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Abstract

Control sentences have been extensively studied in the linguistic literature and semantic
analysis of control has been proposed in the context of different linguistic theories. How-
ever, split control sentences, in which the subject and the object can both contribute to
the meaning of the understood subject, haven’t received a comprehensive formal seman-
tic analysis. In particular, in LFG and the Glue semantic interface, such sentences are
analyzed using anaphora resolution techniques.

This thesis proposes a formal semantic analysis in the framework of LFG and Glue,
of the collective reading of split control sentences in the context of the propositional
theory of control. For sentences that involve a collective controlled verb, the proposed
analysis provides, for the first time, an adequate semantic derivation that does not
require anaphoric resolution of the understood subject. Sentences that do not involve
collective verbs retain their current semantic analysis, and the proposed analysis provides
an additional reading.

In order to represent the understood subject as a combination of the subject and the
object, plural entities are used at the meaning representation level. In order to derive
that meaning, two extensions of the existing frameworks are proposed. The concept of
multi-functional control proposes to represent the contribution of multiple grammatical
functions to the understood subject of the controlled sentence as a set of f-structures.
Such set can be assigned non-distributive features that describe the understood subject,
such as the semantic number. The meaning of multi-functional control sets is derived
using meta meaning constructors that extend the semantic derivation process by provid-
ing the means to derive the meaning of f-structure sets when the number of set elements
is a priory unknown.

In the context of the propositional theory of control, multi-functional control ap-
proach involves issues of resource sensitivity just like the common functional control
analysis. This thesis handles these resource sensitivity issues by employing the multi-
plicative fragment of the underlying linear logic.

The thesis shows how the derivation of the plural reading of split control sentences
is made possible by combining multi-functional control at the f-structure level with the
appropriate meta-meaning constructors and resource management meaning constructors
at the Glue level. A comprehensive meaning derivation is provided for a representative
split control sentence.

As an additional result, the thesis shows how meta-meaning constructors can solve
the problem of coordination of more than two conjuncts.
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1 Introduction

Split control sentences such as (1) and (2) are sentences in which both the grammatical
subject and object jointly contribute to the meaning of the understood subject. Split
control sentences may have a single (plural) reading, as in (1) or both singular and plural
readings as in (2) (John may or may not accompany Mary upon leaving the restaurant).

(1) John persuaded Mary to meet in the restaurant

(2) John persuaded Mary to leave the restaurant

Meaning derivation of split control sentences in LFG’s Glue interface is challenging in
several respects. The first question to consider is the choice between anaphoric and
functional control analyses. While anaphoric control is commonly used in LFG analysis
of equi verbs, LFG does not prohibit the use of functional control approach for meaning
derivation of plural readings. Furthermore, functional control analysis of some equi verbs
is suggested in both Dalrymple (2001) and Falk (2001); and Asudeh (2005) suggests
that all non-finite English control verbs should be analyzed using functional control.
Additionally, in section 4.1.4 I show how syntactic analysis of the semantic number
restriction in control sentences is made possible with functional control.1 Both functional
and anaphoric control approaches are described in detail in section 2.3.2 and references
to the different opinions in the literature are provided there.

The main obstacle to using functional control in order to derive the plural reading of
sentences such as (1) is the original observation of Bresnan (1982) that functional control
is incapable of describing split antecedent constructs. The problem is inherent to the
nature of functional control, since functional control allows the understood subject to be
shared with only one grammatical function of the matrix sentence. In order to overcome
this restriction, I propose to extend the functional control analysis in a way that would
account for split control sentences. In this thesis I introduce a multi-functional control
analysis, that uses a set to represent the contributions of the different grammatical
functions to the understood subject.

The next step in the meaning derivation is performed at the semantic level. While
the meaning derivation in the property approach (Chierchia, 1984; Dowty, 1985) does
not require the analysis of the understood subject and therefore is straightforward, the
propositional approach (Pollard and Sag, 1994; Dalrymple, 2001), chosen for this thesis,
poses two kinds of challenges. First, the meaning of the understood subject must be
computed, while accounting for the possibility of an unbounded number of set elements.
Handling sets of unbounded size is problematic in the current Glue analysis and relies
on the use of the ‘!’ (“of course”) operator. I address this challenge by presenting
meta-meaning constructors that can also be used to derive the meaning of noun phrase
coordination. The second challenge is handling resource sensitivity issues, which is

1I follow Wechsler and Zlatic (2003) and Heycock and Zamparelli (2005) who analyze semantic number
at the syntactic level. However, semantic number restriction can be also accounted for during later
semantic analysis, for example, as part of selectional restrictions analysis (Winter, 2002).
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addressed by duplicating the required resources using the multiplicative fragment of the
linear logic.

The objective of this work is to provide the formal framework that allows the deriva-
tion of the plural reading of sentences such as (1). When such a reading constitutes the
only possible reading, the proposed framework correctly derives its semantics. In other
cases2 both readings are allowed — the plural reading is derived using the proposed
framework and other readings can be derived as alternatives. Since LFG is a lexical
theory, it is the alternative lexical entries of the control verb that are responsible for the
existence of the alternative readings.

While the thesis uses the proposed extensions to derive the semantics of the plural
reading of control sentences, these extensions can be also used to account for the con-
tribution of distant grammatical functions to the understood subject of such sentences.
Section 4.3 shows that such contributions behave similarly to the long-distance dependen-
cies phenomena, and shows how the f-structure that represents the understood subject
of a controlled sentence can refer to such distant contributors.

The rest of the thesis is organized as follows: Section 2 presents the basic background
and surveys some relevant work. Section 3 briefly presents the c-structure rules that are
used in derivation of control sentences. Section 4 presents the multi-functional control
approach along with arguments in favor of functional control analysis of equi. Section 5
presents the proposed approach to the meaning derivation of sets. Section 6 provides
meaning derivation of multi-functional control sentences using meta-meaning constructor
that were presented in section 5. Section 7 concludes.

2In some cases the plural reading is the preferred, but not the only possible reading.
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2 Preliminaries and literature survey

2.1 LFG

This section provides a brief introduction to Lexical Functional Grammar (LFG), the
lexicalized linguistic theory which is the basis for the thesis work. This section also
presents the notations that will be used in the following sections.

The LFG theory has been originally formulated in Kaplan and Bresnan (1982) and
previous work by the authors. Introductory textbooks have been published by Bresnan
(2001) and Falk (2001). Dalrymple (2001) describes LFG as well as its semantic extension
— the Glue language (which is described in section 2.2).

LFG is a linguistic theory that provides a formal framework to specify the syntax
(and if Glue is admitted, also the semantics of) natural languages. As its name suggests,
it is a “lexical” theory in which the lexicon serves as the primary source of the linguistic
information. Being a “functional” theory, means that basic grammatical functions such
as the subject and the object are primitives of the theory. The functional structure (or
in short f-structure) organizes these and other grammatical functions of a sentence in
the form of a feature structure, usually presented as a hierarchial attribute-value matrix
(AVM). The constituent structure (or in short c-structure) is the constituent represen-
tation of the sentence, and has the form of a tree, akin the usual context-free grammars
derivation trees. A projection function φ maps the nodes of the c-structure to the el-
ements of the f-structure, thus establishing the connection between the constituency
and the functional representations. C-structure rules provide language specific syntactic
information that complements the lexicon in the description of a natural language.

Figure 1 presents a simple constituent and functional structure for (3). Note that
LFG follows the the X-bar theory (Chomsky, 1970; Jackendoff, 1977) of phrase structure
and the categories assigned to phrases in this work generally follow that approach.

(3) John walked.

S

NP

John

VP

V

walked

(a) The c-structure




pred ‘walk<subj>’

subj
[
pred ‘john’

]





(b) The f-structure

Figure 1: The constituent structure and the functional structure of John walked

LFG builds the f-structures by simultaneous solution of functional equations. Func-
tional equations describe the constraints on a specific f-structure element, and are spec-
ified in both the lexical entries and the c-structure rules. Hence each node in the c-
structure tree is annotated with the functional equations it introduces. The terminal
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nodes of the c-structure tree introduce functional equations of the lexical entries, and
the internal nodes introduce functional equations from the c-structure rules.

Functional equations usually refer to the φ-projections of their c-structure node or
the projection of their mother node. LFG uses two metavariables to refer to these
projections in the functional equations. The ↓ metavariable represents the φ-projection
of the node that introduced the equation, and the ↑ meta-variable refers to the projection
of its mother node. Notice that lexical entries usually introduce functional equations
involving only their mother node.

Figure 2 shows the constituent structure of (3) annotated with functional equations
and the φ projection function. It is common to attach a label to the feature structures
that constitute the f-structure, in order to refer to them later. In figure 2 the label g is
attached to the feature structure describing the subject, and the label f is attached to
the whole f-structure.

S

NP
(↑ subj)=↓

John
(↑ pred)=‘john’

VP
↑=↓

V
↑=↓

walked
(↑ pred)=‘walk’

(a) The c-structure

f




pred ‘walk<subj>’

subj g
[
pred ‘john’

]





(b) The f-structure

φ

Figure 2: Functional equations and the φ projection of John walked

Consider the NP c-structure node. The attached functional equation (↑ subj) =↓
states that the φ-projection of the NP node is the value of the subj feature of the
φ-projection of the parent S node. The VP node has a functional equation stating that
its projection is the same as the projection of its parent node S. The V node has the
same functional equation. Thus the φ-projection of the S, VP and V nodes is the feature
structure labeled as f . As it will be presented shortly, the source of these functional
equations are the c-structure rules. The leafs merely repeat the appropriate lexical
information.

When building the f-structure, the whole set of functional equations is solved simul-
taneously, for example, using unification techniques. If there are no conflicts between the
different constraints, the result is the smallest f-structure that satisfies all the functional
equations constraints. If some of the functional equations pose conflicting constraints,
then no f-structure will be produced, and the sentence is considered ungrammatical.

The lexical entries in LFG consist of three major parts:
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• The word or phrase being described

• The grammatical category of the lexical entry

• List of functional equations describing the lexical entry

For example, consider the lexical entries of the noun phrase John and the verb walked3:

(4) John NP (↑ pred)=‘john’

(5) walked V (↑ pred)=‘walk<subj>’

C-structure rules look like ordinary context free grammar rules, annotated with func-
tional equations. For example, the c-structure rules in (6) are sufficient for the analysis
of (3). Optional rule elements (along with their annotations) appear in parenthesis.

(6) S −→ NP
(↑ subj)=↓

VP
↑=↓

VP −→ V
↑=↓

(
NP

(↑ obj)=↓

)

Sometimes the appropriate value for a feature in the f-structure is a set. It is a
common situation with coordination and modification. Consider for example the f-
structure for

(7) John and Mary walked





pred ‘walk<subj>’

subj






[
pred ‘john’

]

[
pred ‘mary’

]










Figure 3: F-structure for John and Mary walked

Sets can also have nondistributive features, that apply to the set as a whole, and are
not specific to the set elements. For example, the number of the subject in (7) is plural,
while the set elements are singular.

Figure 4 presents the f-structure of (7) that accounts for the number feature. More
details on using sets in f-structures can be found in Dalrymple (2001) and Dalrymple
and Kaplan (2000).

Finally, there are two key principles that determine the wellformedness of the f-
structure in LFG. These principles are completeness and coherence. The following defi-
nitions are from Dalrymple (2001, Ch.2, Sect.3.6):

3The tense properties are ignored for the sake of simplicity.
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



pred ‘walk<subj>’

subj





num pl




[
pred ‘john’
num sg

]

[
pred ‘mary’
num sg

]














Figure 4: Nondistributive set features in f-structure

• An f-structure is locally complete if and only if it contains all the governable gram-
matical functions that its predicate governs. An f-structure is complete if an only
if it and all its subsidiary f-structures are locally complete.

• An f-structure is locally coherent if and only if all the governable grammatical
functions that it contains are governed by a local predicate. An f-structure is
coherent if and only if it and all its subsidiary f-structures are locally coherent.

This chapter presented only a brief introduction to LFG and presented the LFG
notations that will be used in the rest of this work. More information on LFG can be
found in Kaplan and Bresnan (1982); Bresnan (2001); Falk (2001) and Dalrymple (2001).
Other dominant computational linguistic theories besides LFG are: HPSG (Pollard and
Sag, 1994), Categorial Grammar which is further split into Combinatorial Categorial
Grammar (CCG) (Steedman, 1996, 2000) and Type Logical Grammar (TLG) (surveyed
in Moortgat 1997) and GB (Chomsky, 1981).

2.2 Glue

The standard LFG analysis (Kaplan and Bresnan, 1982; Bresnan, 2001; Dalrymple, 2001;
Falk, 2001) represents the sentence as a combination of a constituent (c-)structure and
a functional (f-)structure. Since LFG is a syntactic theory, neither structure is intended
to represent the meaning of the sentence. The Glue language (Dalrymple, 1999, 2001)
provides the bridge between the f-structure and the sentence meaning by providing the
means for deriving the sentence meaning from the meanings of its constituents, based
on their grammatical function in the f-structure.4

Before deriving the meaning, the meaning representation language must be chosen.
In this work I use model theoretic semantics (Montague, 1970, 1973) in conjunction with
the simply typed λ-calculus (Hindley, 1997) as the meaning representation language. The
type system is built from two basic types — the t type of truth values and the e type of
entities in the model’s domain. Higher functional types are recursively built upon these
two basic types. For example, the type (et) is used to describe a set of entities or a

4Glue is not unique to LFG. Asudeh and Crouch (2002b) describe how Glue can be used to provide
semantics for HPSG.
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function from entities to truth values. The type (αβ) is the type of functions from type
α to type β. Other possibilities for meaning representation language exist as well (e.g.,
intentional logic (Montague, 1973) and DRT (Kamp, 1981)).

