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Chapter 1

The Dynamics of
Interpretation

We have a two-fold challenge ahead. The first is to set out a model of how
interpretation is recovered in context. The second is to establish why this con-
stitutes the basis for syntactic explanations. As we saw in the previous chapter,
the heart of the explanation is our commitment to reflecting the way humans
can manipulate partial information and systematically map one piece of partial
information into another in language processing, using each piece of informa-
tion provided as part of the context for processing each subsequent input. The
challenge is to use these, intrinsically dynamic, concepts to replace analyses
which depend on a discrete syntactic vocabulary, involving concepts such as
movement, etc. It is in this respect, above all, that this formalism will depart
from all other widely adopted grammar formalisms, such as minimalism, HPSG,
LFG, categorial and tree-adjoining grammar formalisms. In this chapter, we set
out the basic framework, beginning with a sketch of the process of building rep-
resentations of content and subsequently developing the concepts and technical
apparatus.! The discussion will be kept as informal as possible, but more formal
material is introduced so that readers can get a feel for the formal basis of the
theory.2 In later chapters, formal material will be relegated to appendices.

1.1 A sketch of the process

What we will be modelling is the process whereby information is built up on a
left-to-right, word-by-word basis relative to some context against which choices
may be made as the construction process proceeds. To do this, we take the
concept of a TREE STRUCTURE familiar in syntax and use it to represent, not
structure defined over words in a string, but the interpretations assigned to
words uttered in context. Thus, the tree we assign to a string like Hilary upset
Joan is not something like those in Figure 1.1 but like that in Figure 1.2.

1This chapter and the next will be particularly indebted to Wilfried Meyer-Viol, whose
work in articulating the formal foundations of Dynamic Syntax, it essentially reports.

2Full details of the formal characterisation of the system can be found in Kempson, et al.
2001.



2 CHAPTER 1. THE DYNAMICS OF INTERPRETATION

S CP
/\ /\
NP VP C P
N \% NP DP r
| | | N T
Hilary wupset N D NP I \
| | T
Joan N \% DP
| | N
Hilary upset D NP
|
N
|
Joan

Figure 1.1: Representing the structure of strings

(Upset' (Joan'))(Hilary")

Hilary' Upset'(Joan')

Joan' Upset’

Figure 1.2: Propositional Structure as Tree Structure

So what is the difference between the trees in Figures 1.1 and 1.27 In the first
place, the tree in Figure 1.2 contains no information about word order. There
is no claim here that English is verb finall Instead, the tree represents the
semantic structure of the propositional content expressed by the string Hilary
upset Joan so that what labels the nodes in the tree are compositionally derived
CONCEPTS, expressed in some lambda calculus, just as in certain versions of
Categorial Grammar (see, for example, Morrill 1988, Carpenter 1998, etc.).
The tree thus reflects a jigsaw view of how we can entertain complex concepts
(Fodor 1999), but notably not a jigsaw view about words (the notation for
words and concepts will be distinguished by the word being italic, John, the
concept being non-italic and with a prime, John’). The trees in Figure 1.1,
on the other hand, reflect putative properties of words in strings that define
structure over those strings. So, VP labels a node that consists of a word that
is a verb plus another word that functions (simultaneously) as a noun and a
noun phrase (and possibly a determiner and determiner phrase). The syntactic
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structure determined (or projected) by the words exists independently of the
words themselves and is constrained by independently defined rules or principles,
again stated over strings of words.

Tree structures in Dynamic Syntax are, however, not representations of the
structures of sentences, where a sentence is a string of words in a particular
order. They are structured representations of the interpretation assigned to
sentence in the contexts in which they are taken to be uttered. And these are
importantly different. Given the Fodorian perspective on interpretation, the
representations constitute the means we have for interpreting the sequence of
words, and are essentially not just some structural arrangement of the words
themselves.

A second difference between the Dynamic Syntax conception of trees and
that of declarative frameworks like HPSG (Wasow and Sag 2000) is that the
steps by which one reaches the final output are as important as that output
itself. As we shall see later in this book, certain interpretations are constrained
by the way that the final tree is constructed; and concepts like topic and focus
may be derived through the process of tree construction rather than being at-
tributed either to some other layer of information (Valduvi) or being encoded
directly in the syntactic representation (Rizzi 1998, XXX). Furthermore, unlike
derivational theories such as Principles and Parameters or the Minimalist Pro-
gram (Chomsky 1981, 1995), the process by which a representation such as that
in Figure 1.2 is built up is on a strictly word-by-word basis from left to right.
The process is thus, as discussed in the previous chapter, the parsing process,
extracting information from a string in context.

The way this is achieved is to begin from a goal associated with some very
partial structure and progressively enrich that structure through the parse of a
string of words. Following Sperber and Wilson, the starting point for any parsing
effort is simply the goal to establish some propositional formula as interpreta-
tion, and this overall goal may lead to other subgoals as more information comes
in. Thus, in establishing the structure in Figure 1.2, we assume stages like those
shown in Figure 1.3, starting from the goal to build a tree with propositional
content (shown as the requirement ?Ty(t), see below) and adding information
as each word is parsed and finally building up the dominating nodes in the tree
with the semantic information associated with those words.

We shall see below that parsing a string like Joan, Hilary upset while it leads
to an output tree structure identical to that in Figure 1.2 undergoes a process of
tree growth unlike that in Figure 1.3. Rather, the parsing of Joan leads to the
introduction of a node decorated by the term Joan’, WITHOUT that node being
fixed in the tree. A regular tree is then constructed as before from Hilary and
upset which provides a node for the internal argument node, which can then be
unified with the node decorated by Joan'. Hence, the very same tree is derived
as from the parse of Hilary upset Joan. It is this difference in the PROCESS of
getting to the resulting logical form that gives rise to the different informational
characteristics of the left dislocated construction. The goal of this chapter is to
flesh out these ideas.
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Figure 1.3: Parsing Hilary upset Joan

1.2 The Tools of Dynamic Syntax

We now start providing the tools for deriving interpretations of strings in con-
text. The presentation in this chapter (and throughout the book) will remain
relatively informal, while at the same time introducing the technical concepts
needed to understand how the system works. This chapter is thus of neces-
sity fairly technical to allow the reader to understand the formal basis of the
framework. In later chapters, this formality will be eschewed in favour of a
more informal exposition, with technical matters largely relegated to appen-
dices. As indicated above, we are assuming that logical forms for sentences are
represented as trees with each subterm of the logical form decorating a discrete
node in the tree. The first step we have to take is to be more explicit about
the representation language itself and then the trees that show the content of
utterance strings. To do this, we need to define what it means to be a tree,
what it means to be a partial tree, and what it means to grow from one tree

Upset’
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into another.

1.2.1 Treenode Decorations

We have seen how the nodes of our trees are decorated with semantic expres-
sions (or concepts). We call these FORMULAE and express them as values of a
predicate Fo. So we write Fo(Sing’(John')) for the semantic information ex-
pressed by the string John sang (ignoring tense here). Formula values, we take
as representations of the concepts that words are taken to mean. So we assume
that from the English word John, we construct the concept John', itself a term
denoting a particular individual called John; from the word sing we construct
the concept Sing’, and so on.?

The formula is just one of several LABELS that can decorate a node. In
addition to the formula label, we also have a label that gives information about
the TYPE of the formula expression. The type of an expression is its semantic
category, associating an expression with a particular sort of denotation. So,
an expression of propositional type ¢t denotes a truth value; that of type e is
a term that denotes some entity. Functor types are represented as conditional
statements so that expression of type e — t expresses a (one—place) predicate,
since when it combines with a term (of type e) it yields a proposition (of type t)
and denotes a set (see any number of introductory books on formal semantics,
e.g. Chierchia and McConnell-Ginet 1991, Cann 1993, Gamut 1991, Carpenter
1998). Although most theories of types assume a recursive definition, yielding
an infinite set of types, Dynamic Syntax makes use of only a small, predefined,
set consisting of three basic types e, ¢, cn*; and a restricted set of functors based
on these to provide sufficient structure to account for the number and types of
arguments of verbal and nominal predicates. There is also a type cn — e that is
assigned to quantifiers (see chapter 2). Type raising operations and the higher
order types associated with Montague and Categorial Grammar play no part in
the grammar formalism, since, as with the replacement of movement, concepts
of underspecification of update replace those of type-lifting and composition of
functions. The table in(1.1) lists the most common types used in this book with
a description and examples. The various types will be discussed very shortly.”
the first exemplified

31t should be noted here that we are not in this book probing the internal structure of
concepts themselves. So we have nothing to say about the concept Sing’ or Love’; and indeed
nothing to say about the relation between the word loves and the concept which it expresses,
other than that it expresses the concept Love’. This is a huge and complex topic. At the
two extremes, some have argued for definitions associated with words (eg Bierwisch 1969),
others for a one-to-one word-concept correspondence (Fodor 1981), with various intermediate
positions (eg Pustejovsky 1995, Rappaport and Levin 1998). Yet others have noted that
concepts vary according to the particular context in which they are used, so there is a context-
dependency to the use of words to express concepts much like the context-dependence in using
pronouns (Carston 2002). For the purposes of this book, we adopt the view of Fodor 1981
that words express primitive concepts, with a word and the concept it expresses being in
one-to-one correspondence (see Marten 2002).

4The latter being the type assigned to common nouns where the formula consists of an
ordered pair of variable plus a propositional formula where that variable occurs free. See
chapter 2.

5Al1 quantifying expressions are analysed as terms of type e, for example the
term €, x, Student(z) listed is the analogue in these terms of existential quantification
3, z, Student(z).
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(1.1) Common Types

Type Description Example expression
Ty(e) Individual term Fo(Mary'), Fo(e, z, Student(x))
Ty(t) Proposition Fo(Sing'(John')),

Fo((Upset' (Hilary'))(Joan')
Ty(e —t (1-place) Predicate Fo(Upset' (Hilary')), Fo(Run’)
Ty(e — (e — t)) (2-place) Predicate Fo(Upset'), Fo(Give' (John'))
Ty(e — (e — (e = t))) | (3-place) Predicate Fo(Give'), Fo(Put')
Tyt — (e = t)) (Proposition taking) Predicate | Fo(Believe'), Fo(Say’)
Ty(cn) Nominal Fo(z, Student'(z)),

Fo(y, Father(John)(y))
Ty(cn — e) Quantifier Fo(AP.e, P), Fo(AP.T, P)

Trees should, therefore, show nodes decorated not only with formulae but
also their associated types, as in Figure 1.4. In fact, all information holding
at, or annotating, a tree node are stated as DECLARATIVE UNITS, or tree node
descriptions. These declarative units (DUs) consist of consistent sets of labels
expressing a range of different sorts of information. This tree displays how in-

Ty(t), Fo((Like'(Mary'))(Eve'))

A

Ty(e), Fo(Eve') Ty(e — t), Fo(Like'(Mary'))

Ty(e — c — 1),

Tye). Fo(Mary') V5 760

Figure 1.4: Representation of content of Fve likes Mary

formation from the functor nodes combines with information from the argument
nodes to give the complex formula value at the mother node. Similar to Cate-
gorial Grammar, application of modus ponens over type values is paralleled by
function-application over formula values.®

1.2.2 Requirements and Tree Growth

We now have the minimum required to introduce the vocabulary for talking
about how complex concepts can be incrementally built up. The dynamics of
the DS system is defined by characterising how trees grow. This means that DS
derivations, or parses, start from only minimal trees and proceed through stages
of partial trees until the tree is fully developed, providing the propositional con-
tent of a string in some context of utterance. What pushes the parsing process
along is the need to specify underspecified information through the process of
satisfying REQUIREMENTS. A requirement specifies a goal to be undertaken with
respect to providing an instance of some label at the current node:” it is shown

6However, in this notation, DS types are conditional types without any implication for
the order of natural language expressions (unlike the “forward-slash” and “backward-slash”
of Categorial Grammars).

"Requirements may be modal in form in which case the specified goal may be achieved by
an instance of the label at some other node, see below.
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by a question mark in front of the label to be instantiated. While requirements
may operate with respect to any label, the building blocks of a tree are provided
by requirements to establish formulae of particular types. So, for example, the
universal requirement to establish propositional content is shown by the require-
ment ?Ty(t). This requirement provides the minimal initial tree of a derivation,
a tree with only a root node, underspecified of content but with a goal to derive
a formula of type ¢: thus, Ty(¢) holding at a node means that some formula of
type t is constructed at that node, while ?Ty(t) holding at a node shows that
all that has been established is a goal of constructing such a formula. This goal
is then satisfied when the information provided by some string of words yields
a propositional formula, allowing the label T'y(¢) to be annotated on the root
node.

Requirements may be satisfied in a number of ways but a common way is
to break the current task down into subgoals — in effect replacing the current
goal with smaller goals which, if successful, will lead to the satisfaction of the
current goal. At any stage in a derivation of a tree, therefore, some information
might have been established, and some other goals might remain outstanding.
The derivation is completed if, after all information from the lexicon has been
incorporated into the tree, all requirements have been fulfilled.

For any stage in a derivation, a current node can be identified. This is by
the use of a “pointer” — <, itself part of the language for describing trees. When
a pointer is at a node, the requirements holding at that node show what task
state is currently under development. So the initial tree in a derivation should
look like:

MTy(t), &

We assume that the parse of Eve likes gives rise to the tree in Figure 1.5 through
mechanisms that we shall see below. At this stage, there are three requirements,

Ty(t)
Ty(e), Fo(Eve") Ty(e — t)
?Ty(e), & Ty(e — (e — t)), Fo(Like')

Figure 1.5: Parsing Fve likes

Ty(t) , ?Ty(e — t), and ?Ty(e). The pointer symbol, &, shows that, following
the processing of Fve likes, the node under development is the internal argument
node of the predicate projected by the verb. The current task state is thus
?Ty(e), a requirement to construct a term. If, in this situation, information from
the lexicon provides an expression of Ty(e) (such as by a parse of Harriet), it can
be introduced into the tree at that node, since it matches, and so satisfies, the
current requirement. However, if the next word is sing, its associated predicate
Fo(Sing’) cannot be introduced into the tree even though its type, Ty(e — t),
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matches one of the requirements. This is because the pointer is not at the node
at which this requirement holds and so no update can be provided by the word
sings, and the sequence of actions induced by parsing the verb cannot lead to
a completed logical form. Hence, the sequence of words *Eve likes sings is not
a grammatical one. The pointer thus gives important information about the
current state of a parse and the theory of how the pointer moves will form a
significant role in the analyses to be presented in later chapters of the book. As
you can see from this sketch of a simple example, the notion of grammaticality
rests, not merely on whether a certain parse leaves requirements unsatisfied, but
also on where the pointer is at any particular point in a parse.

1.2.3 The Logic of Trees

The formal backbone of the theory of tree growth sketched above, and elabo-
rated in the next section, is the logic of finite trees (LOFT) (Blackburn and
Meyer-Viol 1994, Kempson et al 2001). This is a modal logic which describes
binary branching tree structures, reflecting the mode of semantic combination
in functional application. Nodes in a tree may be identified by a numerical index
ranging over 0 and 1 as in Figure 1.6. By convention, the left daughter node of

0
00 01
010 011

0110 0111

Figure 1.6: Tree Locations

a node n is assigned the index n0 and the right daughter is assigned the index
nl. This information may form part of a Declarative Unit (the information
collected at a node) and is expressed by the predicate Tn (tree node) which
takes as value some index, as illustrated in the tree in Figure 1.7. In this tree,

Tn(0), Ty(t), Fo(Sing’ (John'))

Tn(00), Ty(e), Tn(01),Ty(e — t),
Fo(John') Fo(Sing")

Figure 1.7: Tree-locations from a parse of John sings

the left daughter is decorated with an argument formula, the right daughter is
decorated with a formula which is a functor that applies to that argument to
yield the decoration at the mother. As a convention, this is a pattern we shall
retain throughout: arguments as left daughters, and functors as right daughters.



1.2. THE TOOLS OF DYNAMIC SYNTAX 9

So far our vocabulary can only describe individual nodes. However we can
describe the relation between tree nodes if we add modal operators to the lan-
guage of description. The relations between tree nodes can then be described by
modal statements which provide a means to state that some information holds
at a daughter or at a mother node, and more important, as we shall later see,
a means to express requirements that need to be satisfied at some node other
than the current node.

