extension. QED

Definition 6.8 For each diagram D, let core(D) = {(Op.N{0p' | D’ < D}) be the
unique simple subdiagram of D having D as a free extension,

Finally, we leave the proofs of the following three claims to the reader.

Claim 6.9 cure(D) is the largest simple subdiagram of D.

Claim 6.10 Given diagrams D and D' the following are equivalent.
(i) There js a homomorphism from D' to a free extension of D.
(ii) Therc is a homomorphism from core(D') to D.

Claim 6.11 core(D) is isomorphic to core(D)') iff there are homomorphisms from
core(D) to D' and from core(D’) to D.

7  Constructing diagrams

The association of a diagram D with the classification D respects our notion of
syntactic equivalence in the following sense.

Claim 7.1 Syntactically equivalent diagrams are isomorphic.

PROOF: If D and D' are syntactically equivalent then there is a homeomorphism
h such that hD = D'. It is easy to see that h=! h: D' = D is an isoinfomorphism.
QED

However, the converse of Claim 7.1 is not true, even if we restrict it to free

diagrams which are connected. The isomarphic, free, connected diagrams shown in
Figure 6 are not syntactically equivalent. This is a shame, because C'orollaries 5.11
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Figure 6: Isomorphic, free, connected diagrams, which are not syntactically equiv-
alent.

(a) ) (e)

Figure 7: Freely extending a diagram

and 6.5 suzaest a strategy for constructing all free diagrams. If for each » we can
construct one free diagram with n curves then we can be sure that it is the unique
free diagram with n curves, up to isomorphism. Unfortunately. that is not enough
to guarantee svntactic equivalence.

To canstruct the tautologous diagrams we must therefore be a little more
cunning that one might have expected. First. we show that any diagram can be
freely extended by one curve.

Construction 7.2 Recall that any finite number of points inside a rectangular
region can be joined by a simple closed curve Iving inside the region. The following
is an algorithm for constructing such a curve. If there is only one point then a (small
enough) circle passing through the paint will do. If there is more than one point
then there are two cases, depending on whether or not the points are collinear. If
they are, then they lie on a line of a finite length, which forms the side of a (small
enough) rectangle. If they are not collinear, draw a line through each pair of points
in the collection. Pick one of the resulting minimal regions (a convex polygon) and
call its centre ¢. No two points of the collection are collinear with ¢. Order the points
according to the size of the angle a line drawn from the point to ¢ mikes with the
horizontal. C'onnect the points with straight lines in the order jnst determined, to
form a simple polygon—of course, any closed curve connecting the points in this
order will do as well.

Now suppose D is a basic diagram, to which we wish to add a curve freely.
Pick points in each ~-class of I, none of which lie on one of the curves. Join the
selected points them with a simple closed curve, as shown above. Because D is a
basic. there are only a finite number of points of intersection, so we cim always draw
a curve which avoids them all and intersects the old curves in only a finite number
of places: this guarantees that the resulting diagram is also basic.
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Figure 7(a) shows a three-curve diagram with selected points marked by
crosses. In (b), the crosses have been joined by straight lines, following the above
algorithm. In (c), a smother curve is chosen.

Claim 7.3 If D’ is constructed from D in accordance with Construction 7.2 then
it is a free extension of D.

PROOF: By construction, each ~-class E of D contains a point p lyving on the new
curve. The point p was selected so that it does not lie on any of the curves of D,
and so it is contained in the interior of E, which is an open set. The new curve
passes through p and so it divides the interior of E (and hence E also) into two
non-empty regions. Thus if ¢ is the new curve, neither ¢N E nor E — C are empty.
Consequently. if (T', ") is a cover of D' then either ¢ € AT and so (T, T) is trivial,
or (I' = {c}.T" — {c}) is a cover of D. The result follows by Lenmma 6.6. QED

Construction 7.2 gives us a method of constructing free dingrams of each size,
thus characterizing the free diagrams up to isomorphism. To improve on this re-
sult. we need to show that every free diagram is syntactically equivalent to one
constructed in this way. To do this, we must look a little more closely at the con-
struction.

Definition 7.4 Given a diagram D, a sequence P1y--yPy, of points in Op is a
blueprint of D iff
Lo foreach i # 7 <n, p; #p;
2. P1 =My
3. for each i < n. there is a simple curve with endpoints pi and p;_;. and which
crosses one curve of D exactly once.”
Blueprints py,...,pn and qi,...,qm of D are equivalent iff n = m and for each
1 < n. there is a curve with endpoints p; and g; which does not intersect any of the
curves of D.
Given any simple closed curve ¢ in Op. we say that Pr.... .y is a Dlueprint of
¢ ifl for every segment s of ¢ bounded by (but not containing) points of intersection
with curves of I, there is an i < n such that p; lies on s.

Construction 7.5 Given a diagram D and blueprint py,....p,. For each i < n,

there is a curve ¢; with endpoints p; and p;.;, and which crosses exactly one curve
of D exactly once. Draw a closed curve ¢ by joining up the curves Cleve oy Oy

Construction 7.5 provides a finer degree of control than Construction 7.2,
but it has the drawback that it may not produce a basic diagram, because the con-
structed curve may not be a simple closed curve—it may intersect itsell. Nonetheless,
it is more general.

Claim 7.6 Given a diagram D and a curve ¢ € Op. D results from the diagram
D' = (Op.Cp — {c}) by an application of Construction 7.5.

PRroor: Divide ¢ into segments s, ..., s, bounded by, but not containing, points
of intersection between ¢ and curves of D'. (There are only a finite number of
segments. because ¢ crosses any other curve of I at most finitely many times, and
there are only a finite number of curves in D—both restrictions imposed by the
definition of basic diagram.) For each i < n, select a point p; on s;. The sequence
P1.--..py is a blueprint for ¢, and so ¢ can be constructed from it by an application

of Construction 7.5. QED

7. A simple curve is a homeomorph of the closed unit interval.
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Figure 8: Equivalent extensions

The [ollowing theorem gives the condition under which snccessful applications
of Construction 7.5 yield syntactically equivalent diagrams,

Theorem 7.7 Let D be a diagram, and let ¢ and d two simple closed curves in Op,
which are not contained in Op. and do not lie on any of the intersection points of D,
but which have equivalent blueprints. If ¢ and d also surround the same curves of D,
then the diagrams (Op,Op U {c}) and (Op,0Op U {c}) are syntactically equivalent.
PROOF: Suppose pi,...,pn and qu,...,q, are equivalent blueprints of ¢ and d,
respectively. For each i < n, there are segments s; of ¢ and 1; of d which are
bounded by, but do not contain, points of intersection with the curves of D. The
points p; and ¢; lie on s; and ¢;, respectively: and there is a curve with endpoints p;
and g;, which does not cross any of the curves of . Figure 8(i) depicts the situation.

Let a; be the point of intersection of ¢ with a curve of D between p; and p;+1,
whose existence and uniqueness is implied by the fact that py. .. .. Py, is a blueprint
of ¢. Likewise, let y; be the point of intersection of d with a curve of D, between g;
and gj+1.

Claim 1 The points z; and y; lie on the same curve of D and 1o other curves of
7 intersect the region pipi=1Gi+1Gi-

PROOF OF CLAIM: First note that z, and y; are the only points of curves of Dto
cross the boundary of the region. This follows from observations already made, stem-
ming from the fact that the corner points of the region lie on equivalent blueprints
of the curves c and d. Thus the curve of D which enters the region at x; must either
terminate inside the region, or else leave at either x; or ;. The first possibility is
excluded because every curve of d is closed, and the second is excluded because
no curve of ) is self-intersecting. The only remaining possibility is that the curve
entering at @; leaves at y;, which is just to say that x; and y; lie on the same curve.
No other curve can enter the region, because z; and y; are the only possible entry
points, and neither c nor d lies on an intersection point of D (by hypothesis). Finally,
if there were any curve lying entirely within the region, it would be surrounded by
either ¢ or d. but not by both, which is forbidden by hypothesis.

If we now consider the whole curves ¢ and d, it is clear that they are related in
the manner depicted in Figure 8(ii). In other words, the region bounded by ¢ and d
is a "pinched” annulus crossed by a finite number of segments of curves of D. By a
standard extension theorem (?), any homeomorphism of ¢ onto d which maps p; to
g; and z; to y; (for 0 < i< n), can be extended to a homeomorphism of the plane
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which maps ¢ to d, while keeping the rectangle and curves of D fixed. QED

Corrollary 7.8 If D, and Dy are free extensions of I which result from the addi-
tion of curves c and d, and ¢ and d have equivalent blueprints. then D, is syntacti-
cally equivalent to Dy.

PROOF: If D, and Dy are free extensions of I then ¢ and d must intersect all the
curves of I, and so there are none which they surround. QED

Corrollary 7.9 There are countably many syntactically non-equivalent diagrams.
PROOF: In any diagram D there are onl y countably many non-equivalent blueprints.
So, by Theorem?7.7, D has only countably many extensions with one extra curve.
The result follows by induction on the number of curves in a diagram. QED

We will now see how to enumerate basic diagrams, up to syntactic equivalence,

Definition 7.10 Let D be a diagram. Blueprints py,....p, and q1,...,q, in D
are co-extensive iff for each i < n there is a 7 < m and a curve with endpoints
pi and g,. and which does not intersect any curve of D. We define the order of a
blueprint in I by induction:

(0) A blueprint in D has order 0 iff there is no shorter, co-extensive blueprint in

{n) A blueprint in D has order n+ 1 iff it does not have order n but every shorter,
co-extensive blueprint has order n or less.
An extension D’ of D has order n iff it has one extra curve, and that curve has a
blueprint of order n.

Note that if we restrict our attention to connected diagrams, every one-curve
extension has order 0. Unfortunately, we do not yet know whether there are free
connected dingrams of every size; but we can be certain that there are always
extensions of order 0.

Corrollary 7.11 Every diagram has a finite, positive number of syntactically non-
equivalent. vne-curve extensions of order n.

Corrollary 7.12 There are a finite number of syntactically non-equivalent. free
diagrams with n curves.

Thus, by enumerating blueprints, we can enumerate the tautologous diagrams,
up to syntactic equivalence.

8 Valid diagrammatic arguments

Our next goal is a link-theoretic characterization of valid arguments using diagrams.
It is not sufficient to represent a diagrammatic argument just as a sequence of
premise diagrams and a conclusion. In addition, we need to know which curves in
the conclusion are intended to represent the same class as curves in the premises.
In other words, we must record the connections between curves in the premises
and conclusion which establish co-reference. In informal use. these connections are
indicated by gestures, labels, or simply by the act that a concrete image standing
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for the conclusion is arrived at by a process of modifying concrete images of the
premises in a way that leaves some of the original curves in tact.

The easiest way to model co-reference between curves is to pretend that all
the curves in both premises and conclusion are labelled.®

Definition 8.1 Let L be a set. An L-labelled diagram is a pair (D, )), consisting
of a diagram D) together with a function A\:Op — L. It is properly-labelled iff Ais
one-one. (D, ) is syntactically equivalent to (D', X'} iff there is a homeomorphism
h such that hD = D’ and A = Nh.

Let L be a fixed countably infinite set of labels. We draw labelled diagrams
by writing the label A(c) next to the curve ¢, in the expected way. Our decision
not to regard the labels as part of the diagram itself is reflected in the definition of
syntactic equivalence: we only require the curves with the same label to be preserved
under homeomorphism, not the labels themselves. Two properly-labelled diagrams
are shown in Figure 2. An improperly labelled diagram is shown in Figure 9.

Definition 8.2 An L-interpretation is a classification A with fyp(A) = L. An L-
labelled dingram (D, A) is true under an L-interpretation A. written A | (D, A)
iff A.x = D. An L-labelled diagram is consistent iff it is trme under at least one
L-interpretation, and tantologous iff it is true under all.

Tiven a set A of L-labelled diagrams and an L-labelled dingram (D, X}, we say
that (1. A} is a consequence of A, and write A |= (D, A), iff every L-interpretation
under which each labelled diagram in A is true is one under which (D, A) is also true.
Labelled dingrams (D, A) and (D, )} are logically equivalent iff (D.A) = (D, Al
and (D', \) = (D. A)

Claim 8.3 Given an L-model A. and an L-labelled diagram (D, A), the following
are equivalent:

1. AE (D).

2. X D= A

3. X preserves covers.
Proor: IFrom Theorems 4.6 and 6.2. QED

In order to use this theoren to extend the results of the previous sections, we
need some wuy of relating arbitrary interpretations of a diagram to L-models. To
do this. it is convenient to make use of another concept from the theory of links.

Definition 8.4 Given a classification A, and a relation r C typ(A) x B, we define
the coherent projection of A along r, written rA, as follows. For each a € tok(A),
define

at={3€B|3actypld) a:sa and (a,f)€ r}

a~ ={3€ B|3ac€ typ(A) a faa and {a, B) € 1}
Let A4 be the classifications with tok(rA) = {a € tok{A) |a™ Na™ =0}, typ(rA) =
rng(r), and « ;.4 Jiff BE€a™.

Lemma 8.5 For any labelled diagram (D, ). let (\) be the graph of A. Then
2.id(0p):D = (AD
Proor: By construction. QED

8. Another strategy is to represent the co-reference relation between curves (See Shin's [4]). It is
fairly easy to see that this is equivalent.
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C

Figure 9: A tautologous labelled diagram

The classification (X)D does for labelled diagrams what D did for unlabelled
diagrams.

Theorem 8.6 Every labelled diagram is consistent.

PROOF: Let ((3)D)* be any L-model extending (A\)D (which must exist: assign
arbitrary extensions to the labels not occurring in rng(X)). The inclusion function
is a partial S-link, and so by compesition with the link in Lemma 8.5, we have
(MDY~ (D, A). QED

Theorem 8.7 A labelled diagram (D, M) Is tautologous iff (\)D has no non-trivial
COVers.

PROOF: If {\}D has no non-trivial covers, then by Theorem 6.2. for any L-model
A.id(rng{A)) is a partial S-link from (A)D to A. By composition with the link in
Lemma 8.5, X = id(rng()\))A is a partial S-link from D to A. Then. by Claim 8.3,
AE (D).

Conversely, suppose (D, )) is tautologous. For any function. f:L — typ(A),
let Ay be the classification with types L, tokens fok(A) and a : 1 itf a 14 f{). Then
(As.A) is an L-interpretation of D, and so A, k= (D, )), because (1. A) is tautolo-
gous: and so there is a function g such that A, ¢: D = Af.

Claim 1 f,g:(M\DZ A

Proor oF CLADM: Given a € tok(A) and | € typ((A\)D) = rng()). there is a
c € Op such that I = A(e). We have shown that Ag:DZ A and so g(a) :p ¢ iff
a4, Alc) = L. and this is the case iff a :4 f(1), by the definition of Aj. above. Now,
by Lemma 8.5, g(a) = id(Op)g(a) :p c iff ala) ;i p i and we are done.

From this it follows that every f:L — 1yp(A) is a partial S-link from (A)D
ta A. By Theorem 6.2, (A)D can have no non-trivial covers. QED

Corrollary 8.8 If (D, A} is a properly-labelled diagram, D is isoinfomorphic to
(A)D and (D.}) is a tautology iff D is a tautology.

PROOF: By Lemma 8.5, if (D, A) is a properly-labelled then (A id(Op)) is an isoinfo-
morphism. The rest follows from the Theorem 8.7 and the fact that S-links preserve
covers. QED

Note that the corollary cannot be generalized to improperly-labelled diagrams.
Figure 9 shows a tautologous labelled diagram which would cense to be tautologous
were we to rub out the labels. We extend the notion of a diagram-homomorphism
to labelled dingrams in the obvious way.

Definition 8.9 1f (D, A) and (D', \') are L-labelled diagrams, then f is a labelled-diagram

homomorphism from (D, A) to (D'. X'} iff f is a digram homomorphism from D to D’ and
Xf = A A labelled-diagram homomorphism is a labelled-diagram isomaorphism iff it is a
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bijection and its inverse is also a labelled-diagram homomorphism.

(D'X') is an extension of diagram (D, A), written (D', X') 2 (D. ) iff D' 2 D and A
is the restriction of M to Op. It is a free extension, written {D', X'} > (D. A) iff. in addition,
for any labelled diagram (D, ") and any function f:Ops — Op» such that Nf=N,
if the restriction of f to Op is a homomorphism then so is f. D is simple iff it is a free
extension only of itself.

Lemma 8.10 If (D', X) is a free extension of (D), A) then (D, X) F (D', \)
PROOF: Left to the reader. QED

Theorem 8.11 (For properly-labelled diagrams only.) (D,)) |= (D', N') iff there
is a free extension (D, \*) of (D, ) and a labelled-diagram homomorphism from
(D', X') to (D*.X*). ‘

PROOF: Suppose (D, A) | (D', M). Let L' = rng()\') — rng(}). Construct the free
extension D* of D by adding a new curve ¢; for each | € L, according to Construc-
tion 7.5. Define A*:Op- — L by

e n_ | Me) i c€eOp
Ae) = { l if e=c forsomelelL’

This makes (D*,2*) a free extension of (D, A). From the proof of Theorem 8.6,
we have ({A"}D*)* | (D", A*), and so ((A*)D*)™ |= (D', X), by hypothesis. Thus
there is 4 ¢ such that A, g: D' = ((A*)D*)7. In fuct, because mg(A') € L'Umng(A) =
typ((A*)D*). we have X',g: D' = (A*)D*. Now. we use the fact that (D, A) and
hence (7. A*) is properly-labelled: by Corollary 8.8, A~lid(0p): (\YD* = D".
By composition, A*~1N, gid(Op): D' = D*, and so A*~!XA" is a homomorphism from
(D' A to (7. "), as required.

Conversely. suppose we have a homomorphism f from (I, \) to a free ex-
tension (D*. %) of (D,A). If A | (D', N') then by Lemma 8.10 A | (D*,X%).
So A.\* |= D, and thus A, A*f = D’ by Lemma 5.7. Finally, A"f = A, and so
A | (D'. N} as required. QED

Definition 8.12 If (D.)) is properly-labelled. we define core({D,\}) to be the
diagram core{ D). labelled with the restriction of A to O(tOl’(‘(D)'

Corrollary 8.13 (For properly-labelled diagrams only.) (D. \) = (I, M) iff there
is a homomorphism from core({D’, X)) to (D, ).
Proor: From the theorem and Lemma 6.10. QED

Corrollary 8.14 (For properly-labelled diagrams only.) (D, A} is logically equiva-
lent to (D'. Ny iff core({D, \)) is isomorphic to core({D’, X'})
Proor: From Corollary 8.13 and Lemma 6.11. QED

Thearem 8.11 and its corollaries do not apply to the case in which the premise
is improperly labelled. A counterexample is shown in Figure 10. The diagram on
the right is a consequence of the one on the left and both are simple, but there is
no homomorphism from the right to the left.

We would like to extend Theorem 8.11 to a characterization of valid arguments
with an arbitrary number of premises. Clearly it would be sufficient to find a way of
combining dingrams (D1, A1) and (Da, Ag) into a single diagram (D3As), such that
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‘00

Figure 10: Improper consequence

for each (D, A)

(D3As) = (D, A) iff (D1, A1), (D2, A9) = (D, A)
In fact, this can be done, but it is convenient to consider first a dingrammatic device
which makes the construction of the combined diagram much easier: shading. But
that would take us beyond the scope of this paper.

9 Depiction and Denotation

Our initial departure from the algebraic thoronghfare was motivated by syntactic
considerations: the fact that syntactic equivalence between dingrams is best de-
scribed using geometric concepts. But all roads lead to algebra. and we should say
something about how to navigate the rest of the journey.

First, we should recall the role played by terms in algebra. It will suffice to
restrict our attention to Boolean algebras. although the point is quite general. The
Boolean algebras constitinte a variety BA of algebras of type (A,V,=,0,1), which
can be characterized either equationally, by the usual axioms. or as the class of
algebras embeddable in a powerset algebra (P(S).N, U, —,0,8). for some set S.

A term-algebra of type (A,V,=,0,1) is an algebra T[X] whose elements are
terms built from the Boolean connectives with elements of X taken as atomic sym-
bols, and whose operations are the corresponding syntactic functors. e.g.. the func-
tion mapping terms t; and {; to the term ‘(f; A1,)’. The term-algebras play an
essential role in algebra for various reasons.

First, terms are segmentable: they can be written down in a linear notation.
This is an obvious point, but a very important one. So close is the concept of an
abstract term to the concept of a concrete symbol that it is sometimes difficult to
imagine one without the other.

Second. terms are jnductive. To put it another way, terms wear their inductive
structure on their sleeves. This plays an essential role in shaping the way we think
about the manipulation of terms. when designing logical caleuli. for example. Rules
which are defined in terms of the inductive structure of terms will have a special
character.

Third. terms are free: for any algebra A of the same type type as T[X],
and any function f: X' — A, there is a unique extension of f to homomorphism
f:T[X] — A. This means that terms provide an extremely versatile means of
representing the elements of another a i
a term, apart from its arity.

Fourth. terms denote. The sole representational role of a term is to denote
an element of an algebra. On its own, a term does not make any claim about the
element it denotes. To achieve go beyond denotation, one needs to combine terms
in more complicated expressions, the simplest being the equations.

Equations provide the means by which the denotational powers of terms are
turned into classificatory powers. An equation ‘t; = t,' classifies functions f: X — 4
into those that do and those that do not satisfy the condition: flty) = f(t2).

Moreover, equations allow us to find a free Boolean algebra, and thereby
characterize the variety BA, by purely algebraic means. We define a con gruence ‘a2’

ural information is built into
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on T[X] by t; = t; iff for each Boolean algebra B and each function f:X — B,
f(t,) = F(t3). Now the quotient T[X]/ = is still free with respect to the Boolean
algebras—each f: X — B is uniquely extendable to a homomorphism fTIX)) =—
B—but unlike 7[X] the quotient T[X]/ = is itself a Boolean algebra.

Elements of the free Boolean Algebra F[X] = T[X]/ =pa are a perfect
compromise between freedom and expressivity. All and only the equations which
are satisfied by all Boolean algebras are satisfied by F[X]. However, one important
ingredient is gone: the wearing of structure on the sleeve. One cannot usually divine
the structure of a congruence simply by looking at an equation; at least not in the
same way that one can see the structure of a term.

By moving away from terms, we have shifted the balance from syntax to
semantics—or so it would seem, if we were to make the mistake that congruence-
classes of terms are the only way to represent the elements of F[X]. However,
there is another way. As mentioned earlier, the class of Boolean algebras can be
characterized either using equations, or as subalgebras of concrete powerset algebras,
also called “felds of sets”. This result due to Birkhofl was improved by Stone, who
made the remarkable discovery that the structure of these fields of sets can be
specified by entirely geometric means.

To be a little more precise, Stone's Duality Theorem states that a Boolean
algebra can be uniquely represented as a certain kind of topological space (now
called a Stone space), in such a way that homomorphisms between Boolean algebras
are also uniquely representable as continuous functions between the corresponding
spaces (in the opposite direction).

The potential for diagrams would be apparent, even had they not been in-
vented first. It only remains to fill in the details.

As was noted earlier, the essential structure of a basic diagram D is contained
in the classification D.. This classification retains all the geometric structure of
the diagram, without inessential details about the exact arrangement of curves in
the plane. Such a classification can be used to generate both a Boolean algebra and
its corresponding Stone space.

Definition 9.1 Given a classification A, we let B(A) to be the Boolean set algebra
of ~-closed sets, and let S(A) be the topological space with points tok(A) and whose
open sets are the ~-closed sets.

For a digram D, the space S(D..) is (homeomorphic to) the Stone space of
B(D.). What's more, the duality between Boolean homomorphisms and continuous
functions is reflected in the two components of an S-link.

Claim 9.2 Given functions f:typ(D.) — typ(D.) and g: typ(D.) — typ(D~),
f,g D= D_ iff
(i) f can be uniquely extended to a homomorphism f:B(D.) — B(D.)
(ii) g is a continuous function from S(D’) to S(D.), and
(iii) f and g are Stone duals.

The correspondence can be extended to much of what has gone before. In
particular, D is a free diagram iff B(D.) is a free Boolean algebra. The addition of
Jabels makes the correspondence easier to state:

Claim 9.3 If (D, )} is a properly-labelled. free diagram, then MB(D.)— FIL) is
an embedding.

This shows precisely how diagrams are analogous to terms: both provide a
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way of concretely representing finite information about the free Boolean algebra. It
also shows how they differ: terms do it by denoting elements of the algebra and use
them to define congruences; whereas diagrams do it by depicting a finite subalgebra.
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Definite and indefinite generics

Henriétte de Swart
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Abstract

In this paper I develop a unified analysis of generic and non-generic
readings of definite and indefinite NPs in sentences expressing character-
istic predication. I build on examples from English and French in order to
show that genericity is not cross-linguistically related to the presence of
indefinite NPs but can be expressed by means of definite NPs as well. An
analysis of adverbs of quantification as generalized quantifiers over events
combined with an interpretation of indefinite NPs as dynamic existential
quantifiers and of definite NPs as context-dependent quantifiers is shown
to yield the right interpretation of generic sentences if we make a number
of independently motivated pragmatic assumptions. As far as truth con-
ditions are concerned, the pragmatic account developed here is equivalent
to proposals made by Chierchia (1992) and Dekker (1993), which appeal
to type-shifting mechanisms in the semantics. The main advantage of the
event-hased approach is that it does not need type shifting becanse of the
appeal to lexical-semantic properties of the predicate involved. It therefore
offers a unified semantics of both adverbs of quantification and (in)definite
NPs in generic and non-generic sentences.

1 Definite and indefinite generic NPs

1.1 Introduction

In English. we typically use indefinite singulars or bare plurals to generalize
over individuals having a certain characteristic property as in (1):!

(1) a. A potato contains vitamin C, amino acid, protein and thiamin
b. Italians drink wine with their dinner

In a Romance language such as French, this characteristic predication is ex-
pressed by either indefinite singulars or definite plurals. Indefinite plurals can-
not be used to provide the NP we generalize over as (2b) shows:2

(2) a. Un Italien boit (généralement) du vin a table
An Ttalian drinks (generally) wine-INDEF-MASS at table

1 wish to thank Leonie Bosveld-de Smet, Cleo Condoravdi, Eric Jackson and Emiel Krah-
mer for helpful comments on an earlier version of this paper. The research for this paper has
been made possible by a fellowship of the Royal Netherlands Academy of Arts and Sciences
(KNAW).

2There is also a bare plural in French, which occurs for instance after the preoposition de:

(i) La maison est entourée d’arbres

The house is surrounded by trees

1 will not give an analysis of bare plurals in French here.



b. *Des Italiens boivent (généralement) du vin a table
INDEF-PL Ttalians drink (generally) wine-INDEF-MASS at table

c. Les Italiens boivent (généralement) du vin & table
DEF-PL Italians drink (generally) wine-INDEF-MASS at table

Other than in generic contexts, the indefinite plural des N behaves pretty much
like the English bare plural. For instance, it allows discourse anaphora and
donkey anaphora, as in the following examples:

(3) a. Hier soir, des terroristes basques ont essayé d’enlever le Premier Min-
istre. IIs n’ont pas eu de chance: ils ont été arrétés ce matin
Yesterday evening, Basque terrorists tried to kidnap the Prime Min-
ister. They were not very lucky: they have been arrested this morning

b. Tous les paysans qui ont des dnes tétus les battent
All farmers who have stubborn donkeys beat them

The rule of thumb is then: bare plurals that have an existential reading translate
as des N in French, generic bare plurals translate as les N.3 In the literature, we
find several proposals which intend to account for indefinite NPs in sentences
which express characteristic predication. but not much attention has been paid
to definite NPs in these contexts. In this paper I develop a unified analysis of
generic and non-generic readings of indefinite NPs, building on examples from
English and French. I will then extend the approach to definite NPs.

Note that 1 will only be concerned with generic sentences like (1) and (2).
I will not discuss reference to kinds as in (4):

(4) a. The potato was first cultivated in South America
b. Potatoes were introduced in Ireland by the end of the 17th century

There are a number of linguistic differences between reference to kinds and
characteristic predication. For instance, singular indefinites are excluded in
contexts in which kind-level predication is involed:

(3) a. The dodo is extinet
b. *A dodo is extinct

In contradictinction to (5a). (5b) is unacceptable, unless we assign the sentence
a taxonomic reading and claim that a particular subspecies of dodos is extinct.
(cf. Krifka e.a. 1992 for extensive discussion of the two varieties of genericity).

Standard wisdom has it that the kind of genericity which plays a role in
characteristic predication is a property of sentences rather than of NPs. One

®In colloquial French, there is an alternative construction in which des occurs in relation
with so-called generic ¢a, e.g.:

(i) Des chiens. ¢a aboie
INDEF-PL dogs, that barks

(ii) Beaucoup d’arbres, ¢a attire des insectes
Many trees. that attracts insects

As (ii) shows. other determiners can also be used in this construction, which suggests that it
is quite different from the generic sentences treated in this paper, cf. Auger, 1993.
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argument is that indefinite singulars cannot be kind-referring (cf. 5b), but they
can certainly get a generic reading when they occur in a characterizing sentence
(cf. 1a, 2a). Therefore, the source of genericity is not in the indefinite NP itself,
but rather in the sentence. This has led many authors to introduce a generic
operator, which functions at the sentential level. This generic operator is not
phonologically realized, but it is closely related to adverbs of quantification
like always. usually, generally, as the near-synonymy of the following examples
shows:

(6) a. Ttalians drink wine with their dinner
b. Italians usually drink wine with their dinner

Both the adverbs and the generic operator can be treated as two-place quanti-
fiers, relating a restrictor and a matrix.

(7) Q [Restrictor] [Matrix]

For reasons of exposition, I will tend to use explicit adverbs, rather than rely
on a phonologically null generic operator.

1.2 Existential and generic readings of indefinite NPs

The bare plural in (6) is clearly a generic NP: we express a generalization about
Italians. This doesn’t mean that any indefinite singular or bhare plural which
oceurs in a generic sentence is itself a generic NP. A well-known counterexample
is the kind of sentence in (8). which has the readings listed under (8) and (8b):

(R) Typhoons often arise in this part of the Pacific

a. Typhoons have a common origin in this part of the Pacific

b. There arise typhoons in this part of the Pacific

The (a)-reading expresses a generalization about typhoons, and the bare plural
is intuitively characterized as a generic NP. In the (b)-reading. the bare plural
has an existential reading. rather than a generic interpretation. and the gen-
eralization expressed holds for this part of the Pacific. We can capture this
difference by having the bare plural in (8a) end up as part of the restrictor,
whereas it would be in the matrix in (8b):

(9) a. OFTEN [typhoons] [arise in this part of the Pacific]
b. OFTEN [in this part of the Pacific] [typhoons arise|

If only the bare plural in the (a)-reading is generic, we expect the French trans-
lation of the sentence to solve the ambiguity. This turns out to be the case, as
shown by (10):

(10)  a. Les ouragans violents naissent souvent dans cette partie du Pacifique
DEF-PL typhoons arise often in this part of the Pacific

b. Dans cette partie du Pacifique naissent souvent des ouragans violents
In this part of the Pacific arise often INDEF-PL typhoons
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(10a) corresponds with the interpretation in which typhoons have a tendency
to arise in this part of the Pacific, whereas (10b) only has the interpretation
in which there arise typhoons in this part of the Pacific. In other words, des
N can occur in a generic sentence, if it is part of the matrix, rather than the
restrictor, because there it will get an existential reading. The NP about which
a certain generalization is stated cannot be des N, so if the sentence is about
typhoons in general, we switch to a definite plural, as in (10a).