Glue makes use of linear logic (Girard, 1987) in the meaning derivation process.
Linear logic is a resource-sensitive logic, which makes Glue meaning derivations resource
sensitive too. The essence of a linear resource logic is that each premise must be used
exactly once in the derivation. That is, premises cannot be freely discarded or duplicated.
For example, in propositional logic, {a, a → b, a → c} ⊢ b. However the linear logic
counterpart doesn’t have any valid derivation:

{a, a ⊸ b, a ⊸ c} 6⊢ b a ⊸ c cannot be discarded
{a, a ⊸ b, b ⊸ c} ⊢ c all premises are used exactly once
{a, a ⊸ b, a ⊸ b ⊸ c} 6⊢ c a cannot be used twice

Glue extends the LFG projections infrastructure by presenting the semantic (s-)struc-
ture and a mapping function (σ) that maps elements of the f-structure to elements of
the s-structure. The σ-projection of an f-structure is denoted by a σ index (e.g., the
σ-projection of some f-structure j is jσ). Apart from representing the semantic data,
s-structures also serve as the resources of the Glue linear logic.5 Each such resource is
then paired with a meaning expression in the meaning representation language through
the Curry-Howard isomorphism (Curry and Feys, 1958; Howard, 1980) and such a pair
is called a meaning constructor. Each derivation step in the linear logic is therefore
accompanied by the appropriate function application (or abstraction) on the meaning
side.6

This work uses the multiplicative fragment of linear logic, which includes the linear
implication operator ‘⊸’ and the linear conjunction operator ‘⊗’. The elimination rules
of both operators are used in this work, but only the linear implication introduction
rule is needed. Another required operator is the universal quantifier ‘∀ ’ that operates
on the linear logic side of the meaning constructor, while leaving the meaning side
intact. The ‘∀’ operator allows the substitution of any resource for the quantification
variable (an example appears in figure 8; see Asudeh (2004) for a discussion of the
proof term invariance for this elimination rule). Just as any other premise, once the
universal quantification premise is used, it cannot be used again with a different resource
substitute. Appendix A lists all linear logic rules that are used in this work.

Linear logic premises (s-structures) in meaning constructors are semantically typed
and these types correspond to the types of the λ-expressions on the meaning side accord-
ing to the rules of the Curry-Howard isomorphism. Therefore, an additional subscript
is attached to the σ projection denotation. For example, the fσt notation stands for the
σ-projection of the f-structure f , that is associated with the semantic type t. In many
cases the type index is omitted in favor of brevity.

Consider for example sentence (8) and the corresponding f-structure that appears in
figure 5.

5Andrews (2003) proposes to eliminate the semantic projection level, and to use the f-structures as
linear logic resources.

6In that sense the Glue approach is similar to the approach of type logical grammar (Moortgat, 1997).

9



(8) John loves Mary

f





pred ‘love<subj,obj>’

subj j
[
pred ‘john’

]

obj m
[
pred ‘mary’

]





Figure 5: The f-structure of John loves Mary

(9) love(john, mary)

A possible meaning of (8) is (9). The meaning constructors that appear in (10)
(contributed by the lexical entries) are the inputs to the meaning derivation process.
The labels on the left are not part of the Glue formalism, they are used to reference the
meaning constructors only.

(10) [John] john : jσe

[Mary] mary : mσe

[loves] λx.λy.love(y, x) : mσe ⊸ (jσe ⊸ fσt )

Figure 6 shows the derivation proof tree of the meaning of (8), that involves two elim-
inations of the ‘⊸’ operator and two functional applications on the meaning side. The
result is a meaning constructor, that describes the meaning of the sentence John loves
Mary.

john : jσe

λx.λy.love(y, x) : mσe ⊸ (jσe ⊸ fσt ) mary : mσe

λy.love(y, mary) : jσe ⊸ fσt

⊸ε

love(john, mary) : fσt

⊸ε

Figure 6: The meaning derivation of John loves Mary

The meaning constructors appear in an uninstantiated form in the lexicon.7 The
lexical entries of John, Mary and loveslook like:

(11) John NP (↑ pred) = ‘john’
john : ↑σ

Mary NP (↑ pred) = ‘mary’
mary : ↑σ

loves V (↑ pred) = ‘love<subj,obj>’
λx.λy.love(y, x) : (↑ obj)σ ⊸ ((↑ subj)σ ⊸ ↑σ)

7Lexical entries are the primary source of meaning constructors, but c-structure rules can contribute
meaning constructors as well (Asudeh and Crouch, 2002a).
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After the f-structure of the sentence is computed, the meaning constructors are instan-
tiated, in a way similar to the instantiation of the functional equations.

Example (12) demonstrates the use of universal quantification in Glue that is pro-
vided by the meaning constructor of everyonein (13). The f-structure is presented in
figure 7 and the meaning derivation is presented in figure 8. It should be noted that the
universal quantifier application is usually implicit. However, in figure 8 the substitution
of H by fσ is shown in detail.

(12) Everyone walked.

(13) everyone N (↑ pred) = ‘everyone’
λP.every(x, person(x), P (x)) : ∀H.[↑σ⊸ H] ⊸ H

f




pred ‘walk<subj>’

subj g
[
pred ‘everyone’

]





Figure 7: The f-structure of Everyone walked

λx.walk(x) : gσe ⊸ fσt

λP.every(x, person(x), P (x)) : ∀H.[gσe ⊸ H] ⊸ H
λP.every(x, person(x), P (x)) : [gσe ⊸ fσt ] ⊸ fσt

(H ⇒ fσ)

every(x, person(x), walk(x)) : fσt

Figure 8: The meaning derivation of Everyone walked

2.3 Control

2.3.1 Introduction to control

Control sentences can be analyzed as having a subject-less sentence as a complement
of the main verb. Such a complement is called the controlled sentence, and although it
does not have an overt syntactical subject, it has an understood subject (the controllee),
which contributes to the meaning of the controlled sentence just as a regular subject
does. Control sentences can be classified according to the grammatical function that
controls the understood subject (the controller). Subject control (14a) and object control
(14b) describe sentences in which the controller is a subject or an object of the matrix
sentence respectively. Split antecedent control (14c) describes sentences in which both
grammatical functions control the understood subject.

(14) (a) John promised Mary to become a writer

(b) John persuaded Mary to become a writer

11



(c) John persuaded Mary to meet at the local writers' convention

Another distinction is made between obligatory (unique) control (all examples in
(14)) and non-obligatory (free) control (15). The difference between the two lies in the
fact that in obligatory control the controller is uniquely determined as a grammatical
function of the matrix sentence, which is not the case in non-obligatory control.

(15) Diane begged Daniel to leave early8

The intransitive verb meetrequires a semantically plural subject, which also restricts
the possible understood subject in control sentences. Therefore (16a) is grammatical (the
plural reading is possible), while (16b) is not (plural reading is not possible):

(16) (a) John persuaded Mary to meet in the restaurant.

(b) * John tried to meet in the restaurant

(c) Mary agreed to meet in the restaurant

(d) ? Bad weather persuaded Mary to meet in the restaurant

It appears that some control verbs, such as agree, prefer and others, allow underspec-
ification of the understood subject. Landau (2000) calls such a form of control a partial
control (as opposed to exhaustive control in (16a)). Partial control is the reason why
(16c) is grammatical, although there is no apparent person that Mary will meet with. If
selectional restrictions are used, sentence (16d) can be also considered as exhibiting the
properties of partial control, although the control verb is not one of the verbs described
by Landau. Partial control poses additional challenges to the meaning derivation of
control sentences, but providing the appropriate analysis for partial control is outside
the scope of this work.

A comprehensive survey of different control types can be found in Jackendoff and
Culicover (2003) and Engh and Kristoffersen (1996) list many other useful resources.

2.3.2 Control in LFG

LFG, like most other linguistic frameworks, commonly classifies control verbs as equi if
the controller has a thematic role in the matrix sentence (e.g., as in (17)) and raising if
the controller does not have a thematic role (e.g., as in (18)).

(17) John tried to yawn

(18) John seemed to yawn

The LFG analysis of control (Kaplan and Bresnan, 1982; Bresnan, 1982, 2001; Falk,
2001) has several aspects. First, raising and equi verbs have different representation at
the f-structure level. At the notational level raising verbs can be identified as having the
controller outside the angle brackets of their pred feature, while the controller of equi
verbs is part of the verb’s predicate. The lexical entries of seemand try demonstrate the
difference:

8Example (15) is example (114) from Jackendoff and Culicover (2003).
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(19) seem V (↑ pred)=‘seem<xcomp>subj’
...

(20) try V (↑ pred)=‘try<comp,subj>’
...

LFG describes control constructs as exhibiting either anaphoric or functional control.
Functional control analysis is usually used to analyze raising. It describes the controlled
sentence as an open complement whose subject comes from the controller.9 Anaphoric
control that is commonly used to analyze equi, describes controlled sentences as closed
complements having a ‘PRO’ subject. Anaphoric control can be further split into oblig-
atory and arbitrary anaphoric control (Dalrymple, 2001; Bresnan, 2001), depending on
whether or not the controller can be uniquely identified as a grammatical function of
the controlling sentence.

Anaphoric control analysis is not mandatory for equi verbs. For example, Dalrymple
(2001) shows that the Tagalog equivalent of insist should be analyzed as functional
control. Falk (2001) claims that the appropriate analysis of the English verb try is
using functional control10 and Asudeh (2005) proposes functional control analysis for
all nonfinite control verbs in English. Detailed discussion on the question of functional
control for equi is presented in section 4.1.

One of the arguments supporting the anaphoric control approach to equi was first
provided in Bresnan (1982). Bresnan points out that functional control cannot account
for split antecedents, which is true for the current analysis. Yet, while plural meaning
of control sentences can be easily derived in the context of anaphoric control, such
anaphoric analysis is not strictly tied to the syntactic structure of the sentence and
techniques external to LFG and Glue are used to determine the understood subject.

In this thesis I show that using multi-functional control, which extends the idea of
functional control, it is possible to analyze split antecedents sentences (section 4) and
derive their meaning (section 6). I will also show that functional control can be the basis
for modeling cross-sentential restrictions (such as the semantic number in section 4.1.4.2).

Functional and anaphoric control provide different f-structure representation of the
analyzed sentence. In functional control, the controller and the subject of the controlled
sentence share the same f-structure. This structure sharing is expressed as an equation
in the lexical entry of the control verb, as in:

(21) seem V (↑ pred)=‘seem<xcomp>subj’
(↑ subj)=(↑ xcomp subj)

...

Structure sharing is traditionally depicted in the f-structure by fully presenting the
shared structure at one location, and drawing a sharing line towards the other location.
The f-structure for (18) is presented on figure 9:

9Falk (2001) provides additional distinction between raising to subject and raising to object.
10Dalrymple (2001) analyzes it as obligatory anaphoric control.
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



pred ‘seem<xcomp>subj’

subj
[
pred ‘john’

]

xcomp

[
pred ‘yawn<subj>’
subj

]





Figure 9: The f-structure of John seemed to yawn

In anaphoric control, the understood subject is assigned a null pronominal subject,
and it’s relation to the controller is not expressed at the f-structure level. The f-structure
of anaphoric control analysis of (17) is presented on figure 10.





pred ‘try<comp>subj’

subj
[
pred ‘john’

]

comp




pred ‘yawn<subj>’

subj
[
pred ‘pro’

]









Figure 10: The f-structure of John tried to yawn

The different approaches to analysis of control sentences are discussed in detail in
the LFG literature (Kaplan and Bresnan, 1982; Bresnan, 1982, 2001; Falk, 2001) and
recent work (Asudeh, 2005).

The c-structure of control sentences can be rather complex. This work only focuses
on the level of the functional and semantic structures of control sentences and therefore I
assume the simplest treatment of control at the c-structure level. In particular, following
Falk (2001), this work uses the informal notation of VP to describe the category of the
infinitival to constructions.

Control has received significant attention in other linguistic theories as well (see
Chomsky (1981) for treatment in Government and Binding and Sag and Pollard (1991),
later revised in Pollard and Sag (1994, Ch.7) for treatment in HPSG).

2.4 The semantics of control

2.4.1 Propositional and property theories of control

Two major theories provide different semantic analyses for control verbs. One approach
(Chierchia, 1984; Dowty, 1985) argues that the control verb’s complement denotes a
property, and therefore is called the property approach. According to this approach, the
meaning of (17) is (22):

(22) try(john, λx.yawn(x))
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This analysis allows correct inference patterns as described, among other sources, in
Asudeh (2002). The second approach is the propositional approach (Sag and Pollard,
1991; Pollard and Sag, 1994) that argues that the verb’s complement is a proposition,
and this approach is also adopted by Dalrymple (2001). In the propositional theory of
control the meaning of (17) is

(23) try(john, yawn(john))

This work was carried out in the context of the propositional approach to control.

2.4.2 Current Glue analysis of control

Resource management issues arise when a functional control analysis of equi verbs is
combined with the propositional theory of control. Both Dalrymple (2001) and Asudeh
(2005) propose (for different languages) a higher order meaning constructor to derive
the correct semantics. The lexical entry of a control verb try looks like:

(24) try V (↑ pred) = ‘try<subj,xcomp>’
(↑ xcomp subj)=(↑ subj)
λP.λx.try(x, P (x)) :

((↑ xcomp subj)σ ⊸ (↑ xcomp)σ) ⊸ (↑ subj)σ ⊸ ↑σ

This approach provides a flat semantic derivation, in which the control verb is respon-
sible for explicitly substituting the meaning of the understood subject into the semantic
predicate.