There are two basic modalities, one corresponding to the DAUGHTER RELA-
TION, (|) ‘down’; and one corresponding to the MOTHER RELATION, (1) ‘up’.
These can be used with and without the numerical subscript, depending on
whether it is important to distinguish between left (argument) and right (func-
tor) branches. Hence, (|1) refers to the functor daughter, while (|o) refers to
the argument daughter node (and similarly for the mother relation, (11), (To),
but in this case there is only ever a single mother). As these symbols form part
of a modal logic, an expression like (|¢)Ty(e) at node n, means ‘there exists an
argument daughter that node n immediately dominates which is decorated by
the label T'y(e)’ (i.e. node n has a term as its argument daughter).

Furthermore, modality operators can be iterated, e.g. (|){]), ([){1), etc.
This provides a means of identifying from one node in a tree that some property
holds of some other node It is thus possible to describe the whole of the tree in

Tn(0),Q
Tn(00), P Tn(01),P — @
Tn(010), R Tn(011),R — (P — Q)
Figure 1.8:

Figure 1.8 from any node within it. Hence, the statements in (1.2) are all true
of this tree from the node with treenode address 010, i.e. that one decorated by

R.

(1.2)  a. (Jo)P—Q
at my mother, P — @ holds

b. (To)(l1)R — (P — Q)
at my mother’s functor daughter, R — P — @ holds

c. (To)(11)@Q
at my mother’s mother, @ holds

d. (To)(T1){lo)P

at my mother’s mother’s argument daughter, P holds

The tree may be described in many different ways using the modal operators,
depending on the ‘viewpoint’, the node from which the description is made.
Another is shown in (1.3) which takes the topnode as the point of reference and
provides a complete description of the tree. In this description, each node is
described in terms of the information that holds at that node.
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(1.3) a. Tn(0),Q
at node 0, @ holds

b. (lo)P
at my argument daughter P holds

c. ()P —0Q
at my functor daughter P — @ holds

d. (lo){l1)R
at the argument daughter of my functor daughter P — @ holds

e. (L){I)R— (P —Q)
at the functor daughter of my functor daughter P — (P — @) holds

As we shall see shortly, the use of this logic is crucial for many analyses
in the system. It allows, for example, specifications of lexical information that
constructs nodes within a tree or annotates the current or other nodes with some
information. So, for example, in our analysis of English, the node that ‘triggers’
(provides the context for) the parse of a verb is a predicate node. However,
finite verbs do not just induce expansions of this node in various ways, they also
induce the annotation of the dominating propositional node with information
about tense.

The modal operators also come into play with respect to parsing particular
words to check aspects of the local linguistic context (the partial tree constructed
so far) to ensure that the parse is well-formed. As an example, one way of
expressing case relations is to articulate them as a constraint on decorating the
current node only if its mother bears a certain kind of decoration. Hence, one
might define a subject pronoun in English, such as they, as licensed just in case
the node that dominates the current node carries a propositional requirement,
(10)?Ty(t), i.e. the current node is a subject node. Such a constraint is satisfied
in the first tree in Figure 1.9 (showing part of the analysis of They sing) but
not in the second (disallowing *Kim likes they).

Tn(0), 7Ty(t) Tn(0), ?Ty(t)

(To)?Ty(t)

(To)(11)?Ty(t)

Figure 1.9: Proper and improper contexts for parsing they

The modal operators may also be used in conjunction with the notion of
requirement to constrain the development of the tree. So while an annotation
such as (lo)Fo(a) indicates that the formula value o holds of my argument
daughter (and is therefore only true if within the tree as currently constructed,
Fo(a) actually does decorate that node), one such as 7(|)Fo(«) merely states
that at some point in constructing the current tree, Fo(a) must decorate my
argument daughter. This gives us another way to express case — as providing a
filter on the output tree. So we might also express nominative case as providing
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a decoration of the form ?(7¢)Ty(¢). Notice that in this second characterisation
of case that the ‘?” precedes the modal operator, so this formulation expresses
the constraint that in order to achieve a well-formed result, the current node
must be immediately dominated by a node which has the decoration Ty(t). This
isn’t of course achieved at any stage prior to the final goal, hence it is a filter
on the output tree. As we can already see, this will give us a flexibility with
respect to the analysis of case; and invididual languages or indeed individual
case specifications may differ in the restrictions they impose. Quite generally,
we shall see that such modal requirements are very important and will be used
extensively throughout this book.

1.3 Constructing Trees

We are now in a position to flesh out the framework for tree growth and show
how full propositional trees can be gradually constructed from an initial require-
ment ?7Ty(t) through a step-by-step parsing procedure. The development of tree
structure involves the step from one parse state to another. A transition from
one tree description to another can be licensed in two ways; either by one of
a number of general transition rules, or by lexical actions (cf. Kempson et al.
2001: 80-95).

1.3.1 Starting Off

We begin by considering a pair of TRANSITION RULES that allow one goal to be
broken down into subgoals and thus allow a tree decorated with a type require-
ment on some node to grow into another that has daughter nodes decorated
with other type requirements. Transition rules are general rules for tree con-
struction, assumed to be universally available, and akin in many ways to the
schematic Immediate Dominance Rules of HPSG with the important difference
that transition rules do not characterise hierarchical relations between words,
but between concepts. Formally, transition rules are stated in terms of tree
descriptions, with an input tree description and an output description, as illus-
trated in (1.4), the form being reminiscent of a rule of natural deduction with
the ‘premises’ on the topline leading to the ‘conclusion’ shown in the bottom
line.

(1.4) TRANSITION RULES

Input Tree description
Output Tree Description

[..6...0)
[ 0..0..1

As already noted, a pair of transition rules together drive the process of
growth by breaking down goals into subgoals. The rule of INTRODUCTION is
effectively an inference from an initial goal to one in which two subgoals are
added in the form of requiring the tree to grow and be annotated by informa-
tion that together can satisfy the original goal. Specifically, the rule unpacks a
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requirement to find an expression of one type into requirements to have daugh-
ters which are decorated by expressions of other types which can be combined
through functional application to give an expression of the appropriate type. In
other words, the rule adds to a node with a requirement to be decorated with
an expression of type X, requirements to have daughters decorated with expres-
sions of type Y on one node and type Y — X on the other. This is formally
defined in (1.5) in terms of tree descriptions and shown in terms of tree growth
in (1.6).% relation

(1.5) INTRODUCTION 1

{.2Ty(Y)... o)
{2y, 700 Ty(X), T Ty(X = V), 0)

(1.6) INTRODUCTION 2
My(X), o = Ty(X), 7(Lo)Ty(Y), ?(L)Ty(Y — X), &

Notice that the tree in (1.6) has not actually grown the daughter nodes: it has
merely acquired requirements to have such nodes. So the tree, as in the input,
consists of only one node. The second rule, PREDICTION actually introduces
the required nodes and decorates them with requirements to be decorated by
expressions of the required type. As before, we give the formal definition in
terms of tree descriptions (1.7) followed by the same information shown in terms
of tree growth (1.8).%

(1.7) PREDICTION 1

{Tn(n), to ’?<l0>¢7 ?<~L1>¢7 <>}
{Tn(n),...7(lo)e, ?{L)¥}, {(T0)Tn(n), 7¢, GH(T1)Tn(n), 74}

(1.8) PREDICTION 2
Ty(X), 7(Lo)Ty(Y), 2{|)Ty(Y — X), & — Ty (X), ?{Lo)Ty(Y), 7(I)Ty(Y — X)

N

MTy(Y), o Ty(Y — X)

INTRODUCTION thus licenses the introduction of modal requirements which
PREDICTION ‘transforms’ into non-modal type requirements, by constructing
the appropriate nodes. Together the rules license, for example, the introduction
of the requirement for a subject when the type variables are instantiated as ¢
for X and e for Y. (1.9) shows the effect of this instantiation for the rule of
introduction and (1.10) the effect for the rule of prediction.

8Recall that (]o) indicates a relation from mother to argument daughter, (|1) a relation
from mother to functor daughter.

9Notice that the rule builds the two required nodes and puts the pointer on the argument
node, as the first of the two nodes to be expanded. Although this is not necessary from the
point of view of the grammatical formalism, we take this move to be universal and a reflection
of the fact that (for example) subjects are typologically more frequently found before their
verbs than after them. We will see below and throughout the book how other word orders
may be achieved.
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(1.9) INTRODUCTION - SUBJECT AND PREDICATE

{*Ty(t), O}
{..7Ty(t), 7(Lo)Ty(e), 7({L1) Ty(e — )&}

(1.10) PREDICTION - SUBJECT AND PREDICATE

{{Tn(()), ?< 0>Ty(e), 7<i1>Ty(€ - t)a <>}}
{{Tn(0), 7(Lo)Ty(e), ?{L1)Ty(e — 1)}, {{T0)Tn(0), 7Ty(e), O}
{(11)Tn(0), ?Ty(e — 1) }}

The effect of these rather complex looking rules is, in fact, best illustrated by
a single step of tree growth as shown in Figure 1.10 which shows a tree growing
simply from a requirement of type t to a new tree with two new nodes decorated
with requirements to find expressions of types e and e — .10 Although we will
continue to show the transition rules in their more formal form in this chapter
in order to familiarise the reader with the technical apparatus, we will illustrate
the effects of all such rules using figures that show tree growth directly. In later
chapters, we will generally dispense with the formal definitions of transition
rules and rely on the more immediately comprehensible illustrations of tree
growth, relegating the formal definitions to appendices. One property of these

Ty(t), 7{lo)Ty(e), ?(11)Tyle = 1), Ty(t), ?{lo)Ty(e), ?(11)Ty(e — 1)

Ty(e), & Ty(e — t)
Figure 1.10: Introduction and Prediction of Subject and Predicate

rules should be noted immediately: all rules are optional, so the system is
constraint-based. In this respect, the system is like HPSG and LEFG and
unlike minimalism (see Pullum and Scholz 2001 for discussion of the difference
between constraint-based systems and what they call generative-enumerative
systems).

1.3.2 Lexical Information

INTRODUCTION and PREDICTION, then, permit the initial unfolding of a propo-
sitional requirement in a language like English. The parsing process in Dynamic
Syntax is, however, principally driven by the lexicon. In this, the framework fol-
lows recent trends towards assigning lexical items a more central role in syntax,
as found, for example, in LFG (Bresnan 2001) or HPSG (Sag and Wasow 2000).
Unlike these frameworks, however, lexical information within DS is dynamic,
inducing tree growth that may go beyond the simple annotation of terminal
nodes: parsing a word can add information to non-terminal nodes, add further
requirements or even build partial trees, even to the point of inducing the con-
struction of full propositional structure (see below). This approach adopts into
the syntactic domain ideas from Relevance Theory in which words are taken

101n fact, in English, it is solely this variant of INTRODUCTION that we shall use.
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as providing instructions on how to construct an interpretation of an utterance
(see Sperber and Wilson 1995, etc.). Since the trees constructed within the
framework are representations of content, parsing words necessarily achieves
this goal, albeit in a rather different sense to that intended within Relevance
Theory.

The structure of lexical entries interacts with the general format of tree
description introduced so far. Lexical information provides annotations on nodes
and specifies how a particular lexical item contributes to the process of structure
building. To this end, the general structure of a lexical entry is shown in (1.11)
as a conditional statement, where the initial condition is of a particular sort,
the TRIGGER that induces the successful parse of the word (in other words, the
appropriate context in which the word may appear). Typically, this takes the
form of a type requirement, but other information may make suitable triggers
in certain cases. The consequent of the initial condition being met provides
a sequence of ACTIONS which include the predicates make(...) which makes a
new node; go(...) which moves the pointer to the node specified in the value;
and put(...) which annotates a node with certain information. Finally, there
is an ELSE statement that induces other actions if the original trigger is not
met which will, in the general case, be an instruction to abort the current parse
process.

(1.11) Format of Lezical Entries

IF ?Ty(X) Trigger
THEN ... Actions
ELSE ... Elsewhere Statement

For example, an expression like a proper name is of Ty(e) and requires that
there be a current requirement ?7Ty(e) at the stage at which the lexical entry is
scanned. This provides the appropriate trigger. The THEN statement lists the
particular actions which are performed if the condition in the IF statement is
met. In the case of a proper name, this can be taken to be a simple annotation
of the current node with type and formula information, using the predicate
put().!! Finally, the only other possibility is to abort the parse. The lexical
entry for a name like Hilary is thus as shown in (1.12) and its effect is to induce
the transition shown in Figure 1.11 from the output tree in Figure 1.10 above.

IF ?Ty(e) Trigger
(1.12) Hilary THEN put(Ty(e), Fo(Hilary'),[]]L) Annotation
ELSE ABORT Failure
?Ty(t) — Ty(t)
Ty(e), Tyl —y TR e

Figure 1.11: Parsing Hilary

' This view of proper names as having no internal structure will be revised in Chapter 3,
when we incorporate an account of quantification.
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The one strange decoration in this sequence of actions is [|].L, what we call
“the bottom restriction”. This annotation is to express that the word decorates a
terminal node in the tree. Formally it reads: “necessarily below the current node
(for every node the current node immediately dominates), the falsum holds” :
i.e. the current node has and will have no daughters with any properties at all.
Intuitively, this is the reflection in this system that words provide the minimal
parts from which interpretation is built up. So we reflect a compositionality of
meaning principle like anyone else; but the information projected by words may
be considerably more than merely providing some concept.

Within lexical entries, the order of the action predicates is important. For
example put(...) before make(...) means ‘put information at current node, then
build a new node’, while make(. .. ) before put(...) means ‘build a new node and
put some information there’. This is important, for example, in parsing verbs
in English. We take the parsing of verbs in English to be triggered by a context
in which there is a predicate requirement, ?7Ty(e — t)'2. The actions induced
by parsing finite verbs involve at minimum the annotation of the propositional
node with tense information and the annotation of the predicate node. This is
all that will happen with intransitive verbs, as shown in the lexical entry for
danced in (1.13).

(1.13) danced

IF Tyle — t) Predicate Trigger
THEN  go({T1)?Ty(t)), Go to propositional node
put(Tns(PAST)), Tense information
go((11)?Ty(e — 1)), Go to predicate node
put(Ty(e — t), Fo(Dance'),[|]L) Formula information

ELSE ABORT

There are a number of things to notice about the information in this lexical en-
try. In the first place, the condition for the introduction of the information from
danced is that the current task state is ?T'y(e — t). Then there is movement
from that node up to the immediately dominating propositional node, given
by the instruction go({T1)) ‘go up to the immediately dominating node’. This
node is then annotated by tense information which we have represented sim-
plistically in terms of a label T'ns with simple values PAST or PRES(ENT)
(for English).!® Notice that this means of encoding tense obviates the need for
‘percolation’ or ‘copying’ devices, as required in HPSG and other frameworks,
to ensure that information introduced by a word gets to the place where it is
to be interpreted. This is done entirely through the dynamics of parsing the
verb.' The pointer then returns to the open predicate node and annotates that

12Differences in the trigger for classes of expression is one of the ways in which parametric
variation is accounted for in DS.

13This should not be taken to be a serious account of tense: its use here is purely illustrative.
A better account would include proper semantic information manipulating indices so that the
tense label does not look like a simple syntactic label. See chapter 3 where the account of
tense is somewhat expanded in conjunction with the discussion of quantification.

141t might be objected that tense information should be generalised, otherwise one might
expect different verbs within the same language to behave differently with respect to matters
such as tense. Arguably, in morphologically regular constructions, the phonological informa-
tion provided by the consonant cluster indicates a separate lexical specification for the suffix,
an analysis of phonological clustering advocated within Government Phonology (Kaye 1995).
In fact, it is relatively easy to structure the lexicon within Dynamic Syntax as is done in
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with type and formula information (and the bottom restriction) as we saw with
parsing Hilary.

Notice that the order in which the action predicates occur is important,
reflecting the dynamic nature of the analysis. If the action put(Tns(PAST))
preceded the action go({11)?Ty(t)), the predicate node would be decorated with
the tense information and not the propositional node. Similarly, the ordering
of put(Ty(e — t), Fo(Dance’),[l]L) before go({|1)?Ty(e — t)) would give rise
to the propositional node being annotated with the wrong type and so lead to
a failure of the parse (since the satisfaction of the propositional requirement on
the topnode would contradict the predicate type annotated by the verb).

So intransitive verbs add information about tense and supply a one-place
predicate. Transitive verbs, however, not only add tense, but create new nodes:
a two-place predicate node which it annotates with type and formula values and
a node for the internal argument, decorated with a type e requirement. This is
illustrated in the lexical entry for upset in (1.14).