We find more cases of non-generic indefinite NPs in generic sentences if we
extend our discussion to NPs in object position. Consider the examples in (11):

(11) a. Anne always knits Norwegian sweaters
b. Anne tricote toujours des chandails norvégiens

Although these sentences are habitual rather than generic, hecause they de-
scribe generalizations which hold for individuals, rather than kinds, they il-
lustrate the problem rather well. (11a) is ambiguous between (at least) two
readings, which can be roughly spelled out as in (12):

(12) a. ALWAYS [Anne knits sweaters][Anne knits Norwegian sweaters]
b. ALWAYS [Anne knits something][Anne knits Norwegian sweaters|

¢From (12a) we can infer that all sweaters that Anne knits will be Norwegian
sweaters. In (12b), all things that she knits will be Norwegian sweaters. We
expect the bare plural in the (b)-reading to be existential, because it ends up in
the matrix. and this is indeed what happens. Although sweaters is part of the
restrictor in the (12a)-reading, the bare plural also gets an existential, rather
than a generic interpretation. That Is, it is not a generalization over sweaters
that they are Norwegian sweaters when knitted by Anne, but a generalization
over situations in which Anne knits some sweater or other. This intuition is
confirmed by the French example (11b). Des N can only be existential, but
(11b) is ambiguous in exactly the same way as the English example (11a). This
suggests that only a subset of the indefinite NPs that are interpreted as part of
the restrictor actually gets a generic interpretation.

2 Bound variable readings

Given that the indefinite plural des always gets an existential reading in the kind
of quantificational contexts under consideration here, I think we can take the
French data to confirm the intuition that indefinites that occur in the matrix get
an existential reading, whereas generic indefinites are a (not necessarily proper)
subset of the indefinite NPs that are interpreted as part of the restrictor. The
only NPs which can be properly called generic NPs are those for which the
generalization described by the sentence holds. That is, the generalization is
in some sense felt to be ‘about’ that NP. Generic NPs are the only ones which
are felt to be somehow bound by the (generic) quantifier. Given that all other
indefinites are felt to be existentially quantified, we can unify all the cases of
generic indefinite NPs by describing them as ‘bound variable® readings.
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T use the term ‘bound variable’ readings in a pretheoretic sense, without
claiming that the indefinite NP is actually bound by the generic quantifier.
Strictly speaking, binding of the indefinite in the semantics is just one possible
point of view, although it seems to be the one that dominates in the field right
now (cf. Krifka et al., 1992) and is know as the ‘unselective binding theory’.
This view is often - though not always (cf. Chierchia, 1992; Dekker, 1993) -
related to an interpretation of indefinite NPs as free variables (cf. Kamp, 1981;
Heim, 1982).

Instead of adopting an unselective binding analysis of genericity, I will adopt
a more indirect approach to bound variable readings by interpreting indefinite
NPs uniformly as (dynamic) existential quantifiers. As we will see later, this
approach also has the advantage of providing a natural extension to generic
readings of definite NPs.

2.1 Dynamic existential quantifiers

Groenendijk and Stokhof (1991, 1992) introduce dynamic existential quantifiers
which differ from their static counterparts of classical predicate logic in that
they provide an “anchor”™ for variable assignments in subsequent sentences to
attach to. This allows for binding relations beyond the sentence houndaries.
Interpreting the indefinite NP in terms of a dynamic existential quantifier gives
(13) the representation under (13a). It is translated as in (13D1). which can be
rewritten as (13c):

(13) A dog came in. It lay down under the table

a. Ed [f dog(d) ; T come-in(d)] : T lay-down(d)
b. Ap3x [dog(x) A come-in(x) A{a/d}Yp]™(T lay-down(d))
¢. Mg [dog(x) A come-in(x) A lay-down(x) A{a/d}¥ ]

The uparrows signal the dynamic character of the proposition: the dynamic
meaning or the context change potential of a sentence is taken to be its ability
1o constrain subsequent discourse. (13h) shows that in the first sentence the
variable assignment anchors the discourse marker d to the individual x. This
variable assignment is carried on to the next sentence, which is attached to it by
means of dynamic conjunction: {x/d} tells us that subsequent occurrences of d
will also be attached to x. The pronoun it can then be interpreted as referring
to the same individual x (13c). This approach accounts for discourse anaphora,
but also for donkey sentences.

Chierchia (1992) introduces the notion of dynamic generalized quantifier,
which establishes a relation between dynamic properties. The general definition
of dynamic and conservative generalized quantifiers is given in (14):

(14) D* (P)(Q) = 1 DO x | P(x))) (Az | [P(x) s Q(X)])

P and Q are dynamic properties, which are just sets with an additional place
holder for discourse continuations. Applying the downarrow brings us back from
context change potentials to type t expressions. D7 is thus defined in terms
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of its static counterpart D, which Just relates sets of individuals as in standard
generalized quantifier theory. The context change potential of a donkey sentence
like (15) is represented as follows:

(15) Every farmer who owns a donkey beats it

a. Every*(x is a farmer that owns a donkey)(x beats it) =
T EVERY (Ar | [x is a farmer that owns & donkey])
(Az | [x is a farmer that owns a donkey and beats it))
b. 1 EVERY (A2 | [t Farmer(x) ; Ed [t Donkey(d) ; 1 Own(x,d)]])
(Ax | [T Farmer(x) ; Ed [t Donkey(d) ; T Own(x.d)] ; 1 Beat(x,d)])
¢. T Va|[ Farmer(x) A3y[ Donkey(y) A Own(x,y)]] —
Jy[Donkey(y) A Own(x,y) A Beat(x.y)]]

The conservative dynamic quantifier Every* relates the dynamic property of
‘farmers that own a donkey” to ‘farmers that own a donkey and beat it’. The
binding capacities of the dynamic existential quantifier extend to the dynam-
fcally conjoined ‘beat it’. Dynamic binding thus gives us the right anaphoric
relation.

2.2 Quantification over events and individuals

We can incorporate adverbs of quantification (Q-adverbs) in dynamic Mon-
tague grammar by interpreting them as dynamic generalized quantifiers over
(minimal) events or situations:

(16) A* (P)(Q) =T AQXe | P(e))) (he | [P(e) ; Q(e)])

We obtain the desired event variable by enriching the argument structure of
the predicate with a Davidsonian argument. For example:

(17) When John is in the bathtub, he always sings

a. Always™ (e is an event of John in the bathtuh)

(e is an event of John singing) = 1 ALWAYS

(Ae | [T In-bathtub(j.e)]) (Ae | [t In-bathtub(j.e) : T sing(j.e)))
b. 1 Ve [[In-the-bathtub(j,e)] — (In-the-bathtub(j.e) A Sing(j,e)]]

(17) gets the interpretation that all events of John being in the bathtub are such
that they are events of John being in the bathtub and of him singing.* The
treatment extends to sentences containing an indefinite in a straightforward
way. namely by iteration of bindings:

(18) When John invites a friend, he always cooks dinner for her

a. Always* (e is an event of John inviting a friend)
(e is an event of John cooking dinner for her) =
T ALWAYS (Xe Ed [t Friend(d,j) ; 1 Invite(j.d.e)])
(Ae Ed [1 Friend(d.j) ; t Invite(j.d.e)) ; 1 Cook-dinner-for(j,d,e))

4Compare De Swart, 1991 and 1993 for a more sophisticated treatment of quantified sen-
tences introduced by a temporal connective, which extends to before- and after-clauses.
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b. 1 Ve[[3z Friend(x,y) A Invite(j,x,e)] —
[32 Friend(x,y) A Invite(j,x,e) A Cook-dinner-for(xj.e)|]

Each alternative event generated by the when-clause encodes a choice of a friend
as the value of the indefinite a friend. Because of the quantification over events,
there is no need to suppress the existential import of indefinites within the
restrictive clause. The general mechanism of carrying forward the value assigned
to the indefinite guarantees the desired anaphoric binding relation.

One of the objections which has been raised against the event-based analysis
of Q-adverbs concerns non-episodic sentences such as (19):

(19) a. *When Minouche has blue eyes, it is often intelligent
b. When a cat has blue eyes, it is often intelligent

The question is whether it makes sense to talk about quantification over events
in (19), because a property such as having blue eyes is an individual-level prop-
erty which is not bound to particular occasions. The unacceptability of (19a),
which contrasts with (17) provides a strong argument in favor of the view that
what (19b) really quantifies over is cats.

This has led to the suggestion (Kratzer, 1989) that only stage-level pred-
icates as in (17) and (18) come with a Davidsonian event argument, whereas
individual-level predicates such as the one in (19) do not have a spatio-temporal
location argument. In De Hoop and De Swart (1991) and De Swart (1991) it
has been argued that this line of reasoning cannot be correct, for it would make
it hard to account for similar contrasts in the following examples:

(20) a. *When Anil died. his wife usually killed herself
b. When an Indian died, his wife usually killed herself

(21) a. *When Mary built Jim's house, she always built it well
b. When Mary builds a house, she always builds it well

Intuitively. it is quite clear why the (a)-sentences are ungrammatical: although
the predicate is stage-level (because the event describes a short period in time,
the predicate occurs in existential sentences, etc.), the same action cannot be
repeated with respect to the same individual. That is, they are ‘once-only’
predicates which come with the following presupposition of uniqueness on the
Davidsonian argument:

(22) Uniqueness presupposition on the Davidsonian argument
The set of events that is associated with a ‘once-only’ predicate is a single-
ton set of all models and each assignment of individuals to the arguments
of the predicate

With respect to a particular assignment function then, the proposition denotes a
singleton set of events. The correct generalization for both once-only stage-level
and individual-level predicates in (19)-(21) is that Q-adverbs do not quantify
over singleton sets. They need a plurality of situations, otherwise the quan-
tification is vacuous in some sense. This rules out the unacceptable sentences
in (19a), (20a) and (21a). In this perspective, (19b), (20b) and (21b) are all
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right, because the indefinite NP creates a plurality of situations the Q-adverb
can quantify over. Compare for instance the representation of (20b) in (23):5

(23) When an Indian died. his wife usually killed herself
T USUALLY (Ae32 Indian(x) A die(x,e))
(Ae3x Indian(x) A die(x.e) A the y wife-ofe(y,x) A Kill(y,y.e))

The set of situations such that there is an Indian who dies in that situation
is not a singleton set, so quantification is possible. Note that the representa-
tions in (18a) and (23) are very similar. The main difference between the two
examples resides in the relation between individuals and events. In (18), John
can invite the same friend several times, so indirect binding of the existential
quantifier does not induce a bound variable reading on the indefinite NP. In
(23) on the other hand, quantification over events becomes indistinguishable
from quantification over individuals. The reason is that individuals die only
once. so there is a uniqueness presupposition on the Davidsonian argument. As
a result, the set of (minimal) events in which an Indian dies is co-extensive with
the set of dying Indians. That is, knowledge of the world tells us that there are
as many dying Indians as there are (minimal) events in which an Indian dies:

(24) [{e|3x Indian(x) A die(x,e) }| = [{a] Indjan(x) A3e Die(x,e) }|

It is thus not suprising that (23) is “felt™ to express quantification over dying
Indians (or over pairs < a.¢ > of Indians x dying in a situation €). This
induces a bound variable reading on the indefinite NP: it is felt to be quasi-
bound along with the event variable. In the event-based analysis of adverbs
of quantification we have adopted here, there is of course no real binding of
the individual variable, because quantification is over events. Thus (18) and
(23) can have the same representation in the semantics. The meaning effects
of existential quantification in (18) and a generic interpretation in (23) don't
have anything to do with unselective binding. they are just a consequence of
the pragmatics of the sentence.

We can handle examples involving individual-level predicates in the same
way. for they share the uniqueness presupposition with once-only predicates.
For instance:

(25) When a cat has blue eyes, it is often intelligent
T OFTEN (Aedr Cat(x) A Have-blue-eyes(x,e))
(Aedr Cat(x) A Have-blue-eyes(x.e) A Intelligent(x,e))

Given that individual-level predicates are once-only, no two (minimal) events
in which there is a cat with blue eyes will involve the same cat. For every
event there will be a different cat, which means that the set of these events
is co-extensive with the set of cats having blue eyes. Again, this explains why
quantification is “felt” to be about blue-eyed cats, although, formally. it is about
events containing a blue-eyed cat. The bound variable reading of the indefinite
NP falls out as an effect of the pragmatics of the sentence.

®*For the analysis of the definite NP, see below,



2.3 Existential disclosure

The analysis developed in the previous section preserves a unified treatment of
Q-adverbs as generalized quantifiers over events by pushing the explanation of
generic readings of indefinite NPs into the pragmatics. A question one could ask
at this point is how this pragmatic account of bound variable readings compares
with analyses which adopt the unselective binding perspective and have the
indefinite NP to be actually bound by the generic quantifier in the semantics.
In a framework such as DMG, which treats indefinite NPs as dynamic existential
quantifiers. this requires a mechanism to turn the indefinite NP into a variable.
Type shifting mechanisms which realize this are discussed by Partee (1987). A
good candidate would be Partee’s ident or BE operation. ident is defined in
(26a) and turns type e expressions into type < e,t > expressions by means of
identity and A-abstraction:

(26) a. ident:a— Ax[x=a]
b. BE: AP z[P(Myly = )]

BE is an operator which maps type << e, >,t > expressions onto type < e, >
expressions. with the semantics in (26b). Partee argues that BE(A(P)) = P:

27  a |laP | = AQE[P(z) AQ()]]
b. | BEa P || = APAz[POy [y = x])] (AQ[Ez [P(x) A Q()]])
c. |BEaP| =i P(x)

In (27b). we apply the type-shifting operator BE to the generalized quantifier
denotation of @ N. as defined in (27a). After successive A-conversion. we end up
with (27¢). which is just the denotation of N. In this way. we map existentially
quantified NPs onto the set of individuals which satisfy the property referred
to by the common noun.

In DAIG, a type shifting mechanism much like Partee’s ident or BE operation
is defined and called ‘existential disclosure’ (cf. Dekker. 1993: Chierchia, 1992).
Existential disclosure transforms an existentially quantified NP into a predicate
by means of identity and A-abstraction. For instance, the antecedent of (23)
repeated here as (28a) denotes a set of events. (28a) can be transformed into
(2&c). which denotes a set of pairs of an event and an individual via conjunction
with a vacuous identity statement in (28b):
(28) a. [Ae | [Ed 1 Indian(d) ; T die(x.e}]]

b. [Ayde | [Ed 1 Indian(d) ; T die(x.e) ; Td = ]l

¢. [Ayde Indian(y) A die(y.e)]
d. [My Indian(y) A3e die(y.e)]
The Q-adverb accordingly has to shift from a quantifier over events to a quan-
tifier which binds pairs of events and individuals as in (28¢). Given that every
individual dies only once, (28¢c) is in fact equivalent to (28d), so we can say that
existential disclosure gives us quantification over dying Indians as desired. In
the case of (29) (repeated from 23) the predicate is so loosely tied to occasions

that we may even be tempted to drop the event argument altogether and reduce
(29d) further to (29):
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(29) When a cat has blue eyes, it is often intelligent

[

. [Ae | [Ed T Cat(d) ; 1 Have-blue-eyes(x,e)]]

- [MyAre | [Ed 1 Cat(d) ; 1 Have-blue-eyes(x,e) ; t d = y]|
. [Myde Cat(y) A Have-blue-eyes(y,e)]

. [My Cat(y) A3e Have-blue-eyes(y,e)]

- [Ay Cat(y) A Have-blue-eyes(y)]

o A o o

Given that the event variable does not really contribute much to the semantics
in such cases, quantification is “felt” to be about blue-eyed cats rather than
events in which exists a blue-eyed cat. Formally, of course, the inferences from
(29¢) to (29d) and further to (29) are not legitimated by the semantics, but
they follow from the pragmatics.

Chierchia suggests that existential disclosure gives us the “topic’, that is,
what the quantification is about. This seems to be a suitable way to restrict
the application of this operation, because generic NPs are topics in the sense
that the generalization expressed by the sentence is ‘about’ that NP.

The operation extends in a natural way to cases like (30). in which the
restriction is not given by an if/when-clause. but via association with focus (cf.
Krifka. 1992):

(30) An intelligent cat always likes milk

o

- [Xe ] [3X Ed 1 Cat(d) ; 1 Intelligent(d,e) ; T X(d,e)]]

- [AyAe | [3X Ed 1 Cat(d) ; 1 Intelligent(d,e) ; 1 X(d,e) ; T d=y]]
- [AyAe3X Cat(y) A Intelligent (y.e) A X(y,e)]

1. [Ay3X Cat(y) AJe Intelligent(y.e) A X(y,e)]

- [Ay Cat(y) A Intelligent(y)]

jo VRN T o o

T

Reconstructing Krifka's (1992) analysis of focus in generic sentences in an event-
based semantics gives us (30a) as a representation of the antecedent. The vari-
able X stands for a contextually determined alternative of liking milk (for in-
stance, hating milk, liking yogurt). Given a suitable constraint on alternatives,
which requires them to be members of the same comparison set, we can argue
that only.individual-level predicates will be able to fill this position. Basically,
then. we have the same situation here as we had in (29), and we can reduce the
antecedent to a quantification over intelligent cats by dropping reference to the
event variable and the focus part of the restrictor altogether (30e).

So we can use type shifting mechanisms to turn the Q-adverb into a quan-
tifier over pairs < x,e > of an individual x and an event e, but even such a
semantic approach heavily relies on an appropriate characterization of regu-
lar stage-level predicates on the one hand and once-only predicates (including
individual-level predicates) on the other hand. In particular, existential dis-
closure will only apply in cases in which the set of events is co-extensive with
the set of individuals which constitutes the topic of the generalization. This
result considerably weakens Chierchia’s (1992) claim that cases like (29) and
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(30) are a problem in an event-based analysis of adverbs of quantification. In
Chierchia’s approach, the burden of the explanation for the unselective binding
approach lies in the semantics (picking out the right variable for the operator
to bind), whereas the event-based approach relies on pragmatic principles con-
cerning uniqueness presuppositions and partitioning of situations, which can
be said to "simulate’ type shifting principles. There is no reason then why an
event-based semantics cannot be a viable alternative to an unselective binding
approach. As far as the truth conditions of generic sentences are concerned, the
pragmatic, event-based approach is equivalent to Chierchia’s way of handling
bound variable readings of indefinite NPs by means of a type-shifting mecha-
nism in the semantics. Given that even in the semantic approach, pragmatic
considerations are crucial in the interpretation of generic quantifiers, I prefer
to keep the semantics “clean”, so I adopt a unified treatment of Q-adverbs as
generalized quantifiers over events and I defer the bound variable readings of
indefinite NPs to the pragmatics. In the rest of this paper, I will loosely talk
about existential disclosure when I refer to cases in which the pragmatics allows
us to freely move back and forth between quantification over individuals and
quantification over events.

In English. existential disclosure does not only apply to singular indefinites
(31a), but also to bare plurals as in (31Db):

(31) a. An Italian usually drinks wine at dinner
b. Italians usually drink wine at dinner

It seems that in such cases, the plurality marker is completely ignored: the
property of drinking wine at table is distributively predicated of Italians in
general, so (31h) ends up as equivalent to (31a).% In such cases we let bare plu-
rals denote dynamic existential quantifiers and we apply existential disclosure
as usual.

2.4 French des N

The interesting generalization to make here is of course that the contexts in
which existential disclosure applies (namely those in which the NP in question
is a topic) are exactly the cases in which we get bound variable readings of the
indefinite NP, and in which the NP seems to be truly generic. This also allows
us to formulate an appropriate constraint on the interpretation of the French
indefinite plural des N. Just like other indefinite NPs, it denotes a dynamic
existential quantifier. However, unlike the indefinite singular un N, the English
indefinite singular a N and the bare plural, des N does not allow existential

61crifka et al. 1992 point out that in generic sentences which involve collective predication,
a bare plural rather than an indefinite singular is to be used:

(i) a. ?7An antelope gathers near the waterhole
b. Antelopes gather near the waterhole

In order to account for such collective generic sentences, a more sophisticated version of
existential disclosure would need to be formulated. T will abstract away from such cases in
the present paper.
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disclosure in the presence of an adverb of quantification. This rules out examples
like (32a) and (33a):

(32)  a. *En général, des Indiens meurent Jjeunes
In general, INDEF-PL Indians die young

b. En général, les Indiens meurent jeunes
In general, DEF-PL Indians die young

(33) a. *Des Italiens boivent généralement du vin & table
INDEF-PL Italians drink usually wine at table

b. Les Italiens boivent généralement du vin & table
DEF-PL Italians drink usually wine at table

The predicates in (32) and (33) are once-only. This means that the only way to
satisfy the plurality condition on quantification would be to apply existential
disclosure, but as we observed earlier, des N does not allow this in the presence
of an adverh of quantification. For some reason, existential closure of indefinite
plurals only arises under the influence of modal operators with a strong deontic
or prescriptive flavor as in (34a), an example borrowed from Carlier (1989):

(34)  a. Des agents de police ne se comportent pas ainsi dans une situation
d’alarme
INDEF-PL police officers do not behave like that in an emergency
situation

b. Les agents de police ne se comportent pas ainsi dans une situation
d’alarme
DEF-PL police officers do not behave like that in an emergency sit-
uation

As Carlier points out, (34a) would be uttered to reproach a subordinate with
his behavior. (34b) does not have the same normative value, but gives us
a descriptive generalization which could possibly be refuted by providing a
counterexample,

We can speculate that the restrictions on existential disclosure have to do
with the origin of des as a partitive determiner. As Galmiche (1986) points out,
des N allows - at least marginally - a partitive reading in contexts like (35):

(35) Des fauteuils sont bancals
INDEF-PL armchairs are shaky

According to Galmiche, the plural indefinite selects a subset of the contextuall
g : P Y

relevant armchairs as the referent of the NP. This suggests that the behaviour
of des N is in fact closer to that of numerals and many, few than to singular
indefinites and bare plurals. Just like numerals, many and few, des is unsuitable
for the expression of genericity, but it does take up a partitive interpretation in
the presence of an individual-level predicate.

In fact. I will not make very strong claims as to the reason why des N behaves
this way. For the purposes of this paper it is more interesting to determine how
French manages to get by without a generic reading of the indefinite plural.
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As (32b), (33b) and (34b) show, we use definite plurals to express inductive
generalizations. The question we will investigate in the next section is how the
analysis developed so far can be extended in order to account for the behavior
of definite generic NPs in sentences expressing characteristic predication.

3 Definite NPs

In the unselective binding framework, the question of definite generics has not
been studied in much detail. This is not surprising, for in English, and other
Germanic languages, these expressions are rare in sentences expressing char-
acteristic predication. But in French and other Romance languages, inductive
generalizations are typically expressed by either the indefinite singular, or the
definite plural. According to Krifka et al., this implies that, in Romance lan-
guages, the definite article may be used with semantically indefinite NPs. It
would indicate the position of the NP in the partition of the sentence, namely
that it occurs in the restrictor. This means that definite NPs in characterizing
sentences can also display variable behavior, and are therefore bound by an
unselective quantifier. Although it is rather unclear to me what it means for a
definite NP to be semantically indefinite, I take the intuition seriously that, in
certain contexts. definite NPs also get bound variable readings. That requires a
more precise description of the relation between bound variable and non-bound
variable readings of definites. In order to make this work in the unselective
binding framework, we would have to treat definite NPs as variables, but then
we also have to make sure that, if the definite does not occur in the restrictor
(of the restrictor) it gets a definite, rather than an indefinite interpretation:

(36) a. When Mary receives a letter, she often throws away the envelope
b. Quand Marie regoit une lettre, elle jette souvent I'enveloppe

In both the English and the French sentence, the definite NP is interpreted in
the matrix. where it gets a non-generic interpretation.” This means that definite
NPs in general are not semantically indefinite, even in Romance languages. To
account for these data in a framework which treats definites as variables, we
would have to come up with a version of "definite’ closure. in order to avoid
these variables to be captured by existential closure. Although this would
certainly be feasible, my intuition is that this line of reasoning is somehow
missing the point. Instead. I will argue that a treatment of definite NPs as
(context-dependent) quantifiers provides a unified analysis of both the generic
and non-generic readings of definite NPs.

3.1 Context-dependent quantifiers

Building on the original definition of Russell (1905), many analyses of definite
descriptions make use of the iota-operator as in (37a):

7Of course the definite NP carries a presupposition of existence, so we quantify over situ-
ations in which Mary receives letters that come with an envelope (cf. Karttunen and Peters,
1979 for discussion of the inheritance of presuppositions in complex sentences).

637



(37)  a. || the king ||: w2 [king’(x)]
b. || the king ||: AQ[3z king'(x) AVylking'(y) — y = 2N Q)]

The iota-operator combines with an open sentence to give an entity-denoting ex-
pression, denoting the unique satisfier of that open sentence if there is Jjust one,
and failing to denote otherwise. The iota-operator gets a generalized quantifier
interpretation in (37b), which shows that there is a uniqueness claim about
the referent of the definite NP, Unless further restrictions are imposed, this
uniqueness claim is formulated with respect to the model as a whole. In many
cases this is too strong: we can felicitously use a definite NP like the table,
even although there are many tables in the universe E. Uniqueness should be
relativized to the context of use: in the context there is a unique relevant in-
dividual that satisfies the description. Neale (1990) calls this the problem of
‘incomplete’ descriptions. He points out that context-dependency arises with
other quantifiers as well;

(38) Evervone arrived late

(38) certainly does not refer to everyone in the whole world but could for in-
stance cover the set of people invited to yesterday night's party. One way of
capturing this phenomenon is to add a contextual restriction on the domain
of quantification. This leads to the truth conditions in (39a) (cf. Westerstahl,
1984), where the predicate Rel picks out the contextually relevant kings:

(39) (a) || the king || = AQ[3x king'(x) A
Vy|[ king'(y) A Rel(y)] — y = x] A Q(x)]
(b) Rel = {<x,e > | xis relevant in e }

In the event-based semantics used here, predicates always come with a David-
sionian argument. This means that the predicate Rel will be interpreted as the
set of pairs < 2.e > of relevant individuals in a particular event e (39b). So
definite NPs will pick out the unique individual that is relevant with respect to
a particular event e,

Van Eijck (1993) shows that embedding the Russellian definition in a dy-
‘namic logic allows us to account for the fact that definite descriptions can be
used both as anaphors and as antecedents for other anaphoric expressions. We
add the relevance predicate here and define definite NPs as externally dynamic
context-dependent quantifiers:

(40) [Ithe dy P(d;)|| with respect to an event e =
AQ [Edy P(dy); Ady [[P(d2) ; T Rel(dae) | =T dy =d; | ; Qdy)] =
AQAp[3x [P(x) AV y [[P(y) A Rel(ye) | = y = x] A Q(x) A{a/dy} V)]

We can use the interpretation schema in (40) to analyze discourse anaphora
built on a definite NP as in (41):

(41) The dean came in. She sat down and talked for an hour.
a. Ed; [T Dean(d;) ; Ad; [T Dean(dy) ; 1 Rel(dz.e)] =1 dy = dy] ;
T Come-in(dy]; T Sit-down(d,) ; T Talk(d;)
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b. Ap[3z [ Dean(x) AVy [[Dean(y) A Rel(y,e)] = y = x] A Come-in(x)
Ax/d1}Vp)] 5 1 Sit-down(dy.e) ; T Talk(dy,e)]

¢. Aq|3z [ Dean(x) AVy [ Dean(y) A Rel(y,e)] =y = x] A Come-in(x)
A Sit-down(x) A Talk(x) A{z/d1}Vq]]

The event variable remains free in these representations. I assume that it gets
a value from the context of use. As before, I will often rely on less formal
representations if no confusion can arise. In the representations given below, 1
will highlight the context dependency of definite NPs by writing the d; N¢(d;)
as short-hand for [Ed, N(d) ; [Adz [[N(d2) ; T Rel(dz.e)] = d2 = d,]]] with
respect to a certain event e.

Unlike indefinite NPs, definite descriptions do not impose a novelty condi-
tion on their discourse referent. Van Eijck (1993) exploits this fact to account
for the anaphoric use of definite descriptions as in (42):

(42) A customer entered. The woman sat down. She smiled
Ed; [T Customer(d;) ; T Enter(d1)] ; the do[t do = dy ;1 Woman®(dp)] ;
1 Sit-down(da) ; T Smile(dz)

The identification of the two discourse referents d; and dp guarantees that we
are talking about the same individual.

The treatment of definite NPs as context-dependent. quantifiers also gives
us a straightforward interpretation of the examples in (36), repeated here as
(43):

(43) Quand Marie regoit une lettre, elle jette souvent 'enveloppe
When Mary receives a letter, she often throws away the envelope
1 OFTEN (X\e3r Letter(x) A Receive(mary,x,e)) (Ae3w Letter(x) A
Receive(mary.x,e) A the y Envelope®(y.x) A Throw-away(mary.y.e))

Adverbs of guantification denote relations between sets of events as usual and
definite NPs are not. treated as variables, but as context-dependent quantifiers.
The desired interpretation of (43) now falls out naturally, and we do not need
a special rule of ‘definite closure’. There is no reason to assume a difference in
behavior between definite NPs in English or in Romance Janguages. Also, in
neither of these examples would we intuitively characterize the definite NP as
generic.

3.2 Definite generics

The interesting step is of course to see how this interpretation allows us to
account for generic readings of definite NPs. T will treat such cases as an
extension of examples like (43):

(45) When the king dies, he is usually succeeded by his eldest son

1 USUALLY (Je the x King®(x) A Die(x,e))
(e the y eldest Son®(y.x) A Succeed(y,x.e))
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The predicate to diein (45) is a once-only predicate, so the set of events in which
the individual that is the unique king in a particular context dies is a singleton
set of events. As a result, quantification over events in which the unique king
in that context dies is equivalent to quantification over pairs < x,e > of an
individual x and an event e such that x is the unique king in e and x dies in
e. If we can make sure that for every king there is a context with respect to
which the uniqueness condition is satisfied, this boils down to quantification
over kings that die. In the world as we know it, it seems not unreasonable to
assume this. It is thus not surprising that the quantification expressed by (45)
is felt to be ‘about’ dying kings.

Similar observations can be made about examples which concern individual-
level predicates such as (46):

(46) When the king has blue eyes, he is often popular
T OFTEN (Xe the x King®(x) A Have-blue eyes(x,e)) (Ae Popular(x,e))

Individual-level predicates are always once-only, so quantification over events
is equivalent to quantification over pairs < a,e¢ > of the unique king x in the
context who is such that he has blue eyes in e. Given that individual-level
predicates are only loosely tied to particular occasions, and we assume that
every king is unique with respect to a particular context, this boils down to
quantification over blue-eyed kings.

