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Preface

The Joint Conference on Formal Grammar, Head-driven Phrase Structure
Grammar, and Categorial Grammar, held in Saarbr�ucken, August 14-16,
1998, combines the 4th conference on Formal Grammar and the 5th confer-
ence on Head-driven Phrase Structure Grammar. The conference presents
work on all aspects of formal grammar, including formal and computational
aspects of phonology, syntax, semantics, and pragmatics; model-theoretic
and proof-theoretic methods in linguistics, constraint-based and resource-
sensitive approaches to grammar; and foundational and architectural issues
in linguistics. Themes of special interest are information packaging and
unbounded dependencies.

The conference precedes the 10th European Summer School in Logic,
Language, and Information (ESSLLI X), which, in the past decade, has
become an important forum for work on formal grammar, encompassing the
overlapping interests of work in formal linguistics, computational linguistics,
and the role of logic and grammar formalisms.

These proceedings contain the papers accepted for the regular sessions
and for the special session, as well as contributions from our invited speakers.
A total of 63 papers was submitted, 18 of which were accepted for the regular
sessions, and 7 of which were accepted for the special session on information
packaging. The quality of the submitted papers was very high, and we would
like to thank the members of the Program Committee as well as the external
reviewers for reading, reviewing, and evaluating substantial portions of the
submitted papers.

We would like to thank the invited speakers for accepting our invitation,
and for providing us with written versions of their presentations.

Finally, we would like to thank Geert-Jan Kruij�, for organizing the prac-
tical aspects of the submission and reviewing process, and for the amount
of work he put into the editing of this volume; the German Research Centre
for Arti�cial Intelligence, DFKI, for hosting this conference and for �nan-
cial support; and Klaus Netter, for his help in all practical matters and for
taking care of local arrangements.

July 1998,

Gosse Bouma and Dick Oehrle
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Chapter 1

Information Packaging and Information

States

Elisabet Engdahl

[Vallduv��, 1992] uses the term information packaging to refer to the way an
utterance is structured given the speaker's beliefs and assumptions concerning the
hearer, in particular what the hearer already knows and what s/he is attending to
at the time of the utterance. Di�erent languages use di�erent realisation strategies
to signal which part of an utterance conveys e.g. new information for the hearer,
and which part should be understood as being part of the common ground. Some
languages use prosodic contrasts as the prime means of signalling information pack-
aging (English is a good example); other languages rely primarily on word order
alternations, (e.g. the Romance languages); yet other languages use morphological
cues (e.g. Japanese). Most languages use some combination of these di�erent re-
alisation strategies. From the point of view of linguistic theory it is important to
realise that the information packaging strategies used in individual languages are
systematic and that mastering them is an integral part of a speaker's competence.
(See [Vallduv�� & Engdahl, 1996] for an overview of linguistic realisation strategies
for information packaging.)

This way of looking at information packaging is inherently pragmatic, i.e. the
informational distinctions which are conveyed by choosing a particular form of
an utterance re
ect the speaker's mental model of the hearer's mental model.
I will refer to the mental models of the discourse participants as information
states. In this talk I want to discuss some options for how a formal theory of
information states can be integrated with a constraint-based linguistic theory. In
[Engdahl & Vallduv��, 1996] we exploited the fact that the context �eld of a sign
in HPSG allows pragmatic constraints to be integrated with phonological, syntactic
and semantic aspects of the expression. Here I will explore further what distinctions
need to be available in the representation of information states in order to account
for phenomena like accenting and deaccenting, the choice of referring expressions
and elliptical utterances.
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Chapter 2

A Strong Theory of Link and Focus

Interpretation

Herman Hendriks

Abstract. This paper deals with the interpretive signi�cance of the basic informa-
tion packaging concepts of link and focus. We will argue that a discourse-represent-
ation-theoretical approach yields a generalized theory of link and focus interpre-
tation that may contribute to the integration of pragmatic theories of information
packaging with work in formal semantics, since it provides a sound background for
an analysis of the phenomenon commonly referred to as `association with focus'
that is also capable of handling the attested cases where `focus-sensitive' expres-
sions do not associate with the focus of the sentence. These include cases where
such expressions associate with so-called `second occurrence focus', with proper
subparts of the focus, and with non-focal links.

1 Introduction

1.1 Information Packaging

The basic idea of information packaging is that speakers do not present infor-
mation in an unstructured way, but that they provide a hearer with detailed in-
structions on how to manipulate and integrate this information according to their
beliefs about the hearer's knowledge and attentional state. Consequently, truth-
conditionally equivalent sentences that encode di�erent information packaging in-
structions are not mutually interchangeable salva felicitate in a given context of
utterance. It is this context-sensitivity which has traditionally placed information
packaging within the realm of pragmatics. Vallduv��'s account of information pack-
aging in [Vallduv��, 1992] and [Vallduv��, 1994] is a combination of two in
uential
earlier pragmatic approaches, the topic/comment approach and the focus/ground
approach. He distinguishes three parts in the way in which sentences package infor-
mation: focus , links (� topics) and tails . Together, links and tails constitute the
ground . Sentences may lack a ground, but cannot do without a focus. The focus
expresses the `new' information to be processed in the hearer's information state,
and the ground has an ushering role with respect to this information: links indicate
where it goes, and tails indicate how it �ts there. Thus the information of language
users is supposed to be organized in �les, which are represented as collections of
�le cards: the metaphor employed in the �le change semantics of [Heim, 1982] is
taken literally. Similar `locational' theories of pragmatic aboutness are presented
in [Reinhart, 1982] and [Erteschik-Shir, 1997].

5

Proceedings of FHCG'98
Gosse Bouma, Geert-Jan Kruij� & Richard Oehrle (editors).
Chapter 2, Copyright c
1998, Herman Hendriks.



1.2 Sign-Based Categorial Grammar

Cross-language comparison shows that in expressing information packaging, dif-
ferent languages exploit the structural means of word order and prosody in var-
ious ways. Since information packaging involves syntax as well as prosody, any
attempt to reduce information packaging to either syntax or prosody will be in-
adequate from a cross-linguistic point of view. Accordingly, the background of
the present paper is an analysis of the di�erent structural realizations of informa-
tion packaging that is formulated in terms of a both intonationally/syntactically
and semantically/informationally interpreted sign-based categorial grammar (cf.
[Hendriks, 1996a]). This sign-based set-up takes its inspiration from [Oehrle, 1988]
and shares characteristics with HPSG (see [Pollard & Sag, 1994]). The signs, the
grammatical resources of the formalism, are Saussurian form-meaning units which
re
ect the fact that the dimensions of linguistic form and meaning contribute to
well-formedness in an essentially parallel way:

intonational term / type . informational term

The type calculus that functions as the proof-theoretic engine of the grammar
represents sequents as composed of such multidimensional signs. This calculus
represents phonological head/non-head dependencies in terms of a `dependency'
variant of the non-associative calculus Lambek [Lambek, 1961] that is enriched with
unary modal operators, where the concomitant brackets serve as demarcations of
speci�c intonational domains.

1.3 Defocusing Operators

On the intonational/syntactic side, the treatment of information packaging in this
sign-based framework di�ers from most of its predecessors, in that it does not
employ focusing operators, but, instead, makes use of `defocusing' operators that
license the presence of links and tails. Acccording to most approaches, focused con-
stituents are semantic functors which take the non-focused part of the sentence as
their argument. These analyses are based on arguments concerning so-called `focus-
sensitive' expressions such as only , even, not and also. However, [Vallduv��, 1992]
and [Vallduv�� & Zacharski, 1993] argue convincingly that `association with prag-
matic focus' is not an inherent semantic property of such expressions, which may
express their semantics on partitions other than the focus/ground one|witness
obvious and non-marginal cases of association with subparts of the informational
focus, with links, and with other non-focal parts of the ground. This dissociation of
the pragmatic focus/background distinction from issues of focus-sensitivity dispels
the need of analyzing focused constituents as operators that semantically take scope
over the non-focused parts of the sentence, which can be considered an advantage.
As sentences may lack links and tails, such analyses do not immediately re
ect
the core status of the focus, which is the only non-optional part of a sentence. In
some sense, then, all-focus sentences constitute the basic case, from which the cases
where there is a ground are somehow derived.
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1.4 Non-Monotonic Anaphora

On the semantic/informational side, the derivations of the grammar are inter-
preted into DRT (see [Kamp & Reyle, 1993]), a deviation from the approach of
[Vallduv��, 1994] which is motivated in [Hendriks & Dekker, 1995]. In the latter
paper it is argued that the conclusion that `the internal structure of information
states which is, in fact, crucially exploited by the di�erent information-packaging
strategies used by speakers in pursuing communicative e�ciency' ([Vallduv��, 1994],
page 7) is at least a system of �le cards connected by pointers begs the question,
and that, moreover, the idea that information states are such systems is problem-
atic for various reasons. Therefore, [Hendriks, 1996b] proposes a `non-locational'
theory of aboutness as a special kind of anaphora, in which information states are
modeled by means of discourse representation structures, which are ontologically
less committed than the `dimensionally richer' �le card systems because they do
not come with locations. This requires and leads to a di�erent perspective on the
function of links. They are argued to signal non-monotonic anaphora:

The discourse referent Y of a link is anaphoric to an
antecedent discourse marker X such that X does not
denote a subset of the denotation of Y .

This hypothesis, which can be considered a partial|viz., for L+H* pitch accent|
execution of the intonational-informational program that was outlined in
[Pierrehumbert & Hirschberg, 1990] (see also [Hendriks, to appear ]), subsumes `non-
identity' anaphora, correctional and contrastive stress, pronoun referent resolution,
and restrictiveness of relatives and adjectives. Note that this transition to a non-
locational notion of information state may proceed in the type-theoretical terms of
[Muskens, 1993], who shows that DRT can be reduced to type theory, and hence
connected to categorial proof theory in the standard fashion of the Curry-Howard
isomorphism.

2 Link and Focus Interpretation

2.1 Alternative Semantics

In the present paper we will show that the resulting perspective on information
packaging can be connected in an interesting way to the theory of alternative seman-
tics presented in [Rooth, 1985] and [Rooth, 1992], presumably the most in
uential
current theory of focus interpretation. In alternative semantics, syntactic phrases
do not only get an ordinary semantic value, but are also assigned a second semantic
value. This focus semantic value is a set of alternatives of the same type as the or-
dinary semantic value. The members of this set are, roughly speaking, obtainable
from the ordinary semantic value of the phrase by making a substitution in the
position(s) corresponding to the focused subphrase(s). In [Rooth, 1992], focus is
interpreted by means of a binary operator � which is adjoined to some constituent
C containing a focus F. The containing constituent C is the �rst argument of �,
and the second argument of the operator is a free variable �:

[C : : :F : : : ] � �
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This variable � is constrained to be of the type either of members of the focus
semantic value for C, or of sets of such members. The interpretation of C � � is
as follows:

C � � asserts the ordinary semantic value of C and presupposes
(a) that � is a (pragmatically determined) subset of the focus

semantic value of C containing both the ordinary semantic
value of C and another distinct member (set case); or

(b) that � is a member of the focus semantic value of C distinct
from the ordinary semantic value of C (individual case).

The variable � is interpreted by being associated with some contextually available
antecedent meaning. As Pulman notes, `it is essentially interpreted as an anaphor'
([Pulman, 1997], page 77).

John likes [FBill ] (2.1)

Who does John like? (2.2)

flike(john,x) j x is of type eg (2.3)

like(john,bill) (2.4)

Thus in interpreting the sentence (18.1) in the context of the question (18.2), the
free variable � will be associated with|i.e., instantiated as|the semantic value of
the question, which is roughly speci�ed in (18.3), so that the sentence asserts (18.4)
and presupposes that (18.3) is a subset of the focus semantic value of the sentence.
(It can be noted that in the present case it is actually identical to the focus semantic
value.) By separating the interpetation of focus from the process of identifying the
antecedent for the variable introduced by focus interpretation, a variety of focus
phenomena is allowed to fall under a single principle: besides questions and answers,
these include focus-sensitive expressions, contrasting phrases, scalar implicatures
and bare remnant ellipsis.

2.2 Strong and Intermediate Versions of the Theory

[Rooth, 1992] distinguishes between what he calls a strong and an intermediate
version of the theory of alternative semantics. The strong version of the theory
entails|among other things|that there is no construction-speci�c stipulation of
a focus-related e�ect in constructions containing focus sensitive expressions and
predicts that association with focus is always optional. The `coherent and only
somewhat less attractive' [Rooth, 1992] intermediate alternative does allow lexical
stipulation of focus, for instance in the presence of focuse-sensitive expressions.
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[Rooth, 1992] seems to have a light methodological preference for the strong po-
sition, but the intermediate position is the one defended in [Rooth, 1996]. The
present paper claims that|a modi�ed version of|Rooth's strong theory of focus
interpretation is to be preferred, not only because such a theory is `maximally
explanatory' [Rooth, 1992], but also because there are linguistic reasons for this
preference.

2.3 Modi�cation

We will propose two modi�cations. Firstly, we will argue that (b), the `individual
case' clause in the interpretation of Rooth's focus operator � (which is solely
included in order to be able to account for contrasting phrases), should be dropped.
This simpli�cation considerably increases the elegance of the de�nition, but|as we
will show|enhances its empirical adequacy as well, in that it actually leads to
a better theory of what is known as `contrast'. And secondly, we will adduce
linguistic evidence for a simpli�cation of the remaining `set case' clause, which
consists in doing away with the requirement that the contextually restricted subset
of the focus semantic value must always contain the ordinary semantic value as a
member.

2.4 Uni�cation

Moreover, we will show that the resulting residual theory of the interpretation of
focus|on account of which C � � (asserts the ordinary semantic value of C and)
presupposes that � is a contextually restricted subset of the focus semantic value
of C which contains a member distinct from the ordinary semantic value � of C,
so that � merely is presupposed to be a non-subset of f�g|can straightforwardly
be assimilated with the theory of the interpretation of links which was sketched
above, and which essentially claims that the discourse referent Y of a link must
be anaphoric to a discourse marker X such that X does not denote a subset of
the denotation of Y . The uni�ed theory covers a wide range of phenomena, for
just as the non-monotonic anaphora theory of link interpretation can be shown to
have implications for the empirical domains of non-identity anaphora, contrastive
stress, restrictiveness of modi�cation by means of relative clauses and adjectives,
pronoun referent resolution, and correction, Rooth's theory of focus interpretation
sheds light on a range of apparently heterogeneous phenomena: questions and
answers, focus-sensitive expressions, scalar implicatures, contrasting phrases, and
bare remnant ellips.

3 Focus Insensitivity

3.1 Presuppositional Anaphora

In addition to the aforementioned advantages, we claim that having a uni�ed theory
of link and focus interpretation has the pleasant corollary that it admits an analysis
of `association with focus' which is capable of accounting for all attested cases where
focus-sensitive expressions do not associate with the focus of the sentence in which
they occur.
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Basically, we will adopt a strong version of Rooth's theory in hypothesizing
that association with focus is a special, presuppositional kind of anaphora. It is
the anaphoric nature of the phenomenon that is responsible for the possibility of
association of focus-sensitive expressions with what is known as `second occurrence
focus' and for the occurrence of what we will call `Partee marble e�ects'. More
speci�cally, we will claim that association with focus is an epiphenomenon of the
fact that, due to the lexical semantics of focus-sensitive expressions, this anaphora
is non-trivial if and only if it is non-monotonic|that is: non-subset|anaphora in
the sense de�ned above. Thus for the focus-sensitive expression only we will make
the standard assumption that it denotes the superset relation between two sets A
and B:

onlyEAB i� A � B

Here A is the set f�g consisting of the denotation � of the expression a with which
only is associated, and B is the (p-set-like) denotation of the `rest' of the sentence
S:

B = fY j [Y=a]S g

3.2 Contextual Restriction and Contrast

Along the lines of [De Hoop, 1995], moreover, we may assume that the context set
X which functions as the antecedent of only serves as the contextual restriction
in the sense of [Westerst�ahl, 1985] of the domain of quanti�cation|that is: the
argument on which the denotation of only lives. In the case of superset-denoting
only this is the second argument, since onlyEAB if and only if onlyE(A\B)B (but
not onlyEAB if and only if onlyEA(A \ B)!). This means that for the restricted
denotation onlyXE of only it holds that onlyXEAB if and only if onlyEA(B \ X),
i.e., if and only if A � B \ X . The latter has an important consequence. Since
X � A if and only if for all B: A � B \X , we have that the contextual restriction
of only is non-trivial if and only if X 6� A. For the focus-sensitive expressions only
and even, the non-monotonic anaphora can be shown to display the characteristics
of the contextual restriction that is known to play a role in the interpretation of
quanti�cational determiners and adverbs, but we will present evidence that the
same holds for items such as also and not , where the non-monotonicity usually
surfaces as a contrast with a parallel element in the `active context'.

3.3 Empirical Consequences

The above has some interesting linguistic rami�cations. The hypothesis of lexically
induced non-monotonic anaphora against the background of a uni�ed theory of
link and focus interpretation has the nice advantage that it is able to accommodate
the ubiquity of association with focus, but it also accounts for the various forms
of association with non-focus, which, we believe, are far less marginal than some
authors have suggested. First, the strong tendency of expressions such as only to
associate with the focus of the sentence can be clari�ed: for focal expressions a
with denotation �, there is an accessible discourse referent X that denotes the con-
text set: the `implicit question' that is `answered' by a. While usually|though not
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necessarily|this context set contains �, it invariably contains a|positive|number
of alternatives to �, so that X 6� f�g, which means that X is a suitable, non-trivial
contextual restriction. Besides, the anaphora hypothesis is capable of handling the
cases of association of focus-sensitive expressions with non-focal parts of the sen-
tence. First, given that `association with focus' is an instance of anaphora, the
phenomenon of `second occurrence focus' and, more speci�cally, the possibility of
sentences with multiple focus-sensitive expressions is straightforwardly accounted
for. Focus-sensitive expressions do not inherit their association with an expres-
sion from a previous sentence, but simply share their antecedent with another
focus-sensitive expression, just as two anaphoric pronouns can have a common an-
tecedent. Similarly, sentences with multiple focus-sensitive expressions are simply
the counterparts of sentences with multiple pronouns with possibly di�erent an-
tecedents. And �nally, the observed link-sensitivity of focus-sensitive expressions is
easily explained in terms of the analysis of links as non-monotonic anaphora that
was sketched above. On this analysis it holds that if an expression is a link, then
its discourse referent Y is anaphoric to an antecedent discourse marker X such that
X does not denote a subset of the denotation of Y . This means that links always
come with their own suitable, non-trivial contextual restriction and can be readily
associated with by `focus-sensitive' expressions.
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Chapter 3

Linkhood and Multiple De�nite Marking

Dimitra Kolliakou

Abstract. This paper discusses a de�nite construction from Modern Greek,
henceforth a polyde�nite, which is associated with contextual constraints that go
beyond the uniqueness presupposition of standard de�nites. I argue that the id-
iosyncratic syntax of polyde�nites achieves e�ects similar to those induced in other
languages solely by prosodic means and illustrated by phenomena subsumed within
the term deaccenting. I explicate the semantic-pragmatic import of polyde�nites in
terms of non-monotone anaphora and Vallduv��'s notion of linkhood (cf. e.g. Vallduv��
1992, Vallduv�� and Engdahl 1996), as revised by Hendriks and Dekker 1996. Given
the view that polyde�nites are links in the Hendriks & Dekker sense of the term, I
explore how they relate to a broader theory of the prosodic or structural realization
of information packaging { in particular, one expressed in hpsg by Engdahl and
Vallduv�� 1994, Engdahl and Vallduv�� 1996.

1 Basic data { problems to previous accounts

Modern Greek exhibits two modi�cation strategies in de�nite NPs: an `English-
style' one, with attributive adjectives linearly preceding the N head, and a single
de�nite article in the left periphery { such de�nites will be referred to as monadics,
and a `Semitic-style' one, i.e., a strategy reminiscent of languages with multiple def-
inite determiner systems such as Semitic, Balkan and Scandinavian; the latter type
of de�nites will be referred to as polyde�nites. The two strategies are illustrated in
(1a,b) and (1c,d), respectively.

(1) a. to kokino podilato
the-neut.sg red-neut.sg bike-neut.sg

`the red bike'

b. *to podilato kokino

c. to kenurio to podilato
the-neut.sg new-neut.sg the-neut.sg bike-neut.sg

`the new bike'

d. to kenurio podilato to kokino
the new bike the red

`the new red bike'

Previous approaches to Greek NPs (cf. e.g. Stavrou 1996, Androutsopoulou 1995)
assume a uni�ed structure for monadics and polyde�nites, with the de�nite article
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being construed as syntactically distinct from quanti�er determiners (and demon-
stratives) { which are generated under D0 { and heading a more embedded func-
tional projection DefP (for De�niteness Phrase):

(2) a. [DP D0 [DefP Def0 to [AP Adj0 kenurio [NP ... podilato ...]]]]

b. [DP D0 [DefP Def0 to [AP Adj0 kenurio [DefP Def0 to [AP Adj0 kokino
[DefP Def0 to [NP ... podilato ...]]]]]]]

However, this type of analysis encounters a number of problems, which in-
clude: (a) the repetitive occurrence of functional (or lexical) projections is nor-
mally blocked; e.g. in Minimalist terms, the grammatical features borne by re-
dundant phrases would remain `unchecked', thus giving rise to ungrammaticality;
(b) monadics and polyde�nites exhibit distinct linear order patterns (with adjec-
tives exclusively appearing pre-nominally in monadics (1a,b), but being free to
occur pre- or post-nominally in polyde�nites (1c,d)); Androutsopoulou stipulates
optional movement of a DefP dominating NP past an originally prenominal AP
onto a higher speci�er position, but admits that it is not clear what the trigger of
such movement might be, or what prevents similar types of movement from apply-
ing to monadics; (c) the two constructions are not semantically identical, as the
uni�ed analysis takes them to be (e.g. Androutsopoulou has to assume that all
de�nite articles in a polyde�nite but one are expletives): polyde�nites do not freely
alternate with monadics, rather, the former are felicitous in only a subset of the
contexts where the latter may occur.

To illustrate the semantic di�erence between the two, let us take a look at
deaccenting. In the dialogue in (3) below, from Vallduv�� and Zacharski 1993, a blue
shirt and a red shirt in (3b&d), respectively, are both informational foci (relational
new information) of the sentences they occur in. Nonetheless, they are prosodically
di�erent: in the former, the nuclear accent (marked with small capitals) falls on
the noun, whereas in the latter, the noun is `deaccented', and the accent lands
instead on the adjective. Vallduv�� and Zacharski argue that the exact placement
of focal pitch accent within the focal constituent can be due to the interaction of
a number of factors, including deaccenting, which is in turn associated with some
anaphoric device of concept-givenness { in case of (3d), shirts are `given', for they
have already been mentioned once in the previous discourse.

(3) a. Ann: What did you get Ben for Christmas?
b. Clara: I got him [FOCUS a blue shirt].
c. Ann: What did you get Diane?
d. Clara: I got her [FOCUS a red shirt].

There exists an interesting parallel between deaccenting and polyde�nites, which
is illustrated in the dialogue in (4). All the bracketed NPs in (4b, b0, b00, d, d0,
d00) are focal; however, a polyde�nite or a deaccented monadic are infelicitous in
the context of (4a) (see (4b0, b00)), but constitute the only felicitous options in the
context of (4c) (see infelicitous (4d00)). These data suggest that polyde�nites (like
deaccented monadics) are felicitous only in contexts which involve some notion of
contrast with some salient alternatives in discourse.

(4) a. Zoe: Ti pires tu Yanni gia ta Xristugena?
(`What did you get Yiannis for Christmas?')
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b. Daphne: Tu pira [tin asimenia pena].
(I-got him the silver pen; `I got him the silver pen.')
b0. # Tu pira [tin pena tin asimenia].
(lit.: # I-got him the pen the silver)
b00. # Tu pira [tin asimenia pena]. (# `I got him the silver pen.')
c. Zoe: Ti pires tis Marias? (`What did you get Maria?')
d. Daphne: Tis pira [tin pena ti xrisi].
(lit.: I got her the pen the gold)
d0. Tis pira [ti xrisi pena]. (`I got her the gold pen.')
d00. # Tis pira [ti xrisi pena]. (# `I got her the gold pen.')

Further data show that explicit contrast between one (or more) alternatives is
not a necessary condition for felicitously employing a polyde�nite. Rather, it su�ces
that the polyde�nite `narrow down' a given pool of referents by picking out a proper
subset of it. (5a) below (based on an example from Hendriks and Dekker 1996),
with a monadic de�nite i mikres gates, is a priori four-way ambiguous, depending
on (a) whether gates is accented and construed as subsectionally anaphoric to ta
zoa (thus implying that Yannis fed at least one non-cat), or unaccented, with the
set of animals Yannis fed being understood to entirely consist of cats, and (b)
whether mikres is interpreted as restrictive or nonrestrictive, and being accented or
unaccented, respectively. (5a) can thus entail (a) that all the animals John fed were
young cats, (b) that all the animals John fed were cats, but there were young and
non-young cats, (c) that John fed cats and non-cats, and all of the cats were young,
and (d) that John fed cats and non-cats, and there were young and non-young cats.
Interestingly, in (5b), where the monadic is replaced by a polyde�nite, two of the
four readings { those that involve a non-restrictive interpretation for the adjective
i mikres { are lost. (5b) can therefore signify solely either (a) that all the animals
John fed were cats, but there were young and non-young cats, or (b) that John fed
cats and non-cats, and there were young and non-young cats. Such evidence also
shows that the restrictive import of the polyde�nite construction is not a�ected by
the presence of independent contrasts.

(5) a. O Yannis taise ta zoa. I mikres gates itan pinasmenes. (`John fed the
animals. The young cats were hungry.') All four readings.

b. O Yannis taise ta zoa. I mikres i gates itan pinasmenes. (`John fed the
animals. The young cats were hungry.') Two readings only.

2 Polyde�nites as links

To account for the special import of polyde�nites, I rely on an extended notion of
linkhood explicated by Hendriks and Dekker 1996. Hendriks and Dekker propose
a uni�ed treatment of (a) non-monotone anaphora phenomena (including subsec-
tional and relational anaphora, cf. e.g. Deemter 1994), (b) (contrastive) links (cf.
e.g. Engdahl and Vallduv�� 1994), and (c) restrictive adjectives and relatives { all
three being uniformly characterized in English by the so-called B Accent (L+H�

pitch accent). Their Kamp-style system for modelling information states enables
linkhood to be stated as a condition on discourse referents, as in (6). Thus, they
arguably circumvent the problems they raise for Vallduv��'s Heim-style approach,

16



which relies on a notion less well understood, that of a �le-card that provides `the
current locus of information update'.

(6) Hendriks and Dekker's Non-Monotone Anaphora Hypothesis: Linkhood
(marked by B Accent) serves to signal non-monotone anaphora. If an
expression is a link, then its discourse referent Y is anaphoric to an an-
tecedent discourse referent X, such that X 6� Y.

In the analysis proposed herein, monadic de�nites are viewed as potentially
ambiguous between a monotone anaphoric and a non-monotone anaphoric reading,
with prosody disambiguating between the two, like in English. Polyde�nites, on
the other hand, are unambiguously non-monotone anaphoric { links, in the sense
of Hendriks and Dekker. From this follow a number of consequences.

First, we can maintain Vallduv��'s conjecture that there are no `subordinate'
informational foci { a (simplex) sentence allows for only one informational focus,
though there may be sentences with multiple prosodic foci (see also Vallduv�� and
Zacharski 1993).1 Therefore, the proposed analysis is not susceptible to problems
that pertain to accounts which posit subordinate foci (cf. e.g. Rooth 1992, Krifka
1991-92, Erteschik-Shir 1997); in the latter, the de�nite adjectives of polyde�nites
(and similarly for the accented adjective in deaccented monadics) would be pre-
sumably viewed as foci embedded within a topic, as shown in (7):

(7) a. Speaker A: What did Bill's sisters do?
Speaker B: [T Bill's [F youngest] sister] [F kissed John]
(From Krifka 1991-92)

b. [[I mikres]FOC�sub [i gates]TOP�sub]TOP [ine eksipnes]FOC
the young the cats are intelligent; `the young cats are intelligent'
(using Erteschik-Shir's terminology)

However, the pitch accent associated with youngest / i mikres in (7a,b) is the B ac-
cent characteristically pertaining to topics, which is incompatible with an analysis
of such elements as foci. In addition, the subordinate focus analysis is not sup-
ported by crosslinguistic evidence: if youngest and i mikres were pragmatic foci, we
would expect them to be realized as such (possibly by non-prosodic means) across
languages. However, this is not the case as was shown by Vallduv�� and Zacharski
1993 and Ladd 1996, for Catalan and Italian, respectively: such languages resist
deaccenting altogether.

Second, the analysis of polyde�nites (and deaccented monadics) as links, in the
Hendriks and Dekker sense of the term, is compatible with their being or contribut-
ing to the focus or to the ground in the overall informational structure; linkhood
being speci�ed as a context j background psoa (see below) that constrains the
index to be anchored to an entity that forms a proper subset of a group previously
introduced in discourse. This is a desirable conclusion, since polyde�nites can be
shown to constitute (or be part of) the focal constituent, as e.g. in (4d) above, or
the ground, as e.g. in case of (5b), where i mikres i gates functions as a (contrastive)
link, in the sense of Vallduv��.

1Vallduv�� & Zacharski show that accounts positing embedded foci rely on either of
the following two false assumptions: (a) that all prosodic foci are informational foci,
and (b) that quanti�cational nuclei of focus-sensitive operators like even or only must be
informational foci.
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Third, the otherwise puzzling fact that non-intersective adjectives are admis-
sible only in monadics, and not in polyde�nites (as shown in (8) below), directly
follows. Within the Montagovian tradition (see e.g. Siegel 1976), only intersective
adjectives denote a property that the referent of the NP is required to instanti-
ate. Non-intersective adjectives, on the other hand, are assigned quite di�erent
semantics: they are taken to denote a property that takes another property as its
argument, and identi�es a kind of entity or event. The semantics of non-intersective
adjectives therefore clashes with that of polyde�nites: by its presence in a polydef-
inite construction, ipotithemeni is required to pick out a proper subset of the set of
terrorists { those that are `alleged'. However, ipotithemeni cannot denote `alleged'
entities at all, rather it identi�es entities that are allegedly terrorists.

(8) i ipotithemeni tromokrates (`the alleged terrorists') VS *i ipotithemeni i
tromokrates

Fourth, once the idiosyncratic import of polyde�nites is acknowledged, poly-
de�nites' kinship to close apposition { which was noticed long ago (e.g. Stavrou
1991) { follows very naturally. It is well-known that NPs in close apposition are
restrictive: the phrase my brother the lawyer entails that I have at least another
brother, who is not a lawyer. In that respect, NPs in close apposition are quite
di�erent from NPs in loose apposition, the latter involving a uniqueness presuppo-
sition for the denotation of the NP they are associated with. It will be shown that
close apposition (unlike loose apposition) entails non-monotone anaphora.

Finally, a treatment of polyde�nites and monadics as two distinct constructions,
on semantic-pragmatic grounds, will enable a straightforward account of the distinct
linear order patterns to be provided. Given the observation that languages with a
(true) multiple de�nite determiner system exhibit only one N-Adj order, the same
one everywhere, as e.g. shown in (9) below for Hebrew, the case of Greek de�nites
need not be taken to constitute an exception. Rather, polyde�nites will be shown
to be syntactically on a par with nominals that consist of a head and an adnominal
modi�er.

(9) a. ha-sefer ha-adom (the-book the-red; `the red book')
b. *ha-adom ha-sefer
c. sefer adom (book red; `a red book')
d. *adom sefer

3 An HPSG analysis

In the analysis proposed herein, monadics and polyde�nites are treated as two
distinct constructions as far as their internal syntax is concerned. Polyde�nites
(but also deaccented monadics) are di�erentiated from `canonical' non-deaccented
monadics as far as their context speci�cation is concerned.

Monadics are assigned an internal structure very close to the one proposed for
English NPs in Pollard and Sag 1994, modulo a treatment of the de�nite article
inspired by the approach to functional heads provided in Netter 1994. Unlike Net-
ter, who models the di�erence between `functional' (minor) and `lexical' (major)
nominal heads in terms of partial clash in head feature speci�cation, the Greek
de�nite article and phrases with a head value of sort nominal (the latter subsumes
both noun and adjective, for reasons exposited in Kolliakou 1995 and elsewhere,

18



and corresponds to the supercategory the de�nite article syntactically combines
with) are di�erentiated by means of their content value: both are speci�ed for a
content value of sort nom-obj, but the de�nite article introduces a further con-
straint on the anchoring of the index: de�nite NPs (or APs) are speci�ed unique+
(unique being a novel attribute of nom-obj), and are thus constrained to pick out
a uniquely instantiable property in a certain local setting (the resource situation).
Bare inde�nites, on the other hand, are speci�ed unique�, which signi�es that no
such constraint applies; this way, we express in hpsg terms the Situation Semantics
approach to de�niteness of Gawron and Peters 1990. The unique+ speci�cation is
the essential contribution of the de�nite article to the nominal it appears in, and is
instantiated on the mother as a consequence of the Semantics Principle: the de�nite
article is modelled as an adjunct that incorporates the restrictions of its nominal
sister and adds the uniqueness presupposition. (This account is brie
y illustrated
in the tree in (10) below.) Notice that lack of any other syntactic speci�cation for
distinguishing between `determinerful' de�nite nominals and `determinerless' bare
inde�nites is consistent with the fact that all types of bare inde�nites in Greek (in-
cluding singular count terms) can qualify as syntactic arguments of nominal-taking
verbs. (For details, see Kolliakou 1995, Kolliakou 1996, Kolliakou 1998, Kolliakou
in preparation).

(10)

NP

2
4 HEAD 1

CONT 2

3
5

adjunct-dtr
to2

666666666664
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2
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MOD 6
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CONT 2

2
6664

nom� obj

INDEX 4

RESTR 5

UNIQUE+

3
7775

3
777777777775

head-dtr
kokino podilato

6

2
666666664

HEAD 1

"
nominal

CASE 3

#

CONT

2
6664

nom � obj

INDEX 4

RESTR 5
n
bike( 4 ); red( 4 )

o
UNIQUE�

3
7775

3
777777775

De�nite APs of polyde�nites are assigned a syntactic status similar to that of
adjuncts to Nmax (cf. Sadler and Arnold 1994), or reduced relatives, in the sense
of Sag 1997. In particular, they are required to modify de�nite NPs, i.e. phrases
with a head value of sort noun, empty valence features, and that are speci�ed
unique+. The category and content speci�cation of a polyde�nite is not any dif-
ferent from that of its monadic counterpart, thus allowing for iteration of de�nite
APs in the former construction. An analysis a la Sag 1997 in terms of construction
type speci�cation, allows us to generalize over the commonalities between de�nite
APs of polyde�nites and other types of `adnominal' modi�ers, e.g. (a) predicative
adjectives in the sense of Bolinger, as in the rivers, impassable in the winter, : : :
(noticeably, predicative APs in Greek can appear both pre- and post-nominally,
exactly like de�nite APs in polyde�nites, and it has been previously proposed that
they should be viewed as modi�ers of maximal nominal projections, cf. Stavrou
1996); (b) NPs in close apposition, e.g. my brother the lawyer, and (c) participles
functioning as reduced relatives, e.g. a man sitting on the bench. NP-internal ad-
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jectives of monadics (which have been argued independently to be syntactic heads
rather than adjuncts, cf. Kolliakou 1998) are constrained (by a linear precedence
statement) to preceed their nominal (NP or AP) sister; on the other hand, adnom-
inal modi�ers of polyde�nites are unconstrained and can preceed or follow the NP
head.

The di�erence between a polyde�nite and its `canonical', non-deaccented monadic
counterpart lies in their context speci�cation. Polyde�nites and deaccented monadics
bear an additional restriction speci�ed in their context j background attribute
(see (11a)), which is not relevant for monotone anaphoric nominals (e.g. `canonical'
non-deaccented monadics) (see (11b)). The restriction requires their index to be
anchored to an entity that is included in, i.e. forms a proper subset of, a group
previously introduced in discourse. Thus, in (11a), which illustrates the content
and context attributes of the polyde�nite i gates i mikres (or, equivalently, a deac-
cented monadic i mikres gates), the value of the argument subset of the include-in

relation is identi�ed with the value of the index 1 , whereas the value 2 of the

other argument superset stands for an antecedent discourse referent such that 1

� 2 . In (11b), for the canonical i mikres gates, the background set is empty.
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I assume that the background restriction in (11a) originates from the de�nite
adjective i mikres, in case of a polyde�nite, and the accented adjective mikres, in
case of a deaccented monadic. This can be stated by construction type speci�cation:
a Greek de�nite adjective (i mikres) is required to satisfy the constraint in (12)
below, and thereby be speci�ed for the include-in psoa, which is subsequently passed
on the context attribute of the phrase the adjective appears in, and from there
propagates up, by some version of the Principle of Contextual Consistency (cf.
Pollard and Sag 1994). I do not attempt to pin the non-monotonicity constraint
onto the `extra' de�nite article of the polyde�nite, thus postulating two sets of
homonymous, albeit semantically distinct forms of the de�nite article for Greek:
this is because the very same constraint is borne by deaccented monadics that
contain a single article { presumably, one introducing the uniqueness constraint
a la Gawron and Peters { and is prosodically expressed by the accent of their
(inde�nite) adjective. The background restriction of deaccented monadics can thus
be due to a constraint similar in spirit to (12) that associates accent b (viewed
as an attribute of phonology) with the background include-in psoa, in a way
reminiscent of Engdahl & Vallduv��'s constraint that enforces the correlation between
accenting and (their own notion of) linkhood (as a partition of ground).
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(12) def-adj-link )

2
664
CATEGORY j HEAD adj

CONTENT

�
INDEX i

UNIQUE+

�
CONTEXT j BACKGROUND f(i � j)g

3
775

Information packaging in Engdahl and Vallduv�� 1994, Engdahl and Vallduv��
1996 is represented as part of the context (ctxt) attribute. The values of focus
(foc) and ground (gr) of info-struct (inf-str) are instantiated through structure-
sharing with those constituents that realize the focus and the ground parts of the
instruction, respectively. The polyde�nites in (13) and (14) are associated (a) with
focus and ground informational contribution, respectively { which they pass on
the overall information structure of the sentence they occur in by Engdahl and
Vallduv��'s info-struct instantiation constraints { and (b) with the include-in
contextual restriction which they propagate up by Pollard & Sag's Principle of
Contextual Consistency.

(13) Polyde�nite as object NP focus:

: : : (context where pens are mentioned)
A: Kai ti agorase i Dafni? (`And what did Daphne buy?)
B: I Daphne agorase tin pena tin xrisi. (Daphne bought the pen the gold;
`Daphne bought the gold pen')
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(14) Polyde�nite as link in S with VP focus: (see (5b))
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4 Conclusion

Modern Greek monadic de�nites and polyde�nites should not be uni�ed:
they di�er both semantically and syntactically. Polyde�nites signal non-
monotone anaphora whereas monadics can be monotone or non-monotone
anaphoric. A treatment of polyde�nites (and deaccented monadics) as links
(in the Hendriks and Dekker 1996 sense) is compatible with their being
or contributing to the focus or to the ground in the overall informational
structure, and does not require positing subordinate foci. In hpsg terms,
linkhood can be expressed as a restriction on the anchoring of the index,
speci�ed inside the context attribute. Thereby, it is entirely compatible
with the broader theory of information packaging proposed by Engdahl and
Vallduv��. An analysis inspired by Netter's 1994 account of functional heads
and which expresses in hpsg terms Gawron and Peters's 1990 Situation
Semantics approach to de�niteness is applicable to both types of de�nites.
Syntactically, de�nite APs of polyde�nites are adjuncts to Nmax, unlike ad-
jectives of monadics which have been argued elsewhere to be heads selecting
for a nominal (NP or AP) complement.
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Chapter 4

Unbounded Dependencies and the

Syntactic Realisation of Information

Packaging

Theodora Alexopoulou

Abstract. This1 paper focuses on languages employing the structures known as
Topicalisation, Focus movement and Clitic Left Dislocation to encode Information
Packaging. I argue that these structures share the same underlying syntax which
can be captured by Unbounded Dependencies (UDCs) in HPSG. Thus, one syntac-
tic mechanism, UDC, is available for more than one discourse function (focus-topic).
I sketch an account of Information Packaging for Greek, a language exploiting UDCs
for this purpose, based on Engdahl & Vallduv�� (1996).

1 Data

In Greek, as in Hungarian, Information Packaging is encoded through word order
and intonation. Both languages display the structures known as Topicalisation
and Focus-movement, which allow topics2 and focused constituents to appear pre-
verbally. Consider the following from Hungarian (Kiss 1995); small caps indicate
nuclear accent placement:

(4.1) Janos
John

Evat
Eve-acc

varta
waited

a
the

mozi
cinema

elott
in-front-of

`John waited for eve in front of the cinema'

In (4.1) the accented NP, Evat, instantiates narrow focus while the non-accented
Janos is a topic. The following examples illustrate similar structures in Greek:

(4.2) a. tin
the

parastasi
performance-acc

skinothetise
directed-3sg

o
the

Dimitris
Dimitris

Potamitis
Potamitis-nom

`Dimitris Potamitis directed the performance'

b. tin
the

parastasi
performance-acc

skinothetise
directed-3sg

o
the

Dimitris
Dimitris

potamitis
Potamitis-nom

`Dimitris Potamitis directed the performance-The performance was
directed by Dimitris Potamitis'

1I am indebted to my supervisors Caroline Heycock and Ronnie Cann, as well as, Claire
Grover, Dimitra Kolliakou and two anonymous reviewers. All errors are mine.

2I use topic in the sense of link as de�ned in Vallduv�� & Engdahl (1996).
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Example (4.2a) displays Focus-movement and (4.2b) Topicalisation of the object
NP, tin parastasi. Preverbal focus in Greek (4.2a) is narrow and very often gives
rise to a contrastive reading. As the availability of contrastive readings does not
interfere with focus assignment it will not be discussed in this paper. Postverbal
focus is also available in Greek. Unlike preverbal focus, which is always narrow,
accent on the postverbal subject in (4.2b) is ambiguous between narrow and VP
focus. Greek is claimed to have VSO as basic order (Tsimpli 1995; Alexopoulou
1998b). Thus, the postverbal subject in (4.2b) appears in-situ.

Though Topicalisation of objects is available in Greek (4.2b), most often object
topics participate in Clitic Left Dislocation (CLLD):

(4.3) tin
the

parastasi
performance-acc

tin
it-cl

skinothetise
directed-3sg

o
the

Dimitris
Dimitris

potamitis
Potamitis-nom

It is worth pointing out that doubling (in CLLD and Clitic Doubling) is a process of
discourse-linking distinct from Information Packaging (Alexopoulou 1998b). Cru-
cially, (4.2b) and (4.3) have the same Information Structure, but di�er minimally
in that in (4.3) the object is doubled.

Topicalisation, CLLD and Focus-movement may involve long distance extrac-
tion; the following display long distance Focus-movement and CLLD:

(4.4) a. to
the

yani
Yani-acc

ipe
said-3sg

oti
that

apelisan
�red-3pl

`S/he said that they �red Yanis'

b. to
the

Yani
Yani-acc

ipe
said-3sg

oti
that

ton
him-cl

apelisan
�red-3pl

`S/he said that they �red Yanis'

Adjuncts may also undergo long distance Topicalisation or Focus-movement:

(4.5) a. me
with

kokini
red

mpoya
paint

ipe
said-3sg

oti
that

tha
will

vapsi
paint-3sg

ta
the

parathira
windows

`S/he said that s/he will paint the windows with red paint'

b. me kokini mpoya ipe oti tha vapsi ta parathira

2 Discourse Con�gurational Approaches

In the literature, the discourse functions of Topic and Focus have been associated
with preverbal Functional Projections (Kiss 1995; Rizzi 1995; Tsimpli 1995; Iatridou
1995). Topics and foci move to the Speci�er position of the relevant discourse
phrases to check their discourse features. Furhtermore, Focus-movement is analysed
as A-bar movement, which is quanti�cational in nature, and Topicalisation as A-
movement, which is anaphoric in nature (Kiss 1995; Lasnik & Stowell 1991; Rizzi
1995). This distinction is based on contrasts in weak crossover e�ects (wco). Focus
gives rise to wco e�ects but Topicalisation does not. Finally, CLLDed elements
are base generated at the Speci�er of some preverbal projection (Cinque 1990;
Iatridou 1995; Tsimpli 1995). In sum, Discourse Functions are encoded in Phrase
Structure. The term Discourse Con�gurational Languages has been recently coined
for languages expressing topic-focus distinctions through structural operations (Kiss
1995).
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By encoding Discourse Functions in Phrase Structure, Discourse Con�gura-
tional Approaches fail to account for various mismatches beteen syntax and In-
formation Structure (IS). For example, it has been observed that, unlike syntax,
IS is not organised in a recursive way (Heycock 1993; Vallduv�� & Zacharski 1994;
Alexopoulou 1998a). Further, Focus does not obey subjacency (Rooth 1996; Gian-
nakidou 1997). Finally, by associating Topicalisation, CLLD and Focus-movement
with three distinct syntactic operations, Discourse Con�gurational Approaches fail
to capture some syntactic similarities between these structures.

In contrast to Discourse Con�gurational approaches, I argue that Topicalisa-
tion, CLLD and Focus movement, rather than instantiating three distinct syntactic
operations (A-movement, base-generation, A-bar movement), have the same under-
lying syntax (Alexopoulou 1998a). At the heart of this approach lies the idea that
one syntactic operation is available for more than one discourse function.

In Section 3 I present linguistic evidence supporting the claim that Topical-
isation, CLLD and Focus-movement share the same syntax. In Section 4 I give
an account of the syntactic properties of these structures employing Unbounded
Dependencies in HPSG. Finally, in Section 5 I propose an HPSG account of the
interactions between phonology, syntax and Information Structure.

3 A uni�ed syntax

Topicalisation, CLLD and Focus-movement share the following properties:

i) Crosslinguistically all three constructions allow long distance extraction.

ii) Crosslinguistically, all three constructions obey strong islands (Iatridou 1995;
Kiss 1995; Tsimpli 1995; Rizzi 1995).

iii) In all three constructions in Greek, the XP may occur to either side of the
complementiser oti:

(4.6) ipe
said-3sg

(to
the

yani)
Yani-acc

oti
that

(to
the

yani)
Yani-acc

ide
saw-3sg

`S/he said that s/he saw Yanis'

(There is a preference for topics to appear after oti, but the other order is
also possible).

iv) In Greek extracted XPs may appear to the left of an indirect question:

(4.7) rotise
asked-3sg

to
the

yani
Yani-acc

pios
who-nom

ide
saw-3sg

`S/he asked who saw Yanis'

This is also true of CLLD in Italian (Rizzi 1995).

v) None of the three constructions blocks selection from a higher verb (4.6&4.7).

vi) None of the three constructions creates islands for extraction:

(4.8) pios
who

nomizis
you-think

ti
the

Maria
Maria-acc

oti
that

tha
fut

tin
her

psi�ze
vote

`Who do you think would vote for Mary?'
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(Iatridou 1995)

The facts (i-v) indicate that the distribution of the extracted XPs is not a�ected by
their discourse import. Note that the syntax is disambiguated by intonation. The
(a) examples in (4.2&4.5) di�er minimally from the (b) ones in accent placement.

4 Unbounded Dependencies as the underlying syn-
tax of Topicalisation, CLLD and Focus-movement

The syntactic properties of Topicalisation, CLLD and Focus-movement are captured
straightforwardly by the HPSG mechanism of Unbounded Dependencies. The tree
(4.10) illustrates example (4.9):

(4.9) ipe
said-3sg

to
the

yani
Yani-acc

oti
that

ide
saw-3sg

`S/he said that s/he saw Yanis'

8

"
head verb

comps hi

#

7

2
4head verb

comps
D
6

E
3
5

ipe

6

2
6664
head verb

comps hi

marking oti

nonlocal j slash fg

3
7775

5

h
loc 1

i
to Yani 4

2
66664
head verb

comps hi

marking oti

nonlocal j slash
n
1

o

3
77775

3

2
664
head marker

h
spec 2

i
comps hi

marking 9marked:oti

3
775

oti

2

2
66664
head verb

comps hi

marking unmarked

nonlocal j slash
n
1

o

3
77775

ide

(4.10)

First, a non-con�gurational/
at structure is assumed for Greek clauses with no
subj-dtr in the valency of verbs. Thus, 2 is a saturated S(entence). The com-
plementiser oti is analysed as a marker (Pollard & Sag 1994). The head-marker
id schema licenses 4 . Further, the slash inheritance principle (slip) (Bouma
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et al. 1997) ensures the propagation of the gap 1 to the mother 4 . The head-
�ller-phrase 6 is licensed by the head-filler id schema (Pollard & Sag 1994).

For Greek, this schema requires that the head-dtr is an S (
h
head verb

i
andh

comps hi
i
), underspeci�ed for marking. The head-dtr 4 satis�es this descrip-

tion. The marking principle (Pollard & Sag 1994) ensrures the propagation of
the marking value oti from 4 to 6 . Thus, 6 satis�es the selection requirements
of the martix verb ipe.

The head-filler-schema allows the head-dtr of a head-�ller-phrase to be
unmarked. This is the case in examples of long distance extraction (4.4) and post-oti
XPs.

5 Syntactic and Phonological constraints on Infor-
mation Structure

Below I summarise some descriptive generalisations about the realisation of Infor-
mation Packaging in Greek:

� Phonological realisation:
a) Accented constituents are obligatorily interpreted as foci.
b) Ground elements are not accented.
c) Non-accented words may be either focus or ground.
That is, the generalisations in (a&b) are not biconditionals. For example,
the verb and the direct object below are part of focus:

(4.11) [F
[F

edose
gave-3sg

ta
the

biblia
books

sto
to-the

Yani
Yani]

]

`S/he gave the books to Yani'

� Syntactic realisation:
d) Links are obligatorily realised as �llers-dtrs.
e) Foci can be any kind of syntactic constituent (head-dtrs, complement-dtrs,
�ller-dtrs, adjunct-dtrs, etc.).
f) Tails cannot be �ller-dtrs.

� Propagation:
g) Accent on the rightmost comps-dtr may give rise to wide focus (4.11).
h) Preverbal focus is always narrow; it cannot give rise to wide focus (4.12):

(4.12) *[F
*[F

to
the

yani
Yani-acc

ipe
said-3sg

oti
that

ide
saw-3sg

o
the

Petros
Petros-nom

]
]

`S/he said that Petros saw Yanis'

The HPSG account of the generalisations in (a-h) builds on the analysis of
Engdahl & Vallduv�� (1996) for English and Catalan. Greek shares with English
and Catalan the assignment of wide focus (c,g) and the fact that accented words
are obligatorily interpreted as foci (a). However, it di�ers from both languages in
allowing narrow foci and links to be realised as �llers. The account proposed here
is an adaptation of the analysis of Engdahl & Vallduv�� (1996) to the Greek data.

Engdahl & Vallduv�� (1996) enrich context with a feature info-struct as
shown in (4.13):
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(4.13)
2
6664context

2
664info-struct

2
664
focus

ground

"
link

tail

#
3
775
3
775
3
7775

focus and ground take feature structures as values. Their values are structure-
shared with the constituents that realise them. The various instantiation possibil-
ities of info-struct values are handled by constraints on their phonological and
syntactic realisation.

Following Manandhar (1994), an accent type hierarchy is assumed for the phonjaccent
attribute (for Greek):

Accent type

accented non-accented

(4.14)

The generalisations in (a&c) are captured by two constraints on words [in the
following, `a' stands for accented and `u' for non-accented/unmarked]:

(4.15) a.
Word ! 1

"
phon j accent a

info-struct j focus 1

#

b.
Word ! 1

"
phon j accent u

info-struct []

#

According to (4.15a) any word with phonjaccent value of sort a, has its fo-
cus value instantiated (Engdahl & Vallduv�� 1996). In addition, when a word's
phonjaccent value is u, its info-struct value is not determined until it com-
bines with other signs (4.15b).

The generalisations in (b,d-f) refer to the realisation of foci, links and tails
(rather than words). These are captured by constraints of the following info type
hierarchy (Manandhar 1994):

Info type

Focus Ground

Link Tail

(4.16)

The phonological constraint in (b) can take the form of (4.17) which requires that
the phonjaccent value of ground elements is of sort u:

(4.17) Ground !
h
phon j accent u

i
Let us turn to the syntactic constraints. In order to state the generalisation in

(d) we need to refer to �llers. In current HPSG, there is no straightforward way
to refer to �llers. A tentative solution would be to introduce a sortal hierarchy of
daughters as depicted below:

Daughters type

head-dtr comps-dtr �ller-dtr ...

(4.18)
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Links are then constrained to be of sort �ller-dtr. The syntactic realisation of focus
is unconstrained since, as stated in (e), foci can be any kind of syntactic constituent.
Finally the following constraint on �ller-dtrs ensures that tails are not realised as
�llers (generalisation in (f)).

(4.19) Filler-Dtr !
h
info-struct focus or link

i
Let us turn to the propagation of info-struct values in the syntactic tree. The

following two principles are assumed for Greek (adapted from Engdahl & Vallduv��
(1996)):

(4.20) information structure instantiation principles for greek

� Principle I
if a daughter's info-struct is instantiated, then the mother
inherits this instantiation (for narrow foci, links and tails),
or

� Principle II
the focus value of the mother is the sign itself (wide focus) just
in case,

a) the focus value of the most oblique comps-dtr is the sign itself
or

b) in a head-marker-phrase, the focus value of the head-dtr is the
sign itself.

Principle I allows a mother to inherit the info-struct values of its dtrs. In
this way, a head-�ller-phrase can inherit the info-struct value of its filler-dtr.
Tree (4.22) illustrates example (4.21):

(4.21) [F
[F

to
the

yani]
Yani-acc]

[G
[G

ide
saw-3sg

o
the

Petros
Petros-nom

]
]

`Petros saw Yanis'

5

2
6664info-st

2
64focus

n
4

o
tail

n
1 , 2

o
3
75
3
7775

4

2
4phon j accent a

info-st j focus
n
4

o
3
5

to yani

3

�
info-st j tail

n
1 , 2

o�

2

"
phon j accent u

info-st

#

ide

1

"
phon j accent u

info-st

#

o Petros

(4.22)

The �ller 4 is accented and, by (4.15a), its focus value 4 is instantiated. Then,
the head-�ller-phrase 5 inherits the focus value 4 , by Principle I.
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According to Principle II.a, wide focus on a mother (that is the focus value
of the mother is the sign itself) can arise from the most oblique comps-dtr.
Consider for example the structure of (4.11) illustrated by (4.23):

4

�
info-st j focus

n
4

o�

3

"
phon j accent u

info-st

#

edose

2

"
phon j accent u

info-st

#

ta vivlia

1

2
4phon j accent a

info-st j focus
n
1

o
3
5

sto yani

(4.23)

The indirect object, sto Yani, is the most oblique comps-dtr. In addition, its
focus value 1 is the sign itself. Thus, the mother 4 is assigned wide focus
(focus: 4 ).

The requirement that only comps-dtrs can give rise to wide focus blocks wide
focus for head-�ller-phrases. A head-�ller-phrase (e.g. 5 in (4.22)) cannot have
wide focus, as none of its dtrs is a comps-dtr. In this way, the ungrammatical
wide focus reading in (4.12) is ruled out.

The second clause of Principle II handles all focus examples in embedded con-
texts like (4.24):

(4.24) [F
[F

ipe
said-3sg

oti
that

tha
will

apolisoun
�re-3sg

to
the

yani]
Yani-acc]

`S/he said that they'll �re Yani'

The tree in (4.25) shows the structure of (4.24):

5

�
info-st j focus

n
5

o�

4

"
phon j accent u

info-st

#

ipe

3

�
info-st j focus

n
3

o�

2

h
head marker

i
oti

1

�
info-st j focus

n
1

o�

tha apolisun to yanni

(4.25)

First, it is assumed that info-struct is not an appropriate attribute for mark-
ers. This captures the intuition that elements like oti do not contribute to the
information structure of their signs. In (4.25) the head-dtr 1 has wide fo-
cus (focus: 1 ). By the second clause of Principle II the head-marker-phrase 3 is
assigned wide focus as well. As 3 is the most oblique comps-dtr of the matrix
verb (ipe) and it is widely focused the top node 5 is assigned wide focus.
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Finally, the requirement of Principle II that the comps-dtr (or the head-dtr
in a head-marker-phrase) is widely focused prevents a focus value inherited from
a filler-dtr from giving rise to wide focus once it appears on a comps-dtr. For
example, consider the ungrammatical wide focus interpretation of (4.26):

(4.26) *[F
*[F

mas
to-us

ipe
said-3sg

tin
the

parastasi
show-acc

oti
that

skinothetise
directed-3sg

o
the

Petros
Petros-nom

]
]

`S/he said to us that Petros directed the show'

Example (4.26) can only have a narrow focus interpretation as illustrated in (4.27):

7

2
64info-st

2
64focus

n
4

o
tail

n
1 , 2 6

o
3
75
3
75

6

"
phon j accent u

info-st

#

mas ipe

5

2
64info-st

2
64focus

n
4

o
tail

n
1 , 2

o
3
75
3
75

4

2
4phon j accent a

info-st j focus
n
4

o
3
5

tin parastasi

3

�
info-st j tail

n
1 , 2

o�

oti skinothetise o Petros

(4.27)

In (4.27) the most oblique comps-dtr of ipe is the head-�ller-phrase 5 . However,
5 is not widely focused. Although the focus value of 5 is instantiated ( 4 ), it
is not the sign itself ( 5 ). Thus, Principle II cannot apply here. In e�ect, the
ungrammatical wide focus interpretation of (4.26) is ruled out. In (4.27) the top
node 7 inherits the focus value 4 by Principle I.

6 Problems and potential solutions

The current account excludes examples of wide focus like (4.28b):

(4.28) a. Tu tilefonises;
`Did you phone him?'

b. Ne,
Yes,

kai
and

[F
[F

me
me-cl

diaveveose
con�rmed-3sg

oti
that

[L
[L

tis
the

a�ses
posters-acc

]
]
tha
will

tis
them-cl

ehi
have-3sg

etimes
ready-acc.pl

stin
on

ora-tus
time-their

]
]

`Yes, and he reassured me that he'll have the posters ready on
time|that the posters will be ready on time'

Example (4.28b) receives a wide focus interpretation despite the appearence of the
embedded link (tis a�ses). However, the analysis developed in Section 5 does not
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allow a head-�ller-phrase to be widely focused (cf. 4.26) and, in e�ect, the S cannot
be assigned wide focus either.

Further, this analysis cannot be extented to NPs. Consider the following ex-
amples:

(4.29) a. [F
[F

Agorasa
bought-1sg

ena
a

vivlio
book

tu
the-gen

chomsky
Chomsky

]
]

`I bought a book by Chomsky'

b. [F
[F

Agorasa
bought-1sg

mia
a

kokini
red

zaketa
cardigan

]
]

`I bought a red cardigan'

In (4.29) the object NPs are widely focused. However, Principle II does not account
for the assignment of wide focus on these NPs.

Examples (4.29) together with (4.11) indicate that the assignment of wide focus
is not sensitive to the syntactic category of the accented constituent. Rather, it
seems that, at least in Greek, wide focus is only sensitive to the focus value of the
rightmost-daughter. Informally, the facts about wide focus could be described by
the following generalisation:

(4.30) If the rightmost daughter has wide focus, then the mother may have wide
focus as well.

The above generalisation seems to capture the wide focus facts for (4.29&4.11). In
addition, it allows a wide focus interpretation for (4.28b). In this example, the
head-dtr of the head-�ller-phrase has wide focus. Being the rightmost daugther,
it can give rise to wide focus on the head-�ller-phrase. On the other hand, (4.26)
remains excluded, since the focused filler-dtr is not the rightmost daughter. Al-
though the alternative in (4.30) seems promising, the exact nature of this constraint
as well as its expression in HPSG terms warrants further research to be pursued in
future work.

7 Conclusions

In this paper I argued that Topicalisation, CLLD and Focus-movement share the
same underlying syntax which is straightforwardly captured by the HPSG mech-
anism of Unbounded Dependencies. In languages like Greek, UDCs are employed
for the syntactic realisation of Information Packaging and, in particular, for the
realisation of narrow focus and links. The HPSG account captures the interactions
between phonology, syntax and Information Structure in Greek.
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Chapter 5

Information Repackaging

Petr Kubo�n

Abstract. This paper proposes a modi�cation of Vallduv��'s (1992) theory of
information packaging. The modi�cation consists in 1) arguing for treating the
knowledge store of the hearer, where information packaging gets interpreted, as an
abstract data type instead of a �le, and 2) arguing against the purported need for
dividing the ground into two more primitive notions of link and tail.

1 Introduction

Vallduv�� (1992, 1994), and Vallduv�� and Engdahl (1996) present a theory of in-
formation packaging, i.e., of the way how the speaker encodes information in a
sentence to allow the hearer to extract it and use it to update her knowledge store
accordingly. The theory combines two previous approaches to information packag-
ing: 1) the topic/comment (or theme/rheme) approach of Halliday (1967), Gundel
(1974), Reinhart (1982), etc., and 2) the topic/focus (open-proposition/focus, back-
ground/focus, etc.) approach of Sgall, Haji�cov�a, and Panevov�a (1986), von Stechow
(1981), etc., by incorporating their respective primitive notions within a single, hi-
erarchical scheme. On the �rst level the sentence is partitioned into ground and
focus; on the second level the ground is further divided into link and tail.

The focus of a sentence S encodes the (new) information of S (IS), i.e., the
part of the propositional content of S which (the speaker presumes) is not present
in (the relevant subset of) the hearer's model of the common ground Kh at the
time of utterance tu. IS is used by the hearer to augment or modify her model.

The ground is the part of the sentence which encodes what is already known
and attended to in Kh. Its role is to serve as a \hook" into the hearer's model: it
points to the appropriate location in Kh where (in the speaker's opinion) IS should
be entered.

The ground is further divided into link and tail. Vallduv�� argues that such
notions are necessary because the hearer's model of the common ground is not
just a set of facts; it has an internal structure which at the very least supports
the notions of addressing, and local update and retrieval. With respect to such a
model, the link indicates the address where IS should be inserted, while the tail
speci�es how the update is to be carried out.

Vallduv�� follows Heim (1983) in assuming that the hearer's model of the com-
mon ground is structured as a collection of �le cards in a �le. A �le card represents
a discourse entity, a discourse referent, and it mediates between referring expres-
sions on one hand and real-world/model entities on the other. It serves as a \storage
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bin" for attributes and relations pertaining to the entity it denotes; in accord with
the �le metaphor these descriptions are referred to as records.

The focus is the only obligatory part of a sentence, which re
ects the natural
requirement on informativeness of a linguistic exchange. The ground, on the other
hand, is optional|it can (and will) be omitted if (the speaker assumes that) the
hearer already attends to the appropriate location or mode of update in Kh. These
observations result in classifying declarative sentences into four possible types:
1) all-focus (F), 2) link-focus (L-F), 3) link-focus-tail (L-F-T), and 4) focus-tail
(F-T).

The sentence types are also seen as instruction types. In this, more procedural
view, a particular information packaging of a sentence is seen as an instruction
to the hearer how to retrieve IS and use it to update Kh. Each information-
packaging primitive contributes in a distinct and speci�c way to the construc-
tion/interpretation of the instruction. Thus, the four possible sentence types result
in four possible instruction types, i.e., four di�erent ways how IS can �t into Kh.

The informational contribution of the focus to Kh (realized as a �le) is repre-
sented operationally as update(IS ), i.e., as an instruction for the hearer to update
Kh with IS . The link, if present, denotes a �le card fc where the actual update
takes place; it is informationally interpreted as an instruction goto(fc). Finally,
the tail designates a speci�c record/condition on fc and thus further speci�es the
location for the update record(fc). The underlying intuition is that the hearer's
attention is on a particular record if and only if the record should be modi�ed|
completed or altered|by IS . And so, tail also switches the mode of update from
the default add (sentences without tail) to replace.

Under this interpretation of information-packaging primitives, the four possible
instruction types associated with the four types of sentences can be summarized as:

(1) a. update-add(IS ) (F)

b. goto(fc)(update-add(IS )) (L{F)

c. goto(fc)(update-replace(IS ; record(fc))) (L{F{T)

d. update-replace(IS ; record(fc)) (F{T)

In what follows, I propose to modify this theory of information packaging in
two aspects. First, I argue that identifying the structure of the hearer's model of
the common ground with a �le or, indeed, any particular representation language is
too limiting. Rather, the representation should be treated as an abstract data type
in computer science, allowing for realizations in many representation languages.
Second, I question the proposed motivation for dividing the ground into two more
primitive notions of link and tail, and sketch a preliminary version of an alternative
theory of information packaging employing only two primitive notions of ground
and focus.

The rest of the paper is organized as follows. Section 2 identi�es some prob-
lems of Vallduv��'s version of information packaging. The observations are used in
Section 3 in proposing an alternative theory of information packaging. Finally, Sec-
tion 4 summarizes the discussion and points out some directions for future research.

37



2 Problems

There are problems with Vallduv��'s theory as it stands, some of them already iden-
ti�ed in the literature (cf. Hendriks and Dekker 1996). The two main points are:
1) Vallduv��'s arguments for organizing the hearer's knowledge by means of �les and
�le cards are not compelling and do not preclude considering other representations
for the same purpose, and 2) the informational status of links and tails is weaker
than claimed. I discuss these points in turn.

2.1 Organization of Kh

Vallduv�� argues that the hearer's knowledge store has to have a least the internal
structure of a \hypercard" �le, i.e., a collection of �le cards connected by pointers.
He claims that this model is the most e�cient means of organizing Kh for the
purposes of information update. But this claim is not supported by any evaluation
of competing models. Hendriks and Dekker (1996) show that|for the L-F instruc-
tion type|an alternative implementation of information packaging in Discourse
Representation Theory (Kamp and Reyle 1993) would be more e�cient.

This does not invalidate Vallduv��'s claim, but it clearly shows the claim needs
more justi�cation. To maintain that one representation is optimal, a serious study
of time and space e�ciency of a typical set of update operations encountered in
discourses would have to be made. In the absence of any such study, it has to be
concluded that other possible frameworks of knowledge representation (discourse
representation structures, situation theoretic objects, semantic nets, etc.) are also
available as potential candidates for the organization of Kh.

In addition, Hendriks and Dekker (1996) also discuss some technical problems
with the proposed �le representation. These are mainly due to the fact that Heim's
or Vallduv��'s �les in their present form are not suited as models of the hearer's
knowledge store because they cannot represent quanti�ed, negative, hypothetical,
or disjunctive information (cf. also Heim 1983).

2.2 Problems with links and tails

As explained in Section 1, links serve to point the hearer to an \address" in her
knowledge store where the update should take place. In Vallduv��'s model of Kh,
this locus of update is a �le card. Tails then identify a record on this �le card which
should be modi�ed by the information encoded in the focus.

Links without interpretation Thus, Vallduv�� operates under the assump-
tion that Kh is organized into addressable locations which contain the actual infor-
mation and that address (�le cards) and content (records) are mutually incompat-
ible.

This view has serious implications on the structuring of the hearer's model of
the common ground and even on natural language semantics. For if we claim that
every link is interpreted as an address, we are in fact saying that every linguistic
category which can serve as a link denotes an addressable location in the Kh|be
it a �le card, discourse referent, or something else.

Since Vallduv�� also claims that `placement in an appropriate left-hand position
(e.g., prototypical subjects and topicalized phrases) is [one of the ways] to realize
linkhood (1993: 16),' it follows that not only NPs, but also at least VPs, PPs, and
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APs are represented in Kh as �le cards. But this does not agree with Heim's and
Vallduv��'s concepts of a �le. In other words, in Vallduv��'s approach as it stands
there are links which do not seem to have a reasonable functional interpretation.
The following two examples from Ward (1988) illustrate the problem; the link
phrases are marked by bold font here:

(2) Tchaikovsky was one of the most tormented men in musical history. In
fact, one wonders how he managed to produce any music at all. But
produce music he did. (Ward 1988: 47)

(3) `M*A*S*H' means `mobile' and mobile you shall be! (Ward 1988: 60)

Tails and the REPLACEmode Vallduv��'s theory o�ers one potentially strong
argument in favor of link and tails, namely the alleged one-to-one correspondence
between sentence types and instruction types. In particular, the presence of a tail
in the sentence switches the mode of update from add to replace, without ex-
ceptions. Also, the tail identi�es which condition(s) in Kh is (are) to be modi�ed.
But if tails are a useful information packaging primitive, then so by extension are
links|as the complement of tails in the ground.

The correspondence between sentence types and instruction types is weaker
than claimed, though: the presence of tails is only a su�cient but not necessary
condition for switching to the replace mode. For consider the following example:

(4) A: Egad, [
L
the boss ] [

F
won again ]!

B: (No,) [
L
the boss ] [

F
lost ].

It is clear that B's reply in (4) does not contain any tail and, thus, it should
be a simple update-add instruction. It is equally clear, though, that the sentence
should result in an update-replace instruction, replacing the condition(s) derived
from 9 won again by a condition lost(9) on the �le card #9 for the boss. From an
information-packaging viewpoint, there is no di�erence between (4) and its L-F-T
variant such as

(5) A: Egad, [
L
the boss ] [

F
won two pounds ]!

B: (No,) [
L
the boss ] [

F
lost ] [

T
two pounds ].

It follows from these examples that (at least some) L-F sentences are ambigu-
ous with respect to their informational interpretation between the update-add
instruction and the update-replace instruction.

Exactly when this happens is a subject for further study. Based on (4) above
it can be inferred|as a �rst approximation|that potential candidates are simple
sentences with intransitive verbs. Another suspected case is exchanges like1

(6) C: Mom, [
L
Macbeth ] [

F
loves Duncan ].