(1.14) upset

IF Ty(e — t) predicate trigger
THEN  go({T1)?Ty(t)), Go to propositional node
put(Tns(PAST)), Tense information
go((11)?Ty(e — t)), Go to predicate node
make((]1)), Make functor node
put(Fo(Upset'), Ty(e — (e — t),[1]L1); Annotation
go({T1)), Go to mother node
make({|o)); Make argument node
go({lo)); Go to argument node
put(?Ty(e)) Annotation

ELSE  ABORT

The condition for the introduction of the information from wupset is that the
current task state is ?T'y(e — t). If this condition is met, a new functor node is
built and annotated with the formula and type values specified, and following
the return to the mother node, a new daughter node is built with a requirement
for a formula of type e. To be fully explicit, the decoration Fo(Love’) should
be given as Fo(AzAy[Love' (x)(y)]), with A-operators indicating the number and
type of arguments with which the predicate Love’ has to combine, and the order
in which this functor will combine with them.!?

HPSG (e.g. Sag 1999, etc.) so that past tense (for example) can be stated generally as an
instruction to go up to the mother node and decorate that with the past tense label:

tense-past IF Ty(e — t)
THEN  go((11)), put(Tns(PAST), go((l1)))
content

where content is the basic actions induced by all forms of the verb, in the case of dance
merely the decoration of the predicate node with the appropriate formula, type and bottom
restriction. There are differences between HPSG accounts and what is necessary in the cur-
rent dynamic framework, but we do not pursue these refinements in this book. What cannot
differ between lexical specifications is the specification of tense necessary for the appropri-
ate semantics to be given, here specified as a decoration on the type t-requiring node as a
promissory note for a formal characterisation. See chapter 3, and chapter 6, where we see
that the past-tense morpheme of Japanese plays a particular role in determining the way in
which interpretation is incrementally built up.

15The X operator is an abstraction operator which constructs functions from some input
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To illustrate the effect of the parse of a transitive verb, Figure 1.12 shows
the transition from the output tree in Figure 1.11 to a tree with the pointer at
the open predicate node, which triggers the parse of the verb upset to give the
second tree. With the pointer again at an open T'y(e) node, it is possible to

Ty(t)

Ty(e), Fo(Hilary')

o MTyle — 1),
— Tns(PAST), ?Ty(t)
Ty(e), Fom\
’ (1L ’ K
e Tve— (=)

Fo(Upset'), [|]L
Figure 1.12: Parsing Hilary upset

parse another proper noun, say Joan, to yield the tree shown in Figure 1.13.

Tns(PAST), 1Ty(t)

Ty(e), Fo/\

e ?Ty(e — 1

Ty(e — (e — 1))

Ty(e), Fo(Joan/)7 & Fo(Upset/)y [[]L

Figure 1.13: Parsing Hilary upset Joan

1.3.3 Completing the Tree

While the rules discussed in the preceding subsection are concerned with the
unfolding of tree structure during the parse of a string, the rules presented in
this section deal with the accumulation of established information. We need
three things:

e a means of eliminating requirements;

to a determined output. Here the formula AzAy[Love’(z)(y)] is a function from a pair of
arguments of type e taken in order onto an output of type ¢t. Taking the arguments in the
formula given here from outside in, the A\ operator binding y is a function from variables of
type e onto a formula which is itself a function from variables of type e onto the formula
Love'(z)(y) which is of type t. Hence a two-place predicate with individual-type arguments
is of type (e — (e — t)) (see any introduction to Formal Semantics. eg Cann 1993, Gamut
1991, Dowty, Wall and Peters 1981).
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e a means of moving the pointer away from completed nodes;

e and a means for compiling the information gathered at the terminal nodes
in the tree to satisfy higher requirements.

The first rule provides a means for stating that requirements have been
fulfilled:

(1.15) THINNING

{20, O}
(6.0

All this rule does is to simplify the information accumulated at a node (a Declar-
ative Unit): if, at the current node a DU holds which includes both a fact and
the requirement to fulfil this fact, the requirement is deleted and the pointer
remains at the current node. This is the only means of getting rid of decora-
tions, rather than adding them. Hence, in the transition shown in Figure 1.11,
there are really three steps, not two, as shown in figure 1.14. In general, how-
ever, we will not show the final transition determined by THINNING, assuming
its application whenever a task is fulfilled.

Ty(t) — Ty(t) — Ty(t)
/\ ?Ty(e),J’y{\ Ty(e), Fo(Hilary')

Ty(e), & Ty(e — t) Ty(e — t) Ty(e — t)

Fo(Hilary'), [|]L,<$ [1]L, &

Figure 1.14: Parsing Hilary with THINNING

We also need transition rules that move the pointer on from a type-complete
node and by so doing to satisfy the modal requirement imposed by INTRODUC-
TION. In Kempson et al. (2001) this is done by a rule called COMPLETION
(which can be regarded as the inverse of PREDICTION) which moves the pointer
up from a daughter to a mother and, crucially, annotates the mother node with
the information that it indeed has a daughter with certain properties. This
latter move has the effect of satisfying the modal requirement introduced by
INTRODUCTION. The rule of COMPLETION is given in (1.16) and the effect in
terms of tree growth is shown in (1.17). Hence, COMPLETION states that if at a
daughter node some information holds which includes an established type, and
the daughter is the current node, then the mother node may become the current
node.

(1.16) COMPLETION:!6

{Tn(n)..},{{T:)Tnn),... , Ty(X),... , O}
{Tn(n),... , {l)Ty(X),... ,OH{THTn(n),... ,Ty(X),...,}
ie€{0,1}

16We state this as i a restriction on daughter nodes, i € {0, 1} since we will shortly generalise
this to cover the return of the pointer having constructed and decorated an unfixed node. In
the tree-display, we use a ternary branching format to emphasise the neutrality of Completion
between functor and argument daughters.
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(1.17)
e MTn(n), Ty(X), < . e (MTn(n), Ty(X)

Notice how this formulation of COMPLETION brings out how the use of modal
statements reflects the perspective of the node in the tree at which they hold. So
in the rule as formulated, some daughter node is defined to have a mother node
Tn(n) above it: i.e. it itself is defined as (1;)Tn(n). In the input state defined by
the rule, Ty(X) holds at the daughter node. The effect of the rule is to license
the pointer to shift up to the mother node; and from the perspective of the
mother node, to record the fact that (|;)Ty(X) holds. The latter annotation,
as noted, satisfies the requirement 7(|);Ty(X) written to the mother node by
INTRODUCTION and the node can duly be thinned.

We also need a rule for moving the pointer down at tree which we call
ANTICIPATION and which moves the pointer from a mother to a daughter which
has an outstanding requirement!”. The rule is given in (1.18) and the effect on
tree growth is shown in (1.19).

(1.18) ANTICIPATION:

{Tn(n),..., oL {(NTn(n),... ,?2¢,...}
{Tn(n),... HTnn),... ,7¢,... , O}

(1.19)
Tn(n), <& = Tn(n)
e (MTn(n),?¢ . e MTn(n),?¢, & .

The rules for pointer movement mean that the transitions in Figure 1.12
are mediated by the further transitions shown in Figure 1.15: the first licensed
by COMPLETION; the second by THINNING and the third by ANTICIPATION.
Although these transitions are formally necessary (and have an effect on licit
derivations, as we shall see in later chapters), we will, in general, ignore this sort
of straightforward development, assuming that the pointer always moves directly
from a type-complete node to a (sister) node hosting an open requirement.

Finally, in the derivation of the complete tree representing the propositional
content of the string Hilary upset Joan, we need a means of satisfying the out-
standing type requirements holding at the non-terminal nodes in the output
tree in Figure 1.13. This is achieved by means of a rule of ELIMINATION which
can be regarded as the opposite of INTRODUCTION. This rule takes the formu-
lae on two daughter nodes, performs FUNCTIONAL APPLICATION over these and
annotates the mother node with the resulting formula and type, thus satisfying
an outstanding type requirement on the non-terminal mother node. as before,
the rule is given first in (1.20) and its effect on tree growth is illustrated next
in (1.21).

17The term ‘anticipation’ being intended to convey the idea that the movement of the
pointer is in anticipation of satisfying some open requirement.
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Ty(t), ?{lo)Ty(e Y(Ty(e —t)
-
Fo Hzlary Tyle =)
Completion  — Ty(t), 7{lo)Ty(e), (lo)Ty(e YTy(e — t),<$
?
Fo Hzlary Tyle—1)
Thinning — Ty(t), (Llo)Ty(e YWTy(e —t),$
?
Fo Hzlary Tyle 1)
Anticipation +— Ty(t), (lo)Ty(e WTy(e — t)
?
Fo Hzlary Ty(e — 1),

Figure 1.15: Parsing Hilary with COMPLETION and ANTICIPATION

(1.20) Elimination

{..{l0) (Fo(a), Ty(Y)), (1) (Fo(8), Ty(Y — X)).... 0}
[ Fo(B(a)), Ty(X), (L) (Fola), Ty(Y)), (11)(Fo(B), Ty(Y — X)) O}

Ty(X), ¢ - Ty(X), Ty(X), Fo(B()), <
(1.21)
Ty(Y), Fo() Ty(Y — X),Fo(8) Ty(Y),Fo(a)  Ty(Y — X),Fo(S3)

Notice that ELIMINATION does not introduce a new node, but only changes
annotations holding at one node: if a given node immediately dominates an
argument and a functor daughter which are both annotated with a formula and
a type value, then the two type values can combine by modus ponens, with
the corresponding Formula expressions combined by function-application. For
example, in completing the analysis of Hilary upset Joan from the output tree
in Figure 1.13 (shown as the initial tree in Figure 1.16), COMPLETION licenses
the movement of the pointer to the open predicate node. Then ELIMINATION
applies to satisfy that type requirement as shown in the last of the partial trees
in Figure 1.16.
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Parsi
e Tns(PAST), ?Ty(t), ?(11)Ty(e — t)
Ty(e)M/\
Fo(Hilary") Tyle = 1)
Ty(e), ¢ Ty(e — e —t)
Fo(Joan') Fo(Upset), [|]L
Completion
at — Tns(PAST), ?Ty(t), 7{l1)Ty(e — t)
predicate node /\
T 1
o %0
Ty(e), Ty(e — e — 1)
Fo(Joan') Fo(Upset'), [|]L
Elimination
at — Tns(PAST),Ty(t),?(l1)Ty(e — t)
predicate node
Ty(e), [1]L, Ty(e —t),Tyle —1),O
Fo(Hilary') {loYTy(e), Fo(Upset' (Joan'))
Ty(e), Tyle —» e —t)
Fo(Joan') Fo(Upset'),[|]L

Figure 1.16: Decorating the predicate node in processing Hilary upset Joan

THINNING applies to the last tree in the display of Figure 1.16, followed
by an application of COMPLETION and then a final application of ELIMINATION
at the topnode and a subsequent application of THINNING as shown in Figures
1.17- 1.18, the first of which starts with the transition via THINNING from the
final tree in Figure 1.16.'® The result, in the end, is a fully decorated tree with
all nodes, terminal and non-terminal, sporting Formula and Type decorations,
hence with all requirements fulfilled.

18Notice that in the function-argument notation in the Formula language, the functor always
precedes the argument. So if we have two successive applications of functional application, as
in the projection of interpretation for Hilary upset Joan, the result at the top node will be
the formula Fo((Upset’(Joan'))(Hilary')), since the functor Fo(Upset’) will have applied to
Fo(Joan') to yield Fo(Upset’(Joan’)), and this functor term will have applied to Fo(Hilary’)
to yield the final result.
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Thinning
at — Tns(PAST), Ty(t), 7(l1)Ty(e — t)
predicate node

Ty(e), 1L, Ty(e — t),$
Fo(Hilary') Fo(Upset'(Joan'))
Ty(e), Tyle —e—1t)

Fo(Joan’)  Fo(Upset'),[|]L

Completion
at — Tns(PAST), tTy(t),7(l1)Ty(e — t), (|1)Tyle — 1),
top node /\
Ty(e), [1]L, Ty(e — 1)
Fo(Hilary") Fo(Upset'(Joan'))
Ty(e), Tyle —e—t)
Fo(Joan')  Fo(Upset'),[|]L
Thinning
at — Tns(PAST),?Ty(t), (l1)Ty(e — t),$
top node
Ty(e), [1]L, Ty(e — 1)
Fo(Hilary') Fo(Upset' (Joan'))
Ty(e), Ty(e —e—1)

Fo(Joan')  Fo(Upset'),[]]L

Figure 1.17: Moving the pointer to top-node in processing Hilary upset Joan

In the remainder of this study, we will display derivations in considerably
less detail, and concentrate on the growth of tree structure, as opposed to the
combination of information, as it is in the growth of emergent structure that
variation is possible. We also omit information from the DU statements unless
pertinent to the point at hand. So, as in displays in other frameworks, the trees
used as illustrations should not be taken as more than a convenient form of
display. The formal content has always to be checked by establishing what rules
have applied and how.
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Elimination
at — Tns(PAST), ?Ty(t), Ty(t), Fo((Upset' (Joan'))(Hilary'), &
top node
Ty(e), [1]L, Ty(e — 1)
Fo(Hilary') Fo(Upset'(Joan'))
Ty(e), Ty(e — e — 1)
Fo(Joan')  Fo(Upset'),[|]L
Thinning
at — Tns(PAST), Ty(t), Fo(Upset' (Joan'))(Hilary')),
top node /\
Ty(e), [1]L, Ty(e — 1)
Fo(Hilary") Fo(Upset'(Joan'))
Ty(e), Ty(e —e—t)

Fo(Joan')  Fo(Upset'),[|]L

Figure 1.18: Completing the parse of Hilary upset Joan

1.4 Left Dislocation Structures

Focussing as we have done on the process of building up interpretation, it might
seem that we would have to give a much more abstract analysis of construc-
tions such as left dislocation structures (topics, questions, relative clauses, etc.)
which in other frameworks have posited movement, or feature passing. How-
ever, it is very straightforward to express such structures in ways that reflect
the dynamics of processing them. The key to our approach lies in the notions
of underspecification and requirement, just as in the analysis of non-dislocated
constructions given in the previous section. The intuition we wish to express is
that dislocated left-peripheral expressions decorate nodes that are not yet fixed
within the unfolding tree, and that continuing on with the parsing process will
establish their contribution to the overall structure later on.

The principal basis for the analysis in terms of two (mirror-image) under-
specified modal relations. The modality (7.) is an underspecified modal relation
pointing to some node that dominates the current node. It is defined over the
reflexive, transitive closure of the mother relation as shown in (1.22) and has an
obverse relation, (|.), over the daughter relation defined in (1.23).

(1.22) (To)a =ger a V {T){(T:)ex
(1.23) (lo)a =ger aV {|){l+)ex

A modality like (1.)?Ty(¢) holds just in case EITHER the current node is dec-
orated by ?Ty(t) OR some node dominating the current node is so decorated.



24 CHAPTER 1. THE DYNAMICS OF INTERPRETATION

These recursive definitions provide a means to express the underspecification
of tree locations. Consider the tree in Figure 1.19 There are four decorated

(1.)Tn(0), R (T0)Tn(0), P (1)Tn(0), P — Q

Figure 1.19: An Unfixed Node

nodes in this tree, but only three of them are in fixed locations. The fourth is
described as holding at (1.)7Tn(0) indicating that it holds at some node within
the tree along a sequence of daughter relations from the topnode but without
that sequence being further specified. In short, the only information provided is
that it is dominated by T'n(0). Correspondingly, the modal statement at 7'n(0)
indicates that at some dominated node, R holds (where this dominated node
may turn out to be the current node). This underspecified relation is indicated
shown by the dashed line in the figure (and subsequently).”

This definition of underspecified tree location is the tool employed in DS
for the analysis of preposed constituents such as wh-pronouns or left dislocated
topics. Intuitively, our analysis rests on the idea that an initial phrase in a string
may be parsed, but without being assigned a fixed position within the partial
tree that is currently being developed. All that is known is that the unfixed
subtree is dominated by the top, propositional, node and, crucially, that it
needs to be assigned a fixed position for the resulting tree to be interpreted.
Confirming this very weak relation at this point in the parse, all such nodes will
be introduced with a requirement that the node obtain a fixed tree relation,
which we write as 3z.Tn(x). This is just like the tense requirement we saw
associated with the complementizer that: it is satisfied just in case some value
is provided for the appropriate label, in this case for the treenode predicate.
This illustrates the general principle that all aspects of underspecification are
associated with a requirement for update to a fixed value. As the parse of the
remainder of the string proceeds, there will occur, in any well formed dislocation
construction, a fixed position into which the unfixed subtree can be slotted,
thereby satisfying some outstanding type requirement and the requirement to
find a fixed position for the unfixed node. The output tree thus contains no
indication that it was formed in such a way, through fixing an unfixed node,
merely expressing the same content as a structure in which there was no left
dislocation.

