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“This study deals with syntactic structure both in the broad sense (as opposed to semantics) and the narrow
sense (as opposed to phonemics and morphology). It forms part of an attempt to construct a formalized
general theory of linguistic structure and to explore the foundations of such a theory. The search for rigor-
ous formulation in linguistics has a much more serious motivation than mere concern for logical niceties
or the desire to purify well-established methods of linguistic analysis. Precisely constructed models for
linguistic structure can play an important role, both negative and positive, in the process of discovery it-
self. By pushing a precise but inadequate formulation to an unacceptable conclusion, we can often expose
the exact source of this inadequacy and, consequently, gain a deeper understanding of the linguistic data.
More positively, a formalized theory may automatically provide solutions for many problems other than
those for which it was explicitly designed. Obscure and intuition-bound notions can neither lead to absurd
conclusions nor provide new and correct ones, and hence they fail to be useful in two important respects.
I think that some of those linguists who have questioned the value of precise and technical development
of linguistic theory may have failed to recognize the productive potential in the method of rigorously stat-
ing a proposed theory and applying it strictly to linguistic material with no attempt to avoid unacceptable
conclusions by ad hoc adjustments or loose formulation. The results reported below were obtained by a
conscious attempt to follow this course systematically. Since this fact may be obscured by the informality
of the presentation, it is important to emphasize it here.”

Noam Chomsky (1957) Syntactic Structures, Preface

“Ireject the contention that an important theoretical difference exists between formal and natural languages.
On the other hand, I do not regard as successful the formal treatments of natural languages attempted by
certain contemporary linguists. Like Donald Davidson[!] I regard the construction of a theory of truth—or
rather, of the more general notion of truth under an arbitrary interpretation—as the basic goal of serious
syntax and semantics; and the developments emanating from the Massachusetts Institute of Technology
offer little promise towards that end.”

Richard Montague (1970) “English as a Formal Language”, opening paragraph
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Preface
The book of nature is written in the language of mathematics.
Galileo Galilei

We agree with Montague that the construction of a theory of truth under an interpretation is the basic goal of
syntax and semantics, and we think that Chomsky has not adhered to the formal methodology so eloquently
advocated in his Preface to Syntactic Structures. But we disagree with Montague that there is no important
difference between formal and natural languages: the latter have sentimental qualities which the former do
not. This book on syntax and semantics extends to logical syntax and formal grammar Montague’s original
program of logical semantics and extends to logical semantics and formal grammar Chomsky’s original
program of formal syntax.

Logic, Computation, and Linguistics form a triangle of disciplines of informatics. Logic and theoret-
ical computer science, ever since their modern conception, about a century ago, have formed branches of
mathematics. But linguistics, until now, has had a poorer relation with mathematics; rather, it has struggled
to be even formal. There has been some aspiration to rigour, but the result has fallen short of generating
structures which are of interest mathematically: there has lacked this sign that the science has come of age.

Chomsky (1957[15]) made an articulate plea for formal syntax. He later reneged on this methodology,
for example in his Mimimalist Program (Chomsky 1996[14]), with desparaging remarks about formali-
sation for formalisation’s sake and formalisation being premature, but the seeds of formal grammar had
been planted. Montague (1973[51]) inaugurated formal semantics, and formal syntax and semantics en-
joyed a golden era in the 1980s and 1990s. At that time there was a strong emphasis on interdisciplinary
informatics at institutions like the Centre for Cognitive Science in Edinburgh and the ILLC in Amsterdam
and in projects such as the DYANA and DYANA-2 European Basic Research Actions. Our goal now is to
promote mathematical linguistics. Our thesis is that what we present here is not just interdisciplinary, but
is promising of a paradigm shift.

In 1992 one of us (G.V.M.) asked Noam Chomsky what he thought of Montague Grammar. He replied
that Montague believed grammar was a branch of mathematics and that mathematicians were interested in
theorems, and he asked, rhetorically, whether there were any interesting theorems in Montague Grammar;
of course there were none.

Logical syntax and semantics, however, has generated interesting theorems, for example the proof by
Pentus (1992[83]) of context-free equivalence of Lambek calculus or, we suggest, Valentin’s (2012[89])
analysis of Cut-elimination for displacement calculus. On our view, from a steep climb of formalisation,
this branch of linguistics has hauled itself up onto the plateau of mathematics:
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Thus we feel that recent years tend towards a paradigm shift whereby (categorial) linguistics becomes a
fully-fledged branch of mathematics in the informatics triangle:

Logic Logic

Computation Computation Linguistics

\

Linguistics

If we are right, linguistics is becoming mathematics categorially. The present work pursues and develops
this tendency. The book is divided into five parts. Part I, SYNTAX, presents a fragment of categorial
logic with algebraic semantics, explaining how it forms a type logic of syntax. Part II, SEMANTICS,
presents this fragment of categorial logic with the so-called Curry-Howard formulas-as-types and proofs-
as-programs semantic labelling, explaining how the type logic of syntax is also a logic of semantics.
Part III, PROCESSING, explains focusing and count-invariance for our categorial logic, these forming
the basis of the efficient computer implementation CatLog3 of parsing/theorem proving for the categorial
logic. Part IV, GRAMMAR, gives examples of grammatical analysis in the framework, with derivations
produced by CatLog3. Part V, CONCLUSION, looks into future prospects.

Chapter 5 of Part I is based on the communications of Valentin Algebraic Semantics for Full Dis-
placement Calculus with Linguistic Subexponentials and Bracket Modalities, Logical Aspects of Com-
putational Linguistics LACL21 (Montpellier 2021), and Valentin Algebraic Completeness and Semantic
Cut-Elimination of a Multimodal Formulation of Morrrill’s Categorial Logic, NCL'24 Non-Classical Log-
ics: Theory and Applications (L6dZ 2024). Chapters 9 and 10 of Part III are based on Morrill and Valentin
(2018[77]) Spurious Ambiguity and Focalization and Kuznetsov, Morrill and Valentin (2017[42]) Count-
Invariance Including Exponentials respectively. Chapters 13, 15, and 16 of Part IV are based on Morrill
and Valentin (2016[74]) Computational Coverage of Type Logical Grammar: The Montague Test, Morrill,
Valentin and Fadda (2011[79]) The Displacement Calculus, Chapter 16 is based on Morrill (2017[66])
Grammar Logicised: Relativisation. And Chapter 17 of Part V is partially based on Morrill and Valentin
(2017[[76]) A Reply to Kubota and Levine on Gapping. We thank the publishers for permission to reuse
this material; the rest of the material is new expression of the literature and the folklaw of the field.

G.VM. & O.V.G.
Barcelona
2026
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In this part we present the syntactic calculus of our logical grammar. In Chapter 1 we comment on the
conceptual and historical contexts of syntactic types and syntactic calculus: Lambek calculus L and dis-
placement calculus D. In Chapter 2 we define the types of the latter, establishing the core connectives for
the rest of the book, and we define the syntactical models (phase semantics) for D. In Chapter 3 we present
the sequent calculus for DC, note soundness, and illustrate linguistically. We go on to define further con-
nectives, syntactical models, (sound) sequent calculus, and linguistic illustration in Chapter 4. In Chapter 5
we present completeness results, which have as a corollary semantic Cut-elimination.
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Chapter 1

Introduction

1.1 Logical grammar

‘Logic’ is synonymous with the organisation of information and verification, and forms a basis of manage-
ment of the large amounts of information making up natural language grammar. In the course of the 20th
century the term has acquired a theoretical and technical refinement of the colloquial use. The relevance of
such mathematical logic to the logical semantics of natural language seems clear enough when the logic is
the semantic logic of the object natural language itself. However, why should syntax be logical?

A grammar characterises as a subset of a set of expressions those which are grammatical. A logic
characterises as a subset of a set of statements those which are logical. Equate grammar with logic, and
grammatical derivations are proofs. Standard logic deals with resources which are mental: ideas, which
are persistent; they have no weight and are timeless, and such logic is appropriate for logical semantics,
the mental semantics of the object natural language. For logical syntax we require a logic of resources
which are physical and temporal: things, which are material; that have multiplicity and location in time,
the physical prosodics of the object natural language. Once we accept the possibility of such resource-
conscious logic, a logic of mental ideas can be complemented by a logic of physical things in grammar,
facilitating the description of the vast mind/body association that is language.

If this explains how grammar could be logical, can we say something about why it should? The follow-
ing two views were expressed to one of us (G.V.M.) by Andre Scedrov and Stefan Kuznetsov, p.c. Firstly, if
we model grammar as logic and prove Cut-elimination then we have not just modelled grammar as a theory
in a logic technically but have also identified the logic of the empirical domain modelled, grammar, itself
in reality (A. Scedrov). Secondly, we think that logic holds out the prospect of verification of grammar;
imagine that natural language processing was life-critical (S. Kuznetsov).

1.2 Syntactic calculus

The syntactic and semantic structures of logic are generally well-nested. But from the inception of mod-
ern linguistics it has been emphasized that the central question in grammar is how to treat the pervasive
syntactic/semantic mismatch in natural language, a question to which Chomsky proposed the answer of
transformations. We think that although this is the right question, transformations are not the right an-
swer. Rather we propose to treat syntactic/semantic ‘disorder’ by logical syntax and semantics based on
displacement calculus, a discontinuous sublinear intuitionistic logic in which ‘displacement’ emerges from
an underlyingly well-nested structure. Thus apparent disorder is, eventually, order again.

Lambek (1958[46]) defined a calculus of syntactic types. This Lambek calculus is free of structural
rules, and Lambek proved (constructively) that it enjoys the Cut-elimination theorem, i.e. that every theo-
rem has a Cut-free proof. This Cut-Elimination property has as corollaries the subformula property (that
every theorem has a proof containing only its subformulas — in this case any one of its Cut-free proofs),
the finite proof property (that every theorem has only a finite number of Cut-free proofs, since the Cut-free

17



18 CHAPTER 1. INTRODUCTION

proof search-space is finite) and decidability (that whether or not a statement is provable can be determined
by an effective procedure — for example Cut-free backward chaining proof search).

Retrospectively the Lambek calculus can be recognised as the multiplicative fragment of intuitionistic
non-commutative linear logic (Girard 1987[22]; Abrusci 1990[3], 1991[1]) without empty antecedents.
The Lambek calculus was predated by Ajdukiewicz (1935[4]) and Bar-Hillel (1953[7]) but was developed
independently of these; Bar-Hillel, Gaifman and Shamir (1961[6]) introduced the term ‘categorial gram-
mar’ to refer to such systems of logical syntax.

Montague (1973[51]) defined a logical semantics for a significant formal fragment of English, a re-
markable achievement at a time when it was widely believed that semantics was beyond the reaches of
formalisation. As a demonstration of the power of our approach we have given a computational cover
grammar of the Montague fragment in Chapter 13, and we propose that doing so be adopted as a standard
criterion or ‘Montague test’ in computational syntax and semantics.

The Lambek calculus remained largely unknown until its rediscovery in the 1980s when it was observed
that there is a perfect matching of the logical syntax of Lambek and the logical semantics of Montague; see
van Benthem (1983[92]). (In this context the finite proof property has a further corollary: the finite reading
property whereby every expression is at most finitely ambiguous, a finiteness which appears to be an em-
pirical universal of the natural languages of the world; it follows from semantic Cut-elimination, Hendriks
(1993[25]).) Monograph and reference article studies developing this logical grammar include Moortgat
(1988[52]; 1997[54]), Morrill (1994[80]; 2011[81]; 2012[65]), Carpenter (1997[11]), Jager (2005[29]) and
Moot and Retoré (2012[56]).

Probably one reason why Lambek calculus L was largely ignored for so long was the suspicion that
it was context-free in generative power together with the belief, deriving from Chomsky (1957[15]), that
context-free grammar is observationally inadequate for natural language. And indeed, Shieber (1985[85])
proves that Swiss-German is non-context free, and Pentus (1993[83]) proves that the Lambek calculus
generates exactly the context free languages without the empty string. Thus although the categorial syn-
tax/semantics interface is philosophically and technically impeccable, there remained a justified doubt
about it’s linguistic adequacy. Morrill, Valentin and Fadda (2011[79]) address this concern by defining a
conservative extension of the Lambek calculus which allows displacement while remaining free of struc-
tural rules and preserving the syntax/semantics interface and Cut-elimination of the Lambek calculus, and
all of its metatheoretic corollaries: the subformula property, the finite proof property, decidability, and
the finite reading property. The displacement calculus characterises, for example, both covert movement
such as quantifier scoping and overt movement such as cross-serial dependencies. This book develops
logical grammar built over the displacement calculus D. Linguistics motivates additional sensitivity and
expressivity.

The displacement calculus with additives, DA, is the displacement calculus plus the additives (&, ®)
9-10, which have application to polymorphism. Extended displacement calculus, EDL, is DA extended
with 11-12: 1st order quantifiers (/\, \/), which have application to features. Full displacement calculus
FDL is Extended displacement calculus EDL plus normal modalities. Full displacement calculus with
brackets FDLD is Full displacement calculus FDL plus brackets; this also requires a change in the notion
of sequent, to include brackets in antecedents.

Full displacement calculus with brackets and soft subexponentials FDLb+ is Full displacement calcu-
lus with brackets FDLD plus soft subexponentials (!, ?) (term of Kanovich et al. (2018[33]).

Full displacement calculus with brackets and soft subexponentials and semantically inactive variants
FDLDb + + is Full displacement calculus with brackets and soft subexponentials FDLb+ plus the semanti-
cally inactive variants 19—-47. We call the connectives of FDLb + + the negation-free primary connectives.

Generalised displacement logic minus limited contraction and expansion and minus non-determinism
GDL — — is Generalised displacement logic minus limited contraction and expansion FDLb + + with-
out non-determinism. We call the connectives of GDL — — the negation-free secondary connectives.
Generalised displacement calculus without limited contraction and expansion GDL— is Generalised dis-
placement calculus GDL without limited contraction and expansion plus the ‘synthetic’ (defined) connec-
tives . We call these the tercary negation-free primitive connectives.

Generalised displacement calculus with difference GDL’ is Generalised displacement calculus GDL is
plus the ‘metalogical negation’ 50 difference.



Chapter 2

The types of Displacement Logic DL

2.1 Syntactic types of DL

The syntactic types {Tp;}icpy of our categorial logic are sorted according to the number of points i €
N of discontinuity that their expressions contain. i’ = i + 1. Each type predicate letter P will have a
sort and an arity which are naturals, and a corresponding semantic type. Assuming to be already given
ordinary (feature) terms interpreted in a domain F, where P is a type predicate letter of sort 7, arity n,
and semantic type ¢ and t1, ..., t, are feature terms, Pt ...t, is an atomic type of sort i and of semantic
type 0. Compound types of Displacement Logic DL are formed from these by connectives as indicated in
Figure 2.1, and the structure preserving prosodic type map s associates these with sorts. The sort s(A) (sA)
of a type A is the i € N such that A € Tp;. For example, if s(N) = s(S) = 0, we have s((ST1N)ToN) =
s((SToN)T1N) = 2, and if s(VP) = 1, s(J\(N\VP))ToN) = 2.

0 Tp; == Pt...t, s(A) = o

1. Tp; == Tpi;/Tp; s(C/B) = s(C)—s(B) over [46]

2. Tp; == Tp\Tpsy, s(A\C) = s(C)—-s(A) over [46]

3 Tpiy; == Tp;eTp; s(AeB) = s(A)+s(B) continuous product [46]

4. Tpy == I sd) = 0 continuous unit [45]

5k~ Tpr == TpuTTp;,0<k<i s(CTB) = s(C) —s(B) circumfix [79]

6,k. Tp; == TpyLiTpu;,0<k<i’ s(AlkC) = s(C) —s(A) infix [79]

7,k. Tpy; == TpyoTp;,0<k<i’ s(AxB) = s(A)+s(B)-1 discontinuous product [79]

8. Tpy == ] s(, = 1 discontinuous unit [79]

9. Tp; == Tp;&Tp; s(A&B) = s(A) =s(B) additive conjunction [44, 57]
10. Tp; == Tp®Tp; s(A®B) = s(A) =s(B) additive disjunction [44, 57]
11. Tp; == AVTp; s(AvA) = s(A) Ist order univ. qu. [80]

12. Tp; == \V VTp; s(VvA) = s(A) Ist order exist. qu. [80]

13. Tp; == 0OTp; s(OA) = s(A) univ. modality [59]

14. Tp;, == OTp; s(CA) = s(A) exist. modality [54]

15. Tp; == []'Tp; s((17'A) = s(A) univ. bracket modality [60, 53]
16. Tp; == (Tp; s(VA) = s(A) exist. bracket modality [60, 53]
17. Tpo == !Tpo s(!A) = s(A)=0 univ. subexponential [9]

18. Tpy == ?Tpo s(2A) = s(A)=0 exist. subexponential [80]

Figure 2.1: The types of Displacement Logic DL

The family of types 1-4: {/,\, e, I} are the Lambek connectives of Lambek 1958[46] and Lambek
1988[45]. They are defined in relation to concatenation, with left residual \ (‘under’), right residual /
(‘over’), language concatenation e (‘product’) and language concatenation unit I (‘product unit’). The
structure (Tp, \, e, /,I;C) forms a residuated monoid. The calculus with only these connectives is the
Lambek calculus (with unit), L.
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20 CHAPTER 2. THE TYPES OF DISPLACEMENT LOGIC DL

The family of types 5-8: {Tx, Lx, Ok, J} are the displacement connectives of Morrill 2011[81], Morrill
and Valentin 2010[70] and Morrill, Valentin and Fadda 2011[79]. They are defined in relation to interca-
lation, i.e. the replacement by a second operand of a point of discontinuity (‘separator’) in a first operand;
the subscript k indexes which separator is replaced: O for the first from the left, 1 for the second from the
left, 2 for the third from the left, as so on. There is the left residual | (‘infix’), right residual T (‘circum-
fix’), language intercalation © (‘discontinuous product’) and language intercalation unit J (‘discontinuous
product unit’). The structure (Tp, |, Ok, Tk, J; ©) also forms a (sorted) residuated monoid. The calculus
with the connectives 1-8 is the displacement calculus, D.

Displacement calculus D, like Lambek calculus L, is a ‘multiplicative’ system in the terminology of
linear logic, meaning that resources (like words) have multiplicity of occurrence and do not preserve gram-
matical properties like well-formedness and meaning under either fission (contraction) or fusion (expan-
sion), but must be perfectly balanced between production and consumption in reasoning.

2.2 Syntactical models of DL

In standard logic information does not have multiplicity. Thus where + is the notion of addition of informa-
tion and < is the notion of inclusion of information we have ‘sharing’ x+x < x and x < x+Xx; together these
two properties amount to idempotency: x+x = x. The properties are expressed by the rules of inference
Contraction and Expansion:

A(A,A)=B A(A) = B
—— Contraction =~ ————  Expansion
A(A)=B A(A,A) = B
Expansion is a special case of Weakening:
A)=B
(2) ——— Weakening
A(A) =B

Linguistic resources do not have these properties: grammaticality is not generally preserved under addi-
tion or removal of copies of words or expressions. However, there are some constructions manifesting
something similiar. Parasitic gaps allow a kind of controlled contraction:

(3) a. patient that; John convinced the friends of Mary to visit ¢;
b. patient that; John convinced the friends of ¢; to visit Mary
c. patient that; John convinced the friends of ¢; to visit ¢;

And iterated coordination allows a kind of controlled expansion:
(4) John, Fred, Bill, ... and Mary.

The left hand conjunct can be expanded indefinitely by like-type conjuncts, preserving grammaticality.
Anaphora and expletive pronouns allow kinds of limited contraction and limited expansion:

(5) a. Near him/Dan, Dan/he saw a snake.
b. Itrains.

That is, in logical grammar idempotency, or sharing, is the exception rather than the rule.
Idempotency introduces complexity in the syntactical model theory of categorial grammar. We include
here syntactical interpretation for controlled and limited contraction and expansion.



Chapter 3

Hedge sequent calculus

In this chapter we present Gentzen sequent calculus for Displacement Logic. Gentzen sequent format is a
kind of linguafranca of logic, in which all rules are of the form

X1 Xy
Yo

where the X; are statements of consequence called sequents. Typically in (sub)linear logics, once the
Cut-elimination theorem is proved, Gentzen sequent calculus yields a finite search space and hence a
decision procedure for theoremhood.! We employ a particular form of sequent calculus to deal with the
discontinuity in displacement logic which we will refer to as hedge sequent calculus. In addition, the
sequent calculus contains bracketing to deal with the bracket modalities (‘structural inhibition’) and stoups
(Girard 2011[23]) to deal with subexponentials (‘structural facilitation’). A stoup is a reserved location
containing types which can undergo structural rules such as contraction.

3.1 Hedge sequent calculus

The sets Zone of zones, Stoup of stoups, Config of configurations and TreeTerm of tree terms of hedge
sequent calculus hDL for Displacement Logic are defined by mutual recursion as follows, where @ is the
metalinguistic empty stoup, A is the metalinguistic empty configuration and 1 is a metalinguistic place-
holder called the separator:

(6) Zone := Stoup; Config
Stoup := 0| Tpy, Stoup
Config := A|TreeTerm, Config
TreeTerm := 1|Tpg|Tp;so{Config: ...: Config} | [Zone]

i Config’s

For example, there is the configuration y = A{B,1 : C{1}, D}, E,1 where s(A) = 2 and s(C) = 1 and
s(B) = s(D) = s(E) = 0. Diagramatically this configuration y is:

1Other formats, such as natural deduction, do not necessarily do the same, and usually adapting them to yield a decision procedure
amounts, in effect, to converting them to Gentzen sequent format.
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A \/ E 1
C D

1

The intuition is the following. Dotted nodes signify unbounded arity concatenations and a type labelling
a mother node signifies a discontinuous type intercalated by its daughter configurations. Leaf types are
continuous, and a leaf 1 marks a point of discontinuity. The sort s(I') of a configuration I is the number of
separators 1 that I' contains. For example, s(y) = 3.

Note that a stoup can only contain types of sort 0; types of other sort would not preserve sort-equality
under contraction.” The sort of a zone is the sort of its configuration. A sequent is of the form:

(8) Zone = Tp where s(Zone) = s(Tp)
The figure A ofa type A is defined by:

A if s(A) =0
© A={ All:...:1} ifs(4)>0
~—

sA 1's

For example, (ST1N)T2N = (ST1N)T2N{1 : 1}. Where I is a configuration of sort i and Ay, ..., A; are
configurations, the fold T ® (A1 : ... : A;) is the result of replacing the successive 1’s in I by Aq, ..., A;
respectively. Thus for our running example, if )1, 2 and y3 are configurations, the fold y ® (y1 : 2 :
y3) = A{C, 71 : B{y2}, D}, F, 3. Where A is a configuration of sort i > 0 and I" is a configuration, the kth
metalinguistic wrap, 1 < k < i, AT is given by
(10) AT =g A®(1:...:1:T:1:...:1)
——— N—
k-11’s i-k 1’s
i.e. Al T is the configuration resulting from replacing by I' the kth separator in A. Thus for our running
example, where )’ is a configuration, y [ )" = A{C,1: B{y’},D},E, 1.
A(T) signifies a configuration or zone A with a distinguished subconfiguration or subzone I'. Where I is
a configuration of sort 7, (I') signifies T® (A1, ..., A,); and A(T') signifies Ag({T")) i.e. Ag(TQ® (A1, ..., A)),
i.e. a configuration A with a potentially discontinuous distinguished subconfiguration I'.
The hedge sequent calculus hDL for the DL of Chapter 2 has the following identity axiom and Cut rule;
Z denotes a zone; I' and A, possibly with subscripts, denote configurations; C, possibly with subscripts,
denotes a stoup.

I ;T=A  E(lA,(A),A)= B
(11) = id Cut
(0,? =P B(C1 Wl A, (), A))=> B !

Note that the conclusion stoup is empty in the axiomatic id rule and is partitioned in the binary Cut rule.
The identity axiom asserts the reflexivity of the derivability relation for atomic types P. In general it will be
the case that for all types A, A = A. The Cut rule asserts the transitivity of the derivability relation, which
is a property that is usually desired. However Cut is problematic computationally because the Cut formula
A is a new unknown reading from conclusion to premises. A part of the art of Gentzen sequent calculus

2For sort i a natural, i = i + i only when i = 0.
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is to formulate rules which are partially executed with respect to Cut in such a way that all theorems have
Cut-free proofs, that is: to have the effect of Cut without using Cut. Gentzen called the proof of such
Cut-elimination his Haupsatz.

3.2 Rules for the primary connectives of hDL
The logical rules are listed in what follows. Linguistic applications are given.

3.2.1 Multiplicatives

The continuous multiplicatives {/, \, o, I'} the Lambek connectives of Lambek (1958[46]; 1988[45]), are
the basic means of categorial (sub)categorization. Their Gentzen sequent rules are as in Figure 3.1.

(;T=B  E(lA,{(C)A)=D LG IL'E=C

B(C1 W Go; Ay, (C/B,T), Ay) = D CT = C/B
, WI=4 8 M, (C),A)) =D . GAT=C
B(C1 W Ay, (T, A\C), Ag) = D GT = A\C
3 2(A,B)=D . (;I=>A I, =>B oR
‘ E(AeB) = D G W (T, Th = AeB
(A= A IR
4. ——IL
ET)=A GA=T

Figure 3.1: Continuous multiplicative rules

Notice how in the multiplicative rules the conclusion stoup is partitioned between premises in binary rules,
copied to the premise in unary rules, and is empty in the axiomatic IR rule. When stoups are empty, both
the empty stoup and ;* may be omitted in derivations.

The directional divisions “over”, /, and “under”, \, are exemplified by assignments such as the: N/CN
for the noun phrase the man: N and sings: N\S for the sentence John sings: S and loves: (N\S)/N for the
sentence John loves Mary: S. Hence, for the man:

CN=CN N=N
N/CN,CN =N

And for John sings and John loves Mary:

N=N S=S§
N=N S$=S§
(13) \L N=>N N,N\S=S5§

N,N\S = S
N, (N\S)/N,N = S

The continuous product “times”, e, is exemplified by a ‘small clause’ assignment like considers:
(N\S)/(Ne(CN/CN)) for John considers Mary socialist: S:

CN =CN CN=CN
CN/CN,CN = CN
(14) N=> N CN/CN = CN/CN j{ N=N §=8§
N,CN/CN = Ne(CN/CN) N,N\S =S L
N, (N\S)/(Ne(CN/CN)),N,CN/CN = S

\L
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Of course this positive/succedent/right use of times is not essential: we could just as well have used
((N\S)/(CN/CN))/N since in general we have both

A/(CeB) = (A/B)/C (‘currying’)
and
(A/B)/C = A/(CeB) (‘uncurrying’).

For a negative/antecedent/left essential use of times, for past participles, see Morrill (2000[61], section 2)).

The discontinuous multiplicatives {T, |, ©, J}, the displacement connectives, of Morrill and Valentin
(2010[70]), Morrill, Valentin & Fadda (2011[79]) and Morrill (2011[81]), are defined in relation to inter-
calation (wrapping). Their Gentzen sequent rules are given in Figure 3.2.

s, I=B B(Co; A, (C),A)) = D . CTRE=C

k k
B(C W Co; Ay, (CTEB Ik T), Ay) = D C:T = CNxB
o, =4 B(Co; M, (C), Ap) = D GAKT=C
s k -k
E(C1 Wiy A1, Tk ALKC), Ay) = D T = AlC
EALEB)=D Ti=A (yT,=B
7, k. ——— &L o)
E(A:B) = D G Wiy, T [ T2 = ASB
N E1)y=A R

Ksal 01=]

Figure 3.2: Discontinuous multiplicative rules

Notice how the discontinuous multiplicative rules have exactly the same form as the continuous multi-
plicative rules but with metalinguistic intercalation |, ” in place of the metalinguistic concatenation “,”;
the stoups distribute as before.