This work proposes a more structured analysis, in which the understood subject is
specified once only at the f-structure level, through f-structure sharing.

2.5 Plural entities

Plural entities are required to describe collective and cumulative quantification (Scha,
1981) and mass terms (Link, 1983). Plural entities are also needed to represent the
meaning of simple sentences like (25)

(25) John and Mary met.

which cannot be represented distributively by

(26) * meet(john) ∧ meet(mary)

Scha (1981) suggests that entities that consist of more than one element should be
represented as a set of elements. Each basic element is of semantic type e, and therefore
a set of elements would be of type (e, t). Verb predicates can then operate on atomic
elements of type e or on sets of atomic elements of type (e, t). While proposing a solution
to the problem of collective and cumulative predication, it requires a model in which the
semantic type of plural entities is the same as of nouns and intransitive verbs, which in
turn must be raised in order to operate on the plural entities.
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Link (1983) proposes a semi-lattice structure to represent the elements of the model.
In this approach all elements are of type e, but while some elements denote single
entities (like the person John), other denote plural entities (like the two persons, John
and Mary). Link highlights the main advantage of his work as the ability to correctly
represent mass terms (e.g., water) and its ability to correctly describe the “part-of”
relation (e.g., the diamond is part of the ring). Other approaches exist apart from these
two and Schwarzschild (1996); Landman (2000, 2004) as well as other sources provide
a comprehensive discussion on the various approaches to the representation of plural
entities.

The account proposed here is indifferent to the theory of plurality used. Link’s
notation is used and no type distinction between singular and plural entities is made
(both are of the same semantic type ‘e’). This allows to keep the usual type system in
which entities (whether they are plural or mass entities) are of the same semantic type
(e) and nouns and intransitive verbs are of type (e, t). Additionally, in the proposed
approach as it is presented in section 4.1.4, there is no need for an atom/set distinction,
discussed in Winter (2001, Ch. 5.3), because the validation of the semantic number is
performed at the f-structure level, and at the semantic level the lattice entities are all of
the same kind and may be either plural or singular.

Disregarding the preferred choice of plural entry representation it is convenient to
organize plural entities in a semi-lattice. The “bottom element”, ⊥, (corresponding to
the empty set if sets are used) and all singular elements are the atoms of the semi-lattice.
Plural entities are created using the least upper bound operator of the semi-lattice that
is represented by the ⊕ symbol. For example the plural entity that represents both
John and Mary is john ⊕ mary. In section 6 the ⊕ operator is used to derive the plural
semantics of multi-functional control sentences.

2.6 Coordination

In this work I assume that the lexical NP entries (e.g., proper names) represent atoms
in the semi-lattice. In such case, plural entities may appear as the result of conjunction,
just like in (25). In the framework of the glue language it is most appropriate for the
meaning constructor that creates the plural entity to appear in the lexical entry of the
conjunctive itself. A possible lexical entry for and(that does not account for the semantic
number) is (based on page 384 of Dalrymple 2001):

(27) and Cnj (↑ conj)=and
λx.λy.(x ⊕ y) : (↑ ∈)σ ⊸ [(↑ ∈)σ ⊸ ↑σ]

and a possible c-structure rule is

(28) NP −→ NP
↓ ∈ ↑

Cnj
↑=↓

NP
↓ ∈ ↑

The above c-structure rule makes use of the open set membership constraint (Dalrymple,
2001, Ch. 6, Ch. 13). The meaning of the ↓ ∈ ↑ constraint is that the φ-projection of
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the child node is an element in the set that is the φ-projection of the mother node. The
lexical entry of anduses the set membership symbol as an attribute and the (↑ ∈)σ ⊸ ↑σ
expression in the meaning constructor means that in order to get the σ-projection of
the mother node as a whole, we should pick one element from the mother’s set and use
its σ-projection as the resource. Figure 11 shows the derivation of (25) based on the
proposed entries.

S

NP
(↑ subj)=↓

NP
↓ ∈ ↑

John
(↑ pred)=‘John’

(↑ num) = sg

Cnj
↑=↓

(↑ num)=pl

and
(↑ conj)=and

NP
↓ ∈ ↑

Mary
(↑ pred)=‘Mary’

(↑ num) = sg

VP
↑=↓

V
↑=↓

met
(↑ pred)=‘meet<subj>’

f





pred ‘meet<subj>’

subj g





num pl
conj and




j

[
pred ‘john’
num sg

]

m

[
pred ‘mary’
num sg

]














Figure 11: The c/f-structures of John and Mary met

The following instantiated meaning constructors are proposed for the lexical entries
of (25):

(29) [john] john : jσ
[mary] mary : mσ
[met it] λx.meet(x) : gσ ⊸ fσ

The instantiated meaning constructor of and becomes

(30) [and] λx.λy.(x ⊕ y) : jσ ⊸ [mσ ⊸ gσ]

Figure 12 shows the derivation proof tree of (25).
It should be noted that Asudeh and Crouch (2002a) present an alternative approach

to coordination in the glue framework, designed to handle coordination of more than
two conjuncts. Asudeh and Crouch propose to introduce the meaning constructors in
the c-structure rules, using the Kleene plus operator and thus avoid using the ‘!’ (of
course) operator which is proposed by Dalrymple (2001, Ch. 13). This work presents an
alternative approach in section 5.
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[John]
john : jσ

[and]
λx.λy.(x ⊕ y) : jσ ⊸ [mσ ⊸ gσ]

λy.(john⊕ y) : mσ ⊸ gσ

[Mary]
mary : mσ

(john⊕ mary) : gσ

[met]
λx.meet(x) : gσ ⊸ fσ

meet(john⊕ mary) : fσ

Figure 12: Proof tree of meaning derivation of John and Mary met
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3 The c-structure rules

This section presents the main c-structure rules that will be used in the rest of this work.
First there is the basic sentence rule, the noun phrase creation rule (Dalrymple, 2001,
pg. 156) and the noun phrase coordination rule that will be used in section 5.1.

(31) S −→ NP
(↑ subj)=↓

VP
↑=↓

NP −→ Det
(↑ spec)=↓

N
↑=↓

NP −→ NP
↓ ∈ ↑

Cnj
↑=↓

NP
↓ ∈ ↑

The last rule that should be considered is the VP rule. Following Falk (2001) I use
the informal notation of VP to describe the category of the to constructions.11 The
rules that handle the most relevant VP complements are:

(32) VP −→ V
↑=↓

(
NP

(↑ obj)=↓

) (
VP

(↑ comp|xcomp)=↓

)
PP*

↓ ∈ (↑ adj)

VP −→ to VP
↑=↓

11Refer to Falk (in preparation) for a discussion on the categorization of the infinitival to.
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4 Extending functional control

In this section I present the arguments in favor of functional control analysis of equi verbs
and propose extensions that will make it possible to use functional control to analyze
split control constructs.

4.1 Why functional control

In section (2.3.2) the different approaches to analysis of equi verbs were presented. This
section presents in detail the arguments in favor of functional control analysis.

4.1.1 Functional or obligatory anaphoric control

The answer of Dalrymple (2001) to the question of functional vs. anaphoric analysis of
equi is that anaphoric control is most appropriate for the analysis of equi. Dalrymple
(2001) presents two kinds of anaphoric control. Obligatory anaphoric control is proposed
for sentences such as (17), because the anaphor is assigned an antecedent by the rules
of sentence grammar. Indeed, no understood subject except John is possible for the
controlled sentence, and therefore such restriction can be represented as a functional
equation in the verb’s lexical entry (Dalrymple, 2001, p. 334):

(33) try V (↑ pred)=‘try<subj,comp>’
(↑ comp subj pred) = ‘pro’
((↑ comp subj)σ antecedent)=(↑ subj)σ

The additional functional equation establishes the semantic relation between the
understood subject and its antecedent in the semantic (σ) structure. However, this
relation originates from a syntactic property of the control verb and it can be realized
as functional control in the f-structure as well.

Dalrymple favors anaphoric control analysis because there are no overt syntactic
restrictions that the controlled verb imposes on its understood subject. For example,
in Icelandic it is possible for a controlled verb to restrict the case of its controller.
Control constructs that allow such restriction are analyzed using functional control and
constructs that do not impose such restriction are analyzed using anaphoric control.
However, this observation only means that we must use functional control to analyze
the restricting constructs. It does not mean that we must use anaphoric control when the
restriction is not imposed. In fact, it is possible to simply omit the functional equation
that imposes such restriction from control verb’s lexical entry since the infinitival form
of the control verbs in English does not impose agreement restrictions on the understood
subject. However, in section 4.1.4 I show that in English the semantic number property
imposes a syntactic restriction on the controller in both equi and raising constructs,
which favors the functional control analysis.

As a result, I conclude that while we can use anaphoric control instead of functional
control, there is no immediate benefit in doing so, and some phenomena, such as semantic
number restriction, may be better described using functional control.

20



4.1.2 Functional control for equi

Although Dalrymple (2001) proposes anaphoric control (obligatory or free) for English
equi verbs, evidences for functional control analysis of equi are presented for Tagalog.
Dalrymple does not reject such analysis, which means there is no theoretical restriction
on analyzing equi verbs using functional control. Falk (2001) notes that functional
control for equi is not possible in transformational theories, but since the structure of
LFG is different and without the Θ criterion of GB, functional control analysis of equi is
theoretically possible in LFG. Therefore, the decision on the appropriate analysis type is
not “predetermined” by LFG, but is a matter of the ability of the approach to describe
the various linguistic phenomena.

Falk (2001) provides two examples that demonstrate the two possible analyses of
equi12:

(34) (a) The geneticist agreed to clone dinosaurs.

(b) The geneticist tried to clone dinosaurs.

In order to determine the correct analysis, Falk proposes to test the relation between
the controller and the understood subject. According to these tests, in functional control
the controller must be present in the f-structure and it must be a core function13. The
difference is exemplified by the difference between the following sentences:14

(35) (a) It was agreed to clone dinosaurs.

(b) * It was tried to clone dinosaurs.

(36) (a) It was agreed by the geneticists to clone dinosaurs.

(b) * It was tried by the geneticists to clone dinosaurs.

Falk concludes that agreeshould be analyzed using anaphoric control and try should
be analyzed as functional control. Hence, both Falk (2001) and Dalrymple (2001) agree
that functional control is also possible for equi control verbs.

Similar test can be applied to (the non-plural version of) the verb persuade:

(37) (a) John persuaded Mary to clone dinosaurs.

(b) Mary was persuaded to clone dinosaurs.

(c) * It was persuaded to clone dinosaurs.

12Example (56) on p. 141 of Falk (2001)
13Falk (2001, p. 58) presents a distinction between core functions which are grammatical functions of

the SUBJ, OBJ, OBJ2 family and noncore functions of the OBL� grammatical functions family. Core
functions are usually realized as DPs in English and have nominative or accusative case.

14Falk (2001) presents another example the tests the ability of functional control to handle split
antecedents. While Falk assumes that functional control cannot handle split antecedents, in this work I
present the multi-functional control approach that makes such analysis possible. Therefore I omit Falk’s
third example from the discussion.

21



According to these examples, persuadebehaves more like try than agree, and therefore
functional control analysis of persuadeis possible.

Asudeh (2005) considers a broader question — can we analyze all non-finite control
verbs in English using functional control? Asudeh refers to the discussion in Falk (2001)
and argues against some of the tests proposed in Dalrymple (2001) that differentiate open
xcomp complements that require functional control from closed comp complements that
cannot be analyzed using functional control. Providing examples from Landau (2000), he
argues that functional control provides better analysis of the semantic number relations
between the controller and the controlled verb in the subordinate sentence.15 Asudeh also
shows that partial control can be given more accurate semantic analysis using functional
control than using anaphoric control. He concludes that functional control captures the
behavior of various English control verbs, including both exhaustive and partial control
verbs, better than anaphoric control.

4.1.3 Plural reading semantics

One of the arguments in favor of anaphoric analysis of equi verbs was originally presented
in Bresnan (1982). Bresnan points out that structure sharing that is used in functional
control analysis cannot represent split antecedents. This is true, of course, for the
current functional control analysis, and multi-functional control presented in this thesis
is intended to solve exactly this problem.

But is anaphoric control right for split antecedents? Consider for example the sen-
tences in (39), with sentences in (38) providing the context:

(38) Mary is Jack's personal assistant and John is Rachel's secretary. Jack and Rachel will
be attending a conference in London. John and Mary try to schedule a meeting for
their bosses.

(39) (a) John persuaded Mary that they meet for business lunch.

(b) John persuaded Mary to meet in the night club.

Both sentences are indeterminate about who will attend the meeting. The difference
between the two sentences is that (39b) requires that Mary is part of the meeting, while
(39a) does not. If both sentences are analyzed using anaphoric control, the correspond-
ing f-structures (discarding the analysis of the meeting location) that are presented in
figure 13 are essentially the same. Therefore, the difference in the meaning is not visible
at the syntactic level. We could expect that result, since anaphoric control analyzes the
understood subject as a pronoun.

It is also difficult to account for the difference at the semantic level. Obligatory
anaphoric control is not possible here for the same reasons that functional control is
not possible — in any case there is more than one person that will be meeting. Free
anaphoric control does not account for the difference, since it is open to the discourse
and does not impose any restrictions on who may become anaphor’s antecedent.