We will go through the analysis of the left dislocated version of the string
we discussed briefly in section 2 (uttered in a context like John, Bill amused,
but):

(1.24) Joan, Hilary upset.

19As we have seen before, this pair of decorations, (1«)7n(0), and (|+)R, clearly show how
the use of modal statements reflects the perspective of the node in the tree at which they
hold. So at some node dominated by Tn(0), the first of these formulae holds: the root node is
somewhere above it. At node T'n(0), given some node within the tree, the second statement
holds: the node decorated by R is somewhere below it. In this way, the use of modal formulae
invariably reflect information about the tree from the perspective of the node at which the
formulae are stated to hold.
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What we need in the first place is a means to introduce an unfixed node. This
is achieved by a rule of * ADJUNCTION which defines a transition from a partial
tree containing only one node (described by the set of formulae holding at that
node) with requirement ?T'y(t) to one that has an additional node, requiring
a type e decoration, and is described as being dominated by the input node,
without further specification of what that relation consists in. The new node is
decorated with a requirement to find a fixed position within the unfolding tree.
Finally, the pointer is left at this unfixed node, indicating that it is the next to
be developed. The rule is given formally in (1.25) with its effect on tree growth
shown in (1.26).

(1.25) *ADJUNCTION

{{Tn(a),.. 7Ty(t), 1}
{{Tn(a),...,?Ty®)}, {(1.)Tn(a),?IzTn(x),...,?Ty(e), }}

2Ty(0),6 - Tn(a), ?Ty(t)
(1.26) i
(1)Tn(a), ?Ty(‘e), 73x.Tn(x),

The output tree in (1.26) provides an environment in which the proper name
Joan can be parsed. Presuming on the generalisation of COMPLETION to apply
also to unfixed nodes,?° the parse of the string in (1.24) then proceeds through
INTRODUCTION and PREDICTION to provide subject and predicate requirements,
permitting the parse of Hilary upset, with the unfixed node on hold, so to speak.
These steps are shown in Figure 1.20.2!

At the point reached at the last tree in Figure 1.20, the pointer is at a node
with an open type e requirement. Since this matches the type of the unfixed
node, the latter may MERGE with that position.?? The output of this process is
the unification of the information on the unfixed node with that on the internal
argument node. This ensures that the open type requirement on the latter and
the outstanding requirement on the unfixed node to find a treenode address are
both satisfied, because the result is the DU in (1.27a). THINNING applies to this
to provide the set of decorations in (1.27b), as required.

(1.27)  a. {(1.)Tn(0), (To)(11)Tn(0), ?3x.T'n(x), Tn(010),
?Ty(e), Ty(e), Fo(Joan'),[|]L, &}

b. {(T0)(11)Tn(0), Tn(010), Ty(e), Fo(Joan'), [|] L, &}

This process is shown informally in Figure 1.21 where the dashed arrow indi-
cates the MERGE process and the second tree shows the output. Notice that

20This generalisation requires the means of distinguishing an unfixed node, with its asso-
ciated requirement ?3z.Tn(z), constructed by application of *Adjunction from some node
Tn(a), from other nodes which Tn(a) dominates. See Kempson et al 2001 for the distinc-
tion between ‘internally dominate’, which applies to unfixed nodes only, and to ‘externally
dominate’ which is the general dominate relation.

21Tn all trees that follow, the bottom restrictions imposed by lexical specifications will be
omitted, unless relevant.

22The process of MERGE used in DS should not be confused with the entirely different process
of Merge in the Minimalist Program (Chomsky 1995, etc.). A better term in DS would be
UNIFY, but we adhere to the term introduced in Kempson et al. (2001).
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Tn(0), ?7Ty(t)
|
|
(1.)Tn(0), Ty(e), Fo(Joan'), 73x.Tn(x), &

Fo(Joan7), Ty(e)

(1.)Tn(0), 73%.Tn(x) Tn(00),?Ty(e), & Tn(01),?Ty(e — t)

- Tn(0), ?Ty(t)
Fo(Joan7)7/Ty(e) Tn(00), Ty(e),
(1+)Tn(0), 73x.Tn(x) Fo(Hilary') Tn(01), 7Ty(e — ),
- Tn(0), ?Ty(1)

(1.)Tn(0), 3x.Tn(x), Tn(00). Ty(e),

5
Fo(Joan'), Ty(e) Fo(Hilary") Tn(01),7Ty(e — 1)

Tn(010), Tyle —» e —t)
Ty(e), & Tn(011), Fo(Upset’)

Figure 1.20: Parsing Joan, Hilary upset

when compiled and completed the second tree in Figure 1.21 is identical to the
output tree for Hilary upset Joan in Figure 1.18. The informational differences
between the two strings are thus not encoded in the representation, as in many
current theories of syntax, either as a separate layer of grammatical informa-
tion (Valduvi 1991) or in terms of functional categories projected at the left
periphery of the clause (as, for example, Rizzi 1998, and others following him).
Instead, the differences, we assume, derive from the different ways that the final
tree is established. With the left dislocated object, a term is presented to the
hearer which provides an update for a propositional structure to be established
from the rest of the string — a type of focus effect (see Kempson, Kiaer and Cann
forthcoming for further discussion). Note, in passing, the direct reflection of a
concept of one term isolated as providing an update to some remainder that is



1.4. LEFT DISLOCATION STRUCTURES 27

described in terms of focus in other frameworks (Valduvi 1991, Erteschek-Shir
1997), a perspective on focus which we pursue somewhat further in chapter 4.

Tn(0), ?Ty(t)

(1)Tn(0), BxTn(x). Tn(00). Ty(c),
Fo(Joan"), Ty(e) Fo(Hilary') _ - ==~~~

| -

Tn(01),?Ty(e — t)
\

ST Tn(010), Tyle — e —t)
Ty(e), & Tn(011), Fo(Upset')

— Tn(0), ?7Ty(t)
Tn(00), Ty(e), Fo(Hilary') Tn(01),?Ty(e — t)
Tn(010), Ty(e), Tyle > e —t)

Fo(Joan'),$  Tn(011), Fo(Upset')
Figure 1.21: Parsing Joan, Hilary upset with MERGE

Although it looks from the tree displays that the left dislocated node is
somehow associated with some position on the left periphery, this is merely an
artefact of the use of tree diagrams to illustrate the concepts used. Technically,
all initially unfixed nodes are checked against each partial tree as successive pairs
of daughter nodes are introduced. So in effect, the information from such nodes
is passed down the tree step by step until a fixed position for the node can be
established. MERGE may then take place at any stage where the information on
the unfixed node is compatible with that on the fixed position. The development
shown in Figure 1.20 might thus be more accurately shown as Figure 1.22, where
the information associated with the unfixed node is carried down the tree along
with the pointer. Note that at each of these intermediate nodes, the decorations
on the unfixed node are checked for consistency with that intermediate node.
And at any one of these nodes Tn(a), the unfixed node can be described as
(1 x)Tn(a) because, according to this concept of ‘be dominated by’, the relation
holds between two nodes if there is ANY sequence of daughter relations between
the two nodes in question, including the empty one, hence if the property holds
at that node.

At this point we need to be a bit more precise as to what the process of
MERGE involves. Quite simply, all it does is to unify two node descriptions, here
referred to as ND, ND’ (a pair of node descriptions) as indicated in the formal
rule in (1.28).

(1.28) MERGE

{..ND,ND’ ..}
{.ND U ND'..}
$e ND
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Tn(0), ?Ty(t), (T+)Tn(0), Ty(e), Fo(Joan'), ?3x.Tn(x), &
= Tn(0), ?Ty(t)

(1.)Tn(0), 73x.Tn(x),
Fo(Joan'), Ty(e), (11)Tn(0),?Ty(e — t)
(10)Tn(0), ?Ty(e), &

— Tn(0), ?7Ty(t)

o). oy, IO 00

Fo(Hilary") (11)Tn(0), ?Ty(e — t),

— Tn(0), 7Ty(t)

{10YTn(0), Ty(e), Fo(Hilary") Tn(01),?Ty(e — t)

(1.)Tn(0), 73x. Tn(x),
Fo(Joan'), Ty(e)
(10)(11)Tn(0), ?Ty(e), &

Tyle > e —t)
(T1)(11)Tn(0), Fo(Upset’)

Figure 1.22: Parsing Joan, Hilary upset

We have to use the concept of node description here, as this is a unification of
ALL information of the nodes to this juncture introduced as two discrete nodes,
and not just their type and formula specification. The only constraints on this
completely general rule are that: (a) the pointer is one of the decorations on
one of the DUs (the fixed node) and (b) that the two DUs unify.2> This in
effect is a concept of unification of information familiar from such theoretical
frameworks as Generalised Phrase Structure Grammar (Gazdar et al. 1985,
Bennett) and Head-driven Phrase Structure Grammar (Pollard and Sag 1987,
1994). For example, the rule does not need to refer explicitly to any unfixed
node: two fixed nodes will not be able to merge, as they will not meet the entail-
ment /unification constraint. Hence, while (T¢)(11)Tn(0) = (1.)Tn(0) (since the
fixed modality implies the underspecified modality), (To)(T1)Tn(0) = (10)Tn(0)
(the modalities are inconsistent). Also, no node can have more than one specifi-
cation of any individual category unless one such specification entails the other.
So Fo(U), Fo(John) is a licit combination, where U is a metavariable, since

23For a full formal definition, see Kempson et al 2001.
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metavariables are merely underspecified formula values and Fo(«) = Fo(U) for
any formula value . Fo(Bill), Fo(John), however, is an impossible combina-
tion because neither formula value entails the other.24

Characteristically Merge takes place where there is an unfixed node anno-
tated with a formula of a certain type and a fixed node requiring that type
(although this is not determined by the rule in (1.28)). Consider the trees in
Figure 1.22. In the second tree with the information on the unfixed node cur-
rently matched with that on the subject node, MERGE could occur, but such
a move would cause the parse to abort as the pointer would move on to the
predicate node but the next word that would be parsed (Hilary) is of type e
and so incompatible with that node. The DU decorating the unfixed node, thus
gets passed to the predicate node where no MERGE can take place (the type
requirement and the specified type are incompatible), and finally to the internal
argument position, where MERGE can, and indeed must, take place.

Notice that though there is a specific principle which deletes requirements,
there is no specific principle to delete any annotations which are entailed by
other updating annotations upon an application of MERGE. They will always
simply be irrelevant to subsequent updates, and so can be in ignored. So
in Figure 1.21, ?3z.Tn(z) and ?Ty(e) get removed from node Tn(010) once
Merge has taken place, but (1.)7n(0) remains as a decoration, coexisting with
(10)(11)Tn(0), both of which after Merge will hold at Tn(010), the underspec-
ified modality, however, no longer providing information because the specific
modality holds.

A common question at this juncture is: What does this concept of underspec-
ification of tree relations consist in? Since, in English, one may not know until
the verb is parsed, whether the constituent just parsed is the subject, shouldn’t
one be analysing all nodes before the verb as unfixed, subject and object alike in
left-dislocation structures such as Mary, John upset? Why does the subject get
introduced by application of Introduction and Prediction, and left-dislocated
constituents by *Adjunction? The answer is that it is possible for subjects to
be introduced by *Adjunction, rather than Introduction and Prediction (and in
some languages this must be what is happening, see next section), but equally
an analysis in terms of a discrete fixed number of alternatives is a possibility.
The situation is analogous to ambiguity of meaning. Indeed, what we confront
IS a form of ambiguity - a processing ambiguity. As we know from studies of
lexical ambiguity, the fact of a hearer being not necessarily able to determine
which sense of an ambiguous item such as bank is intended without reference to
context is not in itself a criterion for analysing the word itself as underspecified.
The choice of whether some word should be said to be ambiguous or simply un-
derspecified with respect to some property depends on the patterns elsewhere
in the language. Whether or not to analyse all noun phrases as unfixed un-
til the verb is processed therefore turns not solely on the lack of information
available to the parser, but on whether there are grounds elsewhere in the lan-
guage to wish to preserve the distinction between the concepts of subject and
long-distance dependency. There are also topic structures in addition (some-
times called Hanging Topic Left Dislocation - see Anagnastopoulou et al eds.
1995). And, indeed, we shall see a great deal of evidence in subsequent chapters

24In Chapters 5, and 8, in discussing conjunction and apposition, this last combination will
be modified under particular conditions.
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to distinguish these three concepts. For these reasons, we elect to characterise
only left-dislocation structures for English corresponding to what is elsewhere
analysed as Move a (see Chomsky 1981 etc) as a form of underspecification
expressed in terms of a weak notion of domination, while preserving an ambi-
guity between distinct processing alternatives in distinguishing the processing
of subject from that of long-distance dependency or, as we shall see in chapter
4, topic structures.

Before leaving the more technical discussion of *Adjunction and Merge, it
is worth reflecting on the analysis of long-distance dependency proposed. It
is concepts of underspecification and subsequent tree growth that replace al-
together the concept of ‘movement’, acclaimed in GB and minimalism, with
its presumption of discrete levels of representation. At different stages in the
parsing process, a node may be described in different ways: first as unfixed,
and subsequently as identified with a fully determinate position. An immediate
advantage of this analysis is that it matches the intuitive concept of information
growth during the parse process for such sentences. As will emerge in chapter
3, the concept of tree growth for such structures is also just what we need to
explain how the supposedly syntactic phenomenon of long-distance dependency
structure can interact with context-dependent processes which have previously
been thought to be semantic or pragmatic and so of no consequence to the ar-
ticulation of syntax as the central component of the grammar. So the supposed
indication of the imperfection of language will turn out to be nothing more than
what it means to be a parsing-directed system.

It is worth noticing also why the concept of a node described as dominated,
without further specification at some early juncture in the parsing process, is so
naturally expressed in the vocabulary which Dynamic Syntax makes available.
This turns on manipulating the modal logic LOFT. This potential is due not so
much to the specifics of LOFT, as a modal logic, since this is expressible in any
language for describing trees. It resides, rather, in the move to describe trees
explicitly, using a tree description language, rather than simply taking their
properties for granted, as in standard linguistic formalisms. In particular, in
order to describe what it means for a tree to be partial, we needed a language
to describe such objects: they can’t simply be drawn. This move is exactly
analogous to the move within semantics to set up languages to describe partial
contents, as in DRT (see Kamp and Reyle 1993, etc.). In order to articulate
what it means to have a representation of partial content for some expression,
one needs a language that describes such contents. One might express it as
a slogan: “To go partial, you need a language of description”. Or, to put it
another way, once one has to hand a language for describing some set of objects,
articulating explicitly the set of properties necessary to be one such object, it
is straightforward to express what it means to have part of one such object.

1.5 Anaphora

We have so far been considering the processing of sentences pretty much as
though in isolation. We now have to rectify this, and take up the challenge
put out in chapter 1 that, to have any hope of a unitary characterisation of
pronominal anaphora, we have to assume that a pronoun is a place-holder for
some logical expression which has been constructed within the context. An-
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tecedents, though they may be given by previous words, cannot be the words
themselves as this gives quite the wrong result over and over again. Presum-
ing that the antecedent of the pronoun in (1.29a) is the quantifying expression
wrongly fails to predict what is the appropriate interpretation of (1.29a), and
wrongly predicts that it should have the same interpretation as (1.29b).

(1.29)  a. Every child thinks that he should get a prize.
b. Every child thinks that every child should get a prize.

Assuming the general stance that words provide lexical actions in building up
representations of content as established in context, to the contrary, gets us on
the right track. We can thus say that the pronoun may pick out some logical
term if that term is provided in the discourse context, whether it is a full logical
name or a variable introduced by some quantifying expression, and so on. We
consider only the simplest cases here, leaving a discussion of the quantificational
cases until the next chapter, but the effect of such an assumption, together with
the adoption of the epsilon calculus to provide an account of quantification (see
chapter 3) is to capture both the fact that pronouns contribute very differently to
interpretation depending on the antecedent that they have, and that a pronoun
is nevertheless not lexically ambiguous in the sense of having a number of quite
different interpretations defined in the lexicon.