When the value of the k subscript is one it may be omitted, i.e. it defaults to one. “Circumfixation”, T,
is exemplified by a particle verb assignment calls+1+up: (N\S)TN for Mary calls the man up : S:

CN = CN N=>N/L N=>N S=5
(15 NJ/CN,CN=N N,N\S= S
N, (N\S)TN{N/CN,CN} = S

‘Infixation’, |, and circumfixation together are exemplified by a quantifier assignment everyone: (STN)|S
simulating Montague’s S14 quantifying in:

..,N,...=S§
TR
1ey ...,1,... > STN S$=S
...,(8TN)|S,... =S

Circumfixation and discontinuous product, “wrap”, ©, are illustrated in an assignment to a relative pro-
noun that: (CN\CN)/((STN)®I) allowing both peripheral and medial extraction, that John likes: CN\CN
and that John saw today: CN\CN:

N, (N\S)/N,N = S
N, (N\S)/N,1 = SN =1
N, (N\S)/N = (STN)ol CN\CN = CN\CN
(CN\CN)/((STN)®I), N, (N\S)/N = CN\CN

IL

a7
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NMNINNS\S=S
N, (N\S)/N,1,5\S = SIN =1
N, (N\S)/N, S\S = (STN)eI CN\CN = CN\CN
(CN\CN)/((STN)®I), N, (N\S)/N, S\S = CN\CN

IL

3.2.2 Additives

The additive conjunction and disjunction {&, ®} of Lambek (1961[44]), Morrill (1990[58]), and Kanazawa
(1992[32]), capture polymorphism. Their rules are given in Figure 3.3.

EA)=C oL EEB)=C oL
E(A&B) = C | E@A&B) =C
EsA EoB

2 = A&B

9.

&R

o EA)=C E(B)=C oL
E(A®B) = C

E=S A = =B

— ®Ry — 0Ry
E = A®B 2= AS®B

Figure 3.3: Additive rules

Notice how the stoup is shared between premises and conclusion in the additive rules. By way of example
of the additives, the additive conjunction “with”, &, can be used for the polymorphism of a mass noun
rice: N&CN as in rice grows: S and the rice grows: S:

N=N
— &I,
(19) N&«CN = N $=S§
N&CN,N\S= S

N/CN,CN,N\§ =S
\L N/CN,N&CN,N\S =S

The additive disjunction “plus”, &, can be used for the polymorphism of the copula
is: (N\S)/(N®(CN/CN))

as in Tully is Cicero: S and Tully is humanist: S:

N=N ©R CN/CN = CN/CN ©R
(20) N = N®(CN/CN) ' N\S = N\S L CN/CN = N&(CN/CN) ? N\S = N\S
(N\S)/(N®(CN/CN)),N = N\S (N\S)/(N®(CN/CN)),CN/CN = N\S

3.2.3 Quantifiers

The 1st order quantifiers { A\, \/} of Morrill (1994[80]), have application to features. The rules are given
in Figure 3.4.
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- E(A[t/vi)ﬁB AL B = Ala/v] AR

&(/\ vA) = B 2= [\vA
" E(Ala/v]) = B VIt 2 = Alt/v] VR
- &(\/vA) =B 2= \/0A

Figure 3.4: Quantifier rules, where * indicates that there is no 4 in the conclusion

Notice how the stoup is identical on premises and conclusions in the quantifier rules. By way of example of
the quantifiers, we can generalise over singular and plural number in sheep: /\ nCNn for the sheep grazes: S
and the sheep graze: S:

CNsg = CNsg AL CNpl = CNpl
21
@h /\ nCNn = CNisg A nCNn = CNpl

And we can express a past, present or future tense finite sentence complement: said: (N\S)/\/ tSf(t) in
John said Mary walked: S, John said Mary walks: S and John said Mary will walk: S:

Sf(past) = Sf(past) Sf(pres) = Sf(pres) Sf(fut) = Sf(fur)
22) R R
Sf(past) = v £SF(H) Sf(pres) = \/ tS£(t) SF(fur) = v £SF(H)

(

3.2.4 Modalities
Normal modalities

With respect to the normal modalities {0, <} of Morrill (1990[59], 1994[80]), Hepple 1990[27], and
Moortgat (1996[53], 1997[54]), the universal has application to semantic intensionality (Morrill [59]). The
rules are given in Figure 3.5.

E(A)=B XE = A

13. ST a0 /T oR
2(0A) > B XE = 0OA
XE(A) = B E=A

14. A OR

OL ———
[XE(OX) = $B 2= 0A

Figure 3.5: Normal modality rules; X/4 marks a structure all the types of which have principal connective
a box/diamond

Note how the stoup is identical in premises and conclusions in the normal modality rules. With respect to
the (S4) normal modalities the universal (Morrill 1990[59]) has application to intensionality. For exam-
ple, for a propositional attitude verb such as believes we can assign type O((N\S)/0S) with a modality
outermost since the word has a sense, and a modality on the first argument but not the second, since the
sentential complement is an intensional domain, but not the subject. The modalities are in the categorial
type, distinctly from, but in relation to, the logical interpretation of the propositional attitude verb.

Bracket modalities

The bracket modalities {[ ], ()} of Morrill (1992[60]) and Moortgat (1995[53]), have application to
prosodic/syntactic domains such as prosodic phrases and extraction islands or intonational domains. The
rules are given in Figure 3.6.
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E(A) = B 8
5. 28 B4
E([1'Al) = B E=[174A
E([A]) = B E=A

16.

L ———0R
=0h =8 El=04
Figure 3.6: Bracket modality rules

Notice how the stoup is identical in conclusions and premises of bracket modality rules.

By way of example of bracket modalities, we may assign walks: ()N\S for the subject condition
(Chomsky 1973[13]), and before: []~'(VP\VP)/VP for the adverbial island constraint, which are weak
islands, and can contain parasitic gaps; for a strong island such as a coordinate structure, which cannot
contain a parasitic gap, we define doubly bracketed strong islands — and: (S\[ ]7![]71S)/S.

S=S§
—[ -7
N=N [[17'S]=S .
— ()R — [I7'L
(23) [N]= ON S$=S§ L $S=3§ IRIENEE
[N], ON\S = S §=S§ (IS, S\[I7'1's =S

[[S, (S\[17'[17'9)/S, 811 = S

3.2.5 Subexponentials

The subexponentials {!, ?} of Girard (1987[22]), Barry et al. (1991[9]), Morrill (1994[80]), Morrill (2011[81]),
Morrill and Valentin (2015[73]), Morrill and Valentin (2016[75]), and Morrill (2017[66] have application

to nonlinearity. The rules are given in Figure 3.7. Note that the rule for ?L is infinitary (we know of no
linguistic need for it).

E(Cw{A};T,I) =B " G=A '

17. ! IR
2(CT,1A,T)) =B G =1A
EGTLAL) =B ECYMT (AL T) =B
BE(CW{A)T,T)) =B ECW{ALT, T, T5) =B
EA) =D EAA)=>D - E=A
18. 7L 7R
E(?A)=> D =024

[1]

= A =24

B2 = A

™

—-
(™)
—

Figure 3.7: Subexponential rules

Using the universal subexponential, !, we can assign a relative pronoun type
that: (CN\CN)/(S/!N)

allowing both medial extraction (via the permutation rule) and parasitic extraction (via the contraction
rule), Morrill (2011[81]), Morrill and Valentin (2015[73]), and Morrill (2017[66]), such as paper that
John filed without reading: CN, where parasitic gaps can appear only in (weak) islands, but can be iter-
ated in (weak) subislands, subsubislands, and so on. Using the existential exponential, ?, we can assign a
coordinator type and: (?N\N)/N allowing iterated coordination as in John, Bill, Mary and Suzy: N.
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3.3 Soundness of hDL for DL



Chapter 4

Further Types

In this chapter we present further types. There are semantically inactive primitive types and defined syn-
thetic connectives, limited contraction and limited expansion, and the primitive difference operator. Includ-
ing the DL primitive connectives from the previous chapter, all the connectives of Generalised Displace-
ment Logic GDL are given in Figure 4.1.
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25, k.
26, k.
27,k.
28, k.
29, k.
30, k.
31.
32.
33.
34.
35.
36.
37.
38.
39.
39.
40.
41, k.
42, k.
43.
44.

45.

46.
47.
48.
49.
50.

Tp;
Tpi+ j
Tpo
Tpx
Tpis;
Tp:
Tp;
Tp;
Tp;
Tp;
Tp;
Tp;
Tp;
Tp;
Tpo
Tpo
Tp;
Tpi+ j

Tpi+ j
Tp»
Tpij
Tp»
Tpi+ i

Tp;
Tp;
Tp;
Tp;
Tp;
Tp;
Tpx
Tp;
Tp»
Tp»
Tpx
Tp;
Tp;
Tpi+ j
Tpy

Tpi+ j
Tpi+ j
Tpo
Tp;

Tpi+;/Tp;

Tp\Tp;.;

Tp;eTp,

I

Tpi:jTkTp;, 1 <k <7
Tpi’stTpiJrj/ 1<k<7?
Tpi/Qkij,l <k<?
J

Tp:&Tp;

Tp:®Tp;

A VTp;

V VTp;

\:‘Tpi

<>Tp,

[1'Tp;

(OTp:

’Tp[)

r’Tpo

Tpi.jo—Tp;
Tp;—Tpi+;

Tp;0Tp;

Tpi:jo—Tp;
Tpi—Tpi;

Tp;dTp;
Tpi.,.]'Tkij,l <k< l+]
Tpi’ J’kTpiﬂ'r 1<kt
Tp:®Tp;, 1 <k <7
Tpiﬂ'?kTp]‘,l <k<{?
Tpi/ ‘kTpi+j/ 1<k<7
Tpi/OkTp]',l <k<{?
Tp,MTp;

Tp:UTp;

AV Tp;

uTp;

¢Tp;

< 'Tpy

<Tp;

|>’1Tpi,

<Tp;

>Tp;

*Tp;

*Tpy

'I‘p;urﬁTP’J7

Tp;oTp;
TPi+jéTP?

Tp, =Tpy.

Tp; oTp;

Tp;.;|Tp;

w

Tp; — Tp;

s(C/B)
s(A\C)
s(AeB)
s(I)
s(CTeB)
s(ALC)
s(AGkB)
s(J)
s(A&B)
s(A®B)
s(/\ vA)
s(V vA)
s(OA)
s(CA)
s([17'A)
s(OA)
s(1A)
s(?A)
s(Ce—B)
s(A—C)
s(A©B)
s(Co—B)
s(A—C)
s(ADB)
S(CTkB)
s(A4,C)
s(A®B)
T(C«B)
s(A4,0)
s(A@(B)
s(AMB)
s(AUB)
s(YvA)
s(dvA)
s(mA)
S(¢A)
s(<1A)
s(<A)
s(>"1A)
s(<A)
s(>A)
s(*A)
s(*A)
s(B+A)
s(AoB)
s(C2B)

S(AZC)
s(A¢B)
s(BIA)
s(w)

s(A - B)
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s(C) — s(B)
s(C) —s(A)
s(A) + s(B)
0

s(C)" —s(B)
s(C) —s(A)
s(A) + s(B)
1

s(A) = s(B)
s(A) = s(B)
s(A)

s(A)

s(A)

s(A)

s(A)

s(A)

s(A) =0
s(A) =0
s(C) —s(B)
s(C) — s(A)
s(A) + s(B)
s(C) —s(B)
s(C) — s(A)
s(A) + s(B)
s(C) —s(B)
s(C) —s(A)
s(A) +s(B) —1
s(C) —s(B)
s(C) —s(A)
s(A) +s(B) —1
s(A) = s(B)
s(A) = s(B)
s(A)

s(A)

s(A)

s(A)

s(A)—1

s(A)

s(A)—1

s(A)

s(A)

s(AY

s(A)—1

s(B) —s(A)
s(A) + s(B)
s(C) —s(B)

s(CY - s(A)
s(A) +s(B) — 1
s(B) > T(A)

0

s(A) = s(B)

|
—_

over [46]

under [46]

times [46]

continuous unit [45]

circumfix [79]

infix [79]

wrap[79]

discontinuous unit [79]

with [44, 57]

plus [44, 57]

Ist order univ. qu. [80]

Ist order exist. qu. [80]

univ. norm. modality [59]
exist. norm. modality [54]
univ. bracket modality [60, 53]
exist. bracket modality [60, 53]
universal subexponential [9]
existential subexponential [80]
left sem. inactive over [72]

left sem. inactive under [72]
left sem. inactive times [72]
right sem. inactive over [72]
right sem. inactive under [72]
right sem. inactive times [72]
upper sem. inactive circumfix [72]
upper sem. inactive infix [72]
upper sem. inactive wrap [72]
lower sem. inactive circumfix [72]
lower sem. inactive infix [72]
lower sem. inactive wrap[72]

sem.
sem.
. inactive 1st order univ. qu. [80]
sem.
sem.
sem.

sem

inactive with [80]
inactive plus [80]

inactive 1st order exist. qu. [80]
inactive univ. norm. modality [59]
inactive exist. norm. modality [80]

left projection [78]
left injection [78]
right projection [78]
left injection [78]
right injection [78]
split [69]

bridge [69]

non-det. division [79]

non-det. times [79]

non-det. circumfix [79]

non-det. infix [79]
non-det. wrap [79]
limited contraction [29]
limited expansion [72]
difference [71]

Figure 4.1: The types of Generalised Displacement Logic GDL
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4.1 Semantically inactive primitives of EDL

The semantically inactive connectives divide into the semantically inactive multiplicatives (continuous and
discontinuous), additives, quantifers, and (normal) modalities:

Semantically inactive multiplicatives — —o o— —e Morrill & Valentin (2014[72])
© o
Tk $ k Tk : k

=) .,
Semantically inactive additives m (] Morrill (1994[80])
Semantically inactive quantifiers v E| Morrill (1994[80])

Semantically inactive normal modalities u [ Hepple (1990[27]), Morrill (1994[80])
Multiplicatives

Syntactically, the rules for the semantically inactive connectives are exactly the same as for their seman-
tically active counterparts; it is in their semantic labelling, given in Part II, that the semantically active
and inactive rules differ. Thus the semantically inactive continuous multiplicative rules are as given in
Figure 4.2 and the semantically inactive discontinuous multiplicative rules are as given in Figure 4.3.
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19.

20.

21.

22.

23.

24.

25, k.

26, k.

27, k.

28, k.

29, k.

30, k.
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(;T=B  E(lA,(C)A)=D . GTL,E=C <
— —_—
E(C1 Wp; A1, (Ce=B,T),Ay) = D (:T = CeB
G;T=A  El5AL(C)A)=D . GAT=C .
—0 - 0
‘E(Cl W CZ/ A1/ <F, A_OC>/ AZ) =D C,r = A—-C
A EB)=D . ;A=A  (T=B
—— 0
E(AO_B)) =D Wi AT = AOB
(;T=B  ElA,(C),A)=D . GTLE=C
E(Cl W C2/ Al/ <CO_B/ r)/ AZ) =D C,r = Co-B
G;T=A  E@uAL(C)A)=D . GAT=C .
—e —_— e
E(C1 Wiy A1, (T, A—C), Ay) = D T = A—eC
EA,B)=D | WAsA GloB
—— 0
E(AO_B)) =D Wi AT = AOB

Figure 4.2: Semantically inactive continuous multiplicative rules

(;T=B  E(A;,{C)A)=D GTKB=C
B WAL CTBRT), A) =D ©  GI=ChB
GiT=A  EA,L(C),A)=D GAKT=C
EG WAL TRALC),A) =D G =AhC "
E(Z|k?):>DOL ;A= A Cz;r=>BOR
EAmB =D " QUi ART = AMB
G;T=B  E(A,{C)A)=D GTRB=C "
B(G W 0 A1, (CTRB T, Ag) = D GI=CHB
T=A  E({lyAL{C)A)=D GAKT=C
B(C1 W s Ay (T [ AbrC), Ay) = D GT = AbC
= ;A A ;IT=B
EALB)=>D ;A= (T = -

oL
S(AeiB) = D

G Yl AT = AexB

Figure 4.3: Semantically inactive discontinuous multiplicative rules
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Additives, quantifiers and normal modalities

The semantically inactive additives, quantifiers and normal modalities are as shown in Figures 4.4, 4.5,
and 4.6 respectively.

- B(A)= C , EB)=C .
. I —_— 11
EAMBY=C = EAMB)=>C
EsA E=B
AR
5 = AMB

5Ay=C EEB)>C
LIL

32.
Z(AUB) = C
EoA =B
— LR —— LRy
5 = ALB E = ALIB

Figure 4.4: Semantically inactive additive rules

- E(A[t/o]) = B I E = Ala/v] VR

E(VoA) = B E = VoA
E(A[a/v]) = B B = A[t/o]
3, VTP T g
E(F0A) = B 2= JA

Figure 4.5: Semantically inactive quantifier rules, where ' indicates that there is no a in the conclusion

E(A)= B XE = A
35. - mR
Z(mA) = B X2 = mA
XE Z = OB Eo A
36. S oR

NE($A) = 0B = eA

Figure 4.6: Semantically inactive normal modality rules; ¥/4 marks a structure all the types of which have
principal connective a box/diamond
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4.2 Synthetic connectives of FDL

We consider in the following subsection unary defined synthetic connectives and binary defined synthetic
connectives.

4.2.1 Unary synthetic multiplicatives
The unary (or deterministic) synthetic multiplicatives divide into projection and injection, which are con-

tinuous, and split and bridge, which are discontinuous:

Left and right projection and injection < < > 1 Morrill, Valentin & Fadda (2009[78])

Split and bridge * * Morrill & Merenciano (1996[69])

They are defined as shown in Figure 4.7.

> 1A =4 JoA s('A) = s(A)-1 right projection [78]
<A =i Ao] s(<1A) ( left projection [78]
»A =4 JOA s(>A) (AY right injection [78]
<A =5 AOJ s(<A) (AY left injection [78]
(
(

I
w v v
=
|
—_

YA =g AT s(*A) A) leftmost and rightmost split [69]
* =g Aerl  s(*A) = s(A)-1 leftmost and rightmost bridge [69]

Figure 4.7: Unary synthetic multiplicatives

Rules for unary synthetic multiplicatives

EA)=>B | GL1=A
E(<'A,1)= B GI=<"A
EAy=>B GLT=A
3. —————»1L R
E(1,-'A) = B GI=»"A
E(A,1)= B GI=A
39 I R
. —_—d
EA) =B~ CLl=<A
2(1,A)= B GT=A
40. TR, T,
2(A) = B G1LT=»A
nr EB=c o GAkASB
T BFBLEA) > C GA=™B
p ZBkM=C o GA=B
' E(°B) = C GAA= "B

Figure 4.8: Unary synthetic multiplicative rules
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4.2.2 Binary synthetic multiplicatives

The binary (or non-deterministic) synthetic connectives divide into non-deterministic continuous division
and times, and non-deterministic discontinuous circumfix, infix and wrap:

Non-det. division and times + o Morrill, Valentin & Fadda (2011[79])

<
11>

Non-det. infix, wrap and circumfix © Morrill, Valentin & Fadda (2011[79])
These are defined as shown in Figure 4.9.
BrA =4 (A\B)N(B/A) (s|Vs' € A,s3,+(s,5,53) = s3€B)  s(B=A) = s(B)-s(A)  non-det. division
AoB  =y4f (AeB)LI(BeA) {s3| Is1 € A,sp € B, +(s1,52,83)} s(AoB) = s(A)+s(B) nond-et. times

A=C =y (AL1O) -+ M(Alsa)C) {s2| Vs1 € A, s3,X(s1,52,53) = s3 € C} s(A¥C)
C=B =4y (CMB)N---MCTscy-s®B) {511 Vs2 € B, s3,X(51,52,83) = s3 € C} s(CéB)
AoB =df (Ao1B)U - -+ U(AOS(A)B) {s3] ds1 € A, sy € B, X(s1,52,53)} s(AoB)

s(C)" —s(A)  non-det. infix
s(C) —T(B) non-det. circumfix
s(A) —s(B)  non-det. wrap

Figure 4.9: Binary synthetic multiplicatives

Rules for binary synthetic multiplicatives

23 G, I=A E(Cas A, <Ez>, A)) =D . (;T=>A Z(Co; A1,<6>, ANy) =D .l
B(GWAL(LCZAL M) =D B(GWALCEA T, A) =D

GAT=C CIA=cC "

GI=C+A
“ BA,B)=D =B, A =D
. oL
E(AoB) = D:
(A= A (;IT'=B8B (1, A=B (o T=A R
o o]
(Wi AT = AcB WAL = AoB
i G;I'=B E(Cz)Al,(?%Az)ﬁDéL T Biy=>C - C;rlsc"SB?:y:'CAR
. — . A
E(C Wi A1, (CEBLT), Ay) = D GI'=C=B
i GiT=A  E(AL(C) Ay) = D v CANT=C - C;ZmrzclR
. % v -
E(C Wi A1 (T AZC), Ag) = D GI'=A=C
. EALWBY=>D - E@ALB)=D ;A=A cz;r:BoR
. o
E(AoB) = D GWiy AT = AoB

Figure 4.10: Binary synthetic multiplicative rules



36 CHAPTER 4. FURTHER TYPES

4.3 Limited contraction and limited expansion connectives of GDL

The limited contraction |, of Figure 4.11, Jager (2005[29]), has application to anaphora, and the limited
expansion +, to words as types.

i T=A  B(lyA, A),M(EB) =D L 2(B;...;By) =D R
B(C1 W Gy AT, Ap(BIAY) = D E(Bol4; .. .; B,JAY = DA
E(A) = A

— 4R
49. sGoa™t 0As0

Ev+w)y=D C(uA>v0 O T=>w

+L +R
(T, W)=D GWinAT=v+w

Figure 4.11: Limited contraction and limited expansion

The limited contraction can be used for anaphora in an assignment like it: (STN){(SIN) for, e.g., the
company; said it; flourished: S, and it can be used for such that relativisation in an assignment such that:
(CN\CN)/(S|N) for, say, man such that; he; thinks Mary loves him;: CN. The interesting thing about
this example is that it has a positive (succedent) occurrence of the Jager bar SIN. This necessitates a
pronoun in the corresponding antcecedent, and allows more such pronouns, all cobound as required to the
head noun resticted by the such that relativisation.

The limited wexpansion + of Morrill and Valentin (2014[72]) has application to words as types, for
example in relation to the semantically inactive multiplicatives, is: (there—S)/N for There is John. The
intended reading of this example is that John exists: there makes no semantic contribution and is argument
to a semantically inactive under.

4.4 The difference operator of GDL’

The difference operator is a connective for which the Cut-rule does not make sense . Therefore it is
considered a metalogical connective added to the system GDL without Cut, yielding the system GDL’.
The rules are as follows:

Z(A)=>C = A
HZ(A-B)y=~C E=A-B

(1

50. “R¥E=DB

Figure 4.12: Difference rules

The difference operator is a means to define exceptions. For example, to avoid generation of:the extremely
man with an intensifier type (CN/CN)/(CN/CN) applying to the empty string of type CN/CN, we can
instead assign an intensifier type (CN/CN)/((CN/CN) — I) excluding the empty string.
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In this part we present the Curry-Howard type-logical semantics of Generalised Displacement Logic GDL.
In Chapter 6 we recall the definition of syntactic types of Generalised Displacement Logic, adding the
semantic type map to intuitionistic types. In Chapter 7 we define the semantic representation language. In
Chapter 8 we present the semantically labelled sequent calculus for GDL.
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Chapter 6

Generalised Displacement Logic GDL
Types

In this chapter we see the semantic type map for Generalised Displacement Logic, GDL.

6.1 Semantic types

Recall the following operations on sets:

(24)  a. Functional exponentiation: X¥ = the set of all total functions from Y to X
b. Cartesian product: X X Y = {{x, )| x € X & y € Y}
c. Disjoint union: X wY = ({1} x X) U ({2} X Y)
d. n-th Cross product, 7€ N:  X° = {0}
X = X'x X

We shall use these to build semantic domains. The set 7 of semantic types of the semantic representation
language is defined on the basis of a set 6 of basic semantic types as follows:

@5 T ==0|F|TIT+T | T&T | T -7 IMT |LT |T*

A semantic frame comprises a family {D;};es of non-empty basic type domains and nonempty sets V of
feature values and + of possible worlds. This induces a nonempty type domain D, for each type 7 as
follows:

(26) D =V
Dy = {0}
D71+’[2 = DT] ) DT2
DTl&Tz = D’Tl X DTZ
Diry = Dot
Dve = WXDy,
Di. = DW

D = Un>0(Dr)n

6.2 Syntactic types

The syntactic types of our categorial logic are sorted according to the number of points of discontinuity
their expressions contain. Each fype predicate letter will have a sort, the sort of it’s expressions, and an
arity, the number of feature term arguments it takes, which are naturals, and there is primitive semantic
type map f. Assuming to be already given ordinary feature terms interpreted in the domain F, where P is a
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type predicate letter of sort i and arity n and t1, ..., t, are terms, Pt; ..., is an (atomic) type of sort i of the
corresponding semantic type. Compound types are formed by connectives as shown in Figure 6.1, and the
homomorphic semantic type map T associates these with semantic types and hence, through D, semantic
domains.
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LN e

25, k.
26, k.
27, k.
28, k.
29, k.
30, k.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41, k.
42, k.
43.
44.

45.
46.

48.
49.
50.