15Section 4.1.4 provides independent detailed analysis of the semantic number properties.
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



pred ‘persuade<subj,obj,comp>’

subj
[
pred ‘john’

]

obj
[
pred ‘mary’

]

comp





pred ‘meet<subj>’
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


pred ‘pro’
num pl
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











(a) The f-structure of (39a)





pred ‘persuade<subj,obj,comp>’

subj
[
pred ‘john’

]

obj
[
pred ‘mary’

]

comp




pred ‘meet<subj>’

subj
[
pred ‘pro’

]









(b) The f-structure of (39b)

Figure 13: The f-structures for the sentences in (39)

This example demonstrates that anaphoric control cannot account for certain phe-
nomena of split antecedents. On the other hand, anaphoric antecedents must be used
to derive the correct meaning, since some of the contributors to the understood sub-
ject may originate in the discourse. In section 4.3 I show how multi-functional control
with controlled use of sentential contributors and anaphoric antecedents can provide the
correct syntactic and semantic analysis of such sentences.

4.1.4 The semantic number

In section 2.3.2 it was briefly mentioned that the controlled verb may introduce restric-
tions on the understood subject. One such restriction, which is also analyzed by Asudeh
(2005), is the semantic number restriction. Despite its name, the semantic number re-
striction can be analyzed as a syntactic property, and such analysis appears in Wechsler
and Zlatic (2003) and Heycock and Zamparelli (2005). One can also analyze the se-
mantic number restriction at the semantic level, or even claim that example (40a) is
grammatical and let selectional restrictions explain its unacceptance by the speakers,
but such analysis does not invalidate the other arguments about the applicability of
functional control analysis to equi.

The relevance of semantic number restrictions to control is exemplified by the differ-
ence between the two sentences in (40):

(40) (a) * John tried to meet in the afternoon

(b) The committee tried to meet in the afternoon

These restrictions are unique in the fact that they cross the boundaries of the controlled
sentence and influence directly the matrix sentence. In this section I present the semantic
number phenomena in detail and show that functional control provides correct analysis
of the phenomena. Multi-functional control that is presented later in section 4.2 makes
it possible to analyze split control sentences that also exhibit the semantic number
restriction.
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4.1.4.1 Linguistic data

The semantic number is a distinct property of noun phrases. For example, a semantic
number mismatch is responsible for the ungrammaticality of (41b) and (41c):

(41) (a) The boys gathered in the old building

(b) * Bob met in the park

(c) * The girl gathered elsewhere

All four combinations of syntactic and semantic number values are possible. Syntactic
number agreement is still required, as shown in (42b):16

(42) (a) The committee gathers this afternoon

(b) * The committee gather this afternoon

(c) * The eyeglasses are similar

The subject of (42a) is syntactically singular, and it agrees with the verb, the form
of which is 3rd person, singular. However it is also semantically plural, which is exactly
what the verb gathersrequires as a subject. On the other hand (42b) is ungrammatical
because although the noun committee is semantically plural, it is syntactically singular,
and therefore is does not agree with the verb gather. To complete the picture, some verb
phrases require a semantically singular subject. Consider for example the difference
between the next two sentences:

(43) (a) The boy is a writer

(b) * The committee is a writer

As mentioned above, the semantic number restriction crosses the boundaries of the
controlled sentence. Consider for example the differences between (a) and (b) in:

(44) (a) The boys planned to gather elsewhere

(b) * The girl planned to gather elsewhere

(45) (a) The committee seems to meet in the conference room

(b) * Bob seems to meet in the conference room

Despite its name, the semantic number is a syntactic property and no knowledge of
the actual number of the committee members is needed in order to determine that (42a)
is grammatical. Similar syntactic property was also proposed by Wechsler and Zlatic
(2003); Heycock and Zamparelli (2005).

16Example (42c) is inspired by Winter 2001, p. 192.
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4.1.4.2 The \semnum" feature and functional control

It is possible to model the observations of the previous section by introducing an addi-
tional feature in the f-structure, the semnum feature. This feature specifies the semantic
number of nouns and noun phrases and has two possible values — “sg” for semantically
singular nouns, and “pl” for semantically plural nouns. For example, the noun commit-
tee that is considered syntactically singular and semantically plural will have (num: sg)
and (semnum: pl), while the word eyeglasseswhich is considered syntactically plural
and semantically singular will have (num: pl) and (semnum: sg). Heycock and Zam-
parelli (2005) propose a similar distinction between syntactic and semantic number for
nouns and noun phrases. They propose two boolean properties: Latt for semantic and
Plur for syntactic plurality.

Only few verbs like the intransitive meet and gather impose semantical number re-
strictions on their subject. Therefore, only these verbs require the additional functional
equation constraining the semantic number of the subject, and the rest of the verbs in
the lexicon remain unchanged. Additionally, as it has been noted in the previous section,
the semnum feature is not part of the usual agreement restrictions between the subject
and the verb in a sentence.

The functional control analysis accounts for the semantic restriction imposed on the
understood subject by a controlled verb. Functional control ensures that the local re-
strictions imposed by the controlled verb on its understood subject propagate through
f-structure sharing to the controlling grammatical function in the matrix sentence. Con-
sider for example the following control sentence:

(46) The committee plans to gather (in the afternoon)

The appropriate lexical entries for the controlled infinitive verb to gather and the
controlling verb plansare presented below.17 Figure 14 presents the full f-structure and
the s-structure of the sentence.

(47) to gatherit VP (↑ pred) = ‘gather<subj>’
(↑ subj semnum) = pl

plans V (↑ pred) = ‘plan<xcomp,subj>’
(↑ subj num) = sg
(↑ xcomp subj) = (↑ subj)

Since the semantic number is in fact a syntactic feature, the meaning constructors
of the affected nouns and verbs do not have to change. Lexical entries of representative
nouns and a verb appear in (48). Notice that the premises on the linear logic side of
the meaning constructor involve internal elements of the s-structures, which themselves
are σ-projections of the corresponding f-structures. These meaning constructors are
described in detail in Dalrymple (2001, p. 251).

17See section 3 for the description of the VP notation.
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Figure 14: The f-structure and the s-structure of The committee plans to gather

(48) committee N (↑ pred) = ‘committee’
(↑ num) = sg
(↑ semnum) = pl
λx.committee(x) : (↑σ var) ⊸ (↑σ restr)

eyeglasses N (↑ pred) = ‘eyeglasses’
(↑ num) = pl
(↑ semnum) = sg
λx.eyeglasses(x) : (↑σ var) ⊸ (↑σ restr)

met V (↑ pred) = ‘meet<subj>’
(↑ subj semnum) = pl
λx.meet(x) : (↑ subj)σ ⊸ ↑σ

meets V (↑ pred) = ‘meet<subj>’
(↑ subj num) = sg
(↑ subj semnum) = pl
λx.meet(x) : (↑ subj)σ ⊸ ↑σ

Based on these examples, it is possible to conclude that functional control analysis
provided better analysis of the semantic number phenomena than anaphoric control.

The analysis presented in this section has yet to be extended to account for deter-
miner agreement (King and Dalrymple, 2004) and quantification in order to correctly
analyze sentences such as All committees metand Every committee met(Winter, 2001,
p. 202, ex. 34).
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4.2 Multi-functional control

Consider the plural reading of sentence (1), repeated here for convenience

(49) John persuaded Mary to meet in the restaurant

In this plural reading that talks about John and Mary meeting together in the restaurant,
the understood subject of the controlled sentence is no longer controlled by a single
grammatical function of the matrix sentence. Instead, it is controlled jointly by two
grammatical functions of the matrix sentence, its subject and its object.

I propose to describe this phenomenon by representing the understood subject of the
controlled sentence by an f-structure that represents both contributors. The f-structure
representing the understood subject becomes a set, the elements of which are the ma-
trix subject and object that appear inside the understood subject f-structure via the
f-structure sharing mechanism (figure 15). This way, the f-structure of the understood
subject can have properties of its own, as is the case with coordination. For example,
the syntactic and the semantic number of the understood subject may differ from the
corresponding number of its constituents.

The f-structure that represents a multi-functional control analysis of (49) is presented
in figure 15. In the f-structure the number properties of the understood subject correctly
describe the syntactic and the semantic number of the understood subject.
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Figure 15: A multi-functional control analysis of John persuaded Mary to meet

The multi-functional control structure is created by the functional equations in the
control verb’s lexical entry. The lexical entry is also responsible for assigning the number
feature.18 I propose the following lexical entry for the verb persuaded, that is responsible

18An approach that would solve the problem of non-distributive features in noun phrase coordination
can be applied to compute the number features of the understood subject. To simplify the analysis
multi-functional control assigns plural semantic number to the understood subject.
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for creating the f-structure in figure 15:

(50) persuaded V (↑ pred) = ‘persuade<subj,obj,xcomp>’
(↑ subj) ∈ (↑ xcomp subj)
(↑ obj) ∈ (↑ xcomp subj)
(↑ xcomp subj num) = pl
(↑ xcomp subj semnum) = pl

The proposed lexical entry for the verb persuadeddoes not replace the existing con-
ventional functional analysis that is suitable for sentences that exhibit simple subject or
object control, such as (14b), repeated here for convenience as (51):

(51) John persuaded Mary to become a writer

The verb persuadedhas two lexical entries — the multi-functional entry and the
conventional entry. These lexical entries share the common properties of the verb and
only the functional equations that define the control features differ between the two.19

When the LFG analysis is performed both lexical entries are considered. If the semantic
number restriction permits conventional functional control it will be used (for example,
it is possible for (51), but not for (49)). Additionally, a multi-functional control analy-
sis is attempted that succeeds for (49) but fails for (51), because the multi-functional
understood subject disagrees in its semantic number with the verb phrase \to become a
writer" (presented here as if it was a verb):

(52) become a writer VP (↑ pred) = ‘become-a-writer<subj>’
(↑ subj semnum) = sg

For sentences such as (2), both analyses will succeed, and the result is two possible
f-structures that describe the sentence. Section 4.3 shows that it is possible to gener-
alize the multi-functional analysis to correctly analyze conventional functional control
sentences as having a single element in the understood subject set, assuming the ability
to compute the semantic number of such a set.

4.3 Multiple understood subject contributors

It is possible that there will be other contributors to the understood subject besides the
subject and the object of the controlling sentence. Consider for example:

(53) (a) John promised Mary to persuade David to meet (in the restaurant)

(b) John promised Mary to persuade David to leave (the restaurant)

(c) John persuaded Mary to promise Rachel to persuade David to meet(in the
restaurant)

(d) Mary met John who kissed Rachel and persuaded David to meet (in the
restaurant)

19Dalrymple et al. (2004) propose notational mechanism that will allow sharing of the common prop-
erties between the two alternative entries.
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In these sentences the understood subject of to meetcan refer to either one, two or more
than two people, but in all sentences David is part of the understood subject. However,
while in (53a) and (53c) David can be meeting with either John, Mary or Rachel, in
(53d) Rachel cannot be one of the people who are meeting with David. Such behavior
is very similar to the behavior of long distance dependency sentences.

4.3.1 Long distance dependencies

Long distance dependencies appear in sentences that feature topicalization, wh-questions
and other linguistic phenomena (Dalrymple, 2001). Examples include20

(54) (a) Chris, David saw

(b) Chris, we think that David saw

(c) Who do you think you saw?

(d) Who did the hamster claim it thought you saw?

In all above sentences there is a gap that is filled by either the topic or the wh-word.
The distance between the filler and the gap is not bounded, which makes the analy-
sis more complicated. LFG’s approach to long distance dependencies involves special
kind of functional equations. These functional equations feature functional uncertainty
(Dalrymple, 2001, Ch. 6), that allows to represent dependencies of an unbound length.
Functional uncertainty is made possible through the use of the Kleene star (*) operator.
For example the following functional equation

(55) (↑ topic)=(↑ comp* subj)

means that the topic feature of this f-structure can point to either the local subject
or to a subject of any of the embedded sentences. Such functional equation would by
typically associated with the topic position, and such uncertainty type is called outside-
in functional uncertainty. The same equation, if associated with the gap position, would
typically use inside-out functional uncertainty:

(56) (↑ subj)=((comp* ↑) topic)

It is possible to define special abbreviations, such as

(57) gf ≡ {subj|obj|comp|xcomp|. . . }

Therefore, if the topic can be any grammatical function, and not just the subject and
may be embedded inside both open and closed complements, we may simply write

(58) (↑ gf)=(({comp|xcomp}* ↑) topic)

Functional uncertainty and, in particular, inside-out functional uncertainty is a powerful
tool for describing the long distance phenomena. This tool can be extended to provide
a more accurate analysis of the understood subject contributions in control sentences.
Detailed definition of functional uncertainty notations can be found in Dalrymple (2001,
Ch. 6)

20Examples are from Dalrymple (2001, Ch. 14) and Falk (2001, Ch. 6)
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4.3.2 Long distance contributions

Based on the techniques developed for handling long distance dependencies it is possible
to propose a similar technique for accounting for distant contributions to the understood
subject of controlled sentences. For example, the following functional constraint can be
added to the control verb (e.g., persuade):

(59) (({comp|xcomp}* ↑) gf)∈ (↑ xcomp subj)

The constraint means that any grammatical function of this or parent sentences can
contribute itself to the understood subject of the controlled sentence. For example, the
lexical entry of persuadebecomes (discarding the number constraints):

(60) persuaded V (↑ pred) = ‘persuade<subj,obj,xcomp>’
(↑ subj) ∈ (↑ xcomp subj)
(↑ obj) ∈ (↑ xcomp subj)
(({comp|xcomp}* ↑) gf)∈ (↑ xcomp subj)

However, in (53a), we only know for sure that David will be part of the meeting. Gen-
erally speaking, persuadeonly requires its object to be part of the understood subject.
Therefore, only the (↑ obj) ∈ (↑ xcomp subj) constraint is necessary in the verb’s
lexical entry. The (↑ subj) ∈ (↑ xcomp subj) constraint is not required and therefore
removed. The lexical entry of persuadenow becomes:

(61) persuaded V (↑ pred) = ‘persuade<subj,obj,xcomp>’
(↑ obj) ∈ (↑ xcomp subj)
(({comp|xcomp}* ↑) gf)∈ (↑ xcomp subj)

Different readings of a sentence are reflected as different choices of the functional
uncertainty constraint. If, in a particular reading, the subject is indeed part of the
complement’s subject, it can be contributed by the appropriate substitution into the new
inside-out constraint. If the Kleene star operator repeats zero times, and we substitute
gf=subj, the complex functional equation simply becomes (↑ subj) ∈ (↑ xcomp subj).