To achieve the simple notion that pronouns pick out some logical term from
the discourse context, we again have recourse to underspecification, in this case
the underspecification of content, rather than, as with our account of left disloca-
tion, underspecification of position. So we extend the vocabulary of our Formula
values to allow placeholders for values. These we call METAVARIABLES in the
logical language and represent as boldface capitals U,V ..... Pronouns then
project one such metavariable as the Fo value given by its lexical actions. As a
metavariable is just a placeholder for some contentful value, they are associated
with a requirement to establish such a value, 73z Fo(z), just as unfixed nodes
with the underspecified modality (1.)Tn(n) are associated with a requirement
to find a value for its treenode label, ?3x.7n(x). Following the general pattern
that all requirements have to be got rid of in any well-formed derivation, the
formula requirement ensures that metavariables will be replaced by a term in
the Formula language as part of the construction process. Such replacement
is established through a pragmatically driven process of SUBSTITUTION which
applies as part of this construction process.

As an illustration, in processing an example such as (1.31), uttered in the
context of having just parsed an utterance of (1.30), we assume the steps of
interpretation in processing the subject and object expressions shown in Figure
1.23.%%

(1.30) John ignored Mary.
(1.31) He upset her.

As is now familiar, INTRODUCTION and PREDICTION license the introduction of
subject and predicate nodes, the first of which is decorated by the pronoun he
(1). SUBSTITUTION then occurs to yield the tree in (2) and the pointer moves

25The trees are shown schematically and types and other requirements, once established,
are not further represented.
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to the predicate node through COMPLETION and ANTICIPATION, permitting the
parse of the verb to give the tree in (3). Parsing her satisfies the type require-
ment on the internal argument node, but leaves a formula requirement which
is satisfied through SUBSTITUTION to yield the tree in (4). Notice that the
metavariables are replaced, at step (2), and at step (5), so there is no record
thereafter of there having been a pronominal form of input. The tree resulting
from the parse of John upset Mary and that of He upset her - as uttered in the
context of having just parsed (1.30) - is identical in the two cases.

The lexical specification for the pronoun he can now be given. It must
express both the need for the pronoun to have a value established in context, and
specify whatever other constraints the pronoun imposes. So, for example, he is
associated with a constraint on substitution that whatever term is substituted
for the metavariable projected by the pronoun is describable (in context) as
having the property Male’. This sort of constraint (a presupposition) we show as
a subscript on the metavariable.26 Additionally, the case of a pronoun constrains
which node in a tree the pronoun may decorate. For nominative pronouns in
English, where the morphological specification of case is very restricted, we take
nominative case specification to take the form of an output filter — a requirement
that the immediately dominated node be decorated with type ¢. In English, of
course, there is a further constraint that nominative pronouns only appear in
finite subject positions, so that the actual constraint is shown as a requirement
to be immediately dominated by a propositional node with a tense decoration.?”

(1.32) he
IF Ty(e)
THEN put(Ty(e), Type statement
Fo(Upmale ), Metavariable and Presupposition
?3x.Fo(x), Formula Requirement
(M (Ty(t) A Ix.Tns(x)), Case Condition
(ER)] Bottom Restriction

ELSE  ABORT

Other pronouns and other case-forms project analogous information. So, for
example, the first and second pronouns project presuppositions that whatever
is substituted for the metavariable must be the speaker or the hearer/addressee,
respectively (i.e. Ugpeaker s Unbearer). Notice that, just as with third person
pronouns, the metavariable projected by I/me or you will be replaced by some
logical term, picking out the speaker or hearer, and so the output propositional
form ceases to contain a semantic deictic expression, requiring anchoring in
the discourse domain. Instead, the representation of the content of the string
I’'m going to Wales uttered by Hilary is Go'(To — Wales')(Hilary'), directly
expressing the appropriate proposition.

The process of substitution is thus entirely free relative to the constraints
imposed by any presuppositions projected by an expression. However, it also
applies relative to a general filter, which precludes any substitution which results

26We do not, in this book, go into presuppositional effects or the formal analysis of such
things, but see Cann 2004 for some discussion.

27We make no pretence that this gives a complete characterisation of case. As we saw in
section 3, there is more than one way to express case restrictions. This will be taken up in
more detail in chapter 6, where we shall see that in Japanese, nominative case specification is
arguably different from other case specifications.
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1) Parsing He 2Ty(t)

)

Fo(U), Ty(e), ?3x.Fo(zx), T y(e — t)

2)  Substituting Fo(John') ?Ty(t)

)

Fo(John') ?Ty(e —t),$

3) Parsing He upset Tns(Past), 7Ty(t)

)

Fo(John') Ty(e —t)

)

?Ty(e),$  Fo(Upset')

4) Parsing He upset her Tns(Past), 7Ty(t)

)

Fo(John') Ty(e —t)

Fo(\{\

Ty(e) Fo(Upset')
?3z.Fo(x)

5)  Substituting Fo(Mary') Tns(Past), 7Ty(t)

)

Fo(John') ?Ty(e — t)

)

Fo(Mary'),$ Fo(Upset')

Figure 1.23: Stages in processing He upset her

33
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in any two co-arguments being identical, i.e. an analogue of Principle B of the
Binding Theory of the Priciples and Parameters framework (Chomsky 1981),
but restricted to an argument domain®®. The tree-description vocabulary can
thus capture the type of generalisations that other frameworks rely on such as
familiar concepts of locality (indeed rather more, since the characterisation of
partial trees is the central motivation for turning to a formal tree-description
language).

In this connection, consider the schematic tree in Figure 1.24, with its la-
belling of argument relations in terms of grammatical relations as defined on
the semantic tree (Indirect Object is the lowest argument, Subject is the highest
argument, Direct Object is the intermediate object) On this tree, we can show

Ty(t), Tn(0)

A

SUBJ Tyle —t)

A

DIR-OBJ ?Ty(e — (e — t))

IND-OBJ  ?Ty(e — (e — (e — t)))

Figure 1.24: Locality Tree

the relations between the lowest argument node, the indirect object, using tree
modalities as in (1.33a-c). These all involve going up from an argument node,
up through one or more functor nodes and then down to an argument node.
To abstract from these to a general concept of locality, we can generalise these
relations to that shown in (1.33d), where the underspecified modality (17) ex-
presses a path through a series of (possibly null) dominating nodes, all of which

are functor nodes. This is formally defined in (1.33e).
(1.33)  a. IND-OBJ to IND-OBJ: (To)(lo)
b. IND-OBJ to DIR-OBJ: (10){T1){lo)
c. IND-OBJ to SUBJ: (To){T1)(T1)
- (To)(11)(lo)
e (Ma =aey aV (T)(17)a
Taking the relation in (1.33d) as the relevant locality domain, we can now

define Substitution, along the lines of Kempson et al 2001, as an operation that
substitutes only formulae that do not decorate local nodes, as in (1.34).%°

[N

28See Huang 2000, HPSG, for arguments and discussion.
29We might alternatively define a local domain in terms of some identified T'y(t)—requiring
node being the closest. See chapter 6, where this is explored in connection with Japanese.



1.5. ANAPHORA 35

IF Fo(U), Ty(e)
THEN  IF (To)(T7){lo) Fo(e)
(1.34)  Subst(a) THEN Abort
ELSE put(Fo(a))
ELSE  Abort

Taking this as a locality domain means that the subject, indirect and direct
objects are all local to each other nodes, and restricting substitution using this
means that formulae decorating of these nodes cannot be used as an antecedent
for a metavariable decorating any of the others. Furthermore, if there is an
unfixed node decorated in the tree, it too will be local to other arguments in
the tree, since in being evaluated at each node along the path between the
node where it is introduced and the node where it merges, the decorations on
that node are evaluated for whether they hold at that very node, including some
decoration Fo(a), and this entails (o) 1%)(lo)Fo(«). With this approach, then,
neither Hilary likes her nor Hilary, she likes can ever be associated with the
propositional formula Like' (Hilary')(Hilary').

This substitution process is assumed to be defined over a context of struc-
tures from which putative antecedents are selected. At this stage, we rely on
a purely intuitive concept of context, with context construed as an arbitrary
sequence of trees, including the partial tree under construction as the parsing
process unfolds incrementally. So we presume that the context relative to the
parsing of John thinks that he is clever at the stage of parsing the pronoun in-
cludes the partial tree under construction, hence making available Fo(John') as
a putative antecedent (see chapter 9 for a more detailed discussion of context).3"

There is a general property of lexical actions which should not get lost sight of
here: they are expressed in exactly the same formal language as computational
actions, as the procedural style of lexical definition makes clear. In principle
they can provide input to other tree-update processes, both general and lexical,
thus allowing extensive interaction between lexical and general processes at ALL
stages of the construction process. We shall see in this and subsequent chap-
ters how it is the potential for interaction of anaphora construal and what in
other frameworks are taken to be syntactic processes which is so fruitful in ar-
ticulating a broad range of cross-linguistic generalisations, and which singularly
distinguishes this framework from all others.

30Notice that the same locality can be used to ensure reflexives get properly ‘bound’ in
the most common circumstances. However, Substitution is not involved here but the lexical
actions associated with a reflexive identify a local formula and use that as a substitute as part
of the parsing process directly. A word like herself is thus associated with a lexical entry like:

IF Ty(e)
THEN IF (T0)?Ty(t)
THEN  Abort
ELSE IF (To){13)(lo)Fo(a)
herself THEN — put(Ty(e), Fo(a), [1]1)
ELSE Abort

ELSE Abort
ELSE Abort

See chapter 6 for a discussion of the anaphor zibunzisin in Japanese.
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1.5.1 Pro drop and word order variation

A point to notice about the analysis of pronouns in English suggested above
is that they are associated with the ‘bottom restriction’ [|]L, which, as we
have seen, means that the node decorated by the pronoun is a terminal node
and can not be further developed. One of the consequences of this is that, in
English, pronouns cannot be associated with initially unfixed nodes in question
or analogous ‘topicalisation’ structures (1.35):3!

(1.35)  a. *Which barman did Mary upset him?
b. *Bill, Hilary amused but John, she upset him.

As we shall see in chapter 4, however, there are languages in which some pro-
nouns do not have this restriction and so can be associated with such left dis-
located material. Such an effect can be seen in the clitic doubling structures
evident in languages such as Modern Greek, as illustrated in (1.36).

(1.36) ti Maria  tin ksero

theACC Maria herCL —ACC I know
‘I know Maria’

We go into such constructions in more detail later in the book, but essentially the
clitic ¢in in (1.36) projects a metavariable but does not decorate that node with
the bottom restriction. This allows the unfixed node decorated by ti Maria to
MERGE with that node, yielding a structure identical to that derived by parsing
the non-dislocated string ksero ti Maria.

The example in (1.36) also shows another common property of natural lan-
guages: pro-drop. This is the phenomenon in many languages of licensing the
occurrence of a verb without any independent expression providing the argument
for the predicate, presuming on its identification from context. The dissocia-
tion of a metavariable from the bottom restriction illustrated by clitic doubling,
however, also provides a straightforward way to analyse such languages.

As we have seen in this chapter, subject nodes in English are introduced
by the construction rules INTRODUCTION and PREDICTION while the lexical
actions associated with verbs are triggered by a predicate requirement, 7Ty (e —
t). As such, transitive verbs do not decorate their subject nodes and overt
subjects are thus necessary to guarantee the well-formedness of strings because,
without one, the pointer can never reach the triggering predicate node. However,
certain languages are best treated as having the parsing of verbs triggered by a
propositional requirement, rather than a predicate node. So, for example, in a
VSO language like Modern Irish, we may analyse (non-copular) verbs as being
triggered by a type t requirement and providing a full propositional template
with the pointer left at the subject node for development next. Thus, the verb
chonaic ‘saw’ in (1.37) may be given the lexical entry in (1.38) which has the
effect shown in Figure 1.25. The fact that the pointer is at the subject node
allows the immediate parsing of the first person pronoun mé in (1.37) and the
pointer then travels down the tree using ANTICIPATION (twice) to allow the
internal object to be parsed.

31The terminology in this area is extremely confusing, with ‘topicalisation’ as one standard
term for long-distance dependencies that are characteristically used for the focus effect of
isolating one term as update to some remaining structure.
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(1.37) Chonaic mé an ci
saw I  the dog

I saw the dog
(1.38) chonaic

IF Ty(t)

THEN put(Tns(PAST)); Tense
make((]1));go({]1)); put(?Ty(e — t)); Predicate Node
make((]1)); go({l1));
put(Fo(Chon'),Ty(e — e — t),[l]1) Main Functor

go({T1));make((lo)); go({lo)); put(?Ty(e)); Internal Argument
go((To)(T1)); make((lo)); go({lo)); put(?Ty(e)) Subject

ELSE Abort

?Ty(t) — Ty(t)
Ty(e), & MTy(e — t)
7Tye) Fo(Chon'),[|]L

Tyle —e—1t)
Figure 1.25: Parsing chonaic

There is, of course, much more to say about the analysis of Modern Irish,
but this brief sketch of the parsing of main verbs shows one of the ways in
which word order variation can be achieved within Dynamic Syntax — through
the manipulation of triggers (between propositional, main predicate and n-place
predicate requirements) and where the pointer remains after the lexical actions
have occurred. It also provides a means of accounting for subject pro drop
languages such as Modern Greek. While in Modern Irish the subject node is
decorated by a type requirement (at least for analytic forms such as chonaic),
indicating the need for an overt subject, in Modern Greek we may analyse verbs
as decorating their subject nodes with METAVARIABLES. Such metavariables,
like those projected by pronouns in the way we have seen, are associated with a
formula requirement and so must be updated with some contentful expression.
This is achieved by lexical actions such as those associated with the verb ksero
‘T know’ shown in (1.40). Figure 1.26 shows the parse of the sentence in (1.39)
with substitution of the subject metavariable being made on the assumption
that Stavros utters the string.??> The resulting proposition is, as expected,
Fo(Kser'(Maria')(Stavros')).?3

(1.39) ksero ti Maria I know
theAC’C’ Maria

32The analysis ignores the import of the definite article.

33We leave on one side here the question of how to express the V.SO ordering, except to
say that the rule of LATE¥ ADJUNCTION to be proposed in chapter 5 provides a straightforward
mechanism for accounting for this frequent structure. For a first account of a verb-initial
language using the DS framework, see Turner 2003.
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‘I know Maria’

(1.40) ksero

IF Ty(t)

THEN put(Tns(PRES)); Tense
make((l1)); go({l1)); put(?Ty(e — 1)); Predicate Node
make((]1));go({l1));
put(Fo(Kser'), Ty(e — e — t),[l]L) Main Functor
go({T1));make({(l0));go((lo)); put(?Ty(e)); Internal Argument
go({T0)(11)); make((lo)); go({}0));
put(Ty(e), Fo(Ugpeaker ), 73x.Fo(x)) Subject Metavariable

ELSE  Abort

?Ty(t) — Ty(t)
Ty(e), ?34\
FyO(USpeaker’)z <> ?Ty(e - t)
AF(K) o
Ty(e) Tyle > e —t)
— Ty(t)
Ty(e), Fo(Stavros’) Ty(e — t)
/$> (1)L
Ty(e), ¢ Tyle — e — t)
— Ty(t)
Ty(e), Fo(Stavros') Ty(e — 1)

Ty(e), <, Fo(Kser'),[l]L
Fo(Maria')  Ty(e — e —t)

Figure 1.26: Parsing ksero ti Maria

Greek, like Irish, is a canonically verb-subject-order language (a ‘verb-initial’
language), though subject pro-drop. This is reflected, in this analysis on which
node at the end of the macro of actions provided by the verb, the pointer ends
up at - in (1.40) at the subject node. It is then a simple matter to reflect subject
pro-drop languages in which subject-verb-object is the unmarked order, such as
the Romance languages of Spanish, Italian, etc. We define a macro of actions
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for the verb identical in format to that of Greek except that, by a simple re-
ordering of the sequence of lexical actions, the pointer ends up at the object
argument node. In this case, because the object node is only decorated with
a requirement for a node of type e, the necessity of an expression immediately
following the verb which can satisfy this requirement is immediate.

There is a consequence to giving distinct lexical specifications for verbs (and
other expressions) in different languages. All languages, equally, can realise pairs
of expressions corresponding to a subject plus its verb, though some apparently
don’t have to project such pairs in order to convey a subject-predicate relation
as interpretation. This might seem to pose a problem: in all these languages in
which the verb decorates the subject as part of its own actions, if the subject
is also explicitly marked by a discrete constituent, the subject position in the
resulting logical form will get decorated twice, once by the subject expression,
and once by the verb itself, as illustrated in (1.41).