Note that the context-dependent character of definite NPs remains stron gly
present, even if we embed the NP under quantification. Although it is reason-
able to assume that for every individual involved we can find a context with
respect to which the uniqueness condition is satisfied, the fact that there is such
an additional condition accounts for the difference felt between (45) and (46)
on the one hand and (47a. b) on the other hand, where no extra assumptions
are necessary for the set of individuals that satisfy the common noun to become
available:

(47) a. When a king dies, he is usually succeeded by his eldest son
b. When a king has blue eyes, he is often popular

The contrast extends to plural generic NPs as in the following pair of sentences,
discussed by Hawkins (1978):

(48) a. Generals usually get their way
b. The generals usually get their way

In (48a), the most probable intention of the speaker is to refer to all generals.
The indefinite can cover all those in existence and all those to be. The definite
article in (48D) singles out the object mentioned against the background of
a more inclusive whole, which could be something like *officers’ or ‘people in
government”. If there is no larger whole that is held in mind, the article is
omitted.

As far as French is concerned, we note that the difference between the sin-
gular indefinite and the singular definite NP is preserved. However, given that
French does not use the indefinite plural as a generic NP, the contrast between
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(48a) and (b) disappears, and we only use the context-dependent definite NP
to express generalizations:

(49) Le plus souvent, les généraux imposent leur volonté
Usually, the generals impose their will

It is not surprising that the context-dependent character of definite NPs is felt
less strongly here. In fact, it seems easy to rely on a flexible notion of contextual
relevance which allows every individual that satisfies the predicate to satisfy
the uniqueness condition with respect to one context or another. Such a weak
interpretation of the uniqueness condition blurs the distinction between definite
and indefinite closure and allows French to get by without a generic indefinite
plural. Arguably, such a weak notion of context dependency does not apply to
English, because there we have the possibility of switching to an indefinite NP
if we want to capture the full general reference of the NP. For both indefinite
and definite NPs then, we can explain bound variable readings by adopting a
number of reasonable pragmatic assumptions concerning the relation between
individuals and events. In both cases, then, we can preserve a unified treatment
of Q-adverbs as generalized quantifiers over events.

3.3 Definite disclosure

For those who wish to express bound variable readings as variables actually
bound in the semantics, I will show that we can reflect this meaning effect in
the semantics of definite NPs if we adopt suitable type shifting operations. By
applying Partee’'s BE operator to indefinite NPs, we were able to recover the
set corresponding to the common noun interpretation. As Partee (1987) points
out. applying the BE operator to a definite NP gives us the singleton set of
the unique individual satisfying the description if there is one, the empty set
otherwise:

(50) a BE(THEg(P)) =Pif|P| <1
b. Az |king'(x) AVylking'(y) — y = x]]

That is, the predicative reading of a definite singular like the king as given in
(50) is the same as the common noun, since both pick out the empty set if there
is no king and a singleton set if there is exactly one king.

If we relax the uniqueness presuppositions to uniqueness-in-context, as we
have argued for above, the type shifting operator BE gives us the set of pairs
< x,e > such that x is the unique x satisfying the definite description in e
Conjunction with a vacuous identity statement thus does not only give us ex-
istential disclosure, it also provides for ‘definite disclosure’. (51a) is the DMG
representation of the restriction on the quantifier. In (51b) this formula is dy-
namically conjoined with a vacuous identity statement. This reduces in the
regular way to (51c):

(51) When the king has blue eyes, he is often popular
a. [Ae | [Edi|T King(di) ; Ada[f King(dy) ; T Rel(dz.¢) =1 d2 = di)] ;
1 Have-blue-eyes(ds.e)]]
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b. e | [T King(y) ; Adat King(dy) ; 1 Rel(dz.e) =1 dy = yl] ;
T Have-blue-eyes(y,e)])

¢. Ayde [King(y) AVz [King(x) A Rel(x,e) — x = y] A HBE(y,e)]
d. Ay3e [King(y) AVz [King(x) A Rel(x,e) — x = y| A HBE(y,e)]
e. Ay [King(y) A Have-blue-eyes(y))

Conjoining the restrictor with a vacuous identity statement as in (51b) yields
the set of pairs < y,e > such that y is the unique king in the context and y has
blue eyes in e (51c). Because the individual-level predicate carries a unique-
hess presupposition, this is equivalent to quantification over the set of blue-eyed
kings that are unique with respect to a certain context (51d). Assuming that
such a context can be found for every king, we end up expressing quantification
over blue-eved kings (51e). The comparison of (51e) and (29e) makes it under-
standable why Krifka et al. (1992) claim that generic definite NPs in Romance
can be considered as semantically indefinite NPs. Of course we can only infer
(51d) from (51c) if we appeal to lexical-semantic properties of the predicate in-
volved, and further reduction to (51e) is also dependent on assumptions about
the real world, so even in this semantic approach we crucially need to appeal
to pragmatic considerations in order to obtain the right set of individuals to
quantify over.

In the light of these observations, I again conclude that there is no reason
why we would not keep the semantics “clean” altogether and handle the generic
reading of definite NPs as an effect of “quasi-binding” of individual variables
along with quantification over events. The pragmatics can be said to simulate
type shifting. so again we can Joosely speak about definite disclosure to refer to
cases in which quantification over events is interchangeable with (uantification
over individuals.

4 Conclusion

We may conclude that it is neither necessary nor desirable to account for the
generic reading of indefinite NPs hy treating them semantically as variables.
The interpretation of indefinites as dynamic existential quantifiers allows us to
treat des N as a regular indefinite as far as discourse and donkey anaphora are
concerned. English and other Germanic languages have a preference for the
use of indefinite NPs in characteristic generic sentences. A semantic operation
of existential disclosure or a pragmatic simulation of it makes it possible to fix
certain indefinite NPs as the ‘topic’, and to determine what the quantification
is about. The NPs which undergo existential disclosure are the only ones which
can be properly called generic NPs. These are the only bound variable readings
left in our theory. This approach then accounts for the generic character of the
indefinite NPs in (52a) and (52b):

(52) a. An Italian usually drinks wine at dinner
b. Ttalians usually drink wine at dinner
¢. The Italian usually drinks wine at dinner
d. The Italians usually drink wine at dinner



Although a similar operation of definite disclosure can be used in certain cases
to turn (52¢) and (52d) into generic sentences, this is not the usual way to
express characteristic predication in English.

Not all indefinite NPs in all languages undergo disclosure operations. French
and other Romance languages do allow existential disclosure for singular indef-
inite NPs (53a), but indefinite plurals do not usually occur as topics of generic
sentences (53b):

(53) a. Un Ttalien boit généralement du vin & table
b. *Des Italiens boivent généralement du vin & table
c. L'Italien boit généralement du vin a table
d. Les Ttaliens boivent généralement du vin a table

We have formulated a constraint on the operation of existential disclosure, and
argued that it does not apply to des N. Instead, Romance languages seem to
have a preference for the use of definite NPs for the expression of inductive gen-
eralizations. (53c) has about the same status in French and English, but (53d)
is clearly the typical way to express characteristic predication. The difference
between Germanic and Romance languages then reduces to a contrast between
existential and definite disclosure.

We can speculate that there is an overall preference for the expression of
genericity by means of indefinites rather than definites because the relation
between the NP-denotation and the CN-denotation is more straightforward
in the case of indefinites. Definite disclosure is dependent on uniqueness-in-
context and is as such a more indirect way of associating sets of events with the
correlating sets of individuals. We would then predict that, only if existential
disclosure is somehow prohibited for independent reasons languages would use
definite NPs as a general means to express genericity. Whether this speculation
turns out to be on the right track or not, I hope the paper has made it clear that
for the treatment of genericity there is no need to assume that indefinite and
definite NPx translate as variables and that an event-based semantics of adverbs
of quantification is a viable alternative to the unselective binding approach.
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Quantifiers in Pair-list Readings
and the Non-uniformity of Quantification
Anna Szabolcsi, UCLA

This paper addresses two main issues. First, it examines the role of quantifiers
in pair-list readings. Second, placing the results in the context of current work
on scope, it argues that "quantification” is a semantically diverse phenomenon.

The term PAIR-LIST reading will be applied to both types (1) and (2):

) What did every man read?
*For every man, what did he read?’
) What did six men read?

"For six men of your choice, what did each read?’

Type (1) will be referred to as a FIXED DOMAIN reading and type (2) as a CHOICE
reading, when the distinction is necessary. The latter term covers type (3), too,
which may or may not be regarded as a pair-list question:

3) What did John read? Or, what did Mary read?

Pair-list readings arise when the interrogative contains a quantifier; the issue to
be addressed is WHAT ROLE THIS QUANTIFIER PLAYS. The standard view is that
the quantifier here does not have the same kind of quantificational force as in
other, "normal" contexts; instead, it contributes A RESTRICTION ON THE DOMAIN
OF THE QUESTION. I will argue that, at least in the case of the pair-list readings
of complement interrogatives, QUANTIFICATION IS BOTH NECESSARY AND HARM-
LEss. The argument is based on empirical data concerning exactly what quanti-
fiers support pair-list readings.

Section 1 shows that the dilemma of quantification versus domain
restriction arises ONLY IN COMPLEMENT INTERROGATIVES. In matrix questions
only universals support pair-list readings, whence the simplest domain restriction
treatment suffices. Apparent examples with indefinites probably have cumulative
(more precisely: distributed group) readings.

Section 2 argues that in the case of complements, the domain restric-
tion treatment is inadequate for at least two independent reasons. One has to do
with the fact that NOT ONLY UPWARD MONOTONIC quantifiers support pair-list
readings, and the other with the derivation of "APPARENT SCOPE ouT" readings.

This establishes the need for quantification, so the question arises how
the ORJECTIONS explicitly enlisted in the literature against quantification can be
answered. Section 3 considers the de dicto reading of the quantifier’s restriction,
quantificational variability, and the absence of pair-list readings with whether-
questions, and argues that they need not militate against quantification here.

Section 4 turns to the most interesting objection, which is conceptual.
Both Groenendijk & Stokhof and Chierchia argue that since quantifiers do not
behave uniformly in this context, the creation of pair-list readings must involve
a process other than standard quantification. This argument rests on the assump-
tion that in other contexts, quantifiers do behave uniformly. I will argue that this
assumption is empirically false, and conclude that "STANDARD QUANTIFICATION"
INVOLVES A VARIETY OF DISTINCT, SEMANTICALLY CONDITIONED PROCESSES.
That is, the harmony in the universe that quantification into interrogatives would
allegedly disrupt does mot exist anyway.
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I will take Groenendijk & Stokhof (1984) [henceforth G&S] as my
point of departure. The proposals in Higginbotham (1991) and Chierchia (1993)
appear to be equivalent to G&S in the respects I am concerned with.

1. No need for quantification into matrix questions

The first, empirical point to be made is that in weighing the arguments for and
against quantification into interrogatives, we have to focus on complement
contexts. It turns out that, contrary to popular belief, matrix pair-list questions
are supported only by universals. But these cases, as G&S point out, can be
accommodated using the simplest possible domain restriction terms, either (6a)
or (6b), analogously to multiple interrogation:

) Who did every dog bite? Fido bit John, King bit Bill, ...
) Who did which dog bite? Fido bit John, King bit Bill, ...

©) a. A € dog(a) Ay[bit(a)(x,y)]
b. Ni[Ax € dog(a) Ay[bit(a)(x,y)] = AxEdog(a) Ay[bit@)(x,y))]

In (6) the quantifier [ every dog || contributes its unique witness, the set of dogs,
to serve as a restriction on lambda abstraction. (6a) asks for the set of pairs
consisting of a dog and a person it bit in the actual world a. This formulation is
modelled after Hausser’s (1979) and, as G&S (1989) note, affords a Very trans-
parent relation between questions and linguistic answers. (6b) is G&S’s own
general formulation; it seeks to identify the unique (smallest) world i in which
the dog/bitten person pairs are the same as in a.

G&S point out that the same treatment does not carry over to questions
that do not have a fixed domain, e.g.,

)] Who did two dogs bite? Answer,: Fido bit X and King bit Y.
Answer,: Spotbit Z and King bit Y.

Here the answerer first needs to make a choice as to what question he wishes to
answer (hence the name choice question). This amounts to choosing one of the
witnesses of [two dogs || . To accommodate this step, (7) must denote a general-
ized quantifier over individual questions:

) AP3W[witness (W, [two dogs|) &

P € Why[bit(a)(x,y)] = Ax € Wy[bit(i)(x,y)]])]
My claim in 1.1 and 1.2 will be that the need for this kind of interpretation may
only arise in complement interrogatives. What is the significance of this claim?

The most important consequence is purely data-minded. As I will point
out in 2.1, exactly what quantifiers support pair-list readings has theoretical
significance. But then we must make sure that we are looking at a context that
provides representative data as to what these quantifiers are.

Secondly, a basic objection against analyzing pair-list readings in terms
of standard quantification into interrogatives may be that it presupposes that
interrogatives, just like declaratives, denote propositions. (Quantification is de-
fined for expressions of type t.) As (6b) shows, this is in fact the analysis that
G&S adopt; however, this is not the most attractive feature of their theory and
is not shared by all others. To what extent can the treatment of pair-list readings
be made independent of this feature?
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Notice that this problem is relevant only in the matrix. It is quite
patural to interpret all complement interrogatives as generalized quantifiers,
irrespective of whether the presence of an indefinite forces this. Now suppose we
prefer a non-propositional analysis of interrogatives, expressed in terms of some
7 quantifier. What we get then is roughly as follows:

) It is known who John visited. AP[P(?x[visit(john,x)])](known)

Here the fact that the expression ?x.6 is not of type t is made irrelevant by the
fact that P(2x.9) is of type t anyway. Thus quantification, if otherwise motivated,
is type-wise unproblematic:

(10) It is known who everyone visited.  NPYy[P(?x[visit(y,x)])](known)

On the other hand, in the matrix one can have (6a) or one’s favorite 2-analysis:
(1) Who did every dog visit? 7y €dog x[visit(y,x)]

This means that once we know that quantification into interrogatives does not
arise in the matrix, we are free to combine it with a non-propositional analysis.

It may be unsettling to assign so divergent analyses to matrix and
complement cases but, in fact, they may have to diverge in even further respects.
Recall May’s (1985) claim that a pair-list reading is possible only if the QP c-
commands the trace of the fronted wh-phrase. May subsumes this under the
Empty Category Principle, and Chierchia (1993), under Weak Cross-over. There
have always been doubts concerning the predicted contrasts in the linguistic folk-
lore; see also Williams (1988). T. Stowell (p.c.) judges, quite specifically, that
matrix pair-list readings are supported only by a subject QP (and not e.g. by a
direct object QP that c-commands an indirect object wh-trace), and in comple-
ments there are no contrasts at all. If Stowell is correct, even the syntax of
matrix and complement pair-list readings must diverge significantly.

Finally, pair-list readings supported by indefinites have a very different
intuitive status in the complement and in the matrix. A sentence like John found
out where more than five friends got their degrees does not involve any
"choice." It means that there are more than five friends about whom John found
out something, that is, it involves simple quantification.

1.1 Choice questions with indefinites

The basic observation that indefinites only support pair-list readings in comple-
ments was made in the course of joint work with Frans Zwarts in 1992. A study
by St.John (1993) confirmed this and revealed the significance of cumulative
readings; Doetjes (1993) independently made consonant suggestions. The more
detailed data the present paper rests on come from ongoing field work, for
assistance with which I thank S. Spellmire.

Consider first (12) versus (13):

(12) Who ok Fido bit X, Spot bit Y, ...
Which boys did every dog bite? ok Fido bit X, Spot bit Y, ...
Which boy % Fido bit X, Spot bit Y, ...

(13) Who * Fido bit X, Spot bit Y,...
Which boys did more than two dogs bite? * Fido bit X, Spot bit Y,...
Which boy * Fido bit X, Spot bit Y,...
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Although the availability of pair-list answers to (12) with every dog seems more
restricted than is acknowledged in the literature (see the %), it clearly contrasts

with (13) with more than two dogs, which no speaker is tempted to answer with
a list of pairs. Similar to (13) are all "modified numerals,” e.g. two or more
dogs, exactly two dogs, fewer than two dogs, many/few dogs. As to Who did at
least two dogs bite?, some speakers are willing to answer it with a pair-list, but

this is probably a pragmatic "mention some" effect induced by a non-logical use
of at least. The reason to believe this is that (i) logically equivalent two or more
dogs never elicits pair-list answers, and (i) speakers who answer the at least two
dogs question with a pair-list tend pick just two dogs, rather than three or eleven.

The belief that choice questions do arise in the matrix may be based
on the fact that the literature typically considers only "bare numeral indefinites”
like two dogs. But do these support genuine choice questions? I claim that they
do not. The acceptable examples, as in (7), have cumulative readings in the sense
of Krifka (1991) and Srivastav (1991), who discuss questions with definites, e.g.,

(14) Who ok Fido bit X and Spot bit Y.
Which boys did the dogs bite? ok Fido bit X and Spot bit Y.
Which boy * Fido bit X and Spot bit Y.

They argue that the "real answer" here would be The dogs, Fido and Spot, bit
X and Y (between them), and the apparent pair-list answers are just more coop-
erative ways of spelling out how exactly the bitings were distributed. (The same
basic observation had been made in Szabolcsi (1983:128), in response to Haik
(1982).) Crucial here is the fact that the expressly singular wh-phrase, which boy
does not allow for such an answer. I suggest that the indefinites data in (15) are
to be interpreted in the same way:

(15) Who ok Fido bit X and King bit Y =
They bit X and Y

Which boys did two dogs bite? ok Fido bit X and King bit Y =
They bit X and Y

Which boy 7? Fido bit X and King bit Y =

They bit X and Y

The claim that two dogs can indeed support such cumulative readings is con-
firmed by the fact that plain X and Y is itself an acceptable answer to Who/
Which boys did two dogs bite? in the cumulative situation where one dog bit X
and the other bit Y.

As to the absence of a genuine pair-list reading, the need to choose a
plural or at least not overtly singular wh-phrase is unfortunately of less diagnos-
tic value than Krifka and Srivastav think, since many speakers of English reject
the singular even with fixed domain readings. However, I have found reliable
informants who do accept the singular in the case of every dog (hence the % in
(12)) and nevertheless reject it in the case of the dogs and s

Why is the cumulative option unavailable to modified numeral indefin-
ites, cf. (13)? The term "cumulative™ may be a little misleading here, since Scha
(1981) introduced it in connection with cardinalities, and indeed, More than two
dogs bit fewer than six boys between them is fine. The readings in (14) and (15)
should rather be called "distributed group” readings. I suggest that more than two
dogs and its brothers do not participate in such readings because, unlike the/two
dogs, they are not potential group denoters in the relevant sense. This accords
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with Kamp & Reyle’s (1993) observations; for further discussion, see section 4.

Notice now that the asymmetries between universals and indefinites (as
well as the mysterious unacceptability of singular wh-phrases) vanish in comple-
ments:

16) John found out which boy every dog bit. cf. (12)
"John found out about every dog which boy it bit’
an John found out which boy more than two dogs bit. cf. (13)

*John found out about more than two dogs which boy each bit’

In other words, the absence of choice readings is restricted to the matrix.

Why should choice readings be unavailable in the matrix? A straight-
forward explanation may be derived from G&S’s argument that choice readings
cannot denote less than generalized quantifiers, cf. (8). It seems that generalized
quantifiers are genuinely looking for a property, in combination with which they
can yield a truth value, hence their natural habitat is the "argument" position. In
other words, they are just not good denotations for matrix sentences.

1.2 Supporting and potentially problematic data

The assumption that choice readings are unavailable in the matrix because they
must denote generalized quantifiers is supported by the fact that question disjunc-
tions, which are also choice questions though not pair-list questions, exhibit
comparable matrix vs. complement asymmetries.

Question disjunctions that illustrate the choice reading in the literature
invariably come in an inter-sentential format, as in (3). If this were an irrelevant
detail, the or connecting the two sentences could easily be moved into intra-
sentential position. But it cannot:

(18) a. Who did you marry? Or, where do you live?
b.7? Who did you marry or where do you live?

This suggests that the or in (18a) does not really offer a choice but, instead, is
an idiomatic device that allows one to cancel the first question and replace it with
the second. This idiomatic character is corroborated by the fact that the Hun-
garian equivalent of (18a) is entirely unacceptable unless ink4bb ’rather, instead’
is added; something that we do not expect if the connective acts as a standard
Boolean operator. The marginality of (18b) indicates, then, that questions cannot
be directly disjoined.

Just as pair-list readings with indefinites are perfect in complements,
disjunction becomes impeccable in complements, too. But the claim that ques-
tions cannot be directly disjoined is confirmed by the fact that (19) only has a
wide scope or (distributive) interpretation obtained by lifting both disjuncts:

19) John found out who you married or where you live.

"John found out who you married or found out where you live’

* *John found out (who you married or where you live)’
Naturally, for this distinction to make sense, the two readings must be distinct.
According to G&S (1989), know wh-¢ and/or wh-y is logically equivalent to
know wh-¢ and/or know wh-y.. I disagree with this in the case of or. Take (20):

(20) a. Bill knows where John lives or knows who Sue married.
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b.  Bill knows (where John lives or who Sue married).

If Bill never heard of Sue, (20a) may be true but (20b), if grammatical at all,
seems implausible.

The claim that interrogatives must be first lifted to become disjoinable
is corroborated by data from Hungarian and Korean (S. Nam, p.c.). In these
languages, even wh-complements are introduced by a subordinator morpheme.
The Hungarian subordinator is hogy, and the counterpart of (19) is unacceptable
unless both disjuncts contain a hogy:

21 Jdnos megtudta, hogy kit vettél feleségiil vagy *(hogy) hol laksz.
John found-out that whom you married or *(that) where you live

It is important to note now that all these contrasts are semantic, not (logico-)
syntactic: they disappear if disjunction is replaced by conjunction:
18y a.  Who did you marry? And, where do you live?

b.  Who did you marry and where do you live?

21y Jdnos megtudta, hogy kit vettél feleségiil és (hogy) hol laksz.
John found-out that whom you married and (that) where you live

The crucial difference is, of course, that question conjunctions may, but need
not, denote generalized quantifiers: they have a unique complete, true answer.

In sum, question disjunction supports the explanation I am offering for
the observed absence of choice readings from the matrix. On the other hand, I
am aware of three types of data that may be problematic. I briefly review them
below and indicate why I think they need not be disastrous.

First, as the ?? in (15) indicates, a genuine pair-list reading is to some
extent available with two dogs (for some reason, much less so in Dutch). I
suspect that two dogs here is interpreted specifically (as a filter, cf. Ben-Shalom
(1993)). Then we really have a fixed domain question, not a choice question.

Second, disjunctive questions like (22) allow for a choice-style answer:

(22) Who did Fido or King bite? ok King bit John.

I suggest that this is not a choice reading but, rather, a "mention some" answer
to the question "Who is such that either Fido or King bit him?,” presented in a
co-operatively explicit format.

Third, all the observations made in connection with matrix questions
are replicated by complements of wonder:

(23) a. John wonders who every dog bit. cf. (12)
b.% John wonders which boy every dog bit. cf. (12)
c.?? John wonders which boy more than two dogs bit. cf. (13)
d.”? John wonders where you live or who you married. cf. (19)

"John would be happy to know either’

This paradigm does not follow from the "type infelicity” story, but a compatible
informal explanation may be suggested. On G&S’s theory, these sentences are
interpreted as ’John stands in the wonder-relation with the question...,” as op-
posed to 'John found out the answer to the question...” Apparently, you cannot
stand in the wonder-relation to a question which, not being a possible matrix
question, cannot be asked on its own right. (G. Carlson (p.c.) points out to me
another respect in which wonder-complements are like matrix clauses: in some
AmE. dialects they exhibit inversion (together with sequence of tenses).)
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To conclude, the claim that matrix choice questions do not exist
because matrix clauses do not denote generalized quantifiers seems tenable. Note,
however, that the rest of the paper relies on the facts themselves, not on their
proposed explanation.

2. The necessity of quantification into complement interrogatives
2.1 Domain restriction and monotonicity

In what follows I will assume that all complement interrogatives denote general-
ized quantifiers. The question, then, is whether the domain restriction schema
underlying (8) is an adequate representation of complement pair-list readings:

(24) a. ... who QP bit
b. APaW[witness (W, [QP|) &
PQA[Ax € Why[bit(a)(x,y)] = AxE€ Why[bit()(x,y)]])}

=, A\P3W[witness (W, ||QP|) & P(which xEW bit whom)]

I argue that it is not adequate, for at least two independent reasons. The first has
to do with monotonicity. The second has to do with "apparent scope out” read-
ings, to be discussed in 2.2.

The simple point to be made in this subsection is that domain restric-
tion requires upward monotonicity. Why? "Domain restriction” means that we
pick a set and restrict our attention to its members, ignoring whatever happens
outside. But we can only safely do so if that set is determined by an increasing
quantifier. To illustrate with non-interrogative examples,

(25)a. (At least) two men walk = There is a set of (at least) two men who walk
b. Exactly two men walk # There is a set of exactly two men who walk

¢. Less than two men walk # There is a set of less than two men who walk

The schema in (24b) faces exactly the same problem as the paraphrases in (25).
For instance, if P is replaced by John knows, we get that there is a witness w
of QP about whose members John knows who they bit, ignoring whatever else
John knows. (24b) misinterprets any sentence in which the QP inducing the pair-
list reading is not upward monotonic.

Thus, at this point the empirical question of exactly what quantifiers
support pair-list readings becomes crucial.

It is agreed in the literature that decreasing quantifiers do not support
pair-list readings; the standard example is like (26):
(26) Who did no dog bite?

* 'For no dog, tell me who it bit — that is, remain silent’

If this judgment is replicated in the complement case (and it seems it is), decrea-
sing quantifiers are no threat to (24b). But no one ever considers non-monotonic
quantifiers, although their theoretical significance is exactly the same.

One type of context I used to elicit the relevant judgments is as fol-
lows. We are in the business of finding out how dangerous each neighborhood
dog is and get together to compare notes. This context simply makes the com-
peting non-pair-list reading of the complement irrelevant, without being either
pragmatically or syntactically too special to produce representative judgments.
The results I obtained are as follows:

651



(27) a. 1 found out who three dogs bit.
b. Idid a lot better! I found out who more than five dogs bit!

¢. John is not here but I have glanced at his list, and I estimate that he
found out who more than five but certainly fewer than ten dogs bit.

d. And I know that Judy found out who exactly four dogs bit.

e.?? Bill is very lazy: he only found out who at most three dogs bit.

f.* Mary is even worse: she found out who no dog bit.

g. Don’t worry; I think we now know who gvery dog bit.

That is, in this context non-monotonic examples (27c,d) are as acceptable as
upward monotonic ones. On the other hand, no N remains excluded, although
some speakers are tempted to accept at most n, which is similarly decreasing but
has non-empty witnesses. This last nuance may be relevant in the precise descrip-
tion of the data but does not choose between types of analyses, so I will ignore
it. The significant point is that not only increasing quantifiers support pair-list
readings.

The conclusion is that (24b) needs to be amended. I will consider three
alternatives. The first, (28) just adds an ad hoc maximality condition to (24b),
so that it will not go wrong if QP is not upward monotonic.

(28)  NPaW[witness(W, [QP|) & P(which xEW bit whom)
& Vx[x&W - —P(whom x bit)]]

The second version, (29) departs from this most radically: it is standard quant-
ification, assigning wide scope to Q dogs over the wh-phrase.

29) APQx[dog(x), P(which person y[x bit y])]

The third version, (30) is an interesting intermediate case. If we read the original
(24b) as a noble, though empirically incorrect, attempt to express that only
increasing quantifiers support pair-list readings, then (30) just expresses, in the
same spirit, that in fact increasing and non-monotonic quantifiers do so. This is
how the first line works. QP is required to have a non-empty minimal witness

B." But we cannot stick with B: the minimal witnesses of exactly three dogs are
the same as those of three or more dogs and more than two dogs, but sentences

containing these QPs are not synonymous. We must be allowed to pick an
appropriately big "enlargement” A of B to do the real work:

(30) AP3A3B[non-& minimal witness(B, || QP ||) & witness(A, [ qp|) & BS A
& wx[P(whom x bit) iff x € A]]

The second line then ensures that all and only the members of A count. At first
sight this, too, seems like an innocent improvement over (28): the maximality
condition is no longer added like an afterthought. But the new formulation makes
a crucial difference. In (28), both reference to the relevant witness and universal
quantification over its members took place inside the argument of the property
variabie P (cf. which xEW); in (30), both take place outside P. This has the
consequence that (30) is every bit as "quantificational" as (29) is.

General methodological considerations aside, is there empirical reason
to prefer any of these alternatives? In 2.2 I argue that there is.

1. This also excludes non-continuous quantifiers with a decreasing component, e.g.
fewer than two or more than six dogs. Datawise this does not seem problematic.
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2.2 "Apparent scope out" phenomena

It is generally agreed that whatever rule assigns scope to QPs like every student,
it operates within the boundaries of one clause. A typical example is (31):

@31y Some librarian or other found out that every student needed help.
* ‘every > some’

It is striking, then, that a comparable reading of (32) is entirely natural:

(32) Some librarian or other found out which book every student needed.
’every > some’

Should we allow every student to scope out of its own clause? Moltmann &
Szabolcsi (1993) argue that the answer is No. It is proposed that the apparent
scope out reading arises when (i) the complement clause has a pair-list reading
and (ii) it is assigned scope over the matrix subject. This latter is of course a
clause-internal step. That is, the derivation is not (33) but (34):

(33) * [every student]; [some librarian found out which book x; needed]
(G4 (i Which book every student needed); [some librarian found out v;]

The question is, then, what formal interpretation the pair-list reading
must have for (34) to yield the "apparent scope out™ effect. Let’s see. In (35)
through (37) I quantify (28) through (30) into some librarian found out v;:
(35) APaW[min.witness(W, |every student]) &

P(which x €W needs which book) & MAXIMALITY]

(A\v[3z[librarian(z) & found-out(z, v)]]) =
aW([min.witness(W, | every student||) &
3z(librarian(z) & found-out(z, which x €W needs which book)] &
vx[x@W - —az[librarian(z) & found-out(z, which book x needs)}]]]

(36) APvx[student(x) - P(which book y[x needs yl)]
(Av[3z[librarian(z) & found-out(z, V)]]) =
vx[student(x) — 3z[librarian(z) & found-out(z, which book y[x needs y])]]

(37) \P3A3B[non-@ min.witness (B, | everyst. |) & witness(A, |leveryst.|)
& B € A & vx[P(which book x needs) iff xE A]]
(Av[3z[librarian(z) & found-out(z, V)]]) =
3A3B[non-@ min.witness (B, |every st.|) & witness(A, [ every st. b
& BS A &
vx[az[librarian(z) & found-out(z, which book x needs)] iff xE A]]

Recall that (28) is G&S’s original domain restriction interpretation of the pair-list
reading, supplemented by an ad hoc maximality condition to take care of non-
monotonic QPs. (35) shows that quantifying (28) into the matrix clause does not
make the librarians vary with the students. It is easy to see why: as was men-
tioned in 2.1, in (28) all quantificational action takes place inside the argument
of P that matrix material will replace. Thus matrix and complement quantifiers
cannot interact scopally.