Tpi:;/Tp;
Tp:\Tp;:;
Tp;eTp;
I

T(C/B)
T(A\C)
T(AeB)

T(0)

TpijTkTp;, 1 <k<i  T(CT«B)
Tpy i Tpisj, 1 <k <i' T(ALC)
Tpi/Gkij, 1<k<? T(AGB)

]

Tp;&Tp;
Tp;®Tp;

A VTp;

\V VTp;
DTP,‘

OTpl
[17'Tp;
(OTp;

‘Tp()

7Tpo
Tpi.je—Tp,
Tpi—Tps;
Tp;0Tp;
Tpi.jo—Tp;
Tpi—Tps;
Tp;dTp;

T()
T(A&B)
T(A®B)

T(A\ vA)
T(\V vA)
T(OA)
T(CA)
T([17'A)
T((A)
T('A)
T(?A)
T(Ce—B)
T(A—C)
T(A©B)
T(Co—B)
T(A—C)
T(A®B)

Tpi+]'TkTp]',1 <k<t? T(CTkB)
Tpy &Tpisj, 1 <k <i’ T(ALQ)
Tp,‘fokTp]', 1<k<? T(AOkB)
Tpi;TkTpj, 1 <k <i T(CT«B)
Tps J'kTPz‘Jrj, 1<k<i T(AO)
TpilokTp]', 1<k<? T(AOkB)

Tp:MTp;
Tp,UTp;

E| VTp i
uTp;

+Tp;

< 'Tpy

»~1 Tpy
<Tp;

>Tp;

*Tp;

*Tpy

Tpi.; +TP§?
Tp;oTp;
Tpi.; éTP?
Tpf, éTPH j
TpyoTp;
Tp;;|Tp;
w

Tp; — Tp;

T(AMB)
T(AUB)
T(VvA)
T(FoA)
T(mA)
T(¢A)
T(<1A)
T(>"'A)
T(<A)
T(>A)
T(*A)
T(*A)
T(B=A)
T(AoB)
T(C2B)

T(A=C)
T(AoB)
T(B|A)
T(w)
T(A - B)

T(B)—T(C)
T(A)—T(C)
T(A)&T(B)
-
T(B)—T(C)
T(A)—T(C)
T(A)&T(B)
-
T(A)&T(B)
T(A)+T(B)
F—T(A)
F&T(A)
LT(A)
MT(A)
T(A)

T(A)

T(A)
T(A)*
TITC) =T
T)if T(A) = T
T(B)if T(A) = T
T(C)if T(B) =T
TITC) =T
T(A)if T(B) = T
TITC) =T
TC)if T(A) =T
T(B)if T(A) = T
T(C)if T(B) =T

TIfTC)=T
TA)IfTB)=T
T(A) =T(B)
T(A) = T(B)
T(A)

T(A)

T(A)

T(A)

T(A)

T(A)

T(A)

T(A)

T(A)

T(A)
T(A)—>T(B)
T(A)&T(B)
T(B)—T(C)
T(A)—>T(C)
T(A)&T(B)
T(A)—>T(B)
T

T(A)

Figure 6.1: Types of GDL
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over [46]

under [46]

times [46]

continuous unit [45]

circumfix [79]

infix [79]

wrap [79]

discontinuous unit [79]

with [44, 57]

plus [44, 57]

1st order univ. qu. [80]

1st order exist. qu. [80]

univ. norm. modality [59]

exist. norm. modality [54]

univ. brack. modality [60, 53]

exist. brack. modality [60, 53]

univ. subexponential [9]

exist. subexponential [80]

left sem. inactive over [72]

left sem. inactive under [72]

left sem. inactive cont. product [72]
right sem. inactive over [72]

right sem. inactive under [72]

right sem. inactive cont. product [72]
upper sem. inactive extract [72]
upper sem. inactive infix [72]

upper sem. inactive disc. product [72]
lower sem. inactive extract [72]
lower sem. inactive infix [72]

lower sem. inactive disc. product [72]
sem. inactive with [80]

sem. inactive plus [80]

sem. inactive 1st order univ. qu. [80]
sem. inactive 1st order exist. qu. [80]
sem. inactive universal modality [59]
sem. inactive existential modality [80]
left projection [78]

right projection [78]

left injection [78]

right injection [78]

split [69]

bridge [69]

non-det. division [79]

non-det. continuous product [79]
non-det. extract [79]

non-det. infix [79]

non-det. discontinuous product [79]
limited contraction [29]

limited expansion [72]

difference [71]
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Chapter 7

Semantic Representation Language

In this chapter we define terms of the semantic representation language, interpretation of the semantic
representation language, and conversion laws of the semantic representation language.

7.1 Terms

The sets @, of rerms of type T for each semantic type 7 are defined on the basis of sets C; of constants of
type T and denumerably infinite sets V. of variables of type 7 for each type 7 as follows:

27 o, == C; constants
o, =V, variables
O = 0 null element
DO, = Dy g,—>V, . Dy; Vo, D, case statement
Oy = 11D, first injection
Dryr u= 1D, second injection
O, = T Drgr first projection
O, = 11Drgq second projection
D = (D, D) ordered pair formation
O, = (Dy D) functional application
Dy u= AV D functional abstraction
O, = VO, extensionalization
O = MO, intensionalization
O, = YDy, projection
Dy = "D, injection
D = [Df] | [Dr]|Dr+] non-empty list construction

7.2 Interpretation

Given a semantic frame, a valuation f mapping each constant of type 7 into an element of D, an as-
signment ¢ mapping each variable of type 7 into an element of D, and a world i € W, each term ¢
of type T receives an interpretation [¢]%' € D, as shown in Figure 7.1, where the update g[x := m] is
(g = {(x, g(x)}) U {(x, m)}, i.e. the function which sends x to m and agrees with g elsewhere.

In x.¢, Ax¢p or "¢, ¢ is the scope of x., Ax or *. An occurrence of a variable x in a term is called free
if and only if it does not fall within the scope of any x. or Ax; otherwise it is bound (by the closest x. or
Ax within the scope of which it falls). The result ¢{ip1/x1, ..., P, /x,} of substituting terms ¢y, ..., P, for
variables x1, ..., x, of the same types respectively in a term ¢ is the result of simultaneously replacing by
; every free occurrence of x; in ¢p. We say that 1 is free for x in ¢ if and only if no variable in 1) becomes
bound in ¢p{i/x}. We say that a term is modally closed if and only if every occurrence of ¥ occurs within
the scope of an . A modally closed term is denotationally invariant across worlds. We say that a term 1 is
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[a]3
[x]3*
[03s"

[p—>x.4p; y.x]8

[hgle
[gls
[ le
[ragle
[(¢, )
(o)
[Axp]8!
[V ls
[*ple
[ols
["els
(DI
[[plP11*

CHAPTER 7. SEMANTIC REPRESENTATION LANGUAGE

f(a) for constanta € C,

g(x) for variable x € V,

0
[lp]g[x:snd([fr)]&")l,i if fst([(P]gi) =1
[x]s=snd(PFL ¢ fst([p]87) = 2

(1, [p)s

@, [p1+)

fst([p]5)

snd([$]3")

(17, Y1)

[p19 (1)

d— [(P]g[x::d],z

[P1()

j e [l

snd([¢]3)

G, ()

(P14,0)

Ap1**, [P

Figure 7.1: Interpretation of the semantic representation language

modally free for x in ¢ if and only if either 1 is modally closed, or no free occurrence of x in ¢ is within

the scope of an *.

7.3 Conversion

The laws of conversion in Figure 7.2 obtain. For completeness, the so-called commuting conversions for
the case statement are given in Figure 7.3.
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o—>y.p;z.x

P—>y-P;z.x

Ay

np—>y.;z.x

LO—>Yy.p;z.x

(¢, P)
02 (P, §)
(Axp )

VA

Uﬁ¢

(1, T2)
Ax(¢ )
/\V¢

ﬁU(P

if x is not free in P
and is free for y in

if x is not free in y
and is free for z in

if x is not free in ¢
and is free for y in ¢
a-conversion

if ¢ is free for y in ¢
and modally free for y in ¢

if ¢ is free for z in x
and modally free for z in x

if ¢ is free for x in ¢,
and modally free for x in ¢

B-conversion

if x is not free in ¢

if ¢ is modally closed

1n-conversion

49

o—>x.(P{x/y}); z.x

O—>y.; x.(x{x/z})

Ax(plx/y})

Yo/}

xip/z}

S <5

{Y/x}

<<

< S SC

Figure 7.2: Semantic conversion laws
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u(p—>x.4;y.x)
L(p—>x.;y.X)
T (Pp—>x.; v.x)
T (p—>x.9; y.X)
(6, p—>x.1p;y.X)

O—>x.u; Y. X
O—>x.0Y; Y. )x
O—>x. 11 Y. X
O—>X.TU; Y. 1o X
¢_>x'(6r lzb)r }/(5/ X)

d—>x.(1,0); y-(x, 0) (p—>x.10; y.X, 0)
P—>x.(6¢); y-(6 x) (6 p—>x.9;1.x)
P—>x.(16); y-(x 0) (p—>x.; y.x 0)

d—>x.Azih; y.Azy = Az(p—>x.; y.X)
if z is not free in ¢

o—>xV;y.V x = Y(p—>x.4;1.x)

o—>x Pyl x = MNo—>x.4;1.x)
if ¢ is modally closed

o—>xY; v x Y(p—>x; y.X)

o—>x"Y; y."x (p—>x.0; y.X)

¢—>x.[6[¢]; y.[61x]
o—>x.[1Y[6]; v.[xI6]

[Olp—>x.0; y.x]
[p—>x.4; y.x10]

Figure 7.3: Semantic commuting conversion laws



Chapter 8

Semantically Labelled Sequent
Calculus

In this chapter we give semantically labelled Gentzen sequent calculus rules according to Curry-Howard
formulas-as-types/proofs-as-programs (Girard, Tayler and Lafont 1989[24]), but we shall do this in relation
to the enriched notion of hedge sequent calculus.

8.1 Hedge sequent calculus

We recall the notions of hedge sequent calculus from Chapter 3. In Gentzen sequent calculus for displace-
ment calculus with bracket modalities (structural inhibition) the left hand, antecedent, sides of sequents
contain bracket constructors, but subexponentials (structural facilitation) have no special sequent punctua-
tion. There is motivation to provide a special antecedent notation of ‘stoups’ for structural facilitation as
well as that of brackets for structural inhibition. For example, the permutation rules for ! mean that the
calculus without stoups does not have the finite proof property: the permutation rules can be applied in a
senseless cyclic fashion to generate an infinite number of proofs of the same theorem. The use of stoups
restores the finite proof property and it also facilitates the proof-theoretic property of focusing (Chapter 9).

Stoups (cf. the linear logic of Girard 2011[23]) are stores read as multisets for re-usable (non-linear)
resources which appear at the left of a configuration marked off by a semicolon (when the stoup is empty
the semicolon may be omitted). The stoup of linear logic is for resources which can be contracted (copied)
or weakened (deleted). By contrast, our stoup is for a linguistically motivated variant of contraction, and
does not allow weakening. Furthermore, whereas linear logic is commutative, our logic is in general
noncommutative and the stoup is also used for resources which are commutative.!

A configuration together with a stoup is a zone. The bracket constructor applies not to a configuration
alone but to a configuration with a stoup, i.e a zone: a reusable resource is specific to its bracketed domain.

Zones Zone (notated Z, possibly with subindices), stoups Stoup (notated C, possibly with subindices)
and configurations Config (notated I, A, possibly with subindices) are defined by (@ is the empty stoup; A
is the empty configuration; the separator 1 marks points of discontinuity.); note that only types of sort O
can go into the stoup: reusable types of other sorts would not preserve the sequent antecedent-succedent
sort equality under contraction:

(28) Zone := Stoup; Config
Stoup := 0] Tp,, Stoup
Config := A|TreeTerm, Config
TreeTerm := 1|Tp,|Tp;so{Config: ...: Config} | [Zone]

i Config’s

I'To anticipate linguistically a little, a hypothetical subtype emitted by a relative pronoun corresponding to a long-distance depen-
dency will enter a stoup, percolate in stoups, maybe contracting to create (parasitic) gaps, and finally permute into a (host) extraction
site.
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For a type A, its sort s(A) is the i such that A € Tp;; for example:
(29) s((STiN)T1N) = s((STiN)T2N) = 2

For a configuration T, its sort s(I') is ||, i.e. the number of points of discontinuity 1 which I contains. For
a zone Z, its sort s(E) is the sort of its configuration since stoup types are of sort is 0; for example:

(30) s(N;1,1,(STiN)T2N{N/CN,CN : 1}) = s(1,1,(STiN)T2N{N/CN,CN : 1}) = 3
Sequents are of the form:
(31) Zone = Tp such that s(Zone) = s(Tp)

A sequent E = A isvalid, F E = A, iff [E] C [A] in every interpretation.
The figure A ofa type A is defined by:

A ifs(A) =0
(32)22 A{l:...:1} ifs(A)>0
N———
s(A) Vs
Where I is a configuration of sort i and A1, ..., A; are configurations, the fold T @ (A1 : ... : A;) is the
result of replacing the successive 1’s in I' by Ay, ..., A; respectively; similarly, where E is a zone of sort i
and A1, ..., A; are configurations, the fold 2 ® (A; : ... : A;) is the result of replacing the successive 1’s in

the configuration of 2 by A1, ..., A; respectively.

Where I' is a configuration of sort i, the hyperoccurrence notation A(I') abbreviates Ag(I' ® (A1 : ... :
A;)), i.e. a context configuration A (which is externally Ay and internally Ag,...,A;) with a potentially
discontinuous distinguished subconfiguration I'; similarly, where Z is a zone of sort i, the hyperoccurrence
notation E(T’) abbreviates C; Ag(I' ® (A1 : ... : A;)) where E = (A, i.e. a context zone (; A (which is
externally C; Ag and internally A1, ..., A;) with a potentially discontinuous distinguished subconfiguration
I.

Where A is a configuration of sort i > 0 and I is a configuration, the kth metalinguistic intercalation
AT, 1<k <1i,is given by:

(33) AkT=g A®(1:...:1:T:1:...:1)
N— N—
k-11s i-k1’s

i.e. the kth metalinguistic intercalation AT is the configuration resulting from replacing by I' the kth
separator in A.

A semantically labelled sequent is a sequent in which the antecedent syntactic type occurrences A1,
..., A, are labelled by distinct variables x1, ..., x, of semantic types T(A1),..., T(A,) respectively, and
the succedent type A is labelled by a term of type T(A) with free variables drawn from x1, ..., X.

8.2 The identity rules

The identity axiom is (34a); since we adopt the convention that empty stoups can be omitted, we write
(34b):

——id = id

0;?:x:P:x b. P:x= Py

This states that a type is derivable from itself, asserting the reflexivity of set inclusion and the derivability
relation. The Cut rule is:

a5 GT=4 & AZA)= B ot
G Wi ATy = B

(34) a.

This states the contextual generalisation of the transitivity of set inclusion and the derivability relation.
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8.3 Continuous multiplicatives

The continuous multiplicatives {/, \, ®, I} of Figure 8.1, Lambek (1958[46]; 1988[45]), are defined in
relation to concatenation; they are the basic means of categorial (sub)categorization.

C;I'= By Cz;A(ézz):»D:a) L C;l",?:yzﬂf:)(

1. R S
(1w Co; ACTB:x,T) = D: wl(x 9)/2) GT = C/B: Ayx
) I = A0 CyA(E:Z)ﬁD:a) \ C;Z:x,FzC:){
' (18 0 AT, ANC: y) = D:ool(y §)/2) GT = A\C: Axy
3 E(Z:x,?: »W=D:w . =A== By R
. E(AeB:z) = D: wlmz/x, T2/ Y} * G Wi, I = AeB: (¢, 1Y)
E(A A:
4 Ny = A

L —
ET:xy= Ao A=10

Figure 8.1: Continuous multiplicative rules
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The directional divisions over, /, and under, \, are exemplified by assignments such as the: N/CN:
for the man: N: (¢ man) and sings: N\S: sing for John sings: S: (sing j), and loves: (N\S)/N:love for
John loves Mary: S: ((love m) j). Hence, for the man:

CN=CN N=N
N/CN,CN =N

(36)
And for John sings and John loves Mary:

N=N $§5=S§
N=N S$=S§
(37) \L N=N NN\S=S5

N,N\S = S
N,(N\S)/N,N = S

The continuous product e is exemplified by a ‘small clause’ assignment
considers: (N\S)/(Ne(CN/CN)): Ax(consider ((rox Ayly = m1x]) m1x))

for John considers Mary socialist: S: ((consider ((socialist Ay[y = m]) m)) j).
CN=CN CN=CN
CN/CN,CN = CN R
(38) N=N CN/CN = CN/CN R N=N S:>S\L
N,CN/CN = Ne(CN/CN) N,N\S=S L
N, (N\S)/(Ne(CN/CN)),N,CN/CN = S

Of course this use of product is not essential: we could just as well have used ((N\S)/(CN/CN))/N since
in general we have both A/(CeB) = (A/B)/C (currying) and (A/B)/C = A/(CeB) (uncurrying). For
essential use of product, in the antecedent, see the treatment of past participles in Morrill (2011[81]), of
which the assignment to loved in Chapter 11 here is a discontinuous generalisation.

8.4 Discontinuous multiplicatives

The discontinuous multiplicatives {T, |, ©, J} of Figure 8.2, the displacement connectives, Morrill and
Valentin (2010[70]), Morrill, Valentin and Fadda (2011[79]), are defined in relation to intercalation; they
are the basic means of obtaining displacement effects.

>The continuous unit can be used together with additive disjunction to express the optionality of a complement as in
eats: (N\S)/(N@I) for John eats fish: S and John eats: S. It can also we used in conjunction with difference to prevent the null
string being supplied as argument to an intensifier as in very: (CN/CN)/((CN/CN) — I) for very tall man: CN but very man: CN.
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5 C;IT'= By C2,’A(€:Z):>D:a) L C;l"lk?:y:»(f:)( R
. G W ACTB:x [k T) = D: w{(x ¢)/z} ¢ GI'= CTB: Ayx ¢
6 ;I = A9 Cz;A(?:z):»D:a) L C;Z:x|kF=>C:)(
' LU AMTLALG ) = D:oly ¢)/2) T GT = ALC: Ay
E(A: : : ;T A: ;T B:
- (Z i B »=>Diw oL CTi=> A0 1= ll}@kR
E(AGB: z) = D: w{miz/x, Tz/y} QUi T k2 = AoB
. E(1) = A P

T
E(‘]’:x):A:gbI 1=]:0

Figure 8.2: Discontinuous multiplicative rules

When the value of the k subscript is one it may be omitted, i.e. it defaults to one. Circumfixation,
T, is exemplified by a discontinuous idiom assignment gives+1+the+cold+shoulder: (N\S)TN: shun for
Mary gives the man the cold shoulder: S: ((shun (1 man)) m):

CN = CN N:>N/L N=N S:>S\L
39 N/CN,CN=N N,N\S=S§ L
N, (N\S)TN{N/CN,CN} =S

Infixation, |, and extractation together are exemplified by a quantifier assignment
everyone: (STN)|S: AxVy[(person y) — (x y)]
simulating Montague’s S14 quantifying in:
.,N,...=S§

TR
40) ...,1,... > STN $§=S
...,(8TN)|S,... =S

Circumfixation and discontinuous product, ®, are illustrated in an assignment to a relative pronoun
that: (CN\CN)/((STN)®I): AxAyAz[(y z) A (r11x 2)]

allowing both peripheral and medial extraction, that John likes: CN\CN: AyAz[(y z) A ((like z) j)] and
that John saw today: CN\CN: AyAz[(y z) A (today ((see z) j))]:

N, (N\S)/N,N = S
N, (N\S)/N,1= SIN =1
N, (N\S)/N = (STN)el CN\CN = CN\CN
(CN\CN)/((STN)®I), N, (N\S)/N = CN\CN

IL

(41)

N, (N\S)/N,N,S\S = S
N, (N\S)/N,1,5\S = STN =1 oR
N, (N\S)/N, 5\S = (STN)ol CN\CN = CN\CN
(CN\CN)/((STN)®I), N, (N\S)/N, S\S = CN\CN

3Use of the discontinuous product unit, ], in conjunction with difference is illustrated in a pronoun assignment him: ((STN)TN)—
(Jo((N\S)TN))|2(STN) blocking a subject antecedent (a Principle B effect).

IL
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8.5 Additives

The additive conjunction and disjunction {&, @} of Figure 8.3, Lambek (1961[44]), Morrill (1990[57]),
and Kanazawa (1992[32]), capture polymorphism.

H(A: : =(B: C:
o A:xy=Cix e, (B:y)=C:x el
E(A&B:z) = C: x{mz/x} B(A&B:z) = C: x{raz/y}
E=A:¢ E= By
E = A&B: (¢, ¢)
10. E(Z:x} =Cx E(?: w=Cx oL

E<A®§:Z> = Ciz—>x. X1, ¥.X2

E= A 2= By

——— ®R, — 8RRy
E = A®B: 11¢ E = A®B: Y

Figure 8.3: Additive rules
For example the additive conjunction & can be used for rice: N&CN: ((gen rice), rice) as in rice grows: S: (grow (gen rice))
and the rice grows: S: (grow (L rice)):
N=N
— &I
(43) N&CN = N $5=S
N&CN,N\S=§

The additive disjunction & can be used for is: (N\S)/(N®(CN/CN)): AxAyx — z.[z = yl;w.(w Auly =
u]) y) as in Tully is Cicero: S: [t = c] and Tully is humanist: S: ((humanist Au[t = u]) 1):

N/CN,CN,N\§ =S
\L N/CN,N&CN,N\S=S

NoN o CN/CN= CN/CN_
(44) N = N&(CN/CN) = N\S= N\S . CNJCN = Ne(CN/CN) 2 N\S = N\S )
(N\S)/(N&(CN/CN)), N = N\S (N\S)/(N®&(CN/CN)), CN/CN = N\S

8.6 Quantifiers

The 1st order quantifiers { A, \/} of Figure 8.4, Morrill (1994[80]), have application to features.



8.7. NORMAL MODALITIES 57

E(A[t/vi:x) = By I E = Ala/v]: ¢

11. P A — +
2( )\ vA:2) = B:l(z t)/x) E= /\vA:idvg
" E(A[a/vi:x) = B:y e E = Alt/o]:
| E(\/ vA:z) = B: {moz/x} E= \/ vA: (t, D)

Figure 8.4: Quantifier rules; * indicates that there is no a in the conclusion

For example, we can generalise over singular and plural number in sheep: A nCNn: An(n sheep) for
the sheep grazes: S: (graze (1 (sg sheep))) and the sheep graze: S: (graze (1 (pl sheep))):

CNsg = CNsg CNpl = CNpl
45— NL —— AL
/\ nCNn = CNsg /\ nCNn = CNpl

And we can express a past, present or future tense finite sentence complement:

said: (N\S)/ \ / £S£(t): Ax(say (myx o))
in
John said Mary walked: S: ((say (past (walk m))) j),
John said Mary walks: S: ((say (pres (walk m))) j)

and
John said Mary will walk: S: ((say (fut (walk m))) j) :

Sf(past) = Sf(past) Sf(pres) = Sf(pres) Sf(fut) = Sf(fut)
) R R
Sf(past) = \/ ts£(t) Sf(pres) = \/ tsf(t) Sf(futy = \/ tsf()

8.7 Normal modalities

With respect to the normal modalities {0, ¢} of Figure 8.5, Morrill (1990[59]) and Moortgat (1997[54]),
the universal has application to intensionality. For example, for a propositional attitude verb we can have

= . . A A:
5 B =By 0 EESAG L
E(OA:z) = B: Y{Vz/x} XE = 0A: "¢
1 NE(A:x) = 4B: Y E=A¢
' RE(CA:z) = 6B: P{¥z/x} E=0A:"

Figure 8.5: Normal modality rules; /4 marks a structure all the types of which have principal connective
a box/diamond

an assignment believes: O((N\S)/0S): believe with a modality outermost since the word, like all words,
has a sense, and its sentential complement is an intensional domain, but its subject is not.*
8.8 Bracket modalities

The bracket modalities {[ ]!, ()} of Figure 8.6, Morrill (1992[60]) and Moortgat (1995[53]), have applica-
tion to syntactical domains such as islands. They are semantically transparent. For example, walks: ()N\S:

4The existential normal modality has no application known to us, but we think a candidate may be dynamic semantics, when the
indices are interpreted like discourse markers.
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EZ: B: = A:
15. <_f>:> 4 [17'L —H[ ]:>_1 i [17'R
E([1A:x]) = B: ¢ E=[17A¢
B([A: : E= A
” E([A:x]) = B: . = A R

A0 oBe T [Es o

Figure 8.6: Bracket modality rules

walk for the sentential subject condition, and
before: [ |71 (VP\VP)/VP: AxAyAz((before (x z)) (v z))

for the adverbial island constraint, which are weak islands, and can contain parasitic gaps, see the next
section; for a strong island such as a coordinate structure, which cannot contain a parasitic gap, we define
doubly bracketed strong islands — and: (S\[]7[]71S)/S: AxAy[y A x].

$=S§
————[I"L
NoN msi=s
(47) a. [N]= ON S=3S§ = b. S§=S§ [17HIsI =S
[N], ON\S §=S [[S, S\[17'[1'S]1=S s

(S, S\[17'[1719)/Sl1 =S
Without bracket modalities we do not capture the Coordinate Structure Constraint (CSC) that coordinate
structures are islands to left extraction such as relativisation, e.g.

+man that John laughs and Mary likes
would be derived from the theorem

CN, (CN\CN)/(S/N),N,N\S, (5\S)/S,N,(N\S)/N = CN.

8.9 Subexponentials

The exponentials {!, ?} of Figure 8.7, Girard (1987[22]), Barry et al. (1991[9]), Morrill (1994[80], 2002[62]),
2011[81]) and Morrill and Valentin (2015[73], have application to sharing. Using the universal exponential,
1, we can assign to a relative pronoun thus:

that: (CN\CN)/(5/!N): AxAyAz[(y z) A (x 2)]
allowing parasitic extraction, Morrill (2011[81]), Morrill and Valentin (2015[73]), such as
paper that John filed without reading: CN: Az[(paper z) A [((file 2) j) A =((read z) j)]],

where parasitic gaps can appear only in (weak) islands, but can be iterated in (weak) subislands (see Chap-
ter 16).> Using the existential exponential, ?, we can assign a coordinator type and: (?5\S)/S: (a™ and)
allowing iterated coordination as in I came, I saw and I conquered: N: [(come i) A [(see i) A (conquer i)]]
where a" is a map apply function; see Chapter 14.

5The universal exponential enjoys the laws !A = A and !A = !!A of S4 modal logic, which are derived as follows:

A=A
P

A=A A=A
P IR

i) a. A=A b. A =1A
L IR

1A= A A =11A
L

A=A
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ECoA T T =By G = A

! IR,C+0
E(GTI,1Aix, ) = By G =1A:0¢

17.

E(GI,Ax, ) = By P
EQCW{A:x);T, 1) = By

E(C w {AO: xO/ e /An: xn}; rl/ [{AO: ]/0/ e /An: ]/n}/ FZ]/ r3) = B: ¢’ VC
E(CW{Ag: X0, ... Api Xl T, T2, T3) = Brip{xo/yo, - -, Xn/Yu)
E(A:x1) = D:w([x1]) H(A:x1, A:x3) = D:w([x1, x2])

18. o
E(?A:x) = D:w(x)

E=A0 R GCI=A:¢ C’;Aﬁ?A:gb?
E=2A:[p] CWwi;T,A=2A:ply]

Figure 8.7: Exponential rules

8.10 Semantically inactive connectives

The semantically inactive multiplicatives {e—, —0, o—, -, ©, @, 1, &, 7, ¢, ®, @} of Figures 8.8 and 8.9,
Morrill and Valentin (2014[72]), can be used for the subcategorization without vacuous lambda abstraction
of semantically void elements. For example:

(48) a. rains:it—oS: rain for it rains: S: rain
b. give: (N\S)/(NOthe + cold+shoulder): shun

This is a type logical formulation of the old idea that heads can co-occur with fixed strings to yield non-
compositional meanings, and it runs up against the standard problem that some such strings can be compo-
sitionally modified, for example:

(49) John gave Mary the same offensively cold shoulder that she gave him.

(Gazdar et al. 1985[21]), i.e. there is semi-compositionality, or semi-idiomaticity, depending on whether
we want to see the bottle as half empty or as half full. In the face of this dilemma it seems we can only
let the grammar decide and take consolation in the fact that all grammars leak. We shall in fact assume a
treatment of the form (48b), and we suggest that (49) is interpreted by ‘poetic license’.

The semantically inactive additives {r1, U} of Figure 8.10, Morrill (1994[80]), can be used for poly-
morphism which is syntactic but not semantically active. For example (assuming as semantics an identity
function across types), to: (PP/N)(VP/VP): Axx for

to Paris: PP and to run: VP and thinks: (N\S)/(SUCP): think

for
John thinks Suzy sings: S: ((think (sing s)) j)

and
John thinks that Suzy sings: S: ((¢think (sing s)) j).