M : Oh no, dear, [
L
Macbeth ] [

F
hates everybody ].

1Granted, there is an admittedly �ne line between where the role of information pack-
aging stops and where the more powerful memory inference mechanisms take over|but
that is an open question which is relevant for information packaging in general.
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The discussion in this section suggests that we need to look separately at the
two roles associated with information packaging. The �rst role, that of deciding
whether the information should be added or used to modify previous knowledge in
Kh, cannot be delegated to information packaging alone. In the general case, other
sources from the context, such as discourse relations (cf. Mann and Thompson 1988;
Polanyi 1985; Asher 1995), have to be taken into consideration.

The second role, that of identifying where the information should be stored
in Kh, still remains in the domain of information packaging. But even this role
needs to be modi�ed because the position of tails in information packaging has
been weakened by examples like (4) and (6). Since these examples do not contain
tails, the task of identifying the knowledge to be modi�ed by the update-replace
instruction has to be done in these cases either by the focus (since link does not
operate on the level of records) or by the link (if link is also allowed to operate
on records). No matter which position one takes, the alleged need for dividing the
ground into two separate notions of link and tail is seriously questioned.

Status of weak pronouns Vallduv�� �rmly maintains that weak pronouns
are \invisible" to information packaging; they are treated as free variables always
belonging to the focus. There are at least two problems with this approach. First,
it exacerbates the problem discussed in the previous section since sentences which
should be treated as legitimate L-F-T types are treated as L-F or even F types instead:

(7) G: Mom, [
L
Oberon ] [

F
poked Titania ].

N : Oh no, dear, [
F
he tickled her ].

P : Oh no, dear, [
L
Oberon ] [

F
tickled ] [

T
Titania ].

Here, N 's sentence in (7), uttered as a correction to G's sentence, is treated as
an all-focus (F) instruction trigerring the add mode of update; clearly, though, it
should lead to a replace mode with the same result of update as P 's sentence
(uttered in the same context).

Second, if weak pronouns are not treated as legitimate links, information some-
times ends in a counterintuitive location, as in the discourse below:

(8) The boss got broccoli for Christmas.
His wife had to eat it all. (F1)
[
F
He hates ] [

T
broccoli ]. (F2)

In �le F1, before the last sentence is processed, the locus of update is on the �le
card #23 for the boss's wife. This is problematic because the information He hates
broccoli will get recorded on an inappropriate �le card. On the other hand, if he
were treated as a link, the locus of update would be resolved to the �le card #9 for
the boss and the problem would disappear.

In my opinion, these two drawbacks are serious enough to require treating weak
pronouns as other lexical items for the purposes of information packaging. But a
move along these lines signi�cantly changes the distribution of sentences among the
four instruction types and, as such, gives us yet another argument for reevaluating
Vallduv��'s original motivation for the notions of link and tail.
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3 Modi�cations

Taking into account the observations made in Section 2.1, I propose that identifying
the structure of the hearer's model of the common ground with a �le or, indeed,
any particular representation language is too limiting. Rather, the representation
should be treated as an abstract data type in computer science, i.e., it should
be de�ned only in terms of 1) its underlying structure, suitable for representation
of knowledge and interpretation of information-packaging instructions, and 2) the
information packaging operations it has to support. To avoid any confusion with
Vallduv��'s account, I denote the abstract representation as AKh , short for \abstract
knowledge store."

The structure requirements are minimal: AKh only needs to support an ab-
stract notion of an address as a subset of the knowledge in AKh; this is the part of
the knowledge store a�ected by the current update. In addition, a subaddress will
denote an optional, secondary address which will be modi�ed during the update in
the replace mode. The subaddress can but does not have to physically form a
part of the address.

The information-packaging instructions to be supported depend on how many
informational primitives are truly needed for information packaging|a question
which was reopened for discussion in Section 2.2. Since at this time the issue is still
open, I will pursue both options in parallel.

Link, Focus, and Tail In the version of information packaging support-
ing Vallduv��'s three notions, we need to incorporate the insights from previous
sections|in particular, the facts that for some L-F sentence types it is the context
(C) which decides the mode of the update, and the focus2 which determines the
subaddress. Thus, we get �ve possible instruction types (replacing the notion of a
�le card with that of an address and the notion of a record with that of a subad-
dress). The `X: text' notation is meant to identify that `X' determines `text,' where
X can be any information-packaging primitive or context, and `text' can be a mode
of update or subaddress . Also, following the discussion in the previous section, I
am assuming that weak pronouns are treated as other lexical items in information
packaging.

The �ve instruction types are (compare with (1)):

(9) a. update-add(IS ) (F)

b. goto(address)(update-add(IS )) (L{F; C: add)

c. goto(address)(update-replace(IS ;F : subaddress))
(L{F; C: replace)

d. goto(address)(update-replace(IS ;T : subaddress))
(L{F{T; T: replace)

e. update-replace(IS ;T : subaddress) (F{T; T: replace)

Ground and Focus In the version of information packaging supporting only
the notions of ground and focus, the ground always determines the address; it
is informationally interpreted as an instruction locate(address). This operation
is related to the goto operation discussed in the previous section, but it is more
general in that address in this version is not limited to one physical location in AKh

2Or the link, but that alternative is incompatible with Vallduv��'s assumptions about
AKh (cf. Section 2.2), so I pursue the focus variant here as the option of choice.
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(an example follows shortly). The mode of the update|add or replace|is either
determined by the ground or by the context. The focus carries the information of
the sentence IS which is used to update the knowledge on the address according to
the mode. If the mode is replace, the focus together with the ground determines
the subaddress . Below are the equivalents to the �ve instruction types from (9):

(10) a. update-add(IS ) (F)

b. locate(address)(update-add(IS )) (G{F; C: add)

c. locate(address)(update-replace(IS ;G ;F : subaddress))
(G{F; C: replace)

d. locate(address)(update-replace(IS ;G ;F : subaddress))
(G{F; G: replace)

e. locate(address)(update-replace(IS ;G ;F : subadress))
(F{G, G: replace)

It is obvious that the last three instructions can be reduced to a single one, so
we have only three distinct instruction types. Thus, if it can be shown that our
instruction types in (10) are accurate counterparts of those in (9), the ground-focus
version of information packaging will be clearly preferable as the more economical
one.

So let me illustrate on examples how this could be done. Since the all-focus
instruction is treated the same way in both accounts, I will concentrate on the
remaining four types: the information-packaging analysis is done in terms of G-
F partition; the label on the right shows the corresponding analysis in the L-F-T

account. For simplicity, I assume below that AKh is a set of simple facts and use the
Prolog-like convention of denoting variables by uppercase symbols and constants
by lowercase symbols. There are four cases to consider, corresponding respectively
to (9b){(9e).

(11) [
G
The boss ] [

F
hates broccoli ]. (L{F; C: add)

The address is resolved to the (salient) condition the-boss(x). Since the context
marks the mode of update as add, no subaddress is needed. IS is a set consisting
of two conditions hates(x; y), broccoli(y), where y is a constant absent from AKh .
The two conditions are added to the knowledge base.

(12) A: The boss won.
B: (No,) [

G
the boss ] [

F
lost ]. (L{F; C: replace)

The address is again resolved to the (salient) condition the-boss(x). The context
marks the mode as replace and so, as speci�ed above, the ground and focus
together determine the subaddress . Using the ideas from Jackendo� (1972) and
von Stechow (1981), this can be done by replacing the focus lost with a variable
of an appropriate semantic type to create an underspeci�ed condition P(x). This
condition is matched against the content of (the salient part) of AKh to locate the
subaddress , in this case won(x). This condition is then replaced with lost(x).

For the sake of generality, we need to consider two subcases of the next in-
struction type, depending on whether the focus falls exclusively on an NP (13a),
or not (13b):
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(13) a. [
G
The boss hates ] [

F
broccoli ]. (L{F{T; T: replace)

b. [
G
The boss ] [

F
hates ] [

G
broccoli ]. (L{F{T; T: replace)

The address in (13a) is once again the-boss(x). The mode of update, replace, is
determined by the size and category of the ground; essentially, the mode is replace
if the ground is not limited to a single NP. The ground and focus together create
an underspeci�ed condition hates(x; Z). This condition is matched against the
content of AKh ; the result of the match, say hates(x; a), is the subaddress . The
update consists in adding a new condition broccoli(y) into AKh and replacing the
subaddress with hates(x; y).

In (13b) the address is a set of two (salient) conditions: the-boss(x) and broccoli (y).
Thus, the ground determines that the mode of update is replace. As above,
ground and focus create a condition P(x; y). The condition is used to �nd the
subaddress , say adores(x; y), which is then replaced with hates(x; y).

(14) C: John gave Mary a present.
D: (No,) [

F
Fred ] [

G
gave Mary a present ]. (F{T; T: replace)

The address in this case is a set of two conditions: mary(m) and present(p); the
update mode is replace. The subaddress is determined by the familiar process.
First, the condition gave(X;m; p) is created. This condition is then matched against
AKh to locate the subaddress , say gave(j;m; p). Finally, a new condition fred(f) is
added to AKh and the subaddress is replaced with gave(f;m; p).

Thus, in all four cases we get the intended behavior with respect to information
update, without having to divide the ground into link and tail parts. In addition,
the examples also suggest the way to determine when the update mode is replace:
�rst, by looking at the size and category of the ground, and then, in case the ground
is limited to a single NP, taking into account the clues from context. Therefore,
the instruction scheme (10) should be reducible to only three update instructions:

(15) a. update-add(IS ) (F)

b. locate(address)(update-add(IS )) (G-F; C: add)

c. locate(address)(update-replace(IS ;G,F : subaddress))
(G-F; G/C: replace)

Of course, an informal treatment of four examples does not constitute a conclu-
sive evidence, but it shows that this is a very interesting direction to pursue. Kubo�n
(in prep.) contains a much more detailed comparison of the two approaches. He
implements the G-F version of information packaging using discourse representation
structures and the L-F-T version using an extension of Vallduv��'s �les.3 The results
show that both versions account adequately for informational partitions of simple
declarative sentences with quanti�ers. In addition, the �le representation can also
be used to support the G-F version of information packaging, thus contradicting the
strong association of �le cards with links assumed in Vallduv��'s theory. All these
reasons, together with the problems analyzed in Section 2, strongly suggest that

3The extension consists in making the notion of a �le recursive by allowing �les to
contain not only �le cards but also (sub)�les. This modi�cation solves the technical
problems mentioned in the end of Section 2.1.
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the division of the ground into the link and tail parts is not only unnecessary but
likely detrimental for the purposes of information packaging.

4 Conclusion

In this paper, I pointed out some problems of Vallduv��'s (1992) approach to in-
formation packaging and proposed to modify it in two aspects. First, I proposed
to treat the hearer's knowledge store as an abstract data type rather than a �le
(or any other concrete representation language). This approach is more general; in
particular, it allows one to clearly distinguish which aspects of the knowledge store
(information state) are necessary for interpretation of information packaging and
which are not.

Second, I presented data which throw doubt on the purported necessity or
usefulness of dividing ground into two more primitive notions of link and tail. I
showed on simple examples that an alternative theory of information packaging
which uses only two primitive notions of ground and focus could capture the same
intuitions as Vallduv��'s original theory does, while at the same time being more
economical. Due to the space limitations of this paper, the alternative theory could
not be developed formally, but a formal implementation of the ideas described
here is currently under development. The preliminary results support the informal
conclusions reached in this paper.
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Chapter 6

Topic, Adverbial Quanti�cation, and

Backwards Anaphora

Ileana Comorovski

Abstract.

This paper shows that backwards anaphora is possible in sentences involving A-
quanti�cation. Sentences with parallel syntactic structure, but which involve D-
quanti�cation do not generally allow backwards anaphora. These observations
apply both to bound pronouns and to re
exives. The observed facts are explained
in terms of the possibility of A-quanti�ers, but not of quantifying non-subject noun
phrases, to bind variables introduced by the subject. The freedom of the scope of
A- quanti�ers is related to their syntactic freedom.

This paper will analyze sentences in which a pronoun or a re
exive is construed
with a noun phrase which neither precedes nor c-commands it. The sentences to
be considered crucially involve adverbial quanti�cation.

1 The Data

1.1 Pronouns

The following descriptive generalization emerges from an observation of sentences
with pronouns:

1. Weak Crossover and adverbial quanti�cation
In sentences with adverbs of quanti�cation, a pronoun contained in the sub-
ject can be bound by an inde�nite non-subject. This can be observed in
simple sentences as well as in the antecedent clause of conditional donkey-
sentences.

The generalization in (1) is illustrated by the sentences in (2) and (3)

2. Usually, [a published story about hisi private life] describes [a politician]i
negatively.

3. If [an article about hisi private life] describes [a politician]i negatively, hei
usually tries to get it censored.

In contrast, in sentences other than those involving adverbial quanti�cation, a
pronoun contained in the subject cannot generally be bound by a quantifying non-
subject. Sentence (4) below presents an instance of the so-called weak crossover
e�ect, which disallows construal of 'his' with 'no politician':
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4. *[An article about his private life] described [no politician]i negatively.

It must be noted, however, that there are exceptions to the generalization il-
lustrated by sentence (4). These are sentences with an object DP headed by the
determiner "each':

5. [Two of itsi borrowers] damaged [each book]i. (Comorovski (1996))

6. (?) [An article about hisi leadership qualities] described [each presidential
candidate]i in glowing terms.

1.2 Re
exives

Turning now to re
exives, we can put forth the following descriptive generalization:

7. Re
exive binding and adverbial quanti�cation
In sentences with adverbs of quanti�cation, a re
exive contained in the sub-
ject can be bound by an inde�nite non-subject. This can be observed in
simple sentences as well as in the antecedent clause of conditional donkey-
sentences.

The generalization in (7) is illustrated by the sentences below:

8. Usually, [a published picture of himselfi] 
atters [a politician]i.

9. If [a picture of himselfi] 
atters [a politician]i, hei usually tries to get it
published.

In both (8) and (9), the verb '
atter' is to be read as 'show (sb.) better looking
than (s)he is', i.e. '
atter' is not to be taken on its psych-verb meaning. The fact
that none of the examples in (2)-(3) and (8)-(9) contains a psych-verb deserves
mention, since the presence of a psych-verb in a sentence is known to interract with
the syntax of binding relations (cf., for instance, Grimsahw (1990)).

In contrast to the sentences in (8)-(9), in sentences other than those involv-
ing adverbial quanti�cation, a re
exive inside the subject cannot be bound by a
quantifying non-subject:

10. * A published picture of himselfi 
attered [every politician]i.

1.3 Backwards anaphora in modal contexts

As an anonymous reviewer pointed out to me, the observations about backwards in
the context of adverbial quanti�cation can be extended to sentences with modals.
Examples involving backwards anaphora in modal contexts are given below:

11. [An article about hisi private life] should describe [a politician]i in glowing
terms.

12. [A published picture of himselfi] should 
atter [a politician]i.
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1.4 Backwards anaphora and A-quanti�cation

Based on the examples in subsections (1.1)-(1.3), the following generalization can
be drawn:

12. A-quanti�cation, D-quanti�cation and backwards anaphora
Backwards anaphora is possible in sentences involving A-quanti�cation. Sen-
tences with parallel syntactic structure but which involve D-quanti�cation do
not generally allow backwards anaphora. These observations apply both to
bound pronouns and to re
exives.

I have borrowed the terms A-quanti�cation and D-quanti�cation from Bach et
al. (1995), who draw a fundamental distinction between quanti�cation by deter-
miners and quanti�cation by elements which are not contained in the noun phrase,
such as adverbs and auxiliaries ('A' is mnemonic for Adverbs, Auxiliaries, A�xes).

The generalization in (12) unveils a striking syntax-semantics correlation: back-
wards anaphora is blocked in case the DP construed with the pronoun acquires its
quanti�cational force from the determiner which projects it. In what follows, we
will o�er an explanation for this fact. But before that, an analysis of our sentences
involving backwards anaphora is called for.

2 Analysis

2.1 Weak Crossover

Weak crossover and semantic partition Let us �rst consider simple sen-
tences such as (2), repeated below for convenience:

2. Usually, [a published story about hisi private life] describes [a politician]i
negatively.

A remarkable fact about (2) is that it has only an object-asymmetric reading.
To see this, consider the following situation: there are 20 published stories about a
politician and 6 politicians; 15 stories describe negatively one and the same politi-
cian; the other 5 stories make favourable descriptions of the remaining 5 politicians.
Sentence (2) is judged as false in this situation, which shows that (2) has neither a
subject-asymmetric reading nor a symmetric one.

To analyze the meaning of (2), we must: 1) come up with a well-motivated
semantic partition of the sentence, and 2) give a semantic analysis of the two
inde�nites.

Let's start by considering a factor that is crucial to the determination of the
semantic partition of a sentence, namely the distribution of old and new information
in that sentence. I will make the two claims below about sentence (2):

13. a) The of sentence (2) is the subject noun phrase.

b) The object noun phrase 'a politician' is a non-novel inde�nite.

Two terms used in (13) need some clari�cation: the term 'topic' in (13a) and
the term 'non-novel inde�nite' in (13b). Following Vallduv�� (1990) and Portner and
Yabushita (1997), I use the term 'topic' as referring to a phrase which satis�es two
conditions: de�niteness and aboutness. As for the term 'non-novel inde�nite', I have
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borrowed it from Krifka (1998), who suggests that some inde�nites presuppose their
index. According to Krifka, non-novel inde�nites have de�ning characteristics that
distinguish them from both (novel) de�nites and regular inde�nites. Unlike regular
indefnintes, non-novel inde�nties introduce a new index by accommodation, not by
assertion. Unlike (novel) de�nites, non-novel inde�nites do not carry a uniqueness
presupposition. Krifka points out a prosodic property of non-novel inde�nites,
namely the fact that they are destressed, an indication of their anaphoric nature
(cf. Ladd (1980)). For lack of space, I will not go here into Krifka's arguments
for the existence of non-novel inde�nites. I will, however, make use of this type of
inde�nite for the analysis of (2).

The two claims about sentence (2) which are stated in (13) can be supported
by evidence from intonation. Consider the sentences in (14)-(15), which are shorter
than (2), but have parallel syntactic structure and pattern of anaphoric relations:

14. Usually, [a prolonged strike by itsi employees] | r�uins [a company]i.

15. Usually, [a published story about hisi private life] | destr�oys [a politician]i.

A �rst fact to note about the intonation of the sentences above is the intonation
break between the subject and the predicate. This intonation pattern is character-
istic of sentences that have a topic-comment structure, with the subject functioning
as the topic of the sentence (cf. Krifka et al. (1995)).

A second relevant fact about the intonation of (14)-(15) is that the object noun
phrase is destressed and the nuclear stress falls instead on the verb. What could
cause the destressing of the inde�nite objects in (15)-(16)? Let's take (15), for
example. This sentence would normally occur in a discourse about politicians; that
is, a discourse about the kind 'politician'. In such a context, the speaker can quite
plausibly accommodate an instantiation of the kind, i.e. an individual politician. In
this case, the object inde�nite picks an already existing discourse referent, namely
one introduced by accommodation. Being anaphoric in nature, it cannnot carry
nuclear stress and gets destressed.

Having established that the inde�nite subject is the topic of the sentence and
that the inde�nite object is a non-novel inde�nite, I will resort to some by now stan-
dard principles of semantic partition. Following proposals by Berman (1989) and
Partee (1992, 1995) among others, I will assume that presuppositions of quanti�ed
sentences are accommodated in the restrictor of the quanti�er. Given the notion
of 'topic' that we work with, as well as Krifka's characterization of the notion of a
non-novel inde�nite, both the subject and the object inde�nite will contribute to
the content of the restrictive term.

Weak crossover and functional inde�nites Going now to the second
task, namely a semantic analysis of the inde�nites in (2), I will note that sentence
(2) is reminiscent of one class of 'reconstruction' sentences. In the case of 'recon-
struction', a pronoun or a re
exive contained in a fronted constituent is bound by
an antecedent which c-commands the gap associated with the fronted phrase. The
kind of reconstruction sentences we are interested in are those in which the binder
is a quantifying noun phrase, as, for instance, in (16):

16. [Which of hisi novels] did [every author]i read from ; ?
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Engdahl (1986) suggests a semantic approach to 'reconstruction' in wh-questions
in which she makes use of a variable over relations in the translation of 'recon-
structed' wh-phrases. Engdahl adduces independent evidence for a relational anal-
ysis of wh-phrases from question-answer pairs such as the following, in which the
answer is a functional one:

17. Q: Who does every man love best ?

A: His mother.

18. Q: [Which of hisi novels] did [every author]i read from ?

A: His latest novel.

As �rst observed by Groenendijk and Stokhof (1984: 196�.), not only wh-
phrases, but also inde�nites, must sometimes be given a functional interpretation.
This can be seen from (19b):

19. There is [a woman who every Englishman loves]

a. namely the Queen (= 'individual continuation')

b. namely his mother. (= 'functional continuation')

In (19b), the referent of the inde�nite 'a woman who every man loves' is given
by what Groenendijk and Stokhof call 'the functional continuation' of the sentence.

Given that inde�nites sometimes have a functional interpretation anyway, I will
resort to a functional analysis of the inde�nite subject in (2) (i.e. 'a published story
about his private life'), which, just like Engdahl's wh-phrases, contains a pronoun
bound by a non-c-commanding antecedent.

Topic, weak crossover and scope Having an answer to both the question
of the semantic partition of sentence (2) and the question of the analysis of the two
inde�nites in (2), we are at the point where we can propose the following semantic
representation for this sentence:

20. 9 f MOSTx [politician (x) ^ story-about-x's life (f(x))] [describe-negatively
(f(x), x)]

The representation in (20) takes into account the topichood of the subject
inde�nite and the presuppositional character of the object inde�nite. The function
variable in (20) is introduced by the subject inde�nite, i.e. the inde�nite which
contains a bound pronoun. The variable 'f' is not of the appropriate semantic type
to be bound by the unselective quanti�er introduced by the adverb of quanti�cation.
What is the source of the wide scope existential quanti�er that binds the function
variable?

Since the function variable is introduced by the topic of the sentence and we
work with a notion of topic which requires both aboutness and de�niteness, the
topic of (2) should be linked to an already existing discourse referent. But since
the topic of (2) is an inde�nite, it cannot directly satisfy the de�niteness condition in
the notion of a topic that we have adopted. If we want to maintain this notion and
at the same time to take into account the evidence from intonation for the topicality
of the inde�nite subject, we will have to analyze the subject inde�nite as a non-
novel inde�nite, i.e. an inde�nite whose index is introduced by accommodation.
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Just as in the case of the non-novel object inde�nite, we need some previously
existing discourse referent that facilitates the accommodation of 'a published story
about his private life'. This discourse referent can be the kind 'published story'. By
de�nition, any story has a theme: the thematic role 'theme' is part of the thematic
grid of the noun 'story'. Thus, the already existing discourse referent represents the
kind 'published story (about something)', where 'about something' is contributed
by the thematic grid in the lexical entry of the noun 'story'. If there is already an
established discourse referent for the kind 'published story (about something)', the
speaker can accommodate an instantiation of this kind, namely 'a published story
about his private life'.

In our analysis of sentence (2), 'a published story about his private life in-
troduces two variables in the restrictor of the adverbial quanti�er: the individual
variable 'x', which is bound by 'MOST, and the function variable 'f', which remains
free. I suggest that the function variable is bound with wide scope existential clo-
sure because it is introduced by accommodation and linked via the kind-object
relation to an already existing discourse referent.

The formula in (20) is logically equivalent to (21):

21. MOSTx 9 y [politician (x) ^ story-about-x's life (y)] [describe-negatively (y,
x)]

Given the scope relations in (21), we can conclude that weak crossover e�ects
do not arise if the antecedent of the pronoun is bound with wider scope than the
pronoun-containing noun phrase.

A similar conclusion is reached in Comorovski (1997) concerning the possibility
of backwards anaphora in the antecedent clause of conditional donkey-sentences, as
exempli�ed in (3) above.

Weak crossover and D-quanti�cation As we have seen in section 1, weak
crossover e�ects do not necessarily appear in sentences in which the domain of
quanti�cation of the determiner heading a non-subject DP is already given. This
fact was illustrated by sentences (5) and (6):

5. [Two of itsi borrowers] damaged [each book]i. (Comorovski (1996))

6. (?) [An article about hisi leadership qualities] described [each presidential
candidate]i in glowing terms.

Comorovski (1985, 1996) and E. Kiss (1993) note that non-subject noun phrases
can take scope over the subject only if they are headed by a determiner which
quanti�es over an already given domain. Since the non-subject noun phrases in
(5) and (6) are presuppositional, it appears again that weak crossover e�ects get
cancelled just in case the antecedent of the pronoun scopes over the noun phrase
which contains the pronoun.

Conclusion Weak crossover e�ects do not arise if the antecedent of the bound
pronoun has wider scope than the noun phrase containing the pronoun.
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2.2 Re
exive Binding

Pollard and Sag (1992) and Reinhart and Reuland (1993) note that grammatical
binding conditions apply only to co-arguments of a verb. Therefore, re
exives in
picture-NPs do not fall under such conditions. According to these authors, re
ex-
ives in picture-NPs are very much like pronouns, but are subject to an additional
discourse constraint: they must be either emphatic or logophoric.

To take an example, the re
exive 'herself' in sentence (22) below is contained
in a picture-NP and is not c-commanded by its antecedent 'Mary', whose referent
is the 'subject of consciousess' in the text (to borrow Zribi-Hertz's (1989) term).

22. The picture of hersel� on the front page of the Times con�rmed the allegations
Maryi had been making over the years. ( Pollard and Sag (1992))

Note, however, that the re
exives in our examples (8), (9), and (12) are neither
emphatic nor logophoric (they do not refer to the individual whose point of view is
represented in the text). We conclude that re
exives which appear in picture NPs
and are bound by an A-quanti�er are subject to neither grammaticality conditions
nor a discourse-based condition such as logophoricity.

In sentences (8), which just like sentence (2) has only an object asymmetric
reading, the antecedent of the re
exive has wider scope than the picture-NP con-
taining the re
exive (the analysis is the same as for (2)). These scope relations
allow the re
exive to be construed with a non-c-commanding antecedent.

3 Backwards anaphora and the syntax-semantics
interface

Recall our generalization in (12), repeated below for convenience:

12. A-quanti�cation, D-quanti�cation and backwards anaphora Backwards anaphora
is possible in sentences involving A-quanti�cation. Sentences with parallel
syntactic structure but which involve D-quanti�cation do not generally allow
backwards anaphora. These observations apply both to bound pronouns and
to re
exives.

I will relate the generalization in (12) to an obvious syntactic di�erence between
A-quanti�ers and D-quanti�ers. The latter have a �xed position, which is moreover
inside the noun phrase (in English, at least). The former - whether they are adverbs
of quanti�cation or modal verbs - are situated outside the noun phrase. I believe
that this syntactic di�erence is responsible for the possibility of backwards anaphora
in contexts of A-quanti�cation, but not of D-quanti�cation.

The scope of noun phrases headed by a quantifying determiner is syntactically
determined by c-command and/or precedence relations (cf. Fodor (1982)). As an
exception to this generalization about scope, we have seen the case of noun phrases
headed by a determiner which quanti�es over an already given domain; presuppo-
sitionality and scope obviously interact. The role of existential presupposition in
determining scope in the case of D-quanti�cation is an issue I will put aside.

A-quanti�ers are situated outside the noun phrase. The freedom of their scope
could in principle be traced to one of the following two factors: 1) c-command, or
2) syntactic freedom. Let us brie
y examine them in turn.
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Adverbs of quanti�cation, and in particular frequency adverbs, do not have
a �xed position in the sentence: they can occur sentence-initially, sentence-�nally,
immediately before or immediately after the leftmost element of the verbal auxiliary
complex. They can be argued to c- command the subject from at least some of
these positions if several theoretical assumptions are made, among which are the
de�nition of c-command and dominance. As for modal verbs, whether they do or
do not c-command the subject depends on the answer to the hotly debated issue of
the syntactic structure of the verbal auxiliary system. We see then that an attempt
to reduce scope possibilities to c-command in the case of A-quanti�ers depends
both on theory- internal decisions and on syntactic analyses about which there is
no wide agreement for the moment.

I will therefore take the second course and suggest that the freedom of the scope
of A- quanti�ers is related to the fact that they are outside the noun phrase and
therefore, as di�erent from D-quanti�ers, their position does not depend on that of
the noun phrases they are associated with. In the case of adverbs of quanti�cation in
particualr, it is very tempting to attribute their freedom of scope to their syntactic
freedom.
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Chapter 7

Information Packaging in Japanese

John Fry and Stefan Kaufmann

Abstract. In Sections 1 and 2 we examine the information structure of Japanese
through the lens of Vallduv��'s theory of information packaging. Certain Japanese
phenomena lead us in Sections 3 and 4 to consider two extensions to the standard
�lecard model that are inspired by centering theory and database design.

1 Japanese wa as a link marker

In Vallduv��'s analysis of Catalan [Val92, Val93], the overt material in the core clause
is interpreted as focus; ground elements are detached from the core, with links
(�lecard addresses) conveniently detached to the left and tails (record pointers)
to the right. If it turned out that Japanese also manifested neat grammatical
distinctions for link, focus, and tail, then this fact would be a strong argument in
support of Vallduv��'s model.

Previous authors [Wat89, Hey94, Kai98, PY98] (whose insights we build on
here) take as their point of departure the assumption that the postpositional topic
marker wa is the link marker in Japanese. This is reasonable as a �rst approx-
imation; however, in this section we argue that wa-marking is in fact neither a
necessary nor su�cient condition for linkhood.

Thematic and contrastive wa

It is well known that wa-marked phrases sometimes carry a contrastive rather than
thematic reading [Kun73, Chap. 2]. A number of properties distinguish the two
uses. Thematic wa is restricted to discourse-salient referents, while contrastive wa
can mark new information. A thematic wa-phrase goes unstressed, while a con-
trastive wa-phrase receives prominent intonation. A sentence is restricted to at most
one thematic phrase, which if present appears in sentence-initial position; however,
multiple elements within the sentence can be marked in situ with contrastive wa.
And while the topic generally falls outside of the scope of negation, phrases marked
by contrastive wa are interpreted as the target of negation [McG87]. Thus the
properties of thematic wa match up nicely with Vallduv��'s characterization of the
link. Contrastive wa-phrases which contain new information and receive prominent
intonation should be considered focus elements.
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Two thematic wa 's

Presumably, the claim that wa marks linkhood is a claim about the thematic wa
and not the contrastive one. However, some instances of thematic wa cannot be
interpreted as link instructions. Shibatani [Shi90, Sec. 11.2] makes a distinction
between two types of preposed wa sentences. The �rst represents a true categorical
judgment [Kur72] about the entity which is the wa-marked topic. An example is
sentence (7.1a), in which the topicalized element kyou (`today') denotes an entity
about which a property is asserted.

(7.1) a. Kyou-wa
today

[tenki-ga
weather-subj

ii].
is good

`Today is such that the weather is good.'

b. Kyou-wa
today

[boku-ga
I-subj

[e] ryouri-siyou].
cook-do-vol

`Today, I will cook.'

The second type, exempli�ed by (7.1b), Shibatani calls the `stylistic' topic construc-
tion. Here an element is wa-marked and fronted, but the e�ect is of mild emphasis
rather than true topicalization. Shibatani suggests that a true topic construction
like (7.1a) is base-generated, while the stylistic topic results from movement of
the fronted element out of the predicate, as indicated in (7.1b). In any case, the
phenomenon includes examples like the wa-marked PPs in (7.2) and (7.3).

(7.2) Hatizi-made-wa
8 o'clock-until

matu
wait

`(I will) wait until eight o'clock.'

(7.3) Tookyoo-kara-wa
Tokyo-from

John-ga
John-subj

kita.
came

`From Tokyo, John came.'

Whatever the wa-marked phrases in (7.1b)-(7.3) denote, clearly they are not
links. Heycock [Hey94], who takes the function of wa to be link-marking, notes that
one could perhaps argue instead that Japanese has a particular syntactic position
(e.g. SpecCP) that is specialized for links, as in Catalan. A Japanese sentence is
restricted to at most one thematic wa phrase, including the `stylistic' one. It follows
that if the thematic wa phrase in fact occupies a particular syntactic position, then
this slot may well be specialized for links, but not exclusively, since it can sometimes
host nonlinks as well.

The particle ga

The Japanese postpositional particle ga is often viewed as a nominative case marker;
it marks the grammatical subject of a sentence.1 Whether the subject of a sentence
is marked by wa or ga conveys a variety of information about it, and this contrast
has received much attention [Kur72, Kun73, HMI87, Wat89]. One di�erence is
that ga is often used to introduce new discourse entities. Thus ga is often a focus
marker, analogous to the A accent [Jac72] in English. Heycock [Hey94] also gives

1For a restricted class of transitive predicates ga marks the object.
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an example where a ga-phrase acts as a tail rather than a focus element. However,
she takes wa-marking to be a necessary condition for linkhood and therefore rules
out the possibility of ga-phrases behaving as links.

Under Vallduv��'s analysis, all preverbal subjects of Catalan are interpreted as
links. In English, subjects with B accent are links. It seems to us that despite
the association of ga with new information, Japanese subjects marked with ga
are sometimes links too.2 For example, a request for information about John is
naturally answered with John-wa kaetta (`John left'), but could also be answered
with John-ga kaetta (`What John did was leave'). The latter response might be
used when leaving is seen as a surprising or unlikely activity for John. Shibatani
[Shi90, Sec. 11.2] gives other examples where ga is used instead of wa in a discourse
to present the events as discrete scenes, as if each event were witnessed afresh.
In cases like these, ga-marked phrases are sentence-initial ground elements whose
corresponding �lecards are the only plausible destinations for the propositions ex-
pressed by the sentences in which they occur. We conclude then that not all tokens
of wa are link markers, and not all links are marked by wa.

2 Other facets of Japanese information structure

Prosody

In Japanese, intonational prominence (like word accent) is realized mainly through
pitch. The locus of Japanese sentence accent falls on the leftmost accentable con-
stituent of the accent phrase. The sentence accent generally marks the point of
information focus or contrastive prominence in the utterance. In the unmarked
case, the location of the accent is determined by the syntax; a sentence whose sen-
tence accent deviates from the unmarked pattern generally receives a contrastive
or narrow focus reading.

The examples in (7.4) illustrate the e�ect of sentence accent falling on di�er-
ent constituents in the sentence. Here we use boldface to mark morae that are
slightly above the intonation baseline (e.g. word accents), and upper-case to mark
the higher-pitch sentence accent, corresponding roughly to the A accent in English.

(7.4) a. KEsa
this morning

okasi-o
cakes-obj

tabete-imasita.
eating-was

`I was eating cakes THIS MORNING.'

b. kesa oKAsi-o tabete imasita.
`I was eating CAKES this morning.'

c. kesa okasi-o TABETE IMAsita.
`I was EATING cakes this morning.'

Utterance (7.4b) bears unmarked sentence accent and hence allows both broad and
narrow focus readings. That is, it can be interpreted as an answer to the general
query \What were you doing this morning?" as well as \What were you eating
this morning?" On the other hand, (7.4a) and (7.4c) can only be interpreted as
narrow-focus answers to speci�c queries. All three examples in (7.4) can also receive
contrastive focus interpretations.

2This is not a contradiction, since it is sometimes possible for the link to point to a
new address, thereby simultaneously creating and pointing to that �lecard [Val92].
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Most accentable () Least accentable

ga-phrases/wh-words nouns adverbs wa-phrases verbs/particles

Table 7.1: Scale of accentability [Mat84]

Japanese exhibits what Vallduv�� calls `plastic' intonational structure|the prosodic
structure of the sentence is fairly malleable to the information packaging needs of the
speaker. Matsunaga [Mat84] observes however that certain syntactic categories are
more likely to receive sentence accent than others, as illustrated in Table 7.1.3 Not
surprisingly, the focus-accentability of thematic wa phrases, which refer anaphori-
cally to already salient entities, is lower than that of ga phrases which usually refer
to new information.

Constituent ordering

The ordering of constituents within a Japanese sentence is another parameter that
conveys aspects of its information structure. In Japanese (as in many `free' word
order languages), given information tends to precede new information within the
sentence. Prague school approaches [SHP86] assume that elements exhibit a �ne
gradation of `communicative dynamism' from left to right across the sentence. Many
approaches assume explicit syntactic slots for topic and focus|topic is assumed to
occupy a leftmost position detached from the rest of the sentence, with the default
focus position just to the left of the verb (cf. Hungarian, Basque, Turkish).

Japanese enjoys freer word order than English, although SOV is the preferred,
unmarked con�guration and the verb must be sentence-�nal. Grammatical func-
tions are identi�ed by overt, postpositional case particles such as ga (subject) and
o (object). Although an object may precede the subject, the presence of more than
one object in front of the subject sounds unnatural|thus Japanese \scrambling"
phenomena are sometimes characterized as \fronting" (implying less freedom). The
fronting of a constituent tends to mildly emphasize it and increase its salience.

The post-verbal construction

As noted above, the verb must come at the end of a sentence and cannot be scram-
bled. However, in colloquial speech certain constituents can sometimes appear after
the main verb, as illustrated in (7.5).

(7.5) Mou
already

yonda,
read,

kono
this

hon.
book

`I've already read this book.'

The pragmatic e�ect is that the postposed phrase seems to suggest some kind of
afterthought. The intonation pattern also implies this, since the verb is uttered
with the usual sentence-�nal falling intonation, and the postposed element is added
quickly with low, 
at intonation.

Kaiser suggests that Japanese uses this construction as a means of overtly
marking tails [Kai98]. Her analysis is attractive in that it meshes with Vallduv��'s

3Note that prosodic focus can be so narrow that even individual particles receive sen-
tence accent (Table 7.1).
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English Catalan Japanese

Intonation plastic nonplastic plastic

Word order links optionally ground 
exible,
front detached given!new

Focus A-accent A-accent, A-accent, default
core clause preverbal slot

B-accent, left-detached, wa-marked,
Link often initial unaccented sentence-initial,

unaccented

Tail non-link right-detached non-link, optionally
right-detached

Table 7.2: Crosslinguistic comparison

identi�cation of right-detached elements in Catalan with tails. Furthermore, the
characterization of the postposed phrases as afterthoughts implies that they would
be good candidates for helpful update-replace instructions, i.e. tails. Unfortunately,
however, the comparison with Catalan again falls somewhat short. First, as Kaiser
acknowledges, the postposed elements are not always hearer-old. Secondly, wa-
marked topics, ostensibly links, can be postposed. Kaiser excludes the possibility
of non-initial links in principle; however, examples of non-sentence-initial links are
found in many languages [EV94, p. 50], so this assumption might be questioned.

Conclusion

Having surveyed the major information packaging phenomena of Japanese, we com-
pare them to the corresponding features of English and Catalan in Table 7.2. This
table is intended to complement similar crosslinguistic charts in [EV94]. As we ar-
gued, however, the �t of the Japanese entries in Table 7.2 is not always a comfortable
one. While the particle wa is generally associated with the link, the association is
not exclusive in either direction; similarly, while the postverbal construction often
hosts tails, nontails can be postposed as well.

In the next two sections we consider some extensions to the standard �lecard
model which are motivated by certain facts about Japanese as well as theory-
internal considerations. We warn that this subsequent material is somewhat spec-
ulative and is not intended to provide a full account of the material covered in
Sections 1 and 2.

3 Information packaging and centering

Weak pronominals, including English unaccented pronouns as well as clitic pronom-
inals and zero pronouns in Catalan, are \inert as far as information packaging is
concerned" [EV94]. For example, in the focus-tail utterance [[(But he's) NOTF ]
deadT ], the weak pronoun he appears within the focus phrase by default, but in
fact is not associated with any instruction type. For link-less utterances it is as-
sumed that the locus of update is either inherited from earlier in the discourse or
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is somehow recoverable from context.
In Japanese, the ubiquity of zero pronouns means that constituents that would

be part of the ground if expressed overtly are frequently omitted, resulting in a large
percentage of utterances that are mostly or entirely focus. This raises a question
about how the information in highly underspeci�ed Japanese utterances is in fact
`unpackaged' by the hearer: given impoverished instructions, how is the locus of
update to be selected?4

One approach to this \missing link" problem is suggested by the centering dis-
course processing model [GJW95]. Centering and information packaging are inher-
ently compatible: both models keep track of the entities mentioned in a discourse,
and both view the sentence as providing a function from an input information state
to an output state. We propose a natural point at which to integrate these two
compatible models: the identi�cation of the locus of update of an utterance Ui
with Ui's preferred center Cp.5 Note that for sentences with wa-marked links, one
would expect the link to become the preferred center anyway, since topic takes the
highest position in the Japanese Cf ranking hierarchy [Kam85, WIC94]. For link-
less utterances, the Cp would provide the �le clerk with a useful (but defeasible)
heuristic about which card to select.

As Dekker and Hendriks [DH94] point out, given Vallduv��'s notion of the current
locus of update, the tools are in place for determining pronominal reference within
the information packaging system. An integrated approach would seem to o�er
an enriched model in which both information update and pronoun resolution are
accounted for.6

4 A closer look at the �le system

What the �le clerk points to

A problem arises in Vallduv��'s system when the link represents a property or a
relation, as in (7.6).

(7.6) a. Dare-ga
Who-sub

siawase
happy

desu-ka
cop-q

`Who is happy?'

b. Noriko-da. c. Siawase-nano-wa Noriko da.
Noriko-cop happy-nomin Noriko-cop

`Noriko.' `It is Noriko who is happy.'

4Heycock [Hey94] proposes that for sentences with stage-level predicates, an implicit
Davidsonian event argument could be interpreted as the link. Portner and Yabushita
[PY98] also consider this approach but note some problems with it.

5Due to lack of space we must assume familiarity with centering concepts like the
backward-looking (Cb), forward-looking (Cf) and preferred (Cp) centers, and the basic
discourse transition relations. Ho�man [Hof98] also considers the packaging/centering in-
terface, but seems to identify the locus of update with the Cb, not the Cp. The distinction
becomes important during a RETAIN transition between utterances Ui and Ui+1, where
Cbi+1 = Cbi but Cbi+1 6= Cpi+1. If an element e is introduced via a link in Ui+1, then e
becomes the new Cp (sentence topic), but not the Cb (discourse topic).

6The �rst author and his colleagues are working on an implementation of this approach
in the form of a Japanese spoken dialogue system [FAM98].
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person hate thing

620

president

32

Figure 7.1: The president hates the Delft china set

An alternative to the all-focus response (7.6b) is (7.6c), whose information structure
can be preserved in the English rendering by it-clefting. In either case, what �lecard
did the hearer's �le clerk select after the utterance of (7.6a) for the addition of this
information, and how was the update performed? The only active card involved
seems to be the one standing for Noriko.

In order to account for such cases, a system is needed in which the clerk
can point to properties. To provide this, we suggest a modi�cation of Vallduv��'s
metaphor of the �lecard system to one closer to a relational database [Ull82]. Here
we will use only a common high-level description language of such databases, viz.
the ER (Entities and Relationships) model introduced in [Che76].

Figure 7.1 illustrates some of the basic conventions of the ER model: Names
of sets of individuals (entities) are enclosed in rectangles, relationships between
entity sets in diamonds. The connecting lines indicate that the hate relationship
holds between certain persons and objects. Attributes, written in ovals, associate
values from some domain directly with single entities or relationships. Where the
mapping from the values to the entities or relations is a function, the attribute is
a key. Each entity is assigned its primary key (PK), which uniquely identi�es it
(this role is played by arbitrary, but unique numbers in the �gure). In this way,
an individual's primary key is \scattered" throughout the objects representing its
properties and the relationships it participates in.7

For the discourse in (7.6), then, suppose that happy is an entity set, standing
for a set of (1-tuples of primary keys of) persons. Then (7.6b) is felicitous only if
the �le clerk already holds the address of this entity set. When encountering (7.6b),
it adds the key belonging to Noriko to the set. If the �le clerk had been pointing
to a di�erent location, incompatibility or miscommunication would have resulted.
(7.6c) is slightly more robust in this last respect. It can lead to a successful update
even if the �le clerk is pointing to some other location than that of happy. Here the
wa-marked phrase (link) directs the �le clerk to the happy table, where Noriko's
primary key is added.

What the �le clerk is

The �le clerk is often depicted as something that moves about in the �le system
and points to cards. For example, consider (7.7).

7Instances of entities or relationships can then be represented as tuples of PK values,
i.e. sequences of length n for n-ary relations. The tuples are encoded as rows in tables
(whose columns correspond to roles), which make up the database.
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(7.7) a. Katyou-wa osusi-o dou sita? b. Tabetano.
boss-top sushi-obj how did-do-q ate

`What did the boss do to the sushi?' `He ate it.'

Here the �le clerk is sent to a record for sushi on the card for the boss, and the
information that the former ate the latter is added. But this is not the end of the
update: a hypercard-style pointer to the boss card must be added to the sushi card
as well [Val94]. Thus the record, though entered on only one �lecard,8 ends up
equally visible from both locations. This system is claimed to be more \e�cient"
than one where the record is written on all the �lecards. This is true with respect
to the number of times the information is written; however, as Hendriks and Dekker
note [HD96], in Vallduv��'s model the �le clerk still has to make new moves as the
number of arguments grows.

From another (equivalent) perspective, the �le clerk can be viewed as a variable
holding addresses. Moving around then corresponds to changing its value. In (7.8b)
this variable seems to keep track of more than one location:

(7.8) a. Katyou-wa
boss

kinou
yesterday

kaetta.
left

`The boss left yesterday.'

b. Kyou-wa nokoru. c. Kyou-wa kayoubi-da.
today stay today Tuesday-cop

`Today he's going to stay.' `Today is Tuesday.'

In (7.8b), kyou-wa is used contrastively (against kinou). In �lecard terms, katyou
remains the locus of update, but a new record is indicated on that �lecard. Contrast
this with (7.8c), a true topic construction, where katyou is replaced by kyou as the
locus of update. In both cases, kyou-wa is instructing the clerk to point to the
location of today ; however, in (7.8b), katyou remains the locus of update (and the
Cp of the centering theory discussed in Section 3). It appears that (7.8b) somehow
involves two addresses; that is, the clerk points to both katyou and kyou (replacing
kinou) simultaneously.

Here we illustrate how a single database update can produce the same result
as in the traditional �lecard model. We identify the stage at which information
packaging is relevant with the interface where database operations are prepared.
In the case of example (7.8), the �le clerk values on the left are used to build the
database instructions on the right (here using SQL syntax):

(7.9) a. hLeave; b; yi 7! insert into L values b, y

b1. hLeave; b; ti
b2. hStay; b; ti 7! insert into S values b, t

8Portner and Yabushita [PY98, p. 120{7] suggest that there is in fact a real asymmetry
that Vallduv��'s system accounts for. They note that a discourse entity e is more readily
picked out with information that was previously attributed to e when e was a wa-marked
topic, i.e. when this information was updated on e's �lecard speci�cally. Presumably
symmetrical update systems like Heim's and DRT (and the one we propose here) cannot
capture this asymmetry. We cannot discuss their data here; while they are interesting,
they involve very subtle judgments in which the information packaging account must be
carefully weighed against competing pragmatic explanations.
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Line (7.9b1) shows the result of processing kyou-wa in (7.8b). The argument y is
replaced with t in the �le clerk settings (recall that changing this value amounts
to moving the �le clerk to the location of kyou). The key b corresponding to
katyou remains the underlying topic and is reused from the clerk for this instruction.
Finally, the focused element nokoru is inserted into the SQL expression, producing
the �nal instruction in (7.9b2).

9

Conclusion

To sum up the ideas in this section: The �le clerk variable is a tuple holding
addresses of both entities and relationships. As the interface to the knowledge
store (seen here as a relational database), the clerk, equipped with centering-style
heuristics, is charged with keeping track of the discourse context while generating
database update instructions.

This picture is not incompatible with proposals for replacing the �lecard metaphor
with DRSs [DH94]. As Engdahl and Vallduv�� observe [EV94], �lecards play a role
similar to that of DRT's discourse referents, although the former have no equivalent
to the latter's semantics of embedding. In addition, the �le system has the clerk
variable, which can assist in what in expositions of DRT is usually called \�nding
a suitable antecedent."10 An integrated discourse model might use something akin
to a DRS which objecti�es properties and relations similarly to the ER formalism
and has an additional layer of structure to represent the �le clerk.
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Chapter 8

Topic and Focus Structures
The Dynamics of Tree Growth1

Ruth Kempson and Wilfried Meyer Viol

Abstract. This paper deals with the syntactic realization of topic and focus
as represented by Clitic Left Dislocation, Topicalization and Scrambling in a left-
right parsing model which incrementally constructs a logical form while processing
a natural language string from left to right. The aim is to provide a unifying cross-
language typology for such dislocation structures, distinguishing them solely in
terms of di�erent growth strategies and their interaction with a process of anaphora
resolution without requiring a grammar internal concept of anaphoric binding. This
paper contributes to the LDSNL framework which advocates a shift in the concept
of a grammar formalism for natural language to a grammar as a schematic left-right
parser.

1 Introduction

Despite a considerable amount of work on the semantics of focus, the relation
between topic and focus is not often addressed in formal terms.2 In this pa-
per, we address the relatively modest goal of modelling the on-line process of
interpreting the family of `dislocation' structures known variously as Clitic Left-
Dislocation (CLLD), Topicalization and Scrambling, presenting a typology across
di�erent language types. From a syntactic perspective, these structures are asso-
ciated with di�erent restrictions, and hence need to be given quite di�erent char-
acterisations. Pragmatically, despite widespread assumption to the contrary, as
Prince [Prince, 1995] demonstrates in detail, none of the structures corresponds to
but a single form of processing and constructing structural explanations for each
form leads to multiplication of structural possibilities well beyond what is realised
in any natural language. We shall argue that these structures are nevertheless to
be explained in terms of the dynamics of language processing, by showing how the
di�erent cross-language e�ects arising from the interaction of long-distance depen-
dency and anaphora resolution can be explained in terms of a model based on the
step by step, left to right, processing of the structures in question. The explanation
is in terms of an entirely general characterisation of pronoun construal, without
a grammar-speci�c characterisation of resumptive (or any other sub-type of) pro-
nouns. We shall take this to be indicative of the general perspective adopted - that
a natural language grammar is a schematic parser integrating the articulation of

1The work on this project has been partly funded by EPSRC projects GR/K68776,
GR/K67397

2cf. [Porter & Yabushita, 1998] for a model-theoretic account of topic, and
[Erteschik-Shir, 1997] for an account of topic and focus structures in terms of `�les'.
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the structural basis of natural language with pragmatic processes such as anaphora
resolution.

The background framework is a formal model of the incremental process of
natural language (NL) parsing, where this is de�ned as the progressive building
up of a logical form corresponding to a possible interpretation of the string. The
centrepin of the interpretation process is the concept of tree growth. Using a modal
tree-description language (LOFT - [Blackburn & Meyer-Viol, 1994], we model the
interpretation process for a sentence as the successive setting up of nodes in a
tree representation of a logical form for that string. Each node comes into being
with some set of requirements (for annotations on that node), which must then be
progressively satis�ed by annotations supplied by the string. Only those trees in
which the requirements associated with all nodes are satis�ed the moment the string
has been completely traversed, can correspond to logical forms for a given string.
We propose that the interpretive e�ects associated with CLLD and Topicalisation
structures result from discrete ways of building up a logical form from the various
strings, an explanation which (partly) turns on this requirement/annotation dis-
tinction. In dislocation structures lacking a resumptive pronoun, a tree description
is constructed in which the focussed constituent projects a logical term as an an-
notation on a node that is as yet un�xed, (its position in the representational tree
having to be subsequently de�ned). This re
ects the fact that that term does not
yet have a de�nite role in the (partial) logical form:

(1) The woman I met in London, John interviewed at length.

In structures with a resumptive pronoun, the focussed constituent projects the
same logical term on an un�xed node, but now as a requirement. This will force
every grammatical continuation of the string to contain a constituent projecting the
necessary annotation:3

(2) As for the woman I met in London, John interviewed her at length.

The variation across languages according to whether dislocated constituents are
sensitive to island constraints turns on the possible relations between the un�xed
node and the root of the tree in which that node is created.

All strings displaying some dislocated expression will on this account project
a propositional structure identical to that projected by the `basic' string without
dislocated constituents:

(3) John interviewed the woman I met in London at length.

As a consequence of our analysis simple and dislocated variants - (1) and (3) - will be
assigned an identical propositional structure, and left-dislocated expressions with
a resumptive pronominal in the main clause - (2) - will di�er from these two only
in projecting in addition a copy of some term from that propositional structure.

2 The LDSNL Framework

The overall process of interpretation is modelled as a goal-driven, incremental,
structure-building operation: the goal is to establish a logical formula of type t by
setting up an annotated tree structure re
ecting its combinatorial structure: the

3Such examples are only available in English with the as for construction.
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formulae annotating the daughters of a node are combined (through, for instance,
function application) to give the formula annotating the mother node. The annota-
tions at a node of the tree are formulated in LOFT , a propositional modal language
of finite trees (cf. [Blackburn & Meyer-Viol, 1994]).
| The atomic propositions of the language express that certain label- and formula-
predicates have some value. The values of the Fo (Formula) predicate are expres-
sions of a lambda calculus with variable-binding-term operators. The set of label
predicates includes the type predicate Ty, and other syntactic features. NPs are
taken to project variable-binding term-operator expressions of type e which bind
an open variable in formulae of type cn, projected by nominal expressions.
| The modalities of the language LOFT for describing tree relations include h0i
(interpreted over the left daughter relation �0), h1i (over right daughter �1), h#i
(over the immediate dominance relation �#), and h�i (over the dominance relation
��). We extend LOFT with a link modality hLi interpreted over the link relation
�L connecting an arbitrary node of a tree and the root of a new tree. This rela-
tion will connect (representations of ) linguistic `islands'. Finally, we introduce the
modality hDi interpreted over the relation �D which holds between node a and b
respectively if a is connected to b by a �nite composition of any of the � relations
(cf. [?]). Note that in a set of linked binary trees we have,

�0;�1 � �# � �� � �D :

The local tree of a node a consists of the set of all nodes b connected to a by a
sequence of �ij transitions, where for all j; ij 6= L and ij 6= D. By the global tree
of a we will mean all nodes b connected to a by a sequence of �ij transitions where
for each j, �ij is an arbitrary LOFT tree relation.
By means of tree descriptions with operators `�' and `D' we de�ne tree relations
such as dominance which underspecify a given sequence of node relations. These
weakly speci�ed tree relations we use to characterise long-distance dependencies.

2.1 The Dynamics of Tree Growth

The growth of information accumulated during the parsing process is de�ned by a
set of inference rules licensing transitions between descriptions of partial trees. A
partial tree is a structure that can be embedded in a complete binary tree. (So,
for instance, in a partial tree a �� b need not (yet) imply that there is a �nite �#
sequence connecting a and b.) Each node in such a partial tree is associated with
two �nite lists of LOFT formulae: a �nite list of requirements, the TODO list, and
a �nite list of annotations, the DONE list. Individual transitions developing tree
structure may move formulae from the TODO to the DONE list. The emphasis
of our parsing model is on the partial nature of information available at any point
in the tree development, where tree nodes may yet have non-empty TODO lists
and may as yet have merely �#;��, or �D predecessors. Wellformedness for a
sentence-string is de�ned as the availability of a set of transitions from the axiom
(a single (root) node with TODO list fTy(t)g and �rst word of the string), to
the goal (a tree representation of a logical formula where the root node has Ty(t)
among its annotations, no words remain and all TODO lists empty). The partial
tree structures arising succesively by processing the string left to right starting from
the axiom are LOFT -homomorphically related, that is, if a �i b holds at a certain
partial tree, then this will also hold at its successor. Notice that this may involve
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narrowing down of a �D b to a �0 b via a �� b and a �# b.

Transition Rules
Tree nodes are represented by ordered pairs of DONE=TODO lists for a given
node identi�er x:

[xDONE � TODO]:

A �nite partial linked tree is represented by a nested set of node representations
where the node identi�er gives the relation of the embedded to the embedding
node. Node identi�ers consist of �nite sequences of the constants 0 (left daughter),
1 (right daughter), # (daughter, immediate dominance), � (dominance), L (Link),
D (any combination of dominance and/or Link relations), and the variables n;m
standing for �nite sequences over f0; 1g. The transition rules are de�ned over �nite
partial linked trees formulated in terms of nested node representations.
Transitions between partial trees are (essentially) induced by the words in an NL
string and may involve, for instance, creation of tree structure and compilation of
annotations. No transition removes tree structure or elements from the DONE list
of a node. A rule called Scanning extends a partial linked tree in a way determined
by the word presently under observation if the DONE; TODO pair associated with
the node currently in focus `satis�es the trigger' of that word; and a rule called Thin-
ning removes a formula from the TODO list of the node currently in focus if that
formula also is a member of the DONE list.
The process of anaphora resolution is one of copying some suitable antecedent
formula into the current DONE list, a process which is free apart from locality re-
strictions di�erentiating the morphologically distinguished anaphoric expressions.
In this paper we will only explicitly formulate the rules dealing with dislocation
in its various guises. 4 The �rst pair of rules deals with the introduction of a
dislocated NP starting from the axiom ( [n �Ty(t)]) and its subsequent �xation at
a de�nite position in the tree.

Star Adjunction

[n � Ty(t)]
[n � Ty(t); [� � Ty(e)]]

Star Resolution

[m [� Fo(�); T y(e) � ] ::: [n X � Y ]]
[m ::: [n Fo(�); T y(e); X � Y ]]

This pair of rules licenses the adjunction of an un�xed node | a node which is
only constrained to occur somewhere in the local the tree under construction, and
the subsequent identi�cation of that un�xed node with a �xed tree position (cf.
[Meyer-Viol, 1997]). Star Resolution maps a �� connection to an �n one. This is a

4For a full set of rules, see [Meyer-Viol, 1997],[Kempson, Meyer-Viol, & Gabbay 1997],
[Kempson & Meyer-Viol forthcoming].
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LOFT homomorphism because �n���. Depending on the instantiations of X and
Y di�erent cases are covered by this rule. If X = 0 and Y = Ty(e) star resolution
has the form

[m [� Fo(�); T y(e) � ] ::: [n � Ty(e)]]
[m ::: [n Fo(�); T y(e) � Ty(e)]]

where Ty(e) may then be removed from the TODO list by the thinning rule. This
covers the cases where a gap occurs in an NL string: a constituent of type e is
required, but the NL string does not supply it (at the right moment). The un�xed
node then provides what the string does not.
For X = Fo(�); T y(e) and Y = 0, star resolution looks like

[m [� Fo(�); T y(e) � ] ::: [n Fo(�); T y(e) � ]]
[m ::: [n Fo(�); T y(e) � ]]

This covers the cases where the dislocated constituent is identi�ed with a corefer-
ring pronominal.
For arbitrary X;Y , the star resolution rule may result in an unsuccessfull parse
sequence by producing tree nodes with a TODO list that cannot be emptied or an
inconsistent DONE list.

A Link Adjunction rule adjoins a fresh (partial) tree to a `head' node and ensures
the transfer of the formula from the head, to an un�xed node in that tree.

Link Adjunction

[n Fo(�); T y(X) � ]
[n Fo(�); T y(X) � [L � Ty(t),[� � Fo(�); T y(X)]]]

The e�ect of this rule is to ensure that linked trees5 share a common formula. The
rule applies to a node with empty TODO list of any type giving rise to an ordered
pairs of trees. There is also a rule of LINK completion which applies only when all
TODO lists of the linked structure are empty, and which has the e�ect of absorbing
the formula established in the linked structure into the head to which the linked
tree is adjoined. ([Kempson & Meyer-Viol forthcoming]).

3 The Analysis

There are three primary distinctions in the model developed which the analysis will
make use of. Annotations of nodes may occur on the TODO- or on the DONE-list.
Trees may or may not be linked, the �rst case involving transfer of information from
one tree to another, the transferred information constraining the subsequent tree
development. Finally, un�xed nodes may be restricted to �nding a �xed location
either in the local tree, the tree in which it has been created, or somewhere in
the subsequent global tree. This gives us a number of options for expressing the
relation between a dislocated structure and its environment, as displayed by CLLD,
scrambling, and topicalisation structures. Our claim in detail is this. Regular left

5with all TODO lists empty
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dislocation (\wh movement") is the projection within a tree structure of a node
annotated with a formula and lacking only a �xed tree position. Once this internal
tree relation has been identi�ed, an interpretation of the whole string can be built
up which is identical to that of the normal form. The explanation thus ensures that
the following have the same resulting interpretation:

(4) John, Nadia ignores.

(5) Nadia ignores John.

Clitic left dislocation on the other hand, involves the linkage of a tree to (the
representation of) the dislocated constituent; and within this tree the constituent
imposes its projection as a requirement on some yet un�xed node. Consequently,
not only does the position of the un�xed node have to be identi�ed in the new tree,
but the presence of the appropriate formula in that tree has to be ensured also.
This is the (twofold) task of the pronoun. The result is that a clitic left dislocation
structure will share with simple clausal sequences and with left dislocation struc-
tures the projection of a propositional structure, di�ering from them both in that
the dislocated constituent is projected also separately.

A further potential for variation lies in the restriction as to where in the sub-
sequent tree development the un�xed node should be identi�ed. As de�ned, the
process of Star Resolution applies across a chain of daughter relations, restricted to
applying within the local tree. But we might impose a weaker restriction, that the
node in question be identi�ed merely somewhere in the global tree under construc-
tion (replacing the node identi�er * in the rule of Star Resolution with D). Indeed,
the prepositional adjunct as for X seems precisely of this weak sort. It imposes the
presence in the following structure of some copy of the expression X , but it places
no restriction on whether this copy be constructed within the local or within the
global tree:

(6) As for John, I haven't yet met the woman who befriended him.

The signi�cance of constructing an explanation of these structures in terms of
the dynamics of how nodes of a tree are created and subsequently annotated, is that
this enables the process of anaphora resolution to remain quite free (limited only
by whatever locality restrictions are particular to the individual anaphor), with
no special articulation of a grammar-internal process speci�c to CLLD, or Clitic
Copying, etc ([Cinque, 1990]). For it is the force of the constraints on the unfolding
tree structure which guarantees that what is an intrinsically unrestricted process
turns out in the event to allow only the interpretation in which the pronoun is
identi�ed with the head of the clause to which it is adjoined.

Our account turns on the interaction between the projection of un�xed nodes
in a tree, the building of linked structure, and anaphora resolution. We shall now
show how interaction between these processes might give rise to variation across
languages. First we have the Romance case, which like English has left dislocation
with no resumptive pronoun, but which has in addition a process of clitic left
dislocation, in which fronted noun phrases are paired with resumptive pronominals:

(7) GIANNI ho cercato, non piero.

Gianni I looked for, not Piero.

(8) Gianni l'ho cercato.

As for Gianni, I looked for him.
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Unlike many languages with a clitic left-dislocation structure, CLLD in Italian is
restricted. The pairing of clitic and dislocated constituent can be separated across
the so-called \weak" islands, eg involving an intervening wh expression, but cannot
be used across strong islands such as a relative clause barrier.

(9) Mario, no perche lo abbiano invitato.

Mario, I don't know why they invited him.

(10) *A Carloi ti parlero solo delle persone che glii piacciono .. (Italian)

to Carlo I will talk to you only about the people that to him appeal.

This variation suggests two alternative rules for interpreting initial dislocated ex-
pressions - the projection of an un�xed node where the dislocated constituent
projects information in the DONE list, as in English, and the projection of a
linked tree structure in which a copy of the information from the head is projected
into the TODO-list of an un�xed node which must �nd its location in the local
tree, that is, along a chain of daughter relations:

\Focus" [n[� Fo(�); T y(e) � ] � Ty(t) ]

\Topic" [n Fo(�); T y(e) � [L �Ty(t) [� � Fo(�); T y(e) ]]]

These match the processes of Left Dislocation and Clitic Left Dislocation argued
for by Cinque ([Cinque, 1990]). Notice that Clitic Dislocation here is not charac-
terised by any process of operator-binding: there is merely a dislocated constituent
constraining the development of the linked tree (and in Italian the constraint is
that the un�xed node must be �xed within that local tree).

If we weaken just this parameter on the development of the structure within
which the imposed requirement is met, we have a characterisation for a regular
resumptive pronoun language such as Arabic. Arabic di�erentiates between wh
structures (in questions) and other dislocation structures (including referentially
construed wh forms), in that while the former are associated with a gap in the
clausal sequence, the latter are invariably (except in subject position) associated
with a resumptive pronoun, without any restriction as to where in the subsequent
string that pronoun should occur:6

(11) hal-kteeb sme9t ?enno l-wallad 9alee

this-the-book I heard that the boy wrote on-it

`I heard that the boy wrote on this book'

(12) hal-kteeb hkiit ma9 l-wallad yalli katab 9alee

this-the-book talked-2S with the-boy who wrote on-it (Lebanese Arabic)

I heard that you talked with the boy who wrote on this book'

Furthermore, no additional statement is needed for subject positions, where no
resumptive pronoun normally occurs, since Arabic projects a pronominal-type for-
mula for the subject position in the tree directly from the predicate, which is then

6Some forms of Arabic dialects allow the full range of NPs in the initial dislocated po-
sition without any subsequent resumptive pronoun, eg some dialects of Moroccan Arabic,
presumably under the in
uence of French.
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identi�ed anaphorically as though the pronoun had been morphologically expressed.
As with non-subject pronouns, this identi�cation is a free anaphoric process: the
constraint that the projection of the induced subject be identi�ed with that of
the dislocated constituent is a mere consequence of the need to �nish the parsing
process with empty TODO lists:

(13) hal-wallad sme9t ?enno 9alee l-kteeb

this-the-boy I heard that wrote on the book

I heard that this boy wrote on the book

The pattern in this case (with variation across the di�erent forms of Arabic as to
the need of any additional speci�cation distinguishing nonreferential wh question
forms) is:

\Focus" [n[� Fo(�); T y(e) � ] � Ty(t) ]

\Topic" [n Fo(�); T y(e) � [L �Ty(t) ; [D � Fo(�); T y(e) ]]]

In this case, there is no restriction on the development of the local linked tree
- the copy of the formula projected by the head may occur at any point in the
global tree structure. Finally, we have the possibility of projecting the information
of a dislocated constituent in the DONE-list of an un�xed node in a linked tree
structure, without specifying (in the initial description of that node) as to where
in the global structure it is to occur. This is arguably required for Japanese topic
constructions, as expressed by the su�x wa:

(14) Ano hon-wai Hanako-ga ej ti katta hitoj sagasite iru rasii

That book-ACC Hanako-NOM bought person-ACC looking-for seem

It seems that John is looking for the person who bought that book

Such a weak characterisation allows for projection of the information of the dislo-
cated constituent somewhere in the global tree under construction:

\Focus" [n[� Fo(�); T y(e) ] � Ty(t) ]

\Topic" [n Fo(�); T y(e); [L[D Fo(�); T y(e)] � Ty(t) ]]
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The wa structure is assigned the second of these characterisations.7 Scrambling,
which is more restricted in its occurrence, debarring reconstruction into relative
clauses and adjunct clauses, we assign the �rst characterisation, following the En-
glish pattern.

4 Crossover and Related Phenomena

We have set these parameters of variation distinguishing discrete language types.
In all types there are two dislocation structures available; they vary as to how
un�xed constituents and linked structures can combine in interpreting some initial
(sequence of) word(s) in a string. Up to this point anaphora resolution merely ful�lls
some requirement on a �xed tree node, and plays no part in �xing a tree position for
some un�xed node. There are good reasons to consider two generalisations. Firstly,
the Star Resolution rule allows for pronominals to �x projections of dislocated
constituents. This we will use in our account of strong Crossover. Secondly there
is no reason to disallow pronominals from ful�lling requirement at un�xed nodes.
Allowing this will supply an account of the surprising phenomenon in Hebrew of
resumptive pronouns \moving" to a higher clause.

Strong crossover is a universal restriction debarring the sequence of a dislocated
constituent of type e, a pronominal construed as identical to it, followed by a gap:

(15) *(As for)Suei, I know even shei's worrying ei is sick, because she keeps
talking about it.

In our account, it is the pronoun shei , realised by [x Fo(Sue); T y(e)� ], and not the
gap ei, realised by [y � Ty(e)], that uni�es with the (projection of the) dislocated
constituent [� Fo(Sue); T y(e) � ] through Star Resolution. Consequently, no subject
is assigned to the predicate `is sick' (and there is no possibility, English not being
a \pro-drop" language, of projecting a subject directly from the predicate). Thus
the formula Ty(e) on the TODO-list of the node associated with the gap will not
be removed by information supplied by the string and thus the parse cannot �nish
successfully. 8 The Star Resolution rule shows the problem clearly:

7Though there are cases in which the topic-marked -wa constituent is not explicitly
associated with any internal clausal position, all such constructions involve an `aboutness'
relation between the expressions constituting the clause and the wa-marked epxression,
suggesting that the wa marked expression does project a sub-formula of the whole in the
resulting logical form, the presence of which may be guaranteed through an intervening
step of inference, much as with anaphora resolution:
(i) sono sakura -no ki -wa hana -ga tittta.
the cherry tree-Gen tree-Top 
ower-Nom has fallen

(ii)sono itiba -wa, sakana-ga warui.
the market-Top �sh -Nom bad

(iii) hana -wa sakura -ga ii.

ower-Top cherry blossoms-Nom good.
'As for 
owers, cherry blossoms are good.'
8In pro-drop constructions, crossover phenomena may not be visible. Cf.

[Demirdache, 1991] for discussion.
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[m [� Fo(Suei); T y(e)� ] [n Fo(shei); T y(e) � ]]
[m [n Fo(Sue) � ] [l � Ty(e)]]

���

Here no continuation is possible without Ty(e) projected from the string (at the
right moment) to ful�ll the requirement of node l. Indeed, any subsequent attempt
to pick out the individual in the dislocated expression must be through a process of
anaphora resolution - hence the much increased acceptability if pronouns are used
throughout the string:9

(16) (As for) Suei, I know even shei's worrying shei is sick, because shei keeps
talking about it. But not Ruth. She seems to be refusing to recognise
the problem.

The Star resolution rule again shows why the acceptable order: antecedent : : : gap
: : : pronominal may lead to successful parses:

[m [� Fo(Suei); T y(e)� ] [n � Ty(e)] : : : ]
[m [n Fo(Suei) � ] [l Fo(shei); T y(e)� ]]
[m [n Fo(Suei) � ] [l Fo(Suei); T y(e)� ]]

The assumption that anaphora resolution succeeds both in �xing the position
and supplying the formula of the node in question, can also be generalised. When
a linked structure requires a copy of the formula projected by the head merely as
part of the global tree under construction and not necesarily as part of local tree,
anaphora resolution may ful�ll that requirement, supply the formula, while merely
restricting the area in which this node can be �xed form the global to a local tree.
This is a monotonic update - a requirement is satis�ed, a tree relation becomes
more speci�c. Such a process allows us to explain the surprising phenomenon
whereby a resumptive pronoun can be\moved" to a higher clause yielding the order
antecedent .... pronominal .... gap, all construed identically, without inducing a
crossover violation (cf. [Demirdache, 1991]):

(17) Shalom, ?ani xo�sev �se ?amarta �se ?alav sara katva �sir
Shalom, I think that said-you that about him sara wrote poem

(18) Shalom, ?ani xo�sev �se ?alav ?amarta �se sara katva �sir
Shalom, I think that about-him said-you that sara wrote poem

(19) shalom, ?alav ?ani xo�sev �se ?amarta
vse sara katva �sir
Shalom, about him I think that said-you that sara wrote poem.

Our explanation turns on the status of the intervening pronominal. The initial
transfer of information from the host node to the new linked structure has the
weakest of all characterisations: the information is imposed as a requirement on
an un�xed node that must �nd its location in the global tree under construction.
Now, this requirement can be satis�ed in one of two ways.

9cf. [Edwards & Kempson, 1998] for justi�cation of this account of strong crossover.

75



| In one step, by a pronoun providing a �xed tree node whose value is identi�ed
as the formula which inhabits the head node - resolving both aspects of underspec-
i�cation. This is the case in (17).
| In two steps, in case a pronoun occurs in a position which is itself un�xed (ex-
amples (18) and (19)). The �rst step is the provision of a value for the formula
projected by the pronoun: the second is to resolve the tree-node identi�cation. Two
applications of Star Resolution can take care of that:

[L [D � Fo(Shalomi); T y(e) ] ::: [� Fo(himi); T y(e) � ] ::: [n � Ty(e)]]
[L [� Fo(Shalom); T y(e) � ] ::: [n � Ty(e)]]

[L ::: [n Fo(Shalom); T y(e) � ]]:

Note that, again, the mapping of�D to�� and of�� to�n is a LOFT-homomorphism
(for �n�����D).

This is far from an exhaustive listing of the various ways in which anaphora and
long-distance dependency resolution can interact, but it is striking that in each case
we have preserved the generality both of anaphora resolution and of the character-
isation of how initially un�xed nodes come to be assigned a �xed position in the
resultant tree. And in all cases, the step-wise process of interpretation supplies an
increasingly richer annotated tree structure providing in the end a propositional
formula for the sentence-string.

5 Conclusion

This paper has introduced an analysis of long-distance dependency in terms of a
process of tree update, in which `dislocated' constituents are assigned initially weak
tree descriptions which are subsequently updated. The account has been set within
a model of language understanding in which interpretation is de�ned as a process
of progressively building up a logical form on a left-right basis. The advantage
of the account is that it provides a natural basis for describing the interaction
between anaphora resolution and long-distance dependency. From this interaction,
a typology of long-distance dependency e�ects has been shown to emerge without
proliferation of discrete syntactic processes, while nevertheless retaining an entirely
general process of anaphora resolution.

The signi�cance of the analysis is that it formally di�erentiates syntactically
identi�able topic and focus structures while preserving the insight that the semantic
content of both types of structure is identical to that of their counterpart in which
each constituent expression is in its expected position.It also respects Prince's ob-
servations, by leaving open the possibility of there being di�erent pragmatic uses to
which these structures might be put, depending on other forms of contrast available
in the individual languages.

The success in capturing the semantic property of dislocation structures and
their diversity across a broad range of language types con�rms the LDSNL per-
spective on natural language - that a natural-language grammar should be de�ned
in intrinsically dynamic terms, as a schematic left-to-right parser.
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Chapter 9

Unbounded dependencies: logic and

structure

Michael Moortgat

Within current linguistic frameworks a variety of principles has been put for-
ward to account for the properties of local and unbounded dependencies. (On
the local side: subcategorization principles in HPSG, principles of coherence and
completeness in LFG, the theta criterion in GB; supplemented by principles for
non-local dependencies: movement and empty category principles, slash feature
percolation principles, etc.)

It is tempting to consider the formulation of such principles as the ultimate goal
of grammatical theorizing. But we could also see them as the starting point for a
more far-reaching enterprise. Suppose, following the slogan `Cognition=Computation',
we model the cognitive abilities underlying knowledge and use of language as a `logic
of grammar' | a specialized deductive system, attuned to the task of reasoning
about the composition of grammatical form and meaning. The logic of grammar,
so conceived, would provide the deductive raison d'être for the grammaticality
principles mentioned above, thus removing the need to state them as irreducible
primitives.

To work out this concept of a logic of grammar, the following issues have to be
addressed.

� What are the constants of grammatical reasoning? Can we provide an
explanation for the uniformity of the form/meaning relationship across lan-
guages in terms of this vocabulary of logical constants, together with the
deductive principles governing their use?

� How can we reconcile the idea of `constants of grammatical reasoning' with
the di�erences between languages, that is, with structural variation in
the realization of the form/meaning correspondence?

Some progress has been made on these questions recently, through a combina-
tion of categorial and resource-logical themes. A carefully separation of logical and
structural components of the `computational system' leads to the identi�cation of
a grammatical base logic. At the level of the base logic, we address the uniformity
theme above: the composition of grammatical form and meaning is read o� from
the dynamic process of constructing a derivation/proof in terms of the introduction
and elimination rules for the grammatical constants. Cross-linguistic variation in
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the realization of the form-meaning correspondence is captured in terms of struc-
tural inference packages, acting as plug-ins with respect to the base logic of the
grammatical constants. Structural inferences are under the explicit control of lexi-
cally anchored licensing features. These features have the status of logical constants
in their own right.

We illustrate the approach with a contrastive study of extraction in English and
Dutch. At the level of grammatical `multiplicity', we provide a uni�ed account of
local (lexical) and unbounded dependencies, based on the duality between elimina-
tion (`modus ponens') and introduction ('hypothetical reasoning') of the constants
capturing grammatical (in)completeness. On the structural level, we show that
clusterings of empirical phenomena that di�erentiate between these two languages
arise naturally from logical choices in the �ne-tuning of grammatical resource man-
agement.
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Chapter 10

A Uni�ed Theory of Complement,

Adjunct, and Subject Extraction

Gosse Bouma, Rob Malouf and Ivan Sag

Abstract. This paper outlines an HPSG theory of �ller-gap (`extraction') de-
pendencies that uni�es the treatment of extracted complements, adjuncts and sub-
jects.1 The theory is `head-driven' in that information about extracted constituents
is propagated from the head daughter only. The theory is `constraint-based' in that
a single lexical entry is associated with a family of structures { only some of which
terminate an extraction dependency. Constraints take the place of the Complement
Extraction and Adverb Addition Lexical Rules of earlier proposals. The analysis
presented here accounts for numerous English and cross-linguistic data that are
inconsistent with other proposals.

1 Introduction

In this paper, we develop a novel approach to extraction. It di�ers from previous
feature-based accounts in that it is traceless, head-driven, and involves no lexical
rule of the sort proposed in PS-94, Sag and Fodor (1994), or Sag (1997). By `head-
driven' we mean that a phrase inherits slash information from only one of its
daughters (the head daughter), rather than from all of its daughters, as in analyses
that include the Foot Feature Principle of Gazdar et al. (1985) or the Nonlocal
Feature Principle of PS-94.

The approach to extraction developed here has considerable overlap with the
proposal made in Sag (1997), but it makes one minor and one major modi�cation.
The minor change is that in order to allow for the account of adjunction presented
in section 4, slash amalgamation is de�ned for deps rather than arg-st. The ma-
jor modi�cation is that the Complement Extraction Lexical Rule is eliminated, as

1This paper excerpts material presented in Bouma, Malouf and Sag (1998), which
should be consulted for further details. Special thanks to Bob Levine, Carl Pollard, Bob
Kasper and Mike Calcagno, who have been skeptical of many of the ideas that led up to the
proposals made here. This paper is much improved thanks to our interactions with them.
In addition, we thank Georgia Green, Carl Pollard, and Peter Sells for their reactions
to an earlier version of this paper, and Ann Copestake, Dan Flickinger, Je� Smith and
Gertjan van Noord for helpful suggestions. This research was conducted in part as part
of CSLI's English Resource Grammar Online (LinGO) project, in conjunction with the
Verbmobil project. In that connection, we gratefully acknowledge the support of the
Bundesministerium f�ur Bildung, Wissenschaft, Forschung, und Technologie (bmbf).
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are the lexical rules which have been proposed for subject and adjunct extraction.
Instead, Dependent Realization will account for the lexical variation required for a
traceless account of extraction. This has at least one highly signi�cant consequence:
it provides an entirely uniform account of complement, subject, and adjunct extrac-
tion. In addition, it eliminates a lexical rule whose status has always been dubious
and whose interaction with other analyses has been highly controversial.

Our proposal follows a tradition within nontransformational grammar (includ-
ing, among others, Gazdar et al. (1984), Steedman (1996), Morrill (1994), and
Kaplan and Zaenen (1989)) demonstrating the feasibility of traceless accounts of
extraction. Sag (1998) in fact demonstrates numerous di�culties facing any anal-
ysis that appeals to wh-trace.

2 Constraint-based Head-driven Extraction

HPSG analyses of extraction, building on earlier work in GSPG, involve feature
speci�cations for the feature slash that are projected upward in a syntactic struc-
ture. A non-empty slash value on a phrasal node signals that an elements is `miss-
ing' from the corresponding phrase. The distribution of slash normally follows
from its interpretation as a placeholder for missing elements: if a node dominates
a daughter containing a non-empty slash value, the slash value of the node it-
self must also be nonempty. Two kinds of exceptions to this rule are possible: in
head-�ller constructions (i.e. the top of a wh-question or of a relative clause) a
�ller combines with a head whose slash value uni�es with the �ller. The `miss-
ing element' is `found' at this point, and thus the slash of the resulting phrase is
empty. A second type of exception may occur if a lexical head selects an incomplete
complement (easy-constructions).

The distribution of slash is normally accounted for by the Nonlocal (or Foot)
Feature Principle, which constrains the slash value on phrasal nodes to be the
union of the slash values on its daughters. This approach is con�gurational in
that it de�nes slash in terms of mothers and daughters in a phrase structure tree.
Also, it implements a strict bottom-up 
ow of information: nonempty slash values
are introduced by traces and these values are consistently passed up to nodes higher
in the tree. This scheme is satisfactory in the majority of cases, but, as discussed
below, there is at least some data which is hard to reconcile with it. In particular,
the adjective easy and related words `bind' a slash value which arises on one of its
dependents.

In our lexicalist alternative to con�gurational theories of slash, the Nonlocal
Feature Principle is replaced by a simpler constraint on phrases and a lexical con-
straint on heads. More precisely, we propose that the slash value of a lexical item
is de�ned in terms of the slash values of its dependents. Lexical binding of slash
is accounted for by the feature bind, which has the empty set as value for all words
except slash binders like tough:

(1) SLASH Amalgamation Constraint (SLAC):
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word )

2
6666664
loc

2
64cat

2
64deps

�h
slash 1

i
, : : : ,

h
slash n

i�
bind 0

3
75
3
75

nonloc

�
slash

�
1 [ : : : [ n

�
� 0

�

3
7777775

Slash amalgamation ensures that, if a dependent is slashed, the head which selects
it will also be slashed. So, by slash amalgamation, the verb know in (2) is slashed
if its subject or s complement is.

(2)
2
666666666664

i-form know

subj h 3 i

comps h 4 i

deps

*
3

"
loc np

slash 1

#
, 4

"
loc s[�n]

slash 2

#+

bind f g

slash 1 [ 2

3
777777777775

The con�gurational passing of slash features can now be simpli�ed to a constraint
which only mentions the head daughter:

(3) SLASH Inheritance Principle (SLIP):

hd-val-ph )

2
64nonloc

h
slash 1

i
hd-dtr

h
slash 1

i
3
75

Slip is de�ned as a constraint on head-val-phrases, which is the type of phrases
involving only head, complement, or subject daughters, but, crucially, no �ller
daughters (see Sag 1997). For the latter type of phrase, we assume the following:2

(4)

hd-�ller-ph )

2
66664
nonloc j slash 2 ] 3

hd-dtr j slash 2 ] f 1 g

non-hd-dtrs

*"
loc 1

nonloc j slash 3

#+
3
77775

The slash value of a head/�ller phrase is the slash value of the head daughter
minus the �ller plus the slash value of the �ller. Thus, we obtain structures such
as (5).

What remains to be explained is the question how the bottom of the extrac-
tion path, i.e. the verb hates in (4), may introduce a non-empty value for slash.
Traceless accounts of extraction within hpsg have posited a lexical rule to account
for this fact. The Complement Extraction Lexical Rules of PS-94, Sag and Fodor
(1994) or Sag (1997), for instance, all remove an element from comps, and at the
same time ensure (either directly or indirectly) that the value of slash on the out-
put of the rule will include the local features of the removed complement. Such
a rule is awkward, as it uses a tool (the lexical rule) which is primarily intended

2Here `]' designates the operation of disjoint set union, which is just like familiar set
union, except that the disjoint union of two sets with a nonempty intersection is unde�ned.
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to account for processes that are clearly lexical in nature. The usual diagnostic
for distinguishing lexical from syntactic rules is the fact that only the former have
exceptions which are triggered by the lexical material involved. Many languages
lexically mark words with a non-empty slash value, but for complement extraction
per se, this is never the case, to the best of our knowledge. Apart from this, the
formal status of the Complement Extraction Lexical Rule has been the matter of
some debate (Hinrichs and Nakazawa, 1996; H�ohle, 1995; M�uller, 1996).

The solution adopted in this paper employs neither traces nor lexical rules. The
key insight to our solution is that given a constraint-based lexical architecture in
which dependents are mapped onto valence features such as subj and comps,
there is no need for rules that remove elements from comps (or subj): one can
simply avoid putting them there in the �rst place. Thus extraction is located on
the interface between the lexicon and the syntax rather than in either one of these
components individually.

Our analysis follows Sag (1997) in de�ning gap-ss as a new subtype of synsem.
The loc value of a gap-ss element corresponds to its slash value:

(5)

gap-ss )

2
64loc

1

nonloc

�
slash

n
1

o�
3
75

Gap-sss in this theory play a role similar to that of traces in a movement theory,
with an important di�erence. Unlike traces, gap-sss exist only on the list of depen-
dents of the lexical head which selects them. They play no independent role in the
phrase structure, linear order, or phonology of phrasal signs.

The proper distinction between gaps and other, canonical, synsem types can
be embodied in terms of the following type hierarchy:

(6) synsem

canon-ss gap-ss

The question of whether a dependent of a lexical head is to be realized as a lo-
cal dependent (i.e. on one of the valence features subj or comps) or a nonlocal
dependent, is a consequence of the Dependent Realization constraint in (7).

(7) Dependent Realization:

word )

2
64subj

1

comps 2 	 list(gap-ss)

deps 1 � 2

3
75

Dependent Realization, together with the Principle of Canonicality in (8), ensures
that none of the gap-ss's on deps appears on comps.

(8) Canonicality:

sign )
h
synsem canon

i
As lexemes will typically specify their arguments as being of type synsem, and

not as being of either type canon-ss or gap-ss, Dependent Realization opens the
possibility of realizing a non-subject dependent either as a complement or as a gap.
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For instance, the feature structure in (9) can satisfy Dependent Realization either
as shown in (10a) or as shown in (10b).

(9)
2
666666664

i-form hates

subj hsynsemi

deps

*"
loc NP

slash 1

#
,

2
4loc NP

h
acc

i
slash 2

3
5+

slash 1 [ 2

3
777777775

(10)

a.

2
66666666666666664
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subj

*
3

"
loc NP

slash 1

#+

comps

*
4

2
664
canon-ss

loc NP
h
acc

i
slash 2

3
775
+

deps h 3 , 4 i

slash 1 [ 2

3
77777777777777775

b.

2
66666666666666664

i-form hates

subj

*
3

"
loc NP

slash 1

#+

comps h i

deps

*
3 ,

2
64gap-ssloc 2

slash f 2 g

3
75
+

slash 1 [
n

2 NP[acc]
o

3
77777777777777775

In (10a), the complement is realized on comps. This is the kind of structure which
occurs in sentences without extraction (e.g. (11a)), but also in sentences where the
extracted element is inside the object complement (11b). Note that because the
synsem value of any overt element (i.e. any sign) is of type canon-ss, it follows
without lexical stipulation that the complement in (10a) is of type canon. In (10b),
the object dependent is realized as a gap, and thus is extracted, as in (??) or (11c).

(11) a. She hates every inch of this school.

b. Which school does Dana say she hates [every inch of ]?

c. Which school does Kim think she hates ?

3 Subbinding

The analysis just presented also provides an account of more complicated cases,
such as those noted in Flickinger and Nerbonne (1992):

(12) an easy man to please

Flickinger and Nerbonne argue for the following constituent structure:

(13) n

n

adj

easy

n

man

vp

to please
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The adjective easy is not the head of this structure, nor is it the head of the
substructure easy man. Under a con�gurational approach, such as that presented
in PS-94, the bind feature on easy can therefore not be used to ensure that the
phrase as a whole must bear an empty slash-speci�cation. The lexicalized slash-
amalgamation approach, on the other hand, faces no such problem, as the slash
value of the VP is bound lexically by the adjective easy. Of course, this leaves an
important puzzle concerning the construction in (13) unexplained, namely the fact
that a complement of easy appears in a position which suggests it is a complement
of man. Flickinger and Nerbonne suggest a principle of subcategorization transfer
to account for this. We suspect an account in terms of a more general treatment
of extraposition is preferable. Exploration of this idea would take us too far a�eld,
however.

Another puzzling construction is en-clitization in French. Miller and Sag (1997)
argue for a theory of cliticization in which a�x-synsems may be realized as clitics
of the verb on whose argument structure they appear. Clitic-climbing is accounted
for by an appeal to argument composition: verbs which allow clitics corresponding
to arguments of an embedded verb are actually argument composition verbs which
inherit the arguments of their verbal complements, this opening up the possibility
of clitic climbing. En-clitization, illustrated in (14) below, is di�erent, however.

(14) a. Marie en connâ�t la �n.
`Marie knows the end of it.'

b. La �n en est d�esagr�eable.
`The end of it is unpleasant.'

The en-clitic corresponds to a de-phrase which is a semantic argument of a noun,
and the phenomenon is far more restricted than other types of clitization (it is
restricted to a formal register and occurs only with arguments of the right semantic
type). On the other hand, the construction does share properties with extraction
of de-phrases:

(15) a. J'ai �ecout�e le gar�con avec la clef.
`I heard the boy with the key.'

b. *la clefj , avec laquellej j'ai �ecout�e le gar�con : : :
`the key with which I heard the boy : : : '

(16) a. Marie lit la �n du livre.
`Marie is reading the end of the book.'

b. le livre dont Marie lit la �n : : :
`the book of which Marie is reading the end : : : '

c. La �n du livre est d�esagr�eable.
`The end of the book is unpleasant.'

d. le livre dont la �n est d�esagr�eable : : :
`the book of which the end is unpleasant : : : '

Extraction out of NPs in general is excluded in French (15), the only exception
being extraction of (certain) de-phrases.

The similarity between en-cliticization and extraction of de-phrases leads Miller
and Sag to propose a lexical rule. An output of this rule is a verb that selects for
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a subject whose slash value contains an np[de] that the verb binds. These verbs
thus e�ect slash binding by a verb that is lower in the syntactic structure than
the phrase whose slash value it binds, as sketched in (17):

(17)
sh

slash f g
i

nph
slash f 1 g

i

la �n

vph
slash f g

i

v"
slash f g

bind f 1 g

#

en-est

ap

d�esagr�eable

Phenomena such as these appear extremely problematic for previous theories
of slash inheritance and binding, where the slash binder must always be in a
syntactically superior position to the extraction site.3 Indeed, these facts stand
as a challenge to all theories whose constraints require binders to be structurally
superior to (c-command, etc.) the traces that they bind.

4 The Analysis of Adjuncts

The idea that adjuncts combine syntactically with the phrases that they modify
semantically in terms of modi�er-head structures is �rmly entrenched in modern
grammatical theory. In HPSG terms, adjuncts are endowed with a speci�cation for
the feature mod, whose value must be identi�ed with (the synsem of) the head
daughter in a Head-Adjunct Structure. In this way, the fact that adjectives modify
nominal expressions, adverbials modify verbal expressions, etc. can all be reduced
to lexical speci�cations associated with particular kinds of modi�ers. This type of
analysis is adequate for a wide range of cases to which it is standardly applied. In
particular, we will assume that preverbal adverbs in English are selected by means
of the head-adjunct schema.

However, in many languages, there are examples of adverbials that defy any
simple analysis in terms of modi�er-head syntactic combination. In particular,

3But see Chae (1992).
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it has been argued that cliticization (Miller, 1992), word order (van Noord and
Bouma, 1994; Abeill�e and Godard, to appear), scope (Manning, 1996; van Noord
and Bouma, 1994; Kim and Sag, 1995; Przepi�orkowski, 1997b), and case mark-
ing (Przepi�orkowski, in press; Przepi�orkowski1997) suggest that certain adverbial
phrases must be selected by means of the same mechanism which accounts for the se-
lection of complements. Another challenge for the standard view of adverbial modi-
�ers comes from the behavior of case marking in languages like Finnish, Korean, and
Polish (Maling, 1989; Maling, 1993; Przepi�orkowski, in press; Przepi�orkowski1997).

In the constraint-based set-up introduced in section 2, there is no need for a
lexical rule to add an adverbial to a verb's arg-st or deps list, as the mapping
between argument structure and dependents already accounts for the fact that
the deps-list, and thus comps, may contain an adverbial synsem. The relevant
argument realization constraint is given in (18).

(18) Argument Realization:

verb )

2
666666664

head 3

deps 1 � list

0
@
2
4mod

"
head 3

cont j key j arg 2

#3
5
1
A

arg-st 1

cont j key 2

3
777777775

This guarantees that a verb's deps list may contain, in addition to the verb's argu-
ments, any number of adverbials. Moreover, the modjhead value of the adverbial is
identi�ed with those of the verb on whose deps list the adverbial appears. We have
imposed minimal restrictions on the adverbial elements that can be included in the
verb's deps list, allowing adverbs, PPs, and the like (subject to certain further con-
straints). The semantics can be accounted for by simply unifying the argument of
the adverbial with the key-relation introduced by the verb. The combined e�ect of
Argument Realization and the Dependent Realization constraint introduced earlier,
is that adverbials may appear as complements of the verb in a head-complement
structure.

As argued in PS-94 and extensively in Hukari and Levine (1995), there is strong
evidence that unbounded dependencies may involve adjuncts. Hukari and Levine
point out, for instance, that adjuncts not only occur in topicalizations and wh-
questions, but also in all other constructions involving unbounded dependencies,
such as indirect questions, relatives, and clefts. Hukari and Levine (1995) further
demonstrate that there is strong, cross-linguistic, evidence for the claim that dis-
located adjuncts involve true extraction. Their argument rests on the observation
that in all those cases where a language registers unbounded dependencies in some
way, the registration occurs consistently with both arguments and adjuncts.

The possibility of adjunct extraction as well as extraction out of adjuncts follows
from the assumptions introduced so far, without appeal to a lexical rule or any
other additional device for adjunct extraction. By incorporating adjuncts into the
list of dependents of the verb, and by de�ning both slash-amalgamation and the
introduction of gap-ss's on this level as well, we provide a uniform account for
both complement and adjunct extraction. That is, we may assume that visits may
appear in a structure like (19), with the indicated lexical instantiation.
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(19)
sh

slash f g
i
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i
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sh
slash f 1 g
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2np
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vph
slash f 1 g

i
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66666666664

subj h 2 i
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*
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2
64
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loc 1

slash f 1 g

3
75
+

slash f 1 g

3
77777777775

visits

3np

Leslie

The structure in (19) arises when deps contains an adverbial element in addition
to the arguments of the verb (as a consequence of Argument Realization), and that
this adverbial synsem is further speci�ed as a gap-ss by Dependent Realization.
The slash value of the gap-ss is incorporated into the slash value of the verb
because slash-amalgamation is de�ned in terms of the deps list. The example
thus involves three constraints applying in conjunction with the same lexical entry.
We believe that this type of example, which does not involve derivational devices
of any kind, provides considerable evidence for the constraint-based approach we
have been pursuing. Further evidence for relating extractibility of adjuncts to
their status of complements comes from the fact that adverbials that only occur as
preverbal modi�ers do not extract, precisely as predicted by our uni�ed extraction
analysis.

Our lexicalized approach to adjunct extraction also provides a natural account,
we believe, of the known facts about extraction in Chamorro (Chung, 1982; Chung,
1995), Palauan (Georgopolous, 1985), and Thompson River Salish (Kroeber, 1997),
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all of which register adjunct extraction lexically and hence present a serious chal-
lenge to previous GPSG and HPSG accounts that rely on traces and the tradi-
tional distinction between complements and adjuncts. Our account of these data
also uni�es what are treated as disparate phenomena in other frameworks, e.g. the
stipulative distinction between types of government in much work in Principles and
Parameters or Government and Binding approaches.

5 Subject Extraction

The constraint-based analysis of extraction we have presented allows subject ar-
guments to be realized as gap-ss's, and thus o�ers an interesting alternative to
the account of PS-94, one which does need to posit lexical rules or new types of
grammatical constructions.

To see this, consider the constraints we have imposed on verbs: these guarantee
that verbs always have one element on their subj list and that the slash values
of a verb's dependents are amalgamated as the verb's slash value. Since subj is
a singleton list, and since subj is also required to be a pre�x of the deps list (as
a consequence of Dependents Realization), the �rst element of deps is always the
same as the subject, but nothing prevents this element from being of type gap-ss.
That is, (20b) is completely consistent with the lexemic information in (20a) and
all of the constraints introduced in the previous sections.

(20)
a.

"
root visit

arg-st hNP, NPi

#

b.

2
66666666666666664

word

i-form visits

subj

*
8

2
64gap-ssloc 7np[nom]3sg
slash f 7 g

3
75
+

comps h 9NP[acc]i

deps h 8 , 9 i

arg-st h 8 , 9 i

slash f 7 g

3
77777777777777775

Furthermore, if verbs like think select not a saturated complement, but rather one
whose subj value is a possibly empty list of gap-sss, as shown in (21), then a phrase
like visits Alcatraz will be a possible complement of think. The slash-value of visits
will thus be passed up and amalgamated into the slash value of think, which will
pass it up to the mother of the phrase think visits Alcatraz, as shown in (22).

(21)
2
66664
root think

arg-st

*
np ,

2
64head v

subj list(gap-ss)

comps h i

3
75
+
3
77775
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(22)
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subj h 3 i

slash f 1 g
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666664
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2
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gap-ss
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slash f 1 g

3
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slash f 1 g

3
777775

visits

np

Alcatraz

That-trace violations like *Who do you think that visits Alcatraz? can now be ruled
out as a simple matter of local subcategorization. If complementizers are markers
selecting a [subj h i] sentential complement through their spec features, as shown
in (23), then there will be no way for a structure like (21) to cooccur with that.
The same result can be achieved if complementizers are treated as (CP-projecting)
heads that select for a [subj h i] complement.

Note that this analysis provides no account of the `adverb amelioration' e�ect
discussed by Culicover (1993) (among others), i.e. the fact that examples like (23)
seem grammatical, or nearly so:4

(23) (?)This is the kind of person who I doubt that, under normal circumstances,
would have anything to do with such a scheme.

But in fact, the adverb amelioration e�ect is absent with most adverbials. Similar
examples involving temporal, manner and locative adverbials, for example, are
unacceptable, as shown in (24).

(24) a. *This is the kind of person who I doubt that last year had anything to
do with such a scheme.

b. *Who do you think that happily visited museums?

4This phenomenon was apparently �rst observed by Bresnan (1977).
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c. *Which people at the conference did they think that in Paris visited
museums?

Thus whatever is responsible for the acceptability of examples like (23) (paren-
theticality may be a factor) is not something that should be incorporated into the
treatment of adjuncts in general.

French exhibits a much-discussed contrast of complementizers that in certain
respects mirrors the that-trace facts just discussed. The complementizer que is the
rough equivalent of English that. The complementizer qui is not in general available
as an alternative:

(25) Tu a dit que/*qui cet homme est heureux.
you said that that man is happy
`You said that this man is happy.'

Yet neither que nor its prevocalic alternant qu' can combine with a clause whose
subject is extracted.

(26) *L'homme que tu a dit que/qu' est heureux : : :
the-man that you said that is happy : : :
`the man that you said is happy : : : '

In this case, the complementizer qui must be used:

(27) L'homme que tu a dit qui est heureux : : :
`the man that you said that is happy : : : '

These contrasts receive a simple treatment in the analysis we have developed.
Que, like English that, selects a phrase that is [subj h i] and qui selects a phrase
that is [subj hgap-ssi]. It follows that the two forms are in complementary distri-
bution. The key to the analysis is making the information about subject extraction
locally accessible on the VP selected by the complementizer.

6 Conclusion

The slash-based analysis of long-distance dependency constructions pioneered by
Gazdar (1981) has proven to be highly resilient. The HPSG version of this analysis
presented in chapter 4 of PS-94 replaces some of the mechanisms of the original
theory by principles that are more readily compatible with modern feature-based
approaches to grammar, but does not change the essentials of the original proposal.
The ultimate version of their analysis, however, presented in the �nal chapter of
that book, and explored further in Sag and Fodor (1994) and Sag (1997), does
deviate from earlier proposals, in that it locates much of the theory of unbounded
dependencies in the lexicon. While the elimination of traces, which provides part
of the motivation for this innovation, may appeal to many linguists, it remained to
be shown that the traceless account of extraction is indeed a solid alternative to
trace-based accounts.

In particular, previous traceless theories of extraction had two major weak-
nesses. Traces were only eliminated at the cost of introducing one or more lexical
rules, the status of which has raised considerable controversy. Hukari and Levine
(1996) draw attention to a second problematic aspect of previous proposals. They
observe that traceless accounts fail to provide a uniform treatment of the full range
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of data. Given the HPSG architecture of PS-94, in which complements and subjects
are represented by two di�erent valence features, and where adjuncts and argu-
ments are selected by widely di�erent mechanisms, no traceless, lexicalist, account
appeared competitive in terms of providing a single, simple, mechanism responsible
for extraction. The theory of extraction we have presented here, shows that this
initial assessment is ultimately incorrect. A single constraint on words, Dependent
Realization, covers complement, subject, and argument extraction. Obviously, this
constraint-based approach to extraction remedies the �rst problem (the obscure
status of lexical rules) as well, in that it renders otiose the use of lexical rules in
the grammar of extraction.
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Chapter 11

Functional Uncertainty and Long-distance

Dependencies in LFG
with special attention to the relevant facts in West-Germanic

Annie Zaenen

1 Introduction

In LFG long distance dependencies are handled in teh f-structure and require no
empty categories in the phrase structure representation. After summarising some
of the arguments for this view, I will present the technical aspects of Functional
Uncertainty, the LFG device that handles long distance dependencies and illustrate
it with an analysis of Dutch and German topicalisation structures.

The discussion will center around the following topics:

� what are good arguments for surface phrase structure representations?

� what is an adequate representation for island constraints given how variable
these constraints are across languages?

� what are the main generalisations about topicalisation and long distance
scrambling in Dutch and German?

� what is the right division of labour between the f-structure and information
structure?
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Chapter 12

French subject inversion in extraction

contexts

Olivier Bonami, Dani�ele Godard and Jean-Marie Marandin

Abstract. Subject NP inversion in extraction contexts in French raises di�culty
for standard phrase structure approaches. We present an analysis which relies
both on domain union and lexical types for verbs. This analysis extends to French
locative inversion whose properties have never been examined. Having uni�ed the
syntax of LI with that of other extractions, we reexamine the relation between NP
inversion and information packaging in constructions with main clause assertive
force.

1 Introduction

In this paper, we study subject inversion in extraction contexts with three goals in
mind. First we present a novel analysis of extraction-triggered inversion (ETI) in
a linearization-based HPSG framework, crucially relying on previously unexplored
data. Second, we show that French locative inversion, whose properties have not
yet been investigated, is best analyzed as an instance of ETI from a syntactic point
of view. Finally, we explore the interaction of inversion with information packaging,
showing that inverted subjects cannot be topics.

2 Inverted subjects in extraction contexts

Subject NP inversion is possible in all recognized extraction contexts in French:
relatives, wh- interrogatives or exclamatives, clefts, PP topicalizations. In this
section we illustrate the general properties of ETI with relatives.1

The inverted NP is a subject A number of properties are known to di�eren-
tiate a preverbal subject from a postverbal object in French (for a summary, see
[Marandin,1997] and references therein). Since the inverted NP in extraction con-
texts shares properties with both, the question of its functional status is not trivial.
The relevant observations are summarized in fig 12.1.

1Our analysis naturally extends to quotative inversion. There are other cases of NP
inversion which are not triggered by extraction [Le Bidois,1950], such as inversion in cer-
tain subjunctive embedded clauses. Note that NP subject inversion di�ers sharply from
clitic (subject) inversion [Kayne,1972].
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inverted NP subject object
1. binding of se + + {
2. quantitative en construction { { +
3. bare Q's tous, beaucoup { + {
4. de N in negative context + { +
5. 
oating beaucoup ( : : : de N) { { +
6. combien extraction + { +
7. number agreement with �nite V + + {
8. person agreement with �nite V - + {

Figure 12.1: Properties of subjects, objects and inverted NPs

These observations o�er two arguments in favor of analyzing the inverted NP
as a subject. First, simple generalizations concerning subjects and objects can be
kept: (a) all and only subjects can bind the anaphor se (L'endroit o�u Paul se rend
/ o�u se rend Paul `The place where Paul goes'); (b) all and only objects allow for
the quantitative en construction. Examples (12.1) contrast an object with a time
NP modi�er, a subject and an inverted NP (with en the pronominal equivalent of
`weeks'):

(12.1) a. Paul
Paul

en
of-them

passera
spend-fut

plusieurs
several

�a
in

Paris.
Paris

b. * Paul
Paul

en
of-them

restera
stay-fut

plusieurs
several

�a
in

Paris.
Paris

c. * Plusieurs
Several

en
of-them

passeront
pass-fut

avant
before

la
the

d�ecision.
decision

d. * La
The

d�ecision
decision

avant
before

laquelle
which

en
of-them

passeront
pass-fut

plusieurs
several

(c) Objects allow for a 
oating Q : : : de N construction (Il a beaucoup lu de livres
`He read many books'). Inverted NPs do not allow it (*L'ann�e o�u sont beaucoup
parus de best-sellers `The year during which many best sellers were published').
Note that this cannot be due to the form de N of the NP, since inverted de N 's are
possible in other contexts (observations 4 and 6).

Second, the restriction on bare Qs unexpectedly favors a subject analysis of the
inverted NP. Bare Qs in general are acceptable in all NP functions. However, some
of them (tous, beaucoup, un) cannot be objects, while others can (e.g. tout, rien).
Since neither group forms a syntactic or semantic natural class, the restrictions
must be encoded on the lexical items themselves: some bare Qs simply fail to have
an accusative form [Abeill�e & Godard, 1998]. Going back to ETI contexts, only
those bare Qs that can be objects can be inverted NPs. This follows if inverted
NPs are accusative, and is unexpected if they are nominative. However, inverted
NPs cannot be accusative complements, or there would be no way to distinguish
them from objects. Thus they are accusative subjects. This analysis also accounts
for their di�erences with preverbal subjects (see observations 3,4,5,8).

Phrase structure-based analyses It has long been observed that the inverted
subject (IS) can be linearized not only after the VP, but also between the verb and
one of its complements:
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(12.2) a. La lettre qu' enverra [PP�a la direction] [NP le patron]
`The letter that the boss will send to the management'

b. La lettre qu'enverra [NP le patron] [PP �a la direction]

In phrase-structural terms, this fact can be accounted for by assuming that ETI
sentences have a 
at structure, the inverted subject being a sister of the lexical
verb and its complements. Since the order between NP and PP is unconstrained in
French, the two orders in (12.2) are directly accounted for.2

However, this analysis cannot account for the occurrence of the subject to the
left of an embedded complement, as in (12.3b), a piece of data which has been
overlooked in previous studies:

(12.3) a. Le livre que le patron du labo [croyait [pouvoir [recommander �a cet
�etudiant]]]
`The book that the head of the lab thought he could recommend to
this student'

b. Le livre que croyait pouvoir recommander le patron du labo �a cet
�etudiant

In order to account for (12.3b), the only available phrase-structural solution3 is to
assume that the higher verb (croyait) may inherit complements of the in�nitival
V via argument composition (e.g. [Hinrichs & Nakazawa,1994]), thus allowing the
subject of the higher verb to be followed by complements of an embedded verb.

Note �rst that the 
at structures which have been argued for French (e.g.
[Abeill�e et al. to appear]) and which rely on argument composition do not provide
evidence in favor of this analysis. For instance, as is well known, in causative
constructions, pronominal clitics subcategorized for by the in�nitival complement
occur on the causative verb (12.4a); in ETI constructions this is never the case
(12.4b). An argument composition analysis would have to say that the higher verb
in ETI can only inherit the canonical complements from the V[inf].

(12.4) a. Paul it make-fut read-inf to-the students / make-fut it read to-the
students Paul

le
le
lire

fera
aux

lire
�etudiants.

aux �etudiants / * fera

`Paul will make the students read it'

b. Un
A

message
message

que
which

veut
wants

lui
to-him

envoyer
send-inf

Paul
Paul

/
/

* lui
to-him

veut
wants

envoyer
send-inf

Paul.
Paul

`A message which Paul wants to send to him'

2Transformational analyses di�er as regards the position of the inverted NP; it is as-
sumed to be right adjoined to the VP, or in its base position to the left or to the right
of the VP; see [de Wind,1997] and references therein for discussion. All transformational
approaches assume that extraposition is responsible for the order variation in (12.2).

3Note that in a transformational analysis, extraposition is of no help in (12.3b): there
would be a long-distance dependency between the V and the PP (see (12.3a)), which
(rightwards) extraposition doesn't allow in French any more than in English.
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Second, since the inverted NP is a subject, the analysis requires positing a new
phrase type head-subj-comps-ph, which would require independent justi�cation.
Third and most importantly, binding data present a serious challenge for argu-
ment composition. Assuming that an anaphor such as l'un : : : l'autre has to be
bound in every arg-st list where it occurs,4 we would not expect an ETI such as
(12.5) to be acceptable :

(12.5) Le
The

jour
day

o�u
when

voulait
wanted

les
them

pr�esenter
introduce-inf

Paul
Paul

l'un �a l'autre
to-each other

`The day Paul wanted to introduce them to each other'

The binder is the clitic les, which doesn't belong to the arg-st of voulait. If
l'un : : : l'autre, as an inherited argument, belongs to the arg-st of voulait, it is
not bound.

The proposed analysis Since purely phrase-structural analyses fail, we pro-
pose that subject inversion be analyzed as an e�ect of domain union. Adopting
[Reape,1994]'s formalization, a domain feature and a boolean feature [un�] are as-
sociated with every phrase. The value of dom for a phrase is the list of its daughters
in the unmarked case; if some daughter is [un+], its own dom value is shu�ed into
the mother's dom. ETI sentences have the same phrase structure as sentences with
a preverbal subject, the di�erence being that the VP is domain unioned into the
S domain, as exempli�ed in fig. 12.2. Thus, an inverted sentence has in its order
domain the subject and the immediate constituents of the VP, allowing the ordi-
nary (V�NP) rule to order the inverted subject after the verb. Just as in a VP, the
relative order of NP and PP is unconstrained (see (12.2)). In the case of (12.3), the
VPs are sequentially domain-unioned, yielding at the S level a domain containing
the lexical Vs, all their complements, and the subject.

The detail of the data is intricate:5 while a verb with a gapped argument may
always have an IS, there are constraints on inversion triggered by long-distance
extractions. First, extraction out of a �nite complement never licenses inversion
of an upstairs subject (contra [Kayne & Pollock,1978]), although the embedded
subject can be inverted (12.6). Extraction out of a VP[inf] allows inversion of the
upstairs subject (see 12.3b).

(12.6) * Le livre qu'a cru que Jean �ecrirait mon �editeur
`The book that my publisher thought that John would write'

4This hypothesis is supported by the binding constraints on l'un : : : l'autre in
causatives:

(i) Sa rigueur le fera s' occuper [des patients]i [l' un apr�es l' autre]i
`His orderliness will make him take care of the patients one after the other'

(ii) * Sa rigueur le fera s' eni occuper [l' un apr�es l' autre]i
His orderliness will make him take care of them one after the other

According to [Abeill�e et al. to appear]'s analysis, composition-faire can take a cliticized
verb complement if it has inherent clitics, like s'occuper in (i-ii). Des patients is inherited
by faire in (i), while the corresponding clitic en is not in (ii). Thus l'un apr�es l'autre,
which is on both arg-st lists, is upstairs bound in (i) but not in (ii).

5See [Bonami & Godard, to appear] for a more complete presentation of the data and
of the analysis.
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le patron enverra �a la direction

Figure 12.2: hd-dtr of the relative clause in (12.2b)
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Second, object control verbs contrast with subject control verbs in not allowing
the problematic order of (12.3b): the inverted subject must follow the embedded
complements. In our analysis, the embedded VP in (12.8) is [un�], contrasting
with the [un+] VPs in (12.3b).

(12.7) Le livre que m' a convaincu d' o�rir �a ma s�ur un libraire
`The book that a bookseller convinced me to o�er to my sister'

(12.8) * Le livre que m' a convaincu d' o�rir un libraire �a ma s�ur

To account for this array of data, we introduce the head feature [inv�] in
addition to [un�].6 As in [Sag,to appear], the sharing of SLASH values between
a phrase and its daughters is mediated by the lexical head. Only verbs with a
nonempty SLASH value can be [inv+]. The relation between the two features is as
follows:

(12.9) a.

"
phrase

inv {

#
) [un {]

b.

"
phrase

inv +

#
) [un /+]

c.

2
64phrasehead|vform �nite

subj list(gap)

3
75) [un {]

Accordingly, in�nitival VPs are unioned depending on the inv value, �nite clauses
are never unioned although they may be [inv+].

We then propose the hierarchy of verbs in fig. 12.3. The distinction between
non-inv-vb and inv-vb encodes the constraints discussed above. long-inv-vb are
subject control/raising verbs which constrain the complement from which they
inherit the slash to be itself inverted, and hence unioned. reg-inv-vb cover all other
cases of ETI. The 1 argument can be a gap (12.2), the slashed VP[inf] complement
of an object control/raising verb (12.8), or even an NP (Combien sont venus de
clients? `How many customers came?'); but not a �nite complement (12.6).7

3 Locative inversion is triggered by extraction

The question must be raised whether French locative inversion (LI), whose syntax
has not been studied previously, is another instance of ETI.

The inverted NP is a subject The inverted NP in LI has the very same
distribution of subject-like and object-like properties as the inverted NPs in ETI;
thus if the inverted NP in ETI is a subject, so is the inverted NP in LI.

Long-distance inversion LI is possible in a context where a raising or even a
control verb intervenes between the preposed PP and the verb selecting it.8 The
subject is then realized on the right of the embedded verb:9

6We assume that the inv feature is present on all major categories.
7Another constraint is necessary if [Bonami & Godard, to appear] are right in that

inverted subject control verbs force their complement to be [inv+].
8The semantic requirements of the LI construction forbid the presence of raising to

object and object-control verbs.
9English sentences parallel to (12.10a) have been taken as evidence that the initial PP

in English LI is a subject (e.g. [Bresnan,1994]). This argument does not hold for French,
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Figure 12.3: A fragment of the hierarchy of verbs

(12.10) a. Dans le jardin semblaient danser des statues de pierre.
`In the garden seemed to be dancing statues of stone'

b. Du piano semblait vouloir s'�echapper un son m�etallique.
(lit.) `From the piano seemed to want to escape a metallic sound'

Moreover, as in ETI, the inverted subject of the main verb can be linearized
between the constituents of an embedded VP, as (12.11) shows:

(12.11) Sur la place semblait se dresser une cath�edrale avec majest�e.
(lit.) `On the square seemed to stand a cathedral in its majesty'

Since se dresser and avec majest�e form a constituent (the complement of sembler),
the only possible analysis is that the embedded VP is unioned into the matrix VP
domain, which in turn is unioned into the S domain.

We conclude that the position of the subject in ETI and in LI have the same
source: in each case, the position of the subject is an e�ect of domain union. Since
domain union in ETI is licensed by extraction, the next question is whether the
same is true in LI.

The preposed PP is extracted Turning now to the analysis of the initial
PP, we are faced with two possibilities: either the PP is a �ller, or the PP is
not extracted. Rather, it is a constituent of the VP, realized in initial position as
an e�ect of domain union ([Kathol & Levine,1993] provide a similar analysis for
English LI). We argue in favor of the �rst alternative.10

Consider the initial PP in (12.12a): a priori, it can be analyzed as a frame
adverbial, an extracted (`topicalized') PP, or the initial PP in a locative inversion.

given the possible occurrence of control verbs between the PP and the verb selecting it
(12.10b). In addition, there is no case for subject PPs in French.

10The fact that the initial PP can be semantically either an argument (12.10{12.11)
or a modi�er (as in Devant la gare bavardait un groupe d'enfants `In front of the station
discussed a group of children') is not a counter-argument against an extraction analysis.
In French both kinds of locative PPs behave in the same way in the VP with respect to
extraction. In particular, both allow subject inversion (see [Hukari & Levine, 1995]).
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The inversion in (12.12a) cannot be due to the wh- word pourquoi, which does not
license inversion (12.12b). Hence it is due to the initial PP.

(12.12) a. [PP Dans le salon], pourquoi [V se soûlaient] [NP des soldats]?
`Why were soldiers getting drunk in the lounge?'

b. * Pourquoi se soûlaient les soldats dans le salon ?

First, the initial PP is not a frame adverbial, since such adverbials do not license
inversion either (A Paris, Paul va au cin�ema / *A Paris va Paul au cinema `In
Paris, Paul goes to the movies'). Second, it is not a topicalized PP, since locatives
such as dans+NP are never good topicalized PPs in French (*Dans le jardin, Paul
ira / *Dans le jardin ira Paul `Into the lounge, Paul will go'). Thus (12.12a) as an
instance of LI.

Given the analysis of (12.12a), we now have an argument against a domain-
union analysis for the position of the PP: since �nite Ss never union, the PP in
(12.12a) would not be able to linearize outside the pourquoi clause. We conclude
that the initial PP in LI is extracted.11

In addition, a linearization approach to the initial position of the PP would
recquire an otherwise unmotivated di�erence between preposed and in-situ PPs
(PPs never precede a lexical V in French).

Since subject inversion in LI is a result of domain union on the one hand, and
the PP is extracted on the other hand, we conclude that LI is just another case
of extraction-triggered domain union. In spite of their similarity, LI and PP top-
icalization must be distinguished: (a) the set of admissible PPs is not the same;
(b) inversion is obligatory in LI, and rare in PP topicalization; hence the unac-
ceptability of *Dans le jardin, Paul ira above. We thus consider that LI is a
speci�c construction. Syntactically, it is a subtype of head-�ller-phrase speci�ed as
[head verb[vform �n,inv +].

4 Subject inversion and information packaging

The number of ETI constructions in French o�ers an opportunity to reexamine a
traditional question with respect to NP inversion in general: is there an information-
packaging [Lambrecht,1994, Vallduv�� & Engdahl,1996] e�ect associated with inver-
sion per se? Adopting [Vallduv�� & Engdahl,1996]'s partition of information into
focus and ground and of ground into topic (link) and tail, we brie
y show that in-
verted subjects are indeed constrained in that they cannot be topics. However there
is no single information packaging instruction associated with subject inversion.

Inverted subjects are never topic French has a test for topichood: a paren-
thetical tonic pronoun (PTP) only cooccurs with subject NPs and clitic pronouns
([Ronat,1979]): the very elements which can be topics (12.13). Coindexation with
a PTP forces a (contrastive) topic interpretation. We can easily show that an IS
cannot be a topic since coindexation with a PTP is ill-formed as (12.14) shows :12

11Note that extraction of PPs out of �nite wh- clauses is possible in French.
12Following [Vallduv�� & Vilkuna,1997], we we assume that contrast is orthogonal to the

focus/ground partition. The following sentence with a contrastive IS shows that contrast
is not responsible for the ill-formedness of (12.14):
Une chambre o�u ne dormait que Paul
`A room where only Paul slept'
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sur la place une cath�edrale se dresse

Figure 12.4: Analysis of Sur la place se dresse une cath�edrale

(12.13) Mariei aime v�eritablement Paul, ellei.
`MARY loves Paul' (lit: Mary loves Paul, her)

(12.14) a. * Dans le faubourg se dresse la nouvelle cath�edrale, elle.
`In the suburb stands the NEW cathedral'

b. * La maison o�u habite Paul, lui, est immense.
`The house where PAUL lives is huge'

IS can belong to the focus or the ground An IS in LI is not assigned to either
focus or ground. An LI sentence can be a felicitous answer in the three following
contexts: the question in (12.15) calls for an all-focus answer; that in (12.16) for
a narrow focus on the inverted NP and that in (12.17) for a narrow focus on PP
(hence the IS is in the ground):

(12.15) [What's happening?]
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De la chemin�ee sort une fum�ee inqui�etante.
`From the chimney comes out a worrying smoke'

(12.16) [And in Paul's room, what is postered on the walls?]
Sur un des murs est a�ch�ee une photo de Marie.
`On one of-the walls is postered a picture of Mary.'

(12.17) [What about John? Where are his pictures shown?]
Au Louvre sont expos�es ses monochromes.
`In the Louvre are shown his monochromes'

Constraints on IS There are two it-cleft constructions in French.13 The coda
clause of it-cleft-1 is assigned to the ground, while it-cleft-2 is a presentational
all-focus construction with the coda-clause part of focus [Lambrecht,1994]. The
unacceptability of (12.19) is unexpected, given that subject inversion is compatible
with an all focus packaging (see (12.15) above).

(12.18) [Who did John speak to?]
C'est �a Marie que Jean a parl�e / qu'a parl�e Jean.
`It is to MARY that John spoke'

(12.19) [What's happening?]
C'est mon voisin que la police arrête / # qu'arrête la police.
`Here is my neighbor arrested by the police'

Since this contrast and similar ones (for instance, an IS can be a focus in LI
while it cannot be in PP-topicalization) cannot be attributed to subject inversion by
itself, it means that each construction speci�es whether it allows subject inversion
as well as which information packaging is associated with it. The presence of the
boolean inv feature on the head of the construction is su�cient to account for
the presence or absence of IS. Although the integration of subject inversion in
a general picture of information packaging remains for future research, we have
arrived at a partial conclusion. While subject inversion has nothing to say in
the focus/ground partition (IS may belong to either), it does play a role in the
organization of the ground (IS may be part of the tail, but cannot be topic). This
shows, in contrast with [Lambrecht & Polinsky,1997]'s proposal for inversion in
Italian, that detopicalization does not imply focalization.

5 Conclusions

Having shown that inverted NPs were subjects in ETI constructions, we propose
that inversion is an e�ect of an extraction-triggered domain union. This analysis
accounts in particular for di�cult data where the inverted main subject precedes an
embedded complement. Moreover, we rely on lexical typing of verbs occurring on
extraction paths to account for the intricate constraints on long distance inversion.
Finally, we show that the syntactic commonality of the inversion contexts we have
explored is partially re
ected in the information packaging dimension: inverted
subjects may not be topics.

13The two it-clefts are associated with di�erent intonational patterns, see
[Clech-Darbon et al., 1998]).
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Chapter 13

Towards a General Theory of Partial

Constituent Fronting in German

Kordula De Kuthy and Walt Detmar Meurers

1 The issue

The topicalization of partial constituents in German has received much attention
in the literature since the phenomenon is a serious challenge to the theory of con-
stituency. In the HPSG paradigm, the attention has focussed on the topicalization
of partial verb phrases.1 But G.M�uller (1993, 1996) and others discussed that par-
tial constituent fronting in German also occurs with nominal and adjectival phrases.
A simple example for each of the categories is shown in (1).

(1) a. [Verkaufen]
sell

wird
will

er
he

das
the

Pferd.
horse

b. [Ein
a

Buch]
book

hat
has

Hans
Hans

�uber
about

Syntax
Syntax

ausgeliehen.
borrowed

c. [Stolz]
proud

ist
is

er
he

auf
of

seine
his

Kinder
children

gewesen.
been

In (1a), the transitive verb verkaufen has been fronted, leaving its complement,
the NP das Pferd, behind. In (1b), the NP ein Buch is topicalized without its PP
complement �uber Syntax. And in (1c), the AP stolz has been fronted, leaving its
PP argument auf seine Kinder behind.

Looking at the theoretical consequences drawn from such data, two ideas pur-
sued in the principles and parameters paradigm are that i. the constructions involve
remnant movement of a constituent containing a trace (Thiersch 1985, Webelhuth
and den Besten 1987, G.M�uller 1996), or ii. \smaller" constituents can be topical-
ized which are licensed with the help of special processes like \reanalysis" (Fanselow
1987, for partial NPs). Parallel to these two ideas, HPSG approaches to PVP top-
icalization proposed a remnant movement-like analysis (Hinrichs and Nakazawa
1994) or used an extended notion of valence, argument raising, which supports par-
tial structures like those resulting from \reanalysis" (the other publications cited

We would like to thank Tilman H�ohle, Stefan M�uller, Craig Thiersch and the anonymous
reviewers for their comments on an earlier version of this paper.

1Pollard (1996), Hinrichs and Nakazawa (1994), Nerbonne (1994), Kathol (1995,
sec. 7.7), Meurers (1998), St.M�uller (1997), Bouma and van Noord (1998, sec. 3.4)

113

Proceedings of FHCG'98
Gosse Bouma, Geert-Jan Kruij� & Richard Oehrle (editors).
Chapter 13, Copyright c
1998, Annie Zaenen.



in fn. 1). Since one of the arguments against reanalysis �elded by G.M�uller (1991,
p. 175) is that a reanalysis rule cannot properly be expressed in the GB framework,
an interesting aspect of the parallel development in the two frameworks is that the
argument-raising approaches in HPSG give a formally precise rendering to a notion
of reanalysis.

In this paper, we want to discuss and compare the partial constituents of the
three di�erent categories and develop an HPSG theory which accounts for the ob-
servable similarities and di�erences in the three sets of data. We show that a
generalized argument raising account makes the correct predictions, in particu-
lar regarding the observable word order and the interaction in complex fronting
phenomena involving topicalized (P)VPs with partial complements. With respect
to the theoretical consequences of the partial fronting data, we believe that the
reanalysis-like theory we propose provides a concrete basis for a reevaluation of the
choice between remnant movement and reanalysis.

2 The data

2.1 Partial VPs

It is known since Bech (1955) that the possibility of partial VP topicalization de-
pends on the class of the governing verb. Obligatorily coherent verbs like werden
(will) in (1a) and optionally coherent verbs like versuchen (try) in (2a) allow PVP
topicalization, while obligatorily incoherent ones as empfehlen (recommend) in (2b)
do not.2

(2) a. [Zu
to

verkaufen]
sell

versuchte
tried

er
he

das
the

Pferd.
horse

b. * [Zu
to

verkaufen]
sell

empfahl
recommended

er
he

ihr
her

das
the

Pferd.
horse

The examples in (3) show that if a topicalized verbal head coherently selects a
verbal complement, that complement has to be included in the fronted constituent.3

(3) a. [Verkaufen3
sell

m�ussen2 ]
have-to

wird1
will

er
he

das
the

Pferd.
horse

b. * [M�ussen2 ]
have-to

wird1
will

er
he

das
the

Pferd
horse

verkaufen3 .
sell

c. * [Das
the

Pferd
horse

m�ussen2 ]
have-to

wird1
will

er
he

verkaufen3 .
sell

2A discussion of Bech's proposal in the context of HPSG is provided in Kiss (1992).
3Examples like the ones shown in (3) are a notorious problem case. For G.M�uller

(1993, p. 447, fn. 22) the ungrammaticality of a sentence like (3b) \can be made to follow
from the general prohibition against predicate scrambling", but he never actually provides
such a constraint explicitly. The restrictions proposed in Hinrichs and Nakazawa (1994)
and Nerbonne (1994) are shown by Kathol (1995, pp. 260f.) to be too restrictive. Kathol
and St.M�uller (1997) then propose something similar to the generalization we state above;
but see fn. 5 for a di�erence between the proposed formalizations.
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In HPSG, Pollard (1996) showed that the lexical argument raising speci�cation
of Hinrichs and Nakazawa (1989) can be employed to supply the variable subcat-
egorization requirements required to license the full range of (partial) verbal con-
stituents occurring as complements of coherently constructing verbs. Subsequently,
a number of authors argued that the partial constituents should only be licensed in
topicalized position (Hinrichs and Nakazawa 1994, Nerbonne 1994, Meurers 1998,
St.M�uller 1997), which was motivated by the theoretical desideratum of excluding
spuriously ambiguous structures in the Mittelfeld.

Interestingly, one can actually �nd empirical support for excluding the spurious
structures, which in the HPSG discussion on PVP topicalization has gone unno-
ticed. The examples in (4) show that the partial verbal constituent can never be
linearized at the beginning of the Mittelfeld. Complete in�nitival complements, on
the other hand, can occur there when selected by obligatorily incoherent (5c) and
optionally coherent verbs (5b), but not obligatorily coherent ones (5a).

(4) a. * Er
he

wird
will

[verkaufen]
sell

das
the

Pferd
horse

noch
still

heute.
today

b. * Er
he

versuchte
tried

[zu
to

verkaufen]
sell

das
the

Pferd
horse

verzweifelt.
desperately

c. * Er
he

empfahl
recommended

[zu
to

verkaufen]
sell

ihr
her

das
the

Pferd.
horse

(5) a. * Er
he

wird
will

[das
the

Pferd
horse

verkaufen]
sell

noch
still

heute
today

wollen.
want-to

b. Er
he

wird
will

[das
the

Pferd
horse

zu
to

verkaufen]
sell

noch
still

heute
today

versuchen.
try-to

c. Er
he

wird
will

[das
the

Pferd
horse

zu
to

verkaufen]
sell

ihr
her

noch
still

heute
today

empfehlen.
recommend

In addition to being theoretically attractive, it thus is also empirically motivated
to license partial verbal constituents for topicalization only, and we will assume such
an approach as the background of our proposal.

2.2 Partial APs

After this sketch of the main properties of partial VPs on the basis of Bech's dis-
tinction between three classes of verbal complement taking verbs, partial APs can
now straightforwardly be characterized as behaving like the partial verbal comple-
ments of obligatorily coherent verbs (cf. G.M�uller 1993, St.M�uller 1997). Firstly,
a partial AP can be topicalized as shown in (1c), and with a di�erent kind of AP
in (6).

(6) [Treu]
faithful

will
wants-to

er
he

seiner
his

Frau
wife

f�ur
for

immer
ever

bleiben.
remain

Secondly, neither a partial (7a) nor a complete (7b) AP can be linearized at
the beginning of the Mittelfeld.

(7) a. * Er
he

ist
is

[stolz]
proud

immer
always

auf
of

seine
his

Kinder
children

gewesen.
been
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b. * Er
he

ist
is

[stolz
proud

auf
of

seine
his

Kinder]
children

immer
always

gewesen.
been

Finally, the complement of the AP can occur at the beginning of the Mittelfeld
(8), just like the complement of the verbal argument of a coherently constructing
verb (9).

(8) Er
he

ist
is

auf
on

seine
his

Kinder
children

immer
always

[stolz]
proud

gewesen.
been

(9) Noch
Still

heute
today

wird
will

es
it

der
the

Mann
man

[verkaufen]
sell

wollen.
want

All of these facts make it plausible to analyze APs analogous to the verbal com-
plements of coherently constructing verbs in that the arguments of the adjectival
head are obligatorily raised.

2.3 Partial NPs

The third kind of partially occurring constituents we are interested in, nominal com-
plements selecting a PP argument, in some respects behave like verbal complements
of optionally coherent verbs.

Such a nominal complement can be partially topicalized, as was shown in (1b),
and the complete NP can be linearized at the beginning of the Mittelfeld as exem-
pli�ed in (10).

(10) Er
he

hat
has

[ein
a

Buch
book

�uber
about

Syntax]
syntax

heute
today

ausgeliehen.
borrowed

Furthermore, the complement of the NP can be linearized at the beginning of
the Mittelfeld (11).

(11) Er
he

hat
has

�uber
about

Syntax
syntax

w�ahrend
during

seines
his

Studiums
studies

[kein
not a

einziges
single

Buch]
book

ausgeliehen.
borrowed

But, di�erent from all the other partial constituents discussed above, even a
partial NP can occur at the beginning of the Mittelfeld (12).

(12) Er
he

hat
has

[keine
not a

einziges
single

Buch]
book

w�ahrend
during

seines
his

Studiums
studies

�uber
about

Syntax
syntax

ausgeliehen.
borrowed

The conclusion we want to draw from these facts is that a partial NP and its
PP argument should be analyzed as two independent sister constituents. Thus,
when a PP argument is raised from an NP, the remaining partial NP complement
needs to be treated by its verbal head like any other saturated complement.

There are two related aspects which we have no space to discuss here: Firstly,
the occurrence of partial NPs is subject to certain lexical restrictions. A discussion
of these restrictions and how they can be integrated into our account is provided
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in De Kuthy (1998). That paper also situates the empirical phenomenon discussed
here in the context of other phenomena involving partial NPs, such as the so-
called Split NPs and Was-f�ur Split. Secondly, G.M�uller (1996) argued that there
is empirical evidence for the existence of a trace in a partially fronted NP. In De
Kuthy and Meurers (1998) we provide examples which show that his conclusion is
not convincing.

2.4 Interactions

Interesting empirical evidence arises from the fact that the topicalization of (P)VPs
can interact with the occurrence of partial APs and NPs. An example for a fronted
VP including a partial NP is shown in (13a) and the parallel case with a partial
AP in (13b).

(13) a. [Ein
a

Buch
book

ausleihen]
borrow

will
wants-to

er
he

�uber
about

Syntax.
syntax

b. [Treu
faithful

bleiben]
remain

will
wants-to

er
he

seiner
his

Frau.
wife

The example in (14) illustrates that such interaction is also possible with a
partially fronted VP, in this case including a partial NP complement.

(14) [Ein
a

Buch
book

ausleihen]
lend

will
wants-to

er
he

ihr
her

hierzu
on-this

aber
but

nicht.
not

In proposing to analyze all three kinds of partial constituents and coherent
constructions with an argument raising mechanism parameterized for the di�erent
categories, the theory we formalize below predicts this behavior.

Finally, one can observe that fronting of the complement of an NP or an AP
together with the embedding verb is ungrammatical, as shown in (15).

(15) a. * [�Uber
about

Syntax
syntax

ausleihen]
lend

will
wants-to

er
he

ihr
her

ein
a

Buch.
book

b. * [Auf
about

seine
his

Kinder
children

gewesen]
been

ist
he

er
is

stolz.
proud

This is parallel to the example (3c), which showed that the raised complements
of a verb cannot be fronted without that verbal head. Our theory therefore explains
these facts by requiring raised arguments to be saturated (or more speci�cally
independent, a notion introduced below).

3 An HPSG analysis

We propose to generalize the argument raising approach to partial VP fronting of
Pollard (1996) to partial constituent fronting in general. The idea is to introduce
argument raising as a general option for di�erent kinds of complements. To formal-
ize this option, we de�ne a lexical principle in the style of Meurers (1997a, 1997b)
which introduces argument raising as a generalization in the mapping between the
argument structure and the valence speci�cations of verbs.
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In the lexicon, the argument structure is speci�ed under the arg-st attribute,
as shown in the lexical entries below.4

(16) a.

2
4phon



wollen

�
arg-st

�
NP,

�
l j c j head verb

lex +

��35 b.

2
4phon



empfehlen

�
arg-st

�
NP,

�
l j c j head verb

lex {

��35

c.

"
phon



ho�en

�
arg-st

D
NP,

�
l j c j head verb

�E
#

In addition to the speci�cation of the argument structure, the lexical entries
also show that obligatorily coherent verbs verbs like wollen (want-to) in (16 a)
mark their verbal complement as

�
lex +

�
, whereas obligatorily incoherent verbs like

empfehlen (recommend) in (16 b) require it to be
�
lex {

�
. The lexical entry of an

optionally coherent verb like ho�en (hope) in (16 c) is underspeci�ed and enforces
no lex restrictions on its complement.5 Basically, marking a complement as

�
lex {

�
corresponds to the X-bar schema condition that non-heads have to be completed
projections. But while the X-bar schema is a condition on structures, the lex
attribute lexicalizes this restriction, which makes it possible to relax the

�
lex {

�
-

complement requirement for heads of a speci�c lexical class to account for cluster
formation in coherent constructions.

The lexical principle shown in �gure 13.1 expresses how the argument structure
speci�ed in the arg-st list of the lexical entries of base form verbs6 determines
the values of the valence attributes (subj and comps). The �rst element ( 1 ) of

2
64word
s j l j c j head

�
verb

vform bse

�
3
75 !

2
664s j l j c j v

"
subj



1
�

comps 2 �
�
raised

�
3
�
^ indep

�#

arg-st



1 j 2

�
^
�
3 
 indep

�
3
775

Figure 13.1: The lexical argument-raising principle

the argument structure is assigned to be the subject and the rest of the arguments
( 2 ) are speci�ed to surface on the comps list.7 Appended (�) to that comps
list are the arguments raised from 3 . These raised arguments are required to be

4The arg-st attribute is speci�ed explicitly or derived by some kind of a linking theory.
We assume argument raising to take place only with respect to the valence attributes, not
on arg-st. The intuition behind this is that the argument structure should be a direct
syntactic re
ection of the semantic roles of a predicate.

5 Kathol (1995) and M�uller (1997) employ a special selection attribute (gov or vcomp)
for complements of coherent verbs. This, however, results in two lexical entries for each
optionally coherent verb instead of the underspeci�ed single entry we propose here. Apart
from this, regarding PVP topicalization their analyses make the same predictions as the
one we propose here.

6Finite verbs are assumed to be derived from their base forms by a lexical rule which
among other things removes the subject from subj and encodes it together with the
complements on comps in the tradition of Pollard (1996).

7To concentrate on the relevant issues, we here ignore subjectless and subject raising
verbs, the integration of which is possible but requires a principle with a more complex
mapping for subjects.
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indep(endent)8, i.e., saturated with respect to their complements and
�
lex {

�
. This

is also required of all arguments on arg-st except for the argument raising source
3 , which is shu�ed (
) into this list.

The relation raised de�ned in �gure 13.2 speci�es that the argument raising

raised
�
hi
�
:=hi.

raised

0
B@
*2
4lex +

l j c

�
head verb _ adj

v j comps 1

�35
+1CA:= 1 .

raised

 *�
l j c

�
head noun

v j comps 1

��+!
:= 1 .

Figure 13.2: The argument raising sources

source is either empty, in which case no arguments are raised. Or it is a verb or
adjective required to be

�
lex +

�
from which the complements are returned to be

raised. Finally, nouns can also return their complements, but di�erent from verbs
and adjectives the nouns are not required to be

�
lex +

�
.

Turning to the ID Principle in �gure 13.3, the Cluster-Formation Schema (CF)
licenses head-complement structures marked

�
lex +

�
which consist of a word and

a single
�
lex +

�
complement. The Head-Complement Schema (HC), on the other

hand, allows head-complement structures in which a word combines with any num-
ber of complements to form a

�
lex {

�
constituent (just like the constituents licensed

by the other ID schemata not directly relevant here).

�
phrase

dtrs headed-struc

�
!

2
64
s j lex +

dtrs

"
head-dtr word

comp-dtrs

D�
s j lex +

�E
#375 (CF)

_

�
s j lex {

dtrs j head-dtr word

�
(HC)

_

"
s j lex {

.

.

.

#
(other ID schemata)

Figure 13.3: The ID Principle

Two examples Now that the relevant machinery has been introduced, let us
look at two examples involving partial topicalization. We start with the analysis of
a sentence with a partial NP topicalization, the example shown in (17), which in
addition to the simple case (1b) discussed above includes a verbal complex.

(17) [Ein
a

Buch]
book

ho�t
hopes

jeder
everyone

hierzu
on-this

ausleihen
borrow

zu d�urfen.
be-allowed-to

8Relations are written in the functional notation traditionally used in HPSG. De�nition
of indep: indep :=hi.

indep :=

��
ljcjvjcomps hi
lex {

�
j indep

�
.
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The analysis tree for this example is shown in �gure 13.4. The interesting detail
is how the fronted partial NP ein Buch and the verbal complex ausleihen zu d�urfen
are licensed. The lexical entry for the verb ausleihen (borrow/lend) is shown in

"
p



Ein Buch

�
sjl 4

�
cjvjcps



3

��
#

2
6666664

p



ho�t

�
s

"
ljcjv

�
sbj hi

cps



5

,
6

,
8

,
3

��
#

a

*
5 i,

6

"
ljcjv

"
sbj



2 i

�
cps



8

,
3

�
##+

3
7777775

�
p



jeder

�
s 5

�2
64

p hi

s 8

"
l 4

�
cjvjcps



3

��
njijslash

�
4

	
#375
�
p



hierzu

�
s 3

�

2
66664

p



ausleihen

�
s 1

�
lex +

ljcjvjcps


8 , 3

��

a

D
7

,
8

�
ljcjvjcps



3

��E

3
77775

2
6666666664

p



zu d�urfen

�
sjljcjv

"
sbj



2

�
cps



1

,
8

,
3

�
#

a

*
2 j ,

1

2
64

lex +

ljcjv

"
sbj



7 j

�
cps



8

,
3

�
#375
+

3
7777777775

c h

2
6664

p



ausleihen zu d�urfen

�

s 6

2
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Figure 13.4: Topicalization of a partial NP in a sentence with a verbal
complex

(18).

(18)

2
4phon hausleiheni
s j l j c j head verb

arg-st



NP,NP

�
3
5

The argument raising principle applies to ausleihen so that the NPs on arg-
st can be argument raising sources as de�ned in �gure 13.2. The occurrence of
ausleihen in the tree in �gure 13.4 can therefore raise the PP argument hierzu ( 3 )
from its nominal complement.

The verb d�urfen belongs to the obligatorily coherent verbs; so it has a lexical
entry like wollen in (16 a) and requires its verbal complement to be

�
lex +

�
. The

argument raising principle therefore has to raise the (trace of the) NP ein Buch ( 8 )
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and the PP hierzu ( 3 ) from the verbal complement ausleihen ( 1 ) onto the comps
requirements of zu d�urfen.

The verb ho�en belongs to the optionally coherent verbs, for which a lexical en-
try was shown in (16 c). The argument raising principle ensures that the occurrence
of ho�t in the tree in �gure 13.4 raises all independent complements from its verbal
complement: the PP hierzu ( 3 ) and the (trace of the) NP ein Buch ( 8 ). But it
cannot raise the verbal complement ausleihen, since ausleihen is unsaturated, i.e.,
not independent. Instead, ausleihen and zu d�urfen form a verbal complex licensed
by the VC schema. The verbal complex, the trace of the fronted NP ein Buch, the
PP hierzu, and the subject NP er are then all realized in a 
at head-complement
structure.

The second analysis we want to show in detail is an example for a VP topical-
ization including a partial AP, namely the example (13b) we discussed in section
2.4. Such an example is interesting since here argument raising from an adjectival
complement has to interact with argument raising from a topicalized verbal com-
plement. The structure for this example as licensed by our theory is shown in �gure
13.5. The important detail is how the topicalized constituent with its partial AP
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Figure 13.5: Fronting of a VP including a partial AP complement

treu bleiben is licensed. The lexical entry of bleiben (stay) is shown in (19).
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(19)

2
664
phon hbleibeni
s j l j c j head verb

arg-st

�
NP,

�
l j c j head adjective

lex +

��
3
775

As discussed in the section 2.2 on partial APs, the entry for such a verb is like
that of an obligatorily coherent verbal complement taking verb in that it requires
its complement to be

�
lex +

�
, only this time it is an adjectival complement and not

a verbal one. As a result of the interaction of this speci�cation with the mapping
to the valence attributes enforced by the argument raising principle, the occurrence
of bleiben in the tree in �gure 13.5 raises the argument seiner Frau ( 3 ) from its
adjectival complement treu ( 1 ). The remaining partial complement is then realized
in a head-complement structure. The resulting VP treu bleiben is

�
lex {

�
and has

one element left on its comps list, the raised NP seiner Frau ( 3 ).
The verb wollen belongs to the obligatorily coherent verbs and requires its

verbal complement to be
�
lex +

�
, as was shown in its lexical entry (16 a). Again,

the argument raising principle ensures that the occurrence of will in the tree in
�gure 13.5 raises the NP seiner Frau ( 3 ) from (the trace of) its verbal complement
treu bleiben ( 6 ). Note that for this to be possible, the trace must be

�
lex +

�
. This

does not con
ict with the
�
lex {

�
speci�cation on the topicalized VP since, as usual,

only the local information ( 4 ) is shared between the �ller and the trace of the
unbounded dependency construction, in which the lex speci�cation is not included
(cf. Meurers 1998, St.M�uller 1997). Having raised the NP seiner Frau ( 3 ) to the
comps requirements of will, one can license a 
at head-complement structure with
will as head daughter and the NP er, the trace of the fronted VP, and the raised
NP as complement daughters. The NP seiner Frau has thus been raised twice and
is realized independent from its original head treu, as a complement of the verb
will.

4 Conclusion

We presented an account for general partial constituent fronting in German. The
account extends the empirical coverage of previous HPSG proposals in a way which
accounts for the similarities and the di�erences between three di�erent kinds of
partial constituents: partial APs, NPs, and VPs. The similarities derive from a
generalization of the argument raising approach to PVPs: a lexical principle which
introduces argument raising as a general possibility for verbal heads. The di�erences
result from the di�erent requirements with respect to the lexicality (lex) of the
complements as speci�ed in the lexical entries and a relation (raised) parameterizing
the lexical principle. As additional support for the analysis, we showed that the
approach predicts the observable interaction between (partial) VP topicalization
and partial NPs or APs.
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Chapter 14

A Relational Approach to Relativization

in Turkish

Zelal G�ung�ord�u and Elisabet Engdahl

Abstract. In this paper we propose an HPSG account of the complex phe-
nomenon of relativization in Turkish. Relative clauses in this language are prenom-
inal and headed by a participle whose form depends on the existence of a genitive
subject in the clause in the case of bounded dependencies and on two further fac-
tors, namely the grammatical function of the gap host and the gap, in the case of
long-distance dependencies. Previous accounts have all been transformational. We
present an account for this phenomenon in HPSG, making use of lexically speci�ed
mod values, valency lists and non-local feature handling. We outline a comprehen-
sive analysis that exploits relational constraints on lexical entries.

1 Introduction

Relative clauses in Turkish are prenominal and have verbal heads that are mor-
phologically marked with one of a number of participle su�xes. There are two
di�erent strategies of relativization in Turkish, distinguished by the morphological
marking on the verbal head of the clause (and its subject, if any). Several accounts
have been proposed in the literature which try to formulate the distribution of the
two relativization strategies, all accounts so far being within the tradition of trans-
formational grammar; for example, [Underhill, 1972], [Hankamer & Knecht, 1976],
[Dede, 1978], [Csat�o, 1985], and [Barker et al., 1990] (see [Knecht, 1979] for an overview
of the �rst three accounts). Here, we propose a purely lexical account of the phe-
nomenon within HPSG, which we claim is empirically more adequate than the
previous accounts, as well as being computationally more attractive. Our analysis
exploits the identifying morphology on verbal heads of Turkish relative clauses, and
is based on an assumption that such clauses have lexically speci�ed mod values (en-
coded in the lexical entry of the verbal head of the clause). In addition, the anal-
ysis adopts a mechanism proposed by [Bouma & Nerbonne, 1994] that combines
inheritance-based methods and relational constraints in describing (in
ectional)
morphology.

2 Bounded Relativization

The two relativization strategies in Turkish have traditionally been called subject
participle (SPc), with the su�x `-(y)En', and object participle (OPc), with the su�x
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`-dIk', re
ecting the correlation between the grammatical role of the relativized
constituent and the choice of the relativization strategy; cf. [Knecht, 1979] and
[Sezer, 1986]. This correlation is quite strong and seems to determine the choice of
the strategy in cases like (14.1).

(14.1) (a) [ i kad�n-�
woman-ACC

g�or-en]
see-SPc

adami

man

`the man who saw the woman'

(b) [adam-�n
man-GEN

i g�or-d�u�g-�u]
see-OPc-3sPoss

kad�ni
woman

`the woman that the man saw'

(14.1a) is a case of subject relativization and the SPc strategy is used, with the cor-
responding su�x on the verbal head `g�or'. (14.1b) exempli�es object relativization,
with an OPc su�x on the verbal head, as well as a possessive su�x which agrees, in
person and number, with the genitive marked subject of the clause. This pattern of
object relativization in fact applies to relativization of any non-subject constituent,
including adjuncts. There are nevertheless cases where non-subject constituents
are relativized using the SPc, apparently violating this generalization concerning
the correlation between the grammatical function of the relativized constituent and
the strategy to be used. Consider, for example, (14.2), where the locative adjunct
NP `house' can be relativized using either the OPc, as in (14.2a), or the SPc, as in
(14.2b).

(14.2) (a) [her
every

gece
night

i bir
a

�cocu�g-un
child-GEN

a�gla-d��g-�]
cry-OPc-3sPoss

evi
house

`the house where a (certain) child cries every night'

(b) [her
every

gece
night

i bir
a

�cocuk
child

a�gla-yan]
cry-SPc

evi
house

`the house where some child cries every night'

Note that the choice of OPc or SPc leads to di�erent interpretations, with speci�c
and nonspeci�c subject readings, respectively. This is due to the fact that genitive
marking on subjects of non-�nite Turkish clauses generally correlates with a speci�c
reading of the subject. Thus, one may argue that it is in fact the existence of a
genitive marked subject in the clause that determines the particular relativization
su�x on its verbal head (rather than the grammatical role of the relativized con-
stituent), and that a genitive subject always induces the use of OPc, whereas the
lack of such a subject leads to the SPc.1

3 Long-distance Relativization

In Turkish relativization is also possible out of embedded phrases of certain kinds
such as relative clauses, possessive phrases, postpositional phrases, nominalization
clauses, and non-subject in�nitive clauses, resulting in structures with long-distance
dependencies. (14.3b) below is an example of relativization out of a relative clause,
where the genitive subject, `adam�n', of the clause in (14.3a) has been relativized out
of that clause, appearing as the head noun of a second relative clause surrounding
the �rst one. The inner clause in (14.3b) consequently has two gaps while the outer
one has none.
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(14.3) (a) Kad�n
woman

[adam-�n
man-GEN

i oku-du�g-u]
read-OPc-3sPoss

kitab-�i
book-ACC

g�or-d�u.
see-PAST

`The woman saw the book that the man read.'

(b) [kad�n-�n
woman-GEN

[ j i oku-du�g-u]
read-OPc-3sPoss

kitab-�i
book-ACC

g�or-d�u�g-�u]
see-OPc-3sPoss

adamj

man

`the man that the woman saw the book he read'

In cases of long-distance relativization, the inner clause is always either a constituent
or part of a constituent (modi�er in (14.3b) above) in the outer clause. We refer to
that constituent of the outer clause as the `gap host'.2 Until now, there have been
two main (independent) proposals in the literature as to what determines in Turkish
the relativization strategy in the outer clause in the case of long-distance relativiza-
tion: i) the grammatical function of the gap (corresponding to the long-distance
relativized constituent, i.e. the head noun of the outer clause), e.g. [Csat�o, 1985];
and ii) the grammatical function of the gap host, e.g. [Barker et al., 1990]. We
claim that both these factors play a role, as well as a third one, namely the exis-
tence of a genitive-marked subject in the outer clause. More speci�cally, we argue
that the choice of the relativization strategy in long-distance relativization can be
characterized by the following pattern:

(14.4) a) if the gap host is a non-subject constituent then i) if there is a genitive
subject in the clause, the OPc strategy is used, otherwise ii) the SPc
strategy is used; or else
b) if the gap host is the subject then i) if the grammatical role of the gap is
subject, the SPc strategy is used, otherwise ii) the OPc strategy is used.

It is perhaps surprising that this seemingly complex dependency pattern can be
handled within a constraint-based theory like HPSG in a perfectly straightforward
manner, as we present next.

4 An Analysis within HPSG

This section presents the HPSG analysis we propose for relativization in Turkish.3;4

Following [Sag, 1997], we assume that hd-adj-ph has the two subtypes simp-hd-adj-
ph and hd-rel-ph (for relative clauses), the latter being constrained in the following
way:

(14.5) hd-rel-ph )

2
6666666664

head noun

cont

�
index 4

restr f 3 g [ 5

�

non-hd-dtrs

�

cont 3 proposition
��

hd-dtr

�
cont

�
index 4

restr 5

� �

3
7777777775

(14.5) states that the cont value of a hd-rel-ph object is constrained to have a
restricted index structure-shared with that of its head daughter (i.e. the NP being
modi�ed), and that the restriction set (the restr value) is determined by adding
the (propositional) cont value of the non-head daughter (i.e. the modifying clause)
to the restrictions imposed by the head daughter.
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Let us now consider some important characteristics of Turkish relative clauses
that we exploit in our lexical approach. The �rst point is related to the fact
that Turkish relative clauses have verbal heads with identifying morphology. This
enables us to specify the mod value of a relative clause in the lexical entry of its
verbal head from where it is passed on to the clause via the Head Feature Principle.5

The second point is that Turkish relativization is in one way more restricted
than other kinds of unbounded dependencies: No relativized constituent can cross
the boundaries of a �nite Turkish sentence, while an extracted (topicalized or back-
grounded) constituent can. We therefore use two separate nonlocal features in
the analysis of relativization and of other kinds of unbounded dependencies in Turk-
ish, relativized and slash, respectively. We can then readily formalize the above
restriction on relativization as a constraint on only one of these nonlocal features
(relativized) of any �nite sentence in Turkish grammar, requiring it to be empty.

Another important feature of the analysis comes up in the implementation
of the long-distance relativization pattern (14.4). Note that (14.4b) requires a
mechanism which, at the outer clause level, di�erentiates between the di�erent
grammatical roles of the gap in the inner clause, namely whether the gap is a
subject or a non-subject. We therefore assume that subject and non-subject gaps
introduced by relativized constituents are passed up in the structure using di�erent
relativized features. Accordingly, the feature relativized is assumed to take
values of type relativized, a new type with two appropriate features, subj-rel and
non-subj-rel, both of which take values of type set(local). What is essential is
then to make sure that a newly introduced subject relative dependency is always
stored in the inherjrelativizedjsubj-rel value of the lexical entry introducing
it, and similarly that a non-subject relative dependency is always stored in the
inherjrelativizedjnon-subj-rel value.

4.1 Lexical Entries for Participles

Note that in all examples of relative clauses where a bounded dependency is bound
o�, the head noun of the relative clause corresponds to (i.e. is coindexed with) a gap
in the clause itself. On the other hand, in clauses where a long-distance dependency
is bound o�, the head noun doesn't correspond to a gap in the clause itself, but
rather to one that is embedded somewhere within one of the constituents of the
clause (i.e. the gap host). We make a distinction, in the analysis, between part
verbs that head relative clauses of these two kinds. A generic lexical entry for a
part verb licensing a clause with bounded dependency { ignoring the details for the
time being { can be schematized as follows:
(14.6)2
66666666666664

head

2
64
verb

vform part

mod NP 2

h
to-bindjrelativizedjy

n
1 2

oi
3
75

arg-s h: : : ; [loc 1 ] ; : : : i

f h: : : i

inherjrelativizedjy f 1 g

3
77777777777775
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where f 2 f subj , comps g and

y 2 f subj-rel , non-subj-rel g

The intended interpretation of (14.6) is that the argument in the arg-s list with
the local value tagged as 1 does not appear in the corresponding valence list
(subj or comps). Instead, the local value of the argument appears in either
of the inherjrelativized feature sets (subj-rel or non-subj-rel) of the part
verb, thereby indicating a relative dependency relating to that argument. Further-
more, the mod value of the verb is constrained as an NP (cf. the paragraph above
on lexically speci�ed mod values), whose corresponding to-bindjrelativized fea-
ture set contains a single element structure-shared with the only element in the
inherjrelativized feature set of the part verb itself, to ensure the discharge of
this dependency in a head-adjunct phrase with a relative clause headed by this
part verb. Finally, the coindexation of the modi�ed NP and the element in its
to-bindjrelativized set, hence the element in the inherjrelativized set of the
verb, guarantees that the NP will be assigned the appropriate semantic role (i.e. the
one corresponding to the relativized argument) within the content value of the
verb.

Let us now consider a generic lexical entry, as in (14.7), for a part verb licens-
ing a clause with long-distance dependency. Notice that in this case one of the
valence lists (subj or comps) is constrained to have an element (the one to func-
tion as the gap host) with a non-empty inherjrelativized feature value, which
contains an element structure-shared with the only element in the corresponding
to-bindjrelativized feature value of the modi�ed NP (to guarantee the discharge
of this long-distance dependency in a head-adjunct phrase with a relative clause
headed by this part verb). It is important to note that there may well be other
long-distance dependencies stored in the same inherjrelativized feature value of
the gap host, which would then be passed on to the mother NP of the relative clause
headed by the part verb, via the Nonlocal Feature Principle in the usual way.

(14.7)

2
666664

head

2
64
verb

vform part

mod NP 2

h
to-bindjrelativizedjy

n
1 2

oi
3
75

f h: : : ;XP [inherjrelativizedjy f: : : ; 1 ; : : : g] ; : : : i

3
777775

where f 2 f subj , comps g ,
XP 2 f NP , PP , S[nomin] , VP[inf ] g , and

y 2 f subj-rel , non-subj-rel g

In sum, a part verb for bounded relativization introduces in the structure a relative
dependency that is bound o� immediately by the NP being modi�ed by the very
same part verb. A part verb for long-distance relativization doesn't itself introduce
a dependency, but only binds o� one inherited from one of its arguments (the gap
host).6 Clearly, one also needs a way of introducing a relative dependency in an
embedded clause that is then to be bound o� as a long-distance dependency in a
surrounding relative clause.

Note that many details have been left out in the above-mentioned schemati-
zations of part verbs. In the case of (14.6), one must make sure that the corre-
lation between the existence/non-existence of a genitive subject and the strategy
to be used is always satis�ed. And in the case of (14.7), it is essential to choose
the right strategy to bind o� a long-distance relative dependency (re
ecting that
choice on the phon value of the lexical entry and the case value of its subject,
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if any), depending on whether the dependency is inherited from a subject or a
non-subject gap host (and in the latter case whether the dependency is passed on
by the inherjrelativizedjsubj-rel or inherjrelativizedjnon-subj-rel value
of the gap host).

4.2 A Relational Approach

One way to realize the lexical entries for part verbs (generically) introduced in
Section 4.1 would be to make use of a number of lexical rules that derive part verbs
from base verb entries in the lexicon, also performing certain other changes in their
output entries, such as changing the phon value to the appropriate in
ected form
(by a�xing the appropriate participle su�x, SPc or OPc, to the phon value of
the input base verb), and relativizing one of the arguments of the input entry (by
removing the argument from either of the valence lists subj and comps of the input,
and placing its local value in the corresponding inherjrelativized feature value
of the output) or constraining one of the arguments (the gap host in long-distance
relativization) to have a non-empty inherjrelativized feature value.

Recent work within HPSG have proposed several mechanisms as alternatives
to lexical rules for expressing generalizations over lexical information (e.g.
[Krieger & Nerbonne, 1993], [Kathol, 1994], [Oliva, 1994], and [Bouma & Nerbonne, 1994]).
In particular, [Bouma & Nerbonne, 1994] propose a mechanism combining inheritance-
based methods and relational constraints in describing (in
ectional) morphology. A
basic lexeme in the relational approach is an underspeci�ed feature structure that
is instantiated by unifying the lexeme with one of the entries in the paradigm of
the class to which the lexeme belongs. For example, the various in
ected forms of
the verb g�or `see' can be de�ned as follows:
(14.8)

G�OR � 1

2
6666666664

root hg�ori
head verb

arg-s
D
NP 2 ; NP 3 [acc]

E

cont

2
4 see

seer 2

seen 3

3
5

3
7777777775
 � member( 1 ; VERB)

(14.8) states that the underspeci�ed feature structure 1 must unify with one of
the entries in the paradigm VERB; each solution will result in a di�erent in
ected
form. The paradigm VERB is itself a feature structure speci�ed as a list of entries,
each of which speci�es the phonological form of a verb as well as the corresponding
morphosyntactic features.

Bouma and Nerbonne note that one advantage of the relational approach is
its reversibility, that is, that it can be used both to instantiate the morphological
features of an in
ected form and to determine what the form of a lexeme must be
given a speci�cation of its morphological features. Moreover, [Oliva, 1994] argues
that the use of relational constraints in the organization of lexical information is
more in line with the declarative nature of HPSG, rather than the use of lexical rules
(because of the procedurality inherent in the description of the latter). One further
advantage of the relational approach outlined above is that it is possible to relate
any number of entries within the same paradigm (e.g. via structure-sharing), since
a paradigm is itself speci�ed as a feature structure. With lexical rules, however,
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one can only relate two lexical entries, since a lexical rule is basically regarded to
map an input lexical entry to an output entry.

We therefore adopt the mechanism proposed by Bouma and Nerbonne in the
analysis of relativization in Turkish. One must note however that recursion, which is
so naturally handled by lexical rules, is not so easy (if at all possible) to model in the
relational mechanism adopted here. It is the lack of recursion in the phenomenon
of relativization in Turkish that enables us to propose such an analysis: There is
always at most one subject to be relativized out of a single clause, and it is not
possible to have more than one non-subject constituent relativized out of the same
clause. Thus, one can have at most two constituents relativized out of a single
clause.

The paradigm VERB is assumed to contain entries for (among other in
ected
verbal forms in Turkish) part verbs, specifying the phonological and syntactic fea-
tures of such verbs that are to license di�erent cases of relative clause constructions.
More speci�cally, we assume four di�erent paradigm entries for participles, two of
them licensing part verbs for subject or non-subject relativization in the case of
bounded relativization (two separate versions of (14.6), where i) f is subj and y
is subj-rel; or ii) f is comps and y is non-subj-rel), and the remaining two
licensing part verbs for long-distance relativization with a subject or a non-subject
gap host (two separate versions of (14.7), where the argument constrained to have
a non-empty inherjrelativized feature value takes place in the subj or comps
list). For example, (14.9) below depicts the paradigm entry for bounded subject
relativization. (Here � denotes list concatenation.)

(14.9)2
666666666666664

phon 1 � hyEni
mor [root 1 ]

head

2
64

verb

vform part

mod NP 3

h
to-bindjrelativizedjsubj-rel

n
2 3

oi
3
75

arg-s h[loc 2 ] ; : : : i
subj hi
inherjrelativizedjsubj-rel f 2 g

3
777777777777775

The lexical entry for the part verb g�oren licensing relative clauses as in (14.1a) will
then be as in (14.10) (once the underspeci�ed lexeme in (14.8), tagged 1 , is uni�ed
with the VERB paradigm entry in (14.9)).

(14.10)2
666666666666666666666664

phon hg�oreni
mor [root hg�ori]

head

2
4 verb

vform part

mod NP 3 [to-bindjrelativizedjsubj-rel f 2 g]

3
5

arg-s

D
NP 3 [loc 2 ] ; 4 NP 5 [acc]

E
subj hi
comps h 4 i

cont

2
4 see

seer 3

seen 5

3
5

inherjrelativizedjsubj-rel f 2 g

3
777777777777777777777775
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(14.11) shows the paradigm entry for long-distance relativization with a non-
subject gap host. The relational constraint strategy-used guarantees the correlation
between the case value of the subject (genitive or nominative) and the strategy to
be used (OPc or SPC).7

(14.11)

2
6666666666666664

phon 1 � 8

mor [root 1 ]

head

2
64
verb

vform part

mod NP 13

h
to-bindjrelativizedjy

n
9 13

oi
3
75

arg-s 10 � 11

subj 10 h 12NPi
comps 11 h: : : ;XP [inherjrelativizedjy f: : : ; 9 ; : : : g] ; : : : i

3
7777777777777775

where strategy-used ( 8 , 12 )
y 2 fsubj-rel , non-subj-relg and

XP 2 f NP , PP , S[nomin] , VP[inf ] g

The lexical entry for the part verb g�ord�u�g�u licensing relative clauses such as the
outer clause in (14.3b) will be as in (14.12) (once the underspeci�ed lexeme for `g�or'
is uni�ed with the paradigm entry in (14.11).

(14.12)

2
666666666666666666666664

phon hg�ord�u�g�ui
mor [root hg�ori]

head

2
64
verb

vform part

mod NP 3

h
to-bindjrelativizedjsubj-rel

n
2 3

oi
3
75

arg-s h 4 ; 6 i

subj
D

4 NP 5 [gen]
E

comps
D

6 NP 7 [acc; inherjrelativizedjsubj-rel 2 ]
E

cont

2
4 see

seer 5

seen 7

3
5

3
777777777777777777777775

In order to deal with relativization out of embedded clauses, we make use of
two further verb paradigms VERB

0

and VERB
00

, both of which are of the same
length as the paradigm VERB. The elements in VERB

0

are speci�ed as ? except
for the elements corresponding to the ones in VERB that may function as heads
of embedded clauses out of which subject relativization is possible. Similarly, the
elements in VERB

00

are also speci�ed as ? except for the elements corresponding
to the ones in VERB that may function as heads of embedded clauses out of which
non-subject relativization is possible.

Two further de�nitions for G�OR then follow, which state that the underspeci�ed
lexeme for `g�or' must unify with one of the entries in the list that is the result of
default unifying (see [Lascarides et al., 1996]) the paradigm VERB with VERB

0

,
or is the result of default unifying VERB with VERB

00

. The e�ect of using default
uni�cation here is that certain constraints assumed to be default (defeasible) in the
VERB paradigm entries will be overridden by con
icting non-default constraint
speci�cations in the corresponding entries of VERB

0

or VERB
00

. Accordingly, the
VERB paradigm entries that may function as heads of embedded clauses out of
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which subject (complement) relativization is possible are assumed to have default
values for their subj (comps) feature, which are then overridden by con
icting
non-default subj (comps) values in the corresponding entries of VERB

0

(VERB
00

),
thereby relativizing the subject (a complement). Note that one could instead have
additional paradigm entries in VERB for relativization out of embedded clauses
(rather than introducing further verb paradigms). However, the approach outlined
above helps us to capture certain generalizations over di�erent verb forms out of
which relativization is possible, thereby providing us with a more compact and clear
solution to the problem.

5 Conclusions

Relative clauses in Turkish provide an interesting test case for linguistic theories
of unbounded dependencies. The acceptable pattern of unbounded relativization
re
ects an interaction between the grammatical function of the gap, the grammat-
ical function of the gap host and the case marking of the highest subject, which
in turn re
ects interpretational distinctions concerning speci�city. In this paper
we have outlined an analysis within a constraint-based framework, which captures
this interaction through simultaneous constraints on feature values in the lexical
signs for participles. Given the usual HPSG inventory of typed feature structures,
head feature percolation and nonlocal feature handling, we were able to account
for the whole pattern of bounded and unbounded relativization by systematically
specifying the constraints that have to be met in order for particular forms of par-
ticiples to be used in relative clauses. For instance, given a nonlocal feature for
type of relativization, we can specify that a given participle is appropriate if one
of its complements contains a relativization dependency of e.g. the subject type.
In order to capture the systematic paradigm of available verb forms, we applied
Bouma and Nerbonne's relational constraints, thereby avoiding redundancy in the
lexicon. One question we have not tried to answer in this paper is whether it is just
a language particular fact about Turkish that relativization is sensitive to, among
other things, the grammatical function of the gap host. Given that the grammatical
function of the gap host also appears to be relevant for unbounded relativization
in Japanese, another head �nal language with prenominal relative clauses, it seems
plausible that there is a correlation with the branching structure of the language,
i.e. whether it is left or right branching, but more research is clearly needed on this
topic.
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Notes
1Further evidence supporting this argument comes from Turkish `impersonal

passives', that is, `subjectless' constructions formed by passivized intransitive pred-
icates. [Hankamer & Knecht, 1976] observe that relativization out of such construc-
tions is only possible using the SPc (although it is { naturally { always a non-subject
constituent that is relativized).

2We borrow the term `gap host' from [Barker et al., 1990]. They de�ne a gap
host as the highest nominal in the relative clause dominating the gap. However, we
use it in a broader sense here, which also includes possessive phrases, postpositional
phrases, nominalization and in�nitive clauses.

3The analysis presented here deals with argument relativization only, leaving
relativization of adjuncts for further consideration.

4Due to space limitations, we only outline the main features of the analysis
here. The reader is referred to [G�ung�ord�u & Engdahl, 1998] for futher details of
the analysis, as well as a more elaborate discussion of the empirical facts.

5Such exploitation of the identifying morphology on verbal heads of relative
clauses in languages like Korean is suggested by [Pollard & Sag, 1994][page 57].

6It would be possible to deal with bounded and long-distance relativization in
a more uniform manner if one assumed two empty categories in the lexicon, one of
them having its inherjrelativizedjsubj-rel and local values structure-shared,
and the other having its inherjrelativizedjnon-subj-rel and local values
structure-shared (cf. the lexical entry for trace proposed by [Pollard & Sag, 1994]
[page 164]). In that case, the generic participle entry (14.7) would su�ce to handle
both bounded and long-distance relativization. However, we prefer the account
outlined in the text here to avoid exploiting empty categories in the analysis.

7The same relational constraint is also employed by the paradigm entry for
bounded non-subject relativization. There is one further relational constraint in
the analysis referred to by the paradigm entry for long-distance relativization with
a subject gap host, which ensures the correlation between the strategy to be used
(SPc or OPc) and the grammatical role of the gap (subject or non-subject).
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Chapter 15

Minor and Expletive Pronouns

Frank Van Eynde

Abstract.

The central claims of this paper are: (1) there are words which can never head
a phrase; (2) such words are not necessarily members of nonsubstantive parts of
speech; (3) their syntactic `lightness' does not necessarily correspond to a lack of
semantic content. While (1) is generally accepted in GPSG/HPSG (though not in
GB/MP), (2) and (3) challenge the current HPSG practice. The empirical evidence
for these claims is based on the Dutch personal pronouns, but its consequences will
be spelt out in general terms.

1 Major and minor pronouns

In contrast to English, many languages have two paradigms of personal pronouns.
French, for instance, has both full or tonic pronouns, such as moi and toi , and clitic
pronouns, such as me and tu. Also in Dutch many of the personal pronouns come
in two variants, i.e. full and reduced.

person number gender full-nom full-obl reduc-nom reduc-obl
1st sing m/f mij me

plur m/f wij we
2nd sing m/f jij jou je je
3rd sg/pl fem zij haar ze ze

plur m/f/n zij hen, hun ze ze
sing neut het het

The singular neuter het (= it) does not have a full counterpart in the personal
pronoun system, but {diachronically{ it is the reduced variant of the demonstrative
dat (= that).1

A salient syntactic di�erence between the full or tonic pronouns and their re-
duced or clitic counterparts is that the former can take various types of adjuncts,
such as adjectives, prepositional modi�ers, relative clauses and appositions, whereas
the latter cannot.

(1) Moi/*Je seule connais mon app�etit.
`I alone know my appetite'

1Notice that also the French clitic il derives from a demonstrative, cf. the Latin ille.
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(2) Zij/*Ze die gaan sterven groeten u.
`Those who are about to die greet you'

Apparently, while the full pronouns can be heads of NPs, the reduced or clitic
ones cannot. For the clitic pronouns of the Romance languages, this nonhead status
is generally recognized. As a matter of fact, employing the criteria which have been
proposed for distinguishing between words and a�xes in Zwicky and Pullum (1983,
Miller (1992 demonstrates that the French clitics are a�xes, and Monachesi (1995
reaches the same conclusion for the Italian ones. The reduced pronouns of Dutch,
however, require another type of treatment, because they do not show any of the
typical properties of a�xes. Their degree of selectivity, for instance, is very low,
since they cannot only be dependents of verbs, but also of prepositions and of
predicative adjectives.

(3) Ze heeft vannacht van je gedroomd.
`She has dreamt of you tonight'

(4) Hij is het beu.
`He is fed up with it'

Moreover, they can be separated from their heads by one or more constituents,
and they can be combined with a coordinated head.

(5) ... dat ze me morgen eindelijk betalen.
`... that they will �nally pay me tomorrow'

(6) Hij heeft het gelezen en goedgekeurd.
`He has read and approved it'

In sum, the Dutch reduced pronouns are words, rather than a�xes, but at the
same time they cannot be heads of NPs either.

?

In formal syntax, the distinction between words which can head a phrasal pro-
jection and those which cannot is often made in terms of the major vs. minor
dichotomy, and is standardly applied to categories or parts of speech. GPSG, for
instance, makes a distinction between the four major categories (V, N, A and P)
with their respective phrasal projections, and the minor categories, which lack such
projections. In the grammar fragment of Gazdar et al. (1985 there are four of them,
i.e. Determiner, Degree, Complementizer and Conjunction.

HPSG draws the distinction in a slightly di�erent way. Since it treats words
like much and many as determiners, and since these words can take speci�ers,
such as very and how, the determiners are treated as heads of their own phrasal
projection (DetP), cf. Pollard and Sag (1994. Similarly, since degree words like
more and too can be speci�ed by other degree words, such as much and far, they
are treated as heads of DegPs. The only words then which HPSG treats as minor
are the complementizers and the coordinating conjunctions, and these are claimed
to belong to a separate part of speech, called marker.

Turning now to the reduced pronouns of Dutch, it is not clear how they �t in
these classi�cations. For if they are nominal, just like their full or tonic counterparts,
they are erroneously predicted to have a phrasal projection (NP), and if they are
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grouped with the words which cannot have a phrasal projection, they are claimed
to belong to a category of elements with which they have nothing in common, such
as the complementizers and the conjunctions.

In order to resolve the con
ict, I will henceforth assume that the major-minor
distinction does not apply to entire parts of speech, but rather to their individual
members. In other words, I will treat the distinction as orthogonal to the part
of speech classi�cation. In terms of the HPSG sort hierarchy, the major/minor
distinction will be applied to objects of type category. All objects of type category
have a HEAD feature, but only the major ones have also got a SUBCAT feature.2

The HEAD feature takes an object of type head as its value, and the subtypes of this
value correspond to the traditional parts of speech, such as noun, verb, preposition
and adjective. As usual, nouns have a CASE feature, verbs a VFORM feature, etc.

Making use of these features, the distinction between the full and reduced pro-
nouns can be captured as follows.

major

"
HEAD noun[CASE case]

SUBCAT h i

#
minor[HEAD noun[CASE case]]

Both types of pronouns are nominal and speci�ed for case, but their CATE-
GORY values are di�erent.

2 The syntax of minor signs

Generalizing from the Dutch reduced pronouns I will now propose a set of criteria
for the identi�cation of minor signs and then demonstrate how they can be applied
to other pronouns.

2.1 Criteria for identifying minor signs

For a start, since minor signs cannot have a phrasal projection, it follows that
phrasal signs must be major.

phrase �! [SYNSEMjLOCjCAT major ]

Another constraint which follows from the de�nition itself is that minor signs
cannot be used as heads, and that head daughters must hence be major.3

headed-phrase �! [HEAD-DTRjSYNSEMjLOCjCAT major ]

A third constraint concerns topicalization: since topicalized constituents bear
stress, and since the reduced pronouns cannot be stressed, it naturally follows that
they cannot be topicalized.

(7) Mij/*Me hebben ze niets gevraagd.
`To me they did not ask anything'

2In more recent versions of HPSG, the SUBCAT feature is replaced by the lexical
ARG-ST feature and the valence features SUBJ, COMPS and SPR. In terms of this �ner-
grained structure, the major categories would have all of these features, whereas the minor
categories lack them.

3I follow the practice of Sag (to appear to apply the typology of combination types to
the objects of type phrase, rather than to the objects of type constituent-structure.
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In terms of the HPSG inventory of phrase types, this can be expressed as a
constraint on �ller daughters.

head-�ller-phrase �! [FILLER-DTRjSYNSEMjLOCjCAT major ]

This constraint is stronger than the claim that topicalized phrases have to be
major, since it also covers the wh-words, but there is evidence that also this stronger
claim is valid, since the wh-words can take dependents, also in Dutch, cf. wie van
jullie (= who of you), wat voor boeken (= what kind of books) and waar/wanneer
precies (= where/when exactly).

For the other types of daughters in headed phrases there are no such general
constraints: subjects, complements, speci�ers and adjuncts can all be minor. This
does not mean, though, that there cannot be any more speci�c constraints. Nomi-
native subjects, for instance, can be either major or minor in �nite clauses, but in
combination with a non�nite VP or a predicative XP, they have to be major.4

(8) Wij/*We gediskwali�ceerd? Dat kan toch niet !
`We disquali�ed ? That's impossible !'

(9) Zij/*Ze alleen naar Griekenland ? Daar is ze toch te jong voor.
`She alone to Greece ? But she's too young for that'

Also complements can {in principle{ be minor, but individual lexical items may
require a major one. Some of the Dutch prepositions, for instance, do not allow a
minor pronoun as their complement, cf. volgens mij/*me (= according to me) and
in plaats van jou/*je (= instead of you). In French, this constraint applies to all
prepositions, e.g. pour moi/*me (= for me) and avec lui/*le (= with him).

Turning to the nonheaded phrases, we �nd some further general constraints. In
coordinate phrases, for instance, the conjunct daughters must be major.

(10) Ik twijfel nog tussen Mark en jou/*je.
`I'm still hesitating between Mark and you'

Interestingly, this constraint need not be stipulated, since it follows from the
interaction of the present treatment with the Coordination Principle, as de�ned
in Pollard and Sag (1994.

In a coordinate structure, the CATEGORY and NONLOCAL value of each
conjunct daughter is subsumed by (is an extension of) that of the mother.

Since coordinate structures are by de�nition phrasal, they have CATEGORY
values of type major , and given the principle this implies that the conjunct daugh-
ters cannot be minor.

Generalizing over the constraints which have been mentioned so far, it turns out
that a phrase has to contain at least one major daughter, i.e. the head daughter in
headed phrases or the conjunct daughters in coordinate phrases. Further evidence
for this generalization is provided by the fact that clauses have to contain at least
one major constituent; an elliptical clause, for instance, cannot consist solely of a
minor word.

4Since such subjects are necessarily stressed and clause-initial, they could perhaps be
analyzed as topics, and hence as �llers; in that case, this constraint would simply follow
from the one on �ller daughters.
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(11) Wie heeft het gedaan ? Zij/*Ze.
`Who did it ? She did'

(12) Hij heeft meer gereisd dan zij/*ze.
`He has traveled more than she has'

Summing up, it can be concluded that minor signs are words which cannot take
any dependents, which cannot be topicalized nor conjoined, and which cannot be
the only constituent of a clause.5

It may be worth stressing that a word has to show all of these properties in
order to qualify as minor. The English pronoun it, for instance, is the translational
equivalent of the Dutch minor het, but in contrast to the latter, it does not qualify
as minor, for it can take adjuncts and it can be conjoined.

(13) It alone is lexically speci�ed as having not as the value of RELN on its
RESTRICTION list. (I. Sag & Th. Wasow, 1997, p. 250)

(14) Recently speculation has been growing that it and the Roman Catholic
Church will reunite. (TIME, May 5th, 1997, p. 47)

This discrepancy between the Dutch minor het and the English major it clearly
demonstrates that the distinction is syntactic rather than semantic, for in the latter
case one would expect the criteria to give the same result in both languages.

2.2 Application to another type of pronouns

A contrast which resembles the one between the personal pronoun het and the
demonstrative dat , is the one between er and daar (= there). They belong to a
paradigm which also includes the adverbs hier (= here), waar (= where), ergens (=
somewhere), nergens (= nowhere) and overal (= everywhere). Like their English
counterparts, they are used as locative adjuncts or complements.

(15) Hij woont hier/daar/er al jaren.
`He has been living here/there for years'

Besides this typically adverbial use, the [+R] adverbs have acquired a second
use, which is more clearly pronominal: when combined with a preposition, many
pronouns must be replaced by a pronominal adverb.

P + pronoun example [+R] + P example
P + Personal (3rd) * op het/ze er + P erop
P + Demonstrative * op dat/die daar + P daarop
P + Demonstrative * op dit/deze hier + P hierop
P + Relative * op dat/die waar + P waarop
P + Interrogative * op wat waar + P waarop

The pronominal must precede the preposition, and in spite of what the orthog-
raphy suggests, it does not lose its syntactic autonomy in this combination, for in
a clause the two parts of the prepositional phrase are usually not adjacent.

5Since these criteria do not rely on any language speci�c or category speci�c properties,
they can be applied to all parts of speech and to all languages. In Van Eynde (1997, for
instance, they are applied to the English determiners.
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(16) Ik had er/daar/hier liever niet op gewacht.
`I had rather not waited for it/this/that'

The interesting fact now, in the present context, is the contrast between er and
the other pronominal adverbs: applying the standard tests of adjunction, topical-
ization, conjunction and ellipsis, it turns out that the latter all qualify as major
whereas the former does not.

(17) We zijn precies daar/*er waar de moord gebeurd is.
`We are exactly there where the murder took place'

(18) Daar/*Er had ze niet aan gedacht.
`She had not thought of that/it'

(19) Wil je liever hier of daar/*er zitten ?
`Would you rather sit here or there?'

(20) Ik zit liever hier dan daar/*er.
`I'd rather sit here than there'

English does not have a contrast which is comparable to the one between er
and daar : its closest translational equivalent in both cases is there.

3 Referential and expletive pronouns

A nominal is nonreferential or expletive if it is not assigned any semantic role. The
English pronouns it and there, for instance, are referential in (21), but not in (22).

(21) I'll put it there.

(22) It bothers her that there are no napkins on the table.

A quick-and-easy test to distinguish a referential nominal from an expletive one
is that the former can be replaced by another referential nominal without loss of
grammaticality, whereas the latter cannot. Further tests are provided in Postal and
Pullum (1988.

Now, if it is assumed that there is a correlation between syntactic and semantic
`lightness', as in Pollard and Sag (1994, then words which cannot have a phrasal
projection are expected to carry little or no autonomous content. As applied to
the pronouns, one would expect the minor pronouns to be expletive. However, it
turns out that all of the Dutch minor pronouns can be used referentially, and given
the fact that their major counterparts are somewhat emphatic, they are even more
commonly used in argument positions than the full ones.

At the same time, it should be added that the major/minor and referen-
tial/expletive distinctions are not entirely unrelated either, for there is some ev-
idence for the assumption that the major pronouns have to be referential. In terms
of the HPSG sort hierarchy this can be expressed as follows.6

6In Pollard and Sag (1994 pronoun is the CONTENT value of the personal and
anaphoric pronouns, and is distinct from nonpronoun, which stands for the CONTENT
values of all other nominal objects, such as the ones which correspond to proper and
common nouns.

141



local

"
CATEGORY major

CONTENT pronoun

#
�! [INDEX referential ]

As a corollary, the expletive pronouns must be either minor words or a�xes.
As far as Dutch is concerned, this constraint appears to be valid. The antici-

patory pronoun in a sentence with an extraposed clausal complement, for instance,
must be either het or er.

(23) Het schijnt dat ze niet komt.
`It seems that she does not come'

(24) We rekenen er niet op dat ze komt.
`We do not count on it that she comes'

Similarly, the subject of a weather verb must be het, and the subject of an
existential clause must be er.

Expletive uses of non-3rd person pronouns are rare, but do occur. A relevant
example is the use of the �rst person singular me as an ethical dative. In that
use it does not express a semantic role of the predicate, but rather some kind of
emotional involvement of the speaker (Haeseryn et al. 1997). Its expletive nature
is clear from the fact that it cannot be replaced with any referential NP, and the
fact that it has to be minor is clear from the fact that it cannot be replaced by its
major counterpart mij .

(25) Wat zeg je me/*mij/*hem daarvan?
`What do you say of that?'

On the whole then it turns out that the Dutch expletive pronouns must indeed
be minor.

Whether the constraint also holds for English is less obvious. At �rst sight, it
does not, for the pronoun it, which is one of the most commonly used expletives
in English, has been argued to be major in the previous section. However, taking a
second look at the examples there, it turns out that they all concern referential uses
of the pronoun. Moreover, when they are replaced with expletive uses, the typical
properties of major pronouns get lost. The addition of adjuncts, for instance, leads
to ungrammaticality, and conjunction turns out to be impossible.

(26) * It alone bothers me that she snores.

(27) * It and there were/was respectively proved to be raining and claimed to
be 
oods in the valley.

In Postal and Pullum (1988, from which the last example is taken, the non-
conjoinability is even treated as one of the diagnostic properties of expletives. It
appears then that the expletive it is minor, even if its referential counterpart is not.
A similar distinction applies to the major referential there and its minor expletive
counterpart. As for the ethical dative, English does not use its �rst singular me in
that way: as a piece of evidence, notice that the Dutch ethical dative in (25) has
no translational equivalent.

Returning now to the initial assumption about the correlation between syntac-
tic and semantic `lightness', we cannot only conclude that it is incorrect, but {in a
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sense{ we can even claim the opposite. For while the minor pronouns are syntac-
tically more limited than their major counterparts, it is the latter which are more
limited semantically. Indeed, while the minor pronouns have got both referential
and expletive uses, their major counterparts can only be used referentially.

4 Conclusion

The Dutch reduced pronouns are syntactic atoms but cannot head an NP. This is
problematic for syntactic frameworks in which all words without phrasal projection
are required to belong to a small set of minor categories, such as Comp, Conj and
Degree, cf. GPSG and HPSG. As a solution, I propose to treat the major/minor
distinction as orthogonal to the part of speech classi�cation. In order to identify the
minor members within the various parts of speech I have developed a number of cri-
teria. In a nutshell, minor signs are words which cannot take any dependents, which
cannot be topicalized nor conjoined, and which cannot be the only constituent of a
clause. Semantically, the distinction between major and minor signs has some rele-
vance as well, albeit not in the way which is commonly assumed, for the pronouns
which are semantically more constrained are not the minor ones, which are also syn-
tactically more restricted, but rather those which are syntactically less restricted,
i.e. the major ones.
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Chapter 16

Noun Phrases as NPs { the case of

Hebrew

Shuly Wintner

Abstract. Data from Hebrew have been claimed to support the hypothesis that
noun phrases should be considered DPs universally. This paper shows that the
application of the DP hypothesis to Hebrew is based on partial data and theory-
internal considerations. A straightforward analysis of noun phrases as NPs is pro-
posed; it is shown to account for a variety of facts that were believed to necessitate
the introduction of functional categories and compulsory head raising in Hebrew
NPs. Furthermore, this analysis provides a uni�ed account for phenomena that
were overlooked in previous works, such as de�niteness agreement in the noun
phrase and the similarities between construct state nouns and adjectives.

1 Introduction

Following [Abney1987], analyses carried out in Chomskian frameworks view noun
phrases as DPs, headed by the functional category D. The DP hypothesis (DPH)
has been applied to a variety of languages and is incorporated into most existing
accounts for Modern Hebrew (MH). Originally motivated by the English `-ing'
gerunds, that simultaneously possess properties of both sentences and noun phrases,
the importance of the DPH is that it assigns parallel structures to clauses and
noun phrases; in particular, both are headed by functional categories. In HPSG,
however, functional categories are discouraged: English noun phrases are viewed
as NPs, headed by the noun, and determiners { as subcategorized speci�ers of
nouns ([Pollard and Sag, 1994, section 9.4]). HPSG analyses for other languages,
notably German, consider article-noun combinations to be DPs ([Netter, 1994]).
Preferring either of the two analyses, in the context of HPSG, boils down to deciding
whether it is the determiner or the noun that heads a nominal phrase. [Netter, 1994]
lists several considerations in favor of each of the alternatives. In German, all the
morphosyntactic features that must be transferred to the maximal projection of
a nominal phrase (for agreement or government purposes) are manifested equally
well on both the article and the noun. Determinerless noun phrases require, in
German, disjunctive subcategorization frames for nouns under an NP analysis,
and empty categories in a DP analysis. Finally, it is the declension phenomenon
that causes [Netter, 1994] to favor a DP analysis. When applied to MH, these
considerations yield a di�erent result: information that is relevant for agreement,
such as number and gender, is expressed on the noun only; determinerless phrases
are always grammatical; and there are no declensions. Nevertheless, most existing
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analyses of MH noun phrases apply the DPH, with the de�nite article as the D
head. This paper shows that there is no theory-independent reason to apply it to
Hebrew; on the contrary, such accounts miss generalizations and yield the wrong
predictions. We show that an NP analysis is not only possible but also plausible,
accounting for a body of data traditionally believed to require functional categories
and compulsory head raising in noun phrases.

2 The Hebrew Noun Phrase

MH has one de�nite article, ha-, which attaches (as a pre�x) to words (nouns,
adjectives, numerals and demonstratives, henceforth nominals), not phrases. Many
elements in the noun phrase are marked for, and must agree on, de�niteness:

(16.1) ha-
the

sepr
book

ha-
the

gadol
big

ha-
the

ze/$li$i
this/third

`this big book / the third big book'

MH provides two major ways of forming genitive relations: free genitives (FG), in
which the genitive phrase is introduced by the preposition $ell `of':

(16.2) (ha-)
(the)

sparim
books

$ell
of

m$orer
poet

`(the) books of a poet'

(ha-)
(the)

sparim
books

$ell
of

ha-
the

m$orer
poet

`(the) books of the poet'

and constructs (CS), in which the head noun is morphologically marked (and is said
to be in the construct state, cs) and the genitive phrase must immediately follow
it, preceding any other of the head's modi�ers:

(16.3) siprei
books-cs

m$orer
poet

xda$im
new

`new books of a poet'

siprei
books-cs

ha-
the

m$orer
poet

ha-
the

xda$im
new

`the new books of the poet'

In FG the de�niteness of the possessor is independent of that of the head, allowing
for four di�erent combinations of de�niteness (both the head and the possessor
can each be either de�nite or inde�nite); in CS, the de�niteness of the phrase
is inherited from the possessor, allowing only two combinations: either both are
de�nite, or both are not ([Wintner, 1998]). The de�nite article never combines
with cs-nouns. A poorly studied yet closely related phenomenon is cs-adjectives,
which exhibit the same de�niteness behavior:

(16.4) yruqqat
green-cs

(ha-)
(the)

&einaym
eyes

`a/(the) green eyed'
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3 Existing Analyses

The DPH is �rst applied to Hebrew by [Ritter, 1988], but this analysis is modi�ed
and extended in [Ritter, 1991], which is very similar in the main points to the
one suggested in [Siloni, 1991, Siloni, 1994]. [Ritter, 1991] uses CS noun phrases,
headed by derived (deverbal) nouns, as an evidence for DPs. It is indicated that in
such constructions, only N-S-O order of the arguments is possible:

(16.5) a. 'ahbat
love-cs

dan
Dan

'et
ACC

'immo
his-mother

`Dan's love of his mother'

b. 'kilat
eating-cs

dan
Dan

'et
ACC

ha-
the

tappux
apple

`Dan's eating of the apple'

In addition, in such constructions the subject can bind an anaphoric object, but
the object cannot bind an anaphoric subject:

(16.6) a. 'ahbat
love-cs

dan
Dan

'et
ACC

&acmo
himself

`Dan's love of himself'

b. �'ahbat
love-cs

&acmo
himself

'et
ACC

dan
Dan

On the basis of the standard binding theory, [Ritter, 1991] concludes that the sub-
ject c-commands the object, but not vice versa. To arrive at such a derivation, the
lexical head { the noun { must move. According to the head-movement constraint,
heads can only move to the positions of heads that govern them, and hence the
landing site for the raised noun would be the head of the entire construction, as
depicted in (16.7):

(16.7)

DP

DET NP

Subj N'

N Obj

To explain the fact that ha- never attaches to cs-nouns, [Ritter, 1991] further
claims that CS noun phrases are DPs, headed by a phonologically null determiner
called Dgen. As both Dgen and ha- are DETs, they appear in complementary
distribution. The de�niteness feature of CS DPs is inherited from the head Dgen,
after the head of the construction has moved to its position, where it participates
in a spec{head agreement with the genitive. In FG, DET is realized as ha-; the
analysis is slightly more complicated, as compatability with the binding theory
necessitates yet another functional category.

Several arguments against this analysis must be made. First and foremost, it
is based on partial data. Derived nouns in Hebrew, even in the construct state, are
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not limited to the N-S-O order. Indeed, (16.6.b) is ungrammatical; but the reason
it is ungrammatical has nothing to do with the order. It is because &acmo (himself)
is the understood object of 'ahbat (love), which leaves dan (Dan) the role of the
subject. Of course, the subject cannot be introduced by the accusative marker; but
it can be construed as a genitive:

(16.8) 'ahbat
love-cs

&acmo
himself

$ell
of

dan
Dan

`Dan's self-love'

'kilat
eating-cs

ha-
the

tappux
apple

$ell
of

dan
Dan

`Dan's eating of the apple'

Moreover, the conclusion that the subject must asymmetrically c-command the
object is a direct implication of the GB binding theory. This might not be the case
in other linguistic theories, in which grammatical relations are not expressed solely
by tree con�gurations. The head movement constraint is not only theory internal;
it cannot even be formulated in a theory such as HPSG in which the concept of
movement does not exist. It is also unclear where determiners other than ha- and
Dgen �t into this analysis, as their natural position would have been heads of DPs,
but this position is already occupied by the functional DET. Finally, this analysis
completely ignores the strikingly similar phenomenon of cs-adjectives, and a uni�ed
account seems to be di�cult to obtain.

4 An Alternative Analysis

The analyses delineated above are discussed by [Borer, 1994], listing some of their
limitations and suggesting that de�niteness is a feature of nouns, base gener-
ated on the N stem. An a�xal view of the MH de�nite article is established
in [Wintner, 1997], and is the starting point for the analysis we propose here. We
�rst account for the fact that cs-nouns must have an immediate complement. We
then explain why the article does not combine with cs-nominals. We justify a treat-
ment of possessives as complements, and �nally sketch an analysis for both FG and
CS noun phrases as NPs.

4.1 Immediate Complementation of Constructs

Most subcategorized complements are optional in MH: objectless VPs are gram-
matical in many contexts, as are subjectless clauses. The requirement that cs-nouns
have compulsory, immediate complements was used to motivate the application of
the DPH to Hebrew. But this property is not unique to cs-nouns only; it holds for
cs-adjectives and cardinals, as well as for prepositions and some quanti�ers. In spite
of the di�erences among these elements, there are some striking similarities: they
can never occur without a noun phrase complement, which cannot be extracted, or
`moved'. But when the complement is a pronominal pronoun, it is always realized
as a clitic on the element, never as a full form ([Borer, 1984, chapter 2]):

(16.9) siprei
books-cs

ha-
the

m$or rim
poets

/
/

sipreihem
books+3rd-pl-m
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`the poets' books / their books'

$lo$t
three-cs

ha-
the

m$or rim
poets

/
/

$lo$tam
three+3rd-pl-m

`the three poets / the three of them'

$ell
of

ha-
the

m$or rim
poets

/
/

$ellahem
of+3rd-pl-m

`of the poets / of them'

'et
ACC

ha-
the

m$or rim
poets

/
/

'otam
ACC+3rd-pl-m

`the poets (ACC) / them (ACC)'

&al yad
near

ha-
the

m$or rim
poets

/
/

&al yadam
near+3rd-pl-m

`near the poets / near them'

koll
all

ha-
the

m$or rim
poets

/
/

kullam
all+3rd-pl-m

`all the poets / all of them'

What is common to the elements that require an immediate, obligatory comple-
ment is that they are all phonologically weak. [Borer, 1988] claims that construct
noun phrases in Hebrew are phonological words: their heads, construct nouns, are
shown to be phonologically reduced, as a result of their lack of stress. This same
phonological reduction process applies to construct adjectives and cardinals, too.
We do not suggest a theory of prosody in HPSG; rather, taking advantage of the
observation that the discussed constituents correlate well with phrases in MH, we
account for them in the following way: we add a dependency feature to the lex-
ical entries of words. The dep feature is reminiscent of the adjacent feature
of [Gunji, 1995], which is also used to encode immediate complementation. It is
not clear from [Gunji, 1995] whether there is some phonological common property
to words with non-empty adjacent list.

The relations between prosodically dependent words and their complements
vary: the complement is an object in the case of prepositions, a subject or an object
in the case of construct state nouns, a head in the case of construct state cardinals
etc. But the obligatory complement is bound to be a member of the arg s of those
words. The value of dep can either be an empty list, or { for all the prosodically
dependent words listed above { a list of one element, in which case this element
must be reentrant with some element in some valence list of the word (in other
words, dep points to some element on the arg s value of the word). In addition,
we introduce the prosodic dependency principle, by which words that are speci�ed
as prosodically dependent must �rst combine with the obligatory complement they
depend on; only then can the obtained phrases combine with other modi�ers and
complements:

In a headed phrase, in which one of the daughters is a word, either
the dep of this daughter is empty, or it is reentrant with (the synsem
value of) some other daughter.
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4.2 The Combinatorial Properties of `ha-'

The fact that the de�nite article does not combine with cs-nouns is not an argu-
ment for the DPH. Not only nouns have construct states: adjectives (16.4) and
cardinal numbers do, too. While ha- combines with the default form of these
words, it does not combine with their construct forms. The rules that govern the
combination of ha- with nominals are simple, when the article is viewed as an af-
�x ([Wintner, 1997]): (i) ha- attaches to words, not to phrases; (ii) it attaches only
to nominals, and to all kinds of nominals; (iii) it only combines with inde�nite
words. An additional (boolean) feature, definiteness, is required for encoding the
value of de�niteness in nominals. As de�niteness agreement in Hebrew is not a
semantic process, we add this feature to the category of nominals (rather than to
their content). Since de�niteness is a feature of phrases, inherited from the lexical
head, def is a head feature, appropriate for all nominals. Viewing de�niteness as
a lexical process, justi�ed by the a�xal nature of the de�nite article, we introduce
the De�nite Lexical Rule1 (DLR).

(16.10)

word

2
4phon: 1

s:l:c:head:
nominal

h
def: �

i
3
5 7!

"
phon: de�nite( 1 )

s:l:c:head:def: +

#

The DLR operates on all nominal words whose definiteness feature is `�'. In all
categories its e�ect on the phonology is determined by the same phonological rules,
abstracted over by the function de�nite. The rule changes the value of the path
synsemjlocjcatjheadjdef from `�' to `+'. Adjuncts specify the heads they select
as the value of the mod feature in their lexical entries. Like any other nominal,
they have a definiteness feature, whose value is shared with the value of the path
modjlocjcatjheadjdef. When the DLR operates on adjuncts, it results in a
speci�cation of a `+' value for both paths. Thus it is guaranteed that de�nite
adjectives, for example, are not only speci�ed as de�nite but also select de�nite
heads. As for cs-nominals, these are not inde�nite; we show below that they are
unspeci�ed for de�niteness, and hence the DLR cannot apply to them.

4.3 Possessives as Complements

In standard HPSG ([Pollard and Sag, 1994, section 9.4.5]) possessives are speci�ers:
they combine with an N' to form a complete NP through the speci�er-head schema,
and they express the expectation for an N' as the value of the speci�ed feature in
their heads, just like other determiners do. As [Pollard and Sag, 1994, p. 375]
note, this analysis is valid for German and English, but other languages might
require di�erent accounts. We advocate a position by which possessives of all kinds
are not speci�ers in MH. First, possessives di�er from other determiners in their
distribution. While most determiners precede the noun, possessives follow it:

(16.11) koll
every

sepr
book

`every book'

1Two assumptions are implicit in this rule: (1) that it is triggered by subsumption,
not uni�cation (see [Hinrichs and Nakazawa, 1996] for a discussion and other examples of
this concept); (2) that when a value at the end of a path is modi�ed, all paths that are
reentrant with it are modi�ed as well.
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koll
all

ha-
the

sparim
books

`all books'

$lo$t
three

ha-
the

sparim
books

`the three books'

ha-
the

sparim
books

$selli
my

/
/

$ell
of

dan
Dan

`my/Dan's book'

Second, possessives can regularly co-occur with other determiners:

(16.12) koll
every

sepr
book

$selli
my

/
/

$ell
of

dan
Dan

`each of my/Dan's books'

koll
all

ha-
the

sparim
books

$selli
my

/
/

$ell
of

dan
Dan

`all my/Dan's books'

$lo$t
three

ha-
the

sparim
books

$selli
my

/
/

$ell
of

dan
Dan

`my/Dan's three books'

If determiners occupy the speci�er position in NPs, possessives cannot �ll the same
function.2

Thus, possessives can be either subjects or non-subject complements. As all
possessives occur post-nominally in Hebrew, and as the order among possessives
that correspond to agent and theme in argument-taking nouns is free, we prefer
to view all of them as (non-subject) complements, with no possessive designated
as subject. Other arguments for viewing possessives as complements, in two lan-
guages that show many similarities to Hebrew, namely Welsh and Arabic, are given
in [Borsley, 1995]. The arguments of [Borsley, 1995] are based on the following ob-
servations: both languages have subject-initial and verb-initial clauses; they have
constructions in which an argument-taking noun is followed by its subject, but not
vice versa; pronominal objects in subject-initial clauses can be realized as clitics;
and the same clitics appear instead of a pronominal subject of a noun. All these
observations are valid in Hebrew, too. Possessors, therefore, are listed in the comps
list of nouns. When the noun has additional arguments, they are listed in its comps
list preceding3 the possessor. Thus, in the lexical entry of sepr (`book'), the value
of the comps list has two members, an agent and an optional4 possessor.

2Of course, if determiners other than the de�nite article are viewed as heads, this
argument is not valid. We do not explore this possibility here.

3This order re
ects the prominence of the noun's complements. Its interaction with
HPSG's binding theory has not been investigated yet.

4Recall that most subcategorized elements are optional in Hebrew.
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4.4 A Uni�ed Treatment of Construct Phrases

As cs-nominals are words, their lexical entries express an expectation for an im-
mediate complement; that is, an indication (the synsem value) of the compulsory
complement of cs-nominals is present in the lexical entry of the nominal. It is thus
possible to share, in the lexicon, the values of the de�niteness feature in both the
nominal and its complement. This results in only two possibilities of de�niteness
combinations for constructs, as opposed to the four possible combinations of free
genitives. The construct form is generated from the default form by means of a
morphological process, modelled by a lexical rule:

(16.13)

word

2
6666664

phon: 1

s:l:c:

cat

2
4head:noun

h
def: �

i
comps: 3 � hPP[of]i � 5

3
5

dep: hi

3
7777775
7!

word

2
66666664

phon: phon reduce( 1 )

s:l:c:

cat

2
664
head:def: 2boolean

comps: 3 �

*
4

�
l:c:head:
nominal

h
def: 2

i�+
� 5

3
775

dep: h 4 i

3
77777775

Apart from modifying the phonology5 of the nominal, this process has a double
e�ect. First, the rule picks a genitive complement from the comps list, replaces
it by a nominative noun phrase and uni�es the values of the def feature of the
nominal and the complement it depends on. In addition, the rule sets the value
of `dep' to point to this complement, indicating that cs-nominals are prosodically
dependent. When the nominal is combined with its complement, the resulting
phrase inherits the de�niteness from the latter. Notice that the results of this
process, i.e., the lexical entries of cs-nouns, are not speci�ed as `def �' (in fact,
they are not speci�ed for de�niteness at all), and hence the DLR cannot apply to
them. The fact that cs-nominals cannot be rendered de�nite directly is naturally
obtained.

Noun-noun constructs are thus constructed by the head-complement schema.
An independent cs-noun, with no immediate complement, cannot be promoted to
the status of a phrase, as the dependency principle prohibits its combination with
other phrases until its dep requirements are discharged. Since the def value of the
construct head and its complement are shared, and since def is a head feature,
it is also shared by the mother; thus, the def feature of the phrase is inherited
from the complement, as required. This process is depicted in �gure (16.14); notice
in particular how the de�niteness of the phrase is inherited from the complement
using a reentrancy in the head.

5The function phon reduce computes the phonology of the construct noun.
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(16.14)

phrase

2
664
phon: pirxei ha-gann

s:l:c:

cat

"
head:

noun

�
def: 2

�
comps: hi

#3775

word

2
66664
phon: pirxei

s:l:c:

cat

"
head:

noun

�
def: 2

�
comps:



4

�
#

dep: h 4 i

3
77775

word

2
666664

phon: ha-gann

s: 4

synsem

2
4l:c:

cat

"
head:

noun

�
def: 2+

�
comps: hPP[of]i

#3
5

dep: hi

3
777775

H C

The striking similarities between noun-noun and adjective-noun constructs im-
ply that they are actually only two instances of one process: any analysis that
would suggest two di�erent mechanisms to account for both phenomena is bound
to be redundant. We simply extend the analysis of noun-noun constructs delin-
eated above to the case of cs-adjectives. The lexical rule that derives cs-adjectives
is slightly di�erent from (16.13), since its inputs do not have a genitive PP on
their comps list. But its outputs are such that cs-adjectives are lexically speci�ed
to subcategorize for nouns. They cannot occur independently, with no immediate
complement, and hence are marked as dependent; and their phrase is constructed
through the head-complement schema.

5 Conclusions

We have shown in this paper that there is no theory-independent reason to believe
that noun phrases in Hebrew are anything other than NPs. While most existing
analyses apply the DP hypothesis to Hebrew, we proposed a straightforward analy-
sis of noun phrases as NPs, accounting for facts such as the combinatorial properties
of the de�nite article, de�niteness inheritance in constructs and the similarities be-
tween construct-state nouns and adjectives.

To reinforce the validity of the suggested analysis, many of its details still have
to be worked out. In particular, a generalized lexical rule for generating all kinds
of cs-nominals is missing. Determiners other than the de�nite articles must be
accounted for, and the full range of data regarding word order in CS and FG must
be explained. Finally, the analysis suggested here must be extended to cover the
semantics of noun phrases. We intend to investigate these directions in the future.
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Chapter 17

Determiners as Nominal Heads

Andreas Kathol

Abstract. This paper presents a new approach to the issue of headedness within
NPs in the spirit of a recent proposal by Hudson (Forthcoming).1 The \classical"
distinction between NP vs. DP is dissolved in favor of a polycategorial analysis
which treats both categories as subtypes of noun. This o�ers an elegant solution
to the longstanding problem of the interaction between modi�cation and speci�ca-
tion. It will also be shown that the current proposal is superior to Netter's (1994)
approach which is based on the notion of \functional completeness".

1 Modi�cation and speci�cation of nominals

A problem that has plagued constraint-based approaches to English syntax is the
interaction between modi�cation and speci�cation. In the tradition of X-syntax,
adjectives attach at a lower node than determiners, giving rise to the NP/N distinc-
tion. In the valence-based encoding of this distinction adopted by HPSG, N has
commonly been described as

�
spr hdetpi

�
. Accordingly, attributive adjectives

such as hot combine with nominal categories of this sort, as in (17.1a). However,
in the absence of empty determiners, this account fails to naturally extend to the
modi�cation of bare N categories, such as the mass noun water in (17.1b). If we
allow for adjectives to combine with nominals that have an empty spr value, we
are immediately faced with the problem of ruling out (17.1c).

(17.1) a. the hot stove

b. hot water

c. *hot the stove

In this paper I suggest that this and a number of related problems �nd an
elegant solution if we abandon the strict categorial dichotomy between nouns and
determiners assumed in standard HPSG analyses. Following a recent proposal by
Hudson (Forthcoming), I will assume that (i) determiners belong to the same lexical
class as other nominals and that (ii) determiners are syntactic heads of nominal
phrases.

1I would like to thank Dick Hudson and three anonymous reviewers for comments and
Paul Kay for extensive discussion. The usual disclaimers apply.
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2 Nounless NPs

As Hudson points out, determiners in English quite systematically can occur either
in combination with a common noun or by themselves, as in the examples in (17.2)
and (17.3b).2

(17.2) a. Kim bought some broccoli yesterday.

b. Kim bought some yesterday.

(17.3) a. She read that book this morning.

b. She read that this morning.

The absence of a common noun in the (b) examples above may of course be at-
tributable to to an empty element occupying that position. However, apart from
the general undesirability of positing inaudibilia of this sort, such an analysis faces
a number of explanatory challenges. For one thing it is not clear how to rule out
the combination of determiners such as the with the empty noun head, cf. (17.4b).

(17.4) a. She read the book.

b. *She read the ;.

Moreover, additional stipulations have to be adduced to prevent the occurrence of
the empty head in the presence of attributive modi�cation even with those deter-
miners that ordinarily would seem to allow that empty element:

(17.5) a. He saw those green shoes.

b. *He saw those green ;.

These problems disappear if we instead assume that in the noun-less cases in (17.2b)
and (17.3b), determiners such as some and that have full phrasal status by them-
selves. However, as Hudson argues convincingly, the fact that such constructions
make a good case for determiners as the heads of such phrases does not entail
that all occurrences of NPs should be reanalyzed as DPs, as has become standard
in much of the transformational literature since Abney (1987). For instance, the
universal DP analysis has little of insight to o�er as to what would provide DP
status to unadorned proper nouns such as Sandy.

3 Nominal hierarchy

To reconcile the head status of determiners in (17.2) and (17.3) with the category
of noun phrase, I propose the following hierarchy of head subtypes, which resem-
bles Hudson's proposal for a \uni�ed analysis" quite closely. The major division
between the di�erent kinds of noun is between those that canonically have refer-
ential properties of their own|common and proper nouns|and those which either
are highly dependent in their referential properties on context or may not have

2Exceptions to this regularity are the, a, and every.
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referential properties at all|pronouns and what I will call para-nominals, that is,
determiners that cooccur with a noun.3

(17.6) noun

ref-independent ref-dependent

com(mon) noun p(roper) noun para-nominal pronoun

It automatically follows that any phrase consisting of a pronoun, a proper noun, or
a (determiner-less, if licensed) common noun is an instance of a noun phrase, albeit
of a di�erent subtype in each case.

Crucially, I propose that determiner-initial phrases as in (17.1a) also qualify
as phrasal nominal projections with the determiner as the syntactic head. I refer
to the idea of construction-dependent headedness of NPs as the \polycategorial
NP" approach. To this end two major changes of the HPSG theory of nominal
speci�cation are suggested: First, spec is treated as a list-valued valence feature
with a concomitant combinatorial schema, outlined in (17.7).

Second, I require that the Specifier-Head Schema not extend to determiner-
noun constructions. That is to say, while common nouns still record their speci�ers
via spr, the noun's valence requirement is not discharged directly by the combi-
natorial schema, but instead results from the speci�cation of the determiner head
as
�
spr h i

�
.

(17.7) Speci�cation schema2
4head 1

spec h i
spr h i

3
5

head speci�ed

2

2
4head 1 para-nominal
spec



3

�
spr h i

3
5 3

�
comps h i
spr



2

� �

that book

As in Pollard & Sag (1994), (singular) count and mass nouns (and bare plurals)
are distinguished in terms of their obligatory vs. optional spr marking:

(17.8) a. Count noun b. Mass noun�
head com-noun
spr h[ ]i

� �
head com-noun
spr h([ ])i

�

We now have a straightforward solution to the puzzle posed in (17.1). What pre-
vents the combination of an attributive adjective with a full NP is not the latter's
spr status. Instead, given the more �ne-grained hierarchy in (17.6), the operative
constraint is that adjectives may not modify NPs whose head value is para-nominal,
i.e., any nominal projection headed by a determiner. At the same time, the cat-
egory of noun phrase now comprises all feature structure structures satisfying the
following description:

3As Dick Hudson (p.c.) has pointed out to me, the distinction between para-nominal
and pronoun assumed here may not actually be necessary in terms of de�ning irreducibly
distinct word classes. That is, nouns of type para-nominal could simply seen as pronouns
with a nonempty spec value as suggested in Hudson Forthcoming.
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(17.9)

NP =

2
4head noun
spr h i
comps h i

3
5

Furthermore, determiners that also double as pronouns such as the demonstra-
tive that are lexically underspeci�ed in terms of their nominal subtype. The two
di�erent instantiations are listed in (17.10b,c). In constrast, determiners that can-
not make a phrase of their own in English (such as the de�nite article the) only
have a lexical description corresponding to (17.10b).

(17.10) a. that2
664
head ref-dependent
subj h i
spr h i
comps h i

3
775

b. as a determiner

1

�
head para-nominal
spec



n
�
spr



1

� �� �
c. as a pronoun�

head pron
spec h i

�

In contrast with Hudson (Forthcoming), I do not assume that the two environ-
ments of occurrence are a result of the determiner's nominal \complement" being
merely optional. This conclusion is motivated on the one hand by their di�erent
semantic type of pronouns vs. para-nominal determiners in HPSG (restricted index
and quanti�er, respectively) and on the other hand by subtle but important lex-
ical semantic di�erences, as Hudson himself acknowledges, cf. (17.11),4 as well as
morphological distinctions exhibited by certain determiners, cf. (17.12).

(17.11) a. I'm married to that woman.

b.#I'm married to that.

(17.12) a. Para-nominal: my, her, our, your, their, no

b. Pronoun: mine, hers, ours, yours, theirs, none

Furthermore, the present analysis retains the mutual dependency between de-
terminers and nouns proposed by Pollard & Sag (1994). This makes it possible
to treat all obligatory cooccurrences entirely as valence properties: the requires an
accompanying common noun because of its spec speci�cation, whereas stove does
not qualify as a complete NP because of its nonempty spr value. This treatment
is in contrast to Hudson's account5 which makes reference to dependency relations
unavailable in standard HPSG. The closest analogue within HPSG would be in
terms of con�gurational relations. From a lexicalist perspective this is arguably
undesirable.

4I leave a more extensive discussion of the associated semantic distinctions for a longer
version of this paper.

5\[A] singular countable common noun must have a pronoun as its parent" (p. 18).
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3.1 Semantics

One aspect of (17.7) that requires more discussion the construction of semantic
representations within the NP, in particular the issue of semantic headedness. Since
syntactic headedness by default also correlates with the status as semantic head, it
would be natural to adopt that position for our proposal as well. Since the content
of determiner-less NPs is commonly assumed to be of type nom-obj while that of
determiners is quanti�er, a direct implementation of that idea would result in an
undesirable semantic type dichotomy among the di�erent kinds of NPs.

Alternatively we could leave the content value of the determiner underspeci-
�ed and instead structure-share it with the content speci�cation of the nominal,
cf. the schematic feature description in (17.13):

(17.13)
2
66664
head para-nominal
spec



n: 2

�
cont 2

q-store

��
det ...
rest-ind 2

��
3
77775

The advantage of this solution is that it allows us to have a single type for both
the paranominal and the pronominal occurrences of determiners, viz. nom-obj.

At the same time, however, this proposal posits a severe problem for the current
treatment of NP-internal binding phenomena. Structure sharing with the nominal
in content entails that the determiner's index value is identical to that of the
nominal. That being so, we are immediately faced with violations of principle A in
examples such as (17.14), where that is less oblique than himself within the valence
of picture. tion.

(17.14) that picture of himself

According to the binding theory of Pollard & Sag (1994), that does not count as an
o-commander since its content speci�cation is not that of a referential NP, hence
himself is an exempt anaphor in this context, allowing for well-formed examples
such as John doesn't like that picture of himself. However, if the content of that
is token-identical with the referential nominal it speci�es (picture of himself), it
takes on the status of an o-commander and hence himself is no longer an exempt
anaphor, contrary to fact.

It therefore follows that the determiner, being the syntactic head of the schema
in (17.7) must count as the semantic nonhead. Thus, as in the case of adjunction, we
have an example of a mismatch between syntactic and semantic headedness, except
that the speci�cation case presents the dual of the relations holding adjunction in
constructions.

4 Comparison with Netter 1994

Netter (1994) develops a theory of German NPs which is super�cially rather sim-
ilar to Hudson's polycategorial NP proposal and its adaptation advocated here.
In particular, Netter shares the view that no single category (either noun or deter-
miner) should be taken to be the sole possible head of any phrasal nominal category.
Rather, only if a determiner is present is it the head of the phrase. Otherwise, it
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is the noun. The commonality in the external distribution is achieved by posit-
ing a feature fcompl which indicates whether a given category is \functionally
complete". A negative value indicates that a determiner is still missing to achieve
functional completeness whereas a positive value correlates with fully phrasal status.
This is illustrated in the following feature description for fully saturated nominal
categories:6

(17.15)
2
664 ...jhead

2
4major

�
n +
v �

�
minor

�
fcompl +

�
3
5

...jsubcat hi

3
775

Underlying Netter's proposal for the fcompl feature is the idea that (where present)
functional categories are responsible for turning \functionally incomplete" cate-
gories into \functionally complete" ones. But of course, notwithstanding the fact
that there is no independent criterion for functional completeness, this is precisely
the position that Hudson argues against, i.e., the necessity of assuming a separate
class of functional categories. Thus, it is necessary to investigate to what extent
Netter's position is justi�ed. As the following discussion reveals, Netter's assump-
tion of functional categories in his implementation of the polycategorial approach
is neither necessary nor su�cient.

First note that Netter intends to link his analysis of the nominal domain to his
proposals for verb placement in terms of an HPSG-based variant of verb movement.
In root clauses, the verb in V1/V2 position takes on the role of a functional category
similar to the complementizer da� in the same position (Netter 1992). However,
the conceptual and empirical motivation for such a move|in fact any attempts
at implementing verb movement in HPSG|has been seriously called into question
in Kathol 1995a and Kathol 1995b. Hence, the empirical base for the presumed
functional categories is very weak.7

Second, Netter relies on the notion of functional completeness to account for
the distribution of determiners. However, as Netter himself acknowledges, this
concept is a primitive in the system without any relations to other properties in the
grammar. In our system|as in Pollard & Sag's (1994) original formulation|on the
other hand, no such primitive is needed because prenominal speci�ers are selected by
common nouns (cf. (17.8a)). This not only allows us to describe NP-internal binding
relations in the same fashion as in the case of clauses. More signi�cantly for the
issues at hand, the nominal's valence properties are su�cient to distinguish between
fully saturated, maximal projections and nonmaximal occurrences of nominals.

Finally, in his discussion of attributive adjectives, Netter (p. 322) notes that
the adoption of fcompl is not su�cient to provide a satisfactory solution to the
modi�cation vs. speci�cation problem pointed out above in the discussion of (17.1).
Rather, in order to prevent the generation of ill-formed examples such as (17.1c), he
has to stipulate another binary head feature (spec) that signals whether or not the

6This category is labelled dp by Netter who admits to it being a misnomer because
categories of this kind need not be projected from determiners, as in the case of mass
nouns or bare plurals.

7Similarly, note that Hudson (Forthcoming) covers in his critique of functional heads
not only determiners, but also complementizers and shows that the di�erences among the
various instances of that putative class do not warrant accepting any notion of functional
category at all.
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current nominal category contains a determiner. But as has been shown earlier,
any feature of this kind is completely super
uous if we make more �ne-grained
distinctions among di�erent nominal head types to which prenominal modi�cation
is rendered sensitive.

We conclude, therefore, that despite super�cial similarities with Netter's pro-
posal, the current adaptation of the polycategorial NP approach is clearly to be
preferred.

5 Further consequences

5.1 Possessives

Common accounts of the possessive constructions, such as Pollard & Sag's (1994)
analysis of 's as a \transitive" determiner, fail to account for the selectivity with
respect to pronominal status exhibited by this possessive marker. Thus while all of
the examples in (17.16a) are grammatical, none of the ones in (17.16b) are.

(17.16) a. Sandy's coat; some people's concerns; this dog's tail

b. *she's coat; *some's concerns; *this's tail

This is accounted for straightforwardly if we assume that the possessive marker
attaches to NPs which must not be headed by a pronoun, i.e.,

�
head :pronoun

�
.

5.2 Restrictive and nonrestrictive modi�cation

The distinction in head values proposed in (17.6) makes it possible to make further
distinctions in the combinatorial potential of modi�ers. Thus a subclass of attribu-
tive adjectives exhibits di�erences in meaning that coincide with their status as
restrictive or nonrestrictive modi�ers. For instance, poor with the meaning `with-
out means' can only act as a restrictive modi�er and combine with common nouns.
With the interpretation `unfortunate', it acts as a nonrestrictive modi�er and can
also combine with proper nouns and a subclass of pronouns (cf. (17.17b,c)), giving
rise to an ambiguity in the case of common nouns, cf. (17.17a).

(17.17) a. the poor man
`the pennyless man'
`the unfortunate man'

b. poor Sandy

c. poor him

Yet, no prenominal modi�cation is ever possible when the phrase is headed by a
determiner|even if the phrase as a whole has the status of a name, cf. (17.18).
Hence prenominal modi�cation is sensitive to whether or not the phrase is headed
by a determiner.

(17.18) a. poor Elvis; beautiful Austria

b.*poor The King; *beautiful The Alps
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On the other hand, as I will argue in greater detail in the full paper, postnominal
restrictive modi�cation by relative clauses (i) always involves full NP structures,
rather than attachment to Nnodes as is commonly assumed, and (ii) is sensitive
to semantic distinctions. The �rst assumption o�ers a straightforward account of
why restrictive relative clauses can attach to fully phrasal expressions such as those,
someone, etc. Exempli�ed in (17.19a), such cases always have presented a challenge
to the traditional view of relative clauses attaching to N constituents, as well as
more recent proposals such as Sag (1997), who restricts N modi�cation to non-
wh relative clauses. On the other hand, restrictive modi�cation is impossible with
proper nouns (17.19b) and only marginally acceptable with personal pronouns in
the case of certain kinds of wh-relatives, as seen in (17.19c).

(17.19) a. those/someone (that) I saw here

b. *Sandy (that) I saw here

c.??he who is free of sin

This pattern indicates that restrictive postnominal modi�cation is only possible
if the modi�ed NP has descriptive content, which can be given either by an
overt common noun or contextually in the case of pronominal uses of determiners
such as those. The role of the relative clause is to further restrict the referent set
by providing additional constraints on the domain under consideration. In HPSG
terms, this corresponds to whether or not the index of the NP has a nonempty
restriction. Proper nouns and personal pronouns are associated with an empty
restriction, hence the additional information from the relative clause cannot con-
tribute to restricting the domain in question|instead their referential properties
are determined by means other than domain restriction.8

6 Summary and conclusion

The current proposal is an instance of a growing number of analyses that break
down the strict categorial boundary between \lexical" or \substantive" and \func-
tional" categories. Another instance of this line of investigation is Sag's (1997) idea
of subsuming both verbs and complementizers under the single category verbal.
Underlying this move is HPSG's type system which a�ords far more �ne-grained
distinctions than, for instance, the crude categorial space de�ned by Chomsky's
�N/�V features that appear to still constitute the state of the art of the theory of
categories in transformational grammar.

A logical next step would be to question the validity of having to identify a single
constituent in a given construction as the head. Thus, rather than treating complex
NP as either being headed by determiners or by nouns, another line of investigation
would be to think of such constructions as headed by both components. This would
then be the constructional equivalent of Malouf's (1996) recent proposal for gerunds
as lexical categories that have both nominal and verbal properties. I will leave this
idea to further investigation.

8Therefore restrictive modi�cation of personal pronouns is only possible when the latter
do not have an anaphoric reading, but instead are given the interpretation of inde�nite
pronouns.
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Chapter 18

Case, Obliqueness, and Linearization in

Korean

Chan Chung

Abstract. This paper explores a case marking constraint on scrambling in Ko-
rean: how scrambling possibilities are a�ected by identical case on arguments and
adjuncts.1 Sells (1990) and Kuno (1980) account for this type of restriction based
on the assumption of the existence of the VP constituent, and on a constraint on
ambiguity processing, respectively. However, they do not account for all the given
data appropriately. The main proposal of this paper is that Korean needs an LP
constraint into which obliqueness and case are incorporated: when the arguments
bear the same case marking, a less oblique argument must precede a more oblique
argument. This paper shows how the LP constraint accounts for scrambling in
the emotion verb, double object, control and causative, and adjunct constructions.
Through the observation on adjunct scrambling, it is also suggested that adjuncts
need to be listed on the valence list separately from the complement list, contrary
to the \adjunct-as- complement" analysis in Bouma et al. (1997). Scrambling in
the inalienable possession construction is accounted for by a separate constraint
independently motivated for anaphor binding.

1 Introduction

It is a well-known fact that Korean allows scrambling out of a VP complement and
a S-complement (long-distance scrambling), as well as clause-internal scrambling.
However, there seem to be some constraints on scrambling, and the goal of this
paper is to explore one of such constraints, namely the case marking constraint
on scrambling. This constraint refers to how scrambling possibilities are restricted
when the scrambled arguments and adjuncts have the same case marking.

2 Case Marking Constraints on Scrambling

2.1 Emotion Verb Construction

In the Korean emotion verb construction, the object of the emotion verb has nomi-
native case and cannot precede the subject with the same case, as shown in (18.1):

1An earlier version of this paper was presented to the fall workshop of the Linguistic
Association of Korea held at Wooseok University in Jeonjoo, Korea in 1997. We would
like to thank the audience for their comments. We also thank three anonymous reviewers
for their valuable comments and suggestions.
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(18.1) a. Nay-ka
I-nom

sakwa-ka
apple-nom

cohta.
like

`I like apples.'

b.�Sakwa-ka nay-ka cohta.

Sells (1990) proposes that this lack of scrambling is due to the existence of
the VP node. That is, the ungrammaticality of (18.1b) is proposed to be evidence
that sakwa-ka cohta is a VP constituent since the ungrammaticality is due to the
extraction of sakwa-ka out of the VP. However, this analysis is not tenable when
we consider the sentence in (18.2) where the subject is marked with the contrastive
marker -nun and preceded by the nominative complement.

(18.2) Sakwa-ka
apple-nom

na-nun
I-cont

cohta.
like

`I like an apple (but I do not care whether others like it).'

In Sells' terms, the complement with nominative case in (18.2) seems to be ex-
tracted out of the VP node, which entails that the VP constituent cannot be the
real reason of the ungrammaticality of (18.1b).

2.2 Double Object Construction

In Korean, both objects in the double object construction can exhibit accusative
case. In this case, unlike in English, the order between the objects is free:

(18.3) a. Nay-ka
I-nom

Mary-lul
M-acc

sakwa-lul
apple-acc

cwuessta.
gave

`I gave Mary an apple.'

b. Nay-ka sakwa-lul Mary-lul cwuessta.

The scrambling possibilities in this construction di�er from those in the emotion
verb construction: in the former, even the arguments with the same case marker
can be scrambled, while in the latter, that kind of scrambling is not possible.

2.3 Scrambling out of the VP Complement

The case constraint also arises from the control and causative constructions. In
these constructions, the order among the subject, the controller, and the VP com-
plement is free. Furthermore, an argument of a governed verb (e.g., ilkulako `read')
can be scrambled with arguments of the control verb, as shown in (18.4):2

(18.4) a. Mary-ka
M-nom

John-hanthey
J-dat

ku
the

chayk-ul
book-acc

ilkulako
read

seltukhayssta.
persuaded

`Mary persuaded John to read the book.'

b. Ku chayk-ul Mary-ka John-hanthey ilkulako seltukhayssta.

c. Mary-ka ku chayk-ul John-hanthey ilkulako seltukhayssta.

2The same observation can be made from the causative construction. Due to space
limitations no examples of the construction can be provided here.
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d. Ku chayk-ul John-hanthey ilkulako Mary-ka seltukhayssta.

In many control/causative constructions, the dative NP controller/causee can
be replaced with an accusative counterpart controller/causee as shown in (18.5a) In
this case, the accusative argument of an embedded verb cannot scramble with the
controller/causee which have the same accusative marker, as shown in (18.5b{d):

(18.5) a. Mary-ka
M-nom

John-ul
J-acc

ku
the

chayk-ul
book-acc

ilkulako
read

seltukhayssta.
persuaded

`I persuaded Mary to read the book.'

b.�Ku chayk-ul Mary-ka John-ul ilkulako seltukhayssta.

c.�Mary-ka ku chayk-ul John-ul ilkulako seltukhayssta.

d.�Ku chayk-ul John-ul ilkulako Mary-ka seltukhayssta.

To account for the data above, Kuno (1980) proposes the following constraint
on processing that avoids the possibility of ambiguous interpretations:

(18.6) In general, the greater the likelihood of ambiguous interpretation, the more
di�cult it is to switch the word order of two NPs marked with the same
grammatical formative.

It may be hard to deny that this kind of general constraint may be needed in
Korean or Japanese grammar, but we doubt that the ungrammaticality of (18.5b{d)
results from a violation of this kind of processing factor. In the real world, books
never read people, and this pragmatic factor is strong enough to disambiguate
their meanings. We may understand the sentences (18.5b{d) and their intended
meaning due to this pragmatic factor, but the sentences are still unacceptable and
hardly uttered with the meaning in any context. Thus, it seems that we need some
syntactic constraint on this kind of scrambling.

2.4 Adjunct Scrambling

In Korean, an adjunct can bear accusative case, and it can scramble with a com-
plement with identical case, therefore showing the same scrambling pattern as that
of the double object construction in (18.3):

(18.7) a. Mary-ka
M-nom

han
one

sikan-ul
hour-acc

John-ul
J-acc

kitalyessta.
waited

`Mary waited for John for an hour.'

b. Mary-ka John-ul han sikan-ul kitalyessta.

However, in the VP complement construction, the embedded accusative adjunct
can scramble with the accusative controller or causee, thus showing a di�erent
scrambling pattern from that of complement long-distance scrambling in (18.5):

(18.8) a. Mary-ka
M-nom

John-ul
J-acc

han
one

sikan-ul
hour-acc

kitalikey
wait

mantulessta.
made

`Mary had John wait for an hour.'

b. Mary-ka
M-nom

han
one

sikan-ul
hour-acc

John-ul
J-acc

kitalikey
wait

mantulessta.
made
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2.5 Inalienable Possession Construction

Another typical example of case constraint on scrambling in Korean comes from
the Inalienable Possession Construction (IPC hereafter). The IPC owes its
name to the inalienable body-part relationship between two accusative NPs: e.g.,
John-ul is a possessor NP (PS NP hereafter) and son-ul is a body-part NP (BP
NP hereafter) in (18.9).

(18.9) Mary-ka
M-nom

John-ul
J-acc

son-ul
hand-acc

capassta.
held

`Mary held John's hand.'

In the IPC, a PS NP always precedes a BP NP (Yoon 1989, O'Grady 1991):

(18.10)�Mary-ka
M-nom

son-ul
hand-acc

John-ul
J-acc

capassta.
held

`Mary held John's hand.'

The BP NP alone cannot be passivized (Kang 1987, Yoon 1989, O'Grady 1991),
as shown in (18.11), while it can be passivized when the PS NP is passivized as
shown in (18.12a):

(18.11) a.�Son-i
hand-nom

John-ul
J-acc

caphiessta.
be-caught

`John's hand was caught.'

b.�John-ul
J-acc

son-i
hand-nom

caphiessta.
be-caught

(18.12) a. John-i
J-nom

son-i
hand-nom

cap-hi-essta.
be-caught

`John's hand was caught.'

b.�Son-i
hand-nom

John-i
J-nom

cap-hi-essta.
be-caught

Note that when both NPs are passivized, the PS NP must precede its BP NP.
However, the BP NP can precede the PS NP when only the PS NP is passivized:

(18.13) a. John-i
J-nom

son-ul
hand-acc

cap-hi-essta.
be-caught

`John's hand was caught.'

b. Son-ul
hand-acc

John-i
J-nom

cap-hi-essta.
be-caught

3 Theoretical Background

Before we account for the given data, we brie
y state the case assignment principle,
scrambling mechanism, and obliqueness hierarchy in Korean assumed in this paper.

Based on the observations of English topicalization and Finnish case realization
on adverbials, Przepiokowski (To appear) proposes that case assignment should
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take place on the argument list rather than on the valence list: nominative is
assigned to the �rst structural NP on ARG-ST, and accusative is assigned to any
following structural NP. On this approach, the emotion verb cohta in (18.14a) has
the structure in (18.14b), and structural nominative case is assigned to the �rst NP
on ARG-ST via the case principle mentioned above, while lexical nominative case
is assigned to the second NP:

(18.14) a. Nay-ka
I-Nom

sakwa-ka/*-lul
apple-nom/acc

cohta.
like

`I like apples.'

b.
2
4val

�
subj



1

�
comps



2

� �
arg-st



1 np[str], 2 np[nom]

�
3
5

As for clause-internal scrambling, we assume that Korean has a 
at clause
structure and that scrambling results from the relative freedom of LP constraints
among the non-head constituents at the sentence level. Following Chung (In press),
this paper also assumes that long-distance scrambling is accounted for by the 
at
clause structure and by the notion of argument composition in terms of Hinrichs and
Nakazawa (1994). That is, the valence list of embedded verb in the VP constituent
in the control and causative verb constructions is list appended to the valence
list of the matrix control verb. On this approach, the appended arguments are
coarguments of the arguments of the matrix verb, and those arguments are licensed
as sisters of the matrix verb all together in a 
at structure. That is, a control verb
like seltukhayssta (`persuaded') in (18.4) can take as its complement not only the VP
but also the embedded verb ilkulako (`read'). When the control verb takes a verb
as its complement, the complement(s) of the complement verb is (are) appended
to the COMPS list of the control verb. Chung (In press) extends this argument
composition analysis of scrambling into the account of adjunct scrambling. To this
end, a new valence feature ADJT (adjunct), where adjuncts are listed, is introduced
into the valence structure. On this approach, the verb kitalyessta (`waited') in
(18.11) has the following structure:

(18.15)
2
666664
val

2
4 subj



1

�
comps



3

�
adjt



5

�
3
5

arg-st
D

1 np[str]
2
, 3 np[str]

4
, 5 np[str]

6

E
cont 6 for-an-hour0 (waited0 ( 2 , 4 ))

3
777775

Here, structural nominative case is assigned to 1 NP (subject) since it is the �rst
element on ARG-ST, and structural accusative case to both 3 NP (object) and
5 NP (adjunct) since they are non-�rst elements. Note that this approach slightly
di�ers from the adjunct-as-complement approach in Bouma et al. (1997) and
Przepiokowski (To appear) in that the adjunct is separately listed on the ADJT list
rather than on the COMPS list. The motivation of the separate ADJT list will be
discussed in the following section. This paper assumes that the argument compo-
sition mechanism mentioned above applies to all the valence lists: the adjunct list
of a governed verb can also be appended to the adjunct list of its governing verb
when complements are appended (see Chung In press).
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Finally, it is assumed that the distinction between the Primary Object and the
Secondary Object does not exist in the obliqueness hierarchy in Korean, and that
they are treated as having the same (or almost the same) degree of obliqueness.
(See Branco 1996, Branco and Marrafa 1996, and Chung 1996 for the same proposal
for the account of anaphor binding.)

4 LP Constraint with the Notion of Obliqueness

To account for the given data, the LP constraint in (18.16a) is proposed into which
the obliqueness is incorporated. (18.16b) is a more formal version of (18.16a):

(18.16) a. Coarguments (\subject and complements" as opposed to
\adjuncts") with the same case must be linearized in order of
obliqueness, i.e., the less oblique one must precede the more oblique
one.

b. np[case �]
2
� [case �]

4

�

2
666664
val

2
664
subj

D
1

2

E
comps

D
..., 3

4
,...
E

adjt


..., 5 , ...

�
3
775

arg-st
D

1 np
2
, ..., 3 np

4
, ..., 5 , ...

E

3
777775

As shown in (18.14b), the object of the emotion verb cohta (`like') bears lexically
assigned nominative case. The subject has structural case, which is realized as
nominative by the case principle. Thus, the sentence in (18.1) has the structure in
(18.17):

(18.17) S

NP[nom]
1

NP[nom]
2

V

2
4 subj

D
np[str]

1

E
comps

D
np[nom]

2

E
3
5

nay-ka sakwa-ka cohta

Then, by the LP constraint in (18.16), the less oblique nominative subject must
precede the more oblique complement with the identical case marking. However,
the LP constraint does not apply to the sentence in (18.2) since the NPs do not
have the same case, and thus scrambling is possible.

The LP constraint does not apply to the sentences in (18.3) because according
to the obliqueness hierarchy assumed for Korean, the Primary Object (PO) and
the Secondary Object (SO) have the same degree of obliqueness. Thus, scrambling
between the PO and SO is possible.

On our valence composition approach to long-distance scrambling, the sentence
in (18.7a) can have the following structure:
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(18.18)
S

SUBJ C C C H

1 NP[nom] NP[acc]
2

3 NP[acc] V

"
subj

D
np[str]

2

E
comps



3 np[str]

�
#

V

Mary-ka John-ul ku chayk-ul ilkulako selukhayssta

In (18.18a), the case of the controller, John, is structurally assigned as accusative.
The object of the governed verb ilkulako (`read'), ku chayk (`the book'), is also
structurally assigned to be accusative. Then, the ungrammaticality of (18.5b{
d) is accounted for by LP constraint (18.16). The object 3 NP cannot precede
the controller NP

2
because they have the same case marking, and the former is

more oblique than the latter with respect to the verb ilkulako: the former is the
complement of the verb while the latter is its subject, as shown in the lexical entry
of ilkulako in (18.18).

Now let us consider the examples of adjunct scrambling in (18.7{18.8). As
shown in (18.15), accusative case is structurally assigned to the nominal adjunct
since it is a non-�rst NP bearing structural case. In (18.7), scrambling between the
adjunct and the complement with identical case is possible because LP constraint
(18.16) applies only when a subject and a complement have identical case. As for
the examples in (18.8), an adjunct of a governed verb can also be appended to its
governing verb when the complements are appended. On this approach, sentences
(18.8) can have the 
at structure in (18.19).3

3In this case, if the semantic principle of Pollard and Sag (1994) is directly applied,
the correct interpretation is not obtained.

(i) In a headed phrase, the CONTENT value is token-identical to that of the adjunct
daughter if the DTRS value is of sort head-adjunct-struc, and to that of the head
daughter otherwise.

According to (i), the semantic content of the whole sentence in (18.19) must be identical to
the semantic content of the adjunct daughter, which can be roughly represented as follows:
for-an-hour'(waited'(John')). However, this is obviously not the correct interpretation
of the whole sentence. This problem can be solved by a slight revision of (i) to (ii):

(ii) In a headed phrase, the CONTENT value is token-identical to that of an adjunct
daughter if the head daughter is the value of MOD of the adjunct daughter, and
to that of the head daughter otherwise.

170



(18.19)
S

ADJ

1 NP[nom] NP[acc]
2

3 NP[acc] 4 V

2
6666664
val

2
664
subj

�
np[str]

2

�
comps hi
adjt



3 np[str]

�
3
775

arg-st

�
np[str]

2
, 3 np[str]

�

3
7777775

V

Mary-ka John-ul han sikan-ul kitalikey mantulessta

In this case, di�erently from the case of complement scrambling shown in (18.18),
LP constraint (18.16) does not apply, and scrambling between the controller and
the embedded adjunct is allowed: the LP constraint is formulated to apply only
when a subject and a complement have the same case.

The examples in (18.8) suggest that the adjunct-as-complement analysis pro-
posed by Bouma et al. (1997) and supported by Przepiokowski (To appear) may
be too strong. That is, if the adjuncts in (18.8) are considered as complements,
it seems to hard to account for di�erent grammaticality patterns between (18.5b{
d) and (18.8b). Presently, it is not clear why they show this di�erence, but the
assumption of the separate ADJT list on the valence feature at least makes it pos-
sible to simply describe their di�erent syntactic behaviors with respect to the case
constraint on scrambling.

So far, we have shown how LP constraint (18.16) accounts examples in Sec-
tions 2.1{2.4, but not the ones of the inalienable possession construction (IPC) in
Section 2.5. The NPs with accusative case in (18.9) seem to have the same degree
of obliqueness since they are both complements, and so are the NPs with nomi-
native case in (18.12) since they are both subjects.4 It means that LP constraint
(18.16) appears to incorrectly predict that the NPs with the same case can be
scrambled with each other as in the double object construction (e.g., (18.3)). In
the rest of this section, we propose that scrambling in the IPC is constrained by an
independently-motivated binding condition, not by LP constraint (18.16).

In the IPC, as argued by Gu�eron (1985), the referent of a body-part NP (BP
NP) depends on its possessor NP (PS NP) within a local domain. Roughly speaking,
in order to identify a BP NP, we need to identify its PS NP �rst. And this referential
dependency of the BP NP makes it similar to anaphora.

The syntactic restriction in (18.20) is proposed to account for this type of
dependency, based on the notion of local prominence-command (local p-command)
which is utilized in the formulation of the syntactic anaphor binding condition in
Korean in Chung (1996).

(18.20) A BP NP must be locally p-commanded by its PS NP.

Here the notion of p-command is de�ned as follows:

(18.21) Local P-Command: X locally p-commands Y i� either
(i) X locally obliqueness-commands (locally o-commands) Y, or
(ii) X and Y are equally oblique and X linearly precedes Y.

4See Chung (1993) for the 
at structure analysis of the IPC and relevant discussions.
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On this approach, (18.9) is acceptable because the PS NP John-lul locally p-
commands the BP NP son-ul by (18.21ii): they are equally oblique, and the PS
NP precedes the BP NP. In (18.10), the PS NP does not locally p-command the
BP NP because the BP NP precedes the equally oblique PS NP. The sentences in
(18.11) are all unacceptable regardless of the linear order because the BP NP is
less oblique than the PS NP. (18.12a) is acceptable for the same reason as (18.9).
(18.12b) is unacceptable for the same reason as (18.10). The sentences in (18.13)
are all acceptable regardless of the linear order because the PS NP is less oblique
than the BP NP, and thus the former locally p-commands the latter.

5 Conclusion

This paper proposes that scrambling possibilities among the arguments (as op-
posed to adjuncts) are restricted by the interaction of case and obliqueness of the
arguments, i.e., when the arguments bear the same case marking, a less oblique
argument must precede a more oblique argument. The linear order in the inalien-
able possession construction is not a counterexample to our proposal since it can
be accounted for by a di�erent constraint.

Korean (and probably Japanese) is not the unique language that needs this
type of LP constraint into which the notion of obliqueness is incorporated. For
example, Sag (1987), and Pollard and Sag (1987) propose that English needs it to
account for the linear order among complements in the constructions such as the
double object construction.
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Chapter 19

An Informal Sketch of a Formal

Architecture for Construction Grammar

Paul Kay

Abstract. A formal architecture for Construction Grammar (CG) is sketched.
Modeling domain objects (constructs) are constituent structures with feature struc-
tures at the nodes, aka Feature Structure Trees (FTs). Constructions are partial
descriptions of FTs, expressed as sets of constituent structure equations and path
equations. Uni�cation of constructions is de�ned. A construct c is licensed by a
grammar G i� G contains a set of constructions whose uni�cation fully describes c.

1 Introductory
The major empirical motivation for Construction Grammar (CG) is the need to
develop a system of grammatical description in which the marked constructions
(more or less `idiomlike' forms of expression) are represented in the same formal
system as the regular, `core' patterns or rules (Kay & Fillmore Forthcoming).1 The
original representation system for Construction Grammar (CG) was a system that
represents constructions (items of grammar) and constructs (items of language: sen-
tences, phrases and words) in `box diagrams', which depict constituent structure as
concentric boxes, with the syntactic, semantic, lexical and phonological information
associated with each constituent written in the box representing that constituent.

This paper takes a �rst step toward specifying what kind of formal objects
these box diagrams are pictures of and what is really meant by `matching up',
`combining' or `unifying' two box diagrams, each of which gives a partial description
of a construct (bit of language), into something that gives a fuller description of
this construct, until �nally we have licensed a sentential construct (i.e., a sentence).
The paper concludes with a brief discussion of similarities and di�erences of CG
with HPSG and LFG.

The empirical objects, sentences words and phrases, accounted for by a con-
struction grammar are taken to have the form of constituent structure (CS) trees
with feature structures (FSs) at the nodes. A construction is de�ned in terms of
a set of simultaneous constraint equations, describing a class of such hybrid struc-
tures, rather like those of LFG. A hybrid structure which represents a fully parsed

1It is a pleasure to acknowledge the contributions to this paper of Ron Kaplan and
Mary Dalrymple, without whose stimulation and advice it would not have been developed.
Charles Fillmore, Andreas Kathol and J.-P. Koenig have also provided invaluable ideas.
Errors are the author's personal contribution.
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word, phrase or sentence of a language is called a construct of that language. Li-
censing a structure that satis�es more than one construction consists in putting
together the relevant set of constructions (interpreted as a conjunction). The box
notation of CG (Fillmore & Kay Forthcoming; Kay & Fillmore Forthcoming) is
preserved by translating back and forth between that notation and an algebraic
notation that looks much like LFG functional equations.

We �rst de�ne FSs, then feature structure trees (FTs). The latter are the
`hybrid' structures: CS trees with FSs at the nodes. Modeling-domain objects
(constructs) are FTs. CG modeling-domain objects are, thus, somewhat like those
of LFG except that, like HPSG, phonological, semantic, categorial and `bar' infor-
mation are included in the FSs: no separate semantic and phonological modules
and no labeling function, like LFG's �, are posited. There is nothing correspond-
ing to the up and down arrows of LFG. Also, LFG emhasizes the separateness of
C-structures, F-structures and rules of correspondence between them, while CG
emphasizes the unity of the construction, which, as in HPSG types (Pollard &
Sag 1987; Pollard & Sag 1994, and especially Sag 1997), combines CS and non-CS
aspects in a single unit.

Constructions are descriptions of classes of FTs, expressed as sets of constraint
equations. Some of these equations express the constituent structure, as relations
of dominance and precedence between nodes. Other equations are path equations
which identify the CS node to which the beginning FS of each path is anchored. So
we have equations that say things like \(The FS at node-1)'s syntax's head's cat is
v." (Cf. Kaplan & Bresnan 1982:182�, Kaplan 1995.)

2 Feature Structures
(19.1) Let the expression (D ! R) denote the set of partial functions from

domain D to range R.

The primitive notions of the current exposition are attributes, atomic values, phono-
logical representations, and (constituent structure) nodes.
Feature structures are de�ned recursively as follows:

(19.2) A: a �nite set of attributes,
V : a �nite set of atomic values,
P : a denumerable set of phonological representations.

A function F is a feature structure (FS) i� F 2 (A! V [ P [ F [ }(F )).2

In words, a feature structure is a partial function from a �nite set of attributes
to a range consisting of objects of any of the following four types: atomic values,
phonological representations, feature structures, sets of feature structures.

3 Feature Structure Trees (FTs)
Feature structure trees are de�ned as follows.
(19.3) N : a �nite set of CS nodes,

F : a �nite set of FSs,
M(other): a function in (N ! N);
< (`precedes'): a strict partial order on N ;
�: a function in (N ! N).

A �ve-tuple t =< N;<; F;M; � > is a Feature Structure Tree (FT) i�

2`}(F )' denotes the power set of F .
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(i) Exactly one node r 2 N has no mother in N,
(ii) Every node n 2 N other than r has exactly one mother,
(iii) For distinct nodes ni; nj 2 N , if ni and nj are sisters, then (ni < nj) or
(nj < ni),
(iv) For ni; nj 2 N , if M(ni) < M(nj), then ni < nj .

FTs are the formal objects which represent constructs. Note that no variables exist
in the space of FTs and all precedence relations are speci�ed by conditions (iii) and
(iv).

4 Descriptions (Equations)
Let's start with a construct expressed in CG box notation and see what a description
of it will look like in equation form.3

(19.5) She sang. (construct)

3CG often uses nested boxes rather than a structure of branching nodes to represent
constituent structure. Thus, the two diagrams below are notational variants for a single
FT. In the present paper, constructs are represented in branching node diagrams and
constructions in box diagrams:�

a b
c d

�
�
m n
p q

� �
x y
z w

�
a b
c d

m n
p q

x y
z w

This paper will not be concerned with the feature geometry of any particular implemen-
tation of the CG approach. In order to simplify each example as much as possible, no
attempt has been made to have all examples imply a single, consistent feature geometry.
This paper is concerned only with the formal architecture in which CG grammars are
expressed, not with the particulars of any one grammar or with a general theory of CG
grammars. One version of a CG feature geometry which seems to work well for English is
summed up in the following diagram.

(19.4)

role head

synsem

2
666666664

rel(ational)

h
g(rammatical) f(unction) [ ]
� [ ]

i

intrinsic

2
666664

syn

2
66664

head

"
lexical-head [ ]
cat [ ]
...

#

level

"
max [ ]
lex [ ]
...

#
3
77775

sem [ ]

3
777775

3
777777775

val fg
phon <>

In CG notation, empty brackets, braces, etc., specify, not the null FS, the null set, etc.,

but rather one of unspeci�ed identity, an arbitrary instance of the appropriate type. For

example, f g denotes an arbitrary set, [ ] an unspeci�ed FS. Readers accustomed to HPSG

usage should be wary.
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�
sem

�
tense past
scenes f:::g

� �

2
6666664

role comp

syn

2
664
head

�
cat n
pro +

�

level

�
max +
lex +

�
3
775

phon < she >

3
7777775

2
66666666664

role head

syn

2
664
head

�
cat v
in
 �n

�

level

�
max +
lex +

�
3
775

sem

�
tense past
scenes f:::g

�
phon < sang >

3
77777777775

(This representation of the construct is very partial, but we will pretend that it is
complete.) We can write a description of (those aspects of) the construct shown
in (19.4) in the following way. First we de�ne the constituent structure as consisting
of a mother and two daughters.

4.1 CS equations
(19.6) a. M(n2) = n1

4 b. M(n3) = n1 c. n2 < n3

4.2 FS equations
Using the LFG type of notation for path equations, based on the idea that paths
represent successive functional application, we can write, for example:
(19.7) �(n1) sem tense = past
Equations (19.4) can be read `(the feature structure assigned by � to n1)'s sem's
tense is past.' We can now proceed to a full decription of She sang (to the degree
that its structure is speci�ed in (19.4).
(19.8) a. �(n2) role = comp b. �(n2) syn head cat = n

c. �(n2) syn head pro = + d. �(n1) sem tense = �(n3) sem tense
Equation (19.8d) represents the kind of identity of information that is talked about
in Fillmore & Kay Forthcoming as uni�cation, and represented with uni�cation
variables that look like `#2'. When we come to the Subject-Predicate (S-P) con-
struction, we will see that in the box diagram (19.18) this identity of information
is represented by the occurrence of two instances of `#2[ ]'.

Although it is not shown in (19.4), we know that a fuller description of the
construct She sang will also satisfy the following equation.
(19.9) �(n3) sem scenes � �(n1) sem scenes5

(Of course in this particular case, the more informative equation (19.10) also holds.
But (19.9) is interesting because it will be true of every S-P construct.)
(19.10) �(n3) sem scenes = �(n1) sem scenes
A few more equations descriptive of She sang, just to give a little more of the 
avor.

(19.11) a. �(n2) phon = < she > b. �(n3) role = head
c. �(n3) syn head cat = v d. �(n3) phon = < sang >

4More self-consciously: 9N;n1; n2[n1 2 N &n2 2 N &M(n2) = n1].
5The scenes value in CG is roughly analogous to the LISZT value in HPSG minimal

recursion semantics (MRS). Broadly, CG semantic representation is similar in spirit and
form, though not precisely equivalent, to MRS. Substantively, (19.9) means roughly that
the semantics of a sentence will include everything in the semantics of its verb phrase.
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We pretend equations (19.6{19.11) fully characterize the construct She sang.
(There are two levels of pretense here (1) the pretense that diagram (19.4) fully char-
acterizes the construct She sang and (2) the pretense that equations (19.6{19.11)
fully characterize diagram (19.4).6) Any proper subset p of this set of equations
will also describe (be satis�ed by) She sang but will not describe She sang fully, in
the sense that there will exist equations which are satis�ed by She sang which are
not in p (or implied by p). For example, if p is the set of equations (19.6{19.11c),
p describes She sang only partially because (19.11d) is satis�ed by She sang and is
not in p (or implied by p).

5 Constructions and Licensing
Constructions are partial descriptions of FTs.

(19.12) A description is a set of constraint equations which makes use of
numerical labels to identify individual nodes.

We want to be able to say that technically distinct descriptions (which di�er only
in the identifying numerals attached to their nodes) are mere `renumberings' of
each other.
(19.13) For two descriptions D, D0, we will say that D0 is a renumbering of D i�

there is a one-to-one function g from node labels to node labels such that
g(D) = D0 and g�1(D0) = D.

We want to restrict our attention to descriptions of objects of the kind we are
concerned with, FTs.
(19.14) A description D is satis�able i� there is at least one FT t such that for

each equation d 2 D, t satis�es d.
Any satis�able description is a potential construction. The grammar of a language
tells us which descriptions are the constructions of a given language. (The grammar
also tells us the memberships of A, V , and (somehow) P .)

`Combining' constructions involves taking the union of the corresponding de-
scriptions, subject to certain conditions to be described presently. Combining con-
structions produces sets of equations of increasing cardinality, providing increas-
ingly detailed descriptions. We think of a su�ciently detailed description as 'li-
censing' a particular FT. A description's licensing (or not licensing) a FT is de�ned
in part in terms of the FT's satisfying (or not satisfying) the description. However,
the relation between a licensing description and the FT it licenses must include, but
not be restricted to, satisfaction of the former by the latter. A description may, as
we have noted, only partially describe a FT which satis�es it. We want a licensing
description to be a full, not merely a partial, description of the licensed FT: the
description and the model-object (FT) it licenses should specify the `same infor-
mation'. That is, the licenser should contain no information not embodied in the
model-object and the model-object should embody no information not contained
in the licenser.

6One respect in which equations (19.6{19.11) do not fully characterize the structure in
diagram (19.4) is that these equations don't tell us that n2 and n3 are the only daughters
of n1. We could, for example, de�ne predicates for the description language that would
allow us to specify n2 as the leftmost daughter of n1 and n3 as the rightmost daughter
of n1. More generally, we allow the description language to contain elements that are not
part of the direct representation of modeling domain objects, e.g., negation, disjunction
and material implication.
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(19.15) A satis�able description D fully describes a FT t, i�
(i) t satis�es each equation d 2 D and
(ii) for any description D0, if t satis�es each equation d0 2 D0, then D ! D0.

Property (i) ensures that D contains no information not embodied in t. Property
(ii) ensures that t embodies no information not contained in D. The relation de�ned
in (19.15) is sometimes described by calling the model object the `minimal satis�er'
of the description; the motivation for this terminology is that the model-object t is
the least detailed object which the description D describes: if you added any more
information to t, then D would no longer describe t (Kaplan & Bresnan 1982:201{
203).

Our preferred terminology for the relation de�ned in (19.15) will be that D
`licenses' t.
(19.16) For a description D and a FT t, if D fully describes t we say equivalently

that D licenses t or that t is a minimal satis�er of D.
We want the grammar (A, V , P and the constructions) to provide us with a de-
scription that licenses each construct in the language and with no description which
licenses any FT that is not a construct of the language. This desideratum of a con-
struction grammar corresponds to the familiar desideratum of generative grammar:
a grammar of a language should account for all the sentences of the language, pro-
vide an analysis of the structure of each, and rule out all non-sentences. Put
slightly di�erently, the object of the game is to select A, V , P and the construc-
tions so that every FT which is a construct of the language is licensed by some
combination of constructions and every combination of constructions that licenses
a FT licenses a construct.

(19.17) A combination C of two satis�able descriptions D, E is a satis�able
description D0 [ E0 such that
(i) D0 is a renumbering of D,
(ii) E0 is a renumbering of E, and
(iii) the satisfaction set of C is the intersection of the satisfaction set of D0

and the satisfaction set of E0.

Certain things should be noted about de�nition (19.17). First, when the combina-
tion C fully describes a FT, D0 and E0 will necessarily have at least one node in
common. Secondly, the de�nition of renumbering (19.13) allows us to `match up'
nodes in D and nodes in E in every possible way consistent with the dominance
and precedence relations already speci�ed in D and E.7 Secondly, not every pair of
satis�able descriptions is combinable. The combined description must be such that
there is at least one FT that sati�es it. Moreover, there must be a way of assigning
node match-ups such that condition (iii) of (19.17) is not violated. Thirdly, combi-
nation of descriptions is not an operation: there can be more than one combination
of the same two descriptions.

5.1 Example: the Subject-Predicate (S-P) Construction
Some of the constraints (equations) in a construction will come from more general
principles, which are simply more general constructions that are inherited by less
speci�c constructions.

7To prevent the licensing of non-constructs (overgeneration) we have to be sure to set
up the constructions in a way that will prevent non-constructs from being licensed. But
this is just the problem that every grammarian has in making sure the hypothesized rules
don't overgenerate.
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In the diagram for a construction, we list at the top of the outer box in boldface
the names of any constructions which are inherited by the one being diagrammed.
For example, in the diagram of the Subject-Predicate construction in (19.18), it is
indicated in this way that the Headed Phrase construction (19.24) is inherited. The
notation in (19.18) INHERIT Headed Phrase does not denote an attribute-value
pair. It indicates that the Headed Phrase construction contributes all its informa-
tion, i.e., all its equations, to the Subject-Predicate construction. The notation
INHERIT Headed Phrase expresses one link in an inheritance hierarchy of con-
structions which, in its entirety, represents the major grammatical generalizations
of the language under study, for example, the generalization of English|and other
languages|that lexical (and phrasal) heads share many syntactic and semantic
properties with their phrasal mothers.
(19.18) Subject-Predicate (S-P) Construction (abbreviated)

INHERIT HeadedPhrase
... head cat [ ]

... sem

2
6666666666664

tense #2 [ ]
scenes fg
val fg

#1
role comp
... gf subj

role head
... head cat v
... max +

... sem

2
4 tense #2 [ ]
scenes fg
val f#1[ ]g [ f g

3
5

3
7777777777775

Equations (19.19{19.23) express information presented diagrammatically in dia-
gram (19.18). Equations (19.19) express constituent structure information about
the construction. Equations (19.20) express path information which is peculiar
to the S-P construction. Equations (19.21{19.23) express information contained
in the S-P construction that is inherited from the Headed Phrase construction,
see (19.24).

(19.19) CS Equations
a. M(n2) = n1 b. n2 < n3 c. M(n3) < n1

(19.20) Equations proper to S-P8

a. �(n2) 2 �(n3) val b. �(n2) role = comp
c. �(n2) ... gf = subj d. �(n3) role = head
e. �(n3) ... cat = v
f. �(n1) ... sem tense = �(n3) ... sem tense

FS Equations inherited from Headed Phrase. See 19.24
(19.21) �(n1) ... head cat = �(n3) ... head cat

(head feature percolation; `#2' in 19.24)
(19.22) �(n3) val = �(n1) val

(valence of head daughter is a subset of valence of mother; `#3' in 19.24)
(19.23) �(n3) ... sem scenes � �(n1) ... sem scenes

(scenes of head daughter are a subset of scenes of mother; `#1' in 19.24)

6 Constructional Inheritance
The Headed Phrase (HP) construction, which is inherited by the S-P construction,
among others, follows in diagram form.

8(19.20a) and (19.20f) correspond to `#1' and `#2' in (19.18), respectively.
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(19.24) Headed Phrase (HP) (abstract) construction

synsem intrinsic

�
sem scenes #1f g [ f g
syn head #2[ ]

�
val #3f g [ f g

role head

synsem intrinsic

�
sem scenes#1fg
syn head #2[ ]

�
val #3fg

; role comp
+

(�(ni)role = comp)! (�(ni) 2 (�(M(n1))val))

The constraint expression at the bottom of diagram (19.24) says that the feature
structure of each comp daughter uni�es with (has the same structure as) a member
of the valence value of the mother. There are cases, such as this, where it is more
convenient to express a constraint directly in algebraic form than to create for it a
special convention in the box diagram mode of representation.

All the properties of (19.24) are inherited by each of the more detailed construc-
tions which license verb phrases, preposition phrases, adjective phrases, and `n-
bar' constituents, as well as the S-P construction, which licences subject-predicate
clauses, and SAI, which licenses inverted clauses. The comma in (19.24) indi-
cates that HP doesn't stipulate linear order between head and complement(s). The
HEAD-COMPLEMENT construction, which inherits HP and is in turn inherited
by VP, PP, AP and N-'bar', places the head before the complements.
(19.25) HEADED PHRASE

HEAD-COMP S-P SAI

VP PP AP N0

(19.26) A construction C1 inherits a distinct construction C0 i� for some
renumbering C 00 of C0, C

0
0 ! C1.

6.1 Recursive licensing
Unlike LFG phrase structure rules and lexical items and unlike HPSG types, dis-
tinct constructions can span the same (piece of) FT. For example, the English VP
construction, which provides for a lexical verb followed by an arbitrary number of
constitutents (subject to valence restrictions) can unify with a construction specif-
ically licensing a VP displaying the `heavy NP shift' property. In order to specify
an explicit recursive licensing procedure for sentences, we need some way to deal
with this overlap of constructions. We wish to reduce the set of constructions of
a grammar to a set of construction-like objects (let's call them CLOs) with the
property that in licensing a given sentence, exactly one CLO licenses each node.
To obtain the set of CLOs from the set of constructions C: (1) form the power set
of the set of constructions }(C); (2) for each set of constructions in }(C), attempt
to unify all the members, matching the root nodes; (3) throw away all the sets that
don't unify; (4) the remainder is the set of CLOs.

7 CG, LFG and HPSG
The relation of constructional inheritance has an empirical interpretation analogous
to that of subtype in HPSG. Often a CG analysis can be directly translated into an
HPSG analysis (and vice versa) by positing an HPSG type for each CG construction
and assuming isomorphism between the relevant part of the type hierarchy in HPSG
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and a combination of the relevant part of the constructional inheritance hierarchy
together with certain on-line combinations in CG.

The formal conception of CG architecture sketched in these notes is, however,
more similar to that of LFG. A separation is maintained between constituency
and other syntactic properties in the modeling space. The constraint equations
which populate the description space in CG are quite similar to those of LFG.
One di�erence between LFG and CG is the way the full set of constraint equations
characterizing a model object is factored by the grammar. In LFG the factoring
is into two subsets, one a set of (annotated) PS equations (= rules), the other a
set of lexical items (containing semantic forms). Various principles ('up and down
arrow' computations) provide for combining these into the full set of equations li-
censing the construct. CG, on the other hand, designates as linguistic units small
subsets of constraint equations (the constructions); these contain both C-structure
and non-C-structure information. CG resembles HPSG in this regard, in endow-
ing the constructions (for HPSG: types) with semantic, including `pragmatic', and
phonological information, in addition to the syntactic information.

A formal di�erence between CG and (I think) both LFG and HPSG is that CG
admits only actual words, phrases and sentences (constructs) as elements of the
modeling domain. In HPSG terms, this would roughly amount to saying that the
only modeling domain objects are signs. Abstractions over actual linguistic objects
are not considered to be part of the modeling domain in CG.

7.1 Architecture and Theory
What has been sketched here is a formal architecture in which a theory of construc-
tion grammar can be expressed, not a theory of construction grammar. Within this
architecture any sort of construction can be expressed; for example, we could ex-
press a construction for a transitive sentence whose subject begins with a vowel
and whose object contains a relative clause specifying the color of its denotatum.
A properly constrained constructional theory of grammar will have something to
say about the likelihood of such a construction being encountered in any language.
But that is a matter of theory, not of underlying architecture. To be sure, an ar-
chitecture imposes constraints on the theories that can be expressed within it, but
we should not expect a theory of grammar to follow from the notation in which it
is expressed any more than we expect a theory of planetary motions to follow from
the notation of di�erential equations.
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Chapter 20

`A Uni�ed Theory of Scope' Revisited
Quanti�er Retrieval Without Spurious Ambiguities

Adam Przepi�orkowski

Abstract. This paper presents an HPSG theory of quanti�cation which builds
and in various ways improves upon Pollard & Yoo (1997). By allowing only lex-
ical retrieval, �a la Manning et al. (1997), it is free from the spurious ambiguities
problem. By shifting weight from valence to arg-st, it is compatible with both
traced and traceless analyses of extraction. The theory is formalized in Relational
Speciate Re-entrant Logic (Richter 1997).

The aim of this paper1;2 is to provide an HPSG theory of quanti�cation which
builds on Pollard & Yoo (1997) (henceforth, PY) and improves upon their analysis
in some important ways. In particular, our account naturally avoids the problem
of spurious ambiguities, it properly states certain generalizations missing in PY, it
is (arguably) simpler than their analysis, and, unlike their account, it is compatible
with both traced and traceless theories of extraction. We also show that our theory
extends easily to wh-retrieval.

1 Pollard & Yoo (1997)'s Account

PY o�er a substantial improvement over the theory of quanti�cation of Pollard
& Sag (1994) (henceforth, PS): they provide a solution to the problem of wrong
behaviour of PS's analysis of quanti�cation in raising and extraction environments,
such as (23.25) below.

(20.1) a. A unicorn appears to be approaching. (ambiguous)

b. Five books, I believe John read. (ambiguous)

Since in PS's analysis a quanti�er starts its life only at the surface position of the
phrase to which it corresponds, only the wide-scope (de re) reading is predicted.
The solution PY propose boils down to making the quanti�er corresponding to

1My greatest thanks go to Carl Pollard, who has been very generous with his time
and wisdom. His comments on earlier drafts led to several improvements in the theory
presented here. I am also grateful to Tilman H�ohle and Frank Richter, as well as the
participants of the HPSG seminars at T�ubingen and Ohio for useful comments on earlier
versions of the paper. All the remaining 
aws are mea culpa. The work reported in this
paper was supported in part by the KBN grant 8 T11C 011 10.

2This paper is an abridged version of Przepi�orkowski (1997), which additionally intro-
duces a formalization of the `adjuncts-as-complements' approach to modi�cation (inspired
by Manning et al. (1997)) and shows that this formalization properly interacts with the
theory of quanti�cation presented here.
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a raised constituent available at the \initial" position, e.g., in (23.25a), at the
embedded verb approaching. The quanti�er then percolates up and can be retrieved
either inside or outside the scope of appear.

For lack of space, and because of the rather high complexity of PY's analysis,
we cannot present it in this paper. We will, however, point out certain problems
with their account.

The foremost is perhaps the problem of spurious ambiguities (of which PY are
well aware): for example, in (23.25a), there are four possible retrievals correspond-
ing to the narrow reading, and three corresponding to the wide reading. Secondly,
the analysis of PY is rather complex. If a simpler analysis with the same coverage
can be obtained, it should be preferred. Thirdly, it is not compatible with the
traceless analyses of extraction (e.g., ch.9 of PS). For example, getting the de dicto
reading of (23.25b) requires �ve books to be a selected argument of the lower verb,
read. However, in the traceless account of extraction, there is no element on read 's
valence corresponding to �ve books, so the latter is not a selected argument of
read. Fourthly, by assuming that each word belonging to the `amalgamating class'
does so by virtue of its lexical properties, this analysis misses certain generaliza-
tions: the lexical entry of each word in this class must encode the same complex
constraint (cf. PY's (15)).3 Finally, PY's analysis preserves what we view as a
conceptual problem of PS, namely the distribution of a sign's semantics between
content and qstore.4 The analysis below solves these problems.

2 An Alternative Account

Our theory of quanti�cation is summarized below.

(20.2)

a.

�
content

qstore set(quant)

�

�
�
�
�
�

H
H

H
H
H

psoa nom-obj quant

b.

2
4 word

. . .

new-qs set(quant)

3
5

(20.3) word ! Desc1 _ Desc2

(20.4) Desc1 =

2
664 ssjlocjcont

�
nom-obj _ quant

qstore 1

�
_

2
4 psoa

qstore 2

quants 3

3
5

new-qs 5

3
775

where 1 = 5 ] the union of qstores of selected arguments,
4 = the set of elements of 3 ,
1 = 2 ] 4 .

3As pointed out to us by an anonymous reviewer, this generalization can be properly
stated in the hierarchical lexicon. As far as we can see, PY do not invoke the `hierarchical
lexicon' approach, nor are we aware of any formalization of this approach in SRL (King89;
King94), a logic for HPSG close to that assumed by at least one of the authors of A uni�ed
theory of scope : : : (Pollard 1998), so we maintain our claim that missing generalizations
are at least a potential problem for Pollard & Yoo (1997).

4For example, the phrases every person and some person have the same values of
content; they di�er only in qstore.
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(20.5) Desc2 =

�
ssjlocjcont 1

arg-st h : : : , [content 1 ], : : : i

�

The way this analysis works is following. We build on Manning et al. (1997)
and postulate lexical retrieval only. Thus, everything happens via the constraint
on words (20.3). Speci�cally, unless a word is semantically vacuous (its semantics
is taken over from one of its arguments), cf. Desc2 in (20.5), it must satisfy Desc1
in (20.4). According to this description, if the word's content value is not of sort
psoa, then this word simply amalgamates all quanti�ers of its selected arguments,
adding the quanti�ers that it itself introduced (the quanti�ers introduced by a
word are present in this word's new-quantifiers value, cf. (??b)). On the other
hand, if the word's content is psoa, then all these quanti�ers are split between the
word's qstore (they will be retrieved higher up) and its quants (the quanti�ers
retrieved at this word). Since qstore is a part of content (cf. (20.2a)), it percolates
to the maximal projection with the rest of the content value via the Semantics
Principle.

In the above, we implicitly assumed PY's de�nition of selected arguments. This
notion, as de�ned there, is heterogeneous: it takes into consideration valence fea-
tures (subj, comps and spr), the mod feature, and thematic properties of some
arguments. Since the only intended e�ect of these de�nitions is to prevent a quan-
ti�er from being retrieved more than once in cases of raised arguments, it seems
reasonable to us to rede�ne the notion selected arguments in these terms: selected
arguments are those members of arg-st, which are not raised from other argu-
ments. For example, in (23.25a), the synsem element corresponding to a unicorn is
a selected argument on the arg-st of approaching, but not on the arg-sts of be,
to, and appears because in each of these cases it is raised from the VP arguments of
these verbs.5 This shift of weight from valence to arg-st will make our analysis
compatible with traceless theories of extraction.

We will illustrate this analysis with example (23.25a). Let us start with the
phrase a unicorn.

5This de�nition avoids a minor technical problem of PY's de�nition of thematic ar-
guments: it is not clear how to formalize the notion of `a role in the contjnucleus' in
their de�nition, short of enumerating all the attributes appropriate for various subsorts of
qfpsoa.
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(20.6)

2
4 phrase

phon ha unicorn i

. . . cont 1

3
5

�
�
�
�
�
�
�
�
��

H
H

H
H
H
H

H
H
HH

2
4 phrase

phon ha i

synsem 4

�
locjcont 2

�
3
5

2
66666666664

word

phon ha i

. . . cont 2

2
664

quant

qstore f 2 g
det exists

restind 1

3
775

arg-st h i
new-qs f 2 g

3
77777777775

2
4 phrase

phon hunicorn i

. . . cont 1

3
5

2
6666666666664

word

phon hunicorn i

. . . cont 1

2
66664

npro

qstore f 2 g
index 3

restr f

�
unicorn

inst 3

�
g

3
77775

arg-st h 4 i
new-qs fg

3
7777777777775

There are two word structures in this tree which must satisfy (20.3): a and unicorn.
The former introduces a quanti�er in new-qs and incorporates it into qstore via
Desc1 (20.4). This value percolates together with the whole content value to the
maximal projection courtesy of the Semantic Principle. Since the synsem of this
maximal projection is present in unicorn's arg-st, this quanti�er is amalgamated,
again via Desc1, to the noun's qstore. And, again courtesy of the Semantic
Principle, it is present on the NP's qstore.

Let us now look at the tree structure corresponding to (23.25a).
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(20.7)

S�
phrase

cont 3

�

�
�
�
�
��

H
H

H
H

HH

NP2
4phrase

phon ha unicorni

ss 1

�
contjqs f 4 g

�
3
5

VP1�
phrase

cont 3

�

�
�
�
�
��

H
H
H
H
HH

V12
66664

word

phon happearsi
cont 3

new-qs fg
arg-st h 1 , 12 i

3
77775

VP2�
phrase

ss 12

�
cont 2

� �

�
�
�
�
��

H
H
H

H
HH

V22
664
word

phon htoi
cont 2

arg-st h 1 , 11 i

3
775

VP3�
phrase

ss 11

�
cont 2

� �

�
�
�
�
�

H
H
H

H
H

V32
664
word

phon hbei
cont 2

arg-st h 1 , 10 i

3
775

VP4�
phrase

ss 10

�
cont 2

�
�

V42
66664

word

phon happroachingi
cont 2

new-qs fg
arg-st h 1 i

3
77775

There are six words in this structure (a, unicorn, appears, to, be, approaching), and
they all have to satisfy the constraint (20.3). We have already considered the
�rst two: since they are not semantically vacuous, they must satisfy Desc1 (20.4).
Another two of them, i.e., to and be, are semantically vacuous, so they trivially
satisfy (20.3) by satisfying Desc2 (20.5). The last two are, again, semantically non-
vacuous and they can satisfy (20.3) only by satisfying Desc1. Before we consider
ways in which appears and approaching can satisfy Desc1, a couple of notes are in
order.

First, there are only two content values of sort psoa around. The approaching-
psoa ( 2 ) is structure shared between the verb approaching (V4) and its maximal
projection (VP4) by virtue of the Semantics Principle. This value is then taken
over by the semantically vacuous verb be (V3) and, again, structure shared with
the maximal projection (VP3). Analogously, also the content value of to (V2)
and its projection (VP2) is 2 . The other psoa is the appears-psoa ( 3 ), which is
shared by the verb appears (V1) and its projections (VP1 and S).
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Second, since both quants and qstore are parts of content, any quanti�er
retrieval can happen only at the two psoa-valued contents, namely at 2 and 3 .

Third, there is only one quanti�er to be retrieved, i.e., `9x unicorn(x)' ( 4 ). This
quanti�er originates in the NP a unicorn, so the value of this phrase's contjqstore
is f 4 g (see the discussion below (20.6) on p.188). The whole synsem value of this
NP is structure shared with the (selected!) argument of approaching, hence, the
qstore value of this selected argument is f 4 g, and thus, \the union of qstores of
selected arguments" (cf. (20.4)) of approaching is f 4 g. Since new-qs of this verb
is empty, the pool of quanti�ers to take care of at this node consists only of 4 .

Now there are two ways for approaching to satisfy Desc1 (20.4): either 4 be-
comes the (only) element of qstore (and quants is empty), or it becomes the
element of quants (and qstore is empty). This results in two possible values of
content 2 illustrated below:

(20.8)

a. narrow scope: b. wide scope:

2 =

2
664

psoa

qstore fg
quants h 4 i
nucl approach

3
775 2 =

2
664

psoa

qstore f 4 g
quants hi
nucl approach

3
775

In case of the narrow scope (20.8a), the value of qstore of approaching is the
empty set, and so is the value of qstore of 12 (cf. V1 in (20.7)), i.e., of the only
selected argument of appears ( 1 is not a selected argument here!). Hence, the set
of quanti�ers collected at appears is the empty set:

(20.9) 3 =

2
664

psoa

qstore fg
quants hi
nucl appear

3
775

On the other hand, in case of the wide scope (20.8b), the qstore value of the
selected argument of appears is the singleton set f 4 g, so, by the same reasoning,
there are two possible values of 3 , cf. (20.10). Of course, once there is a constraint
on root clauses to the e�ect that their qstore be empty, only (20.10a) is possible.

(20.10) a. 3 =

2
664

psoa

qstore fg
quants h 4 i
nucl appear

3
775 b. 3 =

2
664

psoa

qstore f 4 g
quants hi
nucl appear

3
775

This exhausts the possibilities of quanti�er retrieval.

The following features of this account should be noted: 1) there are no spurious
ambiguities: the quanti�er can be retrieved either at the approaching-psoa or at the
appear-psoa rendering narrow and wide scope, respectively; 2) since the selected
arguments are de�ned in terms of arg-st rather than valence, this analysis is
compatible with both traced and traceless analyses of extraction; 3) the constraint
responsible for amalgamation and retrieval of quanti�ers, (i.e., Desc1 in (20.3)) is
stated only once in the grammar; 4) all semantics of a sign (including quanti�ca-
tional semantics) is present at one place in the sign, i.e., in content ; 5) the analysis
presented above is arguably much cleaner than that of PY.
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3 Wh-Retrieval

PY make two observations concerning the scope of wh-elements in English. First, a
fronted wh-phrase has exactly the scope indicated by the surface realization of the
phrase. Second, the quanti�er corresponding to an in situ wh-phrase (thus, also
subject wh-phrase) can be retrieved only when there is a left periphery (subject
or �ller) wh-phrase. This can be illustrated with example (20.11) cited by PY
after Baker (1970).

(20.11) Who remembers where we bought which book?

This example has two readings (given here by possible answers):

(20.12) a. John and Martha remember where we bought which book.

b. John remembers where we bought the physics book and Martha
and Ted remember where we bought The Wizard of Oz.

These readings are captured by the observations above. First, the extracted phrase
where has to scope immediately over bought. Secondly,Who cannot be retrieved any
higher than its surface position, so it scopes immediately over remembers. However,
the quanti�er corresponding to which book can be retrieved either together with the
�ller where, or together with the subject Who, thus giving two possible readings.
On the basis of these observations, PY propose the following principle governing
the scope of wh-quanti�ers:

(PY 37) Syntactic Licensing Constraint on Wh-Retrieval (for `English-like' syn-
tactic wh-movement languages)

a. At any node, retrieval, if any, of wh-operators must include the
member of the left peripheral daughter's que value.

b. At any �ller-head node, if the �ller has nonempty que value, then
its member must belong to the node's retrieved value.

Since formalizing this principle requires retrieval at phrases, PY claim that \phrase-
level retrieval is necessary in our analysis of interrogatives" (p.10).

Note, however, that there is nothing in the original observations that requires
phrasal retrieval; they can be easily restated in our approach. First, (PY 37b) is
trivially equivalent to (20.13):

(20.13) At any �ller-head node, if the �ller has nonempty que value, then its
member must belong to the node's quants value.

Second, (PY 37a) can be replaced by a principle to the e�ect that whenever a
wh-operator is retrieved, there must be some retrieval from a left peripheral phrase.
More carefully:

(20.14) If the quants of a psoa contains a wh-quanti�er, it must also contain the
que member of a left peripheral daughter of some semantic projection
of this psoa.

In other words, when a wh-quanti�er is retrieved at a lexical item, there must be a
semantic projection of this item, which is either a head-�ller node or a head-subject
node, such that the left periphery (�ller or subject) contains que whose member is
also retrieved at this lexical item.
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Note that this formalization involves non-locality: although wh-quanti�ers are
retrieved lexically, this retrieval depends on the properties of projections of the
lexical item. This is the main di�erence between our analysis and that of PY and
it is the price we have to pay for allowing lexical retrieval only. Nevertheless, we
do not consider it an excessive price and, in view of the advantages lexical retrieval
brings, we are willing to pay it.

4 RSRL Formalization

This section presents a formalization of the above analysis in (a minor notational
variant of) RSRL (Relational Speciate Re-entrant Logic) developed by Frank Richter
and Manfred Sailer (Richter 1997; Richter et al. 1998) on the basis of Paul J. King's
SRL (King89; King94).

The Signature We assume that the signature contains the following pieces of
sort hierarchy and appropriateness speci�cations:

(20.2)
a. b.

2
4 word

: : :
new-qs set(quant)

3
5

Quanti�cation The constraint (20.3){(20.5) above can be formalized as in (20.15){
(20.19):6

(20.15) word !
9u; u0; s (Desc1)

qs-union(:arg-st; u) ^
set-union(hu; :new-qsi; u0) ^

[[::ssjlocjcontent � psoa ^
:ssjlocjcontentjqs � u0]
_
[:ssjlocjcontent � psoa ^
list-to-set(:ssjlocjcontentjquants; s) ^
set-union(h:ssjlocjcontentjqs; si; u0)]]

_
9a (Desc2)

member(a; :arg-st) ^
:ssjlocjcontent � a:locjcontent

The auxiliary relation qs-union/2 is de�ned as follows:

(20.16) 8a0; u[qs-union(a0; u)$ selected-qs-union(a0; a0; u)]

(20.17) 8a0; a; u[selected-qs-union(a0; a; u)$
[a � elist ^ u � eset] _
9u1; u2

6As it is not clear what the representation of sets should be, we do not formalize rela-
tions on sets such as list-to-set/2 and set-union/2. Intuitively, the former establishes
the relationship between a list and the set of its elements, while the latter takes as its �rst
argument a list of sets and speci�es its second argument to be the (disjoint) union of the
elements of this list.
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selected-qs-union(a0; a:rest; u1) ^
get-selected-qs(a:first; a0; u2) ^
set-union(hu1; u2i; u)]]

(20.18) 8e; a0; u[get-selected-qs(e; a0; u)$
[:raised(e; a0) ^ u � e:locjcontentjqs] _
[raised(e; a0) ^ u � eset]]

An element a in a list l is raised i� there in an element b in this list such that a
is in a valence attribute of b.

(20.19) 8a; l[raised(a; l)$
9b member(b; l) ^

[member(a; b:locjcatjvaljsubj) _
member(a; b:locjcatjvaljspr) _
member(a; b:locjcatjvaljcomps)]]

Wh-retrieval Finally, Pollard & Yoo's (1997) theory of wh-retrieval for En-
glish can be reformulated as below. (20.13) (corresponding to the second clause of
(PY 37)) is trivial to formalize:

(20.20) 8q[set-member(q; :dtrsjfill-dtrjssjque)!
member(q; :ssjlocjcontentjquants)]

(20.14) (cf. the �rst clause of (PY 37)) is less trivial: an appropriate constraint
has to be more global than in Pollard & Yoo (1997).7 What the constraint below
says is that if the quants list of a psoa contains a wh-quanti�er, there must be
a semantic projection involving a left-periphery wh-phrase, whose que member is
also on this quants list. This description is meant to hold of root clauses.8;9

(20.21) 8w; q[ [wh-quantifier(q) ^ w � word ^
member(q; w:ssjlocjcontentjquants)]!

[9n; q1
[semantic-projection(n;w) ^
member(q1; n:quants) ^

[set-member(q1; n:dtrsjsubj-dtrjssjlocjque) _
set-member(q1; n:dtrsjfill-dtrjssjlocjque)]]]]

A node is a semantic projection of a word if it is the word or if a semantic
projection of the word is the semantic daughter of the node:

7See Koenig (1998) for a di�erent approach to stating such constraints.
8Thus, the complete constraint will have the form (i), where RootDesc depends on

the particular analysis of root (unembedded) clauses, e.g., (ii) (cf. Uszkoreit's (1987)
main clause).

(i) RootDesc ! (20.21)

(ii) RootDesc =

�
phrase

mc +

�
9On the basis of Pollard & Yoo (1997), a wh-quanti�er could be preliminarily de�ned

as a quanti�er whose det is of sort which, i.e.:

(i) 8q[wh-quantifier(q)$ q:det � which]
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(20.22) 8n;w[semantic-projection(n;w)$
[n � w _
9n1[semantic-projection(n1; w) ^

semantic-daughter(n1; n)]]]

The relation semantic-daughter is de�ned as in Pollard & Sag (1994):

(20.23) 8n; n1[semantic-daughter(n1; n)$
[[n:dtrs � head-adj-str ^ n1 � n:adj-dtr] _
[:n:dtrs � head-adj-str ^ n1 � n:head-dtr]]]
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Chapter 21

On certain properties of Romanian

auxiliary (and modal) verbs

Paola Monachesi

Abstract. In this paper I propose that Romanian auxiliary verbs form a com-
pound structure together with the verbal complement. This is not the case in
French and in Italian where a 
at structure is assumed. Given these two di�erent
con�gurations, it is possible to account for the fact that no element can separate
the two verbs in Romanian, while subjects and adverbs can intervene between the
auxiliary and the verbal complement both in Italian and French. The similarities
exhibited by these Romance languages with respect to the distribution of the clitics
in the presence of auxiliary and modal verbs are discussed. It is shown that they
follow as consequence of the lexical mechanism of argument composition.

1 Introduction

Romanian auxiliary verbs have certain peculiar properties that set them aside from
other Romance counterparts. It will be suggested that the di�erences between Ro-
manian auxiliaries and French and Italian auxiliaries can be accounted for in terms
of di�erent syntactic structures. While in French and in Italian the auxiliary verb,
the non�nite one and the complements combine in a 
at structure, in Romanian,
the auxiliary and the lexical verb form a compound structure. If this structure is as-
sumed, it is quite straightforward to account for the fact that Romanian auxiliaries
can be placed after the verbal complement, in certain registers.

Furthermore, it will be shown that the Romanian data argue in favor of a
monoclausal auxiliary structure and against the biclausal con�guration proposed in
[Dobrovie-Sorin, 1994]. She assumes that auxiliaries should be analyzed as adjoined
to a CP/IP category and that the In
 node and the NP subject position of the main
clause are lacking. However, the fact that no element can intervene between the
auxiliary and the verbal complement and the distribution of clitics seem to support
a monoclausal con�guration.

Auxiliary verbs di�er from modal verbs like a putea `can' in certain respects. It
will be shown that these di�erences can be accounted for if the modal verb will be
associated with a 
at structure. On the other hand, the similarities with respect
to the distribution of clitics follow as consequence of argument composition. This
is a lexical mechanism according to which the auxiliary inherits the complements
of the embedded verb, including thus those ones which might be realized as clitics.
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2 Basic properties of Romanian auxiliaries

Romanian auxiliaries can be found in the present perfect, conditional and future
paradigms. In the case of the present perfect, the auxiliary combines with a past
participle, while in the other two cases it combines with a bare in�nitive (e.g. an
in�nitive without the particle a). The following table summarizes the di�erent
forms of auxiliaries:

(1) Di�erent forms of the auxiliaries

1 Sg 2 Sg 3 Sg 1 Pl 2 Pl 3 Pl
Aux Psp. am ai a am at�i au past participle
Aux Cond. a�s ai ar am at�i ar bare in�nitive
Aux Fut. voi vei va vom vet�i vor bare in�nitive

A crucial property of these auxiliaries is that they are strictly adjacent to the lexical
verb. Thus, unlike in French and in Italian, adverbs cannot separate them from the
verbal complement:

(2) a. * Am
have

adesea
often

v�azut
seen

�lme
good

bune.
�lms

b. Am
have

v�azut
seen

adesea
often

�lme
good

bune.
�lms

`I have often seen good �lms.'

The only exception to this is constituted by a group of �ve monosyllabic intensi�ers
which have clitic status.8

Similarly, quanti�ers cannot intervene between the auxiliary and the verb as
shown in (3a):

(3) a. * Elevii
students

t�ai
yours

au
have

tot�i
all

citit
read

un
a

poem
poem

de
by

Verlaine.
Verlaine

b. Elevii
students

t�ai
yours

au
have

citit
read

tot�i
all

un
a

poem
poem

de
by

Verlaine.
Verlaine

`Your students have all read a poem by Verlaine.'

In Romanian, subjects can be found in di�erent positions. They can occur before
the verb (4a), between the verb and the direct object (4b) and after the direct
object (4c):

(4) a. Mama
mum

a
has

f�acut
made

o
a
pr�ajitur�a.
cake

`Mum has made a cake.'

b. A
has

f�acut
made

mama
mum

o
a
pr�ajitur�a.
cake

c. A
has

f�acut
made

o
a
pr�ajitur�a
cake

mama.
mum

However, unlike in Italian and in French, the subject cannot intervene between the
auxiliary and the lexical verb:
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(5) * A
has

mama
mum

f�acut
made

o
a
pr�ajitur�a.
cake

`Mum has made a cake.'

Similarly, complements cannot occur between the two verbs:

(6) * Am
have

�lme
good

bune
�lms

v�azut.
seen

`I have seen good �lms.'

The data presented above suggest that the auxiliary and the lexical verb form a
unit which cannot be separated by other elements and argue thus in favor of a mono-
clausal con�guration and against the biclausal one proposed by [Dobrovie-Sorin, 1994].

3 The syntactic structure of auxiliary verbs

Two possible structures can be suggested in order to account for the properties of
auxiliaries discussed in the previous section. One in which the non�nite verb and
its complements are sisters of the auxiliary verb in a 
at structure (7) and one in
which the auxiliary and the non�nite verb constitute a complex verb (8):
(7) Flat structure (8) Compound structure

Given that the auxiliary and the lexical verb form a unit which cannot be sepa-
rated by other elements, it seems that the compound structure in (8) is the most
appropriate to capture this intuition. If the 
at structure is adopted, it would be
necessary to formulate special linearization constraints in order to account for the
fact that it is not possible for subjects, adverbs, quanti�ers and complements to
intervene between the two verbs. On the other hand, the 
at structure in (7) has
been adopted for French [Abeille & Godard, 1994] and Italian [Monachesi, 1996]
auxiliaries. Given this structure, it is possible to account for the fact that, di�er-
ently from Romanian, subjects and adverbs can occur between the auxiliary and
the non�nite verb, both in French and in Italian.

A third possible representation in which the auxiliary takes a VP complement
has not been taken into consideration:

(9) Hierarchical structures

This hierarchical structure does not seem plausible in view of the fact that Roma-
nian auxiliaries can be optionally placed after the verbal complement:

(10) a. V�azut-am.
seen have

`I have seen.'

b. Mira-m-a�s.
wondered cl.(acc) would

`I would wonder.'

c. Pleca-voi.
leave shall

`I shall leave.'
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These data, which are discussed at length in [Dobrovie-Sorin, 1994] and in [Rivero, 1994],
are limited to certain registers and are not triggered by illocutionary factors, as
Rivero claims. In fact, this kind of inversion is only possible in some dialects, in
poetry and in curse expressions. If the two verbs belong to the same domain, as
in the compound con�guration, one can account for the inversion data by means
of simple linearization principles. This is not feasible if a hierarchical structure is
assumed since the two verbs would belong to di�erent domains.

In order to account for the inversion data, an approach similar to the one
proposed by [Pollard & Sag, 1994] for English can be assumed. It relies on the use
of the feature INV. Auxiliaries which cannot occur after the verb, such as the passive
auxiliary, will be speci�ed as INV �, while auxiliaries which optionally invert will
have INV boolean as their value. This applies to the future and the present perfect
auxiliaries. The following LP constraints will account for the relevant orders:

(11) a. [�INV ] < V

b. V < [+INV ]

Given this analysis, it is quite straightforward to account for the fact that in the
case of conditionals, inversion is possible only if clitics are present, as shown in
(10b). The auxiliary cannot occur after the verb if there are no clitics:

(12) *M�̂nca
eat

a�s.
would

`I would eat.'

This is accounted for by having conditional auxiliaries which have combined with
clitics marked INV boolean. They can thus occur both before and after the lexical
verb. Conditional auxiliaries which have not combined with clitics will be marked
INV �, so that they can only occur before the lexical verb.

It should be mentioned that the compound structure proposed for Romanian
auxiliaries requires an appropriate schema to license it. The one suggested by
[Hinrichs & Nakazawa, 1994] for the German verbal complex could also be adopted
for this case:

(13)
h
SS jL jC jHEAD verb

i
! Hword , C

h
SS jL jC jHEAD verb

i
The schema will allow for the auxiliary and the lexical verb to combine together
before any non-verbal complements are added. This structure will thus account for
the fact that no element can intervene between the two verbs, which is the desired
result.

4 Auxiliary verbs and the distribution of clitics

Additional support in favor of a monoclausal auxiliary structure (and against the
biclausal one proposed by [Dobrovie-Sorin, 1994] ) comes from the distribution of
clitics. If an auxiliary verb is present, the pronominal clitic, which is an argument
of the embedded verb, must precede the auxiliary and cannot attach to the lower
verb. The two verbs act thus as a unit:

(14) Le-am
cl.(acc) have

v�azut.
seen

`I have seen them.'
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I suggest that it is possible to account for the position of the clitic if an analysis
in terms of argument composition [Hinrichs & Nakazawa, 1990] along the lines of
that proposed for French [Abeille & Godard, 1994] and Italian [Monachesi, 1996] is
adopted. This means that the auxiliary am in (14) has the following lexical entry
associated with it:

(15) 2
66666666666666666664

PHON
D
am
E

SS jL jC

2
6666666666666664

HEAD

"
verb

AUX +

#

VAL

2
6666666664

SUBJ
D
1NP

E

COMPS

*
2
666664

w-ss

HEAD verb

VAL

2
4SUBJ

D
1NP

E
COMPS 2

3
5

3
777775
+
� 2

3
7777777775

3
7777777777777775

3
77777777777777777775

The complements of the auxiliary verb are identi�ed with those of the embedded
verb through the operation of argument composition. This is re
ected by the fact
that the tag 2 is present both in the COMPS list of the auxiliary verb and in
that of the embedded verb. In the case of (14), the auxiliary inherits from the past
participle the direct object, which will be realized as a clitic.

A lexical analysis of Romanian cliticization I assume a lexical ap-
proach to cliticization which treats Romanian pronominal clitics as a�xes (cf. also
[Miller & Sag, 1997] for French and [Monachesi, 1996] for Italian). There are sev-
eral arguments which support this view. The order of pronominal clitics is �xed;
Romanian has only accusative and dative object clitics and they occur in the order
dative-accusative. There is thus a similarity between clitics and a�xes which also
exhibit rigid order. Furthermore, Romanian pronominal clitics do not have wide
scope over coordination, but they must be repeated in front of each conjunct, a
property they share with a�xes. They also present arbitrary gaps in their com-
binations, as in certain in
ectional paradigms. However, the most convincing evi-
dence in favor of a�xal status for Romanian pronominal clitics comes from the fact
that, under certain conditions, they can cooccur with full complements behaving
virtually as agreement markers:

(16) Ion
Ion

m-a
cl.(acc) has

v�azut
seen

pe
PE

mine.
me

`Ion saw me.'

In addition, they present morphophonological idiosyncrasies, such as vowel dele-
tion, which occurs in the case of the clitics m�a, v�a and se before verbs that start
with a or o. This process doesn't seem to be explainable in terms of productive
phonological rules: di�erent allomorphs should be postulated. Therefore, three
classes of pronominal clitics can be distinguished in Romanian: those that occur in
front of any verbs, those that occur before verbs that begin with a or o and those
that occur as enclitics.
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Given the a�xal status of clitics, they will not be considered lexical items,
signs thus, but featural information which is provided in the lexicon and used in
morphophonology for the realization of the cliticized verb form. I will assume
that cliticization is a lexical operation which has both a syntactic/semantic and a
morphophonological e�ect (cf. also [Monachesi, 1996], [Miller & Sag, 1997]). The
former is re
ected on the fact that clitics satisfy the subcategorization requirements
of the verb they are an argument of. Within HPSG, a lexical rule can be proposed
to achieve this e�ect; it relates two sets of words:9

(17) Complement Cliticization Lexical Rule (CCLR)2
6664
word

HEAD verb

VAL jCOMPS 1 
 2

CLTS elist

3
7775 7!

"
VAL jCOMPS 1

CLTS 2

#

The rule relates verbs which subcategorize for certain complements to other ones
with the same properties except that their subcategorization list is reduced. In other
words, the e�ect of the rule is that those complements which are in the COMPS
list are removed and added as members of the CLTS list.10 This list contains
syntactic and semantic information about those complements which will be realized
as clitics.11 Verbs which have undergone cliticization are enriched with the relevant
featural information, which is used for the morphophonological realization of the
cliticized verb form. Appropriate constraints relate the featural information present
on verbs to the actual phonological realization of the clitics. They are sensitive to
the phonological structure (and the morphosyntactic form) of the verb. In the case
of (14), the following constraint is relevant:

(18)
2
64word
MORPH j STEM j SS jL jC jCLTS

�
NP
h
acc

i
3MPl

�
3
75!

2
4AFFIX

2
4pre�x
PHON

D
le
E
3
5
3
5

It states that if a verb contains an accusative, third singular masculine element
in its CLTS list (which encodes the information about those elements that will be
realized as clitics), the clitic le must also be present in the structure.12

Clitic climbing Romanian constitutes an exception to the generalization which
holds across Romance languages that object clitics must precede the auxiliary verb.
Unlike the other clitics, the third person feminine clitic o must attach to the em-
bedded verb (19a) and cannot precede the auxiliary (19b):

(19) a. Am
have

v�azut-o.
seen cl.(acc)

`I have seen her.'

b. * O-am
cl.(acc) have

v�azut
seen

The reason for this fact seems to be of phonological nature: the clitic o cannot pre-
cede an auxiliary which begins with a vowel. Evidence for this hypothesis comes
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from the observation that in the future paradigm, the auxiliary begins with a con-
sonant (e.g. voi) and in this case the clitic o can occur either after the in�nitive
(20a) or in front of the auxiliary (20b):

(20) a. Voi
will

vedea-o.
see cl.(acc)

`I will see her.'

b. O
cl.(acc)

voi
will

vedea.
see

In order to account for these peculiar facts, past participles and bare in�nitives
should be excluded as possible hosts for pronominal clitics. They can only be hosts
for the clitic o. Therefore, additional conditions should be added to the constraints
responsible for the realization of the clitics. For example, the one in (18) should be
modi�ed in the following way:

(21)
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3
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3
7777775
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D
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5
3
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It states that the VFORM of the host must be di�erent from past participle or from
bare in�nitive. It is thus possible to account for obligatory clitic climbing in the
general case. On the other hand, this condition will not be present in the constraint
that is responsible for the realization of the clitic o. It is therefore possible to deal
with example (19a), where the clitic combines with a past participle. However, it
is necessary to exclude those cases in which the clitic o attaches to the auxiliary,
exempli�ed by (19b). This can be achieved by adding further conditions to the
constraint that accounts for the realization of the clitic o:

(22)
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The constraint states that if a STEM contains an accusative, third singular feminine
element in its CLTS list, the clitic o must also be present in the structure and the
verb is not an auxiliary which begins with a vowel.

5 Modal verbs

Romanian doesn't exhibit many environments in which clitic climbing is allowed;
however the clitic distribution shown in (14) can also occur if the modal verb a
putea `can/may' is present:13

(23) O
cl.(acc)

pot
can

vedea.
see

`I can see her.'

An analysis in terms of argument composition can be assumed in this case as well.
The following lexical entry will be associated with the modal pot:

(24)
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In addition, the fact that the clitic o does not attach to the embedded verb but
to the modal constitutes further support for the phonological explanation of the
impossibility of (19b). The modal begins with a consonant, so that o can attach to
it, while this is not the case in (19b) where the auxiliary begins with a vowel. It
should be noted that the condition CLTS elist excludes the possibility of the clitic
o being attached to the bare in�nitive.14

There are additional di�erences between the modal verb a putea and the aux-
iliaries. For example, a pronominal subject (25a) or an adverb (25b) can separate
the modal from the in�nitival:

(25) a. Putem
can

noi
we

�̂nchipui.
imagine

`We can imagine.'

b. Se
cl.(re
.)

putea
can

uneori
sometimes

pierde.
lose

`He could sometimes lose himself.'

These di�erences can be accounted for if the modal verb is associated with a 
at
structure like the one in (7) since this con�guration allows elements to intervene
between the two verbs.
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The proposed analysis thus accounts for the di�erences between the Roma-
nian auxiliaries and the modal a putea by assuming a slightly di�erent constituent
structure while the similarities, such as the distribution of the clitics, follow as a
consequence of the lexical operation of argument composition. It should be noted
that the modal has the same structure as the Italian and French auxiliaries, with
which it shares several properties.

6 Conclusions

Romanian auxiliaries di�er from French and Italian auxiliaries in several respects.
These di�erences are captured by assuming that in Romanian the auxiliary and
the verbal complement form a compound structure. Given this con�guration it
is possible to account for the fact that no elements can intervene between the
two verbs. On the other hand, there are some crucial similarities across these
Romance languages with respect to the distribution of the clitics in the presence
of auxiliary (and modal) verbs, it is shown that they follow as consequence of the
lexical mechanism of argument composition.
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* I would like to thank the audience of the EUROLAN summer school in Tusnad

for comments and suggestions. Many thanks to all the people who helped me with
the data: Ana Maria Barbu, Agnes Bende Farkas, Emil Ionescu, Alexandra Popescu,
Amalia Todira�scu and Diana Zaiu. I would also like to thank Detmar Meurers for dis-
cussing aspects of the formalization with me. This work was partially supported by a
grant from the Netherlands Organization for Scienti�c Research (NWO). Author's ad-
dress: Uil-OTS, Utrecht University, Trans 10, 1035 JK Utrecht, The Netherlands. Email:
Paola.Monachesi@let.uu.nl

8These intensi�ers have a peculiar distribution since they are the only elements which
can occur between pronominal clitics and the verb. I refer to [Monachesi, 1998a] for an
analysis which is compatible with the treatment of auxiliaries proposed here.

9I will assume an interpretation of lexical rules as in [Meurers & Minnen, 1997] which
view them as descriptions relating word objects. Note that in the lexical rule, the input and
output descriptions are connected via \7!", while in the case of the implicative constraints
\!" is used. In the lexical rule, 
 is the shu�e operator de�ned in [Reape, 1994].

10The rule doesn't account for cases of clitic doubling exempli�ed in (16) which are
outside the scope of this paper. However, it is possible to extend the analysis by adding
to the subcategorization list of the verb, via lexical rule, only those complements that
satisfy the semantic and pragmatic conditions of doubling. An additional requirement is
that the pronominal clitic and the doubled complement should share agreement and case
information.

11The approach presented here di�ers in certain respects from that in [Miller & Sag, 1997].
They propose constraints on types in order to deal with French cliticization. However,
this leads to a distinction of (morphosyntactic) words in plain and cliticized ones which is
not a natural one. In the case of cliticization, the crucial opposition is between cliticized
verbs and non cliticized ones and this property can be naturally captured by means of a
lexical rule.

12I refer to [Monachesi, 1998b] for a detailed analysis of the morphophonological prop-
erties of Romanian clitics and a discussion of the signature adopted.

13It should be noted that the use of bare in�nitives is disappearing in Romanian. Raising
and control verbs are thus generally followed by a subjunctive.

14This feature is dispensed with in [Miller & Sag, 1997]; however, they introduce new
types to achieve the same result: basic verbs to which noncliticized verb forms belong and
reduced verbs, which include cliticized verbs. In their approach, the information that we
have a cliticized verb form is encoded twice: in the subtyping of word and in that of verb.
A certain amount of redundancy is thus introduced.
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Chapter 22

Categories, Prototypes, and Default

Inheritance

Robert Malouf

Abstract. Researchers in typological and functional approaches to language
have argued that the cross-linguistic properties of nominalizations follow from the
univeral semantic properties of syntactic categories. Speci�cally, nouns denote
objects and verbs denote actions in the prototypical case. In this paper I argue
that this prototypical association of semantic type with syntactic category can be
represented in an HPSG lexical type hierarchy as a default constraint. Unmarked
words will inherit from the categorial default, while words that do not inherit
from the prototype will be structurally or behaviorally marked. Thus, default
constraints provide a way to import insights about grammatical prototypes from
more cognitively oriented work on language into a formal theory of grammatical
structure.

It has long been noted [Comrie, 1976] that certain types of nominalizations are
quite common in the world's languages, while other types are rare or nonexistent.
For example, in English there are gerunds that combine with a subject like a noun
does, but with an object like a verb does but no gerunds that combines with a
subject like a verb does but an object like a noun does:

(22.1) a. Pat's often watching television [poss-ing ]

b. Pat often watching television [acc-ing ]

c.*Pat often watching of television [??]

[Croft, 1991, 83] summarizes the pattern of cross-linguistic variation with his De-
verbalization Hierarchy (DH): \If a verbal form in
ects for tense-aspect-modality
like a predicated verb, then it will take subject and object dependents like a pred-
icated verb. If a verbal form takes a subject dependent like a predicated verb,
then it will take an object dependent like a predicated verb." This generalization
is con�rmed by [Koptevskaja-Tamm, 1993]'s much more extensive and systematic
cross-linguistic survey of nominalization types.

Previous analyses of gerunds like watching in (22.1a{b) in Head-Driven Phrase
Structure Grammar (e.g., [Malouf, to appear]) have treated them as a kind of mixed
lexical category that show a combination of noun-like and verb-like lexical proper-
ties, derived by the Gerund Formation Lexical Rule (GFLR) in Figure 22.1. Like a
typical verb, gerunds derived by the GFLR select for a subject and complements.
But, like a typical noun, they select for a speci�er, and since gerund is a subtype
of noun, they project a phrase with the external distribution of an NP. While this
analysis can account for the mixed properties of gerunds without recourse to highly
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Figure 22.1: Gerund Formation Lexical Rule

abstract or unmotivated syntactic structures, nothing in this approach restricts
what kinds of noun/verb hybrids can be formed. From this standpoint, the three
construction types in (22.1) should be equally likely, as they all involve a deverbal
noun with some combination of noun-like and verb-like lexical properties. If one
were to make the (highly dubious) assumption that across languages all possible
feature values are equally likely, then this analysis predicts that one should �nd
many kinds of mixed categories that in fact do not occur.

One way to augment the analysis in Figure 22.1 to take the Deverbalization
Hierarchy into account would be to impose the following constraints on possbile
lexical entries:

(22.2) a.

"
word

VFORM �n

#
�
h
SUBJ hsynsemi

i

b.

"
word

SUBJ hsynsemi

#
� predicator

If a word is �nite (i.e. shows tense/aspect/modality marking), then it selects for a
subject like a �nite verb does. If a word takes a subject, then it is a predicator.
That is to say, it inherits all the constraints on the linking of argument positions to
grammatical functions that apply to verbs [Davis, 1996]. However, this is merely a
representation of the Deverbalization Hierarchy and in no way explains why these
particular constraints hold of gerund universally.

In contrast, [Croft, 1991] argues that the Deverbalization Hierarchy follows from
the universal nature of syntactic categories. He proposes that syntactic categories
are prototypical pairings of semantic type and pragmatic function, where the three
basic universal semantic types are action, object, and property, and the three prag-
matic functions are predication, reference, and modi�cation. Croft's notion of se-
mantic type corresponds well with the HPSG notion of semantic type. Pragmatic
functions are more or less what [Searle, 1969] called propositional acts: referring
indicates what one is talking about, and predicating indicates what is being said
about it.

On the basis of a survey of twelve languages (along with informal observation
of many more), Croft goes on to argue for the following three universal syntactic
categories:
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(22.3) Verb Action  ! Predication
Noun Object  ! Reference
Adjective Property  ! Modi�cation

This is not to say that other associations cannot exist. The claim is only that
these associations are prototypical. The prediction is that non-prototypical asso-
ciations will be structurally or behaviorally marked, and that \ : : : nonprototypi-
cality involves an `unnatural' or at least `imperfect' correlation of lexical semantic
root with syntactic construction (referring expression, predication, attribution). In
those cases, there will be a mixture of properties, some associated with the syn-
tactic category expressed and some associated with the syntactic construction that
the lexical semantic root is naturally correlated with" [Croft, 1991, 100].

In contrast to most generative treatments of syntactic categories, the approach
taken by [Croft, 1991] is much like traditional grammars and modern school gram-
mars in o�ering a semantic characterization of the parts of speech. In light of work
on prototype categories, many of the shortcomings of the traditional approach to
word classes can be seen as shortcomings of the classical Aristotelean approach to
categories and classi�cation in general. While it is not possible to state necessary
and su�cient semantic conditions for nounhood, that does not mean the class of
nouns has no semantic coherence.

In HPSG terms, pragmatic functions would have to be associated with types of
constructions. Clausal constructions are used for predicating and certain head/speci�er
constructions are used for referring. However, the categories in (22.3) are lexical
categories. The link between a word and the constructions it can be a part of is its
head value. A partial hierarchy of head values is given in (22.4).

(22.4) head

func

det marker

subst

noun

c-noun gerund

relational

verb adj prep

In this context, c-noun corresponds to Croft's reference and verb is Croft's
predication. A straightforward way to express Croft's basic insight in the context
of an HPSG lexical hierarchy is as pairings of a semantic type with a head type:

(22.5) a. v !"
HEAD verb

CONT psoa

#

b. n !"
HEAD c-noun

CONT nom-obj

#

The content type psoa stands for `parameterized state of a�airs' in the situation
theoretic sense, and corresponds to Croft's action, and the content type nom-obj
corresponds to Croft's object.

However, the constraints in (22.5) only capture half of Croft's claim: categories
are not just associations of meaning and function, they are prototypical associations
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of meaning and function. Without a notion of prototype, this classi�cation is either
as easily falsi�ed as the traditional semantic classi�cation, or it is as empty of
predictive power as the generative classi�cation.

How then do we represent prototypicality in the HPSG lexical hierarchy? A
standard HPSG type hierarchy is essentially a classi�cation by schema, where
a schema is \an abstract characterization that is fully compatible with all the
members of the category it de�nes" [Langacker, 1987, 371]. A monotonic type
hierarchy is a special case of what Langacker calls a schematic network, one
that includes only elaboration links and in which the `elaborates' relation is tran-
sitive. To generalize our type hierarchy to represent prototypicality then all we
need to do is to introduce extension links, i.e., to allow default inheritance
[Lascarides & Copestake, 1997]. In a default constraint, feature values marked with
`/' can be overridden by con
icting constraints on more speci�c types.

(22.6) a. v !"
HEAD relational / verb

CONT psoa

#

b. n !"
HEAD noun / c-noun

CONT nom-obj

#

All things being equal, objects of type v will be constrained to have a head value of
type verb. Some subtype of v however could impose a con
icting constraint, say that
the head value be an object of type gerund. Rather than creating an inconsistency,
this additional constraint overrides the default information in (22.6a).

Any more speci�c constraints that override the defaults in (22.6) must still
satisfy the hard constraints in (22.6). By default the head value of a word of type
v is of type verb, but no matter what its head value must be compatible with
relational. This rules out a subtype of v with a head value of det, for example.
As adverbs modify relational phrases, (22.6a) is consistent with the intuition that
there is a connection between adverbial modi�cation and event-denoting semantics.

Default inheritance as appealed to by, e.g., [Sag, 1997], is an abbreviatory device
that helps simplify the construction of lexical type hierarchies. When used in
this way, defaults add nothing essential to the analysis. They simply provide a
mechanism for minimizing the number of types required. Any type hierarchy that
uses defaults can be converted into an equivalent one that does not use defaults,
but is perhaps undesirable for methodological reasons. Either way, the constraints
that ultimately are inherited by phrasal and lexical constructions are the same, and
the analysis will make the same predictions.

What I am proposing here is a rather di�erent use of defaults. If default inher-
itance is used to model extension from a prototype, then two hierarchies that yield
the same set of lexical constraints via a di�erent arrangement of types would be sub-
stantively di�erent. Di�erent hierarchies implicitly make di�erent claims about the
prototypicality of certain constraints, and claims about prototypicality have empir-
ical consequences. So rearranging a type hierarchy to eliminate defaults actually re-
sults in a theory that makes di�erent predictions. This does not present a problem,
since default uni�cation operation as de�ned by [Lascarides & Copestake, 1997]
avoids many of the shortcomings generally associated with multiple inheritance
with default overriding (see [Lascarides et al., 1996]).
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Following [Greenberg, 1966], [Croft, 1991] identi�es several morphosyntactic
criteria for identifying marked and unmarked forms. These properties follow more
or less directly from a hierarchical representation of prototypes. For example, Croft
points out that \an unmarked form will display at least as great a range of gram-
matical behavior as the marked form" (56). By de�nition, less marked types in the
hierarchy are less speci�c than more marked types, and the constraints on a more
marked type must be at least as speci�c as the constraints on a less marked type.
Marked forms, which are of a more speci�c type and which are subject to potentially
more speci�c constraints, will naturally occur in more speci�c environments.

Default inheritance provides a convenient way to model prototypicality in a
lexical type hierarchy. In a narrow sense, every non-maximal type (that is, every
type that has at least one subtype) is a prototype with respect to its subtypes. In
a more general sense, we can say that the more subtypes a type has, the greater its
prototypicality. What defaults do not explain is the connection between prototyp-
icality and productivity. Nothing so far accounts for the fact that the prototype in
e�ect provides a template for new members of a class.

As it is usually presented, the HPSG hierarchical lexicon is completely closed:
all lexical types are explicitly listed and located within the type hierarchy. How-
ever, as [Koenig & Jurafsky, 1994] observe, such type hierarchies make it di�cult
to model productivity. In a closed hierarchy, every type is listed, whether or not its
existence is predictable. Since no distinction is made between irregular types and
regular types that follow a productive pattern, one must appeal to some external
mechanism to explain why it is that new types, with a few interesting exceptions,
always get assimilated to the regular pattern. Koenig & Jurafsky argue that the
lexical hierarchy should only include types which are not predictable; all other types
should be implicitly introduced by a process of on-line type creation. This same
on-line type construction also applies to new forms, giving them the same behavior
as existing but predictable forms.

Using a combination of default inheritance and on-line type construction, we can
now give a picture of lexical organization that can account for the Deverbalization
Hierarchy. Suppose every word is classi�ed along four dimensions, according to
linking, realization, in
ection, and category properties.

The �rst two dimensions are familiar from much earlier work in virtually all syn-
tactic theories. Within HPSG, linking has been explored in depth by [Wechsler, 1995]
and [Davis, 1996]. The realization dimension has received less attention in the
HPSG literature, but it is no less important. [Pollard & Sag, 1994] assume that
realization is trivial, that is, that at least for verbs the �rst element on the ar-
gument structure is always the subject and any remaining arguments are comple-
ments. More recently, e�orts have turned to exploring alternative realization pos-
sibilities: [Miller & Sag, 1997] and [Abeill�e et al., to appear] propose that French
allows certain arguments to be realized either as complements or as clitics, and
[Bouma et al., 1998] analyze long-distance dependency constructions as a realiza-
tion alternation.

So, semantic roles are associated with positions in an abstract syntactic ar-
gument structure, which are in turn realized as elements in the `surface' syntax.
Each of these associations allows a certain amount of variation but is constrained
by general principles. So far, this model of the lexicon should be fairly uncontro-
versial. While the details are sometimes hotly contested, in its general outline this
is the picture that has emerged as a standard view in HPSG and in many other
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Figure 22.2: A completed type hierarchy

frameworks as well.
For concreteness, we can assume the linking constraints in [Davis, 1996], al-

though the details will not be important. Realization types map argument struc-
ture to valence. In the realization dimension, the detailed formalization of these
constraints is not vital to my argument, but to be speci�c I will assume constraints
along the lines of those proposed by [Bouma et al., 1998]. Function words, like de-
terminers and coordinating conjunctions, don't have any argument structure and
so the realization is trivial. Substantive words make a distinction between internal
and external arguments. Internal (i.e., non-initial) arguments are always mapped
to the comps list, at least in languages with nominative/accusative case marking.
The non-initial arguments of a substantive word are either realized as complements
or are realized via a long-distance dependency construction. Substantives can be
further divided according to how their external argument is realized. Relational
words (e.g., verbs, prepositions, adjectives) realize their external argument as a
subject, while nouns realize their external argument as a speci�er.

In
ectional classes determine the phonological form of a word. For example,
there would be an in
ectional class that relates a present tense verb with a third
person singular agr value with the -s form. The GFLR can now be recast as an
in
ectional class:

(22.7) vger !2
664MORPH

"
ROOT 1

I-FORM fing( 1 )

#

HEAD gerund

3
775

When the constraint in (22.7) combines with a subtype of v, the head value gerund
will override the default head value verb.

The last dimension is category. The relevant constraints on category types were
given in (22.6). Individual lexemes, de�ned as subtypes of a lexical category type,
need only specify non-predictable information. At a minimum, this will include a
phonological form and a semantic relation.

Given these constraints, we can now apply on-line type construction to yield
a virtual type hierarchy. The result is given in Figure 22.2. Note that this is a
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classi�cation of signs, and so is orthogonal to the classi�cation of head values in
(22.4). Each word inherits from at least one of the maximal types in each of the
four dimensions: any word which satis�es this requirement is predicted to be a valid
word. Furthermore, the words in Figure 22.2 are the only words that will be gen-
erated. All other combinations of types will be ruled out by con
icting constraints.
The only combinations of types that do not have con
icting constraints on them
are walks, walking1, and walking2. These three types correspond to the third person
singular form, the acc-ing gerund, and the poss-ing gerund, respectively.

The e�ect of the type vger is the same as that of the GFLR. Since gerund is
a subtype of noun in the hierarchy in (22.4), a phrase projected by a gerund will
be able to occur anywhere an NP is selected for. Thus, verbal gerund phrases will
have the external distribution of NPs. Adverbs modify objects of category rela-
tional, which include verbs, adjectives, and verbal gerunds, among other things.
Since adjectives only modify c(ommon)-nouns, verbal gerund phrases will contain
adverbial rather than adjectival modi�ers. Since verb is a distinct subclass of rela-
tional disjoint from gerund, verbal gerund phrases will not have the distribution of
true VPs.

Because a gerund has a psoa content just like a verb does, its semantic roles
will get linked to argument positions just like a verb's do. Gerund is a subtype of
subst, so its non-initial arguments will get mapped to the comps list, and a gerund
will take the same complements as the verb from which it is derived. But, gerund
is a subtype of both noun and relational, so a gerund's external argument could get
mapped either to the subject or to the speci�er. Thus we get the e�ect of the old
gerund lexical rule, without having to stipulate the exceptional argument mapping.

This kind of analysis is much more restrictive than the lexical rule analysis.
One could write a lexical rule that produces a gerund which takes a subject like a
verb does, but cannot take complements, even though cross-linguistically gerunds
of that type do not seem to occur. Under the approach sketched here, the only way
for a word to take a subject is for it to be a subtype of ext-subj. Since ext-subj is a
subtype of external, anything that takes a subject will potentially take complements
too. Similarly, vform values are only appropriate for objects of type verb. That
means that any gerund that in
ects like a �nite verb (and thus is [VFORM �n])
will also by necessity inherit from ext-subj.

The implicational structure of the Deverbalization Hierarchy is directly re
ected
by the subsumption ordering in the lexical hierarchy in Figure 22.2. This means
that given this lexical layout, there is no way to derive a gerund of the type seen in
(22.1c). In a weak sense, this explains the behavior of the English verbal gerund.
The properties of the English verbal gerund follow from the structure of the En-
glish lexical hierarchy, which in turn is motivated independently by other lexical
constructions in English. There is no need to impose additional unmotivated con-
straints like those in (22.2).

The Deverbalization Hierarchy however is a universal claim about gerunds in
all languages. It would be absurd to try to explain a universal pattern in terms
of parochial facts about the structure of the English lexicon. If the lexical pat-
terns in Figure 22.2 are to serve as an explanation for a universal property of
language, they themselves must be universal. Obviously, the speci�c details of
Figure 22.2 cannot be universal. At best only the general outlines of the organi-
zation of the lexicon could be universal, and even then there is considerable vari-
ation. [Manning, 1996] shows that nominative/accusative and ergative/absolutive
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languages have very di�erent realization constraints, and [Manning & Sag, 1995]
analyze a number of diathesis alternations as alternative realizations of a basic
argument structure.

The best we can say is that there seem to be very general principles that govern
the structure of the lexicon of all languages. Good candidates for such principles
are that the mapping of semantic roles to syntactic positions is mediated by a level
of syntacticized argument structure, and that in
ectional morphology is part of the
interface between the lexicon and the syntax. These entail that the lexical hierarchy
of every language will be divided into at least the four dimensions discussed above.
Within each dimension, the best we can say is that a language can avail itself of
a limited number of choices out of a universal inventory of organizational schemes
(say, nominative vs. ergative case marking).

One way of looking at this kind of model of language universals is to assume
that parts of the lexical type hierarchy are mandatory, perhaps due to more gen-
eral properties of human cognition or perhaps simply because they are innate.
Other parts of the lexical hierarchy are then chosen from a set of universally avail-
able types. These in a sense come `for free', since their existence is entailed by
something about the way language works, and they provide the cross-linguistic
motivation for the language speci�c types that inherit from them. Similarities be-
tween grammars of di�erent languages arise from the similar diachronic and func-
tional pressures that shape each language. Finally, the lower reaches of the lexical
hierarchy are populated by strictly parochial types that have no cross-linguistic
generality and re
ect the uniqueness of each human language. This is the model
that is developed in considerable detail by [Ackerman & Webelhuth, 1998], and
is much like what [Croft, 1995, 504] calls typological functionalism. Typolog-
ical functionalism makes an attractive way of integrating formal and functional
approaches to language without substantially weakening either. It would allow a
formal grammarian to draw on, for example, the competition models proposed by
[Bates & MacWhinney, 1989] or [DuBois, 1985] without abandoning the idea that
grammar is an arbitrary, self-contained, symbolic system.

Now the questions is, what is the status of the particular constraints in (22.6)?
Are they hard-wired as part of Universal Grammar, or are they derived from some-
thing outside of grammar? There is some evidence from other work that suggests
that the archetypes in (22.6) do indeed follow from something outside of gram-
mar. In particular, the semantic bootstrapping hypothesis [Grimshaw, 1981,
Pinker, 82, Pinker, 89] claims that children learning language use semantic types
as a basis for syntactic classi�cation. That is:

: : : certain cognitive categories have what I will call Canonical Struc-
tural Realization (CSR): CSR(object) = N, CSR(action) = V. [Lan-
guage acquisition] employs a CSR principle: a word belongs to its CSR,
unless there is evidence to the contrary [Grimshaw, 1981, 174].

If we suppose, following [Green, 97], that language acquisition is a process of incre-
mentally building a type hierarchy, then Grimshaw's CSR principle will guarantee
that types more or less like those in (22.6) will be introduced into the child's gram-
mar early on, and will be high up in the adult hierarchy.

Thus, the constraints in (22.6) may be archetypes due to a heuristic employed
by language learners and not due to anything fundamental about grammatical rep-
resentation itself. Note that there is no contradiction in saying the constraints

214



in (22.6) are archetypes and they can be derived from something outside the gram-
matical system. Archetypes as I use them here provide the link between language
universals and grammatical particulars, but embody no speci�c claim as to the
origin of those universals.
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Chapter 23

Looks like a Trojan horse got into the

argument structure

Emily Bender and Dan Flickinger

Abstract. This paper establishes the existence of three previously unrecognized
complementizers in modern English and uses them to construct a historical ar-
gument supporting the need for a dependents attribute within the Head-driven
Phrase Structure Grammar (HPSG) framework.

1 Introduction

In this paper we argue that the closed class of complementizers in English has
more members than previously thought,1 and that the historical development of
the additional members lends support to recent proposals within the Head-driven
Phrase Structure Grammar framework ([Pollard & Sag, 1994]) for placing adjuncts
on a dependents list with complements. Our hypothesis is that these complemen-
tizer phrases (CPs) started historically as adjuncts with meaning similar to that of
a neighboring complement, then in Trojan horse fashion, took advantage of their
position on the dependents list to supplant that complement in the argument
structure.

The complementizers in question are as if, as though, and like, as illustrated in
the following examples.

(23.1) a. It appears as if Kim will be late.
b. It sounds as though Kim will be late.
c. It looks like Kim will be late.

In section 2 we will present evidence that these phrases are, in fact, complemen-
tizers. Section 3 outlines their historical development and shows how an analysis
of adjuncts as dependents leads to a natural modeling of that development.

1To our knowledge, no one has previously identi�ed the three we discuss, not even
[Quirk et al., 1985].
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2 Evidence of complementizerhood

In this section, we will �rst establish that phrases marked by as if etc.,2 are indeed
selected complements of the verbs they follow. We take this to be a necessary
condition for complementizer status. We then turn to some semantic evidence for
such a categorization.

There are several fundamental di�erences between complements and adjuncts
relevant to this discussion. The �rst is that complements can �ll an argument
role in the semantics of the selecting head, while adjuncts never do. Another is the
direction of selection: heads select for their complements, while adjuncts select what
they will modify. A third is that extraction from complements is less constrained
than extraction from adjuncts. And a fourth di�erence is a semantic one, which
comes to light in how certain ambiguous sentences react to syntactic, semantic,
and pragmatic manipulation. On all of these criteria, certain uses of as if phrases
qualify as complements rather than adjuncts.

A corpus search of North American newspapers3 and 18th to early 19th century
English prose �ction4 was undertaken to discover which verbs might be taking as
if phrases as complements. The following list of verbs was compiled on the basis of
frequency of coocurrence with as if phrases and of the apparent intended meanings
of attested examples involving the verbs and as if.5 ;6

(23.2) Verb class Members
Verbs of perception look, seem, appear, sound, feel, strike
Verbs of deception make, behave, act, go about, shew, feign,

pass o�, make believe
Verbs of insinuation hint, intimate, insinuate
Verbs of construal understand, consider, construe
Verbs of caring think of, treat, love, feel for, bring up,

look after
Verbs of expression talk, write, speak

As the verbs of perception can appear with expletive subjects, they can be
used to show that as if phrases are complements by the �rst criterion. In (23.1)
and (23.3), the only phrase that could be �lling an argument position of the verb
is the as if phrase.

(23.3) She was all Joy, and new Transport to see him; 'twas as if she had never
been in pain. (M. Manley, The New Atlantis, 1709)

2Henceforth, the term `as if phrases' will be used to refer to phrases headed by as if,
as though and like.

3From the North American News Text Corpus, available from the Linguistic Data
Consortium at www.ldc.upenn.edu.

4In Stanford University's Academic Text Service's collection.
5As though is somewhat less frequent than as if in the corpora, from the earliest uses

of these constructions. It is attested for at least one verb in each class except for the verbs
of insinuation and construal. Since like is both harder to search for and more recent, this
list is based on as if and as though. The similar distribution of like may be established on
the basis of native speaker intuitions.

6The verb be is also attested in such uses. We take this case to be less interesting,
however, as be will take as complements many kinds of phrases that most verbs will not.
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Given that most semantic predicates introduced by verbs have at least one argument
position, the as if phrases must �ll those argument positions. Since being a selected
complement is a necessary condition for �lling a semantic argument position, these
phrases must be complements and not adjuncts.

The second criterion is selection. All through their history, these phrases have
been able to function as modi�ers. In their role as modi�ers, they are relatively
unselective, and appear with a wide variety of verbs, including all of the verbs listed
in (23.2) above. This is illustrated in (23.4). Notice that in these sentences, the
subcategorization requirements of the verbs are �lled with other material:

(23.4) a. Kim seems sad, as if something bad has happened.
b. Kim appears to be happy, as though today were a holiday.
c. Kim sounds angry, like we did something bad.
d. Kim hinted that there would be a test tomorrow, as if there

could be a test on a holiday.
e. Kim strikes me strongly as likely to win, as if I had some

premonition.
f. Kim treats Bob like a brother, like the world would end if

anything happened to him.

On the other hand, it is only a small set of verbs that can take as if phrases
as complements, and semantically similar verbs can show di�erent behavior in this
regard. Of the verbs listed in (23.2), the verbs of perception, except for strike,
the verbs of deception, and the verbs of expression can be shown by either the
�rst criterion or the third (see below) to take as if phrases as complements. The
verbs of insinuation and strike (one) are attested in 18th-19th century prose �ction
in suggestive examples, but are no longer grammatical with as if complements.7;8

(23.5) gives examples of these verbs from the 18th-19th century corpus.

(23.5) a. You seem to hint, as if you were to be in Town soon.
(M. Davys, Familiar Letters betwixt a Gentleman and a Lady,
1761)

b. It strikes me as if it would do exactly.
(J. Austen, Mans�eld Park, 1814)

c. I must put in a Caution however, here, that you must not
understand me as if I let my Friend the Quaker into any Part
of the Secret History of my former Life;
(D. Defoe, Roxana, 1724)

As shown in (23.4), as if phrases are relatively unselective as adjuncts. That
only a small class of verbs allows what, on the strength of other tests, we are calling
the complement use shows that the direction of selection in those cases is from the
verb to the as if phrase. Thus, the second criterion adds its weight to the conclusion
that they are complements.

The third distinction between adjuncts and complements involves the possi-
bility of extraction from the phrase in question; extraction from complements is

7The judgment of ungrammaticality is supported by the fact that the sentences now
sound archaic, and by the fact that the collocations are not attested in the modern news-
paper corpora studied.

8As for the other verbs in (23.2), it is di�cult to determine whether as if phrases
following them are adjuncts or complements.
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quite generally possible, while extraction from certain adjuncts is highly restricted.
Consider the contrast in grammaticality for the following two examples:

(23.6) a. The president that he looked as if he was imitating was Ford.
b. *The president that he fell as if he was imitating was Ford.

In the second, ungrammatical example, the as if clause is clearly an adjunct mod-
ifying the intransitive fell, and here the extraction of the object of imitating is
blocked. In the �rst example, the extraction of the object is �ne, as predicted on
our account where this as if phrase is a complement of the verb looked.

Our fourth argument is based on a class of ambiguous sentences involving as
if phrases. In each case, one reading is licensed by a structure in which the as if
phrase serves as a complement, and the other by a structure in which it serves as
a modi�er. The ambiguity of sentences such as (23.7a) alone is intriguing. More
telling, however, is that these sentences retain or lose readings due to syntactic,
semantic, and pragmatic e�ects in a way characteristic of the structures we have
posited.

The syntactic e�ect is illustrated in (23.7) and (23.8).

(23.7) a. She behaved as though she expected to get a cookie.
b. As though she expected to get a cookie, she behaved.

(23.8) a. He started to talk as if he already felt the e�ects of the drug.
b. As if he already felt the e�ects of the drug, he started to talk.

The (a) examples have both the modi�er reading and the complement reading,
while the (b) examples have only the modi�er reading. This suggests that while
modi�er as if phrases can appear with the expected free distribution of adjuncts,
the one route to sentence initial position open to complements { viz., extraction {
is not available to as if phrases. Here the as if phrases pattern with complementizer
phrases headed by whether and for, leaving only that-phrases eligible for fronting
in topicalized constructions:

(23.9) a. Kim wondered if Sandy would stay.
*If Sandy would stay, Kim wondered.

b. Kim wanted very much for Sandy to stay.
*For Sandy to stay, Kim wanted very much.

c. Kim insisted that Sandy stay.
That Sandy stay, Kim insisted.

If both readings of (23.7a) and (23.8a) were based on structures where the
as if phrases were modi�ers, this contrast based on position would be entirely
unexpected.

The semantic e�ect involves negative polarity items (NPIs), and is illustrated
in the two examples in (23.10), which only have the intransitive reading.9

(23.10) a. She behaved as if anyone would notice.
b. He continues to talk as if anyone was listening.

9In these cases, the comma intonation following the verb is required, but in fact it is
also strongly preferred for the intransitive readings for (23.7a) and (23.8a).
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While a thorough explanation of this interaction with polarity phenomena is beyond
the scope of this paper, these data do seem to support our hypothesis. If as if, etc.
undergo a semantic change in becoming complementizers (as discussed below), then
it is plausible that their NPI-licensing properties would also change. In that case,
the complement structures are ruled out for these sentences on semantic grounds,
and only the modi�er structures, licensing the intransitive readings, remain.

Finally, we turn to the pragmatic e�ect, which plays on the fact that the di�er-
ent valences for behave and talk have slightly di�erent meanings. By making the as
if phrases pragmatically incompatible with the semantics of the intransitive variants
of these verbs, we can create sentences with only the complement readings. Further
evidence that this test is distinguishing between adjunct and complement readings
comes from combining it with the syntactic test discussed above. As expected, the
topicalized examples are infelicitous.

(23.11) a. He behaved as though he'd never been taught any manners.
b.#As though he'd never been taught any manners, he behaved.

(23.12) a. She talks as if the ice age ended in the eighth century.
b.#As if the ice age ended in the eighth century, she talks.

The above evidence establishes that as if phrases can be selected complements,
which is one necessary condition for a categorization of as if, etc., as complemen-
tizers. In the remainder of this section we present some further evidence for this
categorization, as opposed to the two other options: clause-taking preposition (like
before or after), or subordinating conjunction (like since or because).

This evidence comes from the semantic contributions of the lexical items in
question. The prepositions and subordinating conjunctions both introduce a two-
place predicate into the semantics, as shown in (23.13).

(23.13) a. Kim left before Sandy arrived.
b. Kim has been here since Sandy arrived.

In (23.13a), the two arguments to before's predicate are Kim's leaving and Sandy's
arrival. Similarly, since takes Kim's presence and Sandy's arrival.

In contrast, there is no second argument for as if/ : : : in (23.14).10

(23.14) It looks as if/as though/like Sandy will win.

One might think that the second argument is the `looking', but as there is no way
select the predicate of looks without its complement (as if : : : ), this would lead to
a circular structure.

We conclude that in at least this kind of example (for another kind, see the
discussion near (23.23) below), as if, etc. bear only a one-place predicate. As such,
they are similar to if and whether, which bear the one place predicate of question
semantics, as in (23.15).11

(23.15) Kim wonders if/whether Sandy left.

This constitutes further evidence that, in this use, as if, as though and like are
complementizers.

10The �rst argument is Sandy's winning.
11See [Ginzburg & Sag, 1998] for a semantic framework for these complementizers which

employs the notion of a speci�c message introduced in each clause.
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3 Historical development

Having established that as if, as though, and like are complementizers, we come to
the second point of the paper: The historical development of these lexical items
lends support to recent proposals ([Przepiorkowski, 1997a], [Przepiorkowski, 1997b],
[Bouma et al., 1997]) that put post-verbal adjuncts together with complements on
a single list in the feature structure for signs. In particular, [Bouma et al., 1997]
propose using a dependents attribute for this list, distinct from both the usual va-
lence features and the arg-st attribute, and we argue here that such a structure
lends itself to an account of how certain CPs in English converted from adjuncts
to complements.

Because as though is rare throughout the historical corpora available, and like
developed much later, we will concentrate in this section on the development of as
if into a complementizer.

The �rst uses of as if in the Helsinki Corpus12 which resemble those which we
argue show it to be a complementizer do not show up until the late 1600s, although
the phrase as if shows up in other uses much earlier. All of the examples in the
Helsinki Corpus involve the verb look, and of these, only one (given in (23.16)) is a
clear-cut case:

(23.16) I believe ye Parliament is like to sitt longer than was expected for ye
di�erences between ye houses are so widened, and yett itt is so necessary
they should come to some composure before they part that itt looks as if
their sitting would yett bee of a month's continuance at least. (J. Sommers,
letter to the Earl of Essex, June 1, 1675)

The example in (23.16) is a clear-cut case because the subject of look is an expletive.
There are two other possible examples, given in (23.17).

(23.17) a. I had forgot to tell you, that those who are nobly born of that
country, are so delicately cut and raised all over the fore-part
of the trunk of their bodies that it looks as if it were japan'd,
the works being raised like high point around the edges of

owers. (A. Behn, Oroonoko, 1688)

b. The Fellow looks as if he were broke out of Bedlam.
(G. Farquhar, The Beaux Stratagem, 1707)

In both of these examples, but especially in (23.17a) it appears that the sense of
look involved is the one synonymous with appear (as opposed to the one similar
to glance), which, according to the OED ([Simpson, 1992]) is attested as early as
1400. Since look in that sense otherwise takes as complements phrases that usually
function as modi�ers, it is plausible that it is also taking these as if clauses as
complements. The innovation, then, is the extension to clausal complements.

There are no examples of seem taking an as if clause as a complement in the
Helsinki Corpus; the OED cites the following example from 1673.

(23.18) Stay, there's a Dance beginning, and she seems as if she wou'd make one.
(Dryden, Love in Nunnery, iii. ii, 1673)

12Available from ICAME at www.hd.uib.no/corpora.html.
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Taking this as evidence that look and seem were the �rst verbs to take as if
clauses as complements, how might that innovation have occurred? A possible path
is suggested by the examples in (23.19), both from the same period of the Helsinki
Corpus as the above examples:

(23.19) a. This seemed to be done in distrust of the privy council, as if
they might sti
e his evidence; which to prevent, he put in safe
hands. (G. Burnet, History of Charles II, c.1700)

b. But methinks, the Seat of our Family looks like Noah's Ark,
as if the chief part on't were design'd for the Fowls of the Air,
and the Beasts of the Field.
(J. Vanbrugh, The Relapse: Or Virtue in Danger, c.1696)

In these examples, seem and look have their complement requirements saturated
by other phrases; in each case the as if phrase is an adjunct. However, in (23.19b)
the adjunct provides an elaboration of the semantic content supplied by the PP
complement of look, where the PP and the adjunct phrase have a similar semantic
type. Given the semantic compatibility, only the syntactic subcategorization con-
straints of look prevent the as if phrase from serving directly as a complement of
the verb.

Now recent work on the treatment of post-verbal adjuncts within the HPSG
framework provides motivation from several languages for a dependents attribute
in the signs for words and phrases. This attribute has as its value a list including
both complements and post-head adjuncts, and provides the basis for improved
accounts of phenomena including word order variation, scope, and distribution of
clitics. On this account both complements and post-verbal modi�ers are sisters of
the verb under a single VP, subject to ordering constraints.

Following this approach, both like Noah's Ark and as if the chief part : : : Field
will be on the dependents list of looks in the (23.19b) example, although only
the former is semantically selected by looks. Further, as noted above, both express
similar semantic information, and both have similar semantic types, namely two-
place relations with both an internal and an external argument, where the external
argument is �lled by the subject in a predicative construction and otherwise by the
modi�ed phrase. Given this structure for the dependents attribute of the lexical
entry look, it would be a simple step of lexical reanalysis for the as if phrase to usurp
the position of the existing predicative complement, giving rise to a new lexical
entry for look which omits the old complement and instead links the semantically
equivalent as if phrase from the dependents attribute to its comps attribute.

In this newly added lexical entry, the syntactic dependency between the verb
and the as if phrase has been reversed: the as if is now selected by the verb as its
complement, opposite from the original structure in which the as if phrase selects
for the verb phrase that it modi�es. We assume that the semantic contribution of
the as if phrase remained unchanged initially, since it was on the strength of its
semantic similarity to the original predicative phrase that the as if phrase began
its career as a complement.13

These new complements could not, however, have remained unchanged as se-
mantic two-place relations, since in modern English they also occur in sentences
with expletive subjects, where there is no second argument to �ll the relation.

13This lexical reanalysis is clearly preferable to one requiring a change in the phrase
structure of the construction, given our lexicalist view of language competence.
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(23.20) a. \It doesn't seem like anything could tarnish Chemical Waste's
growth prospects," she says. (Wall Street Journal14)

b. It was then that Northrop �led suit against the Koreans { in
what the House investigators claim was an attempt to make it
look as if Northrop had been swindled. (Wall Street Journal)

Hence at least in these entries for appear and seem the as if phrase must be only
a one-place relation semantically, and the simple additional change needed would
be for as if to be reanalyzed as a complementizer like that and whether. Evidence
consistent with this reanalysis can be found in the spread of expletive subjects
through these constructions. An example illustrating an intermediate step, where
the subject is not expletive but instead refers to the situation in general, is given
in (23.21).

(23.21) Does not all this look as if some unseen power, who guides our actions,
had set a ... (F. C. Sheridan, Memoirs of Miss Sidney Bidulph 1761)

4 Future work

There are, as expected, numerous lexical idiosyncrasies in the distribution of as if
complementizer phrases in modern English, with some verbs taking a wide range
of CPs, and others being much more highly restrictive.

(23.22) a. It seems as if Kim could win.
It seems that Kim has won.

b. It sounds as if Kim could win.
*It sounds that Kim won.

c. *It strikes me (as likely) as if Kim could win.
It strikes me (as likely) that Kim could win.

Such idiosyncrasy is to be expected given our lexicalist treatment of these as if
phrases as subcategorized-for complements, but the nature of the constraints on
selection in (b) and (c) is not clear. In general the selection of CP complements
appears to be semantic, which suggests that the as if CPs introduce a semantic
type distinct from that CPs, yet with a common supertype distinct from, e.g.,
interrogative CPs. More work will be needed to �t this distinction into a framework
like that of [Ginzburg & Sag, 1998].

These novel complementizers also appear in at least one construction unlike
those for the more familiar complementizers that, whether, and for. When there is
a non-expletive subject of the higher verb, it tends to be coindexed with the subject
of the CP:

(23.23) a. Sara seems as if she could win.
*Sara seems as if I could win.

b. Sara sounds like she's tired.
*Sara sounds like I'm tired.

14Excerpts from the Wall Street Journal are from 1989. The texts examined in this case
were included in the raw text portion of the Penn Treebank II, available from the LDC at
www.ldc.upenn.edu.
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This coindexing with the subject is not obligatory, showing that there is not a
simple control relation holding between the higher verb and the as if complement:

(23.24) a. They look like someone just died.
b. You sound as if I never mentioned this to you.
c. He acts like the whole world is against him.

However, these complementizers do appear in at least one construction which re-
quires a raising analysis, with an expletive there subject in both the higher and
lower clauses:

(23.25) a. There sounds like there's going to be a riot.
b. *There sounds like it's going to rain.
c. *There sounds like we've lost.

These examples provide additional evidence supporting the need for an agr feature
at the top phrasal node in a clause, carrying the agreement properties of the clause's
subject, as argued in [Bender & Flickinger, 1998], since those agreement properties
must be visible to the higher verb in the (23.25a) example. However, more work is
needed to characterize the nature of the constraints on the higher verb's subject in
the (23.23) and (23.24) examples.

5 Conclusion

In this paper, we have shown that the set of English complementizers includes three
previously unrecognized members, and that the historical development of these
complementizers supports recent arguments for putting complements and adjuncts
on a single dependents list in the lexical entry of the selecting head. We provided
a brief sketch of how the reanalysis of as if phrases from adjuncts to complements
and then to CPs may have taken place given these assumptions, and supplied data
from historical and contemporary corpora which are consistent with our proposal.
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Chapter 24

A Point-Based Event-Ontology for the

Phonetics/Phonology Interface

Petra Wagner and Peter K�uhnlein

Abstract. Recent rethinking of the Phonetics/Phonology-Interface has come to
drop the old notion of a syntactic relationship between both research domains and
replaced it by a semantic one. However, it remained relatively unclear how this
relationship ought to look like. Progress in diagrammatic reasoning provides a
fruitful approach towards a mutually constraining interface description. But to
utilise this tool we �rst have to argue that it is reasonable to suppose a common
ontology of a certain variant for both �elds of research. This is so, because the
heterogenous logics-approach attempted here relies on the sharing of models.

1 Introduction

On June 13th 1998 Anna uttered, as an assent to a preceding utterance \Uh-
hm"; this is often taken to be a positive feedback signal in German, which is her
mothertongue. The sounds/air turbulences that left her mouth can be represented1,
at a low level of abstraction, as shown in Figure 24.1.

1In this section we will talk a lot about representations. This is intended to be a kind
of case study and we hope that much of what can be said about representations can also
be said about theories. This hope is based upon the fact that representations are (licensed
by) parts of theories and thus strongly connected to them. We will switch back to talk
about theories in the subsequent sections.
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Figure 24.1: A spectral analysis of a sample utterance

Many alternative representations of the given utterance are possible, depending
on the researchers' interest. An alternative phonetic representation is given in
Figure 24.2.

ope-

ning closing closedperiodic

LUNGS subglottal pressure decreasing no

GLO-CD

GLO-CTD relaxing tensing tense

open

closed

bilabial

VEL

LIPS-CD

LIPS-CL

s.gl.pr.s.gl.pr.

closed

Figure 24.2: An articulatory representation of the same utterance as above

The representation in Figure 24.1 shows some properties of Anna's utterance
in a di�erent way than that in Figure 24.2, e.g., beginning and end of the utterance
etc. Moreover, the representation in Figure 24.2 shows other properties than that
in Figure 24.1, e.g. the articulators involved. However, what may not happen,
and cannot happen if the representations are correct, is that they contradict one
another in showing di�ering instantiations of the same property. The same holds if a
representation from a di�erent �eld of research is involved, say, phonology. (Figure
24.3 shows a simple phonological representation of Anna's utterance.) They can
not contradict each other because they are about the same objects.
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X X

H HL

pl pl

nas

soft palglottlabglott

pharphar

*

Place

Cavity

Articulator

Skeletal

Terminal

Tone

oral oral

*

+nas- voice +voice

Figure 24.3: A phonological representation of Anna's utterance

This view is also expressed in Pierrehumbert's [11, 375] well-known paper:

Both phonology and phonetics have the aim of describing and explain-
ing the sound pattern of human language. Insofar as both are exact
theories, both must provide exact representations of the sounds of lan-
guage. But the work done by these representations is di�erent.

We agree with Pierrehumbert on this aspect. What ought to be kept in mind
is that the di�erences in description do not lie purely on the level of granularity
but on the level of perspective. It may be an acoustic, auditory, articulatory or
functional perspective, respectively. Now that we know what the di�erences are,
something needs to be said about what all those di�erent representations viz. the
theories licensing them have in common. If we know this, we maintain, we have an
answer for the interface-problem. But before we can discuss the questions related
to this problem, in turn, we �rst have to make clear what the shared ontological
commitments at stake are.

2 Ontology

So the question arises how the basic entities phonetics or phonology talk about
should be construed. As it is up to now quite unclear which entities the scienti�c
ontology has to comprise it is worthwhile to discuss the consequences of di�erent
commitments. A popular view (inter alia [4, 3, 2] postulates events as the basic
ontological entities for both phonetics and phonology.) Events are elegant because
they appear to capture important features of (interpretations of) both phonological
and phonetic diagrams, like the beginning and ending of some represented unit.
When interpreting a spectrogram, we talk about simultaneity of formant movements
or of an occlusion phase preceding a release phase. When interpreting autosegmental
diagrams, those constituents related via association lines are usually (unless they
are subsegmental units) interpreted as being temporally overlapping, while units
represented on the same tier, are conceived of as standing in a relationship of
precedence2. In [6], the temporal interpretation of phonological representations is
somewhat di�erent. In this description, phonological heads (e.g. syllable nuclei)
are temporally interpreted before non-heads (e.g. syllable onsets) and temporally

2For a detailed description of the temporal interpretation of the hierarchical and linear
information inherent in autosegmental diagrams in terms of precedence and overlap, see
[2]
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overlap with those constituents they dominate. This interpretation also results in
an event-based desription of phonological entities.
Two strategies concerning the status of events are possible. One is to say that events
are entities in their own rights, the other to say they can be derived if other entities
are assumed, most prominent among them instants. We vote for one version of the
second option, a de�nition of events on the basis of beginnings and ends contra
Bird [2] and in accordance with Coleman [6]. Bird's formal account is otherwise
very much like our own, already rendered in Wagner [13].
The following discussion of viewing events as derivative of instants can be regarded
as an answer to Bird's discussion of the issue.

2.1 Di�erent notions of time

One reason for viewing events as ontological primitives is the need for phonological
descriptions to remain temporally under-determined as opposed to phonetic events
([5, 2]). The necessity of de�ning di�erent knowledge domains on the basis of dif-
ferent time domains has been defended by Carson-Berndsen [5]. She introduced
the concept of relative time (typically) holding between phonological units as op-
posed to absolute time holding between phonetic units. We would not like to see
a phonological description of an utterance to include information that a speci�c
autosegment starts holding 200 milliseconds after the beginning of that utterance.
In an approach where points of time stand in an ordinal relation to each other, this
demand can be full�lled. The argument for viewing an instant-based ontology not
useful for phonological descriptions therefore seems to be based on a misconception
of instants as necessarily referring to some point on an interval time scale. In many
phonetic domains and applications (speech synthesis, labelling of speech signals),
however, exact beginnings or endings of phonetic events need to be speci�ed (even
this may often be empirically di�cult). In phonetic representations the (absolute)
beginnings or endings cannot be ignored. Using a point-based ontology and leaving
the temporal scale unspeci�ed can thus serve for both descriptive levels.

2.2 Instants vs. atomic events

It seems to us that most of the arguments against point-based ontologies rely on
the assumption, that points of time are temporally extended units, some kind of
atomic events that cannot be further divided. However, if they are rather regarded
as cuts or instants without having a temporal extension themselves|a view which
was already put forward in Ducasse [7] against Russell [12]|at least part of these
di�culties can be avoided3.

2.3 Dynamic vs. stable events

Phonological event representations often abstract away from the dynamic move-
ments of articulators, formants etc., which are a necessary ingredient in most pho-
netic descriptions. One could argue that those phonological events regard stable
target con�gurations. An event-based description runs into problems when it tries

3For a more detailed discussion of this point, cf. [13].
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to capture dynamic events that can be characterized by a constant change rather
than a stable position.4

2.4 Cognitive Plausibility

Another argument mentioned by Bird is the apparent lack of cognitive plausibility
of a point-based approach. According to him, it would take in�nite processing time
to recognise two events as preceding one another if they consisted of an in�nite
sequence of points. It is not clear, though, whether cognitive plausibility

� is relevant; after all we are engaged in determining the nature of (pho-
netic/phonological) events. It needs to be explained why their nature ought
to be equivalent to the way they are cognitively processed.

� is in favour of event-based ontologies at all. One reason for our doubts
is that it could very similarly be argued that it would take in�nite processing
time to recognise an event without ever determining the instant of its begin-
ning or end or to produce one without ever starting to give motor commands.

3 Non-Reduction

Now that we have made clear what the basic entities in our ontology are, we have
to explain how it happens that phonology and phonetics so often coincide in their
predictions, or, to put it weaker, do not contradict each other.
A �rst proposal could be that phonology is reducible to phonetics and hence can
not contradict the latter. Traditionally, a theory �1 is called reducible to a (base-
)theory �0 i� the axioms of �1 are (deducible from) theorems of �0. We write
`�0

�1 for this. If one defends the view that phonology is reducible to phonetics,
and has not an exotic view on reduction, this means that `�0

�1, where �0 is
phonetics and �1 is phonology, is supposed.
What makes this view attractive is that it complies with the classical view of all sci-
ences being uni�ed with Physics as the base-theory for all the other special sciences.
It is generally accepted that correctness of the assumption that the physical work
is closed is the legitimation for doing sciences the way we do. Clearly, phonetics is
more often than phonology engaged in numeric measurements, hence it seems that
phonetics is in a way closer to physics. This accounts for the hierarchy of theories
with phonetics as a base-theory for phonology.
On the other hand, there are lots of problems in this view a solution of which is
not so easy. One of these problems is that phonology, e.g., has in its vocabulary
the expression \means", that is, at least one semantic expression, and it is not at
all clear, how the bridge laws5 mapping semantic expressions onto phonetic ones
could look like if there are any.
So, though the view of a reductive relation between phonetics and phonology surely
is attractive, it is by far not clear how (or if!) the reduction should be done.

4For a more detailed event de�nition based on instants and an explicit di�erentiation
between dynamic and stable events see [15]

5We omit mentioning the bridge laws mapping the basic expressions of one theory onto
that of the other from here on. It is clear that the reduction paradigm we have in mind
is Nagel's from [10].
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3.1 Semantic Cohesion

We defend another view on the relation; we hold6 that

6`�0
�1& 6`�1

�0 (24.1)

But of course we take it that there is some relation between both sciences that
prohibits that one contradicts the other. This is, under no circumstances may one
of both state a fact that does not hold following the other.
Let us explain brie
y: The idea is that there are models in which the laws of
phonetics are true; if phonetics and phonology are correct and adequate (if their
generalisations are right, or, as Pierrehumbert, p. 229 above, put it, if they are
exact sciences) for the description of utterances, the set of models in which the
phonetic laws are true is identical with the set of models in which the phonological
laws are true. If this were otherwise, there were a contradiction between phonetics
and phonology and one of them, or possibly both, had to be corrected. Note that
this is in compliance with Pierrehumbert's [11, 380] characterisation of the relation
between the two theories as a semantic one.
What we write for the fact that each model that satis�es �0 satis�es �1 as well is

^M(M j= �0 )M j= �1) (24.2)

So, to sum up, what we want from phonetics and phonology, and what we are sure
they give us, is

6`�0
�1& 6`�1

�0& ^M (M j= �0 ,M j= �1) (24.3)

where M is any standard Kripke model. This is what we talked about in the
introductory remarks: Phonetics and phonology are about the same objects and
they cannot contradict each other. If we conceive of events being modelled as
relations between instants (the lesson from section 2), then it is clear how a language
conforming to phonetics and phonology would look like.
It is interesting to see, what a reductionist account would say to our demand (24.2).

1. `�0
�1 holds, i.e., �1 can be deduced from �0; hence it is necessarily the

case that the set of models in which �0 is true is not larger than the set of
models in which �1 is true: Theories are to be conceived of as conjunctions
of axioms, hence each new axiom added will add new truth conditions to the
previous ones.

2. Of course the other way round is not true on a reductionist's account, as
6`�1

�0 holds. To require `�1
�0 would be grotesque in the context of (1);

it would mean that the two theories collapsed and turned out to be one and
the same theory. This could be the case with some theories, but surely is not
the case with phonetics and phonology. And the relation between the two
theories would rather be identity then reduction.

3. Hence it is no guarantuee that the two sciences are true in the same set of
models. It is a matter of dispute whether one should require this, but it

6Indeed we do not hold a view quite as strong as what is defended here; we do not really
want to say that we think that reduction is impossible, but only that it is not necessary.
So what follows is too strong a claim and just put forward to take the strongest possible
position here.
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seems to us that correctness and completeness together are hallmarks for
good theories. Completeness alone will not do, as the theory will render too
many theorems as true.

So it seems to us, that our demands concerning identity of the sets of models is
justi�able and that a reductionist account would do only half of the work7.

3.2 Interlingua

Barwise & Etchemendy [1] discuss the question, whether in such a case where two
languages describe the same set of models it is necessary to have a third language
translating the other ones in order to be able to co-ordinate the mutual constraints.
Of course, Barwise & Etchemendy have some di�erent problem in mind, namely
co-ordinating diagrammatic inferences with inferences drawn in a propositionally
represented format. But it is clear that, as the models used in the heterogenous
logic paradigm are Kripke models for �rst-order logic and PL1 is complete for these
models, all inferences drawn in the diagrammatic notation are expressible in PL1.
Hence, if one chooses a proper weakening of PL1 with just the expressions necessary
to formulate the diagrammatic inferences and another weakening of PL1 to capture
what is written in the propositional format, there is a merge of both weakenings
that is capable of expressing both of the theories and that is PL1-expressible.
We consider phonetics and phonology as weakenings of a �rst order language. So, in
this sense our problem is analogous to Barwise & Etchemendy's. Now, the authors
come to the conclusion that it is possible to �nd a translating language but that it
is super
uous as it adds nothing|it is just the merge from the last paragraph.
Indeed, we as phoneticians or phonologists do not need an interlingua, either. We
can do, say, phonology without looking over the fence. But as theorists and as
people implementing linguistic knowledge we are bound to respect both �elds of
research. That is, we have a division between the interface that works without any
interlingua and the description of the interface in our logical language.
As we understand Barwise & Etchemendy, one can look at formulae and depictions,
together with their truth conditions, as being restrictions over admissible models.
This, as they show, does all that is needed: Given inference rules for both notational
systems, we can derive all valid formulae and, given the interpretations of the
formulae, can �nd all the admissible models. No one working with constrained
based grammars should be too surprised by this view8. So, let a language be
a notational system plus interpretation. The set of models admissible for both
notational systems plus their interpretations, i.e., for both languages, is just the
intersection of both of the sets of models. In Tarski's terminology, it is just the
set of sequences of objects that satisfy both languages. The same holds mutatis
mutandis for the models that satisfy singular expressions in either format. This is
the skeleton of what we do with phonetics and phonology.

7An aside: What was said up to now is partially compatible with reductionism; if we
wanted to help the reductionist, we could lend him the third conjunct, i.e. 24.2.

8Neither should anyone working with dynamic logics: Restrictions over admissible
models accumulating during discourse is exactly the idea behind conjunction in DPL
[8] and the construction algorithm in DRT [9]. E.g, the de�nition for the semantics of
conjunction in DPL is [[� ^  ]] =df fhg; hi j9k(hg; ki 2 [[�]]& hk; hi 2 [[ ]])g, where k is a
restricted assignment function relative to g.

233



4 Conclusion & Perspectives

We got

� from section 2 the result that we can have a common ontology for phonetics
and phonology;

� from section 3 that if we have a common ontology, there are mutual con-
straints between both of them and the possibility to describe them in a uni�ed
format, the interlingua.

We did not yet exhaust the potential of the heterogenous logics; up to now
we only concentrated on the basic feature of mutual restrictions between theories.
The proposed view, however, can be augmented and fruitfully applied in phonology
or phonetics alone: Heterogenous logics provide means to formalize the relation
between the diagrams and text in both areas themselves. This, however can not be
done here.
Another result of our treatment of the interface is that the relation between the
representations in phonology and in phonetics can be described. One of the review-
ers, to all of whom we are indebted for their inspiring comments, wrote that we
could as an alternative to our methodology view phonetic representations as models
for phonological representations. And, yes, this was what we had in mind when
we chose the heterogenous logics approach. Unfortunately, due to restrictions by
space, here, we cannot show what we achieved up to now in this area. In short, we
include the representations in the set of models and get a fancy ontology for our
descriptive apparatus.
In the end one might ask what is the practical outcome of such a relation on things
for the working linguist? Basically, we say that phoneticians and phonologicians
need not work on con
ating their theories into one or try to deduce representations
of the other kind via complicated rule systems. All they need to take care of is
to make sure that their descriptions of objects do not contradict the ones given by
other theories concerned with the sound structure of the language in question. So,
we can expect with the ongoing research of both disciplines that scienti�c progress
will not only a�ect ones own but also the neighboring discipline. One could thus
think of phonetics and phonology as mututally constraining each other and this in-
sight may prove productive in constraint-based grammar architectures which want
to concern themselves with speech as well as language. The core idea of this ap-
proach has already been applied to a practical implementation in the small domain
of German Discourse Particles (see [14]) and will be extended to larger domains in
the future.
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Chapter 25

How to Match the Mismatch
Prosody{Syntax Interface for Japanese Spoken Sentences

Kei Yoshimoto

Abstract. One of the most di�cult problems in processing Japanese prosody
from a compositional point of view is to deal properly with two kinds of information
from mismatching sources. This paper addresses the issue by proposing an alterna-
tive, modular approach that integrates information from two syntactic sources on
the basis of the typed uni�cation formalism. It is argued that the proposed method
is superior to the PSG{based ones in its simplicity.

1 Introduction

Sentential prosody in Japanese is a result of interplay between various factors such
as phonology, morphology, lexicon, and di�erent parts of syntax. Accordingly, it
serves as a test of the e�ectiveness and conciseness of grammar speci�cation. In
particular, it instances a case of `bracketing paradox' in that the constituent struc-
ture required by semantics is inconsistent with the grouping manifested by prosody.
This paper addresses the issue by proposing a modular approach integrating infor-
mation from two inconsistent syntactic sources on the basis of the typed uni�cation
formalism. A comparison is also drawn with the approaches proposed so far in
terms of complexity.

2 Prosody in Japanese

2.1 Accentual Phrase

In the construction of Japanese prosody, an essential part is played by a tonal
domain that has been traditionally referred to as bunsetsu and which I will call
accentual phrase (ap). It contributes partly to the disambiguation of lexical
meanings and partly to the delimitation of phonological phrases|pauses are in-
serted at the beginning and end of the AP, and the part near the end of the AP
tends to be weakened and devocalized.

Each AP exhibits either a tone pattern with a sharp fall from high pitch or a
pattern without a fall. The �rst is phonologically interpreted as accented (the
accented mora is marked by `�' in the following examples) and the second as unac-
cented. An AP is formed by recursively attaching a closed{class grammatical
word, i.e. a postposition, clitic complementizer, or conjugational ending, to an
open{class full word, i.e. a noun, verbal or adjectival stem, or adverb.

Sentence (1a) is segmented into three AP's as shown in (1b).
1
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(1) a. [[[[kirei{ na]ADJ [ie]N [ga]P]NP [deki{]V ]S [ta]AUXV ]S
beautiful copl{adnm house nom be built past

`A beautiful house was built.'

b. [kirei{ na]AP [ie ga]AP [deki{ ta]AP
fullw gramw fullw gramw fullw gramw

Note that there is an obvious discrepancy between this way of segmentation and
the conventional parsing indicated in (1a); if Phrase Structure Grammar without
feature constraints is to be used, the two parsings cannot be derived by a single set
of PS{rules, but two independent sets of PS{rules are necessary. So far, speech pro-
cessing researchers have adopted analyses based on the AP like (1b), referred to as
a{structure in this paper, while NLP researchers, syntacticians, and semanticists
have employed the semantics{oriented syntactic structure as shown in (1a), which
is inconsistent with A{Structure and called c{structure in this paper. Strangely
enough, these two groups have either neglected each other completely or argued for
predominance over the other, little thinking that coexistence of the two structures
may provide a more reasonable linguistic framework.

2.2 Metrical Boost

[Kubozono, 1987] has shown in his phonetic experiments that when two adnomi-
nal adjuncts modify a noun, a second adjunct directly modifying the noun has a
higher f0 peak than a second adjunct modi�ed by the �rst adjunct. He calls this
phenomenon metrical boost. In the following examples,

(2) a. [a�oi [�ookina m�eron]]
green big melon

`a green, big melon'

b. [[a�oi r�emon] no ni�oi]
green lemon gen smell

`the smell of a green lemon'

the peak of the AP �ookina in (2a) is higher than that of r�emon in (2b). Furthermore,
in phrases with three adjuncts, the second adjunct receives the highest pitch value
when it is the �rst constituent in the right branching and is located deepest in the
tree.

[Choi, Sat�o & Min, 1995] also observe a similar di�erence in peaks of adverbial
phrases modifying a verb. In a structurally ambiguous sentence in which an adver-
bial phrase modi�es either an embedded verb or a matrix verb, the contour slope
immediately after the adverbial phrase in the latter case is signi�cantly steeper
than that in the former. Evidently, Japanese native speakers make use of a pitch
boost after an adjunct in disambiguating such ambiguous sentences. Moreover,
Choi, Sat�o and Min give a typologically noteworthy report: Korean, Mongolian,
and Turkish also employ prosodic means to disambiguate the meaning of sentences
with structures parallel to their Japanese example. In these languages, however,
duration of vowels and pauses play a more important role than a pitch contour.

The observations cited above show that in various languages the semantics{
based syntactic structure must be inevitably taken into account in modeling prosody.
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Accordingly, it is of both theoretical and practical importance to propose a linguis-
tic framework that succinctly speci�es the interplay of both prosodic and syntactic
information. By contrast, the Japanese sentential prosody has hitherto been de-
rived exclusively on the basis of what I call A{Structure which only involves a
sequence of regular expressions.

3A Modular Approach to Prosody

3.1 A CUG{based Solution

[Whitelock, 1991] proposes to handle the `bracketing paradox' in Japanese senten-
tial structures within the framework of Categorial Uni�cation Grammar [Uszkoreit, 1986].
He posits phrase structure rules to form structures that are a result of a compro-
mise between A{Structure and C{Structure. Then he stipulates prosody{related
information by feature constraints. Figure 25.1 depicts how the PSG rules analyze
the subject NP kirei{na ie ga (a beautiful house{nom) consisting of two AP's in
example (1a{b).

This set of rules assigns a parsing tree deviating from the standard ones (see
(1a)), whenever combination of two adjacent words is given priority for the sake of
forming an AP. This happens when the phrase to be formed is made up of multiple
AP's (as in kirei{na ie ga) and the grammatical word (e.g. ga) �rst concatenates
with just one full word, possibly followed by (a) grammatical word(s), which stands
immediately to the left of it (e.g. ie).

In order to produce such syntactic structures partly re
ecting A{Structure,
forward composition, backward composition, and backward type{raising

rules are posited.
2
In Figure 25.1, the noun ie (house), to which a category N is

assigned in the lexicon, is turned into Nn(N/N) in order to be combined with ga by
the Backward Type{raising rule below (application of the rule is indicated by BT
in the Figure).

BT

BC

BFA

[kirei{na]AP [ie ga]AP

N/N

N

Nn(N/N) NPnN

NPn(N/N)

NP

Figure 25.1: Analysis of kirei{
na ie ga

[kirei{na no ga]AP

N/N N

N

NPnN

NP

Figure 25.2: Analysis of kirei{
na no ga

(3) Backward Type{raising: Tn(T/X) �! X
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Instead of cancellation rules standard in Categorial Grammars, here I lay down
the rules in the form of PS{rules. Nn(N/N) in turn can be paired up with NPnN,
the category of ga, by the Backward Composition rule (indicated by BC in the
Figure):

(4) Backward Composition: XnZ �! YnZ XnY

In applying this rule, an AP status is given to the phrase ie ga as a result of feature
uni�cation. Furthermore, the Backward Functional Application rule (BFA in the
Figure) is used to concatenate the two AP's into an NP.

One of the problems with the approach by [Whitelock, 1991] is that its syn-
tactic structure does not re
ect the semantic structure (i.e. C{Structure) faithfully
and cause counterintuitive complications. For example, a noun phrase (5) under-
goes an analysis in Figure 25.2 which is di�erent from that in Figure 25.1 for the
NP kirei{na ie ga, although both phrases are of the same C{Structure. This is
because the nominalizer no, in spite of being a head semantically, is phonologically
dependent on the adnominal full word immediately before it, unlike normal nouns,
and accordingly the Backward Type{raising rule is not applied.

(5) kirei{na no ga
beautiful{copl{adnm nominalizer nom

`a beautiful one{nom'

Evidently, the Composition and Type{raising rules are an artefact of the grammar
architecture to serve as an interface with the phonological structure. It is true that
we need an interface; however, it must be examined where it should be posited and
how it should look like.

Besides the Composition and Type{raising rules, this approach increases the
number of syntactic rules. The PATR{II formalism Whitelock adopts necessi-
tates each di�erent set of feature constraints to be associated with an indepen-
dent PS{rule. This means that the information on the metrical boost and other
relevant phonological phenomena cannot be represented independently; rather, it
must be repeated over all of the PS{rules. Combinatory Categorial Grammar by
[Steedman, 1991], which adopts similar syntax to cope with English prosody, the-
oretically encounters the same kind of di�culties. I shall return to this point in
3.3.

3.2 A TU{based Approach

The solution I propose in this paper is to overcome the paradox by specifying two
mutually independent modules of syntax. A sentence is given both a semantics{
based structure, which corresponds to the C{Structure discussed in section 2, and
a structure compatible with the phonological segmentation, an analogue of the A{
Structure. According to this approach, every Japanese sentence is represented as
follows:
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(6)

sentence

� �
=)

2
66666666664

PHON 1

C-STRUCTURE

2
664
PHON 1

SYNTAX syntax

� �
SEMANTICS 2

DTRS dtrs

� �
3
775

A-STRUCTURE

�
PHON 1

APS aps

� � �
SEMANTICS 2

3
77777777775

One module (or type speci�cation in Typed Uni�cation formalism (hereafter TU for-
malism) by [A��t{Kaci, 1984]), the value of C{STRUCTURE in the feature structure
above, corresponds to the sign [ ] in the standard version of HPSG, to which the
Principles are applied to construct the semantic structure. The values of PHONOL-

OGY and SEMANTICS unify with those of the whole feature structure.
3
The mod-

ule for the A{Structure builds a sequence of feature structures representing AP's,
containing their pitch information. Although the two structures are not isomorphic,
their PHONOLOGY information must be identical with each other (and with that
of the total feature structure).

The metrical boost is also handled by the two syntactic structures. Figure A{1
in Appendix diagrams how this is done. In constructing this information, the mod-
ule for the C{Structure calculates the location of adjunct words in the modi�cation
nesting. On the basis of the Head{Adjunct Schema [Pollard & Sag, 1994], the value
of DEPTH is obtained. The speci�cation below constrains the DEPTH value of
the daughters to be larger than that of the mother by one.

(7)
head-adj-str

� �
=)2

4C-STR

2
4 SYNjLOCjDEPTH 1

DAUGHTERS

�
ADJ-DTRjSYNjLOCjDEPTH 2

HEAD-DTRjSYNjLOCjDEPTH 2

�35
3
5

Condition: add( 1 ,1) = 2

The DEPTH value is used to obtain the RELATIVE{DEPTH value, an integer
indicating how deep the word is located in the tree relative to the �rst word of the
phrase. The RELATIVE{DEPTH value rn of a word wn with its depth value dn is
computed from the RELATIVE{DEPTH value rn�1 and the DEPTH value dn�1
of the preceding word wn�1 by the following formula:

(8) rn = rn�1 + (dn � dn�1)

The RELATIVE{DEPTH value of the initial word w1 is 0.

Information on an AP is constructed by a type speci�cation ap[ ] in the A{
Structure by combining the phonological information of a full word with that of
grammatical words. In forming an AP, the information on pitch is also achieved.

A function get{boost outputs the BOOST value of an AP from the RELATIVE{
DEPTH value. BOOST values are 1, b1, and b2 (1 < b1 < b2) when RELATIVE{
DEPTH values are 0, 1, and 2, respectively. For convenience, the pitch value is
represented in the transformed value by [Pierrehumbert & Beckman, 1988], a
normalized value between 0 and 1 encoding relative tonal prominences, which can
be inverted to the corresponding hertz pitch.
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The transformed value is the product of the BOOST value by that of REG-
ISTER. The latter value depends on whether the immediately preceding AP is
accented or unaccented: the pitch range of an AP is lowered (i.e. catathesis takes
place, according to [Poser, 1984]) when the preceding AP is accented. Following
[Pierrehumbert & Beckman, 1988], I model catathesis by multiplying the high{tone
line (the upperlimit), on which particular tones depend, by the constant c (< 1),
and this can be iterated within the same Intonational Phrase (IP), in order to cope
with Poser's discovery.

(9)

ap

� �
=)

2
664PHONjAPROPERTY

2
664
REGISTER 1

REL-DEPTH 2

BOOST 3

TRANSFORM-VALUE 4

3
775
3
775

Conditions: get-boost ( 2 ) = 3 ;
multiply( 1 , 3 ) = 4

As an interface mediating information on the RELATIVE-DEPTH feature be-
tween the two syntactic structures, a full word, the main body of an AP and a
syntactic domain shared by both of the modules, is de�ned as follows:

(10)

full-word

� �
=)

�
C-STRUCTUREjSYNjLOCjREL-DEPTH 1

A-STRUCTUREjPHONjAPROPERTYjREL-DEPTH 1

�

The question may now arise why the A{Structure is not included in phonology.
I regard it as a module in syntax, since, �rst, it is also indispensable in inserting
interjections in colloquial speech. In the following utterance,

(11) Kirei{ na ne, ie ga ne, at{te ne, ...
beautiful copl{adnm intj house sbj intj exist intj

`There is, you see, a beautiful house, and ...'

the repetition of the interjection ne is used to `draw the hearer's attention to some-
thing or to con�rm that the hearer has understood what has been said up to that
point' [Makino & Tsutsui, 1986]. This type of interjection can occur at any right{
most position of an AP and accordingly must be combined with the preceding
phrase in the A{Structure.

What is more, in colloquial speech any AP or a sequence of AP's can constitute
an `elliptical sentence', often accompanied by an auxiliary verb da especially in the
latter case.

(12) a. Dare ni nani wo age{ ta n desu ka?
who dat what acc give past expl{polt intr

`To whom did you present what?'

b. Ken ni pen wo da.
name dat pen acc cop

`To Ken a pen.'

Here is involved a sequence of AP's that does not constitute constituents, analo-
gous to the structure in English discussed by [Steedman, 1991]. Nevertheless, the
auxiliary verb da gives the utterance an independent sentence status by assigning
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it an assertive speech act meaning. In order to process such a sentence, we need a
speci�cation in syntax that explains the interaction between the A{Structure and
C{Structure.

3.3 Comparison

As discussed in 3.1, the approach by [Whitelock, 1991] and [Steedman, 1991] is
problematic in that they make counterintuitive complications by assigning struc-
tures as a kind of compromise between the A{Structure and C{Structure.

Equally important, this proposal increases the number of syntactic rules. Let
K be a set of syntactic rules in the PATR{II formalism, L, M , and N sets of
prosodic rules (represented as feature constraints attached to a syntactic rule) for
the construction and concatenation of AP's, for metrical boost, and for catathesis.
Then the total rules are a subset of K�L�M�N . Roughly estimated, we need 6
rules for K , and 2 for each of L, M , and N . Since two of the syntactic rules are
only applied to either a full word or a grammatical word, the number of rules we
need is 4�2�2�2+2� (1�1�2�2) = 40. Needless to say, these rules contain a
lot of overlapping information. The large number of the rules and their redundancy
make the theory less tenable and its implementation less encouraging owing to the
di�culty in debugging.

According to my solution, repetition of the same kind of information can be
completely avoided as a result of modularizing the grammar. Accordingly, the
grammar to deal with the Japanese prosody is K�^L�^M�^N� , where K� is a
set of the HPSG Principles, and L� , M� , and N� are HPSG analogues of L, M ,
and N above. Again roughly estimated, the number of speci�catons we need is
6 + 1 + 2+ 1 = 10. Note that the di�erence between the two approaches gets even
wider if other prosody{determining factors such as focus and the location of an
accent is taken into account.

Thus, in my solution the two syntactic modules, represented as types which
can independently produce feature structures, exactly re
ect the C{Structure and
A{Structure and as a result the number and complexity of rules can be reduced to
a minimum. It refutes an argument by [Steedman, 1991, p. 262] that postulating
two autonomous levels of structure `complicates the theory considerably,' and his

pessimistic expectation for communication between the two levels.
4, 5

4 Paradox in Compounds

[Shibatani & Kageyama, 1988] have revealed that Japanese has a group of com-
pound nouns which on syntactic criteria are interpreted as a single noun, but be-
have as two distinct words with respect to prosody|each element, separated by a
short pause, maintains its own accent pattern. This contradicts the general condi-
tion that an AP is a domain larger than a word. More embarassingly, when one or
more grammatical words follow a compound, they constitute an AP together with
the latter part of the compound. Thus, the whole phrase is split into two AP's.

(13) a. [H�anshin{]AP [daish��nsai wa]AP
the Osaka{Kobe area great earthquake topic/contrastive
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b. [shink�uukoo{]AP [kensetsu n�� mo]AP
new airport construction dative additive

CUG{based rules will have to handle this issue by producing a tree like the one
in Figure 25.1:

(14) [[H�anshin{]N/N [[daish��nsai]Nn(N/N) [wa]NPnN ] NPn(N/N) ]NP

According to this analysis, �rst the latter part of the compound daish��nsai is com-
bined with the topic or contrastiveness marker wa and then the other part H�anshin{
is concatenated with daish��nsai wa.

This approach involves the same kind of di�culties as pointed out in 3.1 and
3.3| it both complicates and increases syntactic and lexical rules. Still worse, it
must face theoretical dilemmas: it neglects the word boundary between H�anshin{
daish��nsai and wa, and by so doing also neglects the distinction between the word
and the larger syntactic domain. As [Kageyama, 1993] has elucidated, this distinc-
tion must be maintained strictly in Japanese grammar, because a morphological
unit can only under very restricted conditions behave like a syntactic unit in terms
of dislocation and modi�cation of an inner element and anaphoric reference to its

constituent.
6

The framework I propose assigns a bimodular analysis to these cases. See
Figure A{2 in Appendix. In order to gain this analysis, all we need is a lexical rule
that produces a feature structure corresponding to the well{formed compound noun
H�anshin{daish��nsai from its two elements. The outcome of the rule is presented
below.

(15)2
6666666666666666666664
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C-STRUCTURE
n

"
PHON 1

SEM 2

#

A-STRUCTURE
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*
ap

2
664
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D
h�anshin

E
FULLWD

"
PHON 3

SEM 4 hanshin�

#
3
775,

ap

2
664
PHON 4

D
daish��nsai

E
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"
PHON 4

SEM 5 daishinsai�

#
3
775

+

3
7777777777775

SEM 2

3
7777777777777777777775

Conditions: append( 3 , 4 ) = 1

get{compn{sem( 4 , 5 ) = 2

Phrase (13a) undergoes the C{Structure analysis in Figure A{2, since the compound
is de�ned as a single noun in the C{Structure in (15). There is no problem in
assembling the A{Structure in the �gure either, because the A{Structure in (15) is
divided into two AP's, the latter of which can be freely su�xed by a grammatical
word and form an independent AP. In this way, given (15), there exists no need to
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complicate syntactic or lexical rules or to blur the word/phrase distinction in order
to obtain phrases such as (13a){(13b).

5 Conclusions

A modular approach to a bracketing paradox in Japanese prosody has been pro-
posed. Although Autolexical Syntax [Sadock, 1991] also assigns bimodular analysis
to the cases in question, it recognizes as modules only those components, such as
morphology, syntax, and semantics, in the conventional linear{hierarchical mod-
els of grammar; by contrast, my theory has enough 
exibility to separate syn-
tax into modules. Moreover, in my TU/HPSG{based approach each module has
the ability to process information, which is a computer{linguistically advantageous
property that Sadock lacks, drawing on Generalized Phrase Structure Grammar
[Gazdar et al., 1985]. The di�erence in the two frameworks brings about di�erent
ways in de�ning an interface between two modules. Autolexical Syntax, in one
hand, parses a sentence by applying two di�erent sets of rules consecutively. Ac-
cordingly, an interface can be de�ned only at the sentence level (i.e. the constraint
that the same string is accepted by the two sets of rules). According to my ap-
proach, on the other hand, an interface can re
ect speakers' linguistic knowledge
directly. For example, an interface, which is motivated by experiment results, can
be dei�ned between an Intonational Phrase (IP), a domain smaller than a sentence
and larger than an AP, and a C{Structure constituent.

An approach along these lines can resolve similar paradoxical issues found in
other languages (see [Sadock, 1991]) in an e�ective and succinct way. At the same
time, it o�ers an instance of to what extent the potential descriptive power of
TU/HPSG can be exploited.

Notes

[1] Throughout this paper, a simpli�ed, purely syntactic de�nition of AP is adopted. In
fact, an AP may be a larger domain containing a number of units of the kind treated in
this paper. In de�ning it, phonological factors must also be taken into account.

[2] I adopt here the terms by [Steedman, 1991] to explain how Japanese sentences are
processed, for Whitelock's original explication is elliptical.

[3] In this paper, I follow the older version of HPSG [Pollard & Sag, 1987] in distinguish-
ing the attributes SYNTAX and SEMANTICS.

[4] The PSG{based approach may be partly justi�ed by its decidability. Since the inter-
section of two context free languages is not in general a context free language [Hopcroft
& Ullman, 1969], either the C{Structure or A{Structure must be represented as fea-
ture structures, if the whole thing should be kept within a context free language. By
contrast, the universal recognition problem for attribute{value grammars is undecidable
[Johnson, 1988], which is the price we must pay for this expressive formalism. I agree,
however, with the comment by [Johnson, 1988, p. 95] that `formal undecidability results
of the kind just presented might have only minimal importance for the study of human
language processing.'

[5] An alternative approach is to avoid redundancy by generating the full
edged PS{rules
with feature constraints from a small set of ID rules and feature speci�cations on the basis
of the Generalized Phrase Structure Grammar [Gazdar et al., 1985] framework. In this
solution, the C{Structure is derived by PS{rules and the A{Structure is represented by
feature structures. This line of study will not be further pursued in this paper. It should
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be noted, however, that the simplicity in the rules is brought about by their resemblance
to my TU/HPSG{based proposal.

[6] [Kageyama, 1993] also gives a similar analysis of the examples on the basis of GB,

assuming that the compound formation takes place at the last stage of syntax. This

analysis faces the same kind of di�culties as pointed out here.

Appendix

a�o i �ookina m�eron

A{Structure

C{Structure

ip

ap
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REL-DEPTH 0
BOOST 1
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ap

h
REL-DEPTH 1
BOOST b

i
ap

h
REL-DEPTH 1
BOOST b
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lsign

h
DEPTH 1
REL-DEPTH 0

i
lsign

h
DEPTH 2
REL-DEPTH 1

i
lsign

h
DEPTH 2
REL-DEPTH 1

i
phsign[ DEPTH 1 ]

phsign[ DEPTH 0 ]

Figure A{1: Bimodular Analysis of Phrase (2a)

H�anshin{ daish��nsai wa

IP

AP
AP

N P

NP

A{Structure

C{Structure

Figire A{2: C{Structure and A{Structure for (13a)
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Chapter 26

Morphosyntactic Paradoxa in Fox
An analysis in linearisation-based morphology

Berthold Crysmann

Abstract.

In this paper1, I shall discuss an apparent paradox in the morphology and syn-
tax of Fox (Mesquakie)2 complex verbs. In Fox, verbs can be modi�ed by one
or more of a variety of preverbs including modals, aspectuals, manner adver-
bials, numerals, quanti�ers, as well as preverbs which increase the valence of
the main verb ([Dahlstrom, 1997a]). While preverb and verb can be separated
by words, phrases, or even embedded sentences, suggesting a status as syntac-
tically independent words, in
ection (cf. [Dahlstrom, 1997a]) and derivation (cf.
[Ackerman and LeSourd, 1994]) appear to treat preverb-verb complexes as a single
morphological unit. Following the basic assumptions of lexicalist syntax, I claim
that Fox preverb-verb combinations are indeed morphologically derived and that
in
ectional a�xes are attached to complex morphological objects in the word-
formation component already. In order to account for the syntactic e�ects, I
propose an analysis in Linearisation HPSG ([Reape, 1994], [Kathol, 1995]), which
builds on the assumption that Fox preverb-verb complexes introduce more than
one domain object into syntax (cf. [Kathol, 1996] for German, [Crysmann, 1997]
for European Portuguese). Further morphological material will then be distributed
across preverb and verb by imposing partial morphological (order) constraints on
PHON-values.

1 Introduction

Fox verbal morphology is characterised by an extremely rich set of in
ectional
paradigms (26 in total, cf. [Goddard, 1994]), which encode syntactic (i.e. matrix vs.
embedded) and semantic (e.g. tense) information. Within these paradigms, verbs
are in
ected for both subject and object agreement. Although in most paradigms,
agreement information is realised by su�xation alone, some paradigms, e.g. the in-
dependent indicative, exhibit pre�xation in addition to su�xation, with person
and number agreement information being split between pre�x and su�x.

(1) a. ne-
1

nowi:
go.out

1This work has been �nanced by a scholarship from the Deutsche Forschungsgemein-
schaft `German Science Foundation' (DFG). Due to space limitations, discussion of the
interaction between in
ectional morphology and reduplication had to be omitted. I am
gratefully indepted to Farrell Ackerman and three anonymous reviewers for their helpful
comments. I would also like to thank my colleagues at the University of the Saarland,
and, in particular, Martine Grice and Wojciech Skut, for discussing various aspects of the
approach presented here.

2Fox (Mesquakie) is an Algonquin language spoken in Iowa. The data cited in this paper
are based on [Dahlstrom, 1997a], [Dahlstrom, 1997b], and [Ackerman and LeSourd, 1994].
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`I go out'

b. ke-
2

nowi:
go.out

`you(sg) go out'

c. nowi:
go.out

-wa
3

`(s)he goes out'

d. ne-
1

nowi:
go.out

-pena
(1)pl

`we(excl) go out'

e. ke-
2

nowi:
go.out

-pena
(1)pl

`we(incl) go out'

f. ke-
2

nowi:
go.out

-pwa
(2)pl

`you(pl) go out'

g. nowi:
go.out

-waki
3pl

`they go out'

As the contrast in (1e,f) shows, person information cannot always be determined
on the basis of the pre�x alone: 1st plural inclusive and 2nd plural forms can only
be distinguished on the basis of the su�x. In morphological terms, this can be seen
as an instance of multiple exponence.

When the main verb is modi�ed by a preverb, the pre�x obligatorily surfaces
on the preverb, and realisation on the main verb is blocked ([Dahlstrom, 1997b]).
Similarly, the su�xal part of the person/number in
ection can only appear on the
main verb.

(2) a. i:tepi
there

net-
1

o�ci
from

nowi:
go out

-pena
1pl(incl)

`We went out from there.'

b. * i:tepi o�ci ne- nowi: -pena

c. * i:tepi net- o�ci ne- nowi: -pena

Likewise, if the verb is modi�ed by more then one preverb, the agreement pre�x
will only get realised on the �rst preverb with the su�x staying attached to the
verb. As a �rst generalisation, we may conclude that verbs in the independent
indicative are sandwiched between pieces of in
ectional material, regardless of
whether the verb is simple or complex.

In contrast to the independent indicative, some in
ectional paradigms in
Fox are identi�ed by a change of the �rst vowel in addition to su�xation. Initial
change only a�ects short vowels, replacing /a/,/e/,/i/ with a long [e:], and short
/o/ with [we:].
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(3) a. mahkate:wi:
fast

-�c
3
-i
plain conjunct

`He would fast.'

b. mehkate:wi:
IC.fast

-�c
3
-i
changed conjunct

`when he fasted'

c. mehkate:wi:
IC.fast

-�c
3
-ini
iterative

`whenever he fasted'

d. a:kwi
not

mahkate:wi:
fast

-�c
3
-ini
negative

`He didn't fast.'

e. e:h-
aorist

mahkate:wi:
fast

-�c
3
-i
aorist

`that he fasted'

If we have a closer look at the contrasts in (3), it becomes apparent that neither
initial change (glossed with IC) nor the mode su�x (-i vs. -ini) can be attributed
a consistent interpretation on its own.

Again, in the context of preverb-verb combinations, initial change a�ects the
�rst vowel of the (�rst) preverb (4), parallel to the pre�xes in the independent
indicative (2).

(4) i:tepi
there

we:�ci
IC.from

nowi:
go out

-�c
3
-i
changed conjunct

`when he went out from there'

Turning now to the syntactic distribution of these elements, we �nd that preverb
and verb can be separated by an arbitrary amount of other syntactic material,
including multiple words (5a), or even phrases (5b).3

(5) a. ne-
1

ki:�si
perfect

te:pi
enough

tasenwi
so many times

kano:na:w
speak to

-a
3/ind-ind

`I have spoken to him enough times.'

b. e:h
aorist

ki:�sa:ko�ci:
extremely

-�ci:
exclam

-meko
emph

na:hka
again

[na:wi
middle of

-meko
emph

nenoswahkiwe]
bu�alo herd

seki�si
lie

-ki
3/aorist

`She was again lying in the middle of a bu�alo herd.'

To conclude the description of the basic empirical pattern, it is safe to say
that Fox confronts us with diverging evidence concerning the status of separable
preverbs: under a morphological perspective, one is inclined to assume that preverb
and verb constitute a single unit, while syntactic evidence suggests that preverb
and verb should be conceived of as independent terminal nodes.

3[Dahlstrom, 1997a] also presents an example in which an adjunct sentence intervenes
between the preverb and the verb. For the sake of clarity, however, I omitted this datum,
as the adjunct \sentence" | due to the polysynthetic nature of the language | only
consisted of a �nite verb.
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2 The lexical status of preverb-verb complexes

The evidence which I have summarised in support of a morphosyntactic paradoxon
might still be found to be not fully conclusive, especially when adopting theWeak
Lexicalist Hypothesis, which assumes that in
ection, as opposed to derivation,
takes place in syntax.

Interestingly enough, it has been shown by [Ackerman and LeSourd, 1994] that
preverb-verb combinations can also be input to derivational processes. While some
preverbs can be combined with both verbs and nouns, adverbial and aspectual pre-
verbs are restricted to verbal contexts. Despite the general syntactic incompatibility
of adverbs and nouns, adverbial preverbs do cooccur with deverbal nominalisations,
as evidenced in (6):

(6) a. menwi
well

pema:tesiwa
live.3s

`He lives well.'

b. menwi
well

pema:tesiweni
live.nominalisation.inanimate-s

`good life'

If we assume, with [Ackerman and LeSourd, 1994], that the whole preverb-
verb complex is nominalised, rather than just the main verb which carries the
derivational morphology, no exceptionality has to be stipulated.

Further evidence in favour of the morphological derivation of preverb-verb com-
plexes has been contributed by [Goddard, 1990a, Goddard, 1990b]. First, with
completive aspectual preverbs, some verbs are realised as a bound morpheme rather
than as a separable word, while other stems, which do not possess such a bound
allomorph, surface in the by now familiar separable preverb-verb construction.

(7) a. wi:seni
eat

-wa
3s

`(s)he eats'

b. ki:s-
�nish

-isenye:
eat.su�

-wa
3s

`(s)he has �nished eating'

c. meno
drink

-wa
3s

`(s)he drinks'

d. ki:si
�nish

meno
drink

-wa
3s

`(s)he drinks'

To summarise, whether a given preverb-combination is realised analytically or
synthetically, is partially a matter of lexical idiosyncrasy.

Second, Goddard discusses some cases where morphotactic constraints between
certain preverbs determine analytic or synthetic realisation: while we:pi `start' and
pemi `along' exist as both bound and free forms, pemi always precedes we:pi when
the two are combined. Moreover, we:pi is realised as a bound morpheme in these
cases. Obviously, surface order (and boundedness) disobeys semantic scope here:
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(8) a. pem-
along

ose:
walk

-wa
3s

`(s)he walks along'

b. pemi
along

we:p-
begin

ose:
walk

-wa
3s

`(s)he begins to walk along'

c. * we:pi
begin

pem-
along

ose:
walk

-wa
3s

Under the assumption that both separable and inseparable variants of a par-
ticular preverb are represented at the same level of grammatical description (i.e.
morphology) the phenomena described above �nd a natural explanation.

Apart from the evidence just described, recall that some Fox preverbs also
serve the purpose of augmenting the main verb's argument structure. For lexicalist
frameworks, this constitutes additional support for a morphological perspective on
preverb-verb constructions.

3 The morphological status of Fox in
ectional mor-
phology

We have seen in the preceding section that there is ample support for the assumption
that preverb-verb complexes, though separable in syntax, are represented as such
at a morpholexical level already. In this section, I investigate more thoroughly the
role of Fox verbal in
ection with respect to its morphosyntactic status.

3.1 Syntactic approaches

Fox in
ectional paradigms, as I have argued in section 1, display various instances
of multiple exponence, lending support to a morphological rather than syntactic
perspective on these entities. However, one might object that multiple encoding of
a grammatical distinction (e.g. person/number speci�cation) can, alternatively, be
regarded as an instance of syntactic agreement.

[Halle and Marantz, 1993] suggest that �rst and second person pre�xes in Potawatomi,
another language of the Algonquian family, should be conceived of as clitics rather
than proper in
ectional a�xes. If this were indeed the case, they argue, then
what appears as multiple exponence should better be analysed as ordinary syntac-
tic agreement between a �rst or second person pronominal and the main verb.
I am not in a position to judge whether this assumption is indeed warranted
by Potawatomi morphology, however, they do not appear to provide any mor-
phophonological evidence to substantiate the distinction between clitic and a�xal
status in this language. Person in
ection in Fox, on the other hand, can be clearly
distinguished morphophonologically from true clitics. Fox /e/-initial stems are
neutralised to [i] when realised word-initially ([Dahlstrom, 1997b]): with \true"
postlexical clitics like aorist eh or future wih, the stem-initial /e/ is neutralised
(cf. [Dahlstrom, 1997b, p. 216]) just like ordinary word-initial /e/ (cf. ina:pi-
wa `(s)he looks'). With in
ectional pre�xes, however, the underlying segment is
preserved (cf. ne-t-enapi-wa). [Dahlstrom, 1997b] argues convincingly that the
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presence vs. absence of a word boundary will account for the observed pattern,
and that a strict distinction between clitics and in
ectional pre�xes, such as ne-
and ke-, should therefore be maintained.

Having a second look at the data involving \initial change", it is clear that an
analysis in terms of cliticisation is unavailable there: neither is it the case that the
abstract IC-morpheme comes with a �xed identi�able meaning, nor is it plausible to
assume that such a tight phonological integration with a host can still be regarded
as a syntactic or prosodic phenomenon.

3.2 Arguments in favour of syntactically complex morpho-
logical objects

In order to resolve the kind of morphosyntactic paradoxon described here, it is
conceivable4 in lexicalist frameworks such as HPSG to assume that preverb and verb
get in
ected independently of each other by means of lexical rules, and to ensure
the right distribution by means of subcategorisation for preverbs of a particular
lexical type or feature speci�cation. Yet, such an approach misses a number of
important generalisations which I would brie
y like to outline:

1. In
ectional pre�xes and su�xes are unique for every preverb-verb complex,
e.g. no matter how many preverbs are added to a single main verb, in
the independent indicative there is at most one pre�x and one su�x
for a particular grammatical function. In
ecting pre�xes and main verb
independently of each other, the uniqueness has to be stipulated. If we
assume that the whole preverb-verb complex gets in
ected as one unit, it is
not surprising that only one instance of a particular morpheme can be found.

2. In
ectional pre�xes in Fox are always positioned at the left-periphery, both
locally, i.e. with respect to their morphological host, i.e. the verb or the
preverb, and globally, i.e. they are always realised on the leftmost preverb,
if any. Again, having preverbs and verbs in separate morphological domains
misses this generalisation. The same holds for the in
ectional su�xes.

3. Fox in
ectional morphology reveals an interesting asymmetry with respect to
verbs and preverbs: while verbs can be in
ected with both su�xes and pre-
�xes, preverbs cannot be su�xed. Assuming verb and preverb to constitute
a morphological complex headed by a verb, an explanation follows directly.

4. In the case of paradigms involving initial change, one would either have to
subcategorise for a [+IC] preverb, thereby violating the principle of \phonology-
free" syntax ([Pullum and Zwicky, 1988]), or, alternatively, subcategorise for
morphological categories like e.g. iterative, changed conjunct, changed
unreal and the like. As a drawback, however, initial change (and the
absence thereof) would introduce a high degree of ambiguity. This ambi-
guity can easily be avoided, provided that circum�xation to a preverb-verb
complex is assumed.

5. The in
ectional pre�xes in Fox are always the same, regardless of where they
are attached. Deriving them separately for main verbs and preverbs is bound
to treat the identity as purely accidental. Under an approach which attaches

4Cf., however, section 2 for some possible obstacles.
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one and the same pre�x to a (syntactically complex) morphological entity,
this property is a mere corollary.

Apart from its empirical shortcomings, an approach which separates pre�xation
and su�xation is uneconomical in that it triples the number of lexical rules or types
constraints: one rule for su�xation to the verb, one rule for pre�xation to a verb or
preverb, and another one which introduces subcategorisation for a pre�xed preverb.
Thus, this kind of analysis will lead to a proliferation of descriptive devices.

I therefore conclude that it is safe to assume that preverb and verb are best
represented as a single unit at some level of morphology.

4 An account in linearisation-based morphology

In the analysis that I am going to propose, I build on the assumption that Fox
preverb-verb complexes constitute a single morphological object which introduces
more than one domain object into syntax. As such, this approach is akin to the anal-
ysis of German separable pre�x verbs assumed in [Kathol, 1996]. As already noted
above, German separable pre�x verbs contrast with the Fox data under discussion
in one important respect: while the former does not allow further morphology to
target the pre�x-verb complex, a�xes in Fox do get distributed over the separable
preverb and the main verb. Thus, it is necessary to tie the introduction of do-
main objects to the morphological derivation, rather than just assuming them to
be provided by fully speci�ed lexical entries.

Following proposals by [Pollard et al., 1993], I will assume that linguistic ob-
jects, or, more precisely, HPSG signs, generally introduce a list-valued feature dom
of domain objects. The set of features appropriate for word-level signs is further as-
sumed to contain a morph-feature which assembles information about the morpho-
logical formatives ([Bird and Klein, 1993, Riehemann, 1994]). In order to allow for
a convenient representation of templatic morphology, the morph-feature is de�ned
as a list of objects of type morph.5 Subtypes of morph are familiar morphological
entities, like stem, pre�x, su�x etc.

Morphological derivations are speci�ed using morphological schemata [Riehemann, 1994].
In addition to manipulations of syntacto-semantic information, these schemata in-
troduce a new morphological object on the morphs list which is speci�ed for both a
phon value and a (possibly empty) dom value. In a sense, this constitutes the key
mechanism in generalising Kathol's (1996) approach to German separable pre�x
verbs to the domain of Fox morphosyntax.

To start with, let us consider the morphological schema introducing a modifying
preverb on a given Fox verb (cf. Fig. 26.1): apart from specifying a value for
its contribution to the phonological string, it also introduces an additional dom-
object into the morphological structure which is anchored to its own phonology.
Furthermore, a morphophonogical LP-constraints is attached to the phon value in
an essentially [Bird and Klein, 1993] fashion. The syntacto-semantic e�ect of the
compounding is captured in the modi�cation to the synsem value, basically adding
a subcategorisation requirement for a locative expression.

5In contrast to [Inkelas, 1993] and [Orgun, 1996] I adhere to the more traditional view
that morphology in polysynthetic languages is characterised by an essentially 
at structure
(cf. e.g. [Simpson and Withgott, 1986] who assume non-adjacency as a major feature of
non-layered morphology).
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Figure 26.2: The 1st plural (incl) agreement circum�x

As we have seen in section 1, parts of in
ectional a�xes, in particular the
ones involving initial change, cannot always be interpreted in isolation. Using
morphological schemata, we can introduce both the pre�x and the su�x simultane-
ously, yet represent them as morphological objects subject to di�erent linearisation
requirements. Again, these requirements are attached to the respective phon val-
ues stating that both the pre�x and the su�x have to be realised at the edge of the
morphological complex. In contrast to compounding, agreement a�xes in Fox do
not introduce an independent domain object.

Having established a representation of the morphemic and morphotactic con-
straints in Fox separable preverb constructions, we �nally have to specify how the
phonological information contributed by morphemic structure get represented on
syntactic domain objects. To achieve this, all we have to do is to assemble the
dom values of the elements on the morphs list and map them onto the dom list
of the top-level lexical sign. In this step, phonological information contributed by
morphs which do not specify a dom object on their own will be picked up by mor-
phological domain objects in accordance with the morphophonological constraints.
In the present case, the �rst preverb will pick up the phonological information of
the agreement pre�x as this is the only morph with a non-empty dom list that
is compatible with a left peripheral realisation of the agreement pre�x. Similarly,
agreement su�xes are always picked up by the main verb. Under a more gen-
eral perspective, this mapping can be viewed as a morphosyntactic counterpart of
compaction.
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4.1 Implications for Lexical Integrity

The approach outlined in this paper makes crucial use of devices (e.g. LP con-
straints on sublexical material) which have hitherto been exclusively identi�ed with
the level of syntactic description. One might therefore wonder whether such a move
is not at odds with well-motivated assumptions about Lexical Integrity.

Lexical Integrity is generally assumed to disallow any syntactic operation
to target parts of (morphologically derived) lexical words. In this sense, the present
approach clearly violates the letter of morphological lexicalism. Yet, if we try to
pin down the basic intuitions behind the formulation of the integrity hypothesis, we
can identify two major factors. First, morphological and syntactic entities typically
involve quite distinct principles of composition: while syntax is usually purely con-
catenative, morphology need not be. Moreover, morphological processes are often
sensitive to the phonological shape of the participating elements (with reduplica-
tion being a prototypical example), whereas syntax is assumed to be completely
blind in this respect. Second, syntactic operations are usually considered to obey
semantic compositionality. Morphology, as a lexical level, is subject to semantic
idiosyncrasy, usually attributed to semantic drift of lexicalised material. Thus, it is
undesirable to have morphological objects represented as legitimate syntactic signs.

The current approach, however, though it certainly relaxes the mapping from
morphological to syntactic objects, does not include any of these side-e�ects. Mor-
phological objects (e.g. stems, a�xes and the like) never participate in syntactic
operations. Rather, morphological is mapped to syntactic terminals (dom-obj)
which fully obey morphological integrity. Furthermore, syntax can only target ex-
actly those objects which are made available by the morphological component as
domain objects. Likewise, the choice of using domain objects rather than fully-

edge signs enables us to hide undesirable semantic idiosyncrasies from the syn-
tactic component. Encapsulation into syntactic objects ensures a clean modular
organisation of syntax and morphology, one of the core ideas of lexicalist syntax.

5 Conclusion

Based on paradoxical morphosyntactic data from complex verb in
ection in Fox, an
analysis has been proposed which tries to reconcile diverging evidence by assuming
that morphological objects can introduce more than one syntactic atom (domain
object). As such, it is clearly inspired by related studies on German separable
pre�x verbs ([Kathol, 1996]). The approach adopted here also shares a certain
degree of similarity with the analysis of European Portuguese cliticisation proposed
in [Crysmann, 1997]. It would be interesting to see whether the speci�c mapping
between morphological constituents and syntactic domain objects can be fruitfully
used to account for other morpho-syntactic mismatches as well.
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Chapter 27

Unidirectional Inheritance of Indices
A Weakly Context Free Facet of LIGs

Jens Michaelis and Christian Wartena

Abstract. In this paper a restricted type of linear indexed grammar (LIG) is
de�ned, called unidirectional indexed grammar (UIG). This is done essentially by
demanding that the inheritance of an index stack is either strictly rightmost or
strictly leftmost as long as the stack is not empty. Although they turn out to be
weakly equivalent to context free grammars (CFGs), UIGs give rise to structural
descriptions that are not generatable by any CFG, but seem to be suitable for
linguistic purposes. Moreover, the parsing problem for UIGs is shown to be solvable
in O(n3){time. Thus, also in this respect, UIGs constitute an interesting restriction
of LIGs, the latter known to be of parsing complexity O(n6){time in general.

1 Motivation

Structures of natural language sentences are commonly described in terms of trees.
Corresponding (formal) grammars usually provide a set of admissible local subtrees.
But such grammars should additionally include mechanisms to describe non{local
dependencies, as these apparently show up in human languages. The potentials of
indexing mechanisms to account for such dependencies were �rst exploited in Gaz-
dar 1988, which brought up the formalism of linear indexed grammar (LIG). The
class of languages generated by LIGs is known to be a proper superclass of the class
of context free languages (CFLs). However, in Michaelis & Wartena 1997 we have
argued that almost all of the expressive power of LIGs useful for the description of
natural languages is already provided by a proper subclass of LIGs. Relying on the
observation that extraction in almost all languages is only possible out of objects
and assuming some kind of common X{bar scheme we concluded that the path from
a moved element to its base position can always be recovered by successively de-
scending the rightmost branch at each node. We de�ned a corresponding restricted
form of LIGs, right LIGs (RLIGs), in which a stack of indices always has to be
passed on from a mother to her rightmost daughter. For X{bar schemes in which
a complement is allowed to precede its head we de�ned a slightly weakened, but
still restricted form of LIGs, extended RLIGs (ERLIGs). We have shown that the
weak generative capacity of ERLIGs lies properly in between that of context free
grammars (CFGs) and LIGs, whereas RLIGs generate exactly the class of CFLs.
In this paper we will address the issue concerning restrictions on inheritance of
indices from a more technical point of view and try to gain a deeper understanding
of the kind of restrictions that, if added to the LIG{formalism, make grammars of
the resulting grammar class generate CFLs only. For this purpose we de�ne the
formalism of unidirectional indexed grammar (UIG). In a UIG index symbols can
be inherited either to the left or to the right. But once that a stack of index symbols
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is passed on to a rightmost (leftmost) daughter this stack can only be hosted by
rightmost (leftmost) descendants until it is empty. Thus the UIG{formalism can
be considered as a generalization of each, RLIGs as well as their primarily tech-
nical counterpart, left LIGs (LLIGs) (Michaelis & Wartena 1997), resulting from
combining these two formalisms in a limited way. UIGs allow for more structural
descriptions than plain RLIGs (LLIGs), while the property of RLIGs (LLIGs) to be
weakly equivalent to context free grammars (CFGs) is preserved. From a linguistic
point of view some rare examples of non{local dependencies along left branches (cf.
Gazdar 1988, p. 77), which could not be accounted for within the RLIG{formalism,
might get an appropriate formalisation now. Moreover, we show that the parsing
problem for UIGs, that has not yet been examined for RLIGs in particular, can
be solved in O(n3){time. Thus, also w.r.t. parsing, UIGs constitute an interesting
restriction of LIGs, the latter known to be of parsing complexity O(n6){time in
general. Further we brie
y mention some connections to general LIG{parsing and
to other research in constraining mildly context sensitive grammar formalisms so
as to identify weakly context free subclasses.

2 Constraining LIGs

De�nition 2.1 A unidirectional indexed grammar (UIG) G is a �ve{tuple (N;�; I; P; S),
where N , � and I are �nite sets, pairwise disjoint, which respectively denote the
sets of nonterminal, terminal and index symbols. S denotes a distinguished non-
terminal (the start symbol). P is a �nite set of pairs, called productions, of the
form: 1. A[f:::]!�lB[g:::]�r or 2. A[ ]!w, for some A;B 2 N , f; g 2 I [ f�g with
jfgj � 1,1 �l; �r 2 (� [ N)� with �l = � or �r = �, w 2 ��, and [ , ::: , ] extra
symbols not in N [� [ I .

A production p 2 P of the 1st form is right indexed or left indexed in case that
�r = � or �l = �, respectively. Furthermore, any such p is either index introducing
(if g 2 I), index absorbing (if f 2 I) or constraint free (if fg = �). The sets of
right indexed, left indexed, index introducing, index absorbing and constraint free
productions are denoted by Pri, Pli, Pin, Pab and Pcf , respectively.

Let G = (N;�; I; P; S) be an UIG. The set NI� is called the set of nonterminal
objects. A string � 2 (NI� [ �)� is called a sentential form. A sentential form

� directly derives right indexed (left indexed) a sentential form � , written �)
ri

G
�

(�)
li

G
�), if either (1) or (2):

(1) � = 
lAf�
r

A[f:::]!�lB[g:::]�r 2Pri

� = 
l�lBg��r
r

(2Pli )

(2) � = 
lA
r

A[ ]!w 2 P

� = 
lw
r

for some A;B 2 N , f; g 2 I [ f�g, �l; �r 2 (� [ N)�, w 2 ��, � 2 I�, and

l; 
r 2 (NI� [ �)�.2 It is helpful to think of a (maximal) nonterminal object

1For any set M and � 2 M�, M� the set of �nite strings in M including the empty
string �, j�j denotes the length of �.

2Note that 
r cannot start with an index. So, the terminal production A[ ] ! w can
only be applied, if no index appears immediately to the right of A.
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occurring in a sentential form as a nonterminal associated with a stack of indices.
Thus, we see that in case (1) such a stack of indices is passed on from the mother
to exactly one daughter,3 while possibly the topmost index symbol f is popped
from, or a new index g is pushed onto the stack. In this case, with respect to the
corresponding occurrences, Bg� is called the distinguished child of its mother Af�.

We say, a sentential form � directly derives (unidirectional indexed in G) a

sentential form � , written �)
G
� , if �)

ri

G
� or �)

li

G
� . If �)

G
� by applying p 2 P , we

also write �)
p

G
� . Now, generalizing )

G
we will inductively de�ne a binary relation

)
ui

G
on the set of sentential forms. But contrasting with the general LIG{case,

)
ui

G
will characterize only a subset of the re
exive and transitive closure of )

G
:4

For each sentential form � set �)
0

G
�. For n 2 IN let �0 : : : �n+1 be a sequence

of sentential forms such that �i)G �i+1 for 0 � i � n and such that �0)
n

G
�n.

5

Thus, a particular occurrence of some An�n 2 NI� is rewritten in �n)G �n+1 by
applying some pn 2 P . Consider the case �n 6= � such that for some 0 � i � n the
instance of An�n, rewritten in �n)

pn

G
�n+1, has been introduced as a distinguished

child in �i)G �i+1 by applying some pi 2 Pri (pi 2 Pli). Then �0)
n+1

G
�n+1, only if

pn 2 Pri (pn 2 Pli), as well. In all other cases, �0)
n+1

G
�n+1 without restriction. We

say, a sentential form � derives (unidirectional indexed in G) a sentential form � ,

written �)
ui

G
� , if �)

n

G
� for some n 2 IN. The set L(G) = fw 2 �� j S)

ui

G
wg is the

unidirectional indexed language (UIL) generated by G.

For n 2 IN let d = �0 : : : �n be a sequence of sentential forms with �0)
ui

G
�i for

0 � i � n. In particular, �i)
pi

G
�i+1 for some pi 2 P . We sometimes write �0)

�

G
�n

instead of �0)
ui

G
�n, where � = p0 : : : pn�1 2 P �. d is called a derivation (from �0

to �n in G), and � a parse (from �0 to �n in G). In case that �0 = S we also say,
d is a derivation of �n and � a parse of �n (in G).

To make the de�nition of)
ui

G
somewhat more transparent, we (informally) de�ne

a spine as a sequence of objects A0�0 : : : Ak�k in NI� such that Ai+1�i+1 is the
distinguished child of Ai�i with respect to some derivation d in G. In this case,
Ak�k is called a distinguished descendant of A0�0. Then, in terms of derivation
trees, a spine necessarily coincides with the path from a node � to the rightmost
(leftmost) descendant of � as long as the stack which is passed on along the spine
is not empty.

Take )
ri �
G

, )
li �
G

and )�
G

to denote the re
exive and transitive closure of )
ri

G
, )

li

G
and

)
G
, respectively. Note that )

ri �
G
[)

li �
G
� )

ui

G
�)�

G
. Equality for both inclusions holds,

if I = ;, but also if all indexed productions, i.e. all productions of the 1st form,
belong to Pri (to Pli). The latter case corresponds to a right LIG (left LIG) as

de�ned in Michaelis & Wartena 1997, and we have )
ri �
G

= )
ui

G
()
li �
G

= )
ui

G
). In case

3Namely, the nonterminal that immediately precedes [g:::] in the production.
4Up to here, the UIG{de�nition di�ers from the general LIG{de�nition (as presented

e.g. in Vijay-Shanker & Weir 1994) only by establishing restrictions on the type of permis-
sible productions of the following two kinds: At each derivation step index inheritance has
to be either rightmost or leftmost, and in addition at most one index can be introduced
or absorbed. From this perspective each UIG could just be considered as an LIG in a
particular reduced form, while the class of grammars de�ned this way would be weakly
equivalent to the proper superclass formed by all LIGs, as is well{known.

5IN denotes the set of all non{negative integers.
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S

bSf

bSff

bSfff

Tfff

aTff

aTf

aT

�

Figure 27.1: The (unique) derivation structure, as licensed by the grammar
G of Example 2.2, belonging to the terminal string a3b3.

I = ; the UIG can simply be taken as a CFG.6

Example 2.2 The UIG G = (fS; Tg; fa; bg; ffg; P; S) with production set

P = fS[:::]!S[f:::]b; S[:::]!T [:::]; T [f:::]!T [:::]a; T [ ]!�g, that is )
li �
G

= )
ui

G
, gener-

ates L(G) = fanbnjn 2 INg in a \non{center{embedded" way, hence in a non{
context free manner, exempli�ed by Figure 27.1 for n = 3.

Let <lex be the lexicographical order on IN
�. That is, ! <lex !i' and !j� <lex !k 

for all !; '; �;  2 IN� and i; j; k 2 IN, where j < k. Then, w.r.t. <lex a particular
(linear) derivation strategy can be de�ned for )

ui

G
.7 The strategy contrasts with

the concept of a rightmost or a leftmost derivation, respectively, since it works
\developing spines last". To achieve this, an address ! 2 IN� will be assigned to
each instance of a nonterminal object A� within a sentential form � in a canonical
way. We present this method in some more detail, since it will be of particular
interest, when we prove G to be weakly equivalent to a CFG G0 and to be parsable
in O(n3){time. Within a derivation the corresponding addresses are de�ned induc-
tively depending on the length of the derivation in the following way:

Consider p2Pri [Pli. Let p = A[f:::]!�lB[g:::]�r for some A;B 2 N , f; g 2
I[f�g and �l; �r 2 (�[N)�. Setm(p) = j�l�rj. Then, there areX0; : : : ; Xm(p)�1 2
N [� such that (ri) or (li) hold.

(ri) �r = � and �l = X0 : : : Xm(p)�1 (li) �l = � and �r = Xm(p)�1 : : :X0

Suppose that, for some � 2 I�, p is applied to an instance of Af� with address ! 2
IN�. In both cases, (ri) and (li), for 0 � k < m(p) the address of the corresponding
child Xk is !k, and the address of the distinguished descendant Bg� is !m(p).

Let � be a sentential form such that for each instance of a nonterminal object in
� a unique address in IN� is de�ned. We also refer to such an address simply as
an address of �. Now, assume d to be a derivation in G starting with �.8 Then,
according to the just mentioned method a (unique) address is assigned to each new

6Conversely, e.g. each CFG in Chomsky normal form can be interpreted as a UIG with
I = ;. Thus, each CFL turns out as a UIL.

7Like e.g. Boullier (1996) did for)�
G

considering a \(canonical) two{form" of full LIGs.
8If not de�ned for some other reasons, in any derivation ~d starting with a sentential

form ~�, ~� is tacitly assumed to be addressed in the same manner as � here.
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instance of a nonterminal object introduced in a derivation step. Say, d = �0 : : : �n
such that �i)

pi

G
�i+1 for some pi 2 P applied to a particular occurrence of some

Ai�i 2 NI� with address !i 2 IN�. Set � = p0 : : : pn�1. W.r.t. <lex the addresses
!i form a (totally) linearly ordered set. We call the derivation d and the parse �
linear (w.r.t. <lex), if !i�1 <lex !i for 1 � i < n. In this case, if �n 2 ��, and
if !i is the highest address of �i, then �i = uiAi�ivi for some ui; vi 2 ��. Now,
suppose that d is linear such that �i = �iBi�i (�i = Bi�i�i) for 0 � i < n, where
Bi�i 2 NI� and �i 2 (NI� [�)�. If, in addition, for 0 � i < n the highest address
of �i belongs to the rightmost (leftmost) instance of Bi�i, then d, just as �, is also
called weakly right linear (weakly left linear). In this case, if �n 2 �

�, the rightmost
(leftmost) occurrence of Bi�i can be rewritten only if �i 2 ��.

Lemma 2.3 Consider �; � 2 (NI�[�)�. If �)
ui

G
� , there is also a linear derivation

from � to � in G. �

3 Weak Generative Capacity

Let G = (N;�; I; P; S) be a UIG. We give a method to construct a CFG G0 =
(N 0; �; P 0; S0) which is weakly equivalent to G: First, the nonterminal set N 0 is
de�ned as the set of all pairs (A; x) with A 2 N and x 2 Pab [ f�g, (S; �) the start
symbol S0. Then, for all A;B;C;D 2 N , f 2 I , and 
; � 2 (N [�)�, w 2 �� the
production set P 0 is de�ned as9

(R1) (A; x) ! (
; �)(C; q)(�; �)(B; x) 2 P 0 for all x 2 (Pri \ Pab) [ f�g,
if p; q 2 Pri, where p=A[:::]!
C[f:::] and q=D[f:::]!�B[:::]

(L1) (A; x) ! (B; x)(�; �)(C; q)(
; �) 2 P 0 for all x 2 (Pli \ Pab) [ f�g,
if p; q 2 Pli, where p=A[:::]!C[f:::]
 and q=D[f:::]!B[:::]�

(R2) (A; x) ! (
; �)(C; x) 2 P 0 for all x 2 (Pri \ Pcf) [ f�g,
if p=A[:::]!
C[:::] 2 Pri

(L2) (A; x) ! (C; x)(
; �) 2 P 0 for all x 2 (Pli \ Pcf) [ f�g,
if p=A[:::]!C[:::]
 2 Pli

(3) (A; �)! w 2 P 0, if p = A[ ]!w 2 P

(R4) (D; q)! � 2 P 0, if q=D[f:::]!�B[:::]2Pri

(L4) (D; q)! � 2 P 0, if q=D[f:::]!B[:::]� 2Pli

The productions of the form (R1) and (R2) (the form (L1) and (L2)) build the set
of passing on rightmost (passing on leftmost) productions, which is denoted by P 0r
(by P 0l ).

10

9For � 2 (N [�)� the string (�; �) 2 (N 0 [�)� is inductively de�ned as follows: First,
let (�; �) := �. Then, for � 2 (N [ �)�, a 2 � and A 2 N set (a�; �) := a(�; �) and
(A�; �) := (A; �)(�; �), respectively.

10The expression passing on rightmost (passing on leftmost) has been chosen, because
the second component of the mother can be considered as being passed onto the rightmost
(leftmost) child while applying such a production.
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A

p

Cf


Df

q

B�

(A; x)

(C; q)(
; �) (B; x)(�; �)

(D; q)

�

(i) (ii)

Figure 27.2: (i) A partial weakly right linear tree in G and (ii) the corre-
sponding CFG-tree in G0.

In terms of trees, what G0 does to a given UIG-tree in G is 
atten the structure
by recursively splitting up spines in a particular way without changing the yield of
the original tree. I.e. productions of the form (R2), (L2) and (3) simply imitate the
constraint free and terminal productions from the original UIG G. But, a p0 2 P 0

of the form (R1) or (L1) crucially imitates the introduction of an index and its
absorption in one step (the \structure{
attening" step). The second component of
the corresponding (C; q) stores the information that the index f introduced with
C applying p 2 Pin has been popped applying q 2 Pab. Since q 6= �, no (Z; q) 2 N 0

can subsequently be rewritten as a terminal string, except by using a production of
the form (R4) or (L4) at some derivation step. This kind of constraint ensures the
\instant popping" of f to be a legitimate operation (see also Figure 27.2 indicating
the case with regard to (R1) and (R4)).11

The linear derivation strategy for UIGs can be transferred to G0 by means of the
following: For any p0=A0!�0 2P 0r [P

0
l we de�ne m(p0)= j�0j�1. Then we �x

existing X0 ; : : : ; Xm(p0) 2 (N
0 [� )

�
such that �0=X0 : : : Xm(p0) if p

0 2P 0r or such
that �0=Xm(p0) : : : X0 if p

0 2P 0l . If ! 2 IN
� is the address of A0, for 0 � k � m(p0)

the address of Xk is !k. It should be clear what is meant when a derivation d0 or a
parse �0 in G0 is called linear, weakly right linear or weakly left linear (w.r.t. <lex).

Lemma 3.1 Let �0; � 0 be sententialforms in G0. If �0)�
G0
� 0, there is also a linear

derivation from �0 to � 0 in G0. �

Proposition 3.2 It can be shown that

11Note that a less complex second component would actually be su�cient to prove
L(G) = L(G0). All that has to be stored is the nonterminal of the left hand side of q and
the information whether q 2 Pri or q 2 Pli. Storing the whole production is useful in order
to solve the parsing problem for UIGs.
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(a) A)
ui

G
wX weakly right linear i� (A; x))�

G0
w(X; x) weakly right linear,

(b) A)
ui

G
Y w weakly left linear i� (A; y))�

G0
(Y; y)w weakly left linear,

(c) �)
ui

G
w linear i� (�; �))�

G0
w linear,

f.a. A;X; Y 2 N , � 2 (N [�)�, w 2 ��, and f.a. x 2 Pri \ Pab, y 2 Pli \ Pab:

Thus L(G) = L(G0) by Lemma 2.3 and 3.1, since Proposition 3.2 (c) especially
holds for � = S. Note that a proof of Proposition 3.2 can be done simultaneously
for (a),(b), and (c) by an induction on the length of a derivation in G for \only if"{
and in G0 for the \if"{part of the respective clauses. Loosely speaking, the crucial
fact is the connection between partial weakly right (left) linear derivations in G
and G0 as indicated in Figure 27.2 displaying the weakly right linear case: applying
q 2 Pri to Df 2 NI absorbs the instance of f 2 I introduced by applying p 2 Pri
to A 2 N .

4 Parsing Complexity

Parsing with a UIG G can be done rather straightforwardly in two steps: First,
a linear parse of a string w 2 L(G) is found w.r.t. the weakly equivalent CFG G0

obtained by the method given in Section 3. Then, each production of this parse is
mapped to a production of G yielding a parse of w in the original UIG. We will
argue that all this can be done in O(jwj3){time.

Let G = (�;N; I; P; S) be a UIG and let G0 = (�;N 0; P 0; S0) be the weakly equiv-
alent CFG constructed as in Section 3. The function h : P 0 ! P with p0 7! p for
p0 2 P 0 is de�ned by:

(h{R1) p=A[:::]!
C[f:::], if p0 = (A; x)! (
; �)(C; q)(�; �)(B; x)

(h{L1) p=A[:::]!C[f:::]
, if p0 = (A; y)! (B; y)(�; �)(C; q)(
; �)

(h{R2) p=A[:::]!
C[:::], if p0 = (A; x)! (
; �)(C; x)

(h{L2) p=A[:::]!C[f:::]
, if p0 = (A; y)! (C; y)(
; �)

(h{3) p=A[ ]!w, if p0 = (A; �)! w

(h{R4), (h{L4) p = q, if p0 = (D; q)! � and q 6= �

where the interpretation of all symbols is as in (R1){(L4) from the previous section.
h can be extended to a homomorphism �h : P 0

� ! P � by setting �h(�) = � and
�h(p0�0) = h(p0)�h(�0) for all p0 2 P 0, �0 2 P 0

�
. For �h a somewhat strengthened

version of the \if"{part of Proposition 3.2 (c) holds, stated here for the special case
� = S as

Corollary 4.1 If �0 2 P 0� is a linear parse of w 2 �� in G0, then �h(�0) 2 P � is a
linear parse of w in G.

Lemma 4.2 For all w 2 �� the parsing problem w.r.t. G0 can be solved in O(jwj3){
time such that: if w 2 L(G0), a linear parse of w in G0 is found.
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Proof. Earley's parsing algorithm, which is known to be executable in cubic time,
can easily be modi�ed without changing the complexity in order to give a linear
parse as output instead of a right or left parse. The original algorithm, solving
the recognition problem for some w2�� of length n 2 IN, can be adopted with-
out modi�cation. This algorithm constructs lists of items I0 ; : : : ; In such that for
0� i� j�n an item [A0 ! �0 � �0; i] is on list Ij i� A0 ! �0�0 2 P 0, S0)�

G0

0A0�0,


0)�
G0
a1 : : : ai and �

0)�
G0
ai+1 : : : aj , where w = a1 : : : an. If w 2 L(G0), a linear parse

�0 of w can be found from the parse lists, as exempli�ed below for cycle{free CFGs
(Algorithm 4.3). �

Algorithm 4.3
Input (1) The cycle free CFG G0 = (N 0; �; P 0; S0);

(2) An input string w = a1a2 : : : an 2 �
�;

(3) The parse lists I0; I1; : : : In for w.
Output A linear(!) parse �0 of w, or an error message.
Method if no item of the form [S0!�0�; 0] is on In, then write "error";

halt. else write (the result of) F([S0!�0�; 0] ,n , �); halt.

F([A0 ! �0�; i] , j ,!):

p0 := A0 ! �0 ;�0 := � ; �0 = X0X1 : : : Xm�1; k := m� 1 ; l := j;
if p0 2 P 0r then � := m� 1 else � := 0
repeat until k = �1:
if Xk 2 � then
k := k � 1 ; l := l � 1;
if p0 2 P 0r then � := �� 1 else � := �+ 1

else if Xk 2 N 0 then
�nd [Xk! 
0�; r] 2 Il for some r such that
[A0!X0X1 : : : Xk�1�Xk : : :Xm�1; i] 2 Ir ;
if p0 2 P 0r then
�0 := F([Xk! 
0�; r] , l ,!�) �0;

else
�0 := �0F([Xk! 
0�; r] , l ,!�);

k := k � 1 ; l := r;
if p0 2 P 0r then � := �� 1 else � := �+ 1

return p0�0

Proposition 4.4 Let G = (�;N; I; P; S) be a UIG, and let w 2 ��. Then, the
parsing problem for w w.r.t. G is solvable in O(jwj3){time.

Proof. First, we construct the weakly equivalent CFG G0 = (�0; N; P 0; S0) as given
in (R1){(L4) and compute h : P 0 ! P as given in (h{R1){(h{L4). This of course
takes only constant time depending on the cardinality of N and P . According to
Lemma 4.2 the parsing problem for w w.r.t. G0 is solvable in O(jwj3){time such
that, if w 2 L(G0) = L(G), a linear parse �0 for w is found. Since we may assume
that j�0j is in O(jwj), we conclude that the computation of �h(�0) lasts O(jwj){time.
From Corollary 4.1 we conclude that �h(�0) is a parse of w in G. �

Comparing our parsing procedure with a strategy to parse full LIGs one might ask
what is common to them. Looking at e.g. the LIG{parser of Vijay-Shanker and
Weir (1991) we observe that, roughly speaking, a nonterminal object Af� and a
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distinguished descendant B� of Af� are stored as a pair, if the lower part � of
the stack is una�ected while deriving B�. The e�ciency of the parser crucially
depends on storing at most the topmost stack symbol together with the associated
nonterminal instead of a complete nonterminal object. This is essentially the same
as what is done by our transformation algorithm. The property, however, that takes
responsibility for the smaller complexity of the UIG{parser is, informally speaking,
that the correct position of the string which rewrites the distinguished descendant
while popping the index f is already known at the moment f is introduced. This
is obviously not the case for full LIGs.

5 Final Remarks

We have identi�ed a weakly context free subclass of LIGs, namely UIGs, which still
permits to characterize sets of structures that cannot be generated by any CFG (see
e.g. Example 2.2). Further we have presented a parsing strategy for UIGs working
in cubic time. Because the class of LIGs is weakly equivalent to the class of tree
adjoining grammars (TAGs),12 our work is directly comparable to similar work of
Rogers (1994) and of Schabes and Waters (1995). Both approaches constrain the
original TAG{formalism yielding a cubic time parsable formalism which is weakly
equivalent to CFGs.

Rogers' work contrasts with our result more generally. In particular he de-
�nes a subclass of TAGs such that each grammar (in terms of trees) generates a
recognizable set, and thus is strongly equivalent (modulo projection) to some CFG
(Thatcher 1967). Interesting parallels to the work of Schabes and Waters (1995)
arise from their way of restricting the general relation of tree adjunction de�ned
for TAGs obtaining the class of tree insertion grammars (TIGs). There is arguably
a strong connection between their constraints on left and right adjunction and our
restrictions on index inheritance. But the classes of tree sets that can be character-
ized by TIGs and UIGs, respectively, are di�erent. On the one hand, unlike in the
case of TIGs, there exist e.g. �{ and cycle{free CFGs such that no UIG generates
the same set of structures. This is due to the restricted form of the non{terminal
productions in a UIG. Recall that, apart from index symbols, the rightmost (left-
most) element of the righthand side of a right (left) indexed production has to be a
nonterminal. On the other hand, although it gives rise to various non{recognizable
sets, the TIG-formalism as proposed in Schabes & Waters 1995 does not give rise to
each such set of structures licensed by some UIG (e.g. the set of trees correspond-
ing to Example 2.2). Up to nonterminal labeling this could be achieved adding
TAG{like adjunction constraints to the TIG{formalism, allowing the adjunction of
a tree from some distinguished set of trees at a particular node labeled A rather
than the adjunction of an arbitrary auxiliary tree with root and foot labeled A. In
the UIG{formalism, roughly speaking, this kind of constraints is already available
by the index mechanism as de�ned.

12TAGs as de�ned e.g. in Vijay-Shanker & Weir 1994, where also a proof of the men-
tioned weak equivalence can be found.
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Chapter 28

A Formal Interpretation of Relations and

Quanti�cation in HPSG

Frank Richter, Manfred Sailer, Gerald Penn

1 Introduction

This paper formalizes the language used for expressing the principles found in
[P&S94].1 In a sense, this is not a new language, but rather the language that
[P&S94] and other HPSG linguists have already been using. There have been many
logics proposed for the task of uni�cation-based processing with constraint-based
grammars such as HPSG, such as [H&S88], and [Car92]; but because of certain
practical considerations, they have eschewed some of the formal devices that a
declarative, formal speci�cation of the constraints themselves requires. The major
properties that distinguish our formal language will be described below.

The language is called RSRL, a relational extension of SRL [King89]. SRL
is actually a logic that was proposed as a formalization and re�nement of the
language used in [P&S87]; and [P&S94] incorporated many of those re�nements.
SRL is nevertheless not an adequate formalism for [P&S94], pace [King95], as it
crucially lacks an explicit means of quanti�cation, which is necessary to express the
quanti�cation either understood or explicitly stated in many of the principles of
[P&S94]. In fact, the principal contribution that RSRL makes is not its addition of
relations but its formalization of what the quanti�cation of [P&S94] really means:
not quanti�cation over some or all objects in a model, but over the substructures
of a given object, such as a linguistic sign, that are accessible from that object
by a �nite path. This di�erent notion of quanti�cation gives RSRL the ability to
formalize linguistic principles from the HPSG literature very naturally, and it has
several very interesting formal properties, as well.

2 Relations

Relations are used proli�cally in [P&S94] and elsewhere in the HPSG literature.
Some are explicitly referred to as such, e.g., the o-command and local o-command

1We are most grateful to Mike Calcagno, Tom Cornell, Thilo G�otz, Tilman H�ohle,
Hans-Peter Kolb, Detmar Meurers, Uwe M�onnich, Frank Morawietz, Carl Pollard and
Shuly Wintner for discussions, comments and support. Paul King assisted in the �nal
formulation of RSRL.
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relations of the binding theory, while others are implicitly required by the natural
language descriptions of principles. The Subject Condition (p. 400), for example,
says:
\If the initial element of the subcat value of a word is slashed, then so is some
other element of that list."
The consequent of this implication requires the use of a member relation to search
the subcat list for another slashed element. The recursive nature of lists requires
the use of the relation.

RSRL is not the �rst extension of a feature logic to provide relations. [H&S88],
for example, provides a restricted kind of relational extension that can be used
for logic programming over a wide range of constraint languages, including several
feature logics. This relational extension, however, does not permit relations to
occur in the scope of negation, which includes the antecedents of implicational
constraints. The Subject Condition above does not have the member relation in its
antecedent; but the Relative Uniqueness Principle (p. 212) does:
\A member of the inherited rel set2on a headed constituent may be inherited
from : : : at most one daughter."
Perhaps the most famous instance of a negated HPSG relation can be found in
principle B of HPSG's binding theory (p. 401), in which a personal pronoun is
required to be locally o-free, i.e., not locally o-bound.

True negation, of course, is very di�cult to compute with; so it is only natural
for de�nite clause languages such as [H&S88] or systems such as ALE [C&P96] to
rely on negation by failure or some other substitute. For a formal language with
which we want to build models of our theories, however, these substitutes will not
provide us with the usual set-theoretic interpretation of negation that matches its
intended use in linguistic principles. Junk slots, the encoding of relations within
feature structures themselves by means of extra features [Ait-Kaci84, Car92], cannot
encode the negation of an instance of a relation either, and require the signature
to contain uninteresting and unmotivated sorts.3

It has been suggested [KKP95] that we might be able to restrict our use of
negated relations to an inventory of decidable ones that can be replaced by new
(computable) relations that have the opposite meaning. For example, instead of
using (: member(x,y)) in a description, we might simply de�ne a new relation,
non-member, and use non-member(x,y) instead. The problem is that relations are
often used with quanti�cation over at least one of their arguments. Consider, as
a simple example, the following constraint, taken from [A&G96], that assists in
predicting the distribution of avoir and être in French:�
vform part-pass�e
s-arg h: : : a� r : : : i

�
!
�
v-aux etre

�
Formalized in RSRL, this says:

[ : vform� part-pass�e ^ 9x[x� a� r ^ member(x, : s-arg)]]
! [ : v-aux� etre]

If the vform value is of sort part-pass�e, and there exists a member of the s-arg list
which is of sort a� r, i.e., which is a re
exive clitic, then the v-aux value must be
etre. Because member is in the antecedent of an implication, it occurs in the scope
of a negation. It is also in the scope of an implicit existential quanti�er, which is

2RSRL can also be used to encode �nite sets and the necessary access relations, such
as membership and union, for them.

3See below for further problems with a junk slot approach.
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in the scope of the negation as well. If, in the disjunctive form of the implication,
we simply used non-member for member, we would negate the relation but not the
quanti�er (which must be universal). Computability properties aside, introducing
new relations with negation built-in simply will not preserve the intended meaning,
even in straightforward principles such as this.

A formal language for HPSG must have true relations with true negation. We
extend the usual SRL-style signatures with relational symbols and an arity function
to express them:

De�nition 1 � is a signature i�
� is a septuple hG;v;S;A;F ;R;ARi,
hG;vi is a �nite partial order,

S =

�
� 2 G

���� for each �0 2 G,if �0 v � then � = �0

�
,

A is a set,
F is a partial function from the Cartesian product of G and A to G, and for each
�1 2 G, for each �2 2 G and for each � 2 A, if Fh�1; �i is de�ned and �2 v �1
then Fh�2; �i is de�ned and Fh�2; �i v Fh�1; �i,
R is a �nite set, and
AR is a total function from R to IN+.

hG;vi is a sort hierarchy for a theory, and S is the set of maximally speci�c sorts
that will partition the objects of our models. A is the set of attributes; and F
encodes the appropriateness conditions on an HPSG signature. R and AR are for
the relational symbols and their arities, respectively. We interpret RSRL signatures
as follows:

De�nition 2 For each signature �, I is a � interpretation i�
I is a quadruple hU; S;A;Ri,
U is a set of objects,
S is a total function from U to S,
A is a total function from A to the set of partial functions from U to U , and for
each � 2 A and each u 2 U , if A(�)(u) is de�ned then FhS(u); �i is de�ned, and
S(A(�)(u)) v FhS(u); �i, and for each � 2 A and each u 2 U , if FhS(u); �i is
de�ned then A(�)(u) is de�ned,
R is a total function from R to the powerset of U�, and for each r 2 R, R(r) �
UAR(r).

S partitions objects according to their maximal sorts. A provides an interpretation
of attributes as functions that map from objects to their object values at that
attribute, along with conditions to enforce appropriateness. R interprets a relation
as a set of n-tuples of objects, where n is the arity of that relation.

In a de�nite clause extension of a constraint language, we would de�ne descrip-
tions for that constraint language, and then an additional stratum of descriptions
in which relations could be used. Because we want to use relations on a par with
other descriptions in our formal language, for example, in the scope of negation
and/or quanti�cation, relations in RSRL are part of the core description language
itself. Var is a countably in�nite set of symbols.

De�nition 3 For each signature �, T � and D� are the smallest sets such that
: 2 T �,
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for each v 2 Var, v 2 T �, and

for each � 2 A and each � 2 T �, �� 2 T �,

for each � 2 G, for each � 2 T �, ��� 2 D�,

for each �1 2 T
�, for each �2 2 T

�, �1��2 2 D
�,

for each � 2 R, for each x1 2 Var, : : : , for each xAR(�) 2 Var,

�(x1; : : : ; xAR(�)) 2 D
�,

for each � 2 D�, :� 2 D�,

for each �1 2 D
�, for each �2 2 D

�, [�1 _ �2] 2 D
�,

for each x 2 Var, for each � 2 D�, 9x � 2 D�.

T � is a set of terms, consisting of variables, �nite feature paths, and : , which refers
to the structure being described. The set of formulae, D�, can then describe sort
labelling, path equations, and relations, closed under negation, disjunction and a
restricted form of existential quanti�cation (to which we return shortly). Universal
quanti�cation, conjunction and implication can be obtained by combinations of
these. Relations are expressed as tuples over variables. By using this restricted
quanti�cation, and by requiring theories to consist only of descriptions with no free
variables, relations can only hold among substructures of a single feature structure.
This allows us to interpret relations under the scope of negation, by restricting the
set of objects in the denotation of a negated relation to exclude those over whose
designated substructures the relation holds. The interpretation of the negation of
relations is thus achieved, as elsewhere, by set complement.

In the HPSG literature, some relations over lists have been used that violate the
substructure restriction, of course. Consider the following description of a German
verb phrase, adapted from [K&P95, p. 176]:

compaction compacts the complement daughter, 1 , into a single domain ob-
ject, 2 , at the mother. shuffle, a relation between three lists, shu�es the lists
in its �rst two arguments into the list in its third argument, preserving the relative
order of their members. Under a strictly substructural perspective, all the list argu-
ments of shuffle must be present in the described object for the relation to hold.
With the given order of the elements on 4 , this is unproblematic: shuffle's �rst
argument is list 0 . If 4 is reversed, however, the described structure no longer
contains a list such as the one designated by 0 , a list whose single element is a do-
main object with the phonology das Buch. Thus, in the conceivable structure with
the list 4 reversed, shuffle would not hold. RSRL can be extended to provide
chains, a kind of \virtual list," which can be constructed from a �nite number of
substructures, over which relations can then be de�ned and which can be navigated
by logical operators. These are omitted for simplicity here, but adding them solves
problems with lists of the kind exempli�ed here.

3 Quanti�cation

As mentioned above, we only use a restricted form of quanti�cation in RSRL,
by restricting it to substructures of the described feature structure, speci�cally to
those that are accessible by �nite paths. We will call the objects corresponding
to such substructures components. The vast majority of linguistic principles are
not concerned with whether some particular kind of object exists somewhere in the
universe, but with whether a particular object within the same unembedded sign
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exists in order to license that sign. The Trace Principle (p. 400) is an excellent
example:
\The synsem value of any trace must be a (noninitial) member of the subcat list
of a substantive word."

Which substantive word could that be? This principle, in fact, is not meant
to be a constraint on traces, but rather a constraint on signs that contain traces.
What [P&S94] meant to say is that for every sign, if there is a �nite path from its
root node to a trace, then there must also be a �nite path from the root node to
some substantive word on whose subcat list the synsem value of the trace appears
as a noninitial member. It is irrelevant whether the trace's synsem value appears
on some other unrelated word's subcat list. This principle is working, so to speak,
inside an unembedded sign. Within that scope, of course, it is easy to formalize this
principle. This perspective can be most saliently observed in [P&S94] in the Trace
Principle, the Control Theory (which looks for potential controlled local objects),
the Quanti�er Binding Condition (which excludes occurrences of a quanti�er's index
not captured by the quanti�er) and the Binding Theory (which looks for potential
o-commanders). We may also notice that the quanti�cation in the être example
from [A&G96] above is an instance of quanti�cation over components as well.

There are a few proposed linguistic principles that have appealed to quanti�-
cation over the world of objects, rather than over some particular sign, or more
generally, over the components of a particular object. A crucial example is that
of polarity items. At least in the tradition of [Baker70] and [Linebarger87], the
grammaticality of a sentence that contains a Negative Polarity Item (NPI) may
depend on the well-formedness of another sentence. The NPI give a damn in (1a)
is licensed because it stands in the scope of a negation in the same sentence. In
(1b), on the other hand, no such negation is present. In a Baker/Linebarger ap-
proach, the grammaticality of the sentence is accounted for indirectly by pragmatic
licensing. (1b) has (1a) as one of its conventional implicatures. In this implicated
sentence, the NPI is directly licensed, which also renders (1b) grammatical.

(1) a. John doesn't give a damn.

b. John is too tired to give a damn.

From this brief characterization of the theory of NPI-licensing, it can be seen that
the grammaticality of one sentence can possibly depend on the grammaticality of
a second sentence. Should we, therefore, admit quanti�cation over the universe of
objects into our formal language for HPSG?

The relation between these two sentences is not arbitrary, but one of what
Linebarger calls conventional implicature.4 It has been argued in [P&S94, p. 27]
that implicatures of exactly this kind should be part of the object that represents
a given sentence. Conventional implicatures, in that approach, are explicitly men-
tioned as candidates for appearing as members of the background value. The
existence of that value is motivated on independent grounds to account for the use
of proper names and honori�c forms. In our view, what few cases there are that
would necessitate the more standard quanti�cation can, and according to the phi-
losophy of signs presented in [P&S94], should be reduced to instances of component
quanti�cation using this kind of approach.

4The precise connection between the two sentences is, however, hard to state. See the
di�erences among [Baker70] and [Linebarger87] as well as the criticism and alternative
explanation put forward in [Ladusaw80] and [Giannakidou97] among others.
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An alternative to explicit quanti�cation in the description language could be
the use of junk slots. On the one hand, this technique shares the assumption
that linguistic theories need only to be able to talk about substructures of a given
object. In the context of junk slots, however, this assumption lacks any empirical
force, because even relations become components of a described object. On the
other hand, even simple formal systems such as SRL [King89, King94] can provide
a means for a junk slot encoding of relations, including a junk slot encoding of
\quanti�cation". The basic problem, however, lies in the fact that junk slots cannot
di�erentiate between the linguistically interesting parts of an object and its junk
parts. This is more than just a problem of aesthetics. In a straightforward junk-slot
encoding of member, for example, any element can be a member of any in�nite list,
as witnessed by the object consisting of an in�nite embedding of un�nished-member
objects:

:� �nished-member ! :elt � :list first
:� un�nished-member ! :elt � :rec elt ^ :list rest � :rec list
Here, the sortmember has two subsorts, �nished-member (f-mem) and un�nished-

member (u-mem). The attributes elt and list are appropriate tomember, with the
values top and nelist, respectively. f-mem and u-mem inherit these speci�cations
from member; and u-mem has an additional attribute, rec, with value member.

In principle, linguistic objects can have an in�nite number of substructures. In
a Hinrichs-Nakazawa-style analysis [H&N89], nothing prevents the subcat list of
an argument raising verb, for example, from being in�nite, if the argument from
which it inherits subcat elements is itself another argument raising verb. In RSRL,
unlike junk slots, in�nite objects will not result from the negation of encodings of
relations over �nite objects, but only from relations over genuinely in�nite objects.5

If the value of the list attribute above, for example, is not properly equated to a
non-junk substructure of a described object, anything might appear as its value,
including in�nite lists. By this, it may happen that a \linguistically" �nite object
is not constrained in the desired way because of non-standard e�ects caused by
in�nite junk slots.

We are now ready to interpret our formulae:

De�nition 4 For each signature �, for each � interpretation I = hU; S;A;Ri,

AssI = UVar is the set of variable assignments in I.

De�nition 5 For each signature � = hG;v;S;A;F ;R;ARi, for each � interpre-
tation I = hU; S;A;Ri, for each ass 2 AssI , T

ass
I is the total function from T � to

the set of partial functions from U to U , and Dass
I is the total function from D� to

the powerset of U such that, for each u 2 U ,
T ass
I ( : )(u) is de�ned and T ass

I ( : )(u) = u,
for each v 2 Var, T ass

I (v)(u) is de�ned and T ass
I (v)(u) = ass(v),

for each � 2 T �, for each � 2 A,
T ass
I (��)(u) is de�ned i� T ass

I (�)(u) is de�ned and A(�)(T ass
I (�)(u)) is de�ned, and

if T ass
I (��)(u) is de�ned then T ass

I (��)(u) = A(�)(T ass
I (�)(u)),

CouI=

8>><
>>:u0 2 U

��������
for some ass 2 AssI ,
for some � 2 A�,
T ass
I (:�)(u) is de�ned, and
u0 = T ass

I (:�)(u)

9>>=
>>;,

5We can even impose a constraint that all linguistic objects contain only a �nite number
of substructures; but see the remarks in section 4.
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for each � 2 T �, for each � 2 G,

Dass
I (� � �) =

�
u 2 U

����T ass
I (�)(u) is de�ned, and
S(T ass

I (�)(u)) v �

�
,

for each �1 2 T �, for each �2 2 T �,

Dass
I (�1 � �2) =

8<
:u 2 U

������
T ass
I (�1)(u) is de�ned,
T ass
I (�2)(u) is de�ned, and
T ass
I (�1)(u) = T ass

I (�2)(u)

9=
;,

for each � 2 R, for each x1 2 Var, : : : , for each xAR(�) 2 Var,

Dass
I (�(x1; : : : ; xAR(�))) =

�
u 2 U

��
ass(x1); : : : ; ass(xAR(�))
�
2 R(�)

	
,

for each � 2 D�, Dass
I (:�) = UnDass

I (�),
for each �1 2 D�, for each �2 2 D�, Dass

I ([�1 _ �2]) = Dass
I (�1) [Dass

I (�2),
for each v 2 Var, for each � 2 D�,

Dass
I (9v �) =

(
u 2 U

�����
for some u0 2 CouI ,

u 2 D
ass u

0

v

I (�)

)
.

T ass
I interprets terms as objects in the model. Dass

I interprets formulae as sets
of objects in the model. Notice that an n-ary relation symbol with its arguments
can simply be interpreted as the set of objects whose n-tuples of substructures,
as determined by variable assignment, are in the denotation of that relation. CouI
is the set of components of an object, u, in an interpretation, I . Notice also the
appeal to CouI in the interpretation of quanti�cation. This is where the restriction
to quanti�cation over components is made. Negation, of course, corresponds to set
complement.

We restrict relations and variables to components by requiring that, in gram-
matical principles, no free variables occur in formulae. Let D�

0 be the set of �
formulae without free variables. We can easily prove that the denotation of each
member of D�

0 is independent of variable assignments. Thus the following de�nition
is well-formed:

De�nition 6 For each signature �, for each � interpretation I = hU; S;A;Ri, DI

is the total function from D�
0 to the powerset of U , and �I is the total function

from the powerset of D�
0 to the powerset of U such that

for each � 2 D�
0 , DI(�) =

�
u 2 U

���� for each ass 2 AssI ,
u 2 Dass

I (�)

�
,

for each � � D�
0 , �I(�) =

�
u 2 U

���� for each � 2 �,u 2 DI(�)

�
.

Every object in our models must satisfy every description in a theory �:

De�nition 7 For each signature �, for each � � D�
0 , for each � interpretation

I = hU; S;A;Ri,
I is a h�; �i model i� �I(�) = U .

As [King95] observes, the linguistically intended model is one that contains
instances of all objects that are permitted by the theory. Thus the intended model
is, in a linguistically signi�cant sense, the largest possible model of the grammar.
This is called an exhaustive model:

De�nition 8 For each signature �, for each � � D�
0 , for each � interpretation I,

I is an exhaustive h�; �i model i�
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I is a h�; �i model, and
for each �0 � D�

0 , for each � interpretation I 0,
if I 0 is a h�; �i model and �I0(�0) 6= ;, then �I(�

0) 6= ;.

The following important result has been proven for RSRL with chains.

Theorem 3.1 For each signature �, for each � theory �, there exists a � inter-
pretation I such that I is an exhaustive h�; �i model.

4 Computation

RSRL was designed as a formal language for the speci�cation of HPSG grammars,
not for computations such as parsing per se. For the purposes of developing a
practical implementation based on RSRL, we would probably need to compromise
on several characteristics. These problems are problems not just with RSRL, but
with the requirements put forth by [P&S94] and other HPSG literature, simply
taken at face value. Any other formalism that served justice to these requirements
would face the same problems.

The �rst such requirement is negation. Computing with true negation is noto-
riously di�cult in the general case; and can perhaps be replaced with a negation-
by-failure mechanism, in the case of negated relations. Other instances of negation
reduce to quanti�er inversion, DeMorgan's laws, path inequations or sort disjunc-
tion. One could additionally attempt to reduce all instances of relations in practical
grammars to the composition of a �xed inventory of primitive relations, the data
structures and application of which could be heavily pre-compiled. This is the sug-
gestion made in [KKP95]. Our proposal di�ers in that we believe the relations,
although �xed and primitive, must still be RSRL-style relations for their proper
interpretation.

The second is quanti�cation over components. The restriction of quanti�ca-
tion to substructures itself does not seem problematic. In fact, it is necessary in
order to ensure the existence of exhaustive models. The restriction to components,
objects corresponding to substructures accessible from the root node by a �nite
path, however, is cause for some concern. This, plus appropriateness, allows one
to specify theories in which every object must have only �nitely many substruc-
tures. The quanti�cation proposed here cannot be used to restrict the number of
disconnected objects; and neither SRL nor RSRL is powerful enough even to re-
strict the number of token objects that are indistinguishable by descriptions. If
this were the case, then RSRL's ability to describe the �niteness of an object would
make it non-compact, thus excluding the possibility of ever �nding a �nite proof
theory for RSRL. As it stands, the question of exactly how powerful RSRL is in
this regard is still an open one. The exhaustive models theorem, (Theorem 3.1),
that we have for RSRL has been proven using quanti�cation over components (and
chains of components). For the purposes of computation, it may be preferable to
change this to quanti�cation over substructures. The former, however, is still what
suits the use of quanti�cation in HPSG the best | linguists are not specifying
theories in consideration of objects with in�nite paths; and these they would not
be able to avoid in the latter. RSRL quanti�cation allows the linguist to build
theories whose models are populated by exactly the objects about which they are
reasoning. Other restrictions on the use of quanti�cation (level of nesting, normal
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forms for implications etc.) could also be envisaged to improve its computational
properties.

5 Conclusion

The task of this paper was threefold: First, by quoting examples from [P&S94]
and others, we intended to bring to the reader's attention that an adequate formal
language for HPSG grammars not only needs a means to express true relations and
true negation, but also explicit quanti�cation over substructures. Second, we de-
�ned a formal language, RSRL, that provides these means and has the linguistically
desired kinds of models, namely exhaustive models. Third, we pointed to some po-
tential mismatches between the apparent intended use of feature-based languages
in current HPSG theory and computational considerations for languages underlying
practical systems. For HPSG, conceived of as a theory of language rather than as
a theory of parsing, RSRL is the formal language which is by far the closest to the
language implicitly used by most HPSG linguists.
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Appendix A
We illustrate the applicability of RSRL to HPSG by a straightforward formalization
of principle B of the binding theory as given in the appendix of [P&S94]. We proceed
by quoting the verbal descriptions of the components of principle B from [P&S94],
followed by their formalization in RSRL.

Principle B relies on the auxiliary notions member, more oblique than, locally
o-command and locally o-bind, which are de�ned in turn.6

The relation member is de�ned as usual:

8x8y[member(x; y)$ [x � yfirst _ member(x,yrest)] ]

\One synsem object is more oblique than another provided it appears to the
right of the other on the subcat list of some word." [P&S94, p. 401] In the
formalization, x is more oblique than y on list z.

8x8y8z[ more-oblique(x; y; z) $
x � synsem ^ y � synsem
^ [[y � zfirst ^ member(x, zrest)]
_ [: y � zfirst ^ more-oblique(x,y,zrest)]]]

\One referential synsem object locally o-commands another provided they have
distinct local values and either (1) the second is more oblique than the �rst, or (2)
the second is a member of the subcat list of a synsem object that is more oblique
than the �rst." [P&S94, p. 401]. In the formalization, x locally o-commands y with
respect to list z.

8x8y8z[loc-o-command(x; y; z)$
xloc cont index � ref ^ yloc cont index � ref ^: xloc � yloc
^ [more-oblique(y; x; z)
_ 9v[member(y,vloc cat subcat) ^ more-oblique(x; v) ]]]

\A referential synsem object locally o-binds another provided it locally o-commands
and is co-indexed with the other." [P&S94, p. 401] The use of the relation loc-o-command
in the de�nition of loc-o-binds makes sure that x and y are referential synsem
objects.

6According to the de�nitions above, only variables are allowed as arguments in relation
calls. In this section, we use the following abbreviatory notation, where r is an n-place
relation symbol, �1; : : : ; �n are terms, at least one �i is not a variable, and v1; : : : ; vn
are distinct variables that are not free in �1; : : : ; �n: r(�1; : : : ; �n) � 9v1 : : : 9vn[�1 �
v1 ^ : : : ^ �n � vn ^ r(v1; : : : ; vn)]
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8x8y8z[loc-o-binds(x; y; z) $
loc-o-command(x; y; z) ^ xloc cont index � yloc cont index]

With these de�nitions to hand, we can formalize principle B of the binding
theory directly: \Principle B: A personal pronoun must be locally o-free." [P&S94,
p. 401]

: � word !
8x8y[ xloc cont � ppro !
: loc-o-binds(y,x,:synsem loc cat subcat) ]

For each word w, for each synsem value, x, of a personal pronoun that is a
component of w, and for every other component y of w, y does not locally o-bind
x with respect to the word's subcat list.

278



Chapter 29

Island E�ects in Type Logical Approaches

to the Minimalist Program

Thomas L. Cornell

Abstract. Categorial approaches to the minimalist program have problems with
cyclic movement and island e�ects, where the island is induced by a feature that
has been checked. Chomsky [2] proposes a single solution to both problems: \inter-
pretable" features do not delete even when checked, and therefore (a) they can be
reused in cyclic movement and (b) they induce more persistent islands. We propose
an implementation of Chomsky's Minimal Link Condition (MLC) in a multimodal
categorial grammar and show how interpretable features can be given (very lim-
ited) access to contraction and weakening so as to prevent MLC violations even
after they have been checked. Since interpretable features only appear negatively
in the sequent antecedent, giving them access to contraction does not threaten the
decidability of the logic.

1 The Problem

Categorial minimalist systems [7, 3, 1] run into a problem in handling island e�ects.
These are typically induced by expressions all of whose features have already been
checked. If feature checking is to be implemented as a logical elimination rule, then
these expressions are gone from the proof at the point where they are needed to
block communication between a higher functor and a lower argument.

(29.1) *(guess) to whom they remembered which book to give

(29.2) *John seems that it was told that IP

In (29.1), the Wh feature of which book should have been cancelled against the
Wh feature of the complementizer selected by remember. In (29.2) the \Extended
Projection Principle" (EPP) feature of it should have been cancelled against the
�nite Tense node in its clause. But if they were, then nothing would be left to block
the movements of to whom and John, respectively.

Problems also arise in dealing with successive cyclic movement.

(29.3) We are likely t3 to be asked t2 to t1 build airplanes.

The problem is that the same feature of we (again, the EPP feature) is being
cancelled in several places. For example, the pronoun we must be so constituted
that all of the following sentences are grammatical.
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(29.4) We build airplanes.

(29.5) We have been asked to build airplanes.

(29.6) We are likely to be asked to build airplanes.

(29.7) We seem to be likely to be asked to build airplanes.

We assume, pursuing a standard transformational account of such examples, that
raising is to be analyzed as the combination of we as an argument with a number
of distinct functors. We assume as well, pursuing this account within a resource-
sensitive, type-logical framework, that this is to be accomplished by assigning we
some sort of product type, or chain type [3], each of whose members is a resource
that must be used up during the derivation. To deal with cyclic movement (and
island e�ects, as we will see) this product must contain a number of instances of
the same feature, worse, a number which cannot be determined in advance and
recorded permanently in the lexicon.

2 Chomsky's Solution

Chomsky's analysis of both island e�ects and successive cyclic movement in [2]
is based on the same essential idea: that a certain class of features|Chomsky
identi�es them as the interpretable features|do not delete during a derivation,
even if they have been checked, and, as a result, they can be used over again. In
fact, as a result, they do not even ever have to be checked. So for example there
is now no syntactic motivation for covert Wh-movement in multiple Wh questions.
In a sentence like the following,

(29.8) Who gave the lucky couple which co�ee maker?

there is evidently no necessity for which co�ee maker to raise to Comp to check its
Wh feature: it is an interpretable feature and as such is tolerated at LF, so it does
not have to be checked, and the Wh feature of Comp itself has already been checked
by who. These ideas about the syntactic treatment of \interpretable" features make
it appear that the minimalist program, which elsewhere seems to fall squarely in
the camp of linearly resource sensitive approaches to grammar, radically departs
from a program of strict resource sensitivity.

The Wh feature of the Comp node itself still does have to be checked by some-
thing, so Wh in situ is still ruled out (in English) for simple Wh questions. This
o�ers a key to \having one's resources and consuming them too." Chomsky's claim
is that the features of the functional categories that attract moving expressions are
formally [{interpretable], and therefore, in general, they will delete once checked.
So, in e�ect, the resources which a numeration makes available for syntactic con-
struction remain �xed on one side of the ledger, which in turn strictly limits the
degree to which the computational system can access a single resource multiple
times on the other side of the ledger.

This use of interpretable features yields a solution to the problem of island
e�ects as well. The claim is that the features of the island-o�ender which are
being attracted belong to the interpretable class (Wh in the case of �A-movement,
D in the case of A-movement). Therefore these features of the island-inducer have
not deleted after having been checked. Furthermore, they are technically speaking
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closer to the attracting functional head than are the respective island-violators.
Accordingly, movement out of the island is blocked by the Minimal Link Condition.

3 Chomsky's Proposals in Type Logical Terms

Like much of the minimalist program, Chomsky's proposals here can be straightfor-
wardly embedded within a type-logical deductive framework. However, the relative
insensitivity to resources evident in these proposals clearly forces the embedding
outside the \categorial" type logics, i.e., outside the bounds of multiplicative intu-
itionistic linear logic. Clearly, we will need to give certain resources (corresponding
to the \interpretable" features) access to the structural rule of Contraction,
�[(�;�)] ` B

�[�] ` B
LC

which, read bottom-up, in the direction of proof search and grammatical deriva-
tion, allows for the multiplication of the resource structure �.

Furthermore, we will always need one more copy of a given interpretable feature
than we can actually cancel, so that it remains available to induce island e�ects.
Since it cannot be removed by a left slash rule (alias slash elimination), it must
either be removed by Weakening,

�[�i] ` B

�[(�1;�2)] ` B
LWi

or else we need to tolerate axioms of the form

�[A] ` A

where � is required to contain only interpretable features, apart from A.
Devices to control access to these rules are already built into Linear Logic: this

is what the exponentials !A and ?A are used for. Essentially, our proposals amount
to a more contextually restricted variant of an exponential couched within the logic
of unary residuation rather than the basically S4 logic of the exponentials.

3.1 Minimalist derivations with strict resource sensitivity

Setting aside for a moment the problems introduced by Chomsky's treatment of
interpretable features, we assume an implementation of the minimalist program
based on [4] (and see also [3]) in type logical terms as follows.

1. We treat feature checking as type cancellation, i.e., via the use of left slash
rules.

2. We treat minimalist derivations as proof searches (i.e., proofs read bottom-
up) in a multimodal Gentzen sequent calculus. Goal sequents are to be read
as \the given numeration (multiset of lexical formulas) derives the succedent
type."

3. Movement is to be forced by the resource sensitivity of the system, according
to Chomsky's Last Resort Principle. Therefore, lexical formulas which must
have features checked in several places are implemented as product types.
Here \formal features" are �rst class resources.
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4. Contra Chomsky, we include categorial selection features in the syntax. (We
allow category features, and selection features are their obvious logical dual
[5].)

We assume the lexicon contains only �rst order formulas, that is: basic types,
tuples of basic types and functions from basic types to tuples of basic types. We
think of the basic types as being types of chain positions and product types as
being the types of (XP) chains. A functional type takes several arguments to build
up a phrase, which is then associated with the chain positions which are the type
of the function's ultimate value.

We assume the base multimodal logic of residuation as presented, for example,
by Moortgat [8]. This is essentially a multimodal version of the non-associative
Lambek calculus [6], with the addition of \unary products", i.e., unary modal
operators subject to the appropriate residuation law. The logical rules we employ
are thus absolutely standard and we present here only the packages of structural
rules we have superimposed on that logic.

The core operators that we will use will be the basic NL product � and two
unary modals 30 and 31, together with their residuals. The � product will be used
to glue features (i.e., chain positions) together and the two unary modals will be
used to distinguish the use of a feature as a categorial selection feature (30) or as a
formal feature (31). We will also make use of the following binary control modals:

; >;<;�;�, whose residuals we will typically not make use of.1 These control
modals supply crucial context in the de�nitions of various packages of structural
rules.

We will use four distinct packages of structural rules. The �rst, the Numer-
ation package (rules N1{N2), simply de�nes the numeration as a multiset, i.e., a
sequent whose resources have free access to both permutation and association.2

Another package, also simple, de�nes Merge, the operation which removes from nu-
meration resources their freedom of movement (rule Mg). The Move package (rules
Mv1{Mv3) implements the transformational component, allowing limited access to
permutation and association to appropriately marked formulas. Finally, the Fea-
ture Checking package (rules F0c{F2) de�nes the checking con�gurations for formal
and selectional features.

The 
 product is de�ned by the Numeration package to be the associative
commutative product of LP.

N1 : A
B �! B 
A (29.9)

N2 : A
 (B 
 C) ! (A
B)
 C (29.10)

1We assume that they are subject to the same logical rules as other residuals, i.e., they
are present in the logic, but not in the lexicon. Since they do not appear in lexical type
formulas, they will also not appear in grammatical derivations, and so we ignore them
from now on.

2In [2], Chomsky distinguishes the numeration, which is and remains a multiset of
lexical items, from the collection of syntactic objects which is essentially the working
memory of the computational component. It is also a multiset. If one thinks of lexical
items as trivial syntactic objects then there is no need to distinguish the numeration
(proper) from the collection of syntactic objects. Here we refer to the combination of
these two multisets simply as the numeration.

282



The main sequents of interest are sequents whose antecedents are pure numeration
structures and whose consequents are basic categories, in particular c, the category
of sentences.3

The numeration product can be \sti�ened" by the Merge transformation, which
converts substructures of the numeration into headed tree structures. We use > and
< for building these \syntactic objects", with the narrow end taken to be pointing
towards the head. (This phrase structure notation is borrowed from Stabler's work,
e.g., [10]). That is, A < B indicates that B is the complement of A and A > B
indicates that A is the speci�er of B. It is only in these tree structures|the
hypothesis goes|that movement transformations can be adequately controlled.

Mg : A
B �!

(
(A < B) , if A is of the form C=D;

(B > A) , if A is of the form A0 < A00 or A0 > A00.
(29.11)

We use unary modals to distinguish two types of features: those involved in
categorial selection, marked with 30, and those involved in movement|Chomsky's
\formal features"|marked with 31. Only features marked with a 31 are visible
to the attraction system, i.e., only they can move. Note that if our functor types
look like A=B for some atomic B, and our argument types looked like 3iB, then
we would be in trouble since we have no way to get rid of the diamond. If we want
to use unary modals to license access to structural rules then we must provide a
way of removing them, either by making all of our functors look like A=3iB or

by making our chain position types look like 3i2
#
iB. This latter is what we will

assume, i.e., that all diamonds are ultimately \self-cancelling" by the use of the
rules L3 and L2#. This self-cancellation may seem vacous, but it is not. Formally,

32
#A �! A

by the residuation rule for unary operators, so the type denoted by 32#A must
be a subset of the type denoted by A: in our case it is the proper subset which is
subject to the various structural postulates that refer to the 3 operator.

We also take it that in a formula 31A � B, that is, a chain type whose �rst
member is marked with a movable diamond, A can \pied pipe" B. In the following
postulates we take A3 to be a formula either whose main functor is 31 or else
whose main functor is � and whose leftmost proper subformula has main functor
31. In the Move package we make use of a binary control modal � which connects
the moving type to the rest of the structure. Transformational theory would have
the movement accomplished in a single step, but here we must de�ne it as the
succession of very small steps. Accordingly the intermediate structures have no

3Observe that this means we do not get a language model of the sort made familiar in
[9], in which the \prosodic" dimension of linguistic signs is supplied by a set of strings (L)
or trees (NL) corresponding to the antecedents of the main grammar theorems. We still
can get logical forms via the Curry-Howard morphism, but the \prosodic" dimension is
harder to get, since we have not done anything to distinguish overt movement from covert
movement.
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status in the theory, so we so not want to use a product that has theoretical status.

Mv1 : (B < A3) �! (A3 �B) (29.12)

Mv2 : (A3 > B) �! (A3 �B) (29.13)

Mv3 : (C > (A3 �B)) �! (A3 � (C > B)) (29.14)

Mv4 : (C < (A3 �B)) �! (A3 � (C < B)) (29.15)

Mv5 : (C 
 (A3 �B)) �! (C 
 (A3 > B)) (29.16)

Rule Mv5 implements the condition that all movement must be to the root
(must \extend its target"). We can recognize the root of a syntactic object as the
point at which we make contact with the numeration. For simplicity we subsume
under this case the case where the numeration contains a single syntactic object,
allowing C to be empty, in e�ect.

In the Feature Checking package, we must maneouver a single feature into a
� con�guration with the head of its structure. We have to consider two cases: for
categorial selection features, complement position is a checking position, so a 30

marked feature in complement position can simply reassociate with the head to be
in the appropriate con�guration for the application of L= (F6, F7). Speci�er posi-
tions are checking con�gurations for both types of features. Speci�ers require more
complex handling, especially since Chomsky allows for the possibility of multiple
speci�ers in some languages. As a result we require a second \auxiliary product"
�, for building up structures that arise in intermediate stages of the feature can-
cellation process.

Rules F1 and F2 allow a feature (either singleton or part of a feature bundle) in
any speci�er position to cancel by placing it in the � relation with the head term.
From there it is simply a matter of �nding the ultimate head of the structure, either
via rule F4 or F5.

F1 : (3iA > B) �! (3iA�B) (29.17)

F2 : ((3iA �B) > C) �! (B > (3iA� C)) (29.18)

F3 : (A� (C > B)) �! (C > (A�B)) (29.19)

F4 : (A� (B < C)) �! ((A �B) < C) (29.20)

F5 : (A�B) �! (A �B), B unheaded. (29.21)

F6 : (B < (30A � C)) �! ((B �30A) < C) (29.22)

F7 : (B < 30A) �! (B �30A) (29.23)

3.2 The Minimal Link Condition

At the core of the theory of locality in the minimalist program lies the Minimal
Link Condition (MLC). Let K range over functors (heads) and � and � over chain
types.

The Minimal Link Condition. K attracts � only if there is no �,
� closer to K than �, such that K attracts �. ([2], p. 311)

Closeness. If � c-commands � and � is the target of raising, then �
is closer to K than � unless � is in the same minimal domain as (a) �
or (b) �. ([2], p. 356)
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Here \minimal domain" of a head essentially just means the expressions attached to
a projection of that head, i.e., the \o�-spine" members of its phrase. This de�nition
entails that arguments in the target domain and the source domain cannot interfere
with movement. Only members of domains properly between the source position
and the target position can intervene.

Therefore, we must take some pains to distinguish for a moving expression
whether it is still in its source domain, in some intermediate domain, or in its
target domain. We therefore propose the following re�nement of the movement
package to allow a precise implementation of the MLC. We will split the auxiliary
product � in three: �1, �2 and �3. Rules Mv1 and Mv2 must be modi�ed so
that they introduce �1, the initial \state" of this product. Movement rule Mv4
represents the con�guration in which the moving expression A3 leaves one domain
(B) and enters the domain of a new head (C), so Mv4 is where we change state:

Mv4 : (C < (A3 �i B)) �! (A3 �j (C < B)) (29.24)

where, if i = 1 then j = 2 and if i = 2 then j can be either 2 or 3. Note that if
i = 3 then the derivation crashes, since we are supposed only to enter state 3 in
the target domain. Mv5 must then be modi�ed to require �3.

That leaves us with Mv3, which is where we actually impose the MLC.

Mv3 : (C > (A3 �i B)) �! (A3 �i (C > B)) (29.25)

Recall that any legitimate intervener must be found in a strictly intermediate do-
main, so while we are in state 2. Rule Mv3 will therefore operate for all �i, but
when i = 2 it will be subject to the side condition that C not count as an intervener.
That is, the leftmost feature of C must not be the same as the leftmost feature of
A3. Recall that it is the leftmost feature of A3 that will be cancelled at the end of
the movement step, so this is the feature that counts as what is being attracted. C
could only be attracted by K if its leftmost feature could be cancelled by K as well.

Note that this condition rests crucially on the assumption that, at the point
of the derivation at which A3 crosses C, C still has the relevant blocking feature.
If that feature can be cancelled (by the head of B) then there is sure to be a
derivation in which it has been cancelled at the point at which A3 passes by, and
so is no longer available to block movement. We turn to this problem in the next
subsection.

3.3 Controlling Access to Contraction and Weakening

Now we return to considering the di�erence, within formal features, between \[+in-
terpretable]" and \[{interpretable]" features, and we introduce a further Inter-
pretable Features package for handling controlled access to contraction and weak-
ening. There are now essentially three types of features we must deal with: features
which are not allowed to move but must be cancelled where they are merged into
a structure, features which are allowed to move but not to multiply, and features
which are allowed both to move and to multiply. We will introduce a new control
modal, 32, to mark these [+interpretable] features. We rede�ne the movement
rules so that A3 stands for a formula with a diamond of whichever movable sort|
the movement rules themselves do not distinguish between the two types of formal
features.
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The two moveable diamonds di�er in their behavior at the end of a movement
transformation, however. Once we have placed a 32 formula in a speci�er position,
instead of cancelling it, we cancel a copy of it.

I1 : (32A > B) �! (32A > (32A�B)) (29.26)

I2 : ((32A � C) > B) �! ((32A � C) > (32A�B)) (29.27)

In the case if I2, there is a further complication to consider: either we intend to
move the formula to cancel A again (the case of successive cyclic movement), or
we are done with A and wish to keep it around only to induce islands for other
formulas' movements. The Feature Cancellation package assumes that the feature
to be cancelled is left-most in its �-tuple, so features that we are done with have
to be gotten out of the way. We can do this by using the 32 to allow permutation
and association within a chain type.

I3 : (32A �B) �! (B �32A) (29.28)

I4 : ((B � C) �32A) �! (B � (C �32A)) (29.29)

The purpose of the I3 and I4 rules, once again, is to get used-up interpretable
features out of the way of any remaining syntactically active features.

The rules I1 and I2 give us our controlled access to Contraction. Note that
every application of Contraction introduces one feature which must be cancelled
and one \generator" feature, from which more copies can be made. As a result we
will always end up with one uncancelled|and uncancellable|generator feature,
which we will have to account for by other means than a logical cancellation rule.
We propose the following restricted weakening rules.

I5 : (B < 32A) �! B (29.30)

I6 : (B < (32A � C)) �! (B < C) (29.31)

I7 : (32A > B) �! B, B unheaded. (29.32)

I8 : ((32A � C) > B) �! (C > B), B unheaded. (29.33)

The side condition on the second pair of weakening rules is meant to ensure a
condition which we wish to hold in general, namely that we can only throw away
a 32 formula when it no longer c-commands anything. In that case we can be
assured that it induces only a vacuous island, since there is nothing that could
possibly move past it.

Note that it is possible to remove 32 formulas too soon: 32A in I5{I8 could
conceivably be attracted by some higher head from such a con�guration. However,
if there is no closer instance of A to the attracting head (i.e., movement is possible
in the �rst place) then there is no other formula in the structure which could cancel
against the attracting head, and no derivation would be possible.

4 Concluding Remarks

Chomsky's theory of [+interpretable] features is one of the most fundamental points
at which the minimalist program seems|at least at �rst glance|not to be like
categorial grammar. These ideas heavily disrupt the perceived parallelism between
feature checking in minimalist derivations and logical elmination rules in categorial
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derivations, in particular since it appears that most features of argument categories
turn out to be [+interpretable] and therefore strictly outside of this neat, highly
resource conscious derivation scheme. We hope to have shown here that the stan-
dard mechanisms of multimodal type logical grammar can be employed to rein in
the excesses of this class of features. In particular, the introduction of (forms of)
contraction does not threaten the decidability of the system, since they may only
be applied to chain types, i.e., logically negative atoms of the sequent antecedent.

Nonetheless an explanatory debt is incurred which will be hard to pay o�.
We have here treated Chomsky's label \[+interpretable]" as nothing more than a
label, but Chomsky clearly intends to o�er an explanation for the reusability of this
class of features. Namely, these are supposed to be exactly those features which
are needed in the derivation in order to construct an LF. But our derivations are
just type checking computations. There is no sense in which an LF is constructed
directly out of the types in the goal sequent. Such a derivation produces an LF
implicitly: it is to be read o� the structure of the proof. For example, one could
easily enough use something like the Curry-Howard morphism to construct a GB-
style LF structure rather than a lambda-term, if that was desirable. But then the
\interpretability" of a given type has to do with whether or not the chain position
it types is used in that LF proof term. This is an altogether di�erent relation
than that which holds in the proof machinery itself among type formulas subject
to structural inference rules.
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Chapter 30

Towards Incremental Lexical

Acquisition in HPSG

Markus Walther and Petra Barg�

Abstract. In this paper we present an implemented system for the incremental
acquisition and revision of lexical entries in HPSG. As a byproduct of parsing, lin-
guistic properties of unknown words are inferred from their sentential context. After
parsing, the corresponding lexical entries are updated accordingly. A key idea of
our approach is to employ a gradual, information-based concept of \unknownness",
where lexical entries may contain unknown, i.e. revisable pieces of information. Re-
visable information is further classi�ed into specializable and generalizable kinds.
The overall approach is compatible with standard HPSG analyses and poses only a
few extra demands on the grammar. These include marking revisable information
with one of two distinguished formal types and specifying revisability clauses that
provide access to the places of revisable information within the parse result. The
update mechanism revises the corresponding places in the lexical feature structures
i� the context actually provides new information. Revision translates to simple type
intersection in the case of specializable information, whereas generalizable informa-
tion requires type union. We demonstrate the inferential capacity of our system by
illustrating in detail how verbal argument structure is incrementally acquired.

1 Introduction

No lexicon can ever be complete. Despite this fact many NLP systems still cannot
handle unknown words and lack facilities for the automatic extension of the lexi-
con. Notable exceptions include Erbach (1990) and Hastings & Lytinen (1994). See
Zernik (1989) for an introduction to the general issues involved.

This paper presents an HPSG-based system which incrementally learns prop-
erties of unknown words by parsing individual sentences. The system is applied to
a fragment of German. It focusses on extracting linguistic properties, as compared
to general concept learning (Hahn, Klenner & Schnattinger 1996). Unlike Erbach
(1990), however, it is not con�ned to simple morpho-syntactic information but can
also handle selectional restrictions, semantic types and argument structure. Finally,
while statistical approaches like Brent (1991) can gather e.g. valence information
from large corpora, they are often con�ned to batch-mode learning and tailored to
the extraction of a single linguistic property. In contrast, we are more interested

�This work was carried out within the Sonderforschungsbereich 282 `Theorie des
Lexikons' (project B3), funded by the German Federal Research Agency DFG. We thank
James Kilbury, members of the B3 group and three anonymous reviewers for valuable
comments.
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in full grammatical processing of individual sentences to maximally exploit each
context. In the course of incremental acquisition, we are able to acquire several
properties simultaneously.

The grammar is written in MicroCUF, a simpli�ed version of the CUF typed
uni�cation formalism of D�orre & Dorna (1993) that we implemented in SICStus
Prolog. MicroCUF inherits both the feature logic and the relational extensions, but
substitutes a closed-world type system for CUF's open-world regime. A signi�cant
feature of our type system implementation is that type revision in internal feature
structures (FSs) is easy.

2 Unknown information

A key idea of our approach is to employ a gradual, information-based conceptu-
alization of \unknownness". Words are not unknown as a whole, but may contain
unknown, i.e. potentially revisable pieces of information. Consequently, even known
words can undergo revision e.g. to acquire new senses. This view replaces the binary
distinction between open and closed class words. Furthermore, we share the com-
mon assumption that pieces of information can be organized in a hierarchy whose
ordering is de�ned by subsumption. Hence, when a text containing unknown words
is parsed, each sentence provides new information that can be either identical, more
speci�c, more general, or even con
icting with respect to information supplied by
previous contexts.

It makes sense to subdivide information into two basic categories, namely known
or strict information, and unknown or revisable information. Strict information is
never a�ected by contextual in
uence. An example of this category of known in-
formation would be the terminal value type of [synsemjlocjcontjindjpers third]
{ no context can change the fact that German nouns invariably appear in third
person. In contrast, revisable information in general exhibits both context-sensitive
and non-uniform behaviour: new sentential contexts may e.g. succeed in narrowing
down the gender of an unknown noun while simultaneously enlarging the range
of possible argument structures that an unknown verb licenses. Hence, we require
a further distinction here, namely that between specializable and generalizable in-
formation.1 The specializable kind of information is exempli�ed by the gender and
semantic type of nouns as well as their in
ectional class (given a morphological com-
ponent). If e.g. a non-feminine determiner agrees with an unknown German noun
via uni�cation, further contexts can only specialize the noun's gender to neuter
or masculine. Generalizable kinds of information include argument structure, se-
lectional restrictions, and predicative vs attributive usage of adjectives. Thus, an
unknown verb that occurs with a subject of a semantic type � must have selectional
restrictions for the subject that are at least as general as � , becoming more general
as further contexts are encountered.

Note that specializable and generalizable information can cooccur in a given
lexical entry. Also, a particular kind of information may �gure in both classes, as e.g.
the semantic type of nouns and selectional restrictions of verbs are both drawn from
the same semantic ontology. Yet the former must be invariantly specialized, whereas

1The di�erent behaviour underlying this classi�cation has previously been noted by
e.g. Erbach (1990) and Hastings & Lytinen (1994) but received either no implementational
status or no systematic association with arbitrary pieces of linguistic information.
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selectional restrictions on NP complements should only become more general with
further contexts.

2.1 Representation of revisable information

While we wish to maintain compatibility with standard HPSG analyses, the special
focus on revisability poses some extra demands on the grammar. First of all, we
require all revisable or updatable information to be expressible by formal types.
As relational clauses can be de�ned to map types to feature structures, this is not
much of a restriction in practice. Our type hierarchy includes a fairly elaborate
ontology of semantic types that was derived from a systematic corpus study of a
biological domain, the description of nervous systems in Knodel (1980, 154-188). It
also covers all valence classes encountered in the corpus. Figure 30.1 shows a rele-
vant fragment. Whereas the combination of specializable information translates into

measurable

argstr nom_sem

stimulus

temperature potential visual

... ...

...

npnom_ppgoal

npnom
npnom_pploc non_obl obl

nom dat

u_g

...

acc gen

u_s

case

Figure 30.1: Excerpt from type hierarchy

simple type uni�cation (e.g. measurable ^ stimulus = potential), combining gen-
eralizable information requires type union (e.g. dat_ gen = obl).2 The latter might
prove impractical for type systems requiring the explicit de�nition of all possible
unions, corresponding to least common supertypes. However, type union is easy for
(Micro)CUF and similar systems which allow for arbitrary boolean combinations
of types.

In order to mark revisable information as such, we introduce two disjoint aux-
iliary types, namely u g and u s. Strict, i.e. non-revisable information has neither
of these types and hence will not be considered for updating. In the case of gen-
eralizable information u g serves the additional purpose of correctly specifying the
initial unknown information state. This is because `content' types like case, nom,
acc, dat, gen are to be interpreted as recording what contextual information was
encountered in the past. Thus, using any of these to prespecify the initial value
would be wrong (cf. caseinitial _ nom = case, but u ginitial _ nom = u g _ nom).

Generalizable information raises another question: can we simply have types like
those in �g. 30.1 within HPSG signs and do in-place type union, just like type uni-
�cation? The answer is no, for essentially two reasons: First, we still want to rule

2Henceforth, we will use (type) uni�cation and logical conjunction (^) interchangeably.
The same holds for union ([) and logical disjunction (_).
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out ungrammatical constructions through (type) uni�cation failure of coindexed
values, so that generalizable types cannot always be combined by nonfailing type
union. For example, PP [P 1 [dat] NP 1 [gen]] must be ruled out by dat ^ gen = ?,
although case within a PP argument is generalizable. One might consider ordering
all type uni�cations pertaining to a value before all unions, but this violates the
order independence of constraint solving. Secondly, since a particular kind of infor-
mation can �gure in both revisability classes, it is unclear how to decide between
in-place union and uni�cation.

To avoid these problems and keep the declarative monotonic setting, we em-
ploy two independent features gen and ctxt. The feature ctxt is the repository of
contextually uni�ed information, where con
icts result in ungrammaticality. The
feature gen holds generalizable information.3 Since our grammar speci�cation en-
sures that all gen values contain u g as a type disjunct, they will always unify and
thus are not restrictive during the parse. To nevertheless get correct gen values we
perform type union after parsing, i.e. during lexicon update. We will see below how
this works out.

Just like any other feature structure material, revisable information is uni�ed
by HPSG principles during a parse, thus appearing in various places of the parse
result. Therefore, we need a further representational means to access embedded
revisable information in the parse feature structure. For this purpose the grammar
de�nes revisability clauses like the following:

a. generalizable( 1 , 2 ) :=

2
64synsem j loc j cat

2
64head verbal

arg-st

�
gen j type 1

ctxt j type 2

�
3
75
3
75

b. specializable( 1 ) :=

"
synsem j loc

�
cat j head noun

cont j ind j gend 1

�#

Figure 30.2: Revisability clauses

2.2 Processing revisable information

Since the representation of revisable information does not make use of any special
devices, parsing sentences with unknown or revisable words is conventional. Any
HPSG-compatible parser may be used, subject to the obvious modi�cation that
lexical lookup must succeed even if a word's phonology is unknown. In this case
a canonical entry is returned. For this purpose the grammar de�nes maximally
underspeci�ed generic lexical entries for nouns, adjectives and verbs. The actual
updating of lexical entries takes place after the parse and consists of the following
steps:

3Note that these feature values may themselves take the form of a complex feature
structure; we will take liberty in sometimes abstracting from this internal structuring in
what follows.
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� Determine update candidates: The parse FS of the sentence is projected
onto all participating word tokens.4 This results in word FSs which are con-
textually enriched and disambiguated (choosing the compatible disjunct per
parse solution if the entry was disjunctive). The set of word FSs is then �l-
tered by uni�cation with the right-hand side of revisability clauses like in �g.
30.2. The result is a list of update candidates for those words which were
uni�able.

� Determine update values: For each matching generalizable/2 clause we
take the type union of the gen value of the old, lexical state of the word
(LexGen) with the ctxt value of its parse projection (Ctxt): TU = LexGen[
Ctxt. For each matching specializable(Spec) clause we take the parse value
Spec.

� Check necessity of update: For each update candidate, we check whether
updating would actually change the corresponding lexical entry. The con-
dition to be met by generalizable information is that TU ) LexGen. For
specializable information we similarly require Spec ( LexSpec. Both condi-
tions can be implemented by type subsumption and inequality.

� Modify lexical entries: For all words that have to be updated we retract the
old lexical entry, revise the entry and re-assert it. For words never encountered
before, revision is preceded by making a copy of the generic unknown entry,
but with the new word's phonology. Revision itself consists of the destructive
modi�cation of type information according to the determined values, at the
places in a lexical FS pointed to by the revisability clauses.

Note that type revision is easy in MicroCUF, as types are implemented with the
attributed variable mechanism of SICStus Prolog, which allows us to substitute a
type in place (Holzbaur 1990). In comparison, general updating of Prolog-encoded
FSs would typically require the traversal of large structures and be dangerous if
structure-sharing between substituted and una�ected parts existed.

Also, we currently assume that lexical entries are expanded into disjunctive
normal form, so that updates work on the contextually selected disjunct. This can
be motivated by the advantages of working with presolved structures at runtime,
avoiding description-level operations and incremental grammar recompilation.

3 Acquiring German verbs

Important subtasks of lexical acquisition include specializing and generalizing re-
visable information. The former task is easier, as it can be equated with uni�cation.
Since we have shown details of the revision of specializable information in Barg &
Walther (1998), we now concentrate on generalizable information, illustrating the
incremental lexical revision of verbal argument structure.

3.1 Representation of argument structure

We follow Manning & Sag (1997) in assuming an independent level of argument
structure and Bouma (1997) in using argument structure to eliminate procedural

4In our implementation this is actually done on-the-
y during parsing.
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lexical rules in favour of relational constraints. For technical reasons, however, we
need to introduce two new features for the representation of argument structure.
The two features are type and args, where the former speci�es a formal type
(hereafter: verbal class) compatible with u g _ argstr (�g. 30.1) and the latter
includes the actual list of arguments. Verbal entries specify subtypes of u g_argstr
plus further idiosyncratic restrictions on the arguments themselves like the semantic
type of NP arguments or case and form of PP arguments. The full instantiation
of the argument list is accomplished outside the lexical entries, using a relational
constraint that maps the verbal class to a list of arguments. Argument list and
valence features subj and comps are connected via a further mapping principle.

The generic lexical entry for unknown verbs appears in �g. 30.3. As the verbal
class must be generalizable, the initial value of genjtype is u g. The corresponding
value of ctxtjtype, which stores the contextually inferred class, is not, as one might
expect, left completely underspeci�ed. Instead, we specify the value open-arg-st-
type, the root type of all productive verbal classes. This rules out the acquisition
of argument structures for unproductive verbal classes like auxiliaries. Revisable
information concerning particular arguments is not speci�ed in the generic entry
itself but will be provided through later instantiation of the argument list.2

6664synsem j loc j cat
2
6664
head verbal

arg-st

�
gen j type u g

ctxt j type open-arg-st-type

�
spr hi

3
7775
3
7775

Figure 30.3: Generic entry for unknown verbs

3.2 Acquisition of argument structure

We will illustrate how incremental lexical revision works by going through the ex-
amples under (30.1)-(30.3). The relevant substructures of the updated lexical entry
for the German verb deszendiert `sink', regarded by us as unknown, are depicted in
�g. 30.4 (path synsemjlocjcatjarg-st omitted).

(30.1) Die Kerntemperatur deszendiert.
`the core temperature sinks'

(30.2) Das Aktionspotential deszendiert unter den Schwellenwert.
`the action potential sinks below the threshold value'

(30.3) Das Aktionspotential deszendiert im Axon.
`the action potential sinks in the axon'

Sentence (30.1) provides the information that deszendiert can be used intransi-
tively with a nominative subject, which is mapped to the only argument of arg-
stjctxtjargs by the above-mentioned relational constraint. The parse derives the
verbal class that can instantiate this singleton list, namely npnom as the value of
arg-stjctxtjtype. As the generalizable clause in �g. 30.2a matches and the parse
value di�ers from the lexical value u g, the value of arg-stjgenjtype is updated
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to u g _ npnom (�g. 30.4a). A further generalizable clause matches that identi-
�es the semantic type of the �rst (i.e. subject) argument as potentially revisable.
Since the parse value temperature di�ers from the initial u g, updating yields
u g _ temperature. Note that, although information is accumulated in arg-stjctxt
during the parse, all updating of argument structure a�ects arg-stjgen alone and
leaves the values of arg-stjctxt unchanged.

In (30.2) deszendiert appears with a nominative subject and an accusative
PP. The parse value of arg-stjctxtjtype that maps to this pattern is npnom -
ppgoal. This new value is unioned with the old value u g _ npnom, yielding
u g_npnom_npnom ppgoal (�g. 30.4b). The semantic type of the subject argument
can be updated analogously to u g _ temperature _ potential. There are further
revisability clauses which license an update of information of the second argument.
The value of pcase as well as that of pform is generalizable. As both values di�er
from their lexical counterparts, the lexical entry is updated accordingly, yielding
the values u g _ acc and u g _ unter, respectively. Furthermore, the semantic type
of the embedded NP can be generalized to u g _ value.

a.

2
64gen

"
type u g _npnom

args

�
loc j cont j restr j rel j gen u g _ temperature

�
j
�
#

ctxt j type open-arg-st-type

3
75

b.

2
666666664
gen

2
6666664

type u g _npnom_ npnom ppgoal

args

*�loc j cont j restr j rel j gen u g _ temperature _ potential
�
,2

64loc
2
64cat j head

�
pcase j gen u g _ acc

pform j gen u g _ unter

�
cont j ref j gen u g _ value

3
75
3
75j

+
3
7777775

ctxt j type open-arg-st-type

3
777777775

c.

2
666666664
gen

2
6666664

type u g _ npnom _ npnom ppgoal _ npnom pploc

args

*�loc j cont j restr j rel j gen u g _ temperature _ potential
�
,2

64loc
2
64cat j head

�
pcase j gen u g _ acc _ dat

pform j gen u g _ unter _ in

�
cont j ref j gen u g _ value _ �bre

3
75
3
75j

+
3
7777775

ctxt j type open-arg-st-type

3
777777775

Figure 30.4: Update sequence for verbal argument structure

From sentence (30.3) the system learns that deszendiert also licenses a loca-
tive PP. The value of arg-stjgenjtype receives a further update by union with
npnom pploc. Although there is a matching generalizable clause, the semantic type
of the subject argument does not have to be updated this time because the up-
date would not make any di�erence with respect to the old value. In contrast, all
revisable information of the second argument must again be updated. The �nal
argument structure for deszendiert is shown in �g. 30.4c.
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4 Discussion

Our approach realizes an incremental, context-driven mechanism for the acquisition
of lexical entries. It maximally exploits standard HPSG representations, requiring
moderate rearrangements in grammars at best while keeping with the standard as-
sumptions of typed uni�cation formalisms. One noteworthy formal demand, how-
ever, is the need for a type union operation. While our model has been evaluated
by parsing example sentences drawn from the corpus, a more realistic evaluation
requires further extension of our grammar's coverage and the use of a more e�cient
parse strategy. Both topics form part of our current research.

Of course, some areas require further consideration. The �rst issue concerns
how to keep track of alternative parses and their update hypotheses. In the context
of argument structure, alternative hypotheses become most obvious if relational
constraints for verbal alternations are involved (included in our grammar but not
shown here). In this case the analysis of sentence (30.1) gives rise not only to
the verbal class npnom but also to alternative classes licensing optional arguments.
Details remain to be worked out on how to delay the choice between such alternative
hypotheses until further contexts provide su�cient information.

Another question is how to treat dependencies between revisable pieces of infor-
mation. In �g. 30.4c the system has independently generalized over properties of the
second argument. However, there are clear cases where this leads to overgeneration:
??Das Aktionspotential deszendiert im Schwellenwert `the action potential sinks in
the threshold value' combines the preposition im and a noun of type value that did
not cooccur in (30.1)-(30.3). An idea worth exploring is to have a partial, extensi-
ble list of type cooccurrences which is traversed by a recursive principle at parse
time. Alternatively, an updatable version of distributed or dependent disjunctions
(Gri�th 1996) might be devised to capture the dependencies.

A more general issue is the apparent antagonism between the desire to have
both sharp grammatical predictions and continuing openness to contextual revi-
sion. At the moment, all generalizable information is merely accumulated but not
used to restrict parses. This is necessary because if, e.g. after parsing (30.1) we
transferred the acquired semantic type of the subject argument (temperature) into
the restricting ctxt feature, the parse of (30.2) would fail because Aktionspotential
is of type potential. Future research must investigate strategies for when to consider
information certain and when to make revisable information restrictive.

Finally, we employ a conservative form of generalization, taking the disjunction
of actually observed values. While this has the advantage of not leading to over-
generalization, the requirement of having to see all subtypes in order to infer their
common supertype is not realistic (`sparse-data problem'). Here the work of Li &
Abe (1995), who use the MDL principle to generalize over the slots of observed case
frames, might prove fruitful.
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