On the other hand, both (29) and (30) give the desired result: the
librarians vary with the students. This confirms that they are variations on the
same quantificational theme. Also, we now have an independent argument for
preferring a quantificational analysis over (28).
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(How shall we choose between (29) and (30)? As it stands, (29), just
like (28), presupposes that the failure of (some or all) decreasing QPs to support
pair-list readings has an independent explanation. G&S and Higginbotham (1991)
offer such an explanation in pragmatic terms: a question that asks you to remain
silent is not felicitous (see (26)). This explanation does not extend to complement
cases like (27e,f): both would make perfect sense. Likewise, it does not account
for Moltmann’s (1992) and Schein’s (1994) observation that paralle readings are
absent from other wh-constructions:

(38) a. John is taller than OP no other student is. [OP = how tall]
* 'John isn’t taller than any other student’
b. John read what no student wrote. :
* "John didn’t read any student’s writing’

Moltmann (1992) proposes that the reason is that decreasing quantifiers do not
take inverse scope. But "modified numeral indefinites” do not take inverse scope,
either (see section 4) and they nevertheless support pair-list readings. Pending a
general syntactic or semantic explanation, we may for the time being simply
build the restriction into the pair-list schema itself, as in (30).)

3. Speciﬁc empirical objections to quantification into interrogatives

Section 2 will have established the need for quantifying into interrogatives. But
G&S and Chierchia did not merely propose a domain restriction theory; they also
argued explicitly against quantification. The conceptual objections pertain to the
uniformity of quantification and will be discussed in detail in section 4. The
present section attempts to briefly comment on issues that arise in connection
with specific empirical properties of pair-list readings: the de dicto reading of the
quantifier’s restriction, quantificational variability, and the absence of pair-list -
readings with whether-questions. I wish to thank U. Lahiri and F. Moltmann for
discussions on these matters.

One important reason why G&S object to Karttunen’s (1977) treatment
of pair-list readings in terms of quantification into interrogatives is that this does
not account for the fact that the common noun part of the QP is interpreted "de
dicto.” That is, G&S claim that unless the QP is scoped out on its own (which
they always allow!), it is not sufficient in (39) for John to know about every
criminal which candy he craves; he must also know that the guys are criminals:

39) John knows which candy every criminal craves for.

This objection carries over to my (29) and (30) in the following sense. If the
complement clause is interpreted as an extensional object of know, know is part
of what replaces the variable P. Thus reference to the common noun or witness
set of QP is made only outside the scope of know. It is of course also possible
to interpret the whole generalized quantifier that stands for the complement as
an intensional object, in which case the problem does not arise.

Now, it appears to me that G&S’s own stronger claim is in fact too

strong, in two respects. First, compare (39) with (40):
40) John has just discovered which candy every criminal craves for.
This need not mean that John has just discovered that the guys are criminals, al-
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though he may need to be independently aware of them being criminals. That is,
there is a difference between presupposed awareness and an entailment express-
ible strictly in terms of whatever the matrix verb happens to be (here: discover).
The fact that G&S consistently use know in their examples masks this difference.

Second, even presupposed awareness is restricted to cases when the
matrix subject is an intelligent being acting knowingly. Consider:

@1 This experiment will reveal which candy every criminal craves for.

Here the experiment will neither reveal that the guys are criminals, nor does it
have any awareness of this. Presumably the same holds for John in case he
informs us about something inadvertently, in an indirect way.

Third, it seems that on the "varying librarians” reading (which I
argued involves quantifying the whole complement, not merely its QP, into the
matrix clause) librarians need not be aware that the person whose book needs
they found out about is a student:

(42) Some librarian or other found out which book every student needed.

All in all, it appears that the data do not compel us to adopt G&S’s specific
formulation. It is not my aim in this paper to develop an alternative proposal. Let
me assume that some theory of presuppositions and intensionality will be able to
handle the facts that are undoubtedly there.

Another objection may be derived from a point made in Chierchia
(1993). He mentions that one important advantage of his treatment of pair-list
readings, which is in many respects like G&S’s, is that Lahiri’s (1991) proposal
for the treatment of the "quantificational variability effect” straightforwardly
extends to it. To recap, Lahiri interprets (43) roughly as follows:

(43) Mary knows, for the most part, which students came.
"Mary knows most parts of the complete answer to the question which
students came = For most students, Mary knows whether they came’

Chierchia (1993: 218) comments on the extension, "In a situation with three
people a, b, and ¢, where a loves b, b loves ¢, and ¢ loves a, if Mary knows that
a loves b and b loves ¢, sentence [44] would be true.”

(44) Mary knows, for the most part, who everyone loves.

On the other hand, if the pair-list reading is supported by an indefinite, there is
10 unique complete answer, so Lahiri’s algorithm — correctly — cannot apply.

How can this result be possibly replicated if the pair-list reading is
derived using quantification? Here life is easy, because G&S’s (1993) general
proposal concerning quantificational variability incorporates a trick that does the
job. G&S point out that in dynamic semantics Vx[¢—y] is equivalent to 3x¢—y,
even if x is free in . 3x¢—>y can then be subjected to existential disclosure,
which makes x available for further quantification. Thus most can effectively
quantify over the variable originally bound by the universal. (Fortunately, these
equivalences do not hold if we replace gvery with, say, more than five.) So, (44)
will be directly interpreted as (45):

45) "For most persons, Mary knows (completely) who that person loves’

With the main job thus done, let us ask whether this result is exactly the same
as Lahiri’s and Chierchia’s. This is not easy to answer because they do not spell
out what count as parts of a pair-list answer, but it seems they would quantify
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over pairs, as in (46), not over loving persons:
46) "For most person,/person, pairs, Mary knows whether p; loves p,’

My judgment is that models that distinguish the two interpretations show that in
fact (45) is correct. This means that (if the assumptions of dynamic semantics are
generally tenable) the quantificational approach to pair-list readings can be
married with a fully satisfactory treatment of quantificational variabil ity.
Finally, as is noted already in Karttunen and Peters (1980), quantifying
into interrogatives incorrectly predicts that whether-questions have pair-list
readings:
“47) John found out whether everyone left.
* "John found out about everyone whether he left’

It is argued in Moltmann & Szabolcsi (1993) that this is really part of a bigger
problem of why quantification into clauses lacking a variable binding operator
is not attested:

(48) a. whether every girl walks * NPvx[girl(x) = P(whether x walks)]
b. that every girl walks * NPvx[girl(x) - P(that x walks)]

How do we know that (48b) is not available? If it were, then, assuming that
complement clauses can be quantified into the matrix, as is suggested in 2.2,
quantifiers in the complement would systematically appear to scope over quanti-
fiers in the matrix. But this is not the case, cf. (31). M&Sz offer preliminary
speculations, but this particular problem remains largely open for the time being.

To summarize, 1 have argued that quantification into interrogatives is
Dot necessary in matrix clauses but it is in complements. The need for quantifica-
tion was motivated by monotonicity and by "apparent scope out." 1 also dis-
cussed, and eliminated, various objections to quantification, in sections 1 and 3.
Having completed this case study, in the rest of the paper I wish to place the
phenomenon into a more general perspective.

4. Scope taking: a non-unitary phenomenon

The fact that not all generalized quantifiers support pair-list readings and that
different cases require logical analyses of different complexity is well-known
from the literature; my own findings confirm this global picture, although many
of the details are revised. Let us now shift our attention from the details and ask,
How shall we evaluate this diversity?

Both G&S and Chierchia (1993) make important comments on diversi-
ty. Since generalized quantifiers do not contribute to pair-list readings in a
uniform manner, their contribution should not be described as quantification. It
should be placed under some different umbrella. (Their proposal is domain
restriction.) That is, diversity provides an independent conceptual objection to
quantification into interrogatives. This objection remains in force, it would seem,
even in the face of the arguments I have accumulated. (Those arguments may
perhaps prompt one to look for an umbrella other than domain restriction.)

Rather than engaging in a terminological debate, the issue that I wish
to address is whether this objection is well-founded on its own. I believe that this
issue is substantial and important.
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The objection obviously rests on the assumption that in the "standard"
cases, quantifiers do behave uniformly. What I would like to show in this section
is that this assumption is empirically false; "standard quantification" must involve
a variety of distinct, semantically conditioned processes. I offer empirical data
that illustrate the claim, as well as some preliminary considerations as to what
the processes might be.

4.1 Quantifiers do not behave alike

Standard theories of scope are semantically blind. They employ a single logico-
syntactic rule of scope assignment (quantifying in, Quantifier Raising, storage,
or type change, etc.) which roughly speaking "prefixes” an expression « to a do-
main D and thereby assigns scope to it over D, irrespective of what « means,
and irrespective of what operator § may occur in D:

49) The semantically blind rule of scope assignment:
alp...B ...} =>  « scopes over

There are two basic ways in which (49) turns out to be incorrect: the resulting
interpretation may be incoherent, or the resulting interpretation may be coherent
but not available for the string it is assigned to.

To illustrate the first case, take a version of (49) that is assumed to
operate in surface syntax: WH-fronting. In a sizable class of cases, called "weak
island violations," this rule yields unacceptable results. For instance:

(50) a. Who do you think that I mentioned this rumor to?
b. Who do you regret that I mentioned this rumor to?

¢.  Who didn’t you mention this rumor to?
(51) a. How do you think I solved this problem?
b.* How do you regret that I solved this problem?
¢.* How didn’t you solve this problem?
(52) a. Who do you think that I got the ring I am wearing from?

b.* Who do you regret that I got the ring I am wearing from?
¢.* Who didn’t you get the ring that you are wearing from?

Szabolesi & Zwarts (1993) argue that the violation is semantic in nature. How
in (51b,c) and who in (52b,c) ought to scope over domains D that they are
unable to. As will be explained in 4.3, the reason is that they range over ele-
ments of join semi-lattices for which meet and complement are not defined. For
the moment, let it suffice that the o> B scope relation, pace (49), is not seman-
tically unconstrained.

To illustrate the second case, consider the fact that quantifiers in
English often scope over operators that are higher in the surface syntactic hierar-
chy. These cases are attributed to the covert operation of (49). This account
predicts, however, that all quantifiers interact uniformly with all operators 8.
But they do not. E.g., some but not all direct objects can scope over the subject
(53), and some but not all can scope over negation (54):

(53) a. Two men saw every film.
‘every N > two N’

b. Two men saw few films.
* *few N > two N’
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(54) a. John didn’t see many films.
’many N > not’
b. John didn’t see few films.
* *few N > not’

It will turn out that these contrasts have to do with semantics, too; however, they
pertain to the syntax/semantics interface, rather than pure semantics. That is, the
starred examples are not incoherent; simply, the given form cannot carry the
intended meaning. Proof is that the same o’s are able to scope over the same §’s
in English when they are originally higher in syntactic structure (55) or when
they acquire such a higher position via overt fronting (56):
(55) a. Few men saw two films.

few N > two N’

b. Few men didn’t call John.
'few N > not’

(56) Few men did no one / every woman / two women call.
'few N > no N/ every N/ two N’

I do not find it desirable to develop a theory that maintains the omni-
vorous rule (49) and supplements it with a variety of filters on its overt or covert
application. Such a strategy would simply not be explanatory, Instead, I will
argue for an approach that is as constructive as possible. The assumption is that
"quantification” involves a variety of distinct, semantically conditioned processes.
Each kind of expression participates in those processes that suit its particular
semantic properties. Thus the heuristic principle is this:?

57) What range of quantifiers actually participates in a given process is
suggestive of exactly what that process consists in.

In the light of these general observations, the fact that quantifiers
contribute to pair-list readings in more than one way appears more like the norm
than the exception.

4.2 "Compute" and "look up"

Szabolcsi & Zwarts (1993) propose that there are two basic scopal mechanisms:
“compute” and "look up.” I will adopt these informal terms and extend their
coverage. I begin by giving some global impression. '

Take the following examples:

(58) Who doesn’t walk?

(59) a. More than two men walk.
b. (These) two men walk.

(58) can be answered in two quite different ways. One is to form the set of walk-
ers, take its complement, and list its elements. Another is to check every individ-
ual for the 'not walk’ property and list the ones that have it. The first option is
"compute,” the second is "look up.” Now consider (59). The truth of (59a) is

2. The reasoning applied to branching quantification in Beghelli & Ben-Shalom &
Szabolcsi (1993) illustrates the same principle.
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established by forming the set of walkers and counting the men in it. The truth
of (59b) is established by taking these two men and checking whether "walk’ can
be predicated of them, distributively or collectively. The first procedure is "com-
pute,” the second is "look-up.”

In the spirit of (57), there is a correlation between how compute and
look-up work and what quantifiers they are available to.

Compute meticulously performs every possible operation on the deno-
tations of the participating expressions. Consequently, scope taking is shown to
be semantically sensitive: as will be discussed in connection with (60), it may be
the case that not all the requisite operations can be performed.

Look-up checks a designated domain for some, potentially complex,
property. One consequence is that, while it cannot be incoherent, either, look-up
is only available to scope takers that range over, or define, an appropriate
domain. The data I have investigated so far indicate that scope takers that denote
a principal filter and/or a group are prototypically the ones that define an appro-
priate domain for look-up.

We may note that from this perspective, pair-list interpretations involv-
ing domain restriction are also instances of look-up. Thus it may not be surpris-
ing that such an analysis turns out to be tenable only when the quantifier denotes
a principal filter (every man). This matches the intuition in Chierchia (1992).

4.3 "Compute" and "look up": scope and semantic coherence

As was mentioned in 4.1, Sz&Z argue that so-called weak island violations are
due to the inability of the wh-phrase to scope over some element of the extrac-
tion domain D. Specifically, it is proposed that scope taking is a semantically
sensitive procedure that obeys principle (60):
(60) For « to scope over some § means that the Boolean operations associ-
ated with § are performed in a’s denotation domain.
A derivation stops if a step requires performing some operation which,
however, cannot be performed because it is not defined in the relevant
denotation domain.

Concretely, an intermediate step in the derivation of, say, (50c¢), (51c¢) and (52¢),
is as follows:
61) Who didn’t you mention this rumor to?

form complement of | [the person(s)] you mentioned this rumor to||
(62)* How didn’t you solve this problem?

form complement of | [the way] you solved this problem |
(63)* Who didn’t you get the ring you are wearing from?

form complement of | [the person(s)] you got this ring from |

The derivation in (61) can proceed because | [the person(s)] you mentioned this
rumor to || is a set, so its complement can be formed. In the jargon of (60), the
denotation domain of who here is a Boolean algebra (of sets of individuals), and
complements are defined in this domain. The unacceptability of the other exam-
ples is due to the fact that neither | (the way] you solved this problem| nor
| [the person(s)] you got this ring from | is a set: manners and collectives are

best viewed as semi-lattice objects. But complement is not defined in semi-
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lattices, so the requisite operation cannot be performed. The derivations stop.?
Examples in which the § that « is unable to scope over is a universal
are analyzed analogously, with reference to the fact that meet (the operation cor-
responding to universal quantification) is not defined in a semi-lattice; and so on.
Of course, problems like in (62) and (63) are not confined to wh-
constructions. Consider the following examples:

64) More than ten soldiers passed by every house.
'more than ten > every’  or ’every > more than ten’
(65) More than ten soldiers surrounded this house.
"the collective that surrounded this house has more than ten atoms’
(66) More than ten soldiers surrounded every house.
(i)* 'there is a collective with more than ten atoms which surrounded
every house (one house after the other)’
(ii) *for every house, a possibly different collective of more than ten
surrounded it’

The unacceptability of (66i) is striking. This reading would have direct $> O
scope, which is usually unproblematic. Moreover, (65) shows that | more than
ten | is capable of counting the atoms of a collective (see also fn. 4). But (60)
explains why (66i) is bad. [ Surrounded every house|| should be obtained by via
Aier || surrounded house, ||, which is impossible, since these collectives are not
elements of a structure with meets.

How do we know that the derivation involves precisely the steps as-
sumed above? For instance, the derivations of (50c)-(52c) might proceed as
below, where x is a variable over atomic or plural individuals, and M is a higher
order variable:

©67) Who didn’t you mention this rumor to? Ax[ —~mention(r)(to x)(you)]
(68)* How didn’t you solve this problem? AM[~M(solve(p))(you)]
(69)* Who didn’t you get this ring from? Ax[—get(r)(from x)(you)]
In the case of (67), the result would be the same as above. On the other hand,
(68) and (69) suggest that the questions are perfectly good and can be answered
as Elegantly, for instance and My parents, for instance, respectively. According
to the heuristic of (57), the fact that the questions are not acceptable and an-
swering them in the said way can at best be a witticism is diagnostic of the fact
that the actual derivation does not proceed in this way.

Sz&Z label (61)-(63) "compute” and suggest that (67) exemplifies the
“look up" procedure. "Look up" is a faster, and thus pragmatically preferable,
alternative to "compute” — but it is not always available. When dealing with
entities that are "pegs” in Landman’s (1986) sense (and, possibly, are also
contextually salient, as suggested in Dobrovie-Sorin (1993a)), we can proceed in
a top-down fashion, inspecting pegs one by one and "looking up" whether they

3. Note that I[the person(s)] you got the ring fmml must be a collective, since it
contains a "once only’ predicate, which does not distribute. I chose this specific example
here to demonstrate that logical type (entity vs. higher order) cannot be the distinctive
property in these contrasts, contra what is stipulated in some current work. Collectives
are commonly analyzed as plural individuals. Thus who in both the good and the bad
sentences could be said to "bind an e-type variable."
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exhibit a particular, simple or complex, property. But while it makes sense to
assume a model or knowledge representation where atomic individuals have pegs
associated with them, unless context exceptionally individuates certain manners,
collectives, etc., it does not make sense to postulate pegs for the latter. In the
absence of pegs, wide scope taking by these a’s must resort solely to compute.
Note that in cases like this, where surface structure determines what
a (here: the wh-phrase) should scope over, look-up does not create any new
readings; it only makes some of the otherwise available ones more felicitous.

4.4 "Compute" and "look up" at the syntax/semantics interface

Let us now turn to one facet of inverse scope. Although it has for long been
known that the scope behavior of quantified expressions is not uniform, the first
systematic study of the data was carried out by Feng-hsi Liu (1990). Her crucial
generalizations are as follows:

(70) a. QPs in object position whose determiner is a universal, a bare non-
focused numeral (two), some, or most of the easily make the subject
dependent.

b. QPs in object position whose determiner is a modified numeral (more
than two, at least two, exactly two, between two and five, fewer than
two), a focused bare numeral, most, or is plain decreasing (no, few),
do not (easily) make the subject dependent.

¢. All the above QPs, as well as some others, easily make the object
dependent when they are in subject position.

Our interest here is in cases where, as (70c) indicates, there is no inherent
semantic obstacle to the QP taking scope over another and making it referentially
dependent. (E.g., we are not looking at mass QPs.) Yet, QPs in (70a) can, and
QPs in (70b) cannot, do this when it would amount to taking "inverse scope.”

Recall that the covert operation of (49) freely rebrackets a string,
hence such contrasts are not predicted. Therefore we should abandon (49) and
replace it with a set of more specific procedures that are available only to the
right quantifiers. For all I know as of date, the crucial property of the QPs in
(70a) is that their operation can be explicated in terms of look up, whereas the
operation of the QPs in (70b) is necessarily explicated in terms of compute.
Which category a QP belongs to is an essentially semantic matter. On the other
hand, the fact that this semantic difference gives rise to a subject/object asymme-
try is due to its interaction with the syntax of English. I wish to thank D. Ben-
Shalom for stimulating discussions on these matters.

As has been anticipated in connection with (59), I claim that the inter-
pretation of sentences like (71) is built differently than those of (72) and (73):

an More than two / exactly two / fewer than two men lifted this table.
(72) Every man lifted this table.
73) Two men lifted this table.

In the case of (71), the set ||lifted this table | is constructed and || more than two
men || operates on it in the traditional manner of generalized quantifiers. In the
case of (72), however, the same set is not constructed. Instead, lifting this table
is predicated of the members of the set of men. Similarly for (73) with an even
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intonation: lifting this table is predicated of two particular men.

(72) resembles (71) in that both have only distributive readings. With
(71) this follows from more than two men being a (traditional) generalized
quantifier. (72) resembles (73) in that both involve predication. They differ in
that gvery man ensures that predication is distributive, whereas two men supports
both collective and distributive readings, depending on the predicate. This
follows if two men with non-focused two denotes a group/plural individual.

The differential analysis of modified and bare (non-focused) numerals
is supported by the observation in 1.1 that only the latter allow distributed group
readings (cf. (13) vs. (14)-(15)). It is also fully consonant with the analysis in
Kamp & Reyle (1993), to which I refer for detailed arguments.*

Do the similarities with K&R mean that I am simply reinventing DRT?
I believe not. First, there are differences in the claims. E.g., K&R treat both
every man and more than two men as generalized quantifiers (associate duplex
conditions with them), whereas I do not: gvery man works by "predicate and
distribute." See also the comment in fn. 4. Secondly, following Beghelli (1993),
Beghelli & Stowell (1994), and Dobrovie-Sorin (1993a,b), I currently assume
that the procedures that give rise to differential scope behavior belong to English
syntax proper (albeit at the level of Logical Form), not to an independent level
of representation between syntax and semantics.

With minimal commitment to details, the most salient aspects of this
syntax are as follows. Since there is no rule like (49) that freely grabs QPs and
assigns scope to them, by default all QPs that are left in argument position in
surface structure are interpreted in observance of the argument hierarchy. In
practice, however, only the QPs in (70b), more than two men and its brothers,
end up always having narrower scope than QPs higher in the hierarchy. Some
of the assumptions about LF that account for this are as follows:

(74) a. A QP that provides a set/group as a target of predication moves to a
very high position, within its own clause or further on.
b. Distributive operators are hosted by specifically positioned heads Dist.
¢. Predication is distributive with respect to the target QP if QP passes
through the specifier of an available DistP. This process is agreement-
like and, unlike (a), strictly clause-internal.
d. QPs like gvery man must, QPs like two men may, pass through DistP.

4. One apparent problem for this analysis of modified numerals is More than six men
gathered, which K&R explain satisfactorily. Another is (65)~(66ii), where the predicate
is unambiguously collective, and More than two men lifted this table in the sense *It took
more than two men to lift this table’ (a datum also observed by P. Jacobson (p.c.)). My
generalization is that when the predicate is potentially ambiguous, more than two insists
on a distributive interpretation, or else it invokes the ’It took...’ reading. When the
predicate is unambiguously collective or we have the °It took...’ reading, |more than
two | counts the atoms of the group denoted by the predicate. That is, | more than two |,
in distinction to [two |, is always a counter, either of set elements or of group atoms.
(The duplication seems necessary since, as (61) vs. (63) show, predicates come in these
two varieties.) This analysis is in the spirit of K&R, although it is technically not avail-
able to them. For them, the group cannot come from the predicate, it would have to be
a referent introduced by the noun phrase itself.
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e. A QP not involved in the semantically significant processes (a) or (c)
may be reconstructed, from its surface structure case position, to its
deep structure position inside VP. (Typically, (70b)-type QPs like
more than two men are such.)

To illustrate just one of these assumptions, (c), consider the following:
as) More than three men thought that two women had left.

This sentence has a reading ’there are two women of whom more than three men
thought...” — but the men cannot vary with individual women! According to
Beghelli & Stowell (1994), the reason is that while the target of predication may
move up, distributivity (the Dist head) stays put. This property of Dist will
eventually explain the standard clause-boundedness of quantifier scope.

Bare numeral QPs (70a) differ from modified numeral QPs (70b) in at
least two respects. (i) BNQPs may introduce groups, and (ii) BNQPs may be
"specific” in the sense that they can denote principal filters. Property (ii) is
shown to be crucial in explaining their behavior in branching, cf. Beghelli &
Ben-Shalom & Szabolcsi (1993). The question arises which property is crucial
in explaining their ability to take inverse scope. Here (i) has a better chance,
since BNQPs have intermediate inverse scope readings:

76) Every professor assigned more than two problems to ten students.
*every prof > ten students > more than two problems,” where
groups of students vary with individual professors, and problem sets
may or may not vary with individual students

On the other hand, whether and how properties (i) and (ii) are logically related
remains an open question for the time being.

To summarize, I have argued that quantification cannot be taken care
of using a single semantically blind rule. Scope taking is a semantically sensitive
phenomenon in at least two senses. One, certain scope interactions are impossible
because they would be incoherent. To explain this, the semantic operations in-
volved in evaluating the sentence need to be made explicit, cf. (60). Two, the
match between coherent readings and syntactic forms is rather constrained. To
explain this, the best strategy seems to be to invoke a variety of genuinely
syntactic mechanisms, whose operation however is contingent on certain semantic
properties of the input quantifiers. In more general texms, I proposed that the
pertinent processes fall into two intuitive categories, "compute” and “look up.”
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BABY-SIT: A Computational Medium
Based on Situations

Erkan Tin and Varol Akman
Computer Engineering Dept., Bilkent University, Ankara

1 Introduction

Following its inception (Barwise and Perry, 1983), situation theory has quickly
matured (Cooper et al., 1990; Devlin, 1991) and under the familiar name of situation
semantics has been applied to a number of linguistic issues (Barwise, 1987; Barwise,
1989; Barwise and Etchemendy, 1987; Cooper, 1986; Cooper, 1991; Cooper et al.,
1990; Fenstad et al., 1987), including quantification and anaphora (Gawron and
Peters, 1990). In the past, the development of a ‘mathematical’situation theory has
been held back by a lack of availability of appropriate technical tools. But by now,
the theory has assembled its mathematical foundations based on intuitions basically
coming from set theory and logic (Aczel, 1988; Barwise, 1989; Cooper et al., 1990).
With a remarkably original view of information (which is fully adapted by situation
theory) (Dretske, 1981), a ‘logic,” based not on truth but on information, is being
developed (Devlin, 1991). This logic will probably be an extension of first-order
logic (Barwise, 1977) rather than being an alternative to it.

While situation theory and situation semantics provide an appropriate frame-
work for a realistic model-theoretic treatment of natural language, serious thinking
on their ‘computational’ aspects has just started (Black, 1992; Nakashima et al.,
1988). Existing proposals mainly offer a Prolog- or Lisp-like programming envi-
ronment with varying degrees of divergence from the ontology of situation theory.
In this paper, we introduce a computational medium (called BABY-SIT) based on
situations. The primary motivation underlying BABY-SIT is to facilitate the de-
velopment and testing of programs in domains ranging from linguistics to artificial
intelligence in a unified framework built upon situation-theoretic constructs.

2 Situations and Natural Language Semantics

Activities pertaining to language include talking, listening, reading, and writing.
These activities are situated; they occur in situations and they are about situations
(Austin, 1961). What is common to these situated activities is that they convey
information (Devlin, 1991; Dretske, 1981). When uttered at different times by
different speakers, a statement can convey different information to a hearer and
hence can have different meanings.!

Situation semantics makes simple assumptions about the way natural language
works. Primary among them is the assumption that language is used to convey
information about the world (the so-called external significance of language). Even
when two sentences have the same interpretation, i.e., they describe the same situ-
ation, they can carry different information.?

1Consider the sentence “That really attracts me.” Depending on the reference of the demon-
strative, interpretation (and hence meaning) would change. For example, this sentence would be
uttered by a boy referring to a cone of ice cream or by a cab driver referring to fast driving,
meaning absolutely different things (Grice, 1968).

2For example, “Bob went to the theater” and “The father of Carol went to the theater” both
describe the same situation in which Bob (an individual) went to the theater, assuming that Bob
is Carol's father. However, while the first sentence says that this individual is Bob, the second
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Classical approaches to semantics underestimate the role played by context-
dependence; they ignore pragmatic factors such as intentions and circumstances of
the individuals involved in the communicative process (Austin, 1961; Grice, 1968).
But, indexicals, demonstratives, tenses, and other linguistic devices rely heavily on
context for their interpretation and are fundamental to the way language conveys
information (Akman and Tin, 1990). Context-dependence is an essential hypothesis
of situation semantics. A given sentence can be used over and over again in different
situations to say different things (the so-called efficiency of language). Its interpre-
tation, i.e., the class of situations described by the sentence, is therefore subordinate
on the situation in which the sentence is used. This context-providing situation,
discourse situation, is the speech situation, including the speaker, the addressee,
the time and place of the utterance, and the expression uttered. Since speakers are
usually in different situations, having different causal connections to the world and
different information, the information conveyed by an utterance will be relative to
its speaker and hearer (the so-called perspectival relativity of language).

Besides discourse situations, the interpretation of an utterance depends on
the speaker’s connections with objects, properties, times and places, and on the
speaker’s ability to exploit information about one situation to obtain information
about another. Therefore, context supports not only facts about speakers, ad-
dressees, etc. but also facts about the relations of discourse-participants to resource
situations. Resource situations are contextually available and provide entities for
reference and quantification (Barwise and Perry, 1983).3

Another key assumption of situation semantics is the so-called productivity of
language: we can use and understand expressions never before uttered. Hence, given
a finite vocabulary, we can form a potentially infinite list of meaningful expressions.
The underlying mechanism for such an ability seems to be compositionality.

Situation semantics closes another gap of traditional semantic approaches: the
neglect of subject matter and partiality of information. In traditional semantics,
statements which are true.in the same models convey the same information (van
Benthem, 1986). Situation semantics takes the view that logically equivalent sen-
tences need not have the same subject matter: they need not describe situations
involving the same object and properties. The notion of partial situations (partial
models) leads to a more fine-grained notion of information content and a stronger
notion of logical consequence that does not lose track of the subject matter.

The ambiguity of language is taken as another aspect of the efficiency of lan-
guage. Natural language expressions may have more than one meaning. There are
factors such as intonation, gesture, the place of an utterance, etc. which play a role
in interpreting an utterance (Fenstad et al., 1987). Instead of throwing away ambi-
guity and contextual elements, situation semantics tries to build up a full theory of
linguistic meaning by initially isolating some of the relevant phenomena in a formal
way and by exploring how the rest helps in achieving the goal (Barwise and Perry,
1983).

sentence conveys ihe information that Carol (another individual) has a father who went to the
theater,

3Consider the following example adapted from (Barwise and Etchemendy, 1987). There are two
card games going on, one across town from the other: Max is playing cards with Emily and Claire
is playing cards with Dana. Suppose Bob watching the former game mistakes Emily for Claire,
and utters the sentence “Claire has the three of clubs." According to the classical (Russelian)
theories (Evans, 1991), if Claire indeed has 38, this claim would be true since the definite noun
phrases “Claire” and “the three of clubs” are used to pick out, among all the things in the world,
the unique objects satisfying the properties of being an individual named Claire and being a 34,
respectively. In contrast, situation semantics identifies these objects with respect to some limited
situation—the resource situation exploited by Bob. The claim would then be wrong even if Claire
had 3# across town.
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According to situation semantics, meaningful expressions convey information
not only about the external world but also about our minds (the so-called mental
significance of language). Situation semantics differs from other approaches in that
we do not, in attitude reports, describe our mind directly (by referring to states of
mind, ideas, senses, thoughts, etc.) but indirectly (by referring to situations that
are external).