The semantically inactive first-order quantifiers of Figure 8.11, see Morrill (1994[80]), have application
to syntactic features. For example, to transmit number agreement features in a definite noun phrase there
can be an assignment the: Vn(Nt(n)/CNn): ¢ indicating that the number and gender on a definite noun
phrase come from its head. And in a sentence, likes: (AgNt(s(¢))\S)/3aNa): like indicating that the
object can have any agreement features but the subject must be third person singular, of any gender.
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19 T =By E(C’;Al(ﬁzz),A2):>D:a) . C;F,?:y::»C:)( R
' E(CWT; A, (CoB:x,T), As) = D: 0{0/z} GT = Ce—B:0

2 CT=Ag B M, (Ciz),A) = Diw . CA:xT=Cy <
' E(CWT; Ay, (T, A=C: ), Ar) = D: wly/z) GT = AoCix

21 E(Z:x,_B):y)zD:a) . Chi= A9 (T, =By
: ©

E(AOB:z) = D: wfz/y} CWi;T, T, = AOB: Y

n T =By E(C’;Al(ézz),Az):D:w . C;F,ﬁ:yzC:)( R
' E(CWT; Ay, (CoB:x,T), A)) = D: wix/z) T = Co-B:y

’s CT=Ag B M, (Ciz),A) = Diw . CA:xT=Cy .
' E(CWT; A, (T, A—C: ), Ar) = D: w{0/2) GT = A—C:0

4 E(A:x,B:y) = D:w . Chi=A¢ C;T=>By
. E(ADB:z) = D: wiz/x} ? Cw(;T, T, = A0B: ¢

Figure 8.8: Semantically inactive continuous multiplicative rules

With respect to the semantically inactive modalities {m, ¢} of Figure 8.12, Hepple (1990[27]) and
Morrill (1994[80]), the universal can be applied to classify rigid designators such as proper names as in
e.g. John: mN:j.

The deterministic synthetic multiplicatives of Figure 8.13, left and right projection and injection {<7!,
>~1, <, >}, Morrill et al. (2009[78]), and split and bridge {*, "}, Morrill and Merenciano (1996[69]), are
abbreviatory unary operators. By way of example, a relative pronoun assignment allowing both peripheral
and medial extraction may now be expressed that: (CN\CN)/*(STN): AxAyAz[(y z) A (x z)].

The continuous and discontinuous non-deterministic synthetic multiplicatives {+, o, é, l, o} of Fig-
ure 8.14, Morrill, Valentin and Fadda (2011[79]), are abbreviatory binary operators. By way of example of
the continuous operators, an adsentential preposition can be allowed to appear both sentence initially and
sentence finally by an assignment such as in: (5+S)/N: in for e.g.

in summer John swims: S: ((in summer) (swim j))

and
John swims in summer: S: ((in summer) (swim j)),

and complement alternation can be expressed in e.g. talks: (N\S)/(PPtooPPabout): talk for both
John talks to Mary about Bill: S: ((talk (m, b)) j)

and
John talks about Bill to Mary: S: ((falk (m, b)) j).
By way of example of the discontinuous operators, the particle shift of a particle verb can be captured

by e.g. calls+1+up+1:"(N \S)éN : phone which produces both John calls Mary up: S: ((phone m) j) and
John calls up Mary: S: ((phone m) j).
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o5 I =By E(C’;AM?:Z),AZ):D:w C;FlkﬁzyﬁC:X
' ECWT; A, (CTiB: x [ T), Ay) = D: wfx/2) GT=ChB:y
6 GT=Ap QAL (Ciz),A) = Diw GA:xkT = Cix
' QLY A T ASC: vy, Ag) = D:w{0/z) T = ALC:0
- Q(Z:xlk?:w:D:w - G = A C’;r2:>BilPO R
Q(A®B:z) = D: wiz/y) CWl;T [ T2 = A®B: ¢
08 GI=B¢ Q(C’;Al(ézz),Az)ﬁD:a) C;l"lk?:y:»C:)(
' QCWT; Ay, (CTB:x i T), Ay) = D: w{0/2) GT=CB:0
2 GT=Ad QAL (Ciz),A) = Diw GA:xT=Cix <
' QLY T; AT [ ASC: 1), A7) = D: wly/2) CT=AGCy
Q(Z:xlk_B):w:D:w Chi=A¢ ;=B

30. oL , R
Q(AeB:z) = D: w{z/x) CYC;T k2= AekB: ¢

Figure 8.9: Semantically inactive discontinuous multiplicative rules

E(B:y)= Cix
E(ANB:y) = C: x

= Z: x) = C:
a1 (A:x) X L,
E(AMB:x) = C: x

E= Ay =By

MR
2= AMB: x

E(A:z2)=>Cyxy EB:z2)=Cy N
B(AUB:z) = C: x

32.

E= A0

2= By
— T R
2= AUB: ¢

— R,
B = AUB:1p

Figure 8.10: Semantically inactive additive rules

E(A[t/vi:x) = By v

E = Ala/v]: ¢
—— VRt
E(m:x) =By

B = VoA: ¢

33.

E(A[a/v}: x) = B: rt E=Alt/v]:¢ R

34.
E(ﬂ: x) = By E= JA: ¢

Figure 8.11: Semantically inactive quantifier rules; ' indicates that there is no a in the conclusion
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E(A: . 2= A:

35. A =By il
E(mA:x) = B: Y RE = mA: ¢

6. RE(A:x) = eB: ¢ E= A

oo
RE(OA: x) = ©B: ) E= ¢Ar

Figure 8.12: Semantically inactive normal modality rules; X/4 marks a structure all the types of which
have principal connective a box/diamond

BAx =By | GL1=4¢

37. <17, —1R
E(A:x,1) = By GT =< A:¢
E(A: : ;1,T = A
- An=By L = O i
E(1,A:x) = By GT =140
BE(A:x,1 : T = A:
39. (Axvh=b ljD<1L —¢<
E(<A:x) = B: GL1= <A
= : : ;= A:
0. (1,A:x)y= B v, C ¢
E(-A:x) = By GLT=rA¢
41 5(B: y=Cyx . GAKA= Ay R
. 5('k_B):y|kA):C:X GA=TAY
o EBkNsCx o GAsAY
' ECBiy) = Cix GAKA= Ay

Figure 8.13: Deterministic synthetic multiplicative rules
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GT=A¢ B(l; M, (C:2), Ay) = D:w T A (; A1, (C:2),Ar) = D w
43. <1 <L,
E(CWT; A, (T, B=A: ), A2) = D:wl(y ¢)/z} E(CW; A, <F+7i: y,T),A2) = D:wi{(y ¢)/z}

C;X:x,l":)C:)( C;F,Z:xﬁC:X
+R

T = C+A: Axx

E(Z:x,?: y)=D:w E(ﬁ: y,Z:x) = D:w
44. oL
B(AoB:z) = D: wimz/x, Toz/y}

G = A ;I =By I =By Uil = A
oRy oR,
CW{';T1, Ty = AoB: (¢, 1) CW{';T, Ty = AoB: (¢, 1)
GI= Ay E(A,(Bi2),A) = Diw GrhBiy=Cx - CllogBiy=Cx
45. — 4L, 2R
E(CWT; A, (BéA:x kI, A2) = D:wf(x )/z} Gr= CLB: Ayx
GT= A B(U; A1, (B:2), Ay) = D:w GA:xhT=Cy GA:xluT = Cx
46. — IL YR
E(CWT; AL (T [k AZB: y), Ag) = D: wl(y §)/z) 4T = AZC: Axy
E(X:xhﬁ:y)::»D:w E(X:xISA?:y>:>D:(u Ty = A ;I =By
47. oL oR
E(AoB:z) = D: w{mz/x, nz/y) CW{;T1[k T2 = AoB: (¢, 1)

Figure 8.14: Non-deterministic synthetic multiplicative rules
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8.11 Limited contraction and limited expansion

The limited contraction and limited expansion of Figure 8.15 can be used for anaphora and for words as
types respectively.

GT=> A0 C’;A(Z:x;?:y)zD:a)

48, L
Cw; AT; BIA: z) = D:wl¢/x, (z ) /y) |
C;I’(I?o:yoz...:B_;:yn)ﬁD:a) R
GT(BolA:zg : ... : By|A:z,) = DIA: Axw{(z0 X)/Yo, - - -, (Zn X)/Yn)
(A A: 2 . .
1. (A) = A:¢ i E(vix, @ y) = Diw "
E(T:x) = A B+ w:z) = D:wlz/x,z/y)

g wh=>ve Gh=wd R
A=0:0 Wiy, Ty = v+ w0

Figure 8.15: Limited contraction and limited expansion rules

The limited contraction, |, of Jager (2005[29]), can be used for anaphora in an assignment like it:
(STN)L(SIN): Axx for, e.g., the company; said it; flourished: S: ((say (flourish (1 company))) (1 company)),
and it can be used for such that relativisation in an assignment such that: (CN\CN)/ (S|N): AxAyAz[(y z)A
(x 2)] for, say, man such that; he; thinks Mary loves him;: CN: Az[(man z) A ((think ((love z) m)) z)]; see
Chapter 13. The limited expansion can be used for words as types as in Morrill and Valentin (2014[72])
for semantically void words. For example rains: it\S: Axrain for it rains.

8.12 Difference

i, I=> A0 CZ;A<Z:x):>B:¢C ;
u
C1 WGy AI) = B:{op/x}

(50)

Negation as failure:®

(51) 50. —A R ¥FA= A

A=
Difference: A — B = A&—B:
A=A
(52) ———— R, ¥A>B
A=>A-B

SFor difference — (connective number 50), however, Cut is not appropriate. We consider this a metalogical connective which is
added to the system for which Cut-elimination has been proved.
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Even in Cut-free sequent proof search there are in general many sequent proofs for each theorem,
differing in inessential rule reorderings. And in particular, in Cut-free hedge sequent proof search there
are in general many semantically equivalent hedge sequent proofs for each theorem, giving rise to great
redundancy in hedge sequent calculus parsing/theorem proving. In this part we present Andreoli’s method
of ‘focusing’ for greatly reducing the redundancy of hedge sequent calculus. In addition, theorems are
subject to van Benthem’s ‘count’ invariance properties necessary (though not sufficient) for theoremhood.
In this part we also present infinitary count invariance for categorial logic including subexponentials, which
can be used in hedge sequent calculus proof search to filter hedge sequents and subsequents by rapidly
establishing non-count invariance and hence non-provability.
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Chapter 9

Focalised Sequent Calculus

Categorial grammar operates under the slogans ‘grammar as logic’ and ‘parsing as deduction’. The gram-
mar is a substructural, indeed sublinear, logic such as displacement logic, and the parsing paradigm is
typically backward-chaining sequent proof-search. Spurious ambiguity is the phenomenon whereby dis-
tinct derivations in grammar may assign the same structural reading, resulting in redundancy in the parse
search space and inefficiency in parsing. Understanding the problem depends on identifying the essential
mathematical structure of derivations. This is trivial in the case of CFG, where the parse structures are
ordered trees; in the case of categorial grammar, the parse structures are proof nets. However, with respect
to multiplicatives intrinsic proof nets have not yet been given for displacement calculus D, and proof nets
for additives, for example, which have applications to polymorphism, are complex. In this chapter we ap-
proach parsing as deduction for Full Displacement Logic FDL by means of the proof-theoretic technique
of focalisation, and we prove completeness for the case of displacement calculus with additives DA.

9.1 Spurious ambiguity

9.1.1 Introduction

In CFG sequential rewriting derivations exhibit spurious ambiguity: distinct rewriting derivations may
correspond to the same parse structure (tree) and the same structural reading. In this case it is transparent to
develop parsing algorithms avoiding spurious ambiguity by reference to parse trees. In categorial grammar
(CG) the problem is more subtle. The Cut-free Lambek sequent proof search space is finite, but involves a
combinatorial explosion of spuriously ambiguous sequential proofs: sequent proofs of the same endsequent
with the same Curry-Howard term reading. This can be understood, analogously to CFG, as inessential rule
reorderings, which we can parallelise in underlying geometric parse structures which are (planar) proof
nets. The planarity of Lambek proof nets reflects that the formalism is continuous or concatenative. But the
challenge of natural grammar is discontinuity or apparent movement, whereby there is syntactic/semantic
mismatch, or elements appearing out of place. Hence the subsumption of Lambek calculus, as a logic of
strings with appending, by displacement calculus D, as a logic of strings with holes including plugging as
well as appending (Morrill et al. 2011[79]).

Proof nets for D must be partially nonplanar; steps towards intrinsic correctness criteria for displace-
ment proof nets are made in Fadda (2010[19]) and Moot (2014[55]). However, even in the case of Lambek
calculus, in our experience parsing by reference to intrinsic criteria (Morrill 2011[81] appendix B, Moot
and Retoré 2012[56]) is not more efficient than parsing by reference to extrinsic criteria of normalised
sequent calculus (Hendriks 1993[25], Morrill 2011[63], 2012[64]). In its turn, on the other hand, normal-
isation does not extend to product left rules and product unit left rules, nor to additives. The focalisation
of Andreoli (1992[5]) represents a methodology midway between proof nets and normalisation. Here we
apply the focusing discipline to the parsing as deduction of FDL.
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N=N S=S§ N=N 5=S
-  \L —\L
N=N N,N\S=S§ N,N\S=S§
/L ——\R
N,(N\S)/N,N=S N\S = N\S S=S
Y /L
(N\S)/N,N = N\S S$=S§ CN=CN S/(N\S),N\S = S
/L /L
CN=CN S/(N\S),(N\S)/N,N =S N=N (S/(N\S))/CN,CN,N\S = S
/L /L
(S/(N\S))/CN,CN,(N\S)/N,N = S (S/(N\S))/CN,CN,(N\S)/N,N = S

Figure 9.1: Spurious ambiguity

9.1.2 Spurious ambiguity in CFG and CG

Consider the following production rules:

(33) S—>QVP
Q — Det CN
VP - TV N

These generate the following sequential rewriting derivations:

(54) S — Q VP — Det CN VP — Det CN TV N
S—>QVP—>QTVN — Det CNTV N

These sequential rewriting derivations correspond to the same parellelised parse structure:
/ S \

Q %45

Det CN TV N

And they correspond to the same structural reading; sequential rewriting has spurious ambiguity.
Recall the definitions of types, configurations and sequents in the Lambek calculus L (Lambek 1958[46]),
in terms of a set P of primitive types, where A is the metalinguistic empty string:

(56) Types F == P |F\F | F/F | FoF
Configurations O := A | F | 0,0
Sequents Z :=0 = F

A(T) indicates a configuration A and a distinguished subconfiguration I'; the logical rules of L are:
I'-A AC)=D L A,F:>C\R
AA\C)=>D I'= A\C

(55)

(57)

I=B A(C):DL re=c
A(C/B,T) =D T = C/B

AA,B)=D L In=A4 In=B

_— e

A(AeB) = D I',T, = AeB
Even amongst Cut-free proofs there is spurious ambiguity; consider for example the sequential derivations
of Figure 9.1. These have the same parallelised parse structure (proof net), given in Figure 9.2.

Lambek proof structures are planar graphs which must satisfy certain global and local properties to
be correct as proofs (proof nets). Proof nets provide a geometric perspective on derivational equiva-
lence. Alternatively we may identify the same algebraic parse structure (Curry-Howard term): ((xpet XcN)
Ax((xry xN) x)) for the categorial examples here.
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NS |
N4 Y
| ~_ | NS

Figure 9.2: Proof net

9.2 Focalisation for FDL

The discipline of focalisation depends fundamentally on the distinction between invertible and noninvert-
ible rules. A rule is invertible (or reversable) if its premises are derivable from its conclusion — for example
\R and @L — otherwise it is noninvertible. In focalisation situated (antecedent, input, ® / succedent, output,
°) connectives are classified as of negative (asynchronous) or positive (synchronous) polarity according as
their rule is invertible or not respectively. There are alternating phases of don’t-care non-deterministic
negative rule application, and positive rule application locking on to focalised formulas. Given a sequent,
invertible rules are applied in a don’t care non-determinitic fashion until no longer possible. Once given
a subgoal with no occurrences of negative formulas, one chooses a positive formula as principal formula;
we say it is focalised — in our presentation this formula is boxed — and we apply proof search to its
subformulas while these remain positive. When one finds a negative formula or a literal, invertible rules
are applied in a don’t care non-determinitic fashion again until no longer possible, when another positive
formula is chosen, and so on.

We define input and output synchronous and asynchronous types of FDL, P, Q, N, M, as follows:

(58) Synch.output P AeB° | I° | AOxB° | J° | A®B° | \/ vA° | OA° | JA° | 2A°
AQB° | ADB° | A®.B° | AeyB° | ALIB® | J0A° | #A° | <A° |»A° | *A° |

AoB° | AoB®

Synch.input ~ Q u= A\C®|C/B*|Al«C® | CTtB® | A&B® | \vA® | OA® |[]1A® | 1A°|
A—oC® | Ce—B* | A—eC® | Co—B® | Ab;C* | C?B* | A C* | CT(B* |
AMB® | YoA® | mA® | <1A® [»~1A® | *A® | C=A® | AZC* | CEB®

Asynch.output N u=  A\C®|C/B°| ALC® | CTxB° | A&B® | \vA® | DA |[]71A° | 1A° |
A—oC° | Co-B° | A—eC® | Co-B° | Ab,C° | CTB° | AbC® | CTyB° |
AMB® | VoA | mA® | <1A° |»71A° | #A® | C2A° | AZC® | CEB°

Asynch.input M =  AeB*|I° | AGkB® | J* | A®B* | \/ vA® | OA® | QA® | 2A° |
AQB* | ADB* | A®.B* | AeyB* | ALIB® | J0A* | #A°* | <A* |»A® | *A® |
AoB* | AoB®

Sequents now include stoups Z which are lists of sort 0 types to which structural rules can apply. Sequents
with such stoups can be defined:
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(59) Stoup
Config

0 | Tpg, Stoup
A|1|Tpg | Tp;, ,{Config : ... : Config} | Config, Config | [Stoup; Config]

>0

i Config’s
The definition of sequents X is:
(60) X ::= Stoup; Config = Tp° such that s(Config) = s(Tp°)
The focused sequent calculus for this categorial logic is defined in the following sections.
9.3 Asynchronous rules

———id, P atomic
1) ?:x = P:x

9.3.1 Primary connectives

1 C;F,?:y:C:X R 5 C;Z:x,l"=>C:)(
' GT = C/B: Ay T = A\C Axy
E(Z:x,?: v =>D:w E(A) = A0
3. ol 4 =
E(AeB:z) = D: wl{mz/x, Tz/y} E(T:x) = A: ¢
5 C;Flk_B):yﬁC)( R 6 C;Z:xlkl":C:)(
. k .
GT = CTiB: Ayx GT = ALC:Axy
; E@A:x|B:y) = D:w . E(1) = A
. ©) = NN
E(AQB: z) = D: w{miz/x, mpz/y} ¢ 5(71 x) = A:d
Figure 9.3: Asynchronous multiplicative rules
E=A:¢ E=B:y
9.
E = A&B: (¢, V)
EA:x)=>Cxyi EBiy)=Cr
10. ®L
E(AGB_B):z) = Ciz—>x.X1; Y. X2
Figure 9.4: Asynchronous additive rules
E = Ala/v]: E(A[a/v]: x) = B: Y
11. P AR 1 VLt

2= [\ vA:dog 5(\/ vA:2) = B:ylmaz/x)

Figure 9.5: Asynchronous quantifier rules, where ' indicates that there is no a in the conclusion
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2= A B(A: :
. NE = A: ¢ R 14 [xu(z.x) = $B: ¢
XE = 0A: "¢ RE(CA: z) = #B: h(Vz/x}

Figure 9.6: Asynchronous normal modality rules; X/4 marks a structure all the types of which have
principal connective a box/diamond

= A: =([A: .
5 ElEAe L E([A:x]) = By

. L
E=[]A¢ E(OA:x) = By v

Figure 9.7: Asynchronous bracket modality rules

GA=> A9 R
GA=AD

E(CW{A:x}; T, T2) = By P
B(G T, 1Aix, Th) = B:y .

Figure 9.8: Asynchronous subexponential rules
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9.3.2 Semantically inactive variants

C;F,—B>:y:>C:)( C;Z:x,F=>C:)(
—————— R —— R

19. 20.
;T = Ce-B:0 T=AoCy
T, B: : ;A :

0, G By=Cx o o GA:xT = Cix "R
GI'= Co-B:x ;T = A—C:0

E(Z:x,?:y) = D:w
23. oL
E(AO§:2> = D:wiz/y}
o4 a(Z:x,?:y) = D:w

L
E(KC_D_B):Z) = D:wiz/x} ?

Figure 9.9: Asynchronous semantically inactive continuous multiplicative rules

;T ?: = C: ;Z: I'=C:

25, GTlkB:y X tR 26 GA:xk X LR
GT=ChB:x T = ALC0
C;Flk?:yﬁc:)( C;Z:xlkl’:c:)(

27. ?.R 28 .
T = CB:0 T = ALCix

29 E(Z:xlk?:y) = D:w
’ E(A™B:z) = D: wlz/y)
= Z:x ?: =>D:w

30, (A:xlx B:y) oL

E(AOk_B):z) = D: w{z/x}

Figure 9.10: Asynchronous semantically inactive discontinuous multiplicative rules
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= Ax 2= By
2= AMB: x

[

MR

31.

EA:2)=>Cx  EB:z2)=Cyx L
E(ALUB:z) = C:

32.

Figure 9.11: Asynchronous semantically inactive additive rules

B = Ala/v]: ¢ VR' 34, E(A[a/v]:x) = B:y -
E = VYoA:¢ E(TA:x) = By

Figure 9.12: Asynchronous semantically inactive quantifier rules, where © indicates that there is no a in the

conclusion

RE = A: RE(A:x) = ©B:
NE = WA: RE(®A:x) = £B: ¢

Figure 9.13: Asynchronous semantically inactive normal modality rules; X/4 marks a structure all the

types of which have principal connective a box/diamond
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9.3.3 Unary synthetic multiplicatives

o GD1=46 o E(A:x,1) = B: v,
"> <A B )= By
;1,T = A:
39, C—jqb,;l]{
G =»1A:0
i u<171’x>=>3¢
E(A:x) = By
GAKA= By o E(?:ylkA>=>C:XAkL
GA="B:y C EGBiyy=>Cix

Figure 9.14: Asynchronous deterministic synthetic multiplicative rules

9.3.4 Binary synthetic multiplicatives

C;Z:x,FﬁC:){ C;I’,Z:x=>C:)( R

43.
G = C+A: Axy
u“ E(Z: ? w=Dw H(ﬁ y,z x)=>D:w oL
. wﬂa’ z) = D:w{mz/x, mz/y}
45 GIhB:y=>Cx - GTle-w B: y=Cixpp
' GT = CEB: Ayy
" GA:xhT=Cx - Zx|sAr=>chR
I = A= C/\x)(
o EA:x Biyy=>Diw - EA:xlaBiy)= Diw o

wﬂa’ z) = D:w{mz/x, mz/y}

Figure 9.15: Asynchronous non-deterministic synthetic multiplicative rules
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9.4 Synchronous left rules

id, if atomic_focus(inp, P)

62) :x = P:x

9.4.1 Primary connectives

C_,l;l"::lp Cz;A(@:z>:D:w/L Ci;T= N:¢y CyA(@:z)ﬁD:a)
Qo A{QPE D = Dol g)zl Qo A(QNY D) = Diwl /)

Cl;l"z:gb Cg;A(WI:z):D:w L CuIT=> My CZ;A(ﬁ:z),AﬁD:a)

/L

G 0 AQM/P |x,T) = D:wl(x §)/2) G Wi A(N/M|x,T) = D:wl(x y)/2)

C1;F:>:q5 Cz;A<@ZZ> =>D:w \L C1;Fﬂi¢ Co; AM:z) = D:w

 Lwinay, (T[P\Q}y) = D:wl(y ¢)/2) C1W G A, (T, : y) = D:wl(y §)/z)

\L

(;T=N:¢ CyA(@:z)ﬁD:a) = ;= N:¢ Co; Ay, (M:2), Ay) = D:w

QW5 AT N\Q y) = D:ol(y §)/z) G Yo AT, : y) = D:ol(y §)/z}

Figure 9.16: Left synchronous continuous multiplicative rules

Cl;l"=>:¢ CZ;A<@:Z>=>D:0) L GI'= N:¢y Cl;A<@:Z)=>D:a)
k
GG A(QUPEX D = Dol )zl Gy A{QIN bxkT) = D:wol(x /2]
GT=[Ply G ;AM:2),A= D:w T =Ny Gy AM:z), Ay) = Diw

k

k
QUOA(MUP KT = Diwl(x)/zd QWi A(MIN x| ) = D:wl(x ¢)/2)

TrL

;T =[Plo CZ;A<@:z>,A = D:w G;T=[Pl¢ oAM= Diw
6. L L

C1W 0y AT : y) = D:wl(y ¢)/z) C1 W G A(T |k : y) = D:wl(y §)/z}

(;T=>N:¢ cz;A<@:z>=>D:w ;= N:¢ G AM:z) = Diw

k lkL
Gy Gy ACT | : B Dol GG ATKNLMEy = Doy )/2)

Figure 9.17: Left synchronous discontinuous multiplicative rules
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—
) x) = C: EM:x)=C: x
9. (et -cux &Ly &Ly
£ Q&B2) = C: x{mz/x} E(M&B|z) = C: x{mz/x)
E(@: )= Cx EM:y) = Cix
&Lz &LZ
2(A&Q}2) = C:xlmaz/y) =(A&M}z) = C:xlmaz/y)
Figure 9.18: Left synchronous additive rules
= t/v] kx) = B: E(M[t/vi:x} = By
" ( Qlt/vl [ x) Y AL AL

e(\oQ2y = Bglen/x)  EQAoMEz) = Biyl(z /)

Figure 9.19: Left synchronous quantifier rules

_
g : B: E(M: B:
(Qfw=By _ =@n=By

13. oL
E(: z) = B:{Vz/x} E(: z) = B:p{Vz/x}
Figure 9.20: Left synchronous normal modality rules
ﬁ
=(Qkn = B EM0 =By
15. v [1'L [17'L

E([17'Qlx) = By E([ 1M 2]) = B:y

Figure 9.21: Left synchronous bracket modality rules
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9.4.2 Semantically inactive variants

CT=[Ply  EC; AM@: 2),A)) = D: w -

E(CWT; A1, (Qe-P|:x,T), A7) = D:wl0/z)

T = : Y E(T; Ay, (]\71: z),A\y) = D:w L

BCWT; A, (MePlx,T),Ay) = D: w{0/2)

20.
E(CWT; M, (T, P—Q | y), A) = D:wly/z)
I = N:¢ E(; N, <@: z),Ar) = D:w L
23 M, (T, [N=Q ), A2) = Diwly/)

o CT=[Ply  EC; AM@: 2),A)) = D: w -
E(CW ;A (Qo-P|x,T), Ag) = D: wix/z}
GT=[Ply BT A, (M:z),A) = D:w .
E(CWT; Ay, Mo—Plx,T), Ay) = D: wlx/z}

L, =Pl son (@ m=ne |

B8 T A (T, [P=Q by, A = Diwol0/2)

GI=N:¢ E(C’;Al,(@:z),Az)ﬁD:w L

2300, (T, [N=Q }y), A2) = D:w(0/2)

79

GT =Ny E(T; Ay, (@: z2),Ar) = D:w

cr=[Plo =@ Qla Do

E(CWT; A1, (Qe-N |x,T), Ag) = D: w{0/2)

GT =My B A, (N:z), M) = Diw

E(CWE AL (Ne=M]:x,T), Ay) = D: w{0/z)

GT=[Ple  E(GA, (M:z),A) = D:w

ECWT; A (T [PoMEy), As) = D:wly/z)

GT =N E(GA, (Miz),A)) = Diw

QW T A, (T, [N=oM | v, A2) = D: wly/z)

GT =Ny E(T; A, (@: z),Ar) = D:w

E(CWC; A, Qo-N|ix,T), Ay) = D:wfx/z)

GT=Myp B A, (N:z), M) = Diw

E(CWE A (No-M|x,T), Ay) = D: wlx/z)

GT=[Ple  EGA, (M:z),A) = D:w

E(CWT; A (T [PMby), As) = D: w{0/2)

GT=N:¢p  E(GA, (Miz),A) = Diw

E(CWT; A, (T, [N=M | v, A) = D: 0{0/2)

Figure 9.22: Left synchronous semantically inactive continuous multiplicative rules

*—

*—

—o

—oL,

o—

o—

—e

—
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25.