(1.41) o Stavros  kseri ti Maria
theNOM Stavros he knows theACC Maria

‘Stavros knows Maria’

Should we avoid this outcome by characterising verbs in pro-drop languages
as sometimes projecting a subject from the lexicon, and sometimes not? The
answer is that this isn’t necessary. There are several alternatives. For example,
all cases in which there is an explicit subject expression will allow a derivation in
which that expression is taken to decorate a node which is initially introduced as
unfixed, only subsequently merging with the subject node projected by the verb.
This is the analysis we have already motivated in English for left-dislocation
structures, such as Mary , John dislikes. The string in (1.41) could then be
analysed with the subject o Stavros as providing an update for the propositional
template given by the verb through the MERGE process as illustrated graphically
in Figure 1.27.3% Notice that MERGE is licit here because the subject node is
not decorated by the bottom restriction, [|] L. The node may, therefore, grow
and accommodate an initially unfixed subtree.3®

Ty(t)

Ty(e — t)

?Ty(e) Fo(Kser')

Figure 1.27: Parsing o Stavros kseri

34The dashed arrow here and below indicate MERGE.

35The fact that the subject node grows in Figure 1.27 is not obvious as we currently do not
show the internal structure of proper names which in chapter 3 will be rectified when they are
treated as terms which have internal structure, as a form of quantifying expression.
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There is, however, a further way in which subjects can be accommodated
in pro-drop languages: through the straightforward use of INTRODUCTION and
PREDICTION. The subject is introduced as we have seen for English, as in tree
A in Figure 1.28. The verb is parsed to yield a full propositional template with
the subject node decorated by a metavariable to give the apparently inconsistent
tree B in Figure 1.28. However, the inconsistency is only apparent as can be
seen if we consider the description of the tree, rather than its representation.
From the point of view of the topnode tree B has the description in (1.42) — six
introduced nodes, each with their itemised properties, including a description
of their relation to the top node:

(1.42)
1 {Tn(0),7Ty(t)} Topnode
2 {{lo)Tn(0),Ty(e), Fo(Stavros'),[|]L} Initial Subject Node
3 {{lo)Tn(0),Ty(e), Fo(U), ?23x.Fo(x), <} Introduced Subject Node
4 {(11)Tn(0),7Ty(e — t)} Predicate Node
5 {{l1){lo)Tn(0),?Ty(e)} Internal Argument Node
6 {{{1){{1)Tn(0),Ty(e — e —t), Fo(Kser'),[]]L} Functor Node

The important thing to notice about this description is that lines 2 and 3,
giving the descriptions of the initial and introduced subject nodes, describe
THE SAME NODE, the argument node immediately dominated by the topnode.
The full description of that node should thus be that in (1.43a) with the two
descriptions unified, which itself reduces to (1.43b) once fulfilled requirements
and uninformative information (i.e. the metavariable) are removed.

(1.43)  a. {{lo)Tn(0),Ty(e), Fo(Stavros'),[l]L, Fo(U), ?3x.Fo(x), {}
b. {{lo)Tn(0),Ty(e), Fo(Stavros’),[l]L, {}

Tree B in Figure 1.28 is thus equivalent to tree C in the same figure. This
example thus shows the usefulness of the tree description language which high-
lights directly the number and type of nodes in a tree which may be obscured
by apparently contradictory sets of computational and lexical actions.

It might be objected that having multiple ways of deriving a parse is prob-
lematic for the framework. But this is not the case. As we shall see later in this
book, different parsing strategies (possibly signalled by variations in prosodic
information) may give rise to different pragmatic effects. Even if this is not the
case, as is presumed in Categorial Grammar, derivations, eg for coordination,
with its infinitely flexible constituency assignment, the fact that there are mul-
tiple paths to achieve a successful parse is not inimical to the exercise provided
that the output is appropriate and each step of a derivation is licensed by com-
putational or lexical actions: it is the process that is important. We discuss
well-formedness and ungrammaticality in more detail below, but to conclude
this section, it is useful to note that the differences we attribute to lexical ac-
tions form the basis for our account of linguistic variation. In the chapters that
follow, we will use different sets of lexical actions for verbs and pronouns along
lines suggested in this section in accounting for different grammatical proper-
ties, in particular the interaction of dislocated or scrambled expressions with
anaphora.
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A Ty(t)

Ty(e), Fo(Stavros'),

B ?Ty(t)
T (e)Mn\
Fog(lStavros') ?EZ(X.FO(X), & K
Ty(e) Fo(Kser')
C ?Ty(t)
T

Fo(Stavros’),

Ty(e) Fo(Kser')

Figure 1.28: Parsing o Stavros kseri 2

1.6 Wellformedness and ungrammaticality

Before branching out into more complex structures, there is one more essential
preliminary step. We need to be clear about the concept of wellformedness that
this formalism provides. In what sense can such a parsing-oriented formalism
constitute a grammar formalism? More pointedly, given the way we have set
out the framework so far, how can only considering one sequence of transitions
through a set of options be sufficient to determine wellformedness? This is a
good question; because the answer is of course that it can’t. If a system is to
constitute a grammar formalism, then it has at the very least to provide a fil-
ter mechanism determining which sequences made up of English words are not
wellformed sentences of the language. In order to determine this concept of well-
formedness, we need to look at sequences of transitions which are wellformed,
and at what it is that causes a given sequence of transitions to abort.

The wellformed sequences that we have so far established have a number of
properties in common. First, the concept of tree growth is central. Decorations
are invariably added to the tree: nothing is taken away except requirements,
and these go only when fulfilled. Secondly this concept of growth is essentially
progressive: no trivial additions are allowed.?¢ Thirdly, all sequences of tran-

36 More formally, the process of growth is upward monotonic, a property which is developed
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sitions share the following pair of properties. The starting point is the axiom,
the initial statement that imposes the goal of establishing a logical form of type
t. The output for all successful sequences is reaching that goal, and with no
outstanding requirements: so all goals, and all subgoals have to be met. Fur-
thermore they have to be met by following the actions as provided by the words
in the linear sequence in which the words are presented. No actions from any
word can be put on hold, and used at some arbitrary point later.

These observations give us enough to articulate a preliminary concept of
wellformedness. To be a wellformed string, there must be a sequence of actions
that follows from the initial goal to the construction of a logical form decorating
the top node of a tree with actions from each word having been used in the
sequence presented in combination with computational actions as applicable,
with no requirements outstanding in the end result.

More than one logical form may be available, and more than one sequence of
actions. It is notable in fact, given that the concept of interpretation modelled is
that of an interpretation selected relative to context, that there may be a large
number of logical forms that can be associated with a given sequence of words.
This has a consequence for ungrammaticality, which represents something of
a challenge. In order to be ungrammatical, given rules of the system, there
must be no possible sequence of transitions using the information presented
incrementally by the words in combination with computational actions that yield
a single logical form. This means that in checking claims of ungrammaticality,
one has to check all possible sequences and establish that no logical form is
derivable.

To see that this is no mean task, let’s take a simple case. How is it that the
system guarantees that John, Mary upset must map onto the tree equivalent to
the string Mary upset John, i.e.:

Fo(Upset(John)(Mary)))
Fo(Mary) Fo(Upset(John))

Fo(John) Fo(Upset)
In particular, how does the system preclude it from being mapped onto:
Fo(Upset(Mary)(John)))

Fo(John) Fo(Upset(Mary))

Fo(Mary) Fo(Upset)

Given what the framework provides, why can’t John be construed as subject
and Mary as object in parsing John Mary upset? Several possible derivations
might spring to mind. Why can’t Mary be taken to decorate an object node
which is introduced first on developing the predicate-requiring node? Or why
can’t Mary be taken to decorate an unfixed node introduced after the subject
node is established and decorated, which is then merged with the object node?

The answer is simple enough, though a bit laborious to establish. As so far
set out, there are two choices at the outset of the construction process. Either
*Adjunction applies and the word John is taken to decorate an unfixed node

in depth in Kempson et al 2001.



1.6. WELLFORMEDNESS AND UNGRAMMATICALITY 43

with Fo(John'); or Introduction and Prediction are applied and John is taken
to decorate the subject node. The former strategy gives us naturally what
we want, so we can leave that on one side as unproblematic. Suppose to the
contrary that John, as the first word in the string, is taken to decorate the
subject node:

Tn(0),7Ty(t), (Lo)Ty(e), 7(L1)(Ty(e — 1)

<T0>Tn(0)7
<T1>T7l(0),
ol

We then immediately face a difficulty in parsing the second noun phrase Mary,
for once the subject node is parsed, the pointer goes back to the top node, and
from there by Anticipation to the predicate-requiring node which Prediction
introduced. *Adjunction cannot now apply: it is defined (for English at least) to
apply only when the pointer is at the node decorated with ?Ty(¢) (i.e. not from
the predicate-requiring node).* Adjunction also cannot apply recursively: this is
ensured by the requirement that it apply only when there are no other nodes in
the (sub)tree of which it is the top. Again this will turn out to be a language-
particular stipulation, which may not hold in free word-order languages. This
is the significance of the double brackets {{ in the condition on applicability of
*Adjunction:

{Tn(a),.. .7Ty(t), Ot}

As soon as either one application of *Adjunction has taken place, or an ap-
plication of Prediction, this condition will no longer apply. With *Adjunction
inapplicable, given the assumption that John has been taken to decorate a sub-
ject node, then the only option is to use Anticipation to move to the predicate-
requiring node.?” But with the pointer at the predicate-requiring node, then the
condition for carrying out the actions of the name Mary cannot be applied — its
trigger of ?T'y(e) has not been provided. Applying the actions of the verb could
of course be carried out if the verb were next in the sequence, as this requirement
is the appropriate condition for its sequence of update actions. However, it is
Mary that, according to the test, lies next in the sequence of words. But with
Introduction and Prediction only applying in English at the level of expanding
a propositional node, i.e. with ?Ty(¢) as the condition on their application,
the trigger for the actions provided by the word Mary is not provided and the
sequence aborts. Hence the impossibility of building an interpretation ‘John
upset Mary’ from the sequence John, Mary upset. The only way for a success-
ful derivation to take place, once the decoration on the subject node has been
established, is for the update action of the verb to be carried out first. And to
enable this to take place, the verb has to be positioned before the noun phrase
to be construed as object.

This explanation turned on what may seem to be an ad hoc stipulation that
the only form of Introduction and Prediction that are available in English con-

37In principle, another daughter node could be introduced, but any such move would be
trivial, as any such node being already introduced would immediately satisfy the requirement
?Ty(e) removing the requirement. By a very general principle of tree growth, such trivial
updates are debarred.
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cern expansion in preparation for decorating subject and predicate nodes. If
the more general type-neutral variants of Introduction and Prediction are pre-
ferred, then Prediction could in principle apply, and we would need to ensure
that the verb’s actions then abort. This is straightforwardly definable for verbs,
eg upset, by adding one level of complexity to the lexical specification forcing
the sequence of actions to abort in the presence of some constructed daughter
node; and since such a definition provides a useful illustration of how lexical
specifications can be manipulated, we list it here as an option. Such a charac-
terisation would take the form:

upset
IF Ty(e — t)
THEN IF 70T
THEN Abort
Else make({|1));
go((11)); put(Fo(Upset);
go((11)); make((lo));
put( Ty(e))
ELSE  Abort.

The only novel aspect to this definition is the use of the symbol T, “the true”,
the converse symbol to the falsum | which we have already used in character-
ising lexical actions as decorating terminal nodes in the tree structure. What
this specification indicates is that if at some daughter some arbitrary property
holds, then the sequence is aborted. Literally, the requirement is of the form
that at a daughter node some property holds: if this is the case, this sequence
of actions is aborted. Since in building a daughter node, a value for the Tn
(tree-node) predicate will hold, this specification will be satisfied should any
daughter node be introduced, no matter what its decorations are otherwise.
However, this lexical specification is not, in the event, necessary, since we do
not presume on a general process of Introduction and Prediction. This is not
just an ad-hoc stipulation as, unlike categorial grammar formalisms, there is in
Dynamic Syntax no presumption of a general process of type-introduction. We
manipulate only a small number of types, and apart from the introduction of
the subject-predicate distinction, these are lexically induced.

This example is important because it shows the challenge ahead. For a string
to be ungrammatical, there must be no possible sequence of actions whereby
a logical form can be constructed. To check a wellformedness prediction then
is easy: there merely has to be at least one route through the maze. To check
that something is excluded is much more laborious: there must be no possible
route. A consequence of this is that the system doesn’t select between possible
parse strategies - in this it is unlike real-time parsing - it simply makes available
a set of sequences of partial trees for a string, any one of which might be used
in parsing, and any one of which is sufficient to determine that the string is
wellformed.



Chapter 2

Relative Clause Construal

2.1 Relative Clauses 1: Linked Structures

In the previous chapter, we have seen how individual trees can be built up
following information provided by both general rules and lexical instructions,
establishing an interpretation in part relative to some previously constructed
context. We have so far assumed that this process is sentence by sentence: each
sentence is parsed relative to some context to which it incrementally adds its
own structure once that is compiled. Formally, what we have so far defined is
the articulation of a goal-directed process of unfolding and then compiling indi-
vidual trees. However, there may also be an interweaving of structures, with one
partial structure acting as the context for the next. First one partial structure
is constructed; then another process uses that partial structure as its context
to yield a further structure; and finally the pointer returns to the first partial
structure to complete it in the light of having constructed the intermediate tree
as a side-routine. In this way, the human processor can build structures in tan-
dem. In this chapter, we introduce the compound task involved in building such
paired structures, in so doing, treating a major subpart of natural-language re-
cursion as the progressive projection of individually simple structures. We shall
also be providing the background, including an account of quantification, for
subsequently spelling out the interactions between structure building processes
and anaphora, resolution.’

The methodology, as before, is to closely follow the dynamics of time-linear
processing. This is in contrast almost all analyses of of relative clause construal,
which standardly involve bottom-up projection of structure/interpretation to be
bound by some operator after the structure it is to bind has been built up (see
all work in the various Chomskian paradigms, the Montague-paradigm analyses,
HPSG analyses etc. etc.) The shift in emphasis means that we distinguish three
stages in the process: (i) the context that provides the input to the construction
of the sub-structure currently under development, (ii) intermediate steps in the
progressive emergence of the particular sub-structure, and (iii) the contribution
of that sub-structure to the containing structure once it is completed. The third
of these stages will be familiar from orthodox frameworks in which composition-

1This chapter, like the previous chapter, incorporates results of Kempson et al 2001, though
with some additions, in particular the discussion of non-restrictive relative clause construal.
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ality is defined bottom-up, since all frameworks agree on there being some level
over which compositionality of content as assigned to natural language expres-
sions is defined. But the two earlier stages will be novel in that they make
essential reference to the progressive time-linear emergence of structures over
which the interpretation is to be built up.

2.1.1 Nonrestrictive relatives

We start straightaway with our analysis of the process of adding a relative
clause modifier to a name, the so-called nonrestrictive relatives, as, unlike in
standard frameworks, these provide the most transparent illustration of the
form of account that we adopt.? The account is essentially that of the grand
master of English descriptive linguistics, Otto Jespersen; an analysis we shall
subsequently generalise to other languages. So consider what is going on in the
processing of (2.1):

(2.1) John, who I like, smokes.

(2.1) involves a dual assertion about John, namely that I like him and that
he smokes, though the assertion that I like John is in some sense to be made
precise subordinate to the assertion that he smokes. Two correlated structures
have to be built, linked structures as we shall call them, sharing in their assigned
semantic structure a common term. The intuition about how these structures
are built up is that the word who, correctly described by Jespersen (1927) as a
relative “pronoun”, provides the pivot from one structure to the other, enabling
information from one structure to be copied to the other.® Moreover, its position
at the left periphery of the clause it introduces, is, we take it, a reflection of
the fact that this copy is introduced at an unfixed node in this newly emergent
structure, its contribution to that structure as yet unidentified. To model this,
we assume that trees may be constructed as pairs, with a transition from a
node in one tree across a LINK relation, described a modal operator (L), to
the topnode of a tree upon which is imposed a requirement that this node be
developed to contain a copy of that first node. In (2.1) for example, the word
John is processed to yield a partial tree for (2.1) in which the formula Fo(John)
annotates a subject node in the tree (the ‘head’ node), this partial tree provides
the context for the development of a second structure. A transition which we
call LINK Adjunction licenses the construction of a relation from that node,
leaving the first partial tree and introducing the topnode of a new tree. This
node, assumed to have the requirement ?Ty(t) indicating that a propositional
structure is to be constructed, is also assigned a requirement for an occurrence of
the formula Fo(John) at some node, without further specification as to where
in the newly introduced tree that might be (see figure 1). This requirement
is then immediately satisfied by the introduction and decoration of an unfixed
node. The process of tree construction then proceeds as in a left-dislocation
case, with the initially unfixed node having its position in that tree established
in due course through the process of Merge.