With these underlying assumptions and features, situation semantics provides
a fundamental and appropriate framework for studying the semantics of natural
language (Barwise and Etchemendy, 1989). The ideas emerging from research in
situation semantics have also been coalesced with well-developed linguistic theo-
ries such as Jexical-functional grammar (Sells, 1985) and led to rigorous formalisms
(Fenstad et al., 1987). On the other hand, situation semantics has been compared
to other influential mathematical approaches to the theory of meaning, viz., Mon-
tague grammar (Cooper, 1986; Dowty et al., 1981; Rooth, 1986) and Discourse
Representation Theory (DRT) (Kamp, 1981).

3 Constructs for Situated Processing

Intelligent agents generally make their way in the world as follows: pick up
certain information from a situation, process it, and react accordingly (Devlin,
1991; Dretske, 1981; Israel and Perry, 1990). Being in a (mental) situation, such an
agent has information about situations it sees, believes in, hears about, etc. Aware-
ness of some type of situation causes the agent to acquire more information about
that situation as well as other situation types, and to act accordingly. Assuming the
possession of prior information and knowledge of some constraints, the acquisition
of an item of information by an agent can also provide the agent with an additional
item of information.*

In situation theory, infons are the basic units of information. Abstraction can
be captured in a primitive level by allowing parameters in infons. Parameters are
abstractions or generalizations over classes of non-parametric objects (e.g., indi-
viduals, spatial locations). Parameters of a parametric object can be associated
with objects which, if they were to replace the parameters, would yield one of the
objects in the class that the parametric object abstracts over. The parametric ob-
jects actually define types of objects in that class. For example, (see, X, Alice;
1) and (see, X, Y; 1) are parametric infons where X and Y are parameters over
individuals. Parameter-free infons are the basic items of information about the
world (i.e., ‘facts’) while parametric infons are the basic units that are utilized in a
computational treatment of information flow.

To construct a computational model of situation theory, it is convenient to have
available abstract analogs of objects. As noted above, by using parameters we can
have abstracts which are parametric objects, including parametric situations, para-
metric individuals, etc. This yields a rich set of data types. Abstract situations
can be viewed as models of real situations. They are set-theoretic entities that cap-
ture only some of the features of real situations, but are amenable to computation.
We define abstract situations as structures consisting of a set of parametric infons.
Information can be partitioned into situations by defining a hierarchy between sit-
uations. A situation can be larger, having other situations as its subparts. For
example, an utterance situation for a sentence consists of the utterance situations

4 Reaping information from a situation is not the only way an agent processes information. It
can also act in accordance of the obtained information to change the environment. Creating new
situations to arTive at new information and conveying information it already had to other agents
are the primary functions of its activities.
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for each word forming the sentence. The part-of relation of situation theory can
be used to build hierarchies among situations and the notion of nested information
can be accommodated.

Being in asituation, one can derive information about other situations connected
to it in some way. For example, from an utterance situation it is possible to obtain
information about the situation it describes. Accessing information both via a hier-
archy of situations and explicit relationships among them requires a computational
mechanism. This mechanism will put information about situation types related in
some way into the comfortable reach of the agent and can be made possible by a
proper implementation of the supports relation, |=, of situation theory.5

Constraints enable one situation to provide information about another and serve
as links. (They actually link types of situations.) Constraints can be treated as
inference rules. When viewed as a backward-chaining rule, a constraint can provide
a channel for information flow between types of situations, from the antecedent to
the consequent. This means that such a constraint behaves as a ‘definition’ for its
consequent part. Another way of viewing a constraint is as a forward-chaining rule.
This approach enables an agent to alter its environment.

4 Computational Situation Theory

4.1 PROSIT

PROSIT (PROgramming in Sltuation Theory) is a situation-theoretic programming
language (Nakashima et al., 1988). PROSIT is tailored more for general knowl-
edge representation than for natural language processing. One can define situation
structures and assert knowledge in particular situations. It is also possible to define
relations between situations in the form of constraints. PROSIT’s computational
power is due to an ability to draw inferences via rules of inference which are ac-
tually constraints of some type. PROSIT can deal with self-referential expressions
(Barwise and Etchemendy, 1987).

One can assert facts that a situation will support. For example, if the situation
S1 supports the fact that Bob is a young person, this can be defined in the current
situation S as:

S: {l= 81 (young “Bob™)).

Note that the syntax is similar to that of Lisp and the fact is in the form of a
predicate. The supports relation, =, is situated so that whether a situation supports
a fact depends on within which situation the query is made. Queries can be posed
about one situation from another, but the results will depend on where the query
is made.

Constraints can be specified as forward chaining constraints, backward chaining
constraints, or both. Backward chaining constraints are activated at query-time
while forward-chaining constraints are activated at assertion-time. By default, all
the tail facts of an activated forward-chaining constraint are asserted to the situa-
tion, which may in turn activate other forward-chaining constraints recursively.

For a constraint to be applicable to a situation, the situation must be declared
to ‘respect’ the constraint. Constraints in PROSIT are about local facts within
a situation rather than about situation types. That is, the interpretation of con-
straints does not allow direct specification of constraints between situations, only
between infons within situations.

®Given an infon ¢ and a situation s, this relation holds if ¢ is made true by s, i.e., sko.
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Situated constraints offer an elegant solution to the treatment of conditional
constraints which only apply in situations that obey some condition.® This is ac-
tually achieved in PROSIT since information is specified in the constraint itself.
Situating a constraint means that it may only apply to appropriate situations and
is a good strategy to achieve background conditions. However, it might be required
that conditions are set not only within the same situation, but also between various
types of situations. Because constraints have to be situated in PROSIT, not all
situations of the appropriate type will have a constraint to apply. PROSIT does
not provide an adequate mechanism for specifying conventional constraints, i.e.,
constraints which can be violated.”

Parameters, variables, and constants are used for representing entities in
PROSIT. Variables match any expression in the language and parameters can be
equated to any constant or parameter. That is, the concept of appropriateness
conditions is not exploited in PROSIT. Appropriateness conditions, in fact, spec-
ify restrictions on the types of arguments a relation can take, and any restrictions
between these arguments (Devlin, 1991). It is more useful to have parameters that
range over various classes rather than to work with parameters ranging over all
objects. Some treatment of parameters is given in PROSIT with respect to anchor-
ing. Given a parameter of some type (individual, situation, etc.), an anchor is a
function which assigns an object of the same type to the parameter (Devlin, 1991).
Hence, parameters work by placing restrictions on anchors. There is no appropriate
anchoring mechanism in PROSIT since parameters are not typed.

Set operations are possible on sets of facts supported by a situation. As
mentioned before, situations are closed under constraints and rules of inference.
PROSIT has been used to show how problems involving cooperation of mul-
tiple agents can be solved, especially by combining reasoning about situations
(Nakashima et al., 1987).

4.2 ASTL

Black's ASTL (A Situation Theoretic Language) is another programming language
based on situation theory (Black, 1992). ASTL is aimed at natural language pro-
cessing. The primary motivation underlying ASTL is to figure out a framework in
which semantic theories such as situation semantics and DRT (Kamp, 1981) can be
described and possibly compared. One can define in ASTL constraints and rules of
inference over the situations. An interpreter passes over ASTL definitions to answer
queries about the set of constraints and basic situations.

ASTL ontology incorporates individuals, relations, situations, parameters, and
variables. These form the basic terms of the language. Complex terms are in the
form of i-terms (to be defined shortly), situation types, and situations. Situations
can contain facts which have those situations as arguments. Sentences in ASTL are
constructed from terms in the language and can be constraints, grammar rules, or
word entries.

An i-term is simply an infon® {rel, arg;, ..., argn, pol) where rel is a relation
of arity n, arg; is a term, and pol is either 0 or 1. A situation type is given in
the form [param|cond, ...cond,) where cond; has the form param k= i-term. If S1

6For example, when Alice throws a basketball, she knows it will come down—a constraint to
which she is attuned, but which would not hold if she tried to play basketball on the moon.

7 An example of this sort of constraint is the relation between the ringing of the bell and the
end of class. It is not necessary that the ringing of the bell should mean the end of class.

&We use Black's notation almost verbatim rather than adapting it to the ‘standard’ notation
of our paper.
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supports the fact that Bob is a young person, this can be defined as:
81: [S | 8 |= (young, bob, 1)].

The single colon indicates that S1 supports the situation type on its right-hand
side. The supports relation in ASTL is global rather than situated. Consequently,
query-answering is independent of the situation in which the query is issued.

Constraints are actually backward-chaining constraints. For example, the con-
straint that every man is a human being can be written as follows:

*S: [S | S |= (human, *X, 1)] « *S: [S | S |= (man, *X, 1)).

*S, *X are variables and S is a parameter. Another interesting property of ASTL
is that constraints are global. Thus, a new situation of the appropriate type need
not have a constraint explicitly added to it. Grammar rules are yet another sort of
constraints with similar semantics.

Although one can define constraints between situations in ASTL, the notion of
a background condition for constraints is not available. Similar to PROSIT, ASTL
cares little about coherence within situations. This is left to the user’s control.

Accordingly, there is no mechanism in ASTL to specify constraints that can be
violated.

Declaring situations to be of some type allows abstraction over situations to
some degree. But, the actual means of abstraction over objects in situation theory,
viz., parameters, carry little significance in ASTL.

As in PROSIT, variables in ASTL have scope only within the constraint they
appear. They match any expression in the language unless they are declared to be
of some specific situation type in the constraint. Hence, it is not possible to declare
variables as well as parameters to be of other types such as individuals, relations,
etc. Moreover, ASTL does not allow definition of appropriateness conditions for
arguments of relations.?

ASTL does not have a mechanism to relate two situations so that one will
support all the facts that the other does. This might be achieved via constraints,
but there is no built-in structure between situations (as opposed to the hierarchy
of situations in PROSIT).

4.3 Situation Schemata

Situation schemata have been introduced (Fenstad et al., 1987) as a theoretical tool
for extracting and displaying information relevant for semantic interpretation from
linguistic form. A situation schema is an attribute-value system which has a choice
of primary attributes matching the primitives of situation semantics. In this sense,
it is just another knowledge representation mechanism. The boundaries of situation
schemata are however flexible and, depending on the underlying theory of grammar,
are susceplible to amendment.

A simple sentence ¢ has the situation schemata shown in Figure 1(a). Here r
can be anchored to a relation, and a and b to objects; i € {0,1} gives the polarity.
LOC is a function which anchors the described fact relative to a discourse situation
d,c. LOC will have the general format in Figure 1(b). IND.a is an indeterminate
for a location, r denotes one of the basic structural relations on a relation set R,
and loco is another location indeterminate. The notation [ ], indicates a repeated

9'Speaking’ relation, for example, might require its speaker role to be filled by a human. Such
a restriction could be defined only by using constraints of ASTL. However, this requires writing
the restriction each time a new constraint about ‘speaking’ is to be added.
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SIT@r o0 r-‘ IND IND.a ]
ARG.1 a REL r
ARG.2 b CONE, ARG.1 [la
LOC - ARG.2 locy
POL i POL i

(2) _ (b)

Figure 1: (a) A prototype situation schema, (b) the general format of LOC in (a).

reference to the shared attribute value, IND.a. A partial function g anchors the
location of SIT.p, viz. SIT..LOC, in the discourse situation d, ¢ if

g(locg) = locg and
¢(r), g(IND.a), locg; 1

where locy is the discourse location and e(r) is the relation on R given by the
speaker’s connection c. The situation schema corresponding to “Alice saw the cat”
is given in Figure 2.

Situation schemata can be adopted to various kinds of semantic interpretation 0
One could give some kind of operational interpretation in a suitable programming
language, exploiting logical insights. But in its present state, situation schemata do
not go further than being a complex attribute-value structure. They allow repre-
sentation of situations within this structure, but do not use situation theory itself
as a basis. Situations, locations, individuals, and relations constitute the basic do-
mains of the structure. Constraints are declarative descriptions of the relationships
holding between aspects of linguistic form and the semantic representation itself.

5 BABY-SIT

5.1 Computational Model

The computational model underlying the current version of BABY-SIT consists
of nine primitive domains: individuals (I), times (T), places (L), relations (R),
polarities (O), parameters (P), infons (F), situations (S), and types (K). Each
primitive domain carries its own internal structure:

e Individuals: Unique atomic entities in the model which correspond to real
objects in the world.
o Times: Individuals of distinguished type, representing temporal locations.

e Places: Similar to times, places are individuals which represent spatial loca-

tions.
10 Theoretical issues in natural language semantics have been implemented on pilot systems
employing situation schemata. The gr described in (Fenstad et al., 1987), for example, has

been fully implemented using a lexical-functional grammar system (Fenstad, 1987) and a fragment
including prepositional phrases has been implemented using the DPATR format (Colban, 1987).
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SIT.1 : -
REL ‘see

ARG.1 [ IND  ‘Alice’]

ARG.2 " IND IND.2

SPEC ‘the’
o D’REL ‘cat’
CON
ARG.1 []2
POL 1
L n v

LOC [IND IND3

CO‘\'DFREL h
"l ARG.1 []a
ARG.2 Jocy
[POL 1 |
POL 1

Figure 2: Situation schemata for “Alice saw the cat.”

¢ Relations: Various relations hold or fail to hold between objects. A relation
has argument roles which must be occupied by appropriate objects.

Polarities: The ‘truth values’ 0 and 1.

e Infons: Discrete items of information of the form << rel, argy, ..., arg,,
pol >>, where rel is a relation, arg;, 1 < i< n, is an object of the appropriate
type for the ith argument role, and pol is the polarity.

¢ Parameters: ‘Place holders’ for objects in the model. They are used to refer
to arbitrary objects of a given type.

e Situations: (Abstract) situations are set-theoretic constructs, e.g., a set of
parametric infons (comprising relations, parameters, and polarities). A para-
metric infon is the basic computational unit. By defining a hierarchy between
them, situations can be embedded via the special relation part-of. A situa-
tion can be either (spatially and/or temporally) located or unlocated. Time
and place for a situation can be deciared by time-of and place-of relations,
respectively.

e Types: Higher-order uniformities for individuating or discriminating unifor-
mities in the world.

The structure of the model, M, is a tuple <I, T,L,R,O,P,F S, K>. This
structure is shared by all components of the system. Description of a model, Dy,
consists of a definition of the structure M and a set of constraints, C. The compu-
tational model is then defined as a tuple <Dy, A4, A’',U> where A is an anchor for
parameters, A’ is an assignment for variables, and U is an interpretation for Dy,.
A is provided by the anchoring situation while 4’ is obtained through unification.
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Figure 3: The architecture of BABY-SIT.

[/ will be defined by the operational semantics of the computation. Each object in
the environment must be declared to be of some type.

5.2 Architectural Considerations

The architecture of BABY-SIT is composed of seven major parts: programmer/user
interface, environment, background situation, anchoring situation, constraint set,
inference engine, and interpreter (Figure 3).

The interface allows interaction of the user with the system. The environment
initially consists of static situation structures and their relationships. These struc-
tures can be dynamically changed and new relationships among situation types can
be defined as the computation proceeds. Information conveyance among situations
is made possible by defining a part-of relation among them. In this way, a situ-
ation s can have information about another situation s’ which is part of s. The
background situation contains infons which are inherited by all situation structures
in the environment. However, a situation can inherit an infon from the background
situation only if it does not cause a contradiction in that situation.

A situation in the environment can be realized if its parameters are anchored to
objects in the real world. This is made possible by the anchoring situation which
allows a parameter to be anchored to an object of appropriate type—an individual,
a situation, a parameter, etc. A parameter must be anchored to a unique object.
On the other hand, more than one parameter may be anchored to the same object.
Restrictions on parameters assure anchoring of one parameter to an object having
the same qualifications as the parameter.

In addition to the part-of relation among situations, constraints are potent
means of information conveyance between and within situations. They link various
types of situations. Constraints may be physical laws, linguistic rules, law-like cor-
respondences, conventions, etc. In BABY-SIT, they are realized as forward-chaining
constraints or backward-chaining constraints, or both. Assertion of a new object
into BABY-SIT activates the forward-chaining mechanism. Once their antecedent
parts are satisfied, consequent parts of the forward-chaining constraints are asserted
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into BABY-SIT, unless this yields a contradiction. In case of a contradiction, the
backward-chaining mechanism is activated to resolve it. The interpreter is the con-
trol authority in BABY-SIT. Anchoring of parameters, evaluation of constraints,
etc. are all controlled by this part of the system.

5.3 Modes of Computation

A prototype of BABY-SIT is currently being developed in KEETM (Knowledge En-
gineering Environment) (KEE, 1993) on a SPARCstationT™ . Some of the available
modes of computation in this evolving project are described below.

5.3.1 Constraints

Barwise and Perry identify three forms of constraints (Barwise and Perry, 1983).
Necessary constraints are those by which one can define or name things, e.g., “Every
dog is a mammal.” Nomic constraints are patterns that are usually called natural
laws, e.g., “Blocks drop if not supported.” Conventional constraints are those arising
out of explicit or implicit conventions that hold within a community of living beings,
e.g., “The first day of the month is the pay day.” They are neither nomic nor
necessary, i.e., they can be violated. All types of constraints can be conditional and
unconditional. Conditional constraints can be applied to situations that meet some
condition while unconditional constraints can be applied to all situations.

Some constraints can be defined as forward-chaining constraints, some as
backward-chaining constraints, others as both forward- and backward-chaining con-
straints. In BABY-SIT, conditional constraints come with a set of background con-
ditions which must be satisfied for the constraint to be applied. Each background
condition is in the form of a = relation between a situation and an infon.

In BABY-SIT, a constraint becomes a candidate for activation when its back-
ground conditions, if any, are satisfied. A candidate forward-chaining constraint
is activated whenever its antecedent part is satisfied. All the consequences are
asserted if they do not yield a contradiction in the situation into which they are
asserted. New assertions may in turn activate other candidate forward-chaining con-
straints. If consequences cause contradictions within themselves, backward-chaining
constraints are used to decide which one(s) will be successfully asserted. Candidate
backward-chaining constraints are activated either when a query is entered explicitly
or is issued by the forward-chaining mechanism.

In BABY-SIT, the following classes of constraints can be easily modeled (Black,
1991):

e Situation constraints: Constraints between situation types.

o Infon constraints: Constraints between infons (of a situation).

¢ Argument constraints: Constraints on argument roles (of an infon).

5.3.2 Assertions

Assertion mode provides an interactive environment in which one can define ob-
Jects and their types. There are nine basic types corresponding to nine primitive
domains: ~IND (individuals), ~TIM (times), ~LOC (places), ~REL (relations),
~POL (polarities), ~INF (infons), ~PAR (parameters), ~SIT (situations), and
~TYP (types). For instance, if | is a place, then I is of type ~LOC, and the infon
<<of-type, I, ~LOC, 1>> is a fact in the background situation. Note that type of
all types is ~TYP. For example, the infons <<of-type, ~LOC, ~TYP, 1>> and
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<<of-type, ~TYP, ~TYP, 1>> are facts in the background situation by default.
The syntax of the assertion mode is the same as in (Devlin, 1991) (cf. Table 1).

Suppose aynur is an individual, syntactic-entity is a relation, and ul is an ut-
terance situation for the word ‘aynur.” Then, these objects can be declared as:

I> aynur ~IND
I> syntactic-entily: ~REL
I> ul: ~SIT

The definition of relations includes the appropriateness conditions for their argu-
ment roles. Each argument can be declared to be from one or more of the primitive
domains above. Consider syntactic-entily above. If we like it to have only one
argument of type individual, we can write:

I> <syntactic-entity | ~IND>

In order for the parameters to be anchored to objects of the appropriate type,
parameters must be declared to be from only one of the primitive domains. It is
also possible to put restrictions on a parameter in the environment. Suppose we
want to have a parameter E that denotes any syntactic entity. This can be done by
asserting:

I> E = IND1 ~ <<synlactic-entily, IND1, 1>>

IND1 is a default system parameter of type ~IND. E is considered as an object
of type ~PAR such that if it is anchored to an object, say obj!, then obj1 must be
of type ~IND and the background situation (denoted by w) must support the infon
<< syniactic-entity, objl, 1>>.

Parametric types are also allowed in BABY-SIT. They can be formed by obtain-
ing a type from a parameter. Parametric types are of the form [P | s = I] where P
is a parameter, s is a situation (i.e., a grounding situation), and I is a set of infons.
The type of all syntactic entities can be defined as follows:

I> ~CATEGORY = [INDI | w | <<syniactic-entily, IND1, 1>>]

~CATEGORY is seen as an object of type ~TYP and can be used as a type
specifier for declaration of new objects in the environment. For instance:

I> noun: ~CATEGORY

yields an object, noun, which is of type ~IND such that the background situation
supports the infon <<syntactic-entily, noun, 1>>.

Infons can be added into situations in BABY-SIT. The following sequence of
assertions adds <<category, ul, noun, 1>> into ul:

I> category: ~REL

I> <category | ~SIT, ~CATEGORY >
I> ul | <<category, ul, noun, 1>>

5.3.3 Querying

Query mode enables one to issue queries about situations. BABY-SIT’s response
depends on its understanding of the intention of the user. There are several possible
actions which can be further controlled by the user:
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< proposition > = <situation-proposition> | <parameter-lype-proposition> |
<situation/object-type-proposition> |
<infon-proposition> | <type-of-type-proposition> |
<relation-proposition>

<siluation-proposilion> ::= <constant> “|=" <infonic-set>

<parameler-type-proposition> ::= <parameter> “="
{<basic-ype>, <iype-name>,
<restricted-parameter-lype>}

<sttuation/object-type-proposition> ::= <constant> “:”
{<basic-type>, <type-abstraction>,
<type-name>} [“[” <constant> "]

<infon-proposition> ::= <constant> “=" <infon>

<1ype-of-lype-proposition> ::= <iype-name> “="
{<basic-type>, <type-abstraction>}

<relation-proposition> ::= “<” <relation> [“|” <type-specifier>
(n,” <type-speciﬁer>)'] u>a1

<type-specifier> ::= <basic-type> | <type-name> |
“{" {<basic-type>, <type-name>}
(47 {<basic-type>, <type-name>})*] “}”

<type-abstraction> ::= “[" <parameter> “|” { <constant>, <perameter>
P
“|=" <infonic-set> “|*

<restricted-parameter-type> = <parameter> “ " * <infonic-set>

<basic-type> 1:= “~LOC” | “~TIM” | “~IND” | “~REL” | “~SIT" |
l‘~INFV1 | H~TYP” | H~PAR” | “~POL"

<infonic-set> ::= “{” <infon> (“” <infon>)" “}” | <infon>

<infon> = “<<” <relation> (“,” <argument>)" [*” <polarity>] “>>”
<relation> ::= <spectal-relation> | <constant>

<argument> ;= <constani> | <parameter> | <basic-type> | <lype-name>
<polarity> = “0" | “1”

<constant> ::= {<digit>, <lower-case-letter>}
({<lower-case-letter>, <digit>})"

<parameter> ;= <upper-case-letter> ({<upper-case-letter>, <digit>})"

<type-name> = “~” <upper-case-letier> ({<upper-case-letter>, <digit>})*
<lower-case-letter> = “a” | “b” | ...| “z” | “”

<upper-case-letter> = “A” | “B” | ...| “2”

<digit> = “0" | “1” | ...| “9”

Table 1: Syntax of the assertion mode.
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< query > = <stluation-query> | <oracle-query>

<situation-query> = <situation> {¥|=", “|=/="} <query-infonic-set>
(") <situation> {“|=", “|/="} <query-infonic-set>)"
[“* <anchoring-situation> “]")

<oracle-query> = <constant> “=” “@" “(* <constant> )" [<issue-set>]
<situation> ;1= <constant> | <query-variable>
<issue-set> = “{” <issue-infon> () <issue-infon>)* “}”

<query-infonic-set> = “{” <gquery-infon> (“ <query-infon>)" “}” |
< query-infon>

<query-infon> = “<<” {<relation>, <query-variable>}
(“” {<argument>, <query-variable>})* «”
{<polarity> “>>"

<issue-infon> 1= “<<” <relation> (“,” <argument>)" [ <polarity>] “>>"
<query-variable> 1= “7” <parameter>

<anchoring-sttuation> 1= <constant>

Table 2: Syntax of the query mode.

e Replacing each parameter in the query expression by the corresponding in-
dividual if there is a possible anchor, either partial or full, provided by the
given anchoring situation for that parameter.

e Returning solutions. (Their number is determined by the user.)
¢ Returning all solutions.

e Displaying a solution with its parameters replaced by the individuals to which
they are anchored by the given anchoring situation.

e For each solution, displaying infons anchoring any parameter in the solution
to an individual in the given anchoring situation.

o Displaying a trace of anchoring of parameters in each solution.

The computation upon issuing a query is done either by direct querying through
situations or by the application of backward-chaining constraints. This is also under
the control of the user. A situation, s, supports an infon if the infon is either
explicitly asserted to hold in s, or it is supported by a situation s' which is part of
s, or it can be proven to hold by application of backward-chaining constraints.’! The
syntax of the query expressions is given in Table 2. Given anchor! as the anchoring
situation (Figure 4), a query and the system’s response to it are as follows:

Q> ul E {<<?X, 7Y, nominative, 1>>, <<time-of, ul, 7Z, 1>>},
u2 = {<<category, u2, pronoun, 1>>

ul | {<<case, ul, nominative, 1>>, <<time-of, ul, T1, 1>>},
u2 ¥ {<<category, u2, pronoun, 1>>

11Remember that given an infon ¢ and a situation s, if s supports o, then this is denoted by
sko. Otherwise, we say sfo.
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with the anchoring on parameters:
anchorl |= {<<anchor, T1, t1, 1>>

In addition to query operations, a special operation, oracle, is allowed in the
query mode. An oracle is defined over an object and a set of infons (set of issues)
(Devlin, 1991). The oracle of an object enables one to chronologically view the
information about that object from a particular perspective provided by the given
set of infons. One may consider oracles as ‘histories’ of specific objects. Given
an object and a set of issues, BABY-SIT anchors all parameters in this set of
issues and collects all infons supported by the situations in the system under a
specific situation, thus forming a ‘minimal’ situation which supports all parameter-
free infons in the set of issues.

6 Conclusion

BABY-SIT accommodates the basic features of situation theory. The world is
viewed as a collection of objects. The basic objects include individuals, times,
places, labels, situations, relations, and parameters. Situations are ‘first-class cit-
izens’ which represent limited portions of the world. Infons can be made true or
false, or may be left unmentioned by some situation. A situation cannot support
an infon and its dual at the same time. A situation can contain infons which have
the former as arguments. Information flow is made possible via coercions that link
various types of objects.

BABY-SIT enhances these features. Situations are viewed at an abstract level.
This means that situations are sets of parametric infons, but they may be non-
well-founded (Aczel, 1988; Barwise and Etchemendy, 1987). Parameters are place
holders, hence they can be anchored to unique individuals in the anchoring situation.
A situation can be realized if its parameters are anchored, either partially or fully,
by the anchoring situation. Each relation has ‘appropriateness conditions’ which
determine the type of its arguments. Situations (and hence infons they support)
may have spatio-temporal dimensions. A hierarchy of situations can be defined both
statically and dynamically. A built-in structure allows one situation to have infor-
mation about another which is part of the former. Grouping of situations provides
a computational context. Partial nature of situations facilitates computation with
incomplete information. Constraints can be violated. This aspect is built directly
into the computational mechanism: a constraint can be applied to a situation only
if it does not cause an incoherence.
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Accenting phenomena, association with focus,
and the recursiveness of focus-ground*

Enric Vallduvi and Ron Zacharski
University of Edinburgh

1 Introduction

In an attempt to systematize and generalize the phenomena referred to as ‘associ-
ation with focus’, a number of recent papers have argued that the quantificational
structure of so-called focus-sensitive operators is crucially determined by the tradi-
tional pragmatic focus-ground partition. Research in this area has concentrated on
providing # semantic description of focus-ground and then defining the semantics of
focus-sensitive operators in terms of the semantics of focus-ground. In other words,
focus-sensitive operators take as arguments semantic objects that are struct ured in
accordance with an independent focus-ground partition. From this perspective, one
needs to assumie that sentences with more than one focus-sensitive operator con-
tain multiple focus-ground partitions (overlapping or recursive) within a simplex
sentence. something which is at odds with the traditional view of focus-ground.

This paper argues that focus-ground does not necessarily determine the quan-
tificational structure of focus-sensitive operators. It shows that these operators may
express their semantics on partitions other than the focus-ground partition. This
means that recursive or overlapping focus-ground partitions are not required in sen-
tences with more than one focus-sensitive operator. The belief that more than one
focus-ground partition per sentence may be available appears to rest in part on
the assumption that every pitch accent is correlated with a focus in a focus-ground
partition. Since sentences may have more than one pitch accent, that means they
contain more than one focus. This assumption, however, is unwarranted. Aceenting
js nsed as a structural resource in natural language for a number of different reasons.
It is shown below that there is no one-to-one correspondence between accent and
foens and between accent and an "operator-associated’ element.

2 Background

Let us first introduce some backgronnd notions and terminology concerning focus-
around. accent. and association with focus. The term ‘focus’ has (at least) three
uses: a phonological one, a semantic one. and a pragmatic one. Clarification of the
three uses ol ‘focus’ is important in approaching the issues raised below.

2.1 Focus-ground

Focns-gronnd is found, under a number of different names and guises (e.g. focus-
presupposition. theme-rheme, topic-comment, dominance), in a wide variety of
works in the pragmatic and discourse-analytic literature (see Hockett 1958, Kuno
1072. Gundel 1974, Erteschik-Shir 1986, Prince 1986, Rochemont 198G, Ward 1988,
among others). There are significant differences between these approaches, but they
all share the view that focus-ground is an expression of the structuring of sentences
according to informational or communicative requirements, i.e. it indicates how in-
formation conveved by linguistic means is added to a (hearer’s mental model of the)

*\We are indebted to E. Engdahl. J. Ginzburg, R. Ladd. and D. Milward for helpful discussion
and suggestions. E. Vallduvi's work was supported by the Human Communication Research Centre
at the University of Edinburgh and by ESPRIT Basic Research Project 6832 (DYANA-2) and R.
Zacharki's work was supported by UK ESRC Grant R000 23 3460 (the BRIDGE project).
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context or discourse. The focus constitutes actual information and the ground is
what anchors this information to the context.

There is a wealth of characterizations of focus-ground, but. for expository pur-
poses, let us settle on the following definitions adapted from Vallduvi 1992, Let ¢,
be the proposition conveyed by a sentence S and Ky, (the relevant subset of) the
hearer’s model of the common ground at the time of utterance (t,). The focus and
ground can be defined thus:

e FOCUS: the part of the sentence that encodes information (I.), i.e. the only
augmentation or modification to be made to the hearer’s model of the common
ground (the update potential of ¢; in a particular context).

® GROUND: what is already established in the hearer’s model at t,: it ushers I,
to the right location (from the speaker’s viewpoint) in the hearer's model.

If one adopts a Heimian file-like view of the context (Heim 1982) and K, is thought
of as a file F;. then the function of the ground consists in ushering I, to a particular
file card and to a particular record on that file card which I, is meant to augment or
modify. IfI; can be appropriately added to F; without ushering. i.e. if specification
of a file card and/or record is inherited from a previous utterance. no explicit ground
is needed and an all-focus sentence may occur.?