26.

27.

28.

CHAPTER 9. FOCALISED SEQUENT CALCULUS

Cr=[Ply B A1<@: ,8) = Diw

k
E(CWT; A1, QNP [x[eT), Ag) = D: wix/z)
C;l"z:»:t,b E(C';Al,(A_)/I:z),Az):D:w -
k
E(CW; A1 (MNP x| T), Ay) = D: wix/z)
Cr=[Ple =(C; A1,<@: 2),Ay) = D:w
kL
E(CW ;AL (Tl : y),Ag) = D:wl{0/z)
GI=N:¢ E(C’;Al,(@:z),Az):D:w
kL
=W T3 AL T [NBQ ), ) = D:wlofz)
or=[Ply scm(@lns=no
E(CWT; A1, QTP [ x[eT), Ag) = D: wf0/z)
GT=[Ply BT A, (M:z),A) = D:w -
k
EQCWT; A, (MYP x| T), Ay) = D: w{0/z)
G = : 0] E(U; Ay, <@: z),A\y) = D:w
&L
=W T3 A TR [PHQ ), 82) = Draly/)
T = N:¢ E(U; A, <@: z),Ar) = D:w LL

=W T3 AT [N6Q ), A2) = Draly/)

G =Ny E(C';Al,(@:z>,A2) = D:w
28¢5 A, (QTN Ex kD), Ay = Diwlx/z)

B(l; A, (N:z),A)) = D:w

L

G = M:y .
k

EQCWGAL (NTM | x| T, Ay) = D: wix/z)

CT=[Plo
E(CW T A, (T | PAM | y), Ag) = D: {0/}

B(G Ay, (M:2), Ay) = D:w

&L

GT =N E(GAL, (Miz), Ay) = Diw

&L
E(CWC; Ay (Tl N &M | y), Ag) = D:wf0/2)

GI=N:yp  B(C;A, <@: 2),82) = Diw
2w A, (QTN D, Ay = Diwl0/2)

B(U; A, (N:z),A)) = D:w

7L

GI=> M:y 0L
k

EQCWGAL (NTM | x| T), A7) = D: w{0/z)

GIr= : ¢
E(CWC; AL (T | PhM | y), Ag) = D wofy/z)

B(G Ay, (M:2), Ag) = D:w
&L

GT=N:gp  E(GAL, (M:z),Ay) = Diw

&L

E(CW T AL (T o NGM ), A2) = D: wly/z)

Figure 9.23: Left synchronous semantically inactive discontinuous multiplicative rules

E(Z\_}I: x)y=>Cx

E(@: x)y=>C:x
‘ E(: x)=C:x

E(@: w=Cyx

31 MLy

ML,

E(: x)y=C:x

E,(]T)/I: w=Cy

ML,

E(: w=Cx

ML,

E(ANM | y) = C:x

Figure 9.24: Semantically inactive additives
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= : : =z : B:
(Qlt/v] x) = B:¢ VL (M[t/vi x) = B:y L
E(YoQ|x) = B:y E(VoM | x) = B: ¢

33.

Figure 9.25: Left synchronous semantically inactive quantifier rules

= : B: E]T)/I: B:
(Qln=ny  =@n=By

E(: xy=B:¢ E(: x)y= B¢

mL

35.

Figure 9.26: Left synchronous semantically inactive normal modality rules
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9.4.3 Unary synthetic multiplicatives

ﬁ
g :X) = B: E(M:x) = B:
37. <@ i LAY, o Y
2(<'Qlx1)= By g(<M|x1)= By
ﬁ
= :X) = B: E(M:x) = B:
38. <@ v LAY, who Y p
(1> Q) x) = B:y 21, [> M Ex) = By
ﬁ
= ) = C: EM:y) = C:
41. <@ 9 X oap Wy AN )

E(*QlylkA) = Cix E(*MEyleA) = Cix

Figure 9.27: Left synchronous deterministic synthetic multiplicative rules

9.4.4 Binary synthetic multiplicatives

c;r:>:¢ E(C’;A1,<@:z),A2):>D:a) . GT=>N:¢p E(C’;Al,@:z,Az)::»D:a) g
~Lq ~H

BC AL TP A) = Diwlly ¢zl ACHT;AT,[QeN by, A = Dial(y ¢)/2)
GI=[Plo WM, Mz2),0)=Dw GT=Nigp B AL (M:z),A)) = Diw

2L

QWAL ([ MaPLy), o) = Diwol(y 9)/z)  EQCWT; Ay (O [MEN 1), A2) = D:wl(y ¢)/2)

43.

+1q

¢GIr= :(p E(T; Al,(@: z),\p) = D:w I GCI'=N:¢ E(C’;Al,(@: z),A2) = D:w .1

~L2

B(CWT; M, QP Ly, 1), M) = D:wi(y §)/) B(CWT; M, (QN|y,T), M) = D:wl(y ¢)/2)

GI=[Ple &M, Mz),0)=>Diw GT=N:¢ B A, (M:z),A) = Diw

+Lp

E(CWT; AL (MP Ly, T),Ay) = D:wl(y ¢)/2) E(CWT; AL (MN [y, T), Ay) = D:wl(y ¢)/z}

+L,

Figure 9.28: Left synchronous continuous non-deterministic synthetic multiplicative rules
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A

. 22 [Pky  E(C;A, @: 2),A2) = D:w Gr=N:g  ECAL(Q M) = Diw
 mcutia,L{QPhxkD, A = Drwls Y)/zl BCW; AL QEN Ex D), Ay) = Diwl(x y)/z)
GT=[Ply  E(TA, (M:2z),A) = Diw y, _GT=Ng B (M:z), M) = D: w
EQCUUAL(MEP [ T), Ay) = Drwf(x )/zh BLWT; Ay, (MEN x| T), Ay) = D:wol(x y)/z)
. Gr=lle =cn, (Qpsy=p0 ,  Gr=Ple  Ca, @M= Do

E(CWC; A (Tl

GI'= N:¢

P=Q L y), A2) = D:wl(y ¢)/2)

E(T; Ay, <@: z),A)) = D:w v

BCWT; A (Tl PEM ), A2) = D:wl(y 6)/2)

GI'= N:¢

B(U; Ay, (M:2), Ay) = D:w

ACW T A, Tk

Figure 9.29: Left synchronous discontinuous non-deterministic synthetic multiplicative rules

N=Q

1Y, A2) = D:wo{(y §)/z)

E(CWT; ATk

N=M |: ), Ay) = D: w{(y $)/z)

\4
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9.5 Synchronous stoup rules

BT, Aix, Tr) = By "
E(Cw{Alx)T, o) =By

E(CW{A]x);Ty, [{A: y};T2],T3) = By c
E(CW{A}x}Ty,Ta,T3) = B:yix/y}

17.

Figure 9.30: Synchronous exponential stoup rules

9.6 Synchronous right rules
63) id, if atomic_focus(out, P)

9.6.1 Primary connectives

GIy :>:qb C/;F2=>:I,D.R Iy :>:gb C’;F2:>N:1P.R

CWwl’;Tq, Ty =|PieP; [ (¢, ) Cw(;I, T, = |PeN[(¢,¥)
CTi=N:¢ ;T =[Ply . Gy = Ni:¢g C’;I’z=>Nz:1//.R
CW;Ty, T, = |NeP | (¢, 1) * CYl;Ty, T2 = | N1eNs [ (¢, )
— IR
4. A=[1}o

Figure 9.31: Right synchronous continuous multiplicative rules

Ghi=[Pil¢  Ta=[Ply CTi=[Ple U= Ny
OkR
CW ;T k[ = | PiokPa [ (¢, ¢) CWl;T [k = | PON [ (o, ¢)

CTi=>N:¢  Th=[Ply GChi=Ni¢ Ty = Nyt

R R
CW;T1 kT2 = | NP [ (¢, ¥) O CYC;T1 k2 = | N1OkN2 (P, 1) ‘

— —JR

8. 1$:OI

Figure 9.32: Right synchronous discontinuous multiplicative rules

k




9.6. SYNCHRONOUS RIGHT RULES
== ; ) E=N:¢
10 — =" gr, —F———6R
== Tpeptos ™ Eo[NeBhug

5:;,;¢ oR E=S Ny oR,
E::ngl/ 2 E::thp

Figure 9.33: Right synchronous additive rules

B = | P[t/v] ¢ E = N[t/v]: ¢
1 E=|VoPl(, ¢) E=|VoN(t, qb)

Figure 9.34: Right synchronous quantifier rules

5:>;¢ E=N:¢p
1 o Topng OF 2=Tontp

Figure 9.35: Right synchronous normal modality rules

_:cp -:>N¢
Er=[orke ¢ E=[onte

Figure 9.36: Right synchronous bracket modality rules

18, E=lpbe SR g
SN E=[N]9]

Gr=[Pl¢ c’,-A:>;¢?M GT=Nip A=Wy
Cwl;T,A=[2PLdly] CWl;T,A= [ IN|[ply]

Figure 9.37: Right synchronous subexponential rules
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9.6.2 Semantically inactive variants

- Ghi =[P} CI;T2=>E|:410R G =[Plg CL=Ny o

Cwl;I, Ty = |PiOP: [y Cw(;T, I = |PON |y
CTi=N:¢  Ta=[Ply Ghi=Ni:¢ Ty = Nyt

R
Cw(;T, T, = |NOP ¢ v CW(;T, T, = |N1ON2 [ ¢
o Ghi=[Pilo O r2:>¢ G =[Plo CL=Ny o

CWwl;I, I, = |PiOP ¢ Cw(;T1, T =|PON ¢
CTi=N:¢  Ta=[Ply Ghi=Ni:¢ Ty = Nyty

OR ,
CW(;T,T, =|NOP|¢ CW(l;I', Iy = [ NiONz [ @

Figure 9.38: Right synchronous rules for semantically inactive continuous multiplicatives

Ghi=[Pilo r2=>¢ T =[Plo Ci= Ny o
COUTk L S [Py el o PN

CTi=N:¢p ;= [Ply Chi=Nig  CiTa=Nay

aR
Col;Ti k[, = N®PEy CW ;T[T = NNy |y

GTi= [Pl cr2:>¢ G =[Plo CL= Ny o
G TS S N

CTi=N:¢ ;D= |Ply Chi=Nizg CF2:>N2¢

@R
CW(;T1 kT2 = |NePEp CWl;T kT2 = [ NieNs |

Figure 9.39: Right synchronous rules for semantically inactive discontinuous multiplicatives



9.6. SYNCHRONOUS RIGHT RULES

2 5:>;¢ . E=N:¢ R
. L B e T 1
2=[PuBl¢ = E=[NuBl¢
= P: 5 = N:
4 LR, —l’buRz
E=|AUP | E=|AUN |y

Figure 9.40: Right synchronous semantically inactive additive rules

8]

:>;¢ E = N[t/v]: ¢
34, — L1 — R
Eo[mrle & E=[3Nk

Figure 9.41: Right synchronous semantically inactive quantifier rules

Figure 9.42: Right synchronous semantically inactive normal modality rules
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9.6.3 Unary synthetic multiplicatives

39 C,T=>:¢ < GI'=N: (P

C Gris[Ple CF1:>¢
C;Fﬁ:qb GI'=N:¢

40, =" g —/—— R
G1,T=[oPl¢ GLT=[>N|¢
C,‘A::’ZIP N GA=N:y xR

R
GAA=|"Ply GALA=[*N|y

Figure 9.43: Right synchronous deterministic synthetic multiplicative rules

9.6.4 Binary synthetic multiplicatives
Ghi= [P} c’-r2=>:¢oR ¢chi=[Ple ¢ =Ny
CWiT, T =[PPl (GY)  CWCTy, T, = PoN|(h,¥)

¢TI :>:<p U;T, =P GTi1=Ni:¢ C';TzﬁNzil,bo
o 1
COlU;Ty, T, = NP y)

CW (T, Ty = | NioNa [ (¢, )
Ghi= [Py O r2=>q5 CTi=>Ny r2=>q5

CWw(;T1, Ty = | P1oPs [ (¢, ¥) CW{;T1, Ty = |PoN (¢, )
CTi=[Ply U= N:o ChisNey OhLsNeg o
Oz

oR
CW(;Ty, T = [NoPl(p,y) ~  CWT;Ty,Ta=|NioNs (o, )

Figure 9.44: Right synchronous continuous non-deterministic derived multiplicative rules

Ghi=[Pile O r2:>¢ GTi=[Ple¢ ;T =By
oR
CYT;T k[ = | ProPa (¢, ¥) CYl;T1 k2= | PoN (¢, )

Ghi=N:¢o ;T =>:1p GIi=Ni:¢p ;T = Nyyp
oR ; o
CWT;Tq [ T2 = | NoP | (¢, ) CWT;T1 2 = | N1oN, [ (¢, ¢)

Figure 9.45: Right synchronous discontinuous non-deterministic synthetic multiplicative rules
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C;F(?o:yo;...;@;...;l?n):yﬁ=>D:w

R
GT(BolA:20;.. 5| QIA] .. BilA: z,) = DIA: Axwl(zo )/ o, -, (2 )y}
C;I’(E)O:yo;...;]\_)/l;...;z:yﬁﬁD:a) R

GT (B z05.. i [MIA .. Bl 20) = DIA: Axaol(zo ¥/ -, (o )/ )

Figure 9.46: Right synchronous rules for limited contraction

49. — WR C; T :W(P Cz,FzﬁW(]ﬁWK
(DA:>O ClUC2,F1,F2=>MO

Figure 9.47: Right synchronous rules for limited expansion
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5 E=Pify  ¥E=[PE  EsS[Ply kESN
' E=|P-P [y E=|P-N|v¢

E:}Nllj }(E::7 R E:>N1211D ¥FE =Ny _

E=|N-P}y E=|N-Na o

Figure 9.48: Right synchronous rules for difference

9.7 Completeness of focalisation for DA

We shall be dealing with three systems: the displacement calculus DA with sequents notated A = A,
the weakly focalised displacement calculus with additives DA¢,. with sequents notated A=, A, and the
strongly focalised displacement calculus with additives DAFp,. with sequents notated A=—A. Sequents
of both DA¢, and DAg, may contain at most one focalised formula, possibly A. When a DA, se-
quent is notated A—,,A < foc, it means that the sequent possibly contains a (unique) focalised formula.
Otherwise, A=A means that the sequent does not contain a focus.

In this section we prove the strong focalisation property for the displacement calculus with additives
DA. The focalisation property for Linear Logic was discovered by Andreoli (1992[5]). In this paper we
follow the proof idea from [47], which we adapt to the intuitionistic non-commutative case DA with twin
multiplicative modes of combination, the continuous (concatenation) and the discontinuous (intercalation)
products. The proof relies heavily on the Cut-elimination property for weakly focalised DA which is proved
in the appendix. In our presentation of focalisation we have avoided the react rules of [5] and [12], and use
instead a simpler, box, notation suitable for non-commutativity.

DAgo is a subsystem of DAgo.. DAgo has the focusing rules foc and Cut rules p-Cut;, p-Cut,,
n-Cut; and n-Cut,' shown in (64), and the synchronous and asynchronous rules displayed before, which
are read as allowing in synchronous rules the occurrence of asynchronous formulas, and in asynchronous
rules as allowing arbitrary sequents with possibly one focalised formula. DAg,. has the focusing rules
but not the Cut rules, and the synchronous and asynchronous rules displayed before, which are such that
focalised sequents cannot contain any complex asynchronous formulas, whereas sequents with at least one
complex asynchronous formula cannot contain a focalised formula. Hence, strongly focalised proof search
operates in alternating asynchronous and synchronous phases. The weakly focalised calculus DAg, is an
intermediate logic which we use to prove the completeness of DAg, for DA.

Ll pe Al

foc
AB)=>,A A=, P

r=.[P]  AP)=yC 0 foc F=uNofe AN p=aC

p-Cuty p-Cut,
A=, C < foc AI)=,,C < foc
I=,POfoc  AP)=,C I=,N ANY=>,,C © foc
n-Cuty n-Cuty
ATI)=,C < foc AT )y=,C < foc

As before, Q and P denote synchronous formulas in input and output position respectively, whereas M
and N denote asynchronous formulas in input and output position respectively; we will abbreviate thus:
left sync., right synch., left async., and right async.. Occurrences of P,Q, M and N are supposed not
to be focalised, which means that their focalised occurrence must be signalled with a box. By contrast,
occurrences of A, B, C may be focalised (if the sequent they occur in is judged < foc) or not. The table
below summarizes the notational convention on formulas P, Q, M and N:

'If it is convenient, we may drop the subscripts.
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input | output
mboxsync. Q P
async. M N
hline

9.7.1 Embedding of DA into DA,

The identity axiom we consider for DA and for both DA¢, and DAg,, is restricted to atomic types;
recalling that atomic types are classified into positive bias A" and negative bias Az :

(65 1If P € Ar*, P=>,[ P |and P=[ P|

IfQ e Ar, @:ZUQ and @:Q

In fact, the Identity rule holds of any type A. It has the following formulation in the sequent calculi consid-
ered here:

A=A in DA
(66) ¢ P=,[P| :wN in DAgoc
P=r =N in DAfgoc
The Identity axiom for arbitrary types is also known as Eta-expansion. Eta-expansion is easy to prove
in both DA and DA, but the same is not the case for DAF,.. This is the reason to consider what we have

called weak focalisation, which helps us to prove smoothly this crucial property for the proof of strong
focalisation.

Theorem 9.7.1 (Embedding of DA into DAg,.) For any configuration A and type A, we have that if
A = A then A=, A.

Proof. We proceed by induction on the length of the derivation of DA proofs. In the following lines, we
apply the induction hypothesis (i.h.) for each premise of DA rules (with the exception of the Identity rule

and the right rules of units):

- Identity axiom:

?::’w@ :>wN
(67) — foc —— foc
?:wp ﬁ:?’wN
- Cut rule: just apply n-Cut.
- Units
—— IR
©8) — IR~ A=[l]
A=1 foc
A=, I
——JR
—JR ~ 1=y ]
(69) 1=] —foc
1=

Left unit rules apply as in the case of DA.

- Left discontinuous product: directly translates.
- Right discontinuous product. There are cases P1®OgPy, N1OxN,, NOkP and POxN. We show one repre-
sentative example:
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=>wN

foc
7:1,, ﬁ:nuN
kR
A=P I'sN A=, P PN =|PoyN
———OKR ~ ¢ k £ n-Cut

AT = PON =N Al N=4[PorN |
= [Fon]

Al T=4POrN

n-Cut

foc

- Left discontinuous Ty rule (the left rule for | is entirely similar). Like in the case for the right discontin-
uous product O rule, we only show one representative example:

?:w@ =>wN .

L
NTkP |k?:>wN A<ﬁ>:>wA
TP AN)=A n-Cut
TeL ~
ANTBLT A =P A{NTP || Py=h o
A(NTP kD=4
foc
AMNTP [ D=,A

- Right discontinuous Ty rule (the right discontinuous rule for | is entirely similar):

AKA =B Al A=>,B

(710) —— R ~ ——— R
A= BTkA A:i’wBTkA

- Product and implicative continuous rules. These follow the same pattern as the discontinuous case. We
interchange the metalinguistic k-th intercalation [ with the metalinguistic concatenation °,’, and we in-
terchange O, Ty and |, with e, /, and \ respectively. Concerning additives, conjunction Right translates
directly and we consider then conjunction Left (disjunction is symmetric):

AP)y=C P&M=,P  A(P)=,C
- &L o~ n-Cut
AP&M) = C AP&MY=>,,C

where by Eta expansion and application of the foc rule, we have P&M=,,P. This completes the proof.

9.7.2 Embedding of DAy, into DAg,

Theorem 9.7.2 (Embedding of DAy, into DAg,.) For any configuration A and type A, we have that if
A=, A with one focalised formula and no asynchronous formula occurrence, then A=A with the same
formula focalised. If A=, A with no focalised formula and with at least one asynchronous formula, then
A=A.

Proof. We proceed by induction on the size of DA, sequents.” We consider Cut-free DA proofs
which match the sequents of this theorem. If the last rule is logical (i.e., it is not an instance of the foc rule)
the i.h. applies directly and we get DAFg, proofs of the same end-sequent. Now, let us suppose that the
last rule is not logical, i.e. it is an instance of the foc rule. Let us suppose that the end sequent A=, A is
a synchronous sequent. Suppose for example that the focalised formula is in the succedent:

For a given type A, the size of A, |A|, is the number of connectives in A. By recursion on configurations we have:

Al == 0
A,Al == JAl+]A| forsA =0
LAl == Al
sA
[A{Ay -t Aall == |A] +I_Z] Al

Moreover, we have:
6 Qp= = 3Dy =u

A= P] = 1A=,P]
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A w| P
1) foc

A=—,P

The sequent A:>w arises from a synchronous rule to which we can apply i.h.. Let us suppose now that
the end-sequent contains at least one asynchronous formula. We see three cases which are illustrative:

(72) & AASBY=|P]
b A(Qp=uBnA
o AlQ)=uALB

We have by Eta expansion that A®k§=w. We apply to this sequent the invertible O left rule,
whence Zlkﬁ=w. In case (72a), we have the following proof in DAg.:

Z |k?ﬁw A<m>=>w
(73) A [ By=[ P]
AR |, By=>uP

p-Cuty
foc

To the above DA¢,. proof we apply Cut-elimination and we get the Cut-free DAy, end-sequent A(Z
|k§>=>wP. We have |A<Z|k§)=>wP| < |A<A®k§)=>wP|. We can apply then i.h. and we derive
the provable DAg, sequent A(Z 2 _B>):>P to which we can apply the left O, rule. We have obtained

A<A®k§)=>P. In the same way, we have that IkZ=>wB. Thus, in case (72b), we have the follow-
ing proof in DAg.:

s{Qh=uBria k A=B

) a(QprA=.8
—fo
ADB) i A=,B

p-Cut,

C

As before, we apply Cut-elimination to the above proof. We get the Cut-free DAy, end-sequent A<§>|,Z
=—,,B. It has size less than IA(a)szT Al. We can apply i.h. and we get the DA, provable sequent
A(@)IkZ=>B to which we apply the T right rule. In case (72c):

(75) M foc
A(O)=,A&B

by applying the foc rule we get the provable DA, sequents A(6>=>WA and A(6)=>WB . These sequents
have smaller size than A(@)ZMA&B. The aforementioned sequents have a Cut-free proof in DAg,,.
We apply i.h. and we get A(@):>A and A(@):>B. We apply the & right rule in DAg,., and we get
A(@)zA&B. This completes the proof.

9.8 Cut-elimination for displacement calculus with additives

We prove this by induction on the complexity (d, 1) of top-most instances of Cut, where d is the size® of
the cut formula and / is the length of the derivation the last rule of which is the Cut rule. There are four
cases to consider: Cut with axiom in the minor premise, Cut with axiom in the major premise, principal
Cuts, and permutation conversions. In each case, the complexity of the Cut is reduced. In order to save
space, we will not be exhaustive showing all the cases because many follow the same pattern. In particular,
for any synchronous logical rule there are always four cases to consider corresponding to the polarity of

3The size of |A| is the number of connectives appearing in A.
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the subformulas. Here, and in the following, we will show only one representative example. Concerning
continuous and discontinuous formulas, we will show only the discontinuous cases (discontinuous connec-
tives are less known than the continuous ones of the plain Lambek Calculus). For the continuous instances,
the reader has only to interchange the meta-linguistic wrap |, with the meta-linguistic concatenation ’,’,
O with e, T with / and |, with \. The units cases (principal case and permutation conversion cases) are
completely trivial.