An obvious problem with the proposed solution is that it cannot analyze the reading
of (53a) in which all three persons meet in the restaurant. The problem is due to the
fact that the functional constraint can contribute only one element to the understood
subject set. On the other hand, if we would like to get the reading of (53b) in which
only David leaves the restaurant, the new functional constraint remains unsatisfied.

The solution is to make the new functional constraint optional, and mark it as
reusable any number of times. While marking functional constraint as optional is com-
mon in the current LFG literature (Dalrymple, 2001), marking it as reusable requires
an extension to the current LFG analysis. I propose to use the Kleene star operator to
mark a functional constraint optional, as in

(62)
(

(({comp|xcomp}* ↑) gf) ∈ (↑ xcomp subj)
)
*
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Using the Kleene star operator for a functional constraint does not cause constraint
inflation, because the number of possible set elements is bounded by the number of
available grammatical functions in the sentence. The complete lexical entry of persuade
becomes:

(63) persuaded V (↑ pred) = ‘persuade<subj,obj,xcomp>’
(↑ obj) ∈ (↑ xcomp subj)(

(({comp|xcomp}* ↑) gf) ∈ (↑ xcomp subj)
)
*

In addition to grammatical functions of the analyzed sentence, anaphoric antecedents
can also contribute to the meaning of the analyzed sentence. While the treatment of
discourse references goes beyond the scope of this thesis, the proposed framework is
capable of leaving a semantic placeholder for a possible anaphoric contributor. The
optional functional equations that create such placeholder are:

(64)
(

%anaphor ∈ (↑ xcomp subj)
(%anaphor pred) = ‘pro’

)

The local names symbol (‘%’) is used to refer to the same set element in different
functional equations (see Dalrymple (2001) for formal definition). The full lexical entry
of persuadeis therefore:

(65) persuaded V (↑ pred) = ‘persuade<subj,obj,xcomp>’
(↑ obj) ∈ (↑ xcomp subj)(

(({comp|xcomp}* ↑) gf) ∈ (↑ xcomp subj)
)
*

(
%anaphor ∈ (↑ xcomp subj)

(%anaphor pred) = ‘pro’

)

Figure 16 shows the f-structures that correspond to the different readings of the sentence
John promised Mary to persuade David to meet. All variations are due to the choice of
parameters for the functional uncertainty constraint. However, in all f-structures the
direct object David is part of the understood subject set, because it has been explicitly
required by the (↑ obj) ∈ (↑ xcomp subj) rule.

This section has shown how multi-functional control analysis can be used to account
for long distance contributors to an understood subject of a controlled sentence. In
section 6 the simple analysis of only immediate contributors is assumed, but the semantic
analysis presented in that section can be extended to account for indirect long distance
contributors as well.
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(c) John promisedMary to persuadeDavid to meet

Figure 16: The different readings of John promised Mary to persuade David to meet
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5 Plural meaning of sets

In this section I propose a new approach to meaning derivation of sets. In this thesis
I am mostly interested with the application to multi-functional control, but the most
immediate application is probably to coordination. While the proposed approach is
formulated in such a way that it can suit other types of coordination as well, I focus on
the issue of noun-phrase coordination, since it is most close to the problem of deriving
the meaning of multi-functional control sentences.

5.1 The case of noun-phrase coordination

5.1.1 Current analysis

Consider for example the following sentence that involves noun phrase coordination:

(66) John, Philip, Mary and Susan walked.

The corresponding f-structure (based on Dalrymple 2001) is shown in figure 17.
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Figure 17: The f-structure of John, Philip, Mary and Susan walked

Now that an f-structure has been created, the semantic meaning can be derived using
the Glue framework. We would like to build a meaning constructor that consumes all set
elements’ semantic projections and produces the semantic projection of the subject, with
the appropriate meaning achieved through the Curry-Howard isomorphism. However,
the number of set elements is unknown at the time the lexicon is designed and meaning
constructors that appear in the lexicon cannot deal with a variable number of Glue
premises.

Some techniques have been proposed to cope with this problem. Dalrymple (2001,
Ch. 13) proposes to attach two meaning constructors to the lexical entry of and. The
first ([g-and] ) is responsible for picking two arbitrary elements from the set and com-
puting their conjunction. The second meaning constructor ([g-and2] ) is responsible for
consuming the rest of the set elements and producing the final meaning of the subject.
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This meaning constructor ([g-and2] ) is defined with the ‘!’ linear logic operator that
suspends resource sensitivity limitations of this meaning constructor and allows to use
it an unlimited number of times. This is a major drawback of this approach, since it
complicates the Glue derivation, while the actual number of uses is known, and it is the
number of set elements. Another approach proposed by Asudeh and Crouch (2002a)
attempts to solve the problem by presenting meaning constructors in c-structure rules,
and allow c-structure operators, such as the Kleene star to duplicate them as well. A
drawback of this approach is having (complex) meaning constructors in c-structures,
while most meaning constructors are provided by the lexicon.

5.1.2 The proposed analysis

I propose a different approach that handles both the noun-phrase coordination and
multi-functional control (section 4). I take advantage of the fact that the semantic
meaning derivation can be done in three consecutive steps. First, the c-structure and
the f-structure are created. Next, the semantic projections are computed and meaning
constructors are instantiated. As a last step, Glue logic rules are applied to the meaning
constructors.

While the first and the last steps are performed in the frameworks external to Glue
(LFG itself and linear logic), the second step can be extended to enrich the expressive
power of the meaning constructors.

I propose to allow the creation of meaning constructors using constructs similar to
templates or macros21 in programming languages. Such a template, which I propose
to call a meta-meaning constructor would allow the creation of a meaning constructor,
based on the knowledge of the whole f-structure, as opposed to specifying the meaning
constructors in the lexicon, where the f-structure context information is, of course, not
available. Specifically, when the meta-meaning constructor is instantiated, the number
of set elements is already known, while information of that kind is usually not available
at the time the lexicon is created. After instantiation, the meta-meaning constructor
becomes a regular meaning constructor that is used in derivation as usual.

The meta-meaning constructor for noun phrase coordination of some set S is defined
as:

Coord(S) = λx1. . . . λxn.x1 ⊕ . . . ⊕ xn : (S ∈)σe⊸ . . . ⊸ (S ∈)σe⊸ Sσe

The set S is the parameter of the noun phrase coordination meta-meaning constructor.
When the meta-meaning constructor appears in the lexical entry of and, the mother node
meta-variable appears as the parameter. After the f-structure has been instantiated the
meta-variable is substituted by the actual f-structure set. The lexical entry of the noun-
phrase coordinating and is:

(67) andNP Cnj (↑ conj) = and
Coord(↑)

21Asudeh and Crouch (2002a) mentions the possible application of macros to provide linguistic gen-
eralizations, but no details are provided.
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After the f-structure has been created (see figure 17) the actual f-structure set g is
substituted as the parameter of the meaning constructor. The result, that reflects the
number of g’s set elements is

Coord(g) = λx1.λx2.λx3.λx4.x1 ⊕ x2 ⊕ x3 ⊕ x4 :
(S ∈)σe⊸ (S ∈)σe⊸ (S ∈)σe⊸ (S ∈)σe⊸ S e

= λx1.λx2.λx3.λx4.x1 ⊕ x2 ⊕ x3 ⊕ x4 : je ⊸ pe ⊸ me ⊸ se ⊸ ge

It should be mentioned that if the set g consisted of only two f-structures, the result
would be the same meaning constructor as in the lexical entry of and, proposed by
(Dalrymple, 2001).

5.1.3 Coordinating quanti�ed nouns phrases

With meta-meaning constructors, quantified noun phrases are analyzed in same way as
before. Consider, for example, the following sentence:

(68) John, Mary, a professor and Susan walked.

The corresponding f-structure is presented in figure 18:

f





pred ‘walk<subj>’

subj g





conj and




j
[
pred ‘john’

]

m
[
pred ‘mary’

]

p

[
pred ‘professor’
spec ‘a’

]

s
[
pred ‘susan’

]














Figure 18: The f-structure of John, Mary, a professor and Susan walked

In order to instantiate the meaning constructor for and the Coord meta-meaning
constructor is applied on the f-structure set g. The result is the meaning constructor
[and] that appears in (69)22 along with the complete list of all instantiated meaning
constructors.

(69) [John] john : jσ
[Mary] mary : mσ
[a professor] λQ.a(x, professor(x), Q(x)) : ∀H.[pσ ⊸ H] ⊸ H
[Susan] susan: sσ
[and] λx1.λx2.λx3.λx4.x1 ⊕ x2 ⊕ x3 ⊕ x4 : mσ ⊸ pσ ⊸ jσ ⊸ sσ ⊸ gσ
[walked] λx.walked(x) : gσ ⊸ fσ

22I do not analyze the internal structure of the quantified noun phrase. The detailed analysis can be
found in Dalrymple (2001).
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Figure 19 shows the complete meaning derivation of (68). Note that if more than one
quantified noun phrase occurred in the sentence, the semantic analysis would become
naturally ambiguous.

5.2 Set coordination for other phrase types

The approach introduced in section 5.1 can be applied to sentence level (S) coordination
with the only differences being the semantic type (which is now t), the coordination op-
erator (propositional ∧) and the f-structure label. Consider sentence (70) with figure 20
showing the appropriate f-structure.

(70) John smiled, Mary laughed and Susan giggled.

In order to accommodate additional semantic types and coordination operators, I
propose to generalize the coordination meta-meaning constructor. The new constructor
is generic with respect to three parameters: the f-structure set being coordinated, the
semantic coordination operator and the semantic types of the set elements’ semantic
projections. The generic set coordination meta-meaning constructor for some set f ,
elements of which have semantic projection type τ that uses the ‘⊙’ coordination operator
is defined as:

Coord(f, ⊙, τ) = λx1. . . . λxn.x1 ⊙ . . . ⊙ xn : (f∈)στ⊸ . . . ⊸ (f∈)στ⊸ fστ .

For sentence (70) the meta-meaning constructor is instantiated with set f , semantic
type t and semantic coordination operator ∧t and can be now used in the meaning
derivation:

λx1.λx2.λx3.x1 ∧ x2 ∧ x3 : sσt ⊸ (lσt ⊸ (gσt ⊸ fσt ))

While meta-meaning constructors may not be the ultimate answer to the issue of
coordination in natural languages, they can help the lexicon designer to better organize
the (structured) lexicon, and assist in the meaning derivation of control sentences.
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[a professor]
λQ.a(x, professor(x), Q(x)) : ∀H.[p� ⊸ H] ⊸ H

[walked]
λx.walked(x) : g� ⊸ f�

[Susan]
susan : s�

[John]
john : j�

z : [p� ]

[Mary]
mary : m�

[and]
λx1.λx2.λx3.λx4.x1 ⊕ x2 ⊕ x3 ⊕ x4 : m� ⊸ p� ⊸ j� ⊸ s� ⊸ g�

λx2.λx3.λx4.mary ⊕ x2 ⊕ x3 ⊕ x4 : p� ⊸ j� ⊸ s� ⊸ g�

λx3.λx4.mary ⊕ z ⊕ x3 ⊕ x4 : j� ⊸ s� ⊸ g�

λx4.mary ⊕ z ⊕ john ⊕ x4 : s� ⊸ g�

mary ⊕ z ⊕ john ⊕ susan : g�

walked(mary ⊕ z ⊕ john ⊕ susan) : f�

λz.walked(mary ⊕ z ⊕ john ⊕ susan) : p� ⊸ f�
(I)

a(x, professor(x), walked(mary ⊕ x ⊕ john ⊕ susan)) : f�
(H ⇒ f� , ⊸E)

Figure 19: The semantic derivation of John, Mary, a professor and Susan walked
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f





conj and





s




pred ‘smile<subj>’

subj
[
pred ‘john’

]





l




pred ‘laugh<subj>’

subj
[
pred ‘mary’

]





g




pred ‘giggle<subj>’

subj
[
pred ‘susan’

]














Figure 20: The f-structure of John smiled, Mary laughed and Susan giggled.
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6 The semantics of multi-functional control

In section 4 the syntactic analysis of the plural reading of control sentences was presented.
The multi-functional control extension that was introduced in section 4.2 represents the
understood subject of the controlled sentence as a set whose elements are the controllers
of the understood subject. In section 5 I presented the meta-meaning constructors that
can be used to derive the meaning of f-structure sets. Therefore, the next step is the
application of meta-meaning constructors to the sets that result from multi-functional
control analysis, and incorporating the achieved meaning constructor into the semantic
analysis of the whole sentence.