Let us illustrate focus-ground with some examples adapted from Jackendofl
(1972:248). In (1) the focus of an assertion is identified using the well-known,
although not infallible, question test: the focus of the answer corresponds to the
wh-phrase in the question.

(1) a. What did John do?
John [r gave his daughter a new BICYCLE).

b. What did John give his daughter?

John gave his daughter |r a new BICYCLE].
¢. Who did John give a new bycicle?

Joln gave [p his DAUGHTER] a new bicycle.
d. Why don’t we drive there?

[F The ROAD's dangerous. |

In these sentences focus is delimited by the F-labeled square brackets, Small caps
identify the word receiving nuclear stress. In sentence (1a) the focus is the VP,
(1b) shows a narrow focus on the direct object, and (1¢) a narrow focus on the
indirect object. These three sentences are truth-conditionally equivalent and differ
only in their focus-ground structure. Sentence (1d) is a thetic all-focus sentence
(see Lambrecht 1987 and Sasse 1987 for theticity).

Speaking of recursive jocus-ground structures within a simplex sentence has
little conceptual motivation from the informational or communicative perspective.
It is unclear what it would mean to say, for example, that within the part of the
sentence that ushers I, call it G, there is a second I with its own ushering ground.
Simplex sentences have only one top-level (informational) focus-ground structure
that determines what part of the sentence encodes their update potential and what
part acts as an usher. Finally, let us note that the structural realization of focus-
ground is subject to crosslinguistic variation. English, as shown in (1), tends to

1Vallduvi 1992 argues that the informational or communicative structuring of sentences serves
to optimize the process of information updsate. To this purpose, a sentence S encodes not only a
proposition o but also an instruction that indicates how I, is best added to I}, in the terms just
outlined. There are four possible instruction-types and each is the result of different combinations
of focus and ground. Focus-ground is defined so as to encompass both the traditional focus-ground
and topic-comment partitions in one single articulation. See Vallduvi 1992 for further discussion.
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resort to prosodic contrasts to express differences in focus-ground structure. Other
languages. like Catalan or Hungarian, must resort to syntactic meuns to express the
exact same differences.

2.2 Association with focus

Jackendofl 1972, among others, notices that sentences (la-c) cease to be truth-
conditionally equivalent in the presence of some operators like even and only:

(2) a. John even [ gave his daughter a new BICYCLE].
b. John even gave his daughter [r a new BICYCLE].
¢. John even gave [ his DAUGHTER] a new. bicycle.

The VP-external adverb even in (2a-c) is interpreted as being construed with, i.e.
as associating with, the constituents enclosed in brackets. Having identified the
bracketed constituents as foci, Jackendoff concludes that even associates with focus,
with the pertinent truth-conditional effects. Since then, even and only have been
known as focus particles or focus-sensitive operators.

Jacobs 1084, 1991 is a reformulation of the association-with-focus phenomenon.
Jacobs argnes that the pragmatic focus-ground partition discussed in § 2.1 is in fact
the argument of an implicit illocutionary operator. In declaratives the illocutionary
operator is ASSERT. Jacobs' view of the communicative import of focus-ground is
not unlike Vallduv{'s (1992) in that he takes focus to be the element that represents
the only angmentation of the context (what he calls the focus of the assertion).
When ASSERT takes the focus-ground partition in (1b) as an argiment, it vields the
interpretation that, given a context where John gave his daughter something, the
speaker asserts it is a bicycle. This is represented in (3a):

(3) a. assERT(John gave his daughter [r a new BICYCLE])
b. ASSERT(EVEN(John gave his daughter [r a new BICYCLE]))

Given the focus-ground partition used by ASSERT, even can parasitize on it and
use the structure it provides to express its meaning, as in (3b). Both (3a) and
(3b) have the same structure. but in (3a) the focus-ground partition remains truth-
conditionally inert whereas in (3b) the partition is exploited not only by the original
illocutionary operator but also by a logico-semantic operator. thus giving rise to
truth-conditional effects. In addition to cven and only, quantificational adverbs,
negation. modals. and other elements have also been observed to be capable of
associating with focus.

2.3 Quantificational partition

Recently, a stronger and more general approach to association with focus has
evolved. The focus-ground partition is not a pragmatically motivated notion any-
more, but rather its primary function is to provide a quantificational structure for
the use of focus-sensitive operators. The cominunicative use of focus-ground is
merely one of the uses this quantificational structure has. Jacobs ASSERT operator
is merely another focus-sensitive operator, without any special status. The exact
characterization of the quantificational structure that focus-ground provides varies
from work to work. Following work by von Stechow (1981, 1991). Krifka 1991-92
suggests that focus-ground provides a structured meaning (< a, .3 >). which in later
work (Krifka 1992, 1993) he equates to the <RESTRICTOR, NUCLEUS> partition of
quantification structures that Partee 1991 defends. In contrast. for Rooth 1985,
1992. focus on an element « provides a set of alternatives for = (ALT(x)) which
determines the domain of quantification for the operator that associates with z.
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Given this view of focus-ground, it is imperative that focus-sensitive operators un-
dergo association with focus. since they crucially depend on the structure provided
by focus-ground to express their meaning.

This view of focus-ground has important consequences in examples like (4):

(4) a. Even [p JOHN] drank only [r WATER].
b. John even [r only {r drank WATER]]

These sentences, from Krifka 1991-92, have more than one focus-sensitive operator.
Viewing association with focus as a mere tendency, the examples in (4) are quite
uninteresting. Perhaps one operator does associate with focus (i.e. is parasitic on
ASSERT). but the other operator associates with some other element in the sentence.
But if we assume that focus-sensitive operators crucially depend on the structure
provided by focus-ground to be able to express their meaning, we mist conclude
that these sentences have more than one focus-ground partition, as represented by
the labeled bracketing.

As noted above, this presumption is the main concern of this paper. We argue
that focus-ground is primarily an informational or communicative (or illocutionary)
notion, which can be parasitized on by focus-sensitive operators. However, the
presence of more than one of these operatars does not entail the existence of more
than one focus-ground partition, since focus-sensitive operators may associate with
elements other than foci.

2.4 Pitch accent

Before moving on to the main body of the paper, a word about pitcli accent and
the phonological use of the word ‘focus:.

Following the models of prosodic phonology in Pierrehumbert 1980 and Pierre-
humbert & Hirschberg 1990, and Ladd 1980, 1988, 1990, we take perceived promi-
nence to be correlated with pitch accent. A pitch accent is a simplex or com-
plex tone—there are up to six types in Pierrehumbert’s theorv—associated with a
stressed syllable. Sentences consist of one or more intonational phrases and each
phrase has a single most prominent pitch accent, which is called the nucleus of
“focus’. Thus. a single sentence may contain multiple prosodic foci.

This multiplicity of pitch accents (for the sake of clarity, we will refrain from
using athe term “prosodic focus’) is illustrated in the text in (5). All the items in
small caps in (5) were associated with a piteh accent when the text waus read out
loud by an informant:

(3) It would have been unusual if Catherine Malfilano had NOT
become involved somehow in THEATER and MUSIC, considering
that her FATHER is a VIOLINIST in the orchestra at the \et
and her MOTHER, a DANCER, was a member of the Met's
BALLET company. (The Opera 1992, J. Ryder, 1991)

This text also illustrates two accent types that will be of special relevance in the
discussion below: Jackendofl's (1972) A accent and B accent. Father and mother
are associated with a B accent and wiolinist and ballet are associated with an A
accent. In Pierrehumbert’s terms, the A accent corresponds to a simplex H* tone
(generally followed by an L boundary tone), whereas the B accent corresponds to a
complex L+H™ fall-rise (Pierrehumbert (1980:35) expresses some reservations about
identifving Jackendofl’s B accent to L+H*, but in Pierrehumbert & Hirschberg
(1990:296-7) these reservations are overcome). The contour formed by an L+H*
followed by an H*(L) has been called the ‘suspension bridge contowr” (Bolinger
1961) and the "hat pattern’ (Cohen & 't Hart 1967). The B accent is generally not
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correlated with a focus in a focus-ground partition. Nevertheless. it will be shown
that focus-sensitive particles may associate with a B-accented item.?

3 Claims

\We are now in a position to review the assumptions and the claims about focus
made in the literature on association with focus. This claims concern the three
notions of focus mentioned above and the relations that exist between them: how
are phonological pitch accents. semantic nuclei in a nucleus-restrictor structure, and
pragmatic foci in a focus-ground partition related? It must be noted that some of
these claims are made implicitly rather than explicitly when a distinction fails to
be made. These claims are summarized in Figure 1 and listed in (6):

nucleus
focus

yitch accent —= informational focus
) X 4
‘focus focus

Figure 1: Claims

v a, If ¢ is a nucleus. then x is {+pitch accent].
l. Every pitch accent is correlated with a nucleus.
o If » iz an info focus. then r is [+pitch accent].
d. Every pitch accent is correlated with an info focus.
¢, 1f r is a nucleus. then r is info focus.
f. If v is an info focus. then x is a potential nucleus.
In what follows each one of these claims and assumptions will be examined. First.
the relationship between pitch accents and quantificational nuclei will be consi-

dered (lefthand side of Figure 1). Then. we will show and discuss examples of
nonfocal pitch accents. i.e. accents associated with an element in the ground. and

2Focal fall-rise accents do occur in contexts in which speakers wish to convey uncertainty.
Cansider (i). from Ward and Hirschberg (1985:774) (\/ enclose the item associated with the fall-
rise accent}:

(i) a. Do you have jello?
b. We have \PIE/.

The fall-rise in (ib) conveys uncertainty about whether some sweet other than jello. i.e. pie. is of
interest 1o the querier. The fall-rise associated with uncertainty. however. is not a B accent: it
i« net an L+H™ but rather an L*+H (Ward and Hirschberg 1985:750). Apparently. when a focal
accent and an uncertainty accent compete for the same structural slot. the latter takes preeminence
ver the former. In addition. Pierrehumbert & Hirschberg (1990:296-7) mention some examples
where focus appears to be associated with an L+H™ accent. It is unclear to us what the semantic
value of this type of focal accent is. although Pierrehumbert & Hirschberg talk about "correction’.
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to accents associated with a nonstandard subsegment of the focus (bottom of Fi-
gure 1). Finally. the implication that quantificational nuclei are necessarily foci in
a focus-ground partition will be countered (righthand side of Figure 1). After due
consideration of all the evidence, it seems that the only implications that can be
maintained are those in (6'):

(6) . Ifzis an info focus. then z is [+pitch accent).

f. If z is an info focus. then z is a potential nucleus.

Implication (f) is a weak implication. in that it entails the nonidentity of foci and
nuclei. This is precisely the position defended here: the arguments in this paper
suggest that while nuclei may be foci, they may be part of the ground as well.
Implication (¢) is quite uncontroversial and has actually been heralded as a univer-
sal (e.g. Sgall et al. 1986, Lambrecht 1987). It seems to hold both for languages
that realize focus largely by phonological means and for languages that do it largely
syntactically. In the former language type, nuclear stress may shift to different posi-
tions in the clause to associate with different focus assignments, while the syntactic
structure remains constant. In the latter type. the intonational structure remains
constant and syntactic operations are needed to bring the focal constituent and the
nonshifting nuclear stress together.3

4 Pitch accents and nuclei

This section examines the nature of the relationship between pitch accent and quan-
tificational nuclei. i.e. claims (a) and (b) in (6).

4.1 Nucleus — [+pitch accent]

In standard cases of association with focus. differences in the placement of nuclear
stress appear 1o be correlated with different <RESTRICTOR, NUCLEUS> structures.
Sentences (7a) and (7b) differ not only prosodically but also in their truth value. In
their default readings. (7a) means that John introduced no one other than Bill to
Sue and (7b) that John introduced Bill to no one but Sue. In other words, Bill is
the quantificational nucleus in (Ta) and Sue is the quantificational nucleus in (7b):

(11 a. John only introduced BILL to Sue.
b. John only introduced Bill to sUE.
It is readily observable that in both cases the quantificational nucleus is realized
with nuclear stress. The claim that nuclei must be spelled out by a pitch accent is

quite standard in the semantic literature on association with focus, as illustrated
by the following two quotes:

“Thus a pitch accent is the phonological interpretation of the focus fea-
ture.” {Rooth 1985:19)

‘In phonology. the focus feature is spelled out by sentence accent.’ (Krifka
1991:17)

The fact that both these quotes use the term ‘focus’ to denote a nucleus is potentially
confusing. but it is clear they refer to a nucleus i a quantificational <RESTRICTOR.

It is unclear whether the validity of (6c) extends to languages like Navajo (Schauber 1978),
which realize focus-ground morphologically. Japanese. which makes at least partial use of mor-
phology to realize focus-ground. appears to have some prosodic manifestation of focus, although
focal accents in Japanese are less distinguishable than their English counterparts (see Lambrecht
1987:380).
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NUCLEUS> partition, since for both Krifka and Rooth the location of the nucleus is
determined by the presence of a focus feature.

There are some immediate problems for the implication that a nucleus must be
correlated with a pitch accent. Sentences where the nucleus does not receive a pitch
accent are. in fact, not deviant in any sense, given proper contextualization. Both
Partee 1991 and Krifka 1992 notice this, but nevertheless decide to maintain the
implication that nuclei are accented and suggest an explanation for the ‘deviant’
behavior of these nonaccented nuclei. Take examples (8) and (9), from Partee
(1991:179) and Vallduvi (1992:163), respectively:

(8) a. Eva only gave xerox copies to the GRAaduate sTUdents.
b. (No.) PETR only. gave xerox copies to the graduate students.
(9) a. Who always took JOHN to the movies?

b. MARY always took John to the movies.

In (&b} the nucleus. i.e. the element associated with only is the unaccented graduate
«fudents. Likewise in (9b). where the element associated with always is the unac-
cented John (the meaning of (9b) is that at every time interval where Mary takes
<omeone 1o the movies. she takes John to the movies). Nuclear stress in both (8b)
and {9b) is associated with the pragmatic foci of these sentence, not with the nuclei
of the focus-sensitive operators they contain.

Both Partee and Krifka argue that the associated nuclei in (8b) and (9b) are
foci. Thus. (8b) and (9b) are sentences with two analogous foci: one of them is
associated with an overt semantic operator. the other is associated with an implicit
pragmatic CONTRAST operator. for Partee. or an ASSERT operator. for Krifka. To
account for the fact that the nuclei graduate students in (8b) and John in (9b) are
not associated with a pitch accent. Krifka (1992:233). commenting on an example
practically identical to (9b). stipulates that. in sentences with more than one (prag-
matic or semantic] focus-sensitive operator. it is always the nucleus associated with
tlie highest operator which is realized with nuclear stress. In (9b) the illocutionary
operator ASSERT (see discussion of Jacobs 1984. 1991 in § 2.2) is higher than the
quantificational adverb and. therefore. accent is associated with the nucleus of the
former. Presumable. the same analysis can be given for examples like (10) (Krifka
1001-1992:22). where the nucleus of the lower operator is unaccented:

{10) {Most people drank water at some time during yesterday's party.]
John even; drank [p1 ONLY2) [F2 water].

The reason for expecting nuclei to be always accented rests on the assumption that
nuclei are necessarily foci. Since foci are uncontroversially thought of as being
always realized with nuclear stress. nuclei should too. If, however, nuclei are not
identified with foci. the lack of a pitch accent on the nuclei in (8b) and (9b) ceases
to be a problem. In fact. as elements within the pragmatic ground of (8b) and (9b),
the lack of accent on these nuclei is not unexpected at all.

Sentences (&b) and (9b), then. contain unaccented nuclei that belong to the
ground. It is also possible to encounter unaccented nuclei within a wide complex-
category informational focus. Consider example (11), from Nevalainen (1987:148):

(11) [r There’s only a month till CHRISTMAS now ]

This sentence. as is the case with all canonical existential sentences (see Sasse 1987,
Vallduvi 1992) is an all-focus sentence with a null ground. The nuclear stress on
Christmas is correlated with this informational focus. The nucleus of only in (11) is
clearly a month. Nevalainen's data comes from a corpus of speech carefully coded
for prosody. Nevalainen's transcription reveals that a month is realized with no
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accompanying pitch accent. In fact. the only pitch accent in this sentence is the
one on Christmas. which as expected marks informational focushood. It is worth
mentioning that a full 10% of the nuclei in Nevalainen's corpus are, like the nucleus
in (11). realized with no pitch accent whatsoever.

Thus. we must reject claim (a) above. It is simply not the case that nuclei must
be phonologically marked with a pitch accent. Krifka's (1992) stipulation that only
the nucleus associated with the highest operator is accented appears to provide an
escape hatch. but a counterexample will be discussed in § 6.

4.2 [+pitch accent] — nucleus

The assumption that every pitch accent is (partially) correlated with a nucleus is
manifest in examples like (12). from Rooth (1992:80):

(12) In [r MY] opinion. in the [r oLD] days. in [ THIS] country...

Rooth 1992 argues that all the pitch accents in (12) are pragmatic foci associated
with an F feature that gives rise to a set of alternatives used, in this case, merely
for contrast. Calling all the accented items in (12) foci is stretching the notion of
informational focus excessively. although it may be the case that they are nuclei
associated with some abstract “contrast’ operator. Still, although it may be argued
that all the accented items in (12) are contrastive. it is not entirely clear that all
pitch accents are connected with a contrastive interpretation. Take example (13):

{137 That Ann—she’s such an INteresting PERson.
She dances the taranTELla with a PASsion:
she grew up in soUTH Dakota.
and she studied classical ChiNESE at HaRvard.

The informational focus in each of the four sentences in (13) is the verb phrase. In
the Jast of these sentences. despite the fact that the pitch accent on Harvard suffices
as an expressor of (pragmatic) focushood. the pitch accent on Chinese is obligatory.
What motivates the pitch accent on Chinese? Chinese is clearly not the nucleus
of any overt operator (there is none). nor it seems feasible to suggest that there is
scme “abstract’ contrast operator associating with it. In the context of (18) there
1¥ no explicit contrast between (classical) Chinese and any other language 4

The actual reason for the presence of the pitch accent on Chinese is hard to
pin down. Mest likely. it has nothing to do with focus-ground. quantificational
nuclei. or contrast. Bolinger (1989:357) argues that words are accented if they are
informative and interesting. Zacharski 1993. where this notion of informativeness
or interestingness is pursued. points out that items than depart from some semantic
or cultural stereotype. attract phrasal accentuation. If we replace Classical Chinese
with something that is relatively uninteresting. the accentuation changes. None of
the direct object NPs in (14) requires association with a pitch accent:

(14) a. She took courses at HARvard.
b. She studied English at HARvard.

c. She got a degree from HaRvard.

i0f course. (classical) Chinese stands in contrast with, let us say. other members of the set of
languages that can be studied in an American university. However, this contrast is not any more
explicit here than the contrast that would arise from the unaccented constituents in (i):

(i) The middle-income woman bought the average-sized PICK-UP.

Evidently, unaccented the middle-income woman stands in contrast with women of other jncome
brackets. although such contrast remains latent (or as latent as the contrast on Chinese in (13)).
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In addition to this interestingness dimension, there are metalinguistic and emotive
factors involved in accent determination. Marked accenting patterns may be used
to carry out metalinguistic corrections even in languages that do not have a flexible
intonation contour like Catalan and Hungarian (see Vallduvi 1992). Pitch accents
on certain structural positions can also be used to express solidarity (McLemore
1991) or to assist in the choreography of discourse, e.g. getting the floor, using
turn-taking devices, beginning and ending a topic or discourse (Lehman 1977).

Accent placement in English is determined by a number of different independent
factors. which include focushood (as in focus-ground), interestingness or informati-
veness. emotiveness. and others. In addition. as we will see below in § 5.2, English
uses vet another (de)accenting strategy to express givenness or repetition of an item.
In sum. there is no simple one-to-one relationship between semantics or pragmatics
and the location of pitch accents.

Before moving on to other claims in (6). a qualification is in order. It is not
the case that every pitch accent must constitute by itself a quantificational nucleus.
Sometimes two pitch accents may correspond to a single complex-nucleus. This
occur in examples like (13). from Krifka (1991-92:21):

(151 John only introduced BILL to SUE.

In (15) Bill and Sue from. as a pair. one single nucleus. Rooth (1985:60) describes
the meaning of (15) as "if John has the property of the form ‘introduce x to y', then
it is the property ‘introduce Bill to Sue’. It is because of examples like this that
one must say that every pitch accent is partially correlated with a nucleus.

5 Pitch accents and foci

5.1 [+pitch accent] — info focus

Let us niove to the bottom half of Figure 1 and discuss implication (6d), i.e. the
claim that pitch accents must be informational foci. In § 4.2 it was pointed out
that some pitch accents appear to be unrelated to focus-ground structure. which,
if correct. is an obstacle to the truth of (6d). The claim. however. does not hold
sven if we restrict our attention to information structure: pitch accents may appear
witlin the ground of a focus-ground structure.

There is ample reference to this fact in the literature. Bardovi-Harlig 1983
emphasizes that the claim that ground elements must be unaccented is empirically
unmotivated and cites examples from over a dozen sources. Bolinger (1986:47)
states that ‘since theme and rheme [= ground and focus] are fundamental to the
meaning of the utterance. each is separately highlighted’. Jackendoff 1972 points
out that “fopics’. which appear within the ground in focus-ground partitions are
associated with a fall-rise accent (B accent) and notes that topicalized elements
(not focus-preposed elements) are always associated with such an accent. Finally.
Steedman 1991 clearly treats L+H*-accented items as being part of the ground,
which he calls theme.

It is not every item within the ground that is amenable to accenting. The
L+H* or fall-rise accents we have been discussing here are associated with a specific
ground element which is generally referred to as (shifted) topic. anchor, or link (see
Jackendoff 1972. Gundel 1974. Ronat 1979. among others). In Vallduvi’s (1992)
system. briefly discussed in § 2.1, this element is called link and this is the term we
will use here. As noted. the function of the ground is to usher I; to the right location
in the hearer's model of the common ground (F;). The ground is articulated into
two parts: link and tail. Each performs a particular task within the general ushering
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function of the ground.?

Ann and Clara in (16) are typical subject links. They are associated with an
accent. although they are part of the ground in any traditional pragmatic sense of
the word. The foci in the answers to the question in (16) are the direct objects:

(16) What are people wearing to the concert?
Well. [L ANN | is wearing [f a black PANT suit]
and [L CLARA ] is wearing [ a long black DRESS. ]

When links are nonsubjects. there are two strategies to express linkhood. One is
syntactic: the link XP may be fronted in a topicalization configuration. The other
1s purely prosodic: a link phrase may be left in situ and marked with an L+H*
accent. This two strategies are illustrated in (17) and (18) respectively, where this
drawver and that one are realized as links:

(17} What about the drawers? What do you keep in them?
In [L THAT drawer ] I keep [F my socks ]
and in || THIS one ] I keep [f my SHIRTS. ]

{18)  What about the drawers? What do you keep in them?
I keep [ my socks]'in [L THAT drawer |
and [ my SHIRTS] in [ THIS one. ]

The fact that this drawer and tha! one in (18) appear in sentence final position
and are associated with a pitch accent should not lead us to think they are foci.
The pitch accent associated with them is L+H* and the total information-structure
cquivalence of (17) and (18) shuw they are not foei but links.6
At this point it is interesting to compare English to Catalan, since Catalan is a
language that does not allow realization of linkhood by prosodic means. In Catalan,
all links must be topicalized. Example (19) is the equivalent of English (16). and (20)
is the only equivalent of both (17) and (18). since (21) is an infelicitous sequence:”
(19) Qué es posaran. per anar al concert?
[L L'Anna, ] es posara [F un tern NEGRE ] 1;.
i {L 1a Clara; ] es posara [F un vestit de gala NEGRE | t;.
“What will they wear to the concert?
“Anna will wear a black suit and Clara will wear a long black dress.’

{201 1 als calaixos que hi guardes?
En [L aquest caLAIX; | hi; guardo [f els MITJONS )
ien {i aquell caLAIX, | hi; guardo [f les SAMARRETES. |
"And the drawers. what do you keep in them?
In that drawer I keep my socks and in this drawer I keep my shirts.’

(21} #1 als calaixos qué-hi guardes?
# Guardo [r els MITIONS] en [, aquest CALAIX ]
# i [F les SAMARRETES] en [ aquell cALAIX. ]

>Suffice it to say here that links designate a file card fc in F; (the hearer's model of the common
ground) as the locus of information update with I,. As noted in § 2.1, fc for Sy may be inherited
from Sn_1. in which case no link is necessary. Tails, on the other hand, designate a given record
R (a relation or attribute) already listed on fe. If a tail is present in the ground, I, updates Fy by
completing or altering R.

€It must be noted that the prosodic difference that generally exists between links and foci in
English appears to be entirely optional in languages like German. Féry 1992 shows that in German
either an L+H~™ accent and an H*(L) falling accent may be used to realize linkhood. This second
accent is phonologically identical to the pitch accent used for the realization of focushood.

“As can be deduced from the position of the subject traces in (19), Catalan is taken to be
underlyingly VOS& (see Sola 1992, Vallduvi 1993).
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For whatever reason Catalan does not exploit intonational resources as much as
English does. Rather it must resort to syntax to express focus-ground structure.
In languages like Catalan failure to distinguish between link and focus is less likely
to happen. since their structural realizations are so drastically different. In English
and German. however, where both may be realized exclusively by means of pitch
accent. we must be careful not to treat the two elements in the same way. In these
languages. a pitch accent need not be associated with a focus, but rather may be
associated with a subpart of the ground. i.e. the link.

5.2 Info focus — [+pitch accent]

This implication is generally viewed as uncontroversial: foci are associated with a
pitch accent. However. the exact identity of the focal constituent associated with
this pitch accent has sometimes been mistaken. The exact placement, within a
focal constituent. of the focal pitch accent may be the result of the interaction of a
number of independent processes. Consider Clara’s response in (22b):

{(22) a. Ann: What did vou get Ben for Christmas?
Clara: 1 got him [f a blue SHIRT. ]

b. Ann: What did you get Diane?
Clara: 1 got her [f a RED shirt. |

In Clara's response in (22b), nuclear stress is associated with the lexical item red.
Often. red is taken to be the pragmatic focus of this sentence as well. However, as
the question contextualization shows. the focus is not red but rather a red shirt.
Wlhereas the placement of a pitch accent on the focal constituent is indeed a cor-
relate of focus-ground structure, the exact location of that accent within this focal
constituent is determined not by focus-ground structure, but rather by an indepen-
dent process of deaccenting (see Ladd 1980. 1983). Red ends up with a pitch accent
because shirt is deaccented. This deaccenting is triggered by the presence of the
phrase a blue shirt in the answer in (22a). If (22a) were not present, the answer
in i22hi would be realized with an accent on shirt. The reason d'étre behind this
deaccenting plienomenon is a matter of debate. One can appeal to some anaphoric

‘¢ like concept-givenness (van Deemter 1992) or to the notion of informative-
s< icr interestingness) in Zacharski 1993: in the context of (22). the interesting
or informative bit within the focus of the answer in (22b) is the fact that the shirt
(lara got Diana is red. since this is the information that distinguishes this shirt
{rom the one Clara gave to Ben.

Interestingly. the deaccenting strategy shown in (22b) is not available in all
Janguages. In languages like Catalan and Italian, the factor that triggers deaccenting
of shirt in (22b) is not at work, or perhaps manifests itself differently. Examples
(23) and (24) are the Catalan and Italian equivalents of English (22) (the examples
have been slightly modified to get around the fact that Catalan and Italian are
NAdj instead of AdjN). In both (a) and (b). the focal pitch accent falls on the last
accentable item within the focus constituent. The fact that in the (b) sentences
this item has already been mentioned does not affect accent placement in the least:

nes

(23) a. Anna: Queé li vas regalar. al Benjami, per Nadal?
Clara: Li vaig regalar [r una camisa NEGRA. ]
iobj 1s-past-give a shirt  black
‘I got him a black shirt.”
b. Anna:Ia la Diana. qué li vas regalar?

Clara: Li vaig regalar [r uns pantalons NEGRES. ]
‘I got her black pants’
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(24} a. Anna: Cosa hai regalato a Benjamin per Natale?
Clara: Gli ho regalato [ una camicia NERA. ]
lobj ls-past-give a shirt  black
‘I got him a black shirt.”
b. Anna:E cosa hai regalato a Diana?

Clara: Le ho regalato [ dei pantaloni NERI. ]
‘I got her black pants.’

The contrast between English on the one hand and Catalan and Italian on the other
is quite striking. To get a full grasp of what English would look like without the
deaccenting rule, or. equivalently. to see what Catalan and Italian do, it is illumi-
nating to pretend that the dialogue in (25) is made up of grammatical sentences,
Le.. that English is NAdj:

(23)  a. Ann: What did you get Ben for Christmas?
Clara: I got Kim [f a shirt BLACK. ]

b. # Ann: What did you get Diane?
Clara: I got her [ pants BLACK. ]

If the sentences in (23) were grammatical. Clara’s response in (25b) would clearly
be infelicitous. Native speakers of English cringe at the thought that this sentence
could be felicitous after the previous mention of black in (25a).

Accented items like red in (22b) are indeed correlated with a focus constituent,
in this case a red shirt. They do not. however. constitute narrow foci by themselves.
They are associated with a pitch accent simply as a result of the deaccenting of a
neighboring item. Both a careful analysis of the English facts and a contrastive
look ar Catalan and Italian suggest that this is the right analysis for patterns like
(221}, Therefore. assigning focus semantics or pragmatics to an item like red is an
unmotivated step. despite the presence of a focal pitch accent on this item.®

6 Nucleus — info focus

Perhaps the most important claim found in the literature on association with focus
under consideration is that all nuclei are foci in the traditional sense, i.e. foci in an
informational focus-ground partition. This claim corresponds to implication (6e)
and is reflected on the righthand side of Figure 1. Identifying nuclei as foci is a
necessity only if it believed that the quantificational structure of focus-sensitive
operators is necessarily determined by focus-ground. This is view defended in, for
example. Krifka 1991-92. 1992 and in Rooth 1983, 1992. From this standpoint.
operators like only and always need to associate with a pragmatic focus because
only focal constituents have the right semantics to act as their nucle;.

In this section we show that focus-sensitive operators may associate with ele-
ments other than a focus in a focus-ground partition. This mere possibility shows
that nuclei with the kind of semantics required by operators like only become availa-
ble through sources other than focus. First. we examine nuclei that are subsegments
of the informational focus and then we discuss nuclei that are part of the ground.