Proof. - Id cases:

6 P=,[P] A(P)=,B o foc

p-Cuty ~ A(T})zz’wB <O foc
A(B)y=>,,B < foc

A=,N < foc :>wN pCuty A{N)Y=>,B © foc
A(ﬁ)::owB < foc

The attentive reader may have wondered whether the following Id case could arise:

If Q were a primitive type g, and I' were not the empty context, we would have then a Cut-free underivable
sequent. For example, if the right premise of the Cut rule in (77) were the derivable sequent g, g\s = s, we
would have then as conclusion:

(78) @,q\s =5

Since the primitive type g in the antecedent is focalised, there is no possibility of applying the \ left rule,
which is a synchronous rule that needs that its active formula to be focalised. Principal cases:

e foc cases:

A= [P
foc A=5[P]  T(P)=,A O foc

(79) A=>,P T{P)=,A O foc ~ p-Cut,
n-Cuty I'{AYy=,A < foc
T'{A)y=—,A < foc
A(N)=,A
——— foc A=,N T(N)=,A
n-Cut: A= _,A
T(A)y—,A 2 (A=

e logical connectives:

.
AP, = uP; © foc T1=[P1]  Ta(P2)=uA -

TR
&1 A=,P,TP; < foc ¢ Io{| P2TiP1 k') =wA
(Al )= A < foc

p-Cut,

APi==P, O foc  Ta(Py)=,A
T1=¢| P | To(A|LP) )= A O foc
Fz(AlkF1>=>wA < foc

n-Cutq

p-Cuty

The case of | is entirely similar to the Ty case and the case of | is entirely similar to the Ty case.
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A =>w A= N R r(ﬁlkﬁ>=>wA <& foc I
©) ©)
(82 Ahho==o PON]| T(PON)—>A  foc | ~

p-Cuty
T(A L[ Ay =0 A < foc
AM=]P] T(PKN)=,A O foc c
-Cut
Ay=,N T(A Ny —wA © foc Pt
n-Cuty
F(A1|kA2>=wA < foc
A=0QOfoc  A=suA Ofoe R@)—:wE &l
(83) A=, Q&A < foc Q& =B ™
-Cut.
T(A)y=>,B © foc P
A:Q <> fOC F<@>sz
p-Cut,
T'{A)=,B < foc
ﬁ
A=aM O foc  A=suA O foc _M=.B
(84) A=, M&A < foc I M&A y=>,B c ~
p-Cuty

I'{A)=—,B < foc

A=M O foc  T(M)=,B
I'{A)=,B < foc

n-Cuty

- Left commutative p-Cut conversions:

A(Qh=N AQ =N r<i>=>w

OC
85 AD)=>,N T<>=>wcp_Cm2 ~ F(M@»:m
T(A(Q))=C TGy —uC
ANAB)=[P] o
(86) A(AGB)=>|P] I(P)=>,,C < foc c ~
(A (AGB))=—,C < foc P&

AABy=,[P] T(P)=,C < foc
T(AA B ))=,C < foc
T(A(AGLBY)=,C © foc

p-Cuty

oL

AZALB)=,N © foc oL
(87) AMAGB)—=uN O foc TN h=uC ~
1
T(A(AGB))=>,,C < foc p-Cuit

ARKB)y=uN O foc  T(N p=,C
T(A(A B ))=,C © foc .
T(AAORY) =, C O foc ¢

p-Cuty

95
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[1==4[P1| T Ni p=>,N -
k

(88) Iy N1TkPq [{[T1)=wN ®<>=>wc ~
p-Cuty
O(T2( N1 TkP1 [k T1 )=, C
I11< Ny >=wN ®<>=wc
p-Cuty
Ty==| Py | M Pp=nC
k
OT2( N1 1¢Py kT1))=>C
T(Ay=.[P|] T(B)=.[P] oL
(89) T(AGB)=,| P| A(Py=,C © foc ~
p-Cuty
AT (ABB))=>,C < foc
T(A)y=.,[P]  AP)=,C < foc T(B)y=.[P] AP)=,C < foc
p-Cuty p-Cuty
AT (A Yy=>,C © foc AT (B ))==,C © foc
oL
AT (ABB))=>,C < foc
T(A)=>,N ¢ foc  T(B)=>,N © foc oL
(90) T(A®B)=>,N © foc AN h=C . ~
-Cut
AT(ABB))=>,,C © foc Pt
I(A)y=,Nofoc AN )=.C I(B)y=,Nofoc AN )=.C
p-Cut, p-Cut,
AT (A Y)=>,C © foc AI(B Y)=>,C © foc
oL
AT (ABB))=>,C < foc

- Right commutative p-Cut conversions (unordered multiple distinguished occurrences are separated by
semicolons):

r<ﬁ/@>:>wc AZ}W F<?l@>=>wc Cut
foc p-tun
O A=, [P] F@)?@:%vcp Cut ~ F<A;@>=wc
Cur, A Q p==uC
I(A; @)y=.,C T(A; O)=,C foe
[(PH=>[ P2 A=sfPi] TRO)=u[P2]
————— foc - -Cu
O A=o[P1]  TP=0Ps ~ T(A) = P2 e
p-Cuty —— foc
I{AYy=P; [{Ay=P;
T(P)A==B © foc A=,[P] T(P)A=>,B © foc
TkR p-Cuty
(93) A=>[P]  T(P)=>,BTiA © foc . ~ T(AYA==¢,B © foc '
-Cut
M= BNAC e | T(A)=>BTA O foc ¢
(N ) A—.B AN O foc  T(NPhA—B
(94) Tk ~ = p-Cuty
A=,N < foc r<>:>wBTkA c [{A) [y A=yB < foc
t

- k
T(A)=>,BTA © foc Ptk T(A)y—>,BTtA © foc
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I(B; A, B)=,C © foc

OrL
F(?;A@k_B)):n,,C <O foc ¢
p-Cuty

95) A:>w

T'{A; Ao BY=,,C < foc

r(N} 21 B)—=.C
©0) A\ Nofoc  T(N}AGBY=uC
I(A; A0rB)=,,C © foc

A= N O foc  T(NEALB)=uC
T(A; Al B)=,C © foc .
©)
T(A; A0 B) =, C & foc

I=,[P1| O(P;P)=,C
(97) A=>,[P] O( Po 74Py i Py==,,C
O P2TP1 il Ay=>,C

Az}w ®<1?2>r?>:wc
O(Py; Ay=>,,C

Ok

p-Cut,

p-Cut,

1"=>w
O Pa 1Py kT A)=>4C

p-Cuty

p-Cuty

A=[P| T(PB;ALB)=>,C O foc

r<A;Z|k?>=>wc <& foc L
©)
T{A; Aoy B)=,,C < foc

T(?):wA <& foc F(ﬁ):wB <& foc
&R
(98) A=,[P] T(P)=,A&B © foc . ~
-Cut
T(A)=>,A&B © foc P
A=,[P]  T(P)=,A © foc A=,[P]  T(P)=,B o foc

p-Cuty
I'{A)=,A < foc

p-Cuty

I'{A)=,B < foc &R

I'{A)—,A&B < foc

F(>=>wB

F()=>wA

9 A= N © foc

(N h=,A&B

p-Cut,
I'{AY=,A&B < foc

A=, ,N < foc F():w A=—,N < foc F():w
- M - Mt
T(AY—>pA < foc 2 KA)=B O foc Pt

I'{AY=—,A&B < foc
- Left commutative n-Cut conversions:
(@)zm A@:“’P r(Py= n-Cuty
(100) AGy—= (= ria(Qp=.c
F(A@)):mC r(A@)):wc foc

p-Cut;
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AALB)=,P < foc oL
(101) A(AGB)=—>,P © foc I(P)=—,C ~
n-Cut
F(A(A@kg)):wc <O foc

AALB)=,P O foc  T(P)=,C
(AR B))=,C < foc .
TMAG BN —C O foo

n-Cuty

AA|By=,N ol
(102) A(AGB)—,N I(Ny=s,C ¢ foc ~
n-Cuty
F(A(AOkB)))ﬂwC <O foc

AALB)=,N T(N)=,C < foc
T(A(A| B ))=,C © foc ol
T(AAOE))y—,,C  foc

n-Cuty

T1==4|P1| D Ni p==0,P -
k
(103) Ty Ny TePy JiT1)=0P O(P)=.C ~

n-Cuty
(T2 N1 TkP1 [T1)y=,C

(N, p=,P OP)=,C

n-Cutq

T1== P1 | (M =€
k
OT2( N1 1ePy kT1))=>C

[(A)y=,P O foc  T(B)==,P < foc .
D
(104) T{A®B)=—,P © foc A(P)=,C ¢ foc c ~
n-Cut
AT (ASBY)—>,C < foc !

[{A)=,P O foc  A(P)=,C T(B)=,P O foc  A(P)=,C
n-Cuty
AMI(A)Y)y=,C < foc AI(B))=,C < foc ol

n-Cut

MT(A®B))y=>,C < foc

[(A)=,N r(?):wNEB
(105) T{AGB)=—,N ANY=,C < foc c ~
-Cut
ANIABE)) =, C © foc i

[{A)=,N AN)=,C O foc I(B)=,N AN)=,C ¢ foc
n-Cuty
AMI(AY)y=,C < foc AT (B))=,C < foc o

n-Cuty

MT(A®B))y=>,C < foc

- Right commutative n-Cut conversions:
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I{N; @>=>w

(106) A=,N  I(N; Q)= ~ m-@>:> c
n—Cutz ’ U e
T(A; Q)=,C T(A; O)=,,C
r<ﬁ>:>w A=,N r(N’>:>w

(107) A=>,N r<ﬁ>=>w ~ T(Ay==| P e

(A= P ‘" ra—p 7

(P, A=>,B A=, PO foc  T(P)iA=>,B
(108) A=, P O foc ~ T(D)y— BT A "C ~ T(AYA—> B O foc “tuh
n-Cuty

T{A)=>,BT:A © foc

I(B), A=,B < foc

TkR

(109) A=,N  T(P)=,BNA © foc c ~
n-Cut
T(AY=—>,BTA < foc 2
I(P; Al B)=.C .
©)
(110) A=>,P & foc ~ T'(B; AOrB)—,,C "C ~
n-Cut
T(A; AOrB)—,,C < foc !
I(N; Al B)=>,C © foc .
©)
(1) A=,N  I(N: A0B)=—,C © foc ~
n-Cuty

I{A; A9y B)=,,C < foc

I=,[P1]| O(PyN)=,C

O Py 1Py |iT; Ny=>,C
O( P2 1Py il A)y=,C

A=,N ®<172>;ﬁ>=>wc

(112) A=, N

n-Cuty

A—, N

T(A)Y—>,BTA © foc

(P, A=>,B < foc

n-Cut:
T(AY A =>,B O foc z

T(AY—>,BTA O foc

A=, PO foc  T(P; AL B)=,C

n-Cut
F(A;Zh{_B))sz <& foc !

)
T{A; A BY=,C < foc

A=—,N T(N:;AB)=,C < foc
T(A; A B)=,C © foc
©)
T(A; AOrB)=—>,C & foc

n-Cut

I(P)=,B

n-Cuty

I'{A)=—,B < foc
&R

n-Cut:
= P1 | O(P2; A)=,,C . ’
k
O P2TP1 il Ay=>,C
(Py=,A T(P)=,B
(113) A=, P & foc I({P)—,A&B
n-Cutq
I'{A)—,A&B < foc
A=,P T(P)=,A A=,P < foc
n-Cuty
I'{A)=—,A < foc
I'{A)=—=,A&B < foc
T(N)=,A < foc

T(N)=,A&B < foc
[{A)=>,A&B © foc

(114) A=—,N

n-Cuty

T(N)=,B < foc
(N)y=y &R
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A= ,N T{N)=,A O foc A=—,N T(N)=,B < foc
n-Cuty n-Cuty
I'{AYy=—,A < foc I'{Ay=,B < foc &R

T{A)y=,A&B < foc

This completes the proof.

9.9 Non-admissibility of Cut



Chapter 10

Count-invariance

We define infinitary count invariance for categorial logic extending count invariance for multiplicatives
(van Benthem 1991[91]) and additives and bracket modalities (Valentin et al. 2013[90]) to include subex-
ponentials (Kuznetsov et al. 2017[42]). The count invariance provides a powerful tool for pruning proof
search in categorial parsing/theorem-proving.

10.1 Introduction

We make some introductory remarks on non-linearity since the main feature here is infinitary count invari-
ance for subexponentials.

10.1.1 Sharing

In standard logic information does not have multiplicity. Thus where + is the notion of addition of infor-
mation and < is the notion of inclusion of information we have x+x < x and x < x+x; together these two
properties amount to idempotency: x+x = x. These properties are expressed by the rules of inference of
Contraction and Expansion:

A(A,A)= B

(115) ———— Contraction
A(A) = B

A(A) =B
A(A,A) =B
Linguistic resources do not have these properties: grammaticality is not generally preserved under addition
or deletion of copies of words or expressions. However, there are some constructions manifesting some-

thing similiar. Parasitic gaps involve a kind of Contraction. Parasitic gaps cannot occur anywhere, for
example

Expansion

(116)=the slave that; John sold e; to e;

Rather, we assume here that as the term ‘parasitic’ suggests, a parasitic gap must fall within an island.
Extraction from weak islands can become fully acceptable when accompanied by a cobound non-island
extraction:

(117) a. the man that; [the friends of ¢;] admire ¢;
b. the paper that; John filed e; [without reading e;]
c. the paper that; [the editor of ¢;] filed e; [without reading e;]

And iterated coordination allows a kind of Expansion:

(118) John likes, Mary dislikes and Bill loves London.

101
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That is, in logical grammar a controlled use of idempotency, or sharing, is motivated. Girard (1987[22])
introduced exponentials for such control. Morrill and Valentin (2015[73]) uses versions of the exponentials,
dubbed ‘subexponentials’ by Kanovich et al. (2018[33]) to treat (parasitic) gaps and iterated coordination
in categorial grammar.

10.1.2 Count invariance

Van Benthem (1991[91]) introduces count invariance for multiplicatives in (sub)linear logic, which in-
volves simply checking the equality of the number of positive and negative occurrences of each atom in a
sequent. Thus where #p(X) is the count of the atom P in the sequent X we have:

(119) F £ = VP #p(X) = 0

I.e. there must be an exact balance between the number of positive and the number of negative occurrences
of each atom. This provides a necessary, although of course not sufficient, criterion for theoremhood, and
can be checked very quickly. It can thus be used as a filter in proof search: if backward chaining proof
search generates an initial endsequent goal, or a subgoal, which does not satisfy the count invariant, then
the (sub)goal can be safely made to fail immediately. This notion of count for multiplicatives was included
in the categorial parser/theorem-prover CatLog (Morrill 2012[64]).

In Valentin et al. (2013[90]) the idea is extended to additives (and bracket modalities). To treat addi-
tives, instead of a single count for each atom P of a sequent X we have a minimum count #,,;, p(X) and a
maximum count #,,,, p(2) and for a sequent to be a theorem it must satisfy two inequations:

(120) F 2 = VP #inp(X) <0 < #y00 p(X)

Le. the count functions #,,, p and #,,, p define an interval which must include the point of equilibrium 0; in
the case of the multiplicatives, #i, p = #max,p = #p and (120) reduces to the special case (119). This gen-
eralised notion of count for additives and bracket modalities is included in the categorial parser/theorem-
prover CatLog2.!

The structure of the rest of the chapter is as follows. In Section 10.2 we present the infinitary count
algebra which we employ, define the fragment of categorial logic for which we illustrate count invariance,
and define the (infinitary) count functions for this fragment. In Section 10.3 we state and prove our count
invariance theorem.

10.2 Infinitary count algebra

We consider terms built over constants 0, 1, L, T and * by binary operations of plus (+), minus (—),
minimum (min) and maximum (max), and unary operations of positive extrapolation (X*) and negative
extrapolation (X™) as follows where i and j are integers and 7 is a positive integer:*

+]j LT s -l j L T o«
i+ L T o= i|i—j T L =
1 L L o 1| L * 1 ox
T T * T = T T T =% =
* * * * * * * * * *
min | j L T = max | L T =
= i EEE T
1 1 1 1 1 1 ] 1 T T
T ] 1 T 4 T T T T T
* 1 1 1 4L * T T T T
"http://www.cs.upc.edu/ droman/index.php
ZPositive and negative extrapolation can be defined by X*(x) = xz—xlil and X~ (x) = %—llil where division by zero is infinite and

obeys the sign rule.
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Xt X

+
=
* 4 4ol
+
=

Where for primitive types P, Q € PU{[]}, m € {min, max} and min = max and ax = min.

where for types Tp:

#uo' > A)=+#

Tp =P
Tp\Tp | Tp/Tp | TpeTp |
Tp&Tp | TpeTp |
[17'Tp | OTp |

'Tp | ?Tp

forPeP,pe{',"},and:z"andgz'

# o) =

# A\C) =
#Qmw)z
Q(A.B) =
o o(A&B) =
dA&m =
mQ(AEBB) =
o(A®B) =
#’;,pq] 1A)
# (174)
#L np(OA) =
m[<<>A> =
me( A) =
r‘mx,Q(‘A) =
maxP(‘A) =
max (A) =
(WA) =
me
# o o(PA) =

max,

1 ifQ=P
0 ifQ#P
# Q) —#. (A)
#’,;Q(C) ¥ o(B)
# )+ # Q<B)
Ty, (A) H,0(B)
m(, Q(A> # o(B))
m o(A),#, (B))
m(#m oA (B)
# p(A)
=1
# p(A)
m[](A)+1
X, 0(A)
X y0(A)
X+( muxP(A))

T
X 0A)
X 0(A)

103

To present sequents we define configurations Config and tree terms TreeTerm by mutual recursion in

terms of types Tp as follows, where A is the metalinguistic empty string:

(121) Config
TreeTerm ::=

A | TreeTerm, Config

Tp | [Config]
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I'=A AC)=D I'=B AC)=D
AT, A\C)= D A(C/B,T)=D
AT=C I'B=C
\R /R
I'= A\C I'=C/B
AA,B)=C n=A TI,=>B
- e [ ]
A(AQB) =C I'1,T, = AeB
AA)=D AB)=D Ir=sA F:B&R
A(A&B) = D AA&B) = D I'=> A&B
r=A I'=B AA) =D AB)=D
— &Ry —— Ky eL
I'= A®B I'=> A®B A(A®B) = D
T'(A) = B TI= A
TO=E g T2 g
I([1"'A) =B I=[]"A
I'([A]) > B I'=sA OR
I(QA)= B 1= 0A
AA)=> D Ay,... A=A
—— 1L —— IR
A('A)=> D Ai,..., A2 A
A(T,'A)= D ' A(A,T)=D ' A(Ay, ... Ay [V Ay, ... 1AL T]) = D i
AAT) =D ' AT,1A)=D A(Ay,...,1A, T) = D '
AA)=D A A =D h==C FZ:?CQ
A(?A) =D r,I,=2?C

Figure 10.1: Rules for the categorial logic fragment
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The rules for the fragment of categorial logic are as shown in Figure 10.1. For tree terms and configurations,
counts are as follows:

#0001 0) = #0004 #,,(C)
#[min,Q(A) = X (#min,Q (A))
#inux,P (A) = X' (#max,P (A))

#Im M/[](A) = T
#!m,Q(O) =0
oM A) = #, 00 +#, ()
#m,[]([r]) = #m,[](l—‘)/
#p(T) = #,,p(0)
#m,Q(A) = #m,Q(A) for A € Tp
# o) 0

10.3 Theorem and proof

Definition

We say that < 0 (and that 0 > t) if and only if t = *or t = L or t < 0, and we say that 0 < ¢ (and that
t>0)ifandonlyift =+ort=Tor0 <t

Theorem
FL = VQ ePU {[]}/ #min,Q(Z) <0< #mux,Q(Z)

Proof By induction on the length of derivations.

10.3.1 Multiplicatives
'=A AC)=D
A{I,A\C)=>D

For every atom or bracket,

#.(AT,A\C)=> D) =

#h,(D) = #2(A) ~ #(I) ~ #(A\C) =
(D) = #,(A) = #(1) = #(C) + #,(4) =
#,(A) = #_(T) +#,(D) —#_(A) —#_(C) =
#,(I = A) + #,(A(C) = D)

By induction hypothesis (i.h.), #,;,(I' = A) < 0and #,,;,,(A(C) = D) < 0. Therefore #,,;,,(A(I'’, A\C) = D) =
#in([ = A)+#1i,(A(C) = D) <0. Similarly, 0 < #,,,:(A[, A\C) = D) = #,,:([’ = A)+#,,:(A(C) = D).
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Therefore:
#min(A(rrA\c) = D) <0< #max(A(rrA\c) = D)

I'=B AC)=D
A(C/B,T)=D
Like \L.

AT =C
I' = A\C

For every atom or bracket,

#,(I' = A\C) =
#,(A\C) — #(T) =
#,(C) ~ #,(A) ~ #.,(1)
#,(A,T=C)

Therefore by i.h.,
#in([ = A\C) < 0 < #0e(T = A\C)

I'B=C
I'=C/B
Like \R.

AA,B)=C

77 el

A(AeB) = C

For every atom or bracket,
#,(A(AeB) = C) =
# (C) - #%(A) - #%(AoB) -

#,(C) = #_(A) —#_(A) — # (B) =
#.(A(A, B) = C)

Therefore by i.h.,
#nin(A(AeB) = C) <0 < #,,,.(A(AeB) = C)

I'i=>A I'»=>B
oR
I, I, = AeB

For every atom or bracket,

#u([', T2 = AeB) =

#m(A.B) - #W(Flr FZ) =

#,,(A) — #_(I') + #,,(B) — #_(I2) =
#,(I' = A) + #,,(I', = B)
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Therefore by i.h.,

#min(rl/ I12 = A.B) <0< #mﬂx(rlr I12 = A.B)

10.3.2 Additives

A(A) =D

AA&B)=D

For every atom or bracket,

#nin(A(A&B) = D) =

(D)~ Hua(8) = #,0 (ASB) =

# i (D) = He(8) = MaX(#00(A), #100(B)) <
#min(D) - #max(A) - #mux(A) =

#min(A(A) = D) <0ih.

And

#rx(A(A&B) = D) =

(D) = #,,(8) —#, (A&B) =
#gnax(D) - #win(A) - rn.in(#mm (A)r #min(B)) 2
#mtlx(D) - #min(A) - #min(A) =

e (A(A) = D) > 01,

Therefore:
#1in(A(A&B) = D) < 0 < #,,0:(A(A&B) = D)

A(B)= D
A(A&B) = D

Like &L;.

I=sA I'=8B
I' = A&B

#,in ([ = A&B) =

i (A&B) = #,, (1) =

max(iy,, (A),#,,(B)) = #,,0 (D) =
max(#mm(A) — #a (D), #min(B) — #0x(D)) =
max(#,i (T = A), #,,(T = B))

&R

<0ih. <0ih

<o

And
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max(l“ = A&B)
mﬂx(A&B) L})’ﬂln(r)
mln(#max( ), ,,W(B)) m n(r)

in(#,,, (A) - #mm(r)/#max(B) #mm(F))—
min(#pax (U = A), #,0:(T = B))

0= ih. 0= ih

0<

Therefore:
#in([ > A&B) <0 < #,,,(I’ > A&B).

I'= A
s —— ®R,
I' = A®B

mm(l" = AEBB)

i (A®B) = #,, () =
mm(#mm(A) #mm(B)) # (D) <
# o (A) = (D) =
#uin(T = A) <01ih.

And

#ax ([ = ABB) =
s (AGB) = #,, (T) =
mux(#mux(A) #mux(B)) #

mux(A) #min(r) -
#0e(T = A) > 0 iLh.

)2

mm(

I'=B
— R,
I' => A®B

Like &R;.

AMH=D AB=D
A(A®B) = D ®

For every atom or bracket,

mm(A(AEBB) = D)

,,,m(D) #max(A) mln(#max(A)r Hrar(B)) =
max(#
max(#pin(A(A) = D), #pin(A(B) = D))

<oi.h. <oi.h.

<o

0 < #,x(E(A®B) = D) similarly

min (D) max(A) max(A)/ #;ﬂ'n (D) - #r.nax(A) -

CHAPTER 10.

#ux(B)) =

COUNT-INVARIANCE
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10.3.3 Bracket modalities

T(A) = B

[ S G— Y
T([1"'A) = B

For atoms:

mP(F([[] !A) = B) =
#,,p(B) = #m p((( ]‘1A])) =
mp(B) #mp(F) #mp([[] 'A]) =
mp(B) ~ D) —# L ([1714) =
#,,p(B) = #— p(I) = #ﬁ (A) =
#,,(B) —# P(F(A)) =
#p([(A) = B)

’§

Le. the property for the conclusion follows from the induccion hypothesis for the premise since
brackets and bracket modalities are transparent to atom count.

For brackets:

mn<r([[1 1A) = B) =
B~ #, ](r<[[] L)) =

0 (B) = @O (1] 1AD)—
#,0(B) ;]<r) ‘mﬂ([] 14) -
;[](B) D - (A +1-1=
;[]<B) ; () —# 1 (A) =
#0(B) = # (T(A) =
m[](r(A)ﬁB)

Therefore by i.h.,

#uin(C([17'Al) = B) < 0 < #,ax(T([[ 17 Al) = B)

. m—:>A[]—1R
Ir=[11tA

For atoms:
#yp(T = [171A) = #,p(T = A) = #,,p([T] = A)
Since brackets and bracket modalities are transparant to atom count.

For brackets:



110 CHAPTER 10. COUNT-INVARIANCE

#m,[](l* = []_114.) =

,((17A) —#2,(0) =

m,[]

#o4A)—1- #'M(r) =
) (A) = G (D) +1) =

(A =4 (T) =
#n (1= A)

Therefore by i.h.

thyin ([ = [171A) <0 < #hoe(T = [17'A4)

I'([A B
Ty =8
I'(()A)=1B

For atoms,
#n,p(I((A) = B) = #,p(I([A]) = B)
since brackets and bracket modalities are transparent to atom count.

For brackets,

H(TOA) = B) =

o L] l/ﬂ‘
#m,[](B) - #m](l") - (#W,[](A) +1) =

#:"«[](B) B #.ﬁ,[](r) - #ﬁ,[]([A]) =
#u1(T([A]) = B)

Therefore by i.h.
#min([((0A) = B) < 0 < #x(T(OA) = B)

I'=A
c— (R

1= QA
For atoms,
#m,P([F] = <>A) = #m,P(F = A)

since brackets and bracket modalities are transparent to atom count.

For brackets,
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m[]([F] = <)A)

o (OA) (T =
l](A)+1 #o(D—1=
#,0(A) — # 1@ =
mn(T=>A)

Therefore by i.h.:

#min([r] = <>A) <0< #max([r] = <>A)

10.3.4 Subexponentials

AA=D

AlA) =D

For atoms,

Hninp(A(1A) = D) =

mm P(D) #mnx P(A) max P( A)

# i, (D) = #m p(d) = X* (#mgx p(A)) <
i p(D) = #,0 o (8) —# . o(A) =
#minp(A(A) = D) < 0ih.

And

#nar p(A(1A) = D) =

max P(D) #mm P(A) #mm P( A)

# i, p (D) = #mm 2 = X~ (A) 2
e p(D) = H0, p(8) = #1 (A) =
#max,p(A(A) = D) > 0i.h.

For brackets,

Hin (A(‘A)=>D)

#mm (D) = #0y(8) = ;m”(!A)=
#mm (D) max (A)

# (D) - mx,]m) m“(m
Honin | (A(A):>D)SOzh

And

ma\f[ (A('A) :> D)
max[ (D) #mm (A) #mm[ ( A) =
mar[ (D) #mm ](A) X~ (#mm,[](A)) 2

max[ (D) #mm ](A) mm,[](A) =
#Hiax [)(A(A) = D) > 0 i.h.

Ay, A= A
1Ay, ... 1A, = 1A
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For atoms and brackets,

mm Q('Al, LA S ‘A) =

mm (A) #max (’A],,'An) =
X (#mm Q(A)) #mule(!Al, AN <

mm olA) - mle(!Al, A =

mm Q('All ey !An = A) <0ih.

And,

maxQ('Al, . 'A =1A) =
mux (14) = mm ( Aty 1An) =
XA o(A) - mm’Q('Al, LAz

#oo(A) =0 (1A, 1A =
#nax0(1A1, ..., 1Ay = A) 2 0ih,

A(Ag, ..., Ay [\ Ao, ..., 1A, T]) = D c
A(lAg, ..., 1A, T) = D '

For atoms,

#min(A(!Ao,. LA, F) = D) =

#@@%ﬂ@mn4%&mw~—%uqu

i (D) = H(A,T) = X (0 (A0) =+ = X* (00 (A) <

(D) =~ 0 (A, T~ . .

X (an(A0) =+ = X (i (An) = X (ypuA0)) = -+ = X* (u(An)) =

#min(A(!AO/ cery !An/ [!AOI cery !ATL/ r]) = D)

For brackets,

mm(A('AO/ A, r) = D) =

W(D) #max<A T) — #hra(1Ag) = -+ =t (1A,) =
31 (D) #max(Ar) T—---=—TXK
mm(D) #mar( r[r])_T—"‘—T—T—---_Tz

mm(A(!AO/ . 'An/ [!AO/ ey !An/ r]) = D)

And for atoms and brackets,

max(A(‘AOI . 'An/ r) = D)

mux(D) #w (A I) - mm( Ag) = —# (! Ay) =
mux(D) # (Ar r) ( mm(AO)) = X7 (#mm(An)) <
mux(D) #mm( [r])_
X~ (5, (A)) = -+ = X(#, (An) = X*(#, . (Ag)) = -+ = X~ (. (Ay)) =

max(A(‘AOI . !An/ [!AOI . 'An/ r]) = D)

AMA)=D  MAA=D..
A(?A) = D
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For atoms and brackets,

mln(A(7A) = D)=

(D) #mar(A) #max( 7A) =
31 (D) - #mux(A) X+(#mux(A)) <
mm (D) - #mnx(A) #max(A) =
#min(A(A) = D) <01i.h.

And
#nax(A(?A) = D) =

mux(D) # gin®) — #mm( 24) =
max(D) #W(A) X~ (# ., (A) 2

#oae(D) —# . (A) — #mm(A)
#max(A(A) = D) 2 0 1ih.
Ih==¢C r,==C
. 7R
Iy,...,[,=7C
For atoms and brackets,
mm(r0/ . r = ?A)
( A) #max(FO) Tt max(r )=
X (# m(A)) #max(FO) e #r.nnx(rn) <
Tl (#mm(A)) #max(ro) #mar(r )S
mm (A) max(ro) +- mm (A) max(rn)
<oi.h. <oi.h.
<o
And,
mx(ro, . F =?2A) =
mux( 2A) - # (}-‘O) - #min(F”) =
X~ (#mar( )) #win(FO) - #min(r”) 2
n- (#mux(A)) #min(ro) - #min(r”) =

max(A) #mm(ro) +--t #:mx(A) - #;ﬁn(rn)

>o01i.h. >o01i.h.