6.1 The semantics of the understood subject

An important step in the meaning derivation of a plural reading is the meaning derivation
of the understood subject. In this section I will present the derivation of the understood
subject meaning of (49), repeated here as

(71) John persuaded Mary to meet (in the restaurant)

The syntactic analysis of this sentence has resulted in an f-structure that was originally
presented in figure 15 and is presented again in figure 21.

f





pred ‘persuaded<subj,obj,xcomp>’

subj j




pred ‘john’
num sg
semnum sg





obj m




pred ‘mary’
num sg
semnum sg





xcomp l





pred ‘meet<subj>’

subj s





num pl
semnum pl
{

,
}













Figure 21: A multi-functional control analysis of John persuaded Mary to meet

In order to derive the meaning of the understood subject of the controlled sentence
in (71) I use the Coord meta-meaning constructor introduced in section 5.2. The appro-
priate meaning constructor, that appears below, is added to the multi-functional lexical
entry of persuade, originally presented in (50). Other meaning constructors of persuade
will be gradually added in the next sections.
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(72) persuaded V (↑ pred) = ‘persuade<subj,obj,xcomp>’
(↑ subj) ∈ (↑ xcomp subj)
(↑ obj) ∈ (↑ xcomp subj)
(↑ xcomp subj num) = pl
(↑ xcomp subj semnum) = pl
Coord((↑ xcomp subj), ⊕e, e)

After instantiation, the new meaning constructor becomes:

(73) [coord] λx1.λx2.x1 ⊕ x2 : jσ ⊸ (mσ ⊸ sσ)

When the coordination meaning constructor is combined with the meaning constructors
of John and Mary

(74) [John] john : jσ
[Mary] mary : mσ

the meaning of the understood subject can be derived, as shown in figure 22.

[Mary]
mary : mσ

[John]
john : jσ

[coord]
λx1.λx2.x1 ⊕ x2 : jσ ⊸ (mσ ⊸ sσ)
λx2.john⊕ x2 : mσ ⊸ sσ

john⊕ mary : sσ

Figure 22: The derivation of the understood subject meaning

The meaning derivation of the understood subject is only the first step in the meaning
derivation process. In the next steps the meaning of the understood subject is used to
derive the meaning of the controlled sentence, which in turn is used to derive the meaning
of the whole sentence. The complete derivation appears in figure 29.

6.2 Multi-functional control and resource sensitivity

6.2.1 Control sentences and resource de�cit

The meaning derivation of the understood subject, presented in the previous section,
has consumed the resources that represented the meanings of the controllers John and
Mary. Since a resource that was consumed cannot be used again for the derivation of
the meaning of the whole sentence, the derivation of the whole sentence will fail. Such
a situation is called a resource deficit.

Two approaches have been proposed to deal with such a resource scarcity. The first is
the “paths as resources” approach (Kehler et al., 1999). In this approach it is possible for
a verb to consume a path that leads to the semantic projection, and not the projection
itself. This way, shared resources can be consumed the number of times they are shared
in the f-structure, and solve the resource deficit problem. However this approach appears
to fail when it comes to some control verbs. For example, the f-structure (Dalrymple,
2001; Asudeh, 2005) for a sentence like
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(75) David seems to leave





pred ‘seem<xcomp>subj’

subj
[
pred ‘david’

]

xcomp

[
pred ‘leave<subj>’
subj

]





Figure 23: The f-structure of David seems to leave

shares the subject of the main sentence with the subject of the controlled sentence.
However, the semantic projection of the shared subject is consumed only once, by the
controlled verb. If the “paths as resources” approach would be applied here, there would
be an unused resource which would cause the whole derivation to fail.

When it comes to equi, similar problem exists in property theory of control.23 The
subject of the main sentence is shared with the subject of the controlled sentence, and
according to this theory two resources are introduced. Yet, the semantic subject of the
controlled sentence is never consumed in the property theory, which again, leaves an
unused resource.

The second approach, proposed by Asudeh (2002, 2005) is to “get in charge” of
the problem, by using high order types. This approach claims that if a control verb
is responsible for establishing the sharing via its functional equations, it should be re-
sponsible for dealing with it in its meaning constructor. That is, the control verb’s
meaning constructor expects to receive all its grammatical functions that contribute to
its meaning. The meaning side of the meaning constructor will take care of substituting
the right meaning into the understood subject’s position. According to this approach,
the meaning constructor of the multi-functional version of persuaded, would look like

λx.λ.y.λP.persuade(x, y, P (x ⊕ y)) :
((↑ xcomp subj)σ ⊸ (↑ xcomp)σ) ⊸ ((↑ subj)σ ⊸ ((↑ obj)σ ⊸ ↑σ))

The disadvantage of this approach is that it proposes a flat analysis of the sentence
that ignores the complex f-structure almost completely. For example, a meaning con-
structor, the right side of which corresponds to the understood subject (↑ xcomp subj)σ
does not occur in the derivation. Additionally, such approach does not scale beyond two
understood subject contributors.

6.2.2 Resource management

In order to handle these resource sensitivity issues of functional control, I step outside
the implicational fragment of the linear logic. In this section I propose the means to
produce additional copies of Glue premises in a controlled manner. First of all, resource

23I mention it here although the work focuses on the propositional theory of control.
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duplication should be motivated by structure sharing in the f-structure. That is, gener-
ation of another copy of a resource is allowed only if the resource is a σ-projection of a
shared f-structure. Then, we can introduce a rule (that is described below) that dupli-
cates the σ-projection of that (same) f-structure. For example, in figure 21 producing
another copy of jσ is allowed, but it is not permitted to produce another copy of lσ.
Second, resource duplication rules appear in the lexical entry of the control verb and
therefore the number of newly generated resources is lexically bound.

In this thesis I use resource management rules which are based on the rules in Asudeh
(2004) and use the linear conjunction ‘⊗’ operator with the corresponding use of the ‘×’
operator on the meaning side. For example, the following meaning constructor, when
added to the lexical entry of persuadedwill create another copy of the matrix subject:

(76) λa.a × a : (↑ subj)σ ⊸ ((↑ subj)σ ⊗ (↑ subj)σ)

The introduction of such resource management meaning constructors does not violate
the linearity of the meaning derivation process, since Glue does not require the meaning
constructors to be linear on either the meaning or the resource side. Resource manage-
ment meaning constructors, like all meaning constructors, are introduced by the lexical
entries, and therefore their number is bounded by the sentence being analyzed. Second,
resource meaning constructors can be used only once in the derivation, just like other
meaning constructors. Additionally, only conjunction elimination rules are used in the
meaning derivation, so no new resources can be created. In order to derive the meaning
of the sentence it may be necessary to assume the existence of a resource, but all such
assumptions are discharged in a successful derivation. As a result, the introduction of a
new resource during the derivation process is lexically controlled, and does not violate
the linearity of the whole derivation.

Using resource management meaning constructor, the matrix subject can contribute
to the meaning of the understood subject of the controlled sentence and still be used as
the subject of the matrix verb. The instantiated version of this meaning constructor for
sentence (71), based on the f-structure in figure 21, is presented below along with the
meaning constructor of the subject. Figure 24 presents the derivation of the duplicated
subject meaning.

(77) [John] john : jσ
[subjdup] λa.a × a : jσ ⊸ (jσ ⊗ jσ)

[john]
john : jσ

[subjdup]
λa.a × a : jσ ⊸ (jσ ⊗ jσ)

john× john : jσ ⊗ jσ

Figure 24: The duplication of the matrix subject meaning constructor

The newly created meaning constructor cannot be simply split into two meaning
constructors john : jσ and john : jσ and a conjunction elimination rule shown in figure 26

42



must be used.24 To understand the rule, we first consider its resource side that is shown
in figure 25 and also appears in Dalrymple (2001, p. 433). The rule should be interpreted
as — if based on the assumption of two resources A and B we have derived C, and we
encounter both resources in a linear conjunction A⊗B, we can discharge the assumptions
and get just C. That means that, in derivation, we must first assume the existence of
two copies of the resource, then perform the derivation as normal and finally apply the
conjunction elimination rule to replace the assumed resource with real ones. Thus, the
conjunction elimination rule will be one of the last rules that are used in a derivation.

...
A ⊗ B

[A]1 [B]2
...
C

C
⊗ε,1,2

Figure 25: The resource side of linear conjunction elimination rule

...
u : A ⊗ B

[x : A]1 [y : B]2
...

f : C
let u be x × y in f : C

⊗ε,1,2

Figure 26: The complete linear conjunction elimination rule

On the meaning side, Curry-Howard isomorphism binds the meaning language ex-
pressions to the corresponding resources. The elimination rule assumes that x and y are
variables that are bound to A and B respectively and that f is the meaning expression
of C. It is expected that x and y are used in f . Additionally u is the meaning associ-
ated with the A ⊗ B pair. The elimination rule does not analyze u and does not try to
perform substitutions on f . Instead, the meaning side of C uses a “let” constructor and
the meaning of C is simply

let u be x × y in f.

The “let” constructor can be later reduced using the rule in (78). The reduction rule
simply performs simultaneous pairwise substitution (Crouch and van Genabith, 2000;
Asudeh, 2004).

(78) let a × b be x × y in f ⇒β f [a/x, b/y]

The use of the rule is best described by an example. Suppose we have a derivation
(this is not part of the derivation of (71), and it is most likely not part of any other valid
derivation) in which we ended up with the following meaning constructor:

24All linear logic rules used in this work appear are based on the rules in Asudeh (2004) and are
summarized in Appendix A.
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(79) john× mary : jσ ⊗ mσ

Now we would like to combine it with a verb, which meaning constructor is

(80) λa.λb.love(a, b) : jσ ⊸ (mσ ⊸ lσ)

john× mary : jσ ⊗ mσ

[y : mσ]2
[x : jσ]1 λa.λb.love(a, b) : jσ ⊸ (mσ ⊸ lσ)

λb.love(x, b) : mσ ⊸ lσ
love(x, y) : lσ

let john× mary be x × y in love(x, y) : lσ
⊗ε,1,2

Figure 27: Example of conjunction elimination rule application

The derivation appears in figure 27. Since we cannot use john : jσ and mary : mσ
right away, the first step would be to assume the existence of two premises [x : jσ] and
[y : mσ] (numbered for convenience as 1 and 2). Next, we combine them with the verb’s
meaning constructor, one premise at a time. That brings us to the meaning constructor
love(x, y) : lσ. The final step is to combine it with the meaning constructor in (79) using
the linear conjunction elimination rule that is shown in figure 26. In the application of
the elimination rule the meaning expression u is substituted with john × mary and the
pair A ⊗ B is substituted with jσ ⊗ mσ. The derivation result is therefore

(81) let john× mary be x × y in love(x, y) : lσ

The result can be reduced using the rule in (78):

(82) let john× mary be x × y in love(x, y) : lσ ⇒β love(john,mary)

Getting back to the primary objective of this thesis, in order to derive the meaning
of (49), both f-structure sharings must be realized with resource duplication construc-
tors. Therefore another meaning constructor, similar to (76) that duplicates the object’s
meaning is required in the lexical entry of persuaded. The updated lexical entry now
becomes:

(83) persuaded V (↑ pred) = ‘persuade<subj,obj,xcomp>’
(↑ subj) ∈ (↑ xcomp subj)
(↑ obj) ∈ (↑ xcomp subj)
(↑ xcomp subj num) = pl
(↑ xcomp subj semnum) = pl
λa.a × a : (↑ subj)σ ⊸ ((↑ subj)σ ⊗ (↑ subj)σ)
λa.a × a : (↑ obj)σ ⊸ ((↑ obj)σ ⊗ (↑ obj)σ)
Coord((↑ xcomp subj), ⊕e, e)

The only missing element from the multi-functional version of persuadeis the main
meaning constructor that combines the subject, object and the complement to create
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the complete sentence meaning. The full lexical entry and the derivation of a multi-
functional control sentence are presented in the next section.

In the resource management approach I use the fact that systematic mismatches
between representation levels are possible in Glue. Hence, resource duplication is induced
by the f-structure sharing rules, but is not mandatory. This allows a fine grained control
over resource duplication, as opposed to the “paths as resources” approach of Kehler
et al. (1999) discussed earlier.

6.3 Multi-functional derivation

The only elements of the control verb’s lexical entry that was not presented in the
previous section is the main meaning constructor that combines the meaning of the
subject, the object and the controlled sentence into the meaning of the whole sentence.
Since we now have enough resources to derive the meaning of the whole controlled
sentence, the main meaning constructor of persuadecan accept that meaning as an
argument. That is unlike the approach presented in Asudeh (2005) in which the control
verb expects a “subjectless” meaning (like in (24)). The main meaning constructor for
persuadeis therefore in the spirit of propositional approach to control:

(84) λP.λy.λx.persuade(x, y, P ) : (↑ xcomp)σ ⊸ [(↑ obj)σ ⊸ [(↑ subj)σ ⊸ ↑σ]]

The full lexical entry of persuadeis shown below in section 6.3.1.
In this section I present the complete meaning derivation of the sentence John per-

suaded Mary to meet (in the restaurant). For this sentence, the plural reading (i.e., both
John and Mary will be meeting) is the only possible reading. The derivation here is
presented from the basic lexical entries, up to the full propositional meaning derivation.

6.3.1 The lexical entries

These are the lexical entries that belong to the above sentence:

John NP (↑ pred) = ‘john’
(↑ num) = sg
(↑ semnum) = sg
john : ↑σ

Mary NP (↑ pred) = ‘mary’
(↑ num) = sg
(↑ semnum) = sg
mary : ↑σ

meetit V (↑ pred) = ‘meet<subj>’
(↑ subj semnum) = pl
λx.meet(x) : (↑ subj)σ ⊸ ↑σ

45



persuade V (↑ pred) = ‘persuade<xcomp,subj,obj>’
(↑ xcomp subj semnum) = pl
(↑ xcomp subj num) = pl
(↑ subj) ∈ (↑ xcomp subj)
(↑ obj) ∈ (↑ xcomp subj)





set creating constraints

λa.a × a : (↑ subj)σ ⊸ ((↑ subj)σ ⊗ (↑ subj)σ)
λa.a × a : (↑ obj)σ ⊸ ((↑ obj)σ ⊗ (↑ obj)σ)

}
resource management

Coord((↑ xcomp subj), ⊕, e)
λP.λy.λx.persuade(x, y, P ) : (↑ xcomp)σ ⊸ [(↑ obj)σ ⊸ [(↑ subj)σ ⊸ ↑σ]]

Recall that the Coord meaning meta-constructor is defined by:

Coord(f , ⊙, τ) = λx1. . . . λxn.x1 ⊙ . . . ⊙ xn : (f∈)στ⊸ . . . ⊸ (f∈)στ︸ ︷︷ ︸
jf j times

⊸ fστ

6.3.2 The c/f-structure correspondence

As the first step of the derivation the c-structure tree is built using the rules described
in section 3 and the φ-projection is computed to create the f-structure. Figure 28 shows
both structures and the φ-projection function.

6.3.3 Instantiating the meaning constructors

After the f-structure has been created, meaning constructors are instantiated. The
meaning constructors introduced by John, Mary and meet are instantiated in the same
way they were instantiated in regular functional control, because they indeed didn’t
change:

(85) [john] john : jσ
[mary] mary : mσ
[meet] λx.meet(x) : sσ ⊸ pσ

The control verb persuadeintroduces several meaning constructors. First, the unin-
stantiated resource management meaning constructors in (86) are instantiated to become
the meaning constructors in (87)

(86) λa.a × a : (↑ subj)σ ⊸ ((↑ subj)σ ⊗ (↑ subj)σ)
λa.a × a : (↑ obj)σ ⊸ ((↑ obj)σ ⊗ (↑ obj)σ)

(87) [subjdup] λa.a × a : jσ ⊸ (jσ ⊗ jσ)
[objdup] λa.a × a : mσ ⊸ (mσ ⊗ mσ)

Next, the internal coordination meaning constructor is instantiated. After substitut-
ing the actual parameters into the Coord meta-meaning constructor and picking the set
elements for the corresponding positions, it becomes:
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S

NP
(↑ subj)=↓

John
(↑ pred)=‘john’

(↑ num) = sg
(↑ semnum) = sg

john : ↑�

VP
↑=↓

V
↑=↓

persuaded
(↑ pred)=‘persuade<xcomp,subj,obj>’

(↑ xcomp subj semnum) = pl
(↑ xcomp subj num) = pl
(↑ subj) ∈ (↑ xcomp subj)
(↑ obj) ∈ (↑ xcomp subj)

λa.a × a : (↑ subj)� ⊸ ((↑ subj)� ⊗ (↑ subj)� )
λa.a × a : (↑ obj)� ⊸ ((↑ obj)� ⊗ (↑ obj)� )

Coord((↑ xcomp subj), ⊕, e)
λP.λy.λx.persuade(x, y, P ) :

(↑ xcomp)� ⊸ [(↑ obj)� ⊸ [(↑ subj)� ⊸ ↑� ]]

NP
(↑ obj)=↓

Mary
(↑ pred)=‘mary’

(↑ num) = sg
(↑ semnum) = sg

mary : ↑�

VP
(↑ xcomp)=↓

to VP
↑=↓

meet
(↑ pred)=‘meet<subj>’
(↑ subj semnum) = pl

λx.meet(x) : (↑ subj)� ⊸ ↑�

f

2666666666666666666666664
pred ‘persuaded<xcomp,subj,obj>’

subj j

264pred ‘john’
num sg
semnum sg

375
obj m

264pred ‘mary’
num sg
semnum sg

375
xcomp p

2666664pred ‘meet<subj>’

subj s

2664num pl
semnum pln

,
o 37753777775

3777777777777777777777775

Figure 28: The c/f-structures of John persuaded Mary to meet

(88) [coord] λx1.λx2.x1 ⊕ x2 : jσ ⊸ (mσ ⊸ sσ)

Last but not least is the meaning constructor that generates the meaning of the
whole sentence. It is instantiated as usual, and the result is

(89) [persuade] λP.λy.λx.persuade(x, y, P ) : pσ ⊸ (mσ ⊸ (jσ ⊸ fσ))

To summarize this step, all 7 instantiated meaning constructors are listed again for
reference:
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(90) [john] john : jσ
[mary] mary : mσ
[meet] λx.meet(x) : sσ ⊸ pσ
[subjdup] λa.a × a : jσ ⊸ (jσ ⊗ jσ)
[objdup] λa.a × a : mσ ⊸ (mσ ⊗ mσ)
[coord] λx1.λx2.x1 ⊕ x2 : jσ ⊸ (mσ ⊸ sσ)
[persuade] λP.λy.λx.persuade(x, y, P ) : pσ ⊸ (mσ ⊸ (jσ ⊸ fσ))

6.3.4 Glue derivation

After all meaning constructors have been instantiated, Glue logic rules are applied to
derive the meaning of the sentence. Due to lack of space, the derivation is presented in
parts that are eventually combined into the complete linear logic proof. Following that,
the full derivation tree is presented in a smaller font size in figure 30.

[B : mσ]2
[A : jσ]1

[coord]
λx1.λx2.x1 ⊕ x2 : jσ ⊸ (mσ ⊸ sσ)
λx2.A ⊕ x2 : mσ ⊸ sσ

A ⊕ B : sσ

[meet]
λx.meet(x) : sσ ⊸ pσ

meet(A ⊕ B) : pσ

[C : jσ]3
[D : mσ]4

meet(A ⊕ B) : pσ

[persuade]
λP.λy.λx.persuade(x, y, P ) : pσ ⊸ (mσ ⊸ (jσ ⊸ fσ))

λy.λx.persuade(x, y, meet(A ⊕ B)) : mσ ⊸ (jσ ⊸ fσ)
λx.persuade(x, D, meet(A ⊕ B)) : jσ ⊸ fσ

persuade(C, D, meet(A ⊕ B)) : fσ

[john]
john : jσ

[subjdup]
λa.a × a : jσ ⊸ (jσ ⊗ jσ)

john× john : jσ ⊗ jσ

persuade(C, D, meet(A ⊕ B)) : fσ

[mary]
mary : mσ

[objdup]
λa.a × a : mσ ⊸ (mσ ⊗ mσ)

mary× mary : mσ ⊗ mσ

let mary× mary be B × D in persuade(C, D, meet(A ⊕ B))
⊗ε,2,4

persuade(C, mary, meet(A ⊕ mary)) : fσ
⇒β

let john× john be A × C in persuade(C, mary, meet(A ⊕ mary))
⊗ε,1,3

persuade(john, mary, meet(john⊕ mary)) : fσ
⇒β

Figure 29: Glue derivation of John persuaded Mary to meet
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[john]
john : jσ

[subjdup]
λa.a × a : jσ⊸(jσ ⊗ jσ)

john× john : jσ ⊗ jσ

[mary]
mary : mσ

[objdup]
λa.a × a : mσ⊸(mσ ⊗ mσ)

mary× mary : mσ ⊗ mσ

[C : jσ]3
[D : mσ]4

[B : mσ]2
[A : jσ]1

[coord]
λx1.λx2.x1 ⊕ x2 : jσ⊸(mσ⊸sσ)
λx2.A ⊕ x2 : mσ⊸sσ

A ⊕ B : sσ

[meet]
λx.meet(x) : sσ⊸pσ

meet(A ⊕ B) : pσ

[persuade]
λP.λy.λx.persuade(x, y, P ) : pσ⊸(mσ⊸(jσ⊸fσ))

λy.λx.persuade(x, y, meet(A ⊕ B)) : mσ⊸(jσ⊸fσ)
λx.persuade(x, D, meet(A ⊕ B)) : jσ⊸fσ

persuade(C, D, meet(A ⊕ B)) : fσ

let mary× mary be B × D in persuade(C, D, meet(A ⊕ B))
⊗ε,2,4

persuade(C, mary, meet(A ⊕ mary)) : fσ
⇒β

let john× john be A × C in persuade(C, mary, meet(A ⊕ mary))
⊗ε,1,3

persuade(john, mary, meet(john⊕ mary)) : fσ
⇒β

Figure 30: Compact Glue derivation of John persuaded Mary to meet
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6.4 Multi-functional control and quantification

6.4.1 Simple quanti�cation

This section presents a glue derivation of a sentence that combines multi-functional
control with quantified noun phrases. The sample sentence I will analyze is:

(91) Every student persuaded Mary to meet

The lexical entries involved in the derivation are:25

Every Det (↑ pred) = ‘every’
λR.λS.every(X, R(X), S(X)) :

[((spec ↑)σ var)⊸((spec ↑)σ restr)] ⊸ [∀H.[(spec ↑)σ⊸ H] ⊸ H]

student N (↑ pred) = ‘student’
(↑ num) = sg
(↑ semnum) = sg
λx.student(x) : (↑σ var)⊸(↑σ restr)

Mary NP (↑ pred) = ‘mary’
(↑ num) = sg
(↑ semnum) = sg
mary : ↑σ

meetit V (↑ pred) = ‘meet<subj>’
(↑ subj semnum) = pl
λx.meet(x) : (↑ subj)σ ⊸ ↑σ

persuade V (↑ pred) = ‘persuade<xcomp,subj,obj>’
(↑ xcomp subj semnum) = pl
(↑ xcomp subj num) = pl
(↑ subj) ∈ (↑ xcomp subj)
(↑ obj) ∈ (↑ xcomp subj)





set creating constraints

λa.a × a : (↑ subj)σ ⊸ ((↑ subj)σ ⊗ (↑ subj)σ)
λa.a × a : (↑ obj)σ ⊸ ((↑ obj)σ ⊗ (↑ obj)σ)

}
resource management

Coord((↑ xcomp subj), ⊕, e)
λP.λy.λx.persuade(x, y, P ) : (↑ xcomp)σ ⊸ [(↑ obj)σ ⊸ [(↑ subj)σ ⊸ ↑σ]]

The multi-functional f-structure is presented in figure 31 and the instantiated versions
of the meaning constructors appear in (92). The Coord meta-meaning constructor op-
erates on a set s that contains two elements e and m, and therefore its resource side is
eσ ⊸ mσ ⊸ mσ.

25See Dalrymple (2001, Ch. 9) for a comprehensive account of quantification in LFG and Glue.
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f





pred ‘persuade<subj,obj,xcomp>’

subj e



spec
[
pred ‘every’

]

pred ‘student’





obj m
[
pred ‘mary’

]

xcomp p





pred ‘meet<subj>’

subj s





num ‘pl’
semnum ‘pl’
{

,
}













(a) The f-structure




var v

[ ]

restr r
[ ]





(b) The s-structure

Figure 31: The (f-) and (s-)structures of Every student persuaded Mary to meet.

(92) [every] λR.λS.every(X, R(X), S(X)) : (v ⊸ r) ⊸ ∀H.[[eσ ⊸ H] ⊸ H]
[student] λx.student(x) : v ⊸ r
[mary] mary : mσ
[meet] λx.meet(x) : sσ ⊸ pσ
[subjdup] λa.a × a : eσ ⊸ (eσ ⊗ eσ)
[objdup] λa.a × a : mσ ⊸ (mσ ⊗ mσ)
[coord] λx1.λx2.x1 ⊕ x2 : eσ ⊸ (mσ ⊸ sσ)
[persuade] λP.λy.λx.persuade(x, y, P ) : pσ ⊸ (mσ ⊸ (eσ ⊸ fσ))

The glue derivation of the sentence is presented in figure 32. The derivation is very simi-
lar to the derivation of John persuaded Mary to meetwith one difference. Since no lexical
entry contributes a resource that corresponds to the matrix subject (eσ), the subject
duplication operator cannot be simply applied. Instead, the subject’s resource must be
assumed (the 5th assumption), duplicated and then the linear implication introduction
rule is used to discharge the assumption (third derivation segment from the top). The
result is the resource that the real subject expects, which leads to the successful deriva-
tion of the sentence meaning. The analysis of sentences with quantified objects and the
analysis of sentences with negative quantifiers is performed in a similar way. As a future
research, the affect of more complex quantifiers such as all or �ve on the f-structure and
the meaning derivation should be considered.
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[B : mσ]2
[A : eσ]1

[coord]
λx1.λx2.x1 ⊕ x2 : eσ ⊸ (mσ ⊸ sσ)
λx2.A ⊕ x2 : mσ ⊸ sσ

A ⊕ B : sσ

[meet]
λx.meet(x) : sσ ⊸ pσ

meet(A ⊕ B) : pσ

[C : eσ]3
[D : mσ]4

meet(A ⊕ B) : pσ

[persuade]
λP.λy.λx.persuade(x, y, P ) : pσ ⊸ (mσ ⊸ (eσ ⊸ fσ))

λy.λx.persuade(x, y, meet(A ⊕ B)) : mσ ⊸ (eσ ⊸ fσ)
λx.persuade(x, D, meet(A ⊕ B)) : eσ ⊸ fσ

persuade(C, D, meet(A ⊕ B)) : fσ

[E : eσ]5
[subjdup]

λa.a × a : eσ ⊸ (eσ ⊗ eσ)
E × E : eσ ⊗ eσ

persuade(C, D, meet(A ⊕ B)) : fσ

[mary]
mary : mσ

[objdup]
λa.a × a : mσ ⊸ (mσ ⊗ mσ)

mary× mary : mσ ⊗ mσ

let mary× mary be B × D in persuade(C, D, meet(A ⊕ B))
⊗ε,2,4

persuade(C, mary, meet(A ⊕ mary)) : fσ
⇒β

let E × E be A × C in persuade(C, mary, meet(A ⊕ mary))
⊗ε,1,3

persuade(E, mary, meet(E ⊕ mary)) : fσ
⇒β

λE.persuade(E, mary, meet(E ⊕ mary)) : eσ ⊸ fσ
⊸I ,5

[every]
λR.λS.every(X, R(X), S(X)) : (v ⊸ r) ⊸ ∀H.[[eσ ⊸ H] ⊸ H]

[student]
λx.student(x) : v ⊸ r

λS.every(X, student(X), S(X)) : ∀H.[[eσ ⊸ H] ⊸ H]
λS.every(X, student(X), S(X)) : (eσ ⊸ fσ) ⊸ fσ

(H ⇒ fσ)

λE.persuade(E, mary, meet(E ⊕ mary)) : eσ ⊸ fσ λS.every(X, student(X), S(X)) : (eσ ⊸ fσ) ⊸ fσ

every(X, student(X), persuade(X, mary, meet(X ⊕ mary)) : fσ

Figure 32: Glue derivation of Every student persuaded Mary to meet
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6.4.2 Scope ambiguity

This section presents the derivation of scope ambiguity that exists when several quanti-
fied nouns are used in a sentence. Consider for example:

(93) Every girl persuaded some boy to meet

The lexical entry for someis similar to that of every:

(94) Some Det (↑ pred) = ‘some’
λR.λS.some(Y, R(Y ), S(Y )) :

[((spec ↑)σ var)⊸((spec ↑)σ restr)] ⊸ [∀H.[(spec ↑)σ⊸ H] ⊸ H]

The f-structure of (93) is shown on figure 33.

f





pred ‘persuade<subj,obj,xcomp>’

subj g



spec
[
pred ‘every’

]

pred ‘girl’





obj o



spec
[
pred ‘some’

]

pred ‘boy’





xcomp p





pred ‘meet<subj>’

subj s





num ‘pl’
semnum ‘pl’
{

,
}













(a) The f-structure

gσ




var v

[ ]

restr r
[ ]





oσ




var l

[ ]

restr t
[ ]





(b) The s-structure

Figure 33: The (f-) and (s-)structures of Every girl persuaded some boy to meet.

The instantiated meaning constructors are:

(95) [every] λR.λS.every(X, R(X), S(X)) : (v ⊸ r) ⊸ ∀H.[[gσ ⊸ H] ⊸ H]
[girl] λx.girl(x) : v ⊸ r
[some] λR.λS.some(Y, R(Y ), S(Y )) : (l ⊸ t) ⊸ ∀H.[[oσ ⊸ H] ⊸ H]
[boy] λx.girl(x) : l ⊸ t
[meet] λx.meet(x) : sσ ⊸ pσ
[subjdup] λa.a × a : gσ ⊸ (gσ ⊗ gσ)
[objdup] λa.a × a : oσ ⊸ (oσ ⊗ oσ)
[coord] λx1.λx2.x1 ⊕ x2 : gσ ⊸ (oσ ⊸ sσ)
[persuade] λP.λy.λx.persuade(x, y, P ) : pσ ⊸ (oσ ⊸ (gσ ⊸ fσ))

Just as in previous derivation example, we assume the existence of the object resource oσ
in order to apply the object duplication meaning constructor. After the object resource
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is duplicated, the assumption can be discharged and the result can be combined with
the quantified noun phrase. The scope ambiguity in the derivation is achieved through
the different order of discharging assumptions. If the subject assumption is discharged
first, it immediately combines with the derivation of every girl. Next we discharge the
object assumption and combine the result with the some boyderivation. This way, some
becomes the outer quantifier which means there is a single boy that all girls will be
meeting with. The order assumption discharge order gives us the second meaning, in
which every girl can persuade a different boy to meet with. Both glue derivations are
shown in figure 34 and figure 35.
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[B : oσ]2
[A : gσ]1

[coord]
λx1.λx2.x1 ⊕ x2 : gσ ⊸ (oσ ⊸ sσ)
λx2.A ⊕ x2 : oσ ⊸ sσ

A ⊕ B : sσ

[meet]
λx.meet(x) : sσ ⊸ pσ

meet(A ⊕ B) : pσ

[C : gσ]3
[D : oσ]4

meet(A ⊕ B) : pσ

[persuade]
λP.λy.λx.persuade(x, y, P ) : pσ ⊸ (oσ ⊸ (gσ ⊸ fσ))

λy.λx.persuade(x, y, meet(A ⊕ B)) : oσ ⊸ (gσ ⊸ fσ)
λx.persuade(x, D, meet(A ⊕ B)) : gσ ⊸ fσ

persuade(C, D, meet(A ⊕ B)) : fσ

[G : gσ]5
[subjdup]

λa.a × a : gσ ⊸ (gσ ⊗ gσ)
G × G : gσ ⊗ gσ

persuade(C, D, meet(A ⊕ B)) : fσ

[O : oσ]6
[objdup]

λa.a × a : oσ ⊸ (oσ ⊗ oσ)
O × O : oσ ⊗ oσ

let O × O be B × D in persuade(C, D, meet(A ⊕ B))
⊗ε,2,4

persuade(C, O, meet(A ⊕ O)) : fσ
⇒β

let G × G be A × C in persuade(C, O, meet(A ⊕ O))
⊗ε,1,3

persuade(G, O, meet(G ⊕ O)) : fσ
⇒β

[every]
λR.λS.every(X, R(X), S(X)) : (v ⊸ r) ⊸ ∀H.[[gσ ⊸ H] ⊸ H]

[girl]
λx.girl(x) : v ⊸ r

λS.every(X, girl(X), S(X)) : ∀H.[[gσ ⊸ H] ⊸ H]
λS.every(X, girl(X), S(X)) : (gσ ⊸ fσ) ⊸ fσ

(H ⇒ fσ)

persuade(G, O, meet(G ⊕ O)) : fσ

λG.persuade(G, O, meet(G ⊕ O)) : gσ ⊸ fσ
⊸I ,5

λS.every(X, girl(X), S(X)) : (gσ ⊸ fσ) ⊸ fσ

every(X, girl(X), persuade(X, O, meet(X ⊕ O)) : fσ

[some]
λR.λS.some(Y, R(Y ), S(Y )) : (l ⊸ t) ⊸ ∀H.[[oσ ⊸ H] ⊸ H]

[boy]
λx.boy(x) : l ⊸ t

λS.some(Y, boy(Y ), S(Y )) : ∀H.[[oσ ⊸ H] ⊸ H]
λS.some(Y, boy(Y ), S(Y )) : (oσ ⊸ fσ) ⊸ fσ

(H ⇒ fσ)

every(X, girl(X), persuade(X, O, meet(X ⊕ O)) : fσ

λO.every(X, girl(X), persuade(X, O, meet(X ⊕ O)) : oσ ⊸ fσ
⊸I ,6

λS.some(Y, boy(Y ), S(Y )) : (oσ ⊸ fσ) ⊸ fσ

some(Y, boy(Y ), every(X, girl(X), persuade(X, Y, meet(X ⊕ Y ))) : fσ

Figure 34: The glue derivation of Every girl persuaded some boy to meet(All girls per-
suaded the same boy).
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[B : oσ]2
[A : gσ]1

[coord]
λx1.λx2.x1 ⊕ x2 : gσ ⊸ (oσ ⊸ sσ)
λx2.A ⊕ x2 : oσ ⊸ sσ

A ⊕ B : sσ

[meet]
λx.meet(x) : sσ ⊸ pσ

meet(A ⊕ B) : pσ

[C : gσ]3
[D : oσ]4

meet(A ⊕ B) : pσ

[persuade]
λP.λy.λx.persuade(x, y, P ) : pσ ⊸ (oσ ⊸ (gσ ⊸ fσ))

λy.λx.persuade(x, y, meet(A ⊕ B)) : oσ ⊸ (gσ ⊸ fσ)
λx.persuade(x, D, meet(A ⊕ B)) : gσ ⊸ fσ

persuade(C, D, meet(A ⊕ B)) : fσ

[G : gσ]5
[subjdup]

λa.a × a : gσ ⊸ (gσ ⊗ gσ)
G × G : gσ ⊗ gσ

persuade(C, D, meet(A ⊕ B)) : fσ

[O : oσ]6
[objdup]

λa.a × a : oσ ⊸ (oσ ⊗ oσ)
O × O : oσ ⊗ oσ

let O × O be B × D in persuade(C, D, meet(A ⊕ B))
⊗ε,2,4

persuade(C, O, meet(A ⊕ O)) : fσ
⇒β

let G × G be A × C in persuade(C, O, meet(A ⊕ O))
⊗ε,1,3

persuade(G, O, meet(G ⊕ O)) : fσ
⇒β

[some]
λR.λS.some(Y, R(Y ), S(Y )) : (l ⊸ t) ⊸ ∀H.[[oσ ⊸ H] ⊸ H]

[boy]
λx.boy(x) : l ⊸ t

λS.some(Y, boy(Y ), S(Y )) : ∀H.[[oσ ⊸ H] ⊸ H]
λS.some(Y, boy(Y ), S(Y )) : (oσ ⊸ fσ) ⊸ fσ

(H ⇒ fσ)

persuade(G, O, meet(G ⊕ O)) : fσ

λO.persuade(G, O, meet(G ⊕ O)) : oσ ⊸ fσ
⊸I ,6

λS.some(Y, boy(Y ), S(Y )) : (oσ ⊸ fσ) ⊸ fσ

some(Y, boy(Y ), persuade(G, Y, meet(G ⊕ Y )) : fσ

[every]
λR.λS.every(X, R(X), S(X)) : (v ⊸ r) ⊸ ∀H.[[gσ ⊸ H] ⊸ H]

[girl]
λx.girl(x) : v ⊸ r

λS.every(X, girl(X), S(X)) : ∀H.[[gσ ⊸ H] ⊸ H]
λS.every(X, girl(X), S(X)) : (gσ ⊸ fσ) ⊸ fσ

(H ⇒ fσ)

some(Y, boy(Y ), persuade(G, Y, meet(G ⊕ Y )) : fσ

λG.some(Y, boy(Y ), persuade(G, Y, meet(G ⊕ Y ))) : gσ ⊸ fσ
⊸I ,5

λS.every(X, girl(X), S(X)) : (gσ ⊸ fσ) ⊸ fσ

every(X, girl(X), some(Y, boy(Y ), persuade(X, Y, meet(X ⊕ Y ))) : fσ

Figure 35: The glue derivation of Every girl persuaded some boy to meet(Every girl can
persuade a different boy).
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7 Conclusion

In this thesis I have presented the multi-functional control analysis of split control sen-
tences such as John persuaded Mary to meet in the restaurant. First, the differences
between functional and anaphoric control analysis were desribed and arguments in favor
of functional control analysis were presented. Then, the multi-functional control analysis
that extends functional control in the case of split antecedents was presented. Multi-
functional control analysis represents the understood subject of the controlled sentence
at the f-structure level as a set, that consists of the grammatical functions that con-
tribute to the meaning of the understood subject. The proposed analysis can account
not only for simple plural readings of control constructs, but also for complex embed-
ded constructs that potentially involve several contributors to the understood subject
meaning.

In order to derive the meaning of the understood subject, meaning meta-constructors,
that allow the template-like specification of meaning constructors, were presented. I have
also presented how meaning meta-constructors can be used in the analysis of noun-phrase
and sentence level coordination.

Both functional and multi-functional control analyses present resource deficit prob-
lems, since the same resource must contribute both to the meaning of the matrix sentence
and to the meaning of the understood subject of the controlled sentence. This thesis
solves the problem by adding special resource management meaning constructors that
duplicate the resource in deficit. The duplication process is lexically controlled, and all
non-linear elements on the meaning side appear in meaning constructors that are part
of the lexicon. Hence, the derivation remains linear despite the lack of linearity on the
meaning side.

While both extensions to the LFG Glue formalism were presented in order to solve
the problem of the lost plural reading, I believe that these extensions can be applicable
to the semantic derivation of other constructs as well.
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A Glue logic rules

Glue logic rules used in this work were adopted from Asudeh (2004).

• Implication Elimination Introduction

...
a : A

...
f : A ⊸ B

f(a) : B
⊸E

[x : A]1
...

f : B
λx.f : A ⊸ B

⊸I ,1

• Conjunction Elimination

...
a : A ⊗ B

[x : A]1 [y : B]2
...

f : C
let a be x × y in f : C

⊗E,1,2

• Universal Elimination
...

x : ∀H.A
x : A[G/H]

∀E
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