8Other (de)accenting effects interfere with the default mapping between focus-ground and pro-
sody. Accenting constraints seem to play a role in the following contrast, noted by R. Ladd:

(i) {r JoHNSON died. ]
(ii) ™ [r Former president JOHNSON died unexpectedly. ]

Thetic all-focus utterances like (i) are realized in one prosodic phrase with the pitch accent asso-
ciated with the subject. However. when the subject and the predicate are made ‘heavier’, as in
(i). inclusion of all the material within one phrase is impossible. The predicate must be associated
with an additional pitch accent.
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6.1 Subfocal nuclei
Consider example (11) from § 4 again:
{11) [r There’s only a month till CHRISTMAS now ]

It was noted above that this is an all-focus example, where the nucleus of only, a
month. is realized with no pitch accent. A month is clearly not the focus of (11).
but rather a phrase within it. Nevertheless, it is capable of acting as a nucleus.
Somehow. it provides the correct <RESTRICTOR. NUCLEUS> partition (or the re-
quired p-set) for only. Another case in point. although prosodically distinct, is
{26b). Here. again. the nucleus is subfocal. but. unlike (11). it is associated with a
pitch accent (the meaning of (26b) is that you will dream about your man but will
do nothing else to him or with him):

{26) How will we relieve our libido?
a. Well. 1 will [f go to bed with my MAX].

b, but you'll [f only DREAM about YOURS].
[H.B. in conversation (23/11/93)]

Tie focus in {26b) is not the verb dream. but rather the entire verb phrase. as the
questien contextualization and the parallelism with (26a) indicate. Nevertheless,
wnly associates with dream without any difficulty. i.e. dream is able to act as nucleus
despite the fact that it is not a focus on its own.

OF course. if it is assumed that there may be focus-ground partitions within
tlie focus of a simplex sentence, then it could be claimed that dream is a focus
within the larger verb-phrase focus. This idea. however. is not unproblematic. If
dream were a focus one would expect it to be realized as such in all languages,
independently of whether these Janguages use prosody or syntax in their structural
treatment of focus-ground. But in Catalan. for instance. dream is not realized as
4 focus in the Catalan equivalent of (26). In Catalan. focal constituents are, as
expected. associated with a pitch accent. Unlike English. however. Catalan cannot
<hift prominence along the sentence. Rather. prominence is necessarily associated
with the righthand boundary of the core clause. Therefore. a focal constituent must
necessarily appear in core-clause-final position. If the focus-ground partition of a
<entener s such that a narrow focus is required on the verb, all the elements that
weuld otherwise appear to the right of the verb within the core-clause must be
removed via left- or right-detachment. In the case at hand. for dream to be realized
as focus. the prepositional phrase about yours would have to be detached. Example
(27} is the Catalan equivalent of (26):

(27) Com ens ho farem. per satisfer el nostre desig sexual?
“What will we do to quench our sexual craving?’

a.  Bé. jo [r me n'aniré al llit amb el meu HOME].
“Well. T will go to bed with my man,’

b.  itu [f només somniaras amb el TEL].
‘and vou will only dream about yours.’

¢. #itu només hi; [F SOMNIARAS, ] amb el teu;.

As shown in (27). this contéxt allows the verb phrase només somniards amb el teu
‘vou'll only dream about yours’ to be realized as focal. as in (27b). However. the
use of the structure that would identify the verb somniards will dream” as focal is
infelicitous in this context (27c).

Example (26b] is also a counterexample to Krifka's (1992) stipulation. discussed
in % 4. that only the nucleus associated with the highest operator is realized with
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a pitch accent. In (26b). only. the operator that associates with dream. is lower
than the putative ASSERT operator that associates with the entire verb phrase.
Nevertheless. dream is realized with a pitch accent as or more prominent than the
pitch accent associated with the larger pragmatic focus (the accent on yours).

6.2 Links as potential nuclei

In § 5 we emphasized the distinction between link—an element of the ground—and
focus. It was noted that in languages like English and German both informational
notions may be realized exclusively by prosodic means (unlike languages like Ca-
talan or Hungarian. where the structural differences between the two are largely
syntactic). This has lead to some confusion and to the conflation of the two notions
In many cases.

The fact that links are ‘also potential nuclei, i.e. focus-sensitive operators are
able to associate with links adds to the confusion. Consider the following example
from Vallduvi (1992:143):

1281 John and Mary know the Amazon quite well,
but only John's [f been to the CITIES in Brazil. ]

Tu the second sentence in (28) the (most natural) informational focus is the verb
phrase. John acts as link and it is realized as such by being associated with an
L—H™ accent.

Hoeksema and Zwarts (1991:67) contend the force of example (28) and state
that John is in some sense a ‘focus’ as well because it is associated with a pich
accent. However. it was shown in § 5 that the existence of nonfocal pitch accents
is bevond doubt and that links are precisely ground elements that are typically
associated with a fall-rise pitch accent. Thus. the fact that Jokn in (28) is accented
does not make it a focus. other than in the trivial sense of being a phonological
focus (a pitch accent).

Again. the comparison of (28] with its Catalan equivalent is rather suggestive.
In C'atalan postverbal (in-situ) subjets are focal. whereas preverbal (topicalized)
subjects are ground elements (links). Consider (29):

29 Who has been to the cities in Brazil?
a. Només hi; ha estat el JoaN. a les ciutats del Brasil,.

b. = Només el Joan hi; ha ESTAT. a les ciutats del Brasil;.
"Only JOHN's been to the cities in Brazil.”

In {20] the question contextualization requires John to be the focus of the answer.
since it corresponds to the wh-phrase in the question. In (29a) John appears in
the focal postverbal position. while in (29b) it appears in the preverbal position
characteristic of links (a les ciutats del Brasil “to the cities in Brazil® is also part
of the ground and is right-detached in both potential answers). Indeed, only (29a),
which encodes John as a focus, is a felicitous answer in this context. Realizing John
as a link. as in (29b). is out. Now compare (28) to its Catalan equivalent in (30):

(30) El Joan i la Maria coneixen 1'’Amazones bastant bé
pero només el Joan ha estat a les ciutats del BRASIL.
‘John and Mary know the Amazon quite well,
but only John's been to the cities in Brazil."

The John in the second conjunct in (30) felicitously appears in a preverbal position.
a position that is associated with a link interpretation. The contrast between (29b)
and (30) can be accounted for only if the link status of John in the latter is recogni-
zed. Therefore. it must be concluded that ground elements—links. at least—can act
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as nuclei to focus-sensitive operators like only. The assumption that only foci can
provide the necessary semantic structure that nuclei require is not well motivated.

In fact. it is not only links that may act as nuclei. Other ground elements,
realized with no pitch accent whatsoever, can be nuclei as well. Examples of this
sort were already discussed in § 4. In § 4. (8b) and (9b), repeated here, were
discussed as examples of unaccented nuclei:

() a. Eva only gave xerox copies to the GRAaduate sTudents.
b. (No,) PETR only gave xerox copies to the graduate students.
(9) a. Who always took JOHXN to the movies?

b. MARY always took John to the movies.

From the standpoint defended in this paper, the fact that the nuclei in (8b) and
(9b) are unaccented is unproblematic. These nuclei are plain ground elements and
there is no informational reason for their association with a pitch accent. Since
nuclei do not need to be foci. there is no need for any additional explanation to
account for the fact that the nuclei of only and always are not realized with typical
{focal prosody. These nuclei are simply not informational foci. Once again, we are
compelled to conclude that nonfocal elements can act as quantificational nuclei.

Krifka 1991-92 explicitly treats some link nuclei as focal nuclei in examples like
(31). He claims that youngest is a focus within the ground (or within the link or
topic) of the sentence. Thus. he argues. sentences like (31). which appear to have
a “focus’ within the link (for him. within the topic). constitute evidence for the
recursive status of the informational partition of sentences:

{31} Whart did Bill's sisters do”
{L Bill's [f YOUNGEST ] sister ] [r kissed JOHX. ]

Although this would provide support for the view that more than one focus-ground
structure is allowed in a simplex sentence. it also represents. as noted. a significant
departure from the traditional conception of focus in the pragmatic literature. Ho-
wever, on closer inspection. the evidence for the focal status of youngest fades away.
Example (31) is. in fact. analogous to example (32):

{32) What did Bill's siblings do”
[} Bill's sISTER ] [ kissed JOHX. ]

In both (31) and (32) we have a sentence with a link pitch accent (L+H*) and
a focal pitch accent (H*(L)) in a typical "suspension bridge’ pattern. The pitch
accent on sister in (32) is clearly a characteristic link-associated accent of the type
discussed in § 5 and so is the pitch accent on youngest in (31). The only difference
between (31) and (32) is that in the former sentence the pitch accent is not réalized
on the rightmost item within the link but rather appears to have shifted to the left.

This. however. is not enough motivation to argue that youngest is a focus within
the link. In fact. the leftbound prosodic shift in the link in (31) is not the reflection
of any informational or communicative effect, but rather another instance of the
deaccenting phenomenon discussed in § 5.2. The deaccenting process discussed in
§ 5.2 took place within the-focus constituent, but. as (31) shows, deaccenting can
take place within the link constituent as well. The pitch accent on youngest in (31)
is the same pitch accent associated with sister in (32). It expresses the linkhood
of the subject noun phrase and it does not indicate that youngest is a focus in any
sense. Thus. (31) should not be informationally partitioned as Krifka indicates, but
rather as in (33)

(33} What did Bill's sisters do?
iL Bill's YOUNGEST sister ] [¢ kissed JOHN. ]
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Steedman 1991 notices the different prosodic pattern that one may encounter within
focus and within ground. However, he does not suggest that the accenting shifts
within these larger units imply that embedded focus-ground partitions exist within
the top-level partition. Rather, he relates them to a notion of (de)emphasis, akin
to the notions of concept-givenness and interestingness or informativeness that we
discussed in § 3.

Of course. given that languages like Catalan and Italian do not possess a deac-
centing strategy. we would expect these languages not to display prosodic patterns
like the one within the link in (31). This is indeed the case. Consider the following
examples ((34) is from Steedman 1991):

(34)  A:1know Mary's undergraduate degree is in physics,
but what subject is her doctorate in?
B: [L Mary's DOCTORATE ] [r is in CHEMISTRY. ]

(35) A:1didn’t know both of them have a doctorate. . .
B: Yes but [1 MARY's doctorate ] [ is in CHEMISTRY |
and [L ANNA's doctorate ] [p is in Law. ]

Between these two English examples there is a prosodic contrast within the link
triggered by deaccenting. In (33) the item doctorate within the link is deaccented
because of a previous mention of that same item. If the view that the pitch accent
on Mary in (33) is due to deccenting of doctorate is correct. we should expect
the Catalan equivalents of (34) and (35) to be identical. since Catalan lacks the
deaccenting strategy. They are. Example (36) corresponds to English (34) and
example (37) to English (33):

{36) A:Ja sé que la Maria té una llicenciatura de fisica.
pero el seu doctorat de quina especialitat és?
B: [L El doctorat de la Maria ] [f és de QUinica. ]

37)  A: No ho sabia. que totes dues fossin doctores. . .
B: Si. perd [ el doctorat de la Maria ] [ és de QuimIca ]
i{L el (doctorat) de I'Anna ] [r és de DRET |

If Mary in {35) were a focus. Catalan (37) would have to structurally reflect that
somehow. However, Catalan (36) and (37) are identical. The reason is that the
focus-ground partition of thiese sentences (and of English (34) and (35)) 1s identi-
cal. The prosodic contrast observe in the English examples is the reflection of an
orthonogonal factor.

7 Conclusion

The data discussed in this paper show that nuclei need not be informational foci.
Elements within the ground. both links and nonlinks can act as the nuclei of focus-
sensitive operators like only. These findings are in agreement with Koktova 1987
and Nevalainen 1987. where it is also noted that nuclei can belong to either focus
or ground.

The claim in Rooth 1983, 1992 and Krifka 1991-92. 1992 is that only foci have
the appropriate semantic structure to be able to act as nuclei. Given that focus-
sensitive operators are capable of associating with elements other than focus, this
claim is found to be unmotivated. The semantic structure that characterizes nuclei
(e.g. the introduction of ALT(x)) can be made available through means that have
nothing to do with informational focus. In this sense. for instance it is wrong to
argue that there is a one-to-one mapping between the focus-ground partition and the
quantificational <RESTRICTOR. NUCLEUS> structure of a sentence. We have shown
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that. while it is true that a focus-sensitive operator may parasitize, piggyback style,
on a focus-ground partition, they can also utilize partitions other than focus-ground
to express their meaning. In other words. focus does not necessarily determine the
identity of the nucleus.

One way around the problems posed by the data discussed above is to stretch
the notion of informational focus so as to incorporate under this label all attested
nuclei. In fact, this is precisely what these authors have to do to describe the
meaning of focus-sensitive operators, since from their perspectives only focus-ground
provides the necessary semantic structure that these operators require to express
their semantics. Such a move. however, is not uncontroversial. The analysis of
deaccenting and the comparison of English to Catalan and Italian above indicate
that nonfocal nuclei are a fact which any account of the meaning of focus-sensitive
operators should take into account.

Accepting that nonfocal nuclei exist frees us from having to posit multiple focus-
ground partitions for sentences with more than one focus-sensitive operator. Ob-
viously. from a nuclei-must-be-foci point of view, one must argue for recursive focus-
ground structures within a simplex sentence. However, if nuclei can be specified
otherwise. this is not so anymore, since the presence of a focus-sensitive operator
does not entail the presence of a focus. This approach naturally accommodates
the many examples discussed above where the informational focus-ground partition
differs from the <NUCLEUS. RESTRICTOR> partition. For Krifka, for instance, these
examples are all cases with more than one focus-ground partition. He then has to
provide an additional account for the fact that some of these foci are not structurally
realized as such. No such additional mechanism is needed if the position defended
here is the correct one. Of course. if the structured meaning approach to quantifica-
lional structure is correct. sentences with more than one operator would still require
more than one <NUCLEUS, RESTRICTOR>> partition. We have shown. however, that
this does not entail that they have more than one focus-ground partition.®

The relationship between quantificational structure. informational structure and
prosody needs to be accounted for with a more modular approach. The focus-ground
partition is present in sentence structure for communicative purposes. probably ha-
ving to do with the way in which information is presented to an updating agent.
Pitch accents are available as a structural resource and they appear to be exploi-
ted for a number of different uses. Some of them have to do with the realization
of focushood and linkhood. while other accenting phenomena are linked to other
independent factors. Finally. an independent quantificational structure must ac-
company each operator in a sentence. The interaction among these components,
however. is complex. Pitch accents do not appear to have a unique interpretation,
focus-ground is realized in different ways in different languages, and nuclei may be
accented or deaccented and maybe focal or ground.*®

9 Embedded sentences may have their own focus-ground structure. so in some sense focus-ground
is indeed recursive. This type of recursiveness. however, is acknowledged in the informational
literature and will not be discussed here. although the fact that embedded sentences may display
informationally motivated structural properties deserves a more detailed analysis.

10 Current work within DYANA-2 is looking at how this modular approach to quantificational
structure. informational structure. and prosody can be spelled out from the perspective of sign-
based syntactic formalisms.
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Tree Models and (Labeled) Categorial Grammar
Yde Venema

Abstract. This papers studies the relation between some extensions of the non-
associative Lambek Calculus NL and their interpretation in tree models. We give various
examples of sequents that are valid in tree models, but not derivable in NL. We argue
why tree models may not be axiomatizable if we add finitely many derivation rules to NL,
and proceed to consider labeled caleculi instead.

We define two labeled categorial calculi, and prove soundness and completeness
for interpretations that are ‘almost’ the intended one, namely for tree models where all
resp. some trees may be infinite. Extrapolating from the experiences in our quite simple
systems. we briefly discuss some problems involved with the introduction of labels in
categorial grammar. and argue that many of the basic questions are not yet understood.

1 Introduction

For a long time. the associative Lambek calculus has been the predominant formal-
ism in categorial grammar. and language models (free semigroups. string models)
its standard model-theoretic interpretation. Recent years however have seen a pro-
liferation of both alternative caleuli and alternative interpretations. The reasons for
this development stem from both logic and linguistic origins. In logic for instance
Lambek s calculus has found itself surrounded by a whole landscape of of so-called
substructural logics (cf. DOSEN & SCHRODER-HEISTER |[6]), and also connections
with modal logic have been investigated (c¢f. VAN BENTHEM [1]): in linguistics, it was
realized that the Lambek calculus is not a suitable device for studying phenomena
like discontinuous constituency ot head dependency (cf. MOORTGAT [16]).

The aim of this paper is to contribute to both madel theory and proof theory
of categorial grammar by studying a very simple example in detail. In order to
formmlate the motivation for writing this paper more precisely. let us start with a
formal definition of this problem:

Definition 1 Given a set Pr of primitive types. the set Tp(Pr) of types is formed
hv closing Pr under the binary connectives o (‘times’). / (‘over’) and \ (‘under’). A
sequent is of the form X — A with X a term and A a type: here the set of terms
is defined as the closure of Tp(Pr) under the structural connective (-, ).

We are interested in the following semantics for this language. Consider a set
L of elements called leaves. Tree(L), the set of trees over L, is defined as follows:
any leaf is a tree. and if s and t are trees, then so is (st). A finite-tree model is
a pair M = ((Tree(L),V) where V is an interpretation mapping basic types to
subsets of Tree(L). V can be extended to types and terms as follows:

V(AoB) = {(st)€Tree(l)|seV(A),teV(B)}
V(A/B) = {s€Tree(L)| (st)€ V(A) for all treest with1 € V(B) }
V(A\B) = {se&Tree(L)| (ts)€ V(B) for all treest with1 € V(A) }
VIX.Y) = {(st)eTree(l)|seV(X)teV(Y)}

We nusually denote s € V(A) by M, s Ik A, or if no confusion arises. by s Ik A We
also use terminology from modal logic, like *A is true at s’ for 's |- A" A sequent
X — A holds in a model M. notation: M = X — A if V(X) C V(A4);itis
valid in the class of finite-tree frames, notation: T | X — A. if it holds in every
finite-tree maodel.
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These models have occurred under various names in the literature, like brack-
eted strings. free groupoids, non-associative category hierarchies, etc. The central
problem of the paper can now be formulated concisely:

Problem 1 Can we find a ‘nice’ calculus recursively enumerating all sequents T’
for which T¢ |=T'?

where ‘nice’ refers to properties like cut-elimination or decidability.

Let us hasten to remark that this problem itself will be too simple to be of
direct linguistic interest. Nevertheless, we do think it to be relevant for research
on the linguistic side of the categorial grammar framework, witness the example of
discontinuous constituency. To overcome the difficulties of the traditional Lambek
calculus in handling this phenomenon, extensions of the categorial language with
new type constructors have been proposed, ¢f. MOORTGAT [16]. It turned out that
these new connectives do not find a natural surrounding in a string-based approach,
cf. VERSMISSEN [28]. For instance, the associativity of the structural connective in
Lambek s calculus seem to make it impossible to formulate a pair of natural left and
right operational rules for Moortgat’s infixation (|) and extraction {]1) operators.
The basic semantic problem seems to be that a string of words (Mary rang up) does
not have a unique point where a second string (John) can be inserted. However, if
we study finite-tree models in which every node of a tree has a distinguished head
daughter. we can equip any tree with such a unique insertion point. viz. immediately
before or immediately after the head of the tree. In [20], Moortgat and Oehrle give
a nice inductive definition of a head wrapping operation on trees. thus providing a
unified categorial framework for headedness and discontinuous constituency. Note
that a solution to our Problem 1 would be & first step towards u proof caleulus for
Moortgat & Oehrle's systen.

However, the above mentioned problem is not the only source of inspiration
for studying Problem 1. There are in fact twe more kinds of motivation.

The first one is a purely mathematical one, inspired by developments in the
model theory of categorial grammars. For a long time it has been one of the out-
standing open questions in this field whether the Lambek calculus is not only sound
but also complete with respect to the interpretation in language models. Recently,
this question has been answered affirmatively by M. Pentus (cf. [24]). The obvious
counterpart of this question is whether a similar completeness result holds for the
non-assaciative Lambek calculus N'L with respect to tree models (free groupoids).
Now this problem has been solved already u few years ago — in the negative,
cf. DOSEN [7]), but this negative answer now triggers the question whether we can
extend N'L with some simple axioms and/or derivation rules in order to obtain
completeness. Note that this really is an instance of our Problem 1.

The last kind of motivation takes us to an area of logical proof theory which
has has become rather active lately, viz. that of labeled deductive svstems. The
hasic idea of u labeled deductive system is that the structure of the ‘database’ of
assumptions A4y,..., A, in a consequence relation

Ay,...,A, — B
is made explicit by labeling the types:
;A ... ,Tn: A, — y: B.

This idea has been around in categorial grammar for some time already (cf. Busz-
KOWSKI [2]}. but seems to be taking off after Gabbay introduced his Labeled De-
ductive Systems as a general framework for reasoning with labels (cf. Gabbay [8]),
and Oehrle suggested a multi-dimensional approach to formal linguistics (cf. [22]),
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in which linguistic objects are represented as tuples, with each coordinate provid-
ing information on a specific aspect like prosodic form or semantic meaning. In a
categorial grammar framework labels seem to be the perfect vehicles to carry in-
formation other than the syntactic type, as was observed by Moortgat (cf. [18]).
Grosso modo. there is the following important distinction to be made here as to the
impact of the labels in the calculus.

If the labels just follow the proof, for instance in order to generate the meaning
of a sentence fragment, we are just confronting (a generalization of) the well-known
Curry-Howard isomorphism. On the other hand, in most of the recently developed
systems the labels play a far more active role. For instance, MORRILL & SOLIAS
[21] and HEPPLE [10] intend to solve precisely the above-mentioned problem of
discontinuous constituency by formulating, in the equational theory of the label
algebra, side conditions on the application of operational rules. The logical aspects
of such applications of Labeled Deductive Systems are as yet largely unknown,
although some first exercises have been carried out, witness (besides the papers cited
above). CHAU [4], KURTONINA [13], ROORDA [25, 26]. The main aim of this paper
is to put a few more steps in this new area: we will treat some model-theoretical
and proof-theoretical investigations of our toy example.

Overview In the next section we will approach our Prablem from a najve point of
view. The basic idea in this section is to investigate whether a simple extension of the
non-associative Lambek calculus might yield the desired completeness result. First
we will define a hierarchy of frame classes generalizing the class of fintree models,
for instance T (tree frames, i.e. where some trees may have infinite Lranches) and
T. (inftree frames, i.e. where all branches of a tree are infinite). In the first part
of the section we will review some nice completeness results for .N'L itself, but then
we give varions examples as to why NL and some of its intuitive finite extensions
will not be complete with respect to any class of tree frames. We leave it as an open
problem whether our classes of tree frames allow a finite axiomatization in a ‘pure’
sequent calenjus.

In section 3 we turn to laheled categorial grammars instead. For both the
classes To. and T we will develop sound and complete labeled caleuli ICw and
IC,. IC~ being nice in the sense that it allows a cut elimination theorem. Our
main problem. viz. whether the class of frames of finite trees has a (nice) complete
axiomatization. remains opeu.

We finish with a short section disenssing some problems involved with the
introduction of labels in categorial grammar. Our main conclusion here is that the
logical foundations of the area seem to be unexplored yet.

2 Incompleteness for calculi without labels

In this section we will start looking for a complete calculus for (fin)tree frames by
various 'naive’ adaptations of the non-associative Lambek calculus N L. In the first
subsection we will give some positive results concerning NL, in the last part of the
section we will argue why this naive approach is unlikely to work.

2.1 The non-associative Lambek calculus

As we already mentioned in the introduction. the non-associative Lambek Calculus
seems to be the natural starting point to look for a complete caleulus.



Definition 2 The non-associative Lambek Calculus NL is given by the following
logical axiom and logical rule:
X —A YAl —B
N _Yld]
A— A Y[X]— B

[Cut]

and the following operational rules for the three connectives:

X[B]—C Y — 4 (A X) — B
Xy, A8 —c M FTZag
XBl—C Y — A (X,A) — B
XB/AY—c¢ VU T—px IR
X|A,B] — C

Xt VB
XlAcB] —¢ U (X,Y) — AcB 1°F

Note that N'L has no structural rules. Finally, notions like derivability and
theorems are defined as usual.

N'L is the weakest logic in the landscape of so-called substructural logics, cf.
DOSENX [6] (at least, if one does not take systems like the head-dependency caleulus
of MOORTGAT & MORRILL [19] or ZIELONKA [29] into account). In fact it can be
seen as the pure system of residuation, cf. the algebraic inequalities below:

A—C/Biffil AoB—C ifl B— A\C.

It is well-known that the above schema has a natural reading in the power set
algebra of relational structures. This gives an easy completeness result for NL, but
an interesting one, as it forms the basis for onr further investigations in this section.

Definition 3 A (relational) frame is a pair § = (W, R) with R a ternary acces-
sibility relation on W. Adding an interpretation V : P — (W), we obtain a
(relational) model. Truth of types (and terms) is defined as follows:

VidoB) = {xeW|(Jyz)Rryz.s€ V(A) &teV(B)}
V(A/B) = {yeW|(Vrz) Rryz & z € V(B) imply .« € 17(4)}
V(A\B) = {:eW|[(Vzz) Rey: &y € V(4) imply 2 € V(b)}
VIY.Z) = {xeW|(3yz)Rryz.y € Viy) &z e V(Z)}

The class of relational models is denoted by R.

The trivial but crucial connection with finite-tree models is that a finite-tree
frame becomes a relational frame by putting

Rstu <= s = (tu).

So, the following theorem states that NL is at least sound with respect to Ty and
complete with respect to a superclass of it:

Theorem 1 N'L is sound and complete with respect to R.

Proof.
Soundness is left to the reader. The rather easy proof of the completeness direction
goes by a canonical model construction. Let W be the set of deductively closed
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sets of types (i.e. « € W iff A’ € a whenever A € ¢ and NL + 4 — A'); the
accessibility relation R is defined by

Ra3~ < Ae€ovwhenever Be 5,C€vyand NLFBo(C — A,

and the interpretation V by V(p) = {a | p € a}. By induction to the complexity of
A it is proved that A € a <= o I A. This implies that the canonical model is a
counter mode] for every non-theorem of NL. O

So, to find a calculus for tree models, it might be a useful strategy to try and
bridge the gap between R and Tg. Let us define some new classes of frames:

Definition 4 A groupoid is a pair & = (G, ) with . a binary operation on G.
As before with tree frames. we may see & as a special kind of relational frame by
putting Rstu <= s = tu. The class of groupoid frames is denoted by G. If in a
groupoid frame. © = yz. we call y a left and z a right daughter of .

A tree frame is a groupoid frame satisfying unique splittability

(rs) (Rwue & Rwu'v') = (u=u &v="1")
and acyclicity
(AC) for no distinet «q. . .., Ty do we havexoEx, ... 21 ExyExg

where E ix the relation defined by xEy ifl = is a daughter of y. or y of «.

A tree frame is a fintree frame if it satisfies converse wellfoundedness
(CW): there are no infinite paths zoMax1Mag)M ... where @My if y is a daughter
of z. A tree frame Is an inftree frame if every node has daughters, i.e. if it satisfies
(S): Var3y= (0= yz).

The classes of tree frames. fintree frames and inftree frames are denoted by
resp. T. T and Tu.

We Jeave it to the reader to verify that the class of fintree frames defined
above coincides with the class of finite-tree frames. up to isomorphism.
In o Venn-diagram we can depict these classes of relational frames as follows:

R

Figure 1.

Of course, these classes need not all have different theories — in fact, a con-
sequence of the following result is that a sequent is valid in all groupoids iff it is
valid in all relational frames:

Theorem 2 N L is sound and complete with respect to G.
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The proof of this theorem is a straightforward adaptation of Theorem 2 in
BuszKowskl [2]), viz. that the ( associative) Lambek Calculus is complete with re-
spect to semigroup semantics. The basic idea in both proofs is to use an intermediate
labeled natural deduction system (cf. also KANDULSKI [12]).

R and G form the only pair of frame classes in our list with identical categorial
theories. In the next subsection we will give sequents separating the other classes. All
these examples witness the incompleteness of N L with respect to (fin)tree semantics.
Before moving to these negative results, let us mention a few more positive facts
concerning N'L.

Note that the existence of two notably different frame classes having identical
theories is an indication of the weakness of a language. Dropping connectives from
the language may leave us with a formalism of even less discriminating power. For
instance, we have an interesting result for the language without product:

Proposition 5 Let §,F be two groupoid frames such that ¥’ is & homomorphic
image of §. If o does not occur in the sequent X — A, then

SEX — AimpliesF' = X — A

Proof.

We reason by contraposition: assume that X — A is not valicl in&’. Then there are
an interpretation V' and a world «’ in g such that 3, V'« IF X and TV
A. As a representative example, let X be of the form (Ao, (A10. A11)): then there
are worlds w,. w, wyy and w}, such that o’ — wj-w, wy = wy - why and wl - A;.
Now let wy. wio and wy, in § be such that fuqg = wp, ete. Define wy = wyg-wy; and
w = wq - wy. then by the fact that f is a homomorphism, fu, = wyand fw = w',

Finally. define the following interpretation V on H

V) i={z e W| fx e V'(p)}
We now prove by induction on the complexity of /, \-types that
{*) - B <= fxl- B.

The base step of () is immediate by definition of V.

For the induction step. we only consider the case where B is of the form C/D.
First assume that x IF C/D: to show that fz IF C/D. let y' be such that ¢’ IF D,
As f is swijective, ¥’ = fy for some y in §. The induction hypothesis gives that
D is true at this y. Then =y I C, so by the induction hypothesis again, we find
flay) - C.But f(zy) = fa-fy = fr-y'. Asy' was arbitrary. this gives fu I+ C/D.

For the other direction. let z be such that fz IF C/D. Take an arbitrary y
in W with y I- D: then fy I+ D by the induction hypothesis. The truth definition
of / gives f(ay) IF C, so by the induction hypothesis we get =y IF ¢, This implies
zlF C.

To finish the proof. () gives that w I+ X while w FASFEX-—A O

The above proposition allow us to give a new proof of the following theorem.
It states that if we confine ourselves to the /+\-language, NL is strong enough to
capture the sequent logic of Ty:

Theorem 3 (Kandulski)N'L(/,\) is sound and complete with respect to Ts-

Proof.
Although the original proof of this result (Theorem 1.1 in KANDULSKI [12]) is
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quite easy, we enjoy showing it to be an immediate corollary of Theorem 2 and
Proposition 5. The key fact is that fintree frames precisely constitute the class of free
groupoids, whence every groupoid frame is a homomorphic image of a (sufficiently
large) fintree frame. ]

2.2 'Tree models

In this subsection we will go into some detail as to why the non-associative Lambek
calculus is not complete with respect to tree models. The following example was
given by DosSen in [7]: define the sequent

(To) pp\(gor) — por.

It will be clear that this sequent is not derivable in NL. However, it is valid in T,
as a simple but instructive argument shows:

Let 9t be a model based on a tree frame, and assume that 1 € V{(p,p\(go

)). Then  has daughters 7o and t; such that t¢ IF p and 73 IF p\(qor).

By the truth definition, 7 IF g o 7, so by the truth definition again, and

the fact that to and 1, are uniquely determined as the daughters of 1,

we find that tg IF ¢ and ¢; IF r. But then we havetl-por.

Clearly, the essential property used here is that of Unique Splittability (cf. Def-
inition 3).

Following a suggestion by ZIELONKA [30], we could try to capture the fact
that Ty should be derivable in the logic we are heading for, by adding the following
proof rule to NL:

X—AoB X —AoB
X— AoB

(5]

and indeed. it is easy to show that in the resulting calculus NLg, o is derivable.
Zielonka raises the question, whether N Lg is complete with respect to tree models.