The details involved in this sequence of actions now need to be spelled out
rather more. A rule of LINK Adjunction licenses a transition from the node

2We take up the analysis of restrictive relatives such as every man who I like once we have
introduced quantification: see section 4.
3‘Pivot’ is Jespersen’s term.
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Tn(a), ?Ty(t)

<¢0>Tn<o>/\

y Ty(e — t)

Fo(John')
(L71)(10)T1(0), ?Ty(t), ?(L«) Fo(John'), &

Tn(0), ?7Ty(t)

{T0)T'n(0), {?Ty(e — 1)

(L™ (10)Tn(0), 7Ty (1),
?(l+)Fo(John)

!
\
\

(1L (10)T1(0), Fo(John), &

Figure 2.1: parsing John, who

(10)Tn(0) in figure 1 to a new node, introducing a LINK relation; so the node
introduced is labelled with the treenode description (L=1)(1¢)Tn(0), (L™!) be-
ing the inverse of the LINK relation:
Link Adjunction (English)
head
{.-{Tn(a), Fo(a), Ty(e), O}}
{--{Tn(a), Fo(), Ty(e)}, {{L")Tn(a), 7Ty(t),?(1.)Fo(a), O} }
head linked node
What the rule then does is to add to the new node the requirement ?Ty(t)
PLUS the requirement for an occurrence of the formula « decorating the head
at some node within that tre.* This takes the form of ?(|.)Fo(a). Formally,
this requirement is a combination of the concept of requirement and a modal
statement that the formula decorating the head should hold at some unfixed lo-
cation in the tree construction. This, remember, is the tool used to characterise

4We shall call such adjunct trees LINKed trees, distinguishing them where necessary by
this nomenclature from the tree from which the LINK relation was constructed.
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a left-dislocation structure as having an initially unfixed node. Here, expressed
as a requirement, it embodies the restriction that somewhere in the ensuing
construction of the tree from this node, there must be a copy of the formula
decorating the head.’

This restriction need not be satisfied immediately: all it requires is its sat-
isfaction at some point before the tree whose topnode is just introduced is
completed. When we turn to other languages, this will be significant, as this
combination of requirement and modal statement provides a natural means of
expressing a range of nonlocal discontinuities between either the head or some
clause-initial complementiser and a pronoun within that clause functioning re-
sumptively. Unlike other frameworks, at no point does there need to be adja-
cency between the term providing the requisite formula as head and the term
realising the requirement for a copy of it - the modality in the formula specifi-
cation captures all that is needed to express long-distance dependencies of this
form. In English, as it happens, the requirement imposed by the construction
of a LINK transition is met immediately, a restriction induced by the lexical ac-
tions of the relativisers who, which, and that, which are defined as rule-governed
anaphoric devices that decorate an unfixed node:

which.e; IF ?Ty(e), ?3z.Tn(z), (T.)(L~ ) Fo(x)
THEN  put(Fo(x), Ty(e), [|]1)
ELSE ABORT

This action is notably like that of a pronoun except that the value is fully de-
termined as being that decorating the head from which the LINK transition
is defined. What this conditional action says is that 1IF back from an unfixed
node along this unfixed relation and then back along the LINK relation Fo(x)
holds, THEN put a copy here, here being where the pointer is, of that formula
Fo(x), for some arbitrary value of x. Notice in the condition the requirement
?3z.Tn(z). This requirement for a fixed tree node position ensures that this
action of the relative pronoun takes place only at a node currently unfixed, and
not at some fixed node that, equally, is dominated by the top node. So the
application of an intermediate step of *Adjunction is enforced. However, noth-
ing prevents further nodes having been introduced subsequent to that step of
* Adjunction, since these too will be characterisable as being dominated without
fixed extension by the node linked to the head node, so pied-piping cases are
covered without any special stipulation:

(2.2) A Givenchy shirt, the collar of which was faded, was in the sale.

Indeed, in order to prevent such cases, as with who,.; and that..; an extra
condition is needed to abort the action if there is an immediately dominating
node:

thatye IF Ty(e), 73x.Tn(z),
(1) (L™ Fo(x)}
THEN IF TT
THEN ABORT
ELSE put(Fo(x), Ty(e), [1]L)

ELSE ABORT
What T T indicates is that the actions will abort if the pointer is at a fixed node

5This restriction is notably transparent stated in this modal logic vocabulary.
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in a tree. Notice also the terminal-node restriction. What is copied is just the
formula compiled at the head node, no matter what the history of building that
up was. So from the point of view of the linked structure now being established,
there is no internal structure to that node.

With the relative pronoun interpreted as decorating this constructed unfixed
node, the interpretation process continues as set out in chapter 1. The subject
node can be introduced and decorated, the predicate node unfolds, and, with
the verb also introducing an argument node, this node duly merges with the
unfixed node, and an interpretation compiled for the entire linked structure.
With this structure completed, the pointer can return to complete the parsing
of the main structure. And once the two structures are completed, a LINK
evaluation step licenses the step of combining the two derived formulae into a
single conjoined formula.®

Tn(0), Fo(Smoke(John) A Like(John)(I))

N

(T0)Tn(0), Fo(Smoke)
Fo(John) Ty(e — t)

(L7 (10)Tn(0), Ty(t),
Fo(Like(John)(I))

TN

Fo(I) Fo(Like(John))
Fo(John) Fo(Like)

Figure 2.2: Completing the parse of John, who I like, smiled

2.2 Interactions of Anaphora and Long-Distance
Dependency: crossover

There is a more general significance to this analysis. Long-distance dependency,
anaphoric expressions, and relative clause construal each display the property of
projecting some weak specification of structure which is subsequently enriched.

6The analysis as formulated here does not capture the obligatoriness of a relative pronoun
in nonrestrictive forms of construal. We could force this by defining as a lexical macro of
actions the entire sequence of steps involved in introducing the topnode of a linked structure
and its attendant unfixed node. This would mean that the defined sequence of actions could
not be split up by any intervening general computational actions. But this would leave pied-
piping constructions without explanation, so we prefer to allow a relatively liberal system
which allows (i) as wellformed:
(i) John, he’s a pain, has cancelled his appointment.
(ii) John, I think Sue said he’d be in tomorrow, will be at the meeting.
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In the case of long-distance dependency such as Mary, I like, as we saw in chapter
2, the first constituent is analysed as providing some information identifying who
is being talked about by the term Mary but not the role of that term in the
structure. Anaphoric processes project a formula which is interpreted in context
as taking the value of some antecedently selected term.

We have already seen the interaction of introducing a linked structure and an
unfixed node. One type of underspecification that has not played a part in the
process of relative clause construal so far is the process of anaphora resolution.
Yet in analysing the construal of anaphora, relative clause and long-distance
dependency all as different aspects of the same sort of process — that of tree
growth — we might expect there to be interaction between the three processes of
interpretation, and indeed there is.In (2.3) the word he cannot be construed as
picking out the same individual as the expression John, while, in (2.4), it can:”
8

(2.3) John, who I'm certain he said would be at home, is in the surgery.
(2.4) John, who I'm certain said he would be at home, is in the surgery.

This restriction was classified in Postal (1993) as a mystery, and remains a major
challenge.® The problem is that the data have to be seen, as in the original Postal
analysis, as splitting into at least two different phenomena, called strong and
weak crossover, each is yet further subdivided into two further subcategories
- ‘extended strong’ and ‘weakest’ crossover. In Lasnik and Stowell’s account
(1992), a discrete concept of gap called a ‘null epithet’ was posited in addition
to the array of empty categories already posited at the time; and there remains
no satisfactory integral explanation within movement frameworks. Indeed it
has become standard to treat these phenomena as entirely separate phenomena
requiring very different analyses.!?

The extent of the puzzle can be traced directly to the static methodology
of the jigsaw view of language. The problem arises in that type of framework,
because, being taken to be a syntactic phenomenon, this distribution is anal-
ysed exclusively in terms of the hierarchical relationship between pronoun and
posited empty position, ‘the gap’, all reference to the dynamics of left-right
processing being, by standard assumptions, debarred in syntactic explanations

"We cite these here without any indexing indicating the licensed interpretation, contrary
to normal methodology, as these sentences are fully well-formed. It is simply that some
interpretations are precluded.

8When first observed by Postal in 1972, this phenomenon was called crossover to reflect
the fact that analysing word order variation in terms of moving expressions from one position
to another, the wh expression is moved, ”crossing over” a pronoun, an effect which debars
interpretation of wh, pronoun and gap as co-referring.

9This was certainly granted to be so in the early 90’s in the Principles and Parameters
framework, and the analysis of Lasnik and Stowell, which requires the splitting up of the
phenomena into yet further categories, has been carried over into analyses since then, as
though such a proliferation of discrete phenomena weren’t problematic: Boeckx, ... de Cat,

10There have been a number of relatively recent analyses in non-movement frameworks
attempting to reduce them to a single phenomenon, but the phenomenon remains very gener-
ally intransigent in any account which fails to reflect the linearity intrinsic to the distribution.
See Hepple 1992, which requires an account of all cross-sentential anaphora as an entirely
distinct phenomenon, Safir..., which the author himself notes fails to extend appropriately
cross-linguistically. Dalrymple et al 2001, Kempson 1998, Barker 2002, by contrast all invoke
concepts of linearity as an integral part of the explanation.
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of linguistic data (see chapter 1). According to this standard perspective, if
pronoun and gap are both arguments and the pronoun c-commands the gap (as
(2.3) would standardly be analysed), an interpretation in which the pronoun
and wh-expression are taken to denote the same entity is not possible given
the binding principle C whereby an empty category must not be interpreted
as referring to the same entity as ANY c-commanding argument expression, the
gap supposedly having name-like properties which require it to be free.!! This
principle-C style of analysis will not apply if the pronoun precedes but does
not c-command the gap because the principle C filter won’t apply. Crossover
environments in which the pronoun is contained in a complex determiner are
accordingly analysed as a distinct phenomenon, under some circumstances these
being able to be construed as co-referring (weakest crossover — (2.5)).12

(2.5) John,;, who; Sue said his; mother worries about e;, has stopped working.

The surprise for this form of analysis, in the standard terminology, is that if the
pronoun c-commands the gap but the binder is complex, then the judgements
don’t coincide with strong crossover cases as might be expected, but coincide
with those of weak crossover — allowing co-referring interpretations, despite their
classification with the much stronger ‘strong crossover’ restriction — the so-called
extended strong crossover restriction (2.6):13

(2.6) John;, whose; mother; he; worries about e; far too much, has stopped
working.

The parallelism in the acceptability judgements of examples such as (2.5)
and (2.6) is entirely unexplained; and it was problems such as these that led
Lasnik and Stowell to posit the “null epithet” as a further form, behaving not
like a name as the principle C account would expect but like a pronoun, hence
subject to principle B. But positing an additional type of empty category just
adds to the puzzle (see Safir 1996, 1999).

With a shift into a methodology which pays close attention to the way in
which interpretation is progressively built up within a given structural context,
the account is, by comparison, strikingly simple. Using steps introduced in chap-
ter 2 and section 1 of this chapter, the emergent structure of (2.3), which we
now take in detail, can be seen as built up following a combination of computa-
tional and lexical actions. The expression John can be taken to decorate a fixed
subject node, and, from that, a LINKed structure is initiated and an unfixed
node is constructed within that newly introduced structure and duly decorated
by copying in a second occurrence of the term Fo(John) as the formula value

H1ncidentally, this observation of unique binding of the gap by the wh expression as an op-
erator guarantees that despite the adoption of predicate-logic forms of binding as the working
metaphor for LF representations, nevertheless the “binding” of the gap by the associated wh
HAS to be distinct from a quantifier-variable binding operation because quantifiers can bind an
arbitrary number of variables - hence the specially defined concept of a “syntactic operator”
(Chomsky 1981, Koopman and Sportiche 1982).

121n this and the following examples, we revert to the standard methodology of co-indexing
to indicate the relevant possible interpretation. In particular we use the trace notation without
any commitment to such entities to indicate the position in the interpretation process at which
the unfixed node associated with the parsing of who will be resolved.

13The debate is often discussed in connection with wh-question data, but here we restrict our
attention to crossover phenomena in relatives. See Kempson et al 2001 for a fuller discussion
which includes wh-questions.
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decorating the unfixed node — all this to successfully carry out the parsing of
John, followed by the parsing of who. Subsequent parse steps then lead in suc-
cession to the setting up of a subject node ( decorated with a formula denoting
the speaker), the introduction of a predicate-requiring node (decorated with
?Ty(e — t)), the construction of a functor node (decorated with Fo(certain))
and its attendant second-argument node (decorated with ?Ty(t)), leading to
the construction of the embedded subject node, with the lexical actions of the
pronoun providing a metavariable Fo(U) of type e as decoration.

The question is, can this decoration provided from the pronoun be updated
by Fo(John), thereby licensing an interpretation of the subject as the same
John as already being talked about? And what are the consequences of select-
ing this interpretation? The answer is that there is nothing in the content of
either the formula Fo(John) or the formula assigned to the pronoun to prevent
the update of its metavariable by Fo(John). Fo(John) is a possible update
for Fo(U), and because only the formula is copied over conforming to the re-
quirement imposed by the LINK transition, the terminal node restriction on
the pronoun is satisfied. But I1F that is the adopted choice, then there will be a
fixed node in the structure as decorated by the term given by John, for the fixed
tree position decorated by the pronoun is a possible update for (1.)Tn(0). So
the necessary update to the unfixed node by determining its fixed role within
the structure will be available by a step of Merge. As it turns out moreover,
this use of Merge to unify these partially specified nodes is the ONLY way of
updating the metavariable projected by the pronoun under this interpretation.
Substitution is inapplicable here. This is because of the interaction between
the constraints on pronoun construal and the tree growth properties of any tree
containing an unfixed node awaiting resolution. As we saw in chapter 2, we can
define this as: :

SUBS(Fo(a):
IF Fo(U),Ty(e)
THEN IF (10){15){lo) Fo(a)
THEN Abort
ELSE put(Fo(w))
ELSE  Abort

This might seem not to apply to unfixed nodes, but it does, because between
the step introducing an unfixed node into a partial tree and the step at which
that structural underspecification is resolved, the unfixed node is evaluated step
by step against each new node that is introduced in the emergent tree. But,
recall from chapter 2 that within a partial tree of which one node is unfixed, the
contents of this node are passed down node by node seeking a point of Merge.
This means that at the point of evaluation, immediately prior to Merge, the em-
bedded subject node is being evaluated for a set of decorations at which both
Fo(John) and Fo(U) hold. For application of Merge, this situation is impecca-
ble. But, to the contrary, application of Substitution as an alternative strategy,
substituting the formula Fo(John) as the selected value for the metavariable
Fo(U) is debarred, because formulae that are debarred are ALL those matching
the description:

(To) (1) {Lo) Fo(e)

And, given that all Kleene star relations include the empty relation, this descrip-
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tion applies to any formula decoration that is at the node itself. So Substitution
of the formula Fo(John) is precluded, even though the node from which some
other copy of that formula might be in a suitably non-local relation. The fact of
there being a copy in a precluded local relation is sufficient to debar its selection.
Hence Merge is the only means of securing Fo(John) as the selected update to
the metavariable projected by the pronoun in the embedded subject position.
But, this turns out to be a precluded choice of strategy in any event, as if Merge
is adopted at the point of having processed the pronoun, thereby establishing
the position in the configuration of the unfixed node, things go wrong there-
after. For there will then be nothing left to provide the necessary construal of
the subordinate structure when the parsing gets to the point where there is no
subject provided, which is between the words said and would. Since no subject
is provided at this point, the parsing will break down; and on this interpretation
of the pronoun he in (2.3) no successful outcome will be achieved.

In (2.4), no such problem arises. This is because the process which merges
the unfixed node and the open node requiring a subject takes place, assuming
a left-right dynamics to the projection of interpretation, BEFORE the pronoun
is ever processed. So when the interpretation process reaches that point, there
is no problem interpreting the pronoun. It can be interpreted as either John or
Tom, Dick or Harry: any choice will lead to a wellformed interpretation.

The answer to the question as to why the pronoun can be identified with the
wh relativizer in both (2.5) and (2.6) now reduces to the question of whether the
node the pronoun decorates is relevant to identifying the fixed tree position for
the unfixed node in these two cases, and the answer is that it isn’t relevant, in
either case. If, in (2.7) the pronoun is identified as identical to the wh expression
by virtue of being interpreted as a copy of the head, this has no consequences
for identifying the tree position of the unfixed node because the wh expression
projects merely a subterm for the formula decorating the unfixed node. That is,
construal of he as ‘John’ cannot be the result of establishing the tree position
for the node annotated by a formula constructed from whose mother:

2.7) John;, whose; mother; Sue says he; worries about e; far too much, is at
J J
the hospital.