114 CHAPTER 10. COUNT-INVARIANCE



Part IV

GRAMMAR

115






117

In this part we exemplify the applications to grammar of categorial logic. Chapter 11 contains the lex-
icon. The subsequent chapters cover linguistic applications including Montague grammar, coordination,
discontinuity and relativisation.
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Chapter 11

Lexicon

007 : mVgNt(s(g)) : 007

a:mYg(Vf((SfTmNt(s(9)))ISf)/CNs(g)) : AAABAC[(A C) A (B Q)]

admire : O((()(aNa—3IgNt(s(g)))\S f)/JaNa) : "AAAB(Pres (("admire A) B))

And : mVf(Sf/Sf): AAA

and : mY f((?mSA\[]7[]1Sf)/mSf) : (@ 0 and)

and : mYa¥ f((?m(ONa\S I\ 11 (ONa\S £))/mONa\S)) : (@™ (s 0) and)

and : mVa¥ f((?m(Sf/!Na)\[1" [1"1(Sf/!Na))/m(S f/'Na)) : (@™ (s 0) and)

and : mY f((?m(Sf/FaNa)\[] 7 []71(Sf/FaNa))/m(S f /FaNa)) : (D™ (s 0) and)

and : WYwVaVbY F(W((SFT(((ONa\S fyo-Waw) /NB)) T, Wao)\[I7! [I7 (S FT((ON@\S o~ Wiw)/ND)) T, Waw))/
“E((SFT(((ONa\Sf)o=Ww)/Nb)) T ,Ww)) : AAABAC[(B C) A (A C)]

and : mV fVa((?m((ONa\S f)/FbND)\[I7'[17' ((YNa\S f)/FbND))/m((()Na\S f)/FbND)) : (@™ (s (s 0)) and)

and : Y fYa((?m((ONa\S f)/FNB)\(ONa\S AN (ONa\S )/FNB\(ONa\S £)))/m((ONa\S )/
FND)\(ONa\Sf))) : (D™ (s (s 0)) and)

and : mY fYa((m((('Na\S f)/(FNb®Ig(CNg/CNg)L(CN\CNOMNONA\S AN I (ONa\S f)/
(3Nb®Ig((CNg/CNg)L(CNS\CN)\(ONa\S )))/m(((ONa\S f)/(FbNbeIg((CNg/CNg)L
(CNG\CN)M\(ONa\Sf))) : AAABACADI((B C) D) A ((A C) D)]

and : mVaVbV f((?m((ONa\Sf)/(FeNc@CPb)\(ONa\S A\ 17 (YNa\Sf)/(IcNc@CPb))\(()Na\S )))/
m(((ONa\Sf)/(JcNcoCPb)\((YNa\Sf))) : (P (s (s 0)) and)

and : mVaVbV f((?m((()Na\Sf)/PPb)\[17[I7((()Na\Sf)/ PPb))/m((()Na\S f)/ PPb)) : (®"* (s (s 0)) and)

and : mYaVbV f((?m((()Na\Sf)/(IcNcePPh)\(ONa\S )N [17 (()Na\S )/ (IcNcePPh)\(()Na\Sf)))/
m(((ONa\Sf)/(3cNcePPb))\(()Na\Sf))) : (P (s (s 0)) and)

and : mVaVbV f((?m(((ONa\Sf)/IND\[I7' 17 ((ONa\Sf)/!Nb))/m(((ONa\Sf)/INb)) : (@ (s (s 0)) and)

ate : O((()3aNa\Sf)/JaNa) : "AAAB(Past (("eat A) B))

bagels : O(Nt(p(n))&CNp(n)) : “((gen “bagels), “bagels)

barn : OCNs(n) : barn

be : O(({)W[there]—oSb)/JaNa) : "AA(be A)

before : m(VaV¥ f(((ONa\S F))\(ONa\Sf))/Sf) : AAABAC((before A) (B C))

beginning : OCNs(n) : beginning

believes : O((()AgNt(s(g))\S f)/(CPthatlnS f)) : "AAAB(Pres ((“believe A) B))

bill : mNt(s(m)) : b

bond : mNf(s(m)) : b

book : OCNs(n) : book

bought : O((()JaNa\Sf)/(FJaNaeIaNa)) : "AAAB(Past ((("buy m1A) m2A) B))

bought : O((()JaNa\S f)/daNa) : "AAAB(Past (("buy A) B))

by : mYa(((()Na\S—)\(()Na\S—))/Na) : AAABAC[[C = A] A (B C)]

by : O(Vn(CNn\CNn)/3aNa) : "AAAB(("by A) B)

buys : O((()AgNt(s()\Sf)/(FaNaeTaNa)) : "AAAB(Pres ((("buy m1A) 2A) B))

calls : O((()AgNH(s(9))\Sf)/Fa(W[up] ONa)L(NadW(upl))) : "AAAB((“phone A) B)

catch : O((()JaNa\Sb)/FaNa) : "AAAB(("catch A) B)
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cezanne : BNt(s(m)) : ¢

cd : OCNs(n) : cd

charles : mNt(s(m)) : c

clark : mYgNt(s(g)) : ¢

coffee : O(Nt(s(n))&CNs(n)) : “((gen “coffee), coffee)

created : O((()3aNa\Sf)/JaNa) : "AAAB(Past (("create A) B))

darkness : O(CNs(n)&Nt(s(n))) : “("darkness, (gen “darkness))

deep : OCNs(n) : deep

did : m¥a¥ gVbYh((((ONa\Sg)T(ONb\Sh))/(cONc\SHN(Na\Sg)T(ONb\Sh))) : AAAB((A B) B)
did+too : ((ONA\SB)T(ONC\SD))/(ONE\SF))\((ONG\SH)T(NI\S])) : AKAL((K'L) L)
doesnt : mYgVa((SgT(((ONa\Sf)/(()Na\Sb)))|Sg) : AA=(A ABAC(B C))

dog : OCNs(n) : dog

donuts : O(Nt(p(1))&CNp(n)) : “((gen “donuts), “donuts)

earth : OCNs(n) : earth

eat : O((()JaNa\Sb)/JaNa) : "AAAB((“eat A) B)

edinburgh : mNt(s(n)) : e

editor : O(YgCNs(g)/PPof) : editor

every : mYg(Vf((SFTNt(s(Z)))ISf)/CNs(g)) : AAABYC[(A C) — (B C)]

everyone : OV f((SfTVENt(9))lSf) : "AAVB[("person B) — (A B)]

face : OCNs(n) : face

fell : O(Ja()Na\Sf) : "AA(Past (‘fall A))

filed : O((()JgNt(s(3))\Sf)/FaNa) : "AAAB(Past ((file A) B))

finds : O((()JAgNt(s(g))\Sf)/FaNa) : "AAAB(Pres (("find A) B))

fish : OCNs(n) : fish

for : m(PPfor/3aNa) : AAA

form : O(CNs(n)&Nt(s(n))) : “(‘form, (gen “form))

fortunately : OV f("Sf]Sf) : fortunately

friends : O(CNp/PPof) : friends

from : O((VYaV f(((ONa\S H\((YNa\S ))&Vn(CNn\CNn))/AbNb) : "AA((fromadv A), (fromadn A))
gave : O((()3aNa\Sf)/(AbNbePPto)) : "AAAB(Past ((("give mpA) 111A) B))

gave : O((()AgNt(s()\Sf)/(FaNadW[the, cold, shoulder])) : "AAAB(Past (("shun A) B))
gave : O(((()3aNa\Sf)/JaNa)/FaNa) : "AAABAC(Past ((("give A) B) C))

girl : OCNs(f) : girl

gives : O((()AgNt(s(9))\Sf)/(FaNadWT(the, cold, shoulder])) : "AAAB(Pres (("shun A) B))
God : mNt(s(m)) : God

good : OYn(CNn/CNn) : good

has : O((()dgNt(s(g)\Sf)/FaNa) : "AAAB(Pres (("have A) B))

he : m[]7'Vg((mSg|mN(s(m)))/(()NH(s(m))\Sg)) : AAA

heaven : OCNs(n) : heaven

her : YgYa((((Na\Sg)TmNH(s(/)L(W((ONa\SImNH(s(/)))) : 1AA

himself : Y f(((ONt(s(m))\S f)TNt(s(m))) L(ONH(s(m)\Sf)) : AAAB((A B) B)

horse : OCNs(n) : horse

in : O(VaVv f(((ONa\S /)\(()Na\Sf))/JaNa) : "AAABAC(("in A) (B C))

in: OV f(Sf+Sf)/3aNa) : in

is : m((()AgNt(s(g)\Sf)/(FaNad(Ag((CNg/CNQ)LI(CNG\CNg))-1))) : AAAB(Pres (A—>C.[B = C]; D.((D AE[E =
B]) B)))

it:mWJ[it] : 0

it : mVY fYa((ONa\Sf)TmNt(s(n)))l (m((YNa\Sf)|mNt(s(n)))) : AAA

it W[ £((mS fImNH(s(n))) /(ONHS(m)\Sf)) : AAA

jogs : O(()AgNt(s(3))\Sf) : "AA(Pres (“jog A))

john : mNt(s(m)) : j

laughs : O(()AgNt(s(9))\Sf) : "AA(Pres ("laugh A))

left : O(()AgNt(s(@)\Sf) : "AA(Pres (“leave A))

let : O(Sim/SDh) : let
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light : O(CNs(n)&Nt(s(n))) : “(light, (gen “light))

likes : O((()3AgNt(s())\Sf)/FaNa) : "AAAB(Pres ((like A) B))

logic : O(Nt(s(n))&CNs(n)) : “((gen “logic), “logic)

london : mNt(s(n)) :

loses : O((()JgNt(s(g))\Sf)/FaNa) : "AAAB(Pres (("lose A) B))

love : O(({)3aNa\Sb)/daNa) : "AAAB(("love A) B)

loved : OVaV¥b(((()Na\S—)TNb)O(((()Na\S—)TNb)|Vg(CNg\CNY))) : “("love, AAABAC[(B C)AJD((A C) D)])
loves : O((()JAgNt(s(g))\Sf)/aNa) : "AAAB(Pres (("love A) B))

man : OCNs(m) : man

mary : BNt(s(f)) : m

met : O((()3aNa\Sf)/FaNa) : "AAAB(Past ((“meet A) B))

more : WYIYgY (S FT((SHTNHp(g))LSh)/CNp(©) LS/ (CPHanTm((SKTNH(p(8) LS)/CNp@)) :
AAAB[|IAC(A ADAE[(D C) A (E O)])| > |AF(B AGAHI(G F) A (H F)])I]

mountain : OCNs(n) : mountain

moved : O(()JaNa\Sf) : "AA(Past (“move A))

necessarily : B(SA/0OSA) : Nec

of : O((Vn(CNn\CNn)/m3IbNb)&(PPof /daNa)) : “(of , AAA)

or: mY f((?mSF\[I7[]71Sf)/mSf) : (@ 0 or)

or : mYaY F(2mONA\S NI [ (ONa\S ) /m(ONa\S)) : (@™ (s 0) or)

or : mY f((?m(S£/(OFGNHS(N\S HNI 17 (SF/(OFZNHS()\SF)))/m(S £/ (OFENHS(I\SF)) : (@ (5 0) o7)
or : mYaV f((?m((()Na\S £)/3FbNb)/INL\[17' [17'(((YNa\S f)/IbNb) /FbNDb)) /m(((()Na\S )/ AbNb) /FbND)) :
(@™ (s (s (s 0))) or)

painting : O(CNs(n)/PPof) : "AA((of A) “painting)

paper : OCNs(n) : paper

park : OCNs(n) : park

past : OVaV¥ f(((ONa\S)\(ONa\Sf))/AbNb) : "AAABAC(("past A) (B C))

perseverance : O(Nt(s(1))&CNs(n)) : “((gen “perseverance), “perseverance)

peter : mNt(s(m)) : p

phonetics : O(Nt(s(1))&CNs(n)) : “((gen “phonetics), “phonetics)

praises : O((()AgNt(s(g))\Sf)/FaNa) : "AAAB(Pres (("praise A) B))

raced : O(()JaNa\Sf) : "AA(Past (‘race A))

raced : OVaVb(((()Na\S—=)TNb)O(((()Na\S—)TNb)|Vg(CNg\CNy))) : “(race2, AAABAC[(B C)AID((A C) D)])
rains : O(QW[it]—oSf) : "(Pres “itrains)

reading : O((()3aNa\Spsp)/JaNa) : "AAAB(("read A) B)

robin : mMYgNt(s(g)) : r

said : O((()JaNa\S f)/Sim) : "AAAB(Past (("say A) B))

saw : O(({()JaNa\S f)/(JaNa®CPthat)) : "AAAB(Past (A—>C.("seee C); D.("seet D)) B))

seeks : O((()JgNt(s(g)\Sf)/OVaY f((Na\S f)/IbNb)\(Na\Sf))) : "AAAB((tries “(("A “find) B)) B)
sees : O((()AgNt(s(g))\Sf)/FaNa) : "AAAB(Pres (("see A) B))

sent : O((()JaNa\Sf)/(AbNbePPto)) : "AAAB(Past ((("sent 2A) 111.A) B))

sent : O(((()3aNa\Sf)/JaNa)/JaNa) : "AAABAC(Past ((("send A) B) C))

she : W[V g(MSgImMNH(s())/(ONH(F)\Sg)) : AAA

sings : O(()AgNt(s(g))\Sf) : "AA(Pres ("sing A))

slept : O(()AgNt(s(g)\SS) : "AA(Past (“sleep A))

slowly : OVaV f(O(()Na\S /)\(()ONa\Sf)) : "AAAB(slowly “("A *B))

sneezed : O(()JAgNt(s(g))\Sf) : "AA(Past ("sneeze A))

sold : O((()3aNa\Sf)/(AbNbePPfor)) : "AAAB(Past ((("sell myA) 11A) B))

someone : OV f((SfTmVYgNt(g))lSf) : "AAIB[("person B) A (A B)]

Spirit : OCNs(m) : Spirit

studies : O((()AgNt(s(g))\Sf)/JaNa) : "AAAB(Pres (("study A) B))

such-+that : m¥n((CNn\CNn)/(S f|mNt(n))) : AAABAC[(B C) A (A C)]

suzy : mNt(s(f)) : s

talks : O(()JAgNH(s(3))\Sf) : "AA(Pres (“talk A))

tall : OVg(CNg/CNY) : tall

-

-
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teetotal : OVn(CNn/CNn) : "AAAB[(A B) A (teetotal B)]

tenmilliondollars : ONt(s(n)) : tenmilliondollars

than : m(CPthan/0Sf) : AAA

that : m(CPthat/0Sf) : AAA

that : m¥Yn([]7'[]"/(CNn\CNn)/m((()Nt(n)n!mNt(n)\Sf)) : AAABAC[(B C) A (A C)]

the : m¥Yn(Nt(n)/CNn) : 1

the+cold+shoulder : mW]{the, cold, shoulder] : 0

there : mW](there] : 0

thinks : O((()AgNt(s())\Sf)/(CPthatLinSf)) : "AAAB(Pres (("think A) B))

to : m((PPto/AaNa)rVn((()Nn\Si)/(()Nn\Sb))) : ALAA

today : OVaV f((()Na\S )\ (()Na\Sf)) : "AAAB("today (A B))

tries : O((OFgNK(S()\SN)/D(OIGNHS()\S) : "AAAB((‘tries (‘A B)) B)

unicorn : OCNs(n) : unicorn

up : mWup] : 0

upon : O((VOY fF((()ND\S f)\((ONB\Sf))&Y g(CNg\CNg))/JaNa) : "AA(("‘uponadv A), (‘uponadn A))
void : OYg(CNg/CNg) : void

walk : O(()(JaNa—IAgNt(s(g)))\Sf) : "AA(Pres ("walk A))

walk : O(()JaNa\Sb) : "AA(walk A)

walks : O(()AgNt(s(9))\Sf) : "AA(Pres (“walk A))

was : B((()IAgNt(s(9))\Sf)/(FaNad(dg((CNg/CNg)LI(CNg\CNg))-1))) : AAAB(Past (A—>C.[B =
CI; D.((D AE[E = B]) B)))

was : O((()W[there] oS f)/3aNa) : "AA(Past ("be A))

waters : OCNp(n) : waters

which : mYnYm((Nt(n)TNt(m))L([I [1"H(CNm\CNm) /m((()Nt(n)"!mNHn))\Sf))) : AAABACAD[(C D)A
(B (A D))l

who : mYAEYR([]7 17 (NEHm)\((SHTNE(n)) | Sh)) /m((()Nt(n)'mNt(n))\Sf)) : AAABAC[(A B) A (C B)]
will : mYa((()Na\Sf)/(()Na\Sb)) : AAAB(Fut (A B))

without : O(Vg(CNg\CNg)/daNa) : "AAABAC[(B C) A =(("with A) C)]

without : mYa¥ (1™ (ONa\S HA(ONa\S£))/(ONa\Spsp)) : AAABACI(B C) A ~(A C)]

woman : OCNs(f) : woman

yesterday : OVaV f((ONa\S H\(ONa\Sf)) : "AAAB(yesterday (A B))



Chapter 12

Initial Examples

The derivations we give have been computer-generated from the lexicon given in Chapter 11 and a parser
for the categorial logic. The implementation is a categorial parser/theorem-prover CatLog2 comprising
6000 lines of Prolog using backward chaining proof-search in the Gentzen sequent calculus (Morrill
2011[63]), and the focusing of Andreoli (1992[5]), see Chapter 9; in addition to focusing, the imple-
mentation exploits count-invariance (van Benthem 1991[91]; Valentin, Serret and Morrill (2013[90]), see
Chapter 10. In focusing, proofs are built in alternating phases of don’t care non-deterministic invert-
ible/asynchronous rule application and focused noninvertible/synchronous rule application. The boxes in
our derivations mark the focused types, which are the active types of synchronous rule application. All the
reader needs to have in mind is that a boxed type in the conclusion of an inference step is always the active
type of that inference step. The first example is as follows:!

(122) [john]+walks : Sf

Note that in our syntactical form the subject is a bracketed domain, and this will always be the case —
implementing that subjects are weak islands. Lookup in our lexicon yields the following semantically
labelled sequent:

(123) [mNt(s(m)) : j1, O(O)AgNE((QI\Sf) : "AA(Pres (walk A)) = Sf

The lexical types are semantically modalised outermost, and this will always be the case — implementing
that word meanings are intensions/senses; the modality of the proper name subject is semantically inactive
(we take proper names to be rigid designators), while the modality of the tensed verb is semantically active
(the interpretation of tensed verbs depends on the temporal reference points). The verb projects a finite
sentence (feature f) when it combines with a third person singular (bracketed) subject of any gender (the
existential quantification); the actual subject is masculine (feature m).

The derivation is as follows:

Nt(s(m)) | = Nt(s(m))
mL
mNK(s(m)) | = Ni(s(m))
dR
(124) mNi(s(m)) = | AgNH(s(g)) OR
[mNKs(m)] = | OFgNE S 5
(s(m)] = gNt(s(g)) = f\L

(mNt(s(m)],| OIgNHs(s)\SS | = Sf
D(OAgNHs(\S) | = Sf

oL

[mNi(s(m))],

The flow of information in the semantic reading of derivations can be illustrated for the case in hand as
follows; note that in practice the steps of this information flow are implemented by unification stepwise
with derivation. First, variables for the antecedent semantics are added in the endsequent:

Note how in the input to CatLog brackets mark islands: single brackets for weak islands such as subjects and double brackets
for strong islands such as relative clauses and coordinate structures, Morrill (2011[81], Chapter 5). Morrill, Kuznetsov, Kanovich and
Scedrov (2018[68]) considers induction of such brackets.
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(125) [mN#(s(m)) : x], DOIGNHS(@\Sf) - y = Sf

Reading bottom-up, at the lowest inference step (OL) the verb semantics is replaced by the extension z and
the subject semantics x is carried over:

[WNt(s(m) : 3L [ OFgNIG@NSF]:2 = SF
[WNK(s(m)) : x], D(OIZNES(QNS) -y = Sf

(126)

At the second inference we propagate the subject semantics on the argument branch:

[aNts(m) : 5] = [OIgNH6() | [Sf] = Sf |
(127)  [mNt(s(m)) : x],| OAgNHs()\Sf |:z = Sf oL
[mNt(s(m)) : x], O((OAgNES(N\SS) :y = Sf

The next three inferences involve semantically transparent copying of the antecedent semantics:

Nt(s(m)) |: x = Nt(s(m))
| mNH(s(m)) : x| = Ni(s(m)) .EIR
(128) BNt(s(m)) : x = | AgNt(s(g)) OR
[WNH(s(m) : x] = [()IgNH(s(g)) Sf| = sf "
[mNt(s(m)) : x],| OAgNt(s(I\Sf |:z = Sf a1
[mNt(s(m)) : x], O(OAgNHS(\SS) vy = Sf

At the identity axiom the antecedent semantics is copied to the succedent:

Nt(s(m)) : x| = Ni(s(m)) : x

-Nt(s(m)):x\ = NHs(m)) R

(129) mNt(s(m)) : x = | AgNt(s(g)) OR
[(mNt(s(m) : 1] = | QIgNHs(R) |~ [Sf| = Sf

[WNH(s(m)) : x],| OFZNHS(\Sf |z = Sf

[mNH(s(m)) : x],0(OIGNHS(Q\Sf) 1 y = Sf

\L

In a following phase the succedent semantics is copied from premises to conclusions as far as the root of
the argument branch:

Nt(s(m)) : x| = Ni(s(m)) : x al
mNt(s(m)) : x| = Nt(s(m)) : x 1R
(130) mNt(s(m)) : x = | AgNH(s(g)) | x OR
[mNt(s(m)) : x] = | ()IgNH(s(Q)) : x Sf| = Sf
[th(s(m)):x],’()ElgNt(s(g))\Sf‘:z = Sf ]
[mNK(s(m)) - 21, 0(OAGNHS@N\S /) : y = Sf

\L

L

Now the functor value semantics in the antecedent of the value branch is labelled with a new variable w:
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Nt(s(m)) : x| = Ni(s(m)) : x
BNt(s(m)) : x| = Nt(s(m)) : x .HR
(131) mNt(s(m)) : x = | AgNH(s(g)) | x OR
[mNt(s(m)) : x] = | YIgNH(s(Q)) : x Sf:w| = Sf
[mNt(s(m)) : x], ()HgNt(s(g))\Sf‘ rz = Sf
[WNK(s(m) - 1, 0(OIGNHSQN\Sf)  y = Sf

At the id axiom this semantics is copied from antecedent to succedent:

\L

Nt(s(m)) : x| = Ni(s(m)) : x
] mNH(s(m)) : j| = NKs(m)):j .3R
(132) mNt(s(m)) : x = | AgNH(s(g)) | x OR
[mNt(s(m)) : x] = | OIgNH(s(Q)) : x Sfrw|= Sf:w
[mNt(s(m)) : ], ()HgNt(s(g))\Sf‘:z = Sf
[mNt(s(m)) : x], D(OIGNHS(QNSf) : y = Sf

In the \L conclusion succedent the semantics of the major premise is subject to the substitution of w by the
functional application of the functor z to the argument x:

\L

Nt(s(m)) : x| = Nit(s(m)): x
| mNH(s(m)) : x| = Ni(s(m)) : x R
(133) BNt(s(m)) : x = | AgNt(s(g)) |: x OR
[mNt(s(m)) : x] = |()AgNHs(Q)) ;x\ ]Sf:w\ = Sf:w
[mNt(s(m)) : x],| QAgNE((@I\Sf |1z = Sf:wl(z x)/w} = (z x) aL
[mNt(s(m)) : x], O(QOAGNHS(QI\SSf) 1y = Sf

And thence to the conclusion of the endsequent:

Nt(s(m)) : x| = Nt(s(m)) : x
| mNH(s(m)) : x| = Ni(s(m)) : x '3R
(134) mNt(s(m)) : x = |AgNH(s(9))|: x OR
[mNt(s(m)) : x] = | ()IAYNt(s(g)) : x Sf:w|= Sf:w
[mNt(s(m)) : x],| ()AgNt(s(@)\S f ‘ 1z = Sf:(zx)
[mN#(s(m)) : x], O(OIZNHS@NSF) - ¥ = Sf : D) y/z) = (Y )

Now we can substitute in the lexical semantics j for John (x) and “"AA(Pres (“walk A)) for walks (y) and
evaluate:?

\L
oL

(135) (TAA(Pres (walk A))j) =
(AA(Pres ("walk A)) j) =
(Pres ("walk j))

2Montague’s Intensional Logic assigned nonlogical constants of type T a denotation in the intension of T and then interpreted a
constant with respect to a world as its extension in that world. By contrast our semantic representation language assigns constants
denotations in their own type, so our semantic representations have explicit extensionalisations of intensional constants.
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Nt(s(m)) | = Nt(s(m))
mNt(s(m)) | = Nt(s(m)) .HR
NHs(f)| = NHs(f) _~ WNHs(m) = | IgNHs(8)) OR
mNt(s(f)) | = Ni(s(f)) IR [mNi(s(m))] = | OIAgNH(s(8)) Sf|=Sf
mNt(s(f)) = | JaNa| [WNt(s(m))],| OFZNHS(Q\Sf | = Sf o
[mNi(s(m))], | (VAgNH(s(8))\Sf)/FaNa |, mNt(s(f)) = Sf 5
[mNt(s(m))],| O(((VIZN1(s())\Sf)/FaNa) |, mNi(s(f)) = Sf

\L

Figure 12.1: Derivation for John loves Mary

(As we have said, this elucidation is not exactly how CatLog?2 extracts semantics; CatLog2 uses unification
and instantiation of metavariables to deliver in a single pass the unevaluated semantics of the upwards and
downward phases, and then normalises.)

By way of a second example, the following is a simple transitive sentence:

(136) [john]+loves+mary : Sf

Lexical lookup yields:
(137) [mNt(s(m)) : j1, O((()ILNH(s(8))\S f)/FaNa) : "AAAB(Pres (("love A) B)), mNt(s(f)) : m = Sf

There is the derivation given in Figure 12.1. Reading upwards from the endsequent, the first inference
removes the intensionality modality from the transitive verb, and then over left selects the object to analyse
as the argument of the transitive verb; this is done by existential right instantiating the agreement feature to
third person singular feminine, followed by (semantically inactive) intensionality modality left. The right
hand branch is the same as for example (122) after the first inference. All this delivers semantics:

(138) (Pres (("love m) j))
The next example has a subordinate clause:
(139) [john]+thinks+[mary]+walks : Sf

Lexical lookup yields the following; note that the propositional attitude verb is polymorphic with respect
to a complementised or uncomplementised sentential argument, expressed with a semantically inactive
additive disjunction:

(140) [mNt(s(m)) : j1, O(()ILN(s())\S f)/(CPthatinSf)) : "AAAB(Pres (("think A) B)),
[mNt(s(f)) : m], O(()IgNE((Q)\Sf) : "AC(Pres (walk C)) = Sf

This has the derivation given in Figure 12.2. Reading bottom-up, following elimination of the intensionality
modality on the propositional attitude verb, over left partitions in such a way as to supply the subordinate
clause as the propositional argument. Again, the righthand subtree is the same as for example (12.1)
after the first inference. In the lefthand subtree semantically inactive additive conjunction right selects
the modalised uncomplementized sentence type. The succedent modality is removed, this being licensed
by the fact that all the antecedent types are modalised, and the remaining derivation is also like that for
example (12.1). The derivation delivers semantics:

(141) (Pres (("think “(Pres ("walk my))) j))
The following example involves a ditransitive verb:

(142) [mary]+buys+john+coffee : Sf



127

[NHS(P)| = NHs()
| mNH(s(f) | = NHs(f)
mNH(s(f) = | IgNHs(3)) |

[WNHs()] = [OFgNEG()| ~ [Sf| = Sf " [NHsom) | = NHs(m)
[NH(| OINHS@NSS| = Sf | WNHs(m)| = NH(s(m))
(mNHG()] [ BOINIC@NSH| = S mNK(s(m)) = | IgNKGs(g) |
(WNHS(), BOANHNS) = BSf - [WNHsm)] = [OIgNK6@) |~ |Sf] = Sf "
[WNH(s()], BOIgNHs@\Sf) = | CPHhatOSS | [mNKson)]| OFgNHS@NSS | = S
[WN(s(m))],| (VAgNH(s(g)\S )/ (CPHhatUDS ) | [NH(S()], BOIGNHS@\Sf) = Sf
[WNH(s(m)],| D((OFgNHE()\S)/(CPthatUnS ) | [MNHS(H)], BOTINHS@N\SF) = Sf

Figure 12.2: Derivation for John thinks Mary walks

Ni(s(n)) | = Ni(s(n)) NHs(f) | = NHs(f)
&L [ 18
Nt(s(m)) | = Nt(s(m)) Nt(s(n))&CNs(n) | = Nt(s(n)) mNi(s(f)) | = Nt(s(f))
mNit(s(m)) | = Nt(s(m)) O(Nt(s(n))&CNs(n)) | = Nt(s(n)) mNt(s(f)) = | AgNt(s(g))
N N o
mNt(s(m)) = | JaNa O(Nt(s(n))&CNs(n)) = | JaNa [mNt(s(f)] = | OIgNt(s(g)) Sf|= Sf
Go] En EZmm ,

oR
WNH(s(m)), O(NHs(1))&CNs(n)) = [mNEs())],| OFgNHs(NSF | = SF

[mNHS()L | (0TgNHS()\S)/(1aNaeaNa) | mNK(s(m), BNHs(n)&CNs(n)) = Sf

/L

oL

[th(s(f))],’ O((()AgNt(s(g))\Sf)/(FaNaeTaNa)) LINt(s(m)), O(Nt(s(n))&CNs(n)) = Sf

Figure 12.3: Derivation for Mary buys John coffee

Lexical lookup is as follows; note the use of product (multiplicative conjunction) for the ditransitive verb,
and the use of additive conjunction for the polymorphism of the mass noun coffee which can appear either
as a bare nominal or with an article:

(143) [mNt(s(f)) : m], O((()IgNt(s())\Sf)/(FaNaedaNa)) : "AAAB(Pres ((("buy 11A) 12A) B)),
mNt(s(m)) : j, O(Nt(s(n))&CNs(n)) : “((gen “coffee), “coffee) = Sf

There is the derivation given in Figure 12.3. After removal of the outer modality of the ditransitive verb,
the partitioning of over left selects the two objects as the verb’s product argument, partitioned in turn by
continuous product right. The indirect object John is analysed by existential right and inactive modality
left inferences; the direct object coffee is analysed by existential right and (active) modality left inferences
followed by selection of the bare noun type by additive conjunction left. The rightmost subtree is as usual
for an intransitive sentence. This delivers semantics as follows in which a ‘generic’ operator applies to
coffee:

(144) (Pres (((buy j) (gen “coffee)) m))
The next example includes a definite article:
(145) [the+man]+walks : Sf

We treat the definite article simply as an iota operator which returns the unique individual in the context of
discourse satisfying its common noun argument (Carpenter 1997[11]); this unicity is presupposed by the
use of the definite. Lexical lookup yields the semantically labelled sequent:
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CNs(m)| = CNs(m)

’DCNs(m) = CNs(m) . Nt(s(m)) | = Nt(s(m))

Nt(s(m))/CNs(m) |, OCNs(m) = Nt(s(m)) VL

Vn(Nt(n)/CNn) |, OCNs(m) = Nt(s(m))
’an(Nt(n)/CNn) ,0OCNs(m) = Nt(s(m)) .EIR
mYn(Nt(n)/CNn),OCNs(m) = | AgNt(s(g)) OR

[mVYn(Nt(n)/CNn), OCNs(m)] = | (Y)IAgNH(s(g)) W = Sf \

[mVYn(Nt(n)/CNn), OCNs(m)],| (OAgNt(s()\Sf | = Sf
[mVYn(Nt(n)/CNn), OCNs(m)], D(()HgNt(s(g))\Sf)‘ = Sf ok

Figure 12.4: Derivation for The man walks

(146) [mVn(Nt(n)/CNn) : 1, 0CNs(m) : man], O(()AgNH(s(Z)\Sf) : "AA(Pres (walk A)) = Sf

There is the derivation given in Figure 12.4. This is like the derivation of an intransitive sentence before,
but with the analysis of the definite noun phrase subject at the top left. The derivation delivers semantics:

(147) (Pres (“walk (1 “man)))

The next two examples have adverbial and adnominal prepositional modification respectively. We
consider the adverbial case first:

(148) [john]+walks+from+edinburgh : Sf

Lexical lookup inserts a single value-polymorphic prepositional type, which uses semantically active addi-
tive conjunction:

(149) [mNt(s(m)) : j1, O()AZNHS(Q)\SS) : "AA(Pres (“walk A)), O((Ya¥ f(((O)Na\Sf)\
(()Na\Sf))&Vn(CNn\CNn))/3IbNb) : "AB(("fromadv B), (fromadn B)), mNt(s(n)) :e = Sf

There is the derivation given in Figure 12.5. After elimination of the outer modality of the preposition,
over left selects as the prepositional argument the prepositional object, which is analysed in the leftmost
subtree. In the sister subtree additive conjunction left selects the adverbial type for the prepositional phrase
and for all left instantiates the subject agreement and verb form features to third person singular masculine,
and finite. Following under left, in the middle subtree walks is analysed as the intransitive verb second
argument of the adverbial preposition; note the analysis of the higher-order type by the under right rule,
which lowers the conclusion succedent hypothetical subtype into the premise antecedent. The rightmost
subtree is an intransitive sentence case again. All this delivers the semantics:

(150) ((Cfromadv e) AB(Pres (“walk B))) j)
The adnominal case is:
(151) [the+man+from+edinburgh]+walks : Sf

Lexical lookup yields:

(152) [mVYn(Nt(n)/CNn) : 1, OCNs(m) : man, O((VaV f((ONa\Sf)\((YNa\Sf))&
Vn(CNn\CNn))/3AbND) : "AA((fromadv A), (‘fromadn A)), mNt(s(n)) : e],
O(()AgNt(s(g)\Sf) : "AB(Pres (walk B)) = Sf

There is the derivation given in Figure 12.6. In the first two steps the intransitive verb walks is prepared to
apply to the complex subject. Bracket right and exists right follow, then (inactive) modality left and for all
left on the determiner, which then applies to the complex common noun. The result of modality left on the
preposition applies to the prepositional object and in the major premise additive conjunction left selects the
adnominal prepositional type. The semantics delivered is:
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Nt(s(m)) = Nt(s(m))

JR

Nt(s(m)) = |AgNt(s())

OR

[Nt(s(m))] = | OAZNH(s(g)) Sf|=Sf

[Nt(s(m))],| OAZNE(s(QI\Sf | = Sf Nt(s(m))

\L

oL

= Ni(s(m)) al

[NH(s(m))],| D(OAGNHS@\Sf) | = Sf mNt(s(1m))

= Nt(s(m))

ONt(s(m), B(OIgNH(s(g)\Sf) = Sf A

L

O(QOAgNH(s(Q)\Sf) = ONHs(m)\Sf

[WNH(s(m))] = | ONH(s(m))

OR

\R

Sf| = m\/h

[mNi(s(m))],| ONEHs(m)\Sf| = Sf

\L

[mNt(s(m))], BOAZNE(s()\S /), | (ONH(s(mP\SHNONH(s(m)\Sf) | = Sf

mL

Nt(s(n)) | = Nt(s(n)) [(mNi(s(m))], O(OFZNH(s(E)\SS),

VL

YF((ONHsmN\SHNONEs(m)\Sf)) | = Sf VL

7 mNt(s(n)) ; = Nt(s(n))

[mNt(s(m))], O(OFENH(s(Q)\SS), | Ya¥ fF((ONa\SHINONa\Sf)) | = Sf

IR

mNt(s(n)) = |3bNb [mNi(s(m))], O(OFZNH(s()\SS),

Va f(ONa\SH\(ONa\Sf)&¥n(CNn\CNn) | = Sf

[mNi(s(m))], BOAGNE(S(E\S f),

(Ya¥ f((ONa\S )\(O)Na\S f))&¥n(CNn\CNn))/3bNb

, mNt(s(n)) = Sf

[mN#(s(m))], O(OIAZNHS(G\S ),

O((Ya¥ f((ONa\S f)\(ONa\Sf))&V¥n(CNn\CNn))/IbNb)

O
, mNt(s(n)) = Sf

Figure 12.5: Derivation for John walks from Edinburgh
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CNs(m)| = CNs(m) L
OCNs(m)| = CNs(m) - CNs(m) | = CNs(m)

Nt(s(n)) | = Nt(s(n)) OCNs(m),| CNs(m)\CNs(m) | = CNs(m) \L

mL

mNt(s(n)) | = Nit(s(n)) OCNs(m),| Yn(CNn\CNn) | = CNs(m) vk

IR &L
mNi(s(n)) = |3IbNb OCNs(m), §<Eoza/mb/Aoza/mbv@\imzx/mza4 = CNs(m) "

OCNs(m), | (Ya¥ £(((ONa\S F)\((YNa\S f))&¥n(CNn\CNn))/IbNb |, mNt(s(n)) = CNs(m)

oL

OCNs(m), | O((Ya¥ f(ONa\S F)\(ONa\S f))&¥n(CNn\CNn))/IbNb) |, mNt(s(n)) = CNs(m) Nt(s(m))| = Nt(s(m))

7 Nt(s(m))/CNs(m)

/L

| OCNis(m), O((Ya¥ f(((ONa\S F)\(ONa\S f))&¥n(CNn\CNn))/IbNb), mNH(s(n)) = N(s(m))

VL

Vn(NHn)/CNn) | OCNs(m), o((Ya¥ F(ONa\S /)\(()Na\S f))&Vn(CNn\CNn))/IbNb), mNt(s(n)) = Nt(s(m))

mL

7 mYn(Nt(n)/CNn)

| OCNis(m), O((Ya¥ f(((ONa\S F)\(ONa\S f))&¥n(CNn\CNn))/IbNb), mNH(s(n)) = N(s(m))

mYn(Nt(n)/CNn), OCNs(m), o((Va¥ f((ONa\S )\ (()Na\Sf))&Vn(CNn\CNn))/IbNb), mNt(s(n)) = | gN#(s(g))

IR

[mY/n(Nt(n)/CNn), OCNs(m), O((Ya¥ F(ONa\S )\ ((ONa\S f))&¥n(CNn\CNn))/IbNb), mNt(s(n))] = | )TgNHs(g)) OR Sf| = sf .

[mVn(Nt(n)/CNn), OCNs(m), O((Ya¥ f(ONa\S )\ (ONa\S f))&¥n(CNn\CNn))/IbNb), mNt(s(n))],

(AgNt(s(@\Sf| = Sf

[m¥/n(N#(n)/CNn), OCNs(m), O((Ya¥ F(()Na\S ))\(ONa\S f))&¥n(CNn\CNn))/AbNb), mNt(s(n))],

o(OANIGE@NSN | = Sf

L

Figure 12.6: Derivation for The man from Edinburgh walks
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| NHs(A) | = NHs(A) | Nt(s(m)) | = Ni(s(m))
| VeNH(s(9)) | = NH(s(A)) o | mNt(s(m)) | = Ni(s(m))
| WYgNH(s(g) | = NH(s(A) R mNH(s(m)) = | FgNHs(g)) |
mVgNH(s(g) = [JaNa] o [mNHsOn)] = [OFNHs(R)| T |Sf] = S\
mYgNt(s(g) = ‘ FaNad(Ag((CNg/CNg)U(CNg\CNg))-I) ‘ @ [mNt(s(m))], = Sf
—1) | mYgNK(s(g)) = Sf
[mNi(s(m))], l(( )AgNH(s(8))\S f)/(FaNa®(Ag((CNg/CNg)L(CNG\CNg))-1)) | (s(8)) = Sf

Figure 12.7: Derivation for Bond is 007

(153) (Pres ("walk (1 ((fromadn e) “man))))

The last two initial examples involve the copula with nominal and (intersective) adjectival complemen-
tation respectively. We consider first the nominal case:

(154) [bond]+is+007 : Sf

Lexical lookup inserts a single argument-polymorphic copula type, which uses both semantically active
and semantically inactive additive disjunction:3

(155) [MNK(s(m)) : b], m(OFNK(s()\S f)/(JaNad(Ig((CNg/CNg)L(CNG\CNg))~D))) : AAAB(Pres
(A—>C.[B = C]; D.((D AE[E = B]) B))), mVgNt(s(g)) : 007 = Sf

There is the derivation given in Figure 12.7. After elimination of the outer copula modality the copula
is applied to its nominal complement. Additive disjunction right selects the first, nominal, disjunct. The
derivation delivers semantics:

(156) (Pres [b = 007])

The (intersective) adjectival case is:
(157) [bond]+is+teetotal : Sf
Lexical lookup yields:

(158) [mN#(s(m)) : b], m((OFgNH(s()\Sf)/(JaNad(Ig((CNg/CNg)L(CNG\CNg)-1)) : AAAB(Pres
(A—>C.[B = C]; D.((D AE[E = B]) B))), 0¥n(CNn/CNn) : "AFAG[(F G) A (‘teetotal G)] = Sf

There is the derivation given in Figure 12.8. After elimination of its outer modality, the copula is applied
to its adjectival complement. Semantically active additive disjunction right selects the second disjunct.
The difference right rule checks that the antecedent is not empty, but this is not displayed. Exists right
substitutes the existentially quantified variable for a metavariable A and semantically inactive additive
disjunction right then selects the adjectival disjunct. The following semantics is delivered:

(159) (Pres (teetotal b))

3The difference operator (Morrill and Valentin 2014[71]) for linguistic exceptions is also used. It involves negation as failure,
which cannot easily be displayed. We do not dwell on this operator here.
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CNA = CNA |CNA| = cNA
|CNA/CNA|,CNA = CNA .
| Vn(CNn/CNn) | CNA = CNA

\an(CNn/CNn)\ CNA = CNA RL
OVn(CNn/CNn) = CNA/CNA " \Nt(s(m))\ = NKs(m)) .
O¥n(CNn/CNn) = \(CNA/CNA)u(CNA\CNA)\uaR | mN(s(m)) | = Nt(s(m)) R
O¥n(CNn/CNn) = \ag((CNg/CNg)u(CNg\CNg))\ x BNt(s(m)) = \agNt(s(g))\
OVn(CNn/CNn) = \ag((CNg/CNg)u(CNg\CNg))—I\ oR [mNH(s(m))] = \<>3gNt(s(g))\ = Sf

ov¥n(CNn/CNn) = ‘HaNaaa(Hg((CNg/CNg)u(CNg\CNg)) I)‘ = Sf
[mNt(s(m)], ‘(<>38Nf(5(8))\5f)/(3ﬂNﬂ€B(3g((CNg/CNg)l—l(CNg\CNg)) I)WDV?Z(CNH/CN?Z) = 5f

L
[WNt(s(m))], ‘l((<>3ng(S(g))\5f )/(3aNa®(3g((CNg/CNg)U(CNg\CNg))— I)))‘ ovn(CNn/CNn) = Sf -

Figure 12.8: Derivation for Bond is teetotal
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The Montague Fragment

In this chapter we give derivations of the Montague grammar fragment examples analysed in Chapter 7 of
Dowty, Wall and Peters (1981[18]), DWP. This ‘Montague test’ was performed on the 9th of October 2015
at the Colloque de Sintaxe et Sémantique a Paris. The example sentences are shown in Figure 13.1. The
lexicon is shown in Figure 13.2. The first example is as follows, the same as example (122) of Chapter 12.
(We continue to include the indexation of CatLog2, which contains the numeration of the source, within
the display.)

(160) (dwp((7-7))) [john]+walks : Sf

Recall that in our syntactical forms the subjects are bracketed domains — implementing that subjects are
weak islands. Lookup in our lexicon yields the following semantically labelled sequent:

(161) [mNt(s(m)) : j1, O(()AgNt(S(QI\SSf) : "AA(Pres (walk A)) = Sf

As always the lexical types are semantically modalized outermost — implementing that word meanings are

intensions/senses; the modality of the proper name subject is semantically inactive (proper names are rigid

designators), while the modality of the tensed verb is semantically active (the interpretation of tensed verbs

depends on the temporal reference points). The verb projects a finite sentence (feature f) when it combines

with a third person singular (bracketed) subject of any gender; the actual subject is masculine (feature 7).
The derivation is as follows:

Nt(s(m))| = Nt(s(m))

’th(s(m))‘ = Ni(s(m))

mNi(s(n) = | IGNHS(E)|
[WNHs(m)] = [OFgNHs@R) | |Sf| = Sf "
[(WNHsm)L | OFgNH@NSS| = Sf
[WNH(s(m)],| 0(OFgNHS(\SF) | = Sf

The semantics delivered by the derivation of this example is:

(162) (Pres ("walk j))
The next example involves a quantifier phrase in subject position:
(163) (dwp((7-16))) [every+man]+talks : Sf

Lookup yields the following semantically labelled sequent:

133
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str(dwp(’(7-7)’), [b([john]), walks], s(f)).

str(dwp(’(7-16)’), [b([every, man]), talks], s(f)).

str(dwp(’(7-19)"), [b([the, fish]), walks], s(f)).

str(dwp(’(7-32)"), [b([every, man]), b([b([walks, or, talks])])], s(f)).
str(dwp(’(7-34)’), [b([b([b([every, man]), walks, or, b([every, man]), talks])])], s(f)).
str(dwp(’(7-39)’), [b([b([b([a, woman]), walks, and, b([she]), talks])])], s(f)).
str(dwp(’(7-43, 45)’), [b([john]), believes, that, b([a, fish]), walks], s(f)).
str(dwp(’(7-48, 49, 52)’), [b([every, man]), believes, that, b([a, fish]), walks], s(f)).
str(dwp(’(7-57)’), [b([every, fish, such, that, b([it]), walks]), talks], s(f)).
str(dwp((7-60, 62)’), [b([john]), seeks, a, unicorn], s(f)).

str(dwp(’(7-73)’), [b([john]), is, bill], s(f)).

str(dwp(’(7-76)’), [b([john]), is, a, man], s(f)).

str(dwp(’(7-83)’), [necessarily, b([john]), walks], s(f)).

str(dwp(’(7-86)’), [b([john]), walks, slowly], s(f)).

str(dwp(’(7-91)°), [b([john]), tries, to, walk], s(f)).

str(dwp(’(7-94)’), [b([john]), tries, to, b([b([catch, a, fish, and, eat, it])])], s(f)).
str(dwp(’(7-98)’), [b([john]), finds, a, unicorn], s(f)).

str(dwp(’(7-105)’), [b([every, man, such, that, b([he]), loves, a, woman]), loses, her], s(f)).
str(dwp(’(7-110)"), [b([john]), walks, in, a, park], s(f)).

str(dwp(’(7-116, 118)’), [b([every, man]), doesnt, walk], s(f)).

Figure 13.1: The mini-corpus of the Montague test

(164) [mVg(Vf((SfTNt(s()))ISf)/CNs(gZ)) : AAABYC[(A C) — (B C)], OCNs(m) : man],
O(()AgNt(s(g)\ Sf) : "AD(Pres (‘talk D)) = Sf

The semantic modality of the quantifier is inactive since its semantics is purely logical. Within its modality
the type for the quantifier is a functor seeking a count noun to its right; the feature variable ¢ transmits
gender from the count noun argument to the value of the functor. The functor yields a generalised quantifier
type which will infix at the result of extracting a nominal in a sentence, simulating Montague’s rule of term
insertion, or quantifying in, S14. The derivation is given below:

Nt(s(m)) = Nt(s(m))

Nt(s(m)) = |IgNt(s(g)) OR

[Nt(s(m))] = | OAgNt(s(g)) ]Sf ‘ = Sf "
[Nt(s(m))],| OAZNH(s(@\Sf | = Sf

[Nt(s(m))],| 0O IgNs()\Sf) | = Sf D;

[11, 0(OAGNES(R\SF) = SFINKs(m)) Sf| = s,
CNs(m)| = CNs(m) [[ (SFINHs(m))LSS |, D(OTZNHS(\SF) = Sf
OCNs(im) | = CNs(m) [YA(SANKIISH | BOINISENSH = S

[| Yf((SfTNH(s(m)))LS f)/CNs(m) , DCNs(m)], O(OIENH(s(Q)\Sf) = Sf
[| V(¥ f((SfTNH(s(8))ISf)/CNs(g)) , BCNs(m)], O(OAZNH(s(@)\Sf) = Sf -
[’ mYg (¥ f((SFTNH(s(2))ISf)/CNs(Q)) |, BCNs(m)], D(OAZNHS(N\Sf) = Sf

This delivers the required semantics:

(165) YC[(*man C) — (Pres ("talk C))]
The next example of DWP is:
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a: WYg(Yf((SFTMNH(s(9)LSF)/CNs(g)) : AAABICI(A ©) A (B C)]
and: mY f((?mSA\[]"'[]7'Sf)/mSf) : (@™ 0 and)

and: mVaY f(?m(ONa\SH\[I'[I" (ONa\S£))/m(ONa\Sf) : (@™ (s 0) and)

believes: O((()AgNt(s(£))\Sf)/(CPthatlinSf)) : "AAAB(Pres (("believe A) B))

bill: mNt(s(m)) : b

catch: O((()3aNa\Sb)/3aNa) : "AAAB(("catch A) B)

doesnt: mYgVa((SgT(((ONa\Sf)/(()Na\Sb)))|Sg) : AA—~(A ABAC(B C))

eat: O((()3aNa\Sb)/FaNa) : "AAAB(("eat A) B)

every: mYg(Y f((SFINH(s(9))LSf)/CNs(g)) : AAABYCI(A C) — (B O)]

finds: O((()AgNt(s(g)\Sf)/FaNa) : "AAAB(Pres ((" find A) B))

fish: OCNs(n) : fish

he: m[]7'Vg((mSgImNH(s(m)))/ (ONH(s(m))\Sg)) : AAA

her: Y gVa((()Na\Sg) TMINH(s(f))) L((ONa\S ) mNH(s(f) : AAA

in: O(VaY f((ONa\SH\(ONa\Sf))/FaNa) : "AAABAC(("in A) (B C))

is: m((()AgNt(s())\Sf)/(JaNa®(Ig((CNg/CNg)L(CNG\CNQ))-I))) : AAAB(Pres (A — C.[B = C]; D.((D AE[E = B]) B)))
it: mY fYa(((ONa\Sf)TuNt(s(n))) L (M((ONa\S f)|mNt(s(n)))) : LAA

it: m[]71V f((mS f|mNt(s(n)))/ (ONHs(m)\SS)) : AAA

john: mNt(s(m)) : j

loses: O((()AgNt(s(g))\Sf)/FaNa) : "AAAB(Pres (("lose A) B))

loves: O((()AgNt(s(3))\Sf)/FaNa) : "AAAB(Pres (("love A) B))

man: OCNs(m) : man

necessarily: m(SA/OSA) : Nec

or: mY f((?mSA\[I"[]71Sf)/mSf) : (@™ 0 0r)

or: m¥a¥ f((?m((YNa\SH\[M[I7L(()Na\Sf))/m({)Na\Sf)) : (@™ (s 0) or)

or: WY £((2m(S£/(OFNHs@NS I (SF/(OTIZNHS()\S £))/m(S F/(VTZNH(M\SF)) = (P (5 0) 0r)
park: OCNs(n) : park

seeks: O((()IgNt(s(g))\Sf)/aV¥aV¥ f((Na\Sf)/IAbND)\(Na\Sf))) : "AAAB((tries "(("A ~ find) B)) B)
she: m[]~Vg((mSgImNH(()/(ONHS(F)\SE)) : AAA

slowly: OVaV f(O(()Na\S )\ (()ONa\Sf)) : "AAAB("slowly “("A *B))

such-+that: m¥n((CNn\CNn)/(Sf|mNt(n))) : AAABAC[(B C) A (A Q)]

talks: O(()AgNt(s(8))\Sf) : "AA(Pres (‘talk A))

that: m(CPthat/0Sf) : AAA

the: m¥n(Nt(n)/CNn) : ¢

to: m((PPto/daNa)rVn(({()Nn\Si)/(()Nn\Sb))) : ALAA

unicorn: OCNs(n) : unicorn

walks: O(()IgNt(s(g))\Sf) : "AA(Pres (‘walk A))

woman: OCNs(f) : woman

Figure 13.2: Lexicon for the Montague test
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(166) (dwp((7-19))) [the+fish]+walks : Sf

Montague analysed the definite article Russelian style as universal quantification with unicity, but this does
not reflect its presuppositional character. In our grammar we assume that the presupposition of unicity is
somehow otherwise given, and the article maps Hilbert style to a simple nominal with a higher-order iota
logical constant. Lexical lookup yields the following semantically labelled sequent:

(167) [mVn(Nt(n)/CNn) : 1, OCNs(n) : fish], O(()ANH(S()\Sf) : "AA(Pres (walk A)) = Sf

This has the derivation:

CNs(n)| = CNs(n)
OCNs(n) | = CNs(n) - Nt(s(n)) | = Nt(s(n))
Nt(s(n))/CNs(n) |, OCNs(n) = Nt(s(n)) VI
Vn(Nt(n)/CNn) |, OCNs(n) = Nt(s(n))
| m¥n(NH(n)/CNn) | 0CNs(n) = NH(s(n)) .EIR
mVYn(Nt(n)/CNn),OCNs(n) = | AgNt(s(g)) OR
[mVn(Nt(n)/CNn),OCNs(n)] = | (HAgNt(s(g)) m = Sf =
[w¥n(Nt(n)/CNn),OCNs(n)][ OIgNHs(@\Sf | = Sf
[wn(Nt(2)/CNn), OCNs()],[ B(OFgNHs(\S )| = Sf -

The derivation delivers semantics:

(168) (Pres ("walk (¢ “fish)))
The next example involves subject quantification and verb phrase coordination:
(169) (dwp((7-32))) [every+man]+[[walks+or+talks]] : Sf
Lexical lookup inserting the disjunctive verb phrase coordinator yields the semantically labelled sequent:

(170) [mYg(Yf((SFTNt(s(9)))ISf)/CNs()) : AAABYC[(A C) — (B C)], OCNs(m) : man],
[[O(OAgNE(S()\ Sf) : "AD(Pres (“walk D)), m¥a¥ f((?m((ONa\SH\[I7'[I7 (ONa\Sf))/
B((ONa\Sf)) : (@™ (s 0) or), O(()AgNt(s(3))\Sf) : "AE(Pres (talk E))]] = Sf

The combinator lexical semantics (D™* (s 0) or) of the disjunctive coordinator is such that:
(@™ (s 0) 0r) x) [y]) 2) = (P 0 0r) (x 2)) (a* [y] 2)) = ((P™* O0r) (x2)) [y D)) = [(y 2) V (x 2)]

See Chapter 14. Syntactically, the value of the coordinator type projects double brackets, making the
coordinate structure a string island; the disjuncts are semantically inactive modal domains, making the
coordinate structure a scope island. The derivation is as follows:
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NHs(m)) = NH(s(m)

NH(s(m) = o
NHs(m) = Nesm) INs(m)] = [(FgNHs(g) [57]= sf S\
NHs(m) = | 3gN [NH(s(m) )]‘()EXN[(s )\Sf‘ = Sf oL N S N
INFo] = W’ e, NOMEORNCOD]= ) e < o] [ 5
INH(sm)L,[ 0IgNHGENSf| = Sf ONH6(m)) DOTINHAGNSH = 57 INHm)L[ONHNST] = 57
[N!(;(m))]‘ (OAgNHs(g