Unfortnnately, we have to answer this question in the negative. viz. the fol-
lowing sequent:

(T1) p\(gor),p— rop.

T’y is not an V'L g-theorem:
An easy proof shows that NL, is sound with respect to the class of
R-frames satisfving ({/S). However, T'; is not valid in every US-frame,
as the following counter example (W. R, V) witnesses: W = {a.b,c},
R = {(ca,b,c)} and V(p) = {c}, V(q) = V(r) = @. It is immediate that
bIF p\(gor),soa€ V(p\(qor),p), whilealf rop.
On the otlier hand, T'; is valid in T:
Let M} be a model based on a tree frame, and assume that 1 € V(p\(qo
7),p). Then { has daughters ¢, and #; such that 1o IF p\(gor) and
t; IF p. Now the tree (f11o) exists as well, and for this tree we have
(t110) € V(p,p\(g o 7). But we already showed that in this situation,
(t; IF g and) #o I+ 7. So we find that indeed t IF rop.
The essential property of tree models that we used in this argument (besides
Unique Splittability) is the fact that the tree forming operation is a total function.
Heading for a calculus complete with respect to tree models, we might follow
a naive idea and add the following proof rule to the calculus NLg:

(Y X)— BoA4

(X,Y)— AoB |F2]
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It will be clear how to prove I'; from the resulting calculus NLgp,:
p—p p\ger) —p\(gor) p—p gor—qor

PN —poi@or) 0 pa\ger) — qor
p.p\(gor) — por B
p\(gor),p—rop "

NL]

(5]

However, N Lgp, is not complete with respect to tree models. To see this, let
us look with a bit more care at the proof as to why T'; is valid in tree models. The
crucial observation was that the two daughters t¢ and t; of the ‘current’ tree ¢, can
be combined to form a new tree. However, the totality of the tree forming operation
implies that every two elements of the frame can be combined to form a tree. This
means that for instance, the sequent

(T (P\(gor),s),p— (ros)op

is valid in tree frames too :

To show why this is so, one now combines t's granddaughter toy (for

which 4y I p\(g o)) with t's daughter 1, (where p is trme) to a new

tree (1)750). and proceeds with the earlier argument.

On the other hand. T’} is not derivable in NLgp,:

One proves this by first showing NLg F; to be sound with respect to the

class of frames satisfving (US) and (FCy): Yry(3zRzwy — 3:zRzym).

Then one inspects the following *(US)&(FCy)-model”: 11° = {a.b, ¢,

(ab). (ha). (ab)e, (ba)e. c(ab), e(ba)}: R is defined in the obvious wav and

V is given by V(p) = {c}. V(s) = {b} and V(q) = V() = @. Then we

find a Ik p\(qor), so (ab) € V((p\(gor), s)), (ab)e € V((p\(gor).s).p)

while (ab)elf (ros)op.

In the end. it seems that one would have to aded infinitely many derivation rules
to the svstem before even coming to think of completeness ! Putting it differently,
the essentinl dificulty seems to be that the following proposition holds for any tree
1:

ti- p\(gor) impliest I+,
provided that somewhere in the frame there is a tree « witl) s IF P.

Unfortunately. the sequent format of the calculus does not seem to be adequate
to express this ‘somewhere’ concisely. There are several wavs to try and solve this
problem: for instance. one might think of adding an explicit ‘somewhere’ operator to
the language. like in recent approaches to modal logic, ef. GORANKO & Passy [9]. A
disadvantage of this approach is that it does not fit nicely in the particular resource-
sensitive puradigm of NL. It might be a better idea to go even further along the line
of making information explicit that is already present in the sequent’s antecedent.
Note that if we evaluate a term (A4, B) at a tree 1, we know exactlv where A and B
have to hold: at the left resp. right daughter of t. So why not replace the antecedent
(A, B) where this information is implicit, by a database {ao : A.ay : B} where we
have syntactic entities to refer explicitly to these daughters? In this way, () can at
least be formulated in the language, viz. as

{‘73,”’\(‘107‘)-1’31’}—»0:1*

1. We state it as an open problem whether the sequents valid in tree frames are axiomatizable
with a finite set of axioms and rules or not. We conjecture that the answer to this problem is
negative. It may turn out to be difficult to prove this conjecture. since the usual methods to
prove non-finite axiomatizability (like the use of ultra-products) do not seem to apply. We suspect
that every finite derivation system only captures valid sequents up to a certain depth or bracket
complexity (suitably defined). but we have not been able to formalize this idea.
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This move takes us to the area of Labeled Deductive Systems (cf. Gabbay [8]), and
will be worked out in detail in the following section.

Let us finish this section by giving some sequents discriminating the other
frame classes of Fig. 1. To start with, the attentive reader may have noticed that we
have been speaking about tree semantics in this section rather than about finite-tree
frames. The reason for this is that even if we had found a calculus that is sound and
complete with respect to T, this system would not do the job for T¢. For, consider
the following sequent

(T2) pp\((poT)oT) — L

which is valid in fintree frames, but not in every tree frame. (We use T and L to
indicate that any type may be substituted; so, the L"in the succedent says that the
antecedent can not be true in any tree.)

To show that Ty |= I'2, suppose that t is a tree in a fintree frame,

such that the antecedent X of T'; holds at t. Clearly o IF p and #; I+

p\((p o T)o T), so by the truth definition, t I (poT)o T. Unique

Splittability gives tg I- po T, whence tg has daughters #qq and 7o:. Now

we let the tree tool; take the place of t, observing that X is true at foofs.

We find that fgo has daughters too ... An inductive argument yields an

infinite path to. tao, taco. . . ., contradicting the fact that ¢ should be finite.

We leave it to the reader to give a counter example to the validity of '

in the class of arbitrary tree frames.

Note that in all the earlier examples, the types in the succedent appeared in
the antecedent as well; however, the information used to prove that Tf E Ty is far
more implicit. Given this example, we fear that it may be hard to find a sequent
axiomatization for Tg, even in the labeled approach. Therefore, we decided to aim
a bit lower. viz. a calculus for T instead of one for T¢. Even this problem turned
out to be harder than expected. The problem is that in a tree frame. leaves have a
different behavior than trees with daughters. This is well illustrated by the following
sequent

(T's) a\(go ((p/q) o (¢\p)) — (p/q)° (¢\p)

which distinguishes inftree frames from tree frames.

To see why I's is valid in an arbitrary inftree frame, assume that for an

inftree 1. 1 IF g\(qoA), where A abbreviates the type (p/q) o (g\p). Now

make a case distinction as to whether V(q) is empty or not. If V(y) = @,

then any tree s in the frame satisfies s IF p/q and s I+ g\p. In particular,

the daughters of t do. So t I (p/q)o(g\p). If on the other hand V(g) has

an element s, then by a now familiar argument, t I- g\(g o A) implies

t Ik A. Again. it is left to the reader to give a counter example to the

validity of '3 in the class of arbitrary tree frames.

So inftree frames seem to be simpler to axiomatize because they are more
homogeneous. Therefore, we will first give a sound and complete labeled calculus
for the class T.

3 Labeled categorial grammar

In this section we will define two extensions ICy and LC; of the non-associative
Lambek calculus with a labeling discipline and show that these derivation systems
are sound and complete for respectively the classes of inftree frames and tree frames.
For IC we also give a cut elimination result.
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3.1 IC.: a complete labeled calculus for inftree frames

The basic idea of a labeled categorial calculus is that the structure of the ‘database’
of assumptions Ay, ..., A, in a consequence relation

Al,.,.,An — B
is made explicit by labeling the types:
z1: A1, . .,z Ay — y: B.

The basic idea behind our labeling algebra is that somehow, labels will refer to trees
in the model — this is our instantiation of Gabbay’s slogan ‘bringing semantics into
the syntax’. So let us start with defining the label algebra:

Definition 6 Assume that we have been given a set M of elements that we will call
markers. Let S be the set of strings over the alphabet {0, 1} (inductively defined:
S is the smallest set containing the empty string A which contains the strings s0
and sl whenever it contains the string s). Elements of the set M x & are called
atomic labels: the atomic label (a, s) is denoted as ae, ay as a. A label over M
is either an atomic label over M or it has the form (xy) where @ and y are labels
over M. The set of labels over M is denoted as Lab(M).
As abbreviations® we will use the functions | and r over Lab(}/} defined as

follows:

Has)=as0 lzy)==n

r(ag) =aa r(ry)=y

Now we can give a definition of our labeled language:

Definition 7 Let Pr be a set of primitive types. and M a set of markers. Elements
of the Cartesian product Lab(Al) x Tp(Pr) are called formulas (in A/ and Pr)
and denoted as «x : A where .r € Lab{M) and A € Tp(Pr). A sequent (in M and
Pr) is a pair X — ¢ where ¢ is a formula and X a finite set of formulas (in M
and Pr).

Turning to the calculus. one of the first questions that we have to answer is
whether we want sequents of the form

T A—y: A

to be theareins, if  and y refer to the same trees in the model. Note that we have
to be careful here: what about the theoremhood of a : p — aga, : p? Although we
have not introduced a semantics for labeled sequents yet, it will be clear that the
answer to these questions depends on whether we want the tree referred to by a to
have daughters or not. As we have an inftree semantics in mind for IC . we will
accept such sequents as theorems. For the precise formulation of the rule that takes
care of these ‘label shifts’, we need some terminology:

Definition 8 Define the relation —,; on Lab(M) by: as0aey —¢ a.. Let = be the
congruence relation generated by —,, i.e. = is the smallest equivalence relation R
containing —; such that ((x:), (yz)) € R and ((zx),(zy)) € R whenever (z,y) € R.
We denote the congruence class of = by .

2. Note that { and r are not part of the label algebra: their introduction has the sole purpose
of providing a uniform way of referring to the left resp. right daughter of a label r (whether z is
atomic or not}. thus enabling a concise formulation of for instance the left rule for o.
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Note that it is easy to show that = is decidable.

As for the structural rules of the system, note that our databases are sets;
therefore, the rules of associativity, permutation and contraction are implicit. The
onlv rule that we need to add explicitly is Weakening (Monotonicity). The opera-
tional rules will be discussed after the definition.

Definition 9 ICs is defined as follows. Its logical axioms are sequents of the
form
r:A—zx: A
Its logical rule is the [Cut]-rule given by
X—z:A Yz A— ¢
XY —¢

[Cut]

Its label rule has the following form:
X =9 o
(X —o)e—a] "
where (X — o)z «— a'] Is the sequent X — ¢ with one occurrence of replaced
hy x'. The rule [=] is only licensed if the side condition (}) is met that = ='.
For every connective LC has two operational rules:

X.Ke):Ar(z):B— 0 X —lzr):A Y —r(x):B
TaAsB—a U X,Y —z:AcB [oR)
Xyr:B—o Y —y:A X.a:A—an:B
N+ A\BY —o ] X —z A\B [\
Xay:B—o Y —y: A X,_a:A—va:a:B[/R]*

X.7:BJAY —o /L] X —z: B/A

In the rules marked with *. there is a side condition on the rule stating that the
marker o should not occur in x or X.
Finallv. LC« has the structural rule of Weakening:

X —o .
XY —o W]

Alost of these rules seem to be pretty obvious®. For instance. the side condition
in [\R] aud [/R] (ensuring a totally hypothetical introduction of o : A) is quite
familiar. However, there are some subtleties in the rule {oL], as will be discussed in
the proof of soundness, and in the right rules for / and \, as we will see in the next
snbsection. Let us first define what it means for an NL-sequent (i.e. without labels)
to be derivable in IC:

Definition 10 Let X be a term of NL (i.e. a tree over types): the formula repre-
sentation of X. notation: X°. is given by the usual inductive definition: A® = A,
(X.Y) =(X*)o(Y*).

Now let X — A be an N L-sequent. We say that X — A is [C«-derivable,
notation: IC~ & X — A, if there is (for an arbitrary marker a) an LC.-derivation
for the I(s -sequent a : X* — a : A.

3. Note that it is a fairly easy exercise to turn the calculus into a classical one by adding boolean
tvpe constructors and replacing the intuitionistic one-formula succedents into finite sets of formu-
Jas. It seems that the three major results (soundness. cut elimination and completeness) that we
are about 10 prove for ICeo, will still hold for this extended calculus.

713



As an example, we show how the sequent I'; {discussed in the previous section)
can be derived:
Qp:r—aqag: T
Q1:G,Gg:T —ag .7
ajag . gor — ag . 1

W
oI.]]

ay:p—=a;:p
L
a0 :p\(gor),e1:p—ag:ra;:p [oR][\ }
ag:p\(gor),a;:p—a:rop (o]
a:(p\(gor))op—a:rop

Now we turn to the semantics of IC:

Theorem 4 LC, is sound and complete with respect to inftree semantics, i.e. for
any N L-sequent
ICuFX — A = T . EX — A

Proof.
Let us first consider soundness. Here we arrive at the subtlety involved in the left
rule for product. The point is that it allows us to define a sound interpretation for
arbitrary labeled sequents. Let I = (&, V ) be an inftree model. An assignment to
@ isamap f : Lab(M) = G satisfving f(r) = f(lx) f(rz). We leave it to the reader
to verify that this implies that for any assignment f, z =y implies fu = fy.

Now we say that a labeled sequent X — y : b holds in 9 under f. notation:
MfifEN —y:B.if

(Vz:A€X frl- A) = fylr B,
Clearly then. for an NL-sequent X — 4 we have
MEN—A iff MfEa: X — a: Afor all assignments f.

so to prove the theorem it suffices to show that ICe F X — y : B implies that
for any inftree model 91 and any assignment 7. we have 1. fEX —y:B We
do this by a straightforward induction on IO -proofs. As an example, we treat the
induction step for [oL].

Assume as an inductive hypothesis. that X, l(«) : Ao.r(v) : 4, — y: B
holds at every inftree model. and let f be an assignment to an inftree model 90
such that for all z : Cin X. fz I C. and fx IF Ap o Ay. The latter fact implies
that fa has daughters ug and u; such that w; IF A;. Now the crucial point is that
fl{x) - fr{w) = fu. so by Unique Splittability we find fllr) = wy and f(rz) = u,.
But then the induction hypothesis gives fy I- B.

The completeness direction is relatively easy, after we have introduced some
terminology: a description is a triple I = (M, P, N'), where M is a set of markers,
and P and N\ are sets of requirements. Elements of P resp. N are called positive
resp. negative requirements. A description is called consistent if for no finite I1 cr
and ¢ € .\ we have a derivation - T — o, complete if P U N is the set of all
formulas (in a given set M of markers and a given set Pr of primitive types). A
formula = : C is a o-defect of a description D if C is of the form Ao B and = : C
is in P, but we do not find both () : A and 7(z) : B in P. A formula = : C is
a /-defect of a description D if C is of the form A/B and = : C € N. but we do
not have a y € L with both y : A € P and (yx) : B € N: \-defects are defined
analogously. A description is called saturated if it does not have any defects, perfect
if it is consistent. complete and saturated.

Let D. D' be two descriptions: D' is an extension of D. notation: D cD,if
LCL,PCP and NCN".
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Perfect descriptions give rise to inftree models in a natural way: the trees of
the model will be the equivalence classes of Lab(M) under =; note that if z = y,
the rule [=] ensures that = : A € P iff y : A € P and likewise for N. Therefore,
the following definition is correct: for a perfect description D, the groupoid model
generated by D, notation: oD is given as (8, V) where & is the quotient algebra
of the labeling algebra over =, and V is given by

Vip)={zeL|z:pe P}

Now it is easy to prove by induction on the complexity of types, that for any
perfect description D and any formula z : C, we have

8P ikC < z:Cel. 1)

After these preliminaries, we can start to prove the completeness result. We
will show that any sequent which is not derivable in IC. can be satisfied in an
inftree model. Let X — o be such a sequent. By definition then, Dy = ({a}.{a:
X*}.{a : ©}) is a consistent description. Suppose that we can extend Dy to a
perfect extension D, then it is easy to show by (1) that mP B X — A as
ae V(X)=V(A4). It is also immediate that P is an inftree model.

So the only thing left is to prove the following crucial extension lemma:

any consistent description can be extended to a perfect description. (2)

To prove (2), one shows by a straightforward procedure that
1. If D is a consistent description with a defect §, then D has a consistent
extension D’ of which 6 is not a defect.
2. 1 D is a consistent description, and o € L, then at least one of (L. P, N U{z:
A} or (L.PU{x: A}. N') is consistent.
Then by a standard step-by-step method, one can extend any consistent description
to a perfect one. This proves (2) and thus the theorem. O

Finally, we show that the cut rule is not really needed in derivations of LCx:

Theorem 5 Let X — o he a theorem of IC«.. Then there is a cut-free derivation
of X — o.

Proof.

We will need the usual notions like derivations or proof trees, the depth of a proof,
the main formula in the application of a rule, and the cut formula in the application
of the [Gut]-rule. The statement that D is a derivation of the sequent X —¢is

denoted by: X L 0.

Now as usual. the essential idea in the proof of the theorem is to concentrate
first on derivations in which the [Cut]-rule is applied only once. To be more precise,
we will prove the following claim:

IfX 2 ¢, where D has only one cut, )

then there is a cut-free derivation D’ with X Z, 0.

After establishing this claim. we can prove the theorem by an easy induction on the
number of ents in the proof of X — o.

So Jet us set out to prove (3). Note that it is sufficient to confine ourselves
to treating derivations D which end in an application of [Cut]. Assume that the
daughters of D are Dg and Dy, and that = : 4 is the cut formula. i.e. D has the
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following form:

Do D,
X—22:A Yz:A—y:B
Xy —y.5 [Cut]

Then the degree of the cut is defined as the pair consisting of the number of con-
nectives occurring in (the type of) the cut formula and the sum of the depths of Dy
and D;: assume that we impose a lexicographical ordering on cut-degrees. Now (3)
is proved by induction on the cut-degree of D. For the inductive step. we make the
following case distinction:

I First, assume that the cut-formula is main in both Do and D;. We distinguish
cases as to whether a connective was introduced in the main formula, or a new label:

In this case the derivation looks like

D, Dy, D,

Xo— o) 4g X — r(2): 4y Y i(z): Ag,r(x): Ay — y: B
[oR]

Xo. X1 — 1z Ago 4, Y,z AqoA, —y . B c 1[3’”
X0, X1,Y — g B “
and can be replaced by D of the form
Dyy D,
Daa Xy —r(z): Ay Y(x): Ae,r(z): Ay — y: B (Cut]
Xo— l{x): Ag Y. l(z): Ao,X1 —y:R '

Xo X0V —y:B o

Note that both cut formulas in P” have a smaller complexity than the original
one. so by the induction hypothesis the two cuts can be removed (one by one).

Here D has the following form:

Dy Dy Dy,
Xoa: A — za: A /R] Yo.zy: Ay —y:B Y, —y:
X — oz Ap/A, Yo, o : Ag/A1. Yy — 4 B
XYy, Yy, —y:B

2, (1]
[C'u?‘]

We leave it to the reader to verify that there is a cut free derivation Dy of
X.y: Ay — wry: Ag. (Here one needs the side condition on [/R] that a does not
oceur in X.)

So. if we replace D by

Dy D}
Yi—yiA Xy A —ay: A
X. Yl_.—' Ty AQ

Cut

[Cut] Yo.xy Ay — y: B
A Yo, Yy —y: B

we are dealing with a proof tree to which we can apply the inductive hypothesis

(twice, just like in the case above).

Here we may replace

Do I)l
X—a:4,, Yo":A—y:B
X—u::::A[=I Yo A—y: B

YX—y: B

=l
[Cut]
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by

Do
X-—~:c':A[___] D,
X—z":A" Y2 A—y:B

74, Am——— G|
where the application of [=] is justified by the transitivity of =. The proof depth of
the cut has decreased, so the induction hypothesis applies.

II Now. assume that the cut formula is side formula in the last step of Do
or Dy. In this case, we will permute the [Cut]-rule upwards; again, the particular
action we take will depend on the last applied rule of the subtree in which the cut
formula was not main. As most of these cases are-standard, we only give a few
examples:

e Suppose that the cut formula is side formula in the last step of Dy, where we

applied the rule [W). Then the derivation D

v
(4]

Xo—uz: A W] D,
Xoo Xy —um: A Yr:A—uy: B (Cut]
Xo, X1, Y —y:B "u
is replaced by
Dy Dy
Xo—a:A Ye:A—y:B
Ty B [Cui]

Xo X1, Y —y B (W)

This proof has a smaller cut-degree than the original one (as the depth of the
left sublree has decreased). and can thus be replaced by a cut-free derivation.

o If the lust applied rule of D; was [/R). and the cut formula was not the main
formula of this rule. D looks like

Dy
i Do Yao:A.a:B — ya: By [/R]
X—uz: A Y.x:A—vy:By/B;
[Cut]

X.Y — y:By/B;

Note that we may replace the marker a by a marker b that does not appear

in X.Y.r.y. obtaining a derivation D{ for Y,z : A,b: By — yb: By of the

same depth as D;. We can then show that the following derivation D' may
replice D:

Dy Dy
X —ax:A Yao:Ab:B —yb:Bg
Xl B Doy gy
+ Y. U{B]

[Cu f]

Again we have found a derivation to which the inductive hypothesis applies.
[m}

It follows from the cut elimination theorem that any theorem X — ¢ has a
proof using only subtypes of the types occurring in X and ¢. Note however that this
does not imply decidability of the calculus, as the rules [=], [\L] and /L] presume
an infinite search space.
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3.2 IC: a complete labeled calculus for tree frames

In this subsection we will transform the system LC., into a calculus that works for
arbitrary tree frames. Obviously, it is crucial to avoid as theorems sequents like

a:p— aga;:p

as it would imply that every tree is branching. Clearly, we have to change the rule
=)
. R
(X — @)z =] ™

Let us concentrate on the case where we replace the label of the succedent, i.e. ¢
is of the form = : A. We need to install a side condition permitting the rule only
when the atomic labels in ' are ‘presupposed by’ the ones in X. To formalize this
condition, we set

Definition 11 Let a, and b, be two atomic labels; we call . presupposed by
br if a = b and s is an initial segment of s. For a set X of formulas. the label y is
presupposed by X, notation: X b y. if every atomic label in y is presupposed by
some atonuic label in one of the labels of X.

We can now formulate a right rule = R] as

2 =24 = p)s
X — ' A
with the side condition (8) that X > z’. We have not been able to formulate an
appropriate left label rule, in the sense that the arising calculus allows a cut elimi-
nation theorem. Therefore we confine ourselves to this one right rule,

Note however, that this change is not sufficient: here we arrive at one of the
subtleties mentioned in the previous subsection. The sequent I's, true only in inftree
frames (cf. section 2), would still be derivable, witness the derivation below:

hig—biq agh:p— agh:p

biq,a0:p/qg— agh:p [‘/‘/L]]
big.ag:p/g.ar:q\p— agh:p o]
b:g.a:A—agb:p oL]
b:g—h:y ba:qoA— aph:p ] )
a:q\(goA)b:g— apb:p UR| likewise \E]

a:g\(goA) — ag:p/q a:q\(god) —a iq\p
a:q\(go A) — a: (p/q) o (q\p)

A close inspection of this derivation shows that the problem lies in the right rule
for /: where from {a : ¢\(¢ © A)} one cannot conclude semantically that the tree
referred to by a has daughters, this conclusion is justified from the database {a:
g\(90 A).b: q}. A solution is to replace [/R] and \R] by

[oR]

X,a:A—za:B , X,a:A—qr:B ;
X —ax:BJ/A /R resp. X —ax:A\B (R}

where we impose the side condition (1) that x is presupposed by X

Definition 12 The calculus IC; is defined just like IC..,. with the rules [/R] and
[\R] replaced by [/R'] and \R'], and =] by [= R).
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We can now give the desired soundness and completeness results:

Theorem 6 IC, is sound and complete with respect to tree frames. ie. for all
N L-sequents

ICFX —A — TEX —A

Proof.
To prove soundness, we again introduce an interpretation for arbitrary sequents.
Here we have to be more careful in our formulation however.

Let X be a set of formulas. An X-assignment f is a partial map from labels
to elements of a tree model such that (i) f(x) is defined (notation: f{x)]) for all
atomic labels 2 occurring in X, and (ii) for all labels z: if f(lx)] and f(rz)|, then
f(z)] and f(x) = f(z)f(rx). Now we say that a labeled sequent X' — x : A
holds in 99 under f, if f can be extended to an X-assignment g satisfving g(r) I~ A
whenever f(u) - B for every w : B in X. With this adaptation we can follow the
strategy of the old proof and show soundness of LC, for tree frames. \We give one
crucial example: the right rule for /.

Assume that X,z : A — za : B holds in every tree model (i.e. under every
X,z : A-ussignment), and that f is an X-assignment into a tree morlel 90 such
that 991, f(«) + C for all v : C in X. The key observation is that « € Dom(f), as
by our new side condition on [/R’], X presupposes = . Now distinguish two cases:
if V(A) = @, then B/A is true at every tree in M, so in particular f(e) - A/B.
But then indeed 9, f E X — = : B/A. If on the other hand V{A) # @, take
an arbitrary element s € V(A). It is left to the reader to verify that there is an
extension g. of f such that g.(u) = f(u) if X t>w, and g(a) = s (here we crucially
use the fuct that a is fresh). But then g is an X,a : A-assignment, so by the
inductive Inpothesis, g.(za) I+ B. Observing that g.(za) = g.()g.(¢) = f(z)s. we
find f(x) - A/B. as s was arbitrary.

For the completeness direction we copy the proof of the previous section. only
indicating the places where changes have to be made. The main adaptation is in
the defitiition of a description: a description will here be a triple (L. P.\) with L
an upward closed set of labels, and P and N sets of formulas with labels in L. (A
set ] of labels is upward closed if y € T whenever there is an 2 such that « € T and
x By

Furtliermore, we impose the “finite-presupposition’ constraint that every la-
bel in L is presupposed by a finite subset of P. In the definition of & complete
description. we now take labels in L into account only.

The universe of the groupoid model generated by a perfect description D
will now consist of equivalence classes over L. To show that the definition of the
interpretation map V is correct, it suffices to prove that for all x,y € L such that
z=vy.x: A€ P implies y: 4 € P. Here we need the new constraint that there is
a finite subset Pa of P such that Py B y. For, the following derivation ensures that
r:AeP = y:AeP:

r:A—zxz: A |”;}
Poprx:A—zx: A =R
Pprz:A—y: A =Rl

In the remainder of the proof, we only have to take care to drag the finite-presup-
position condition with us along the construction of the desired perfect description;
this is relutivelyv straightforward. D
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4  Evaluation: labels in categorial grammar

Compared to other formalisms studied in the literature (cf. the references given in
the introduction), the labeled categorial calculi presented here are of a very basic
nature. We believe that it may be useful Lo put the problems that we encountered
here in a wider context, since these problems will by no means vanish in more
involved systems. Putting it bluntly, we have the feeling that the introduction of
labels in a categorial logic causes as many problems as it solves?. One reason for this
seems to be the following. Usually, the motivation for converting an ordinary calcu-
lus into a labeled one, is a mismatch between syntax and semantics. For instance, in
the introduction we mentioned the problem concerning Moortgat's infixation and
extraction operators, that allow a clear-cut definition of a semantic int erpretation,
but for which operational derivation rules cannot be expressed. Now, implementing
Gabbay's slogan ‘bringing semantics into the syntax’, one runs the risk of importing
this mismatcl too...

Let us try to be a bit more precise. When labeling a categorial sequent calcu-
lus, one finds a number of areas where radical changes are brought about:

language The most obvious change is that the new ‘declarative unit’ (to use the
LDS terminology) is no longer the pure type, but a type-with-a-label-attached-to-
it. There are two points to be made here. First, Jet us assume that the labels will
refer to elements of the intended interpretation. The problem is that the intuitions
rising from this intended interpretation may also be quite confusing. For instance,
suppose that the interpretation is some kind of free algebra, like the fintree models
in our example. or the Janguage models for the assaciative Lambek Caleulus. Now,
should the Janguage have different kinds of labels referring to generators (leaves),
complex terms (trees with daughters) and arbitrary elements (trees). respectively?
Note that an affirmative answer may lead to a very complicated syitax, while a
negative answer may cause problems for the soundness proof.

Second. in genera] the label set will have structure. It is not « trivial matter of
how to represent this structure formally, and it may even become necessary to add
more kinds of “declarative units’ to the language: for instance in a (substructural )
modal caleulus one may need symbols referring to the accessibility relation.

calculus 1t is by no means a trivial task to arrive at a perspicuous formal defini-
tion of a labeled calculus, even if (or perhaps precisely because) one is guided by
sound senantical considerations. The main issue of course is how to receive the new
bookkeeping forced by the introduction of the labels.

A relatively simple matter is formed by the structural rules of the calculus.
Where the old set of structural rules is more or less determined by the implicit
structuring of the database (antecedent). switching to an explicit representation
in general will take one to a different level in, or even outside the substructural
hierarchy. i

Less clear is the problem how to adapt the existing axioms and derivation rules
to the new formalization — there may be venomenous subtieties here. Obviously,
this issue is crucially dependent on the system's logical properties that one wants to
establish. In particular, it is a quite non-trivial matter how to find and state proper
side conditions for the operational rules. First of all, in order to have a decidable set
of rules, one should stay away from formulations involving undecidable problems like
the quasi-equational theory of semigroups (the word problem). The main problem

4. One should not read this statement as a denunciation of labeled cat egorial grammars. A labeled
approach can be a solution to problems. witness MOORTGAT [18], or KURTONINA [13]. And besides
this. some of the problems introduced by labels are quite interesting, and solving them might lead
to a better understanding of the issues involved.
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however seems to be to avoid undesirable side effects of a too naive implementation
of semantical intuitions (cf. our discussion preceding Definition 12).

Finally, one has make clear whether the calculus needs label rules, i.e. rules
that only involve a re-labeling of the types (as an example, we mention our =-rules).
Note how tricky the matter may become here: small changes in the labeling rules
may have tremendous effects on the properties of the calculus (like cut-elimination).
Note too that the decidability problem pops up again.

logical properties Obviously. the motivation to introduce labels in a calculus stems
from the desire to obtain a system with some nice properties. Concerning the logi-
cal properties, soundness seems to be the minimal constraint for a system. Unfortu-
nately, in some cases, it is quite difficult to give an interpretation of a labeled sequent
in the intended semantics. (In the case of [C, we were in some sense ‘lucky’ with
our semantics. ¢f. the soundness proof in Theorem 4.) Note that even the notion
of soundness may have various interpretations: in our examples LC and LC, one
might demand validity either for all labeled theorems, or for (indirectly) derivable
N L-sequents only.

At the moment, completeness seems to be out of reach for most systems, and
as for cut elimination, the symmetry of the ald calculus may be disturbed by the
side conditions on the operational rules or the label rules.

Finally. decidability is no longer an easy consequence of a cut elimination
result: the complications involved with the label management may blow up the size
of the search space — one is likely to get mixed up with some non-trivial unification
problems.

In short, the logical surroundings of labeled categorial grammars differ in
almost all fundamental aspects from the substructural landscape that one has some
familiarity with. Although we are not implying that labels form a Trojan horse
for categorial grammars, it seems to us that the logical foundations of the area of
labeled categorial grammars are not established as yet.
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