Not only will consistency of node annotations rule this out; so too will the
terminal node restriction imposed by the pronoun. To similar effect, in the
case of weak crossover, no node internal to a determiner can provide an update
for the unfixed node projected by the relative pronoun who. In this case, with
the wh expression not being complex, the account turns on the analysis of
genitive pronouns such as his. These might be analysed as defining a complex
operator introducing a metavariable as part of its restrictor without assigning
it any independent node, in which case the terminal node restriction imposed
by the wh pronoun will fail to be met. Alternatively, his might be analysed
along with more complex genitive constructions as projecting a distinct linked
structure whose internal arguments cannot provide an update for a node unfixed
within the structure initiated by the relativizing particle.!* Either way, as
with extended strong crossover effects, there will be no interaction between the

14See Kempson et al 2001. By assumption, the top node of a LINKed tree is not a daughter
of its head, and a node described as unfixed, i.e. dominated by some topnode, HAS to be
resolved within a single tree, i.e. across a sequence of daughter relations. This is the analogue
of Ross’s Complex NP Constraint (Ross 1975).
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construal of the wh expression and the pronominal, and an interpretation of
the pronoun as picking out the same individual as is picked out by the head is
available:'?

(2.8) John;, who; Sue said his; mother was very worried about e; has stopped
working.

We thus have the beginnings of an account of crossover data that spans strong,
weak and extended strong crossover data without any grammar-internal stipula-
tions particular to these sub-cases: the different forms of interpretation available
emerge solely from the interaction of the process of building up structure for
the construal of the relative and the process of establishing a value for a pro-
noun within the context within which its lexically projected meta-variable is
processed.

2.3 Quantifier Phrases as Terms

It is now high time that we turn to quantification so that the internal structure
for noun phrases can be properly spelled out. Against the normal trend, we pre-
sume on an analysis of natural language quantification in which the mapping of
quantified expressions is never onto a type higher than type e.!® The type of
structure we shall define is:'”

Ty(e)

Ty(en — e) Ty(cn)

DET
Ty(e) Ty(e —en)
VARIABLE RESTRICTOR

There is a containing, higher node of type e, as the node projected by the noun
phrase as a whole; and there is a lower node of type e which is decorated by
a variable. This variable is introduced by the noun, and is ultimately going to
be the variable which gets bound by the quantifying element projected by the
determiner. The nonrestrictive construal of a relative clause that we have seen
so far involves a LINK transition built from the higher type e node. As we shall
argue in a little while, the restrictive construal involves a LINKed structure
built from the lower type e node.

15The analysis of genitives as ‘implicit relatives’ is well attested in the literature (see Baker
1996, Kayne 1994, etc). Notice that this form of analysis provides a basis for characterising
their island-like status: dependencies are in general not available between a pair of terms, one
external to some structure projected from a genitive marker and one within that structure.
An alternative is to analyse genitives as locally unfixed with respect to the node introduced
from a ?T'y(e) decoration. this characterisation of a genitive as decorating an unfixed node
will prevent application of some unfixed node as putative argument of a genitive imposed
structure, as the appropriate tree update will not be available (see chapter 5 for discussion of
Local*Adjunction in connection with Japanese).

16This section relies very heavily on chapter 7 of Kempson et al 2001; and its formal sub-
stance is due to Wilfried Meyer-Viol, for whom we here flag a particular debt of gratitude.

17For readability, we have decided within the internal structure of quantifying terms to put
the determiner node at the left against the general convention of setting our displays to put
functor relations invariably on the right branch. Nothing whatever turns on this.
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This type of structure may look familiar, since it looks very similar to the
Determiner Noun configurations of standard syntax, with NP as the local domi-
nating node. But you should be asking, how does this fit in with the methodolog-
ical assumption that what is being built up is semantic structure for a resulting
logical form. How can this be what is wanted for quantifying expressions?

To see what is going on here, we need to start from the stance that oth-
ers adopt about quantification, and the internal structural properties of noun
phrases, in order to see to what extent the Dynamic Syntax account is different.
The point of departure for all formalisms is that predicate-logic, in some sense to
be made precise, provides the most appropriate underpinning for representing
the semantic properties of natural language quantification.'® The existential
and universal quantifiers of predicate logic give the right truth conditions, at
least for the analogous natural language quantifiers, every and the indefinite
singular a/some. However there is an immediate problem, because, at least on
the face of it, the syntax of predicate logic and the syntax of natural languages
are NOT alike. In predicate logic, the quantifiers are propositional operators —
they take open propositional formulae, and bind variables in them to yield a
closed propositional formula:

Va(Student(x) — Smoke(x))

The open formula is Student(x) — Smoke(z). Considered in terms of its com-
binatorial properties — in other words its logical type — the quantifier V is ac-
cordingly of type t — t, an expression that maps propositional formulae into
propositional formulae. This makes it structurally quite unlike quantified ex-
pressions in natural languages, which fill argument positions just like other NP
expressions.

The move that was made in Montague semantics and all formal semantic
formalisms following that tradition (Montague 1974, Dowty, Wall, and Peters
1980, Carpenter 1998, Morrill 1994, etc) was to retain the insight that the
predicate logic formula for a universally quantified statement expresses the right
truth conditions for a sentence such as Fvery student smokes, but that the
projection onto that content cannot be by mapping the words of English onto
the predicate logic formula directly: to do so would mean lifting the determiner
every to become a propositional operator, thereby denying its combinatorial
properties as a determiner, i.e. an expression that combines with a noun. The
solution Montague proposed was to define the types of every, student and smokes
so as to make sure that the determiner could be seen as combining first with
the noun, and then with the predicate (as its argument) to yield a propositional
formula. Since student and smoke are predicates according to predicate logic
assumptions, this meant defining every as of type (e — t) — ((e — t) — t).
When such a type combines with a noun the result is an expression of type
((e — t) — t); and this type assignment to the subject noun phrase shows that
it combines with a predicate, the verb phrase, to yield a sentence (of type t).
The consequence, then, is that the noun phrase subject in particular is no longer
the last ARGUMENT that the predicate combines with to yield a propositional
formula, but it is the verb phrase which has become the argument — the functor
argument roles of subject and predicate are flipped from what they might be

18Despite the fact that it is often argued that more complex quantifiers like most require a
more complex logical analysis ( see Keenan and Stavi 1986 etc. but cf. fn.23)h.
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expected to be. The advantage of this was that the semantics of universally
quantified sentences of English is preserved as being that of the corresponding
predicate logic formula, while preserving the parallelism with syntax that all
noun phrases can be analysed as having a single type. However, its disadvantage
is that the argument-predicate roles in the case of the subject to some verb are
different from those of all its other arguments (unless the type of verb, and
everything else accordingly is driven up to increased levels of complexity of type
specification).!® The general problem underpinning this is the methodology:
the move is what one might call “preparing for the worst”. That is, the analysis
is being driven by the example which displays the need for greatest complexity.

However, there is an alternative point of departure for looking at NPs in
natural languages, and that is to look not at predicate-logic FORMULAE, but at
predicate-logic PROOFS. In particular, given the goal of modelling the way in
which information is incrementally established in natural language, it is instruc-
tive to look at the closest analogue to natural language reasoning. This is the
natural deduction proof method, in which valid inference is defined through the
step-by-step way in which some conclusion is established from a set of premises.
Natural deduction proofs for predicate logic all follow the same pattern — there
are licensed steps for getting rid of the quantifiers, replacing them with so-called
arbitrary names substituted in place of the variables. The body of the proof is

then carried out with names:2°

Ve.F(x) — G(z), Vo.F(z) F Ve.G(x)
1. Va.F(z) — G(z) ASSUMPTION

2. Va.F(z) ASSUMPTION
3. F(a) — G(a) Universal-Elim.
4. F(a) Universal-Elim.
5. Gla) Modus Ponens

6. Vz.G(x) Universal-Intro.

As this simple proof shows, the end of the proof, like the beginning of the proof,
involves steps specific to the quantifiers, proto-typically rules re-introducing the
quantifiers. But in between these opening and closing steps, simple proof steps
are defined over the interim names that are introduced. These rules of proof
involve constructed so-called arbitrary names; and the sequence of proof steps
is defined over these names. The rules for eliminating and re-introducing quan-
tifiers have, of course, to be sensitive to the individual quantifiers, and there are
context-sensitive checking devices to make sure that the names are appropriately

9There have always been problems in manipulating the higher type ((e — t) — t) to
nonsubject nounphrases, as the predicate with which it is defined to combine is never available.

20There is a regular objection to the move to use arbitrary names for natural-language se-
mantics. It is that quantifiers such as most are essentially generalized quantifiers, for which
no proof-theoretic account is available. Only the generalized quantifier analysis has the ap-
propriate generality to be applicable to all noun phrases. This, however, is not an appropriate
form of criticism to the proposed analysis. In the DS system, it is the progressive compilation
of the logical form which requires all terms projected by noun phrases to be of type e. (This
style of natural deduction proof is due to Prawitz. For an introduction to logic in terms of
such natural deduction, see Lemmon 1964.) The logical forms that result are then subject
to a step of evaluation, as we shall see shortly; and in this step, one might define a step
onto a generalized quantifier formula, eg in cases involving most. The system as it stands is
restricted by the expressive power of the selected calculus, but in principle the assumption
that computation of semantically relevant structure is via the working assumption of type e
terms has more general application: See Appendix I.
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introduced and got rid of to ensure that only valid inferences are generated. The
effect of the arbitrary names is however to keep things simple, enabling regular
rules of inference to be carried out: all the complexity is in the semantics of the
names (or in proof terms, the control on the elimination and introduction of the
quantifiers).

Suppose then that instead of taking predicate-logic itself as the point of
departure for natural language quantification, we take the arbitrary names of the
predicate-logic natural deduction system.?! The resulting construction of logical
forms defined over trees will have to be in two steps. We can incrementally
introduce name-like devices as a determiner-noun sequence is parsed; but the
full interpretation of these names will have to depend on scope choices for this
and other such names, and so will have to be stated at the closing steps in
compiling an interpretation for the clause as a whole. The details of this, we
shall get to in due course. But, in the meantime, what advantages would this
bring us? The first advantage is that syntax and semantics are back in tandem,
synchronised for all NPs, but as the lower rather than higher type, that is as type
e. The primary formal (and methodological) advantage is that the complexity of
the semantics of quantification is hidden in favour of the relative simplicity of the
presumed naming devices, which represent that content. However, this aspect
is not what we wish to emphasise here. Rather, there is empirical evidence
for thinking that this is the right route to try. This lies in a problem with
natural-language quantifiers when one looks at the phenomenon from a model-
theoretic perspective; and it is a problem which from that perspective can be
resolved ONLY by invoking lexical ambiguity. But this, as we’ve already seen
with anaphoric expressions, is an evasion of the problem. At best, it is simply
a shift into the pretence that there are two different natural-language words,
and, as we shall see, it is inappropriate. The puzzle is provided by the scoping
possibilities of indefinites.

2.3.1 Scope Effects of Indefinites

Unlike most other quantifiers, indefinites freely allow interpretations in which
they are interpreted as taking scope wider than the clause in which they are
contained.?? (2.9) has several interpretations:

(2.9) Everyone agreed that most examiners marked two good scripts.

It can either mean that the general agreement is that the largest proportion of
examiners each marked two good scripts (in which two good scripts has narrow
scope with respect to most examiners, and hence also narrow scope with respect
to everyone). Or it can mean that for each of two good scripts everyone agrees
that most examiners marked that script (in which two good scripts has wide
scope over both most examiners and over everyone). (2.10) on the other hand
does not have this range of interpretations:

(2.10) Everyone agreed that two examiners marked most good scripts.

21The formal study of such arbitrary names was provided by Hilbert in the epsilon calculus,
and it is this we are going to adopt (Hilbert and Bernays 1939). For a recent study, see
Meyer-Viol 1995.

22Indefinite determiners include the singular a, some, all numeral expressions, and many.
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It can have the interpretation in which most good scripts is interpreted as tak-
ing wide scope with respect to two examiners, but it cannot be interpreted as
meaning that for some large proportion of scripts it is the case that for each such
script everyone agreed that two examiners had marked it. In other words, most
cannot have wide scope over the structure projected by the whole containing
clause. More generally, indefinites, and only indefinites, can be freely interpreted
both with respect to their own clause and with respect to some expression out-
side their immediately containing clause. If we take a mixed quantified sentence
with no indefinites, the ambiguity disappears:

(2.11) Most students studied every book by Chomsky.

Can (2.11) be understood as an assertion about every book by Chomsky that
most students have studied it (not necessarily the same students for each book)?
Surely not? The same problem goes for (2.12):

(2.12) Few students understand most papers by Chomsky.

This asymmetry between individual quantifiers is a puzzle for all standard
accounts of quantification. On the basis of the freedom with which indefinites
can be construed, it has been assumed that this will have to be a general process,
since quantifier scoping has to be defined over a propositional domain, so it
cannot be a lexical process. All quantifiers, accordingly, are said to be subject
to such scope variation, with a general process of either quantifier raising (in
the syntax — see May 1985) or quantifier storage (in the semantics — see Cooper
1983). But this then leaves as a complete mystery why there should be variation
between individual quantifiers.

One response to this is to suggest that indefinites are ambiguous between a
regular quantifier and some kind of name, referring to an particular individual or
set taken to be picked out by the speaker. Such an analysis has the advantage of
leaving undisturbed a generalised quantifier analysis of a sub-class of indefinites
with no need of a general process of quantifer-storage. However, as observed by
a number of people over the years (Farkas 1981, Cormack and Kempson 1990,
Abusch 1994, Winter 1997, Reinhart 1998), such an ambiguity account fails to
capture cases in which the indefinite can be construed as taking intermediate
scope, with scope over the clause or noun phrase within which the indefinite is
contained but nevertheless interpreted as within the scope of some preceding
quantifier:

(2.13) Every professor insisted every student of theirs read a recent MIT
thesis.

(2.14) Each student has to come up with three arguments that show that
some condition proposed by Chomsky is wrong.

Each of these examples allows an interpretation, as one amongst several, in
which the indefinite in the embedded clause can be understood as taking broader
scope than the nearer of the two quantified expressions preceding it but narrower
scope than the subject quantifier — that is as ‘For each professor there may be
a recent MIT thesis that the professor insisted that their students read.” —
one MIT thesis per professor, but not the same thesis. So for these cases, in
any event, indefinite expressions must apparently be analysed as expressions
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that function as quantifiers taking scope over some arbitrarily larger domain.
Analysing a sub-case of interpretations of indefinites as name-like doesn’t solve
the problem.

If, however, we look at this phenomenon from a processing perspective, then
there is an alternative account in terms of interpreting the indefinite relative to
its context, which is naturally expressible only if we analyse quantified expres-
sions as a form of name, initially underspecified. We can get at this alternative
way of looking at the problem by asking: How does ambiguity as displayed by
(2.13) arise? How, for example, does it differ from a simpler structure such as
(2.15)?

(2.15) Every student is reading a recent MIT thesis.

One obvious answer is that (2.13) has three quantified expressions, (2.15) only
two. The clue, we suggest, lies exactly in this.

The ambiguities in (2.15) are straightforward enough. Either the second
quantifier is interpreted relative to the first, or the first quantifier is interpreted
relative to the second. This is the standard way of describing this phenomenon.
However, there is another way of expressing this observation, expressing the
dependence solely in terms of the indefinite. Either the expression a recent MIT
thesis in (2.15) is understood relative to the interpretation assigned to every
student. Or it is understood relative directly to the speaker’s time of utterance.
Schematically:

(i) “For each student,, there is now a recent MIT thesis, such that z is reading
y”
(ii) “Now there is a recent MIT thesis, such that for each student,, « is reading
y'”

In the case of (2.13), the ambiguities multiply, because there is another quanti-
fier. There are the analogues to (i) and (ii), which are (i’) and (ii’):

(") “For each professor, and for each of his students,, there is a recent MIT
thesis, such that z insists y read z.”

(ii") “There is a recent MIT thesis, such that each professor , and each of his
students, x insist y read z.”

However there is in addition the reading in which the indefinite is interpreted
as dependent on the first quantified expression but not on the second:

(iii") “For each professor ., there is a recent MIT thesis,, such that for every
student,,, x insist y read z.”

There are more than three readings that can be distinguished for (2.13), but
these three are sufficient to tease out what is going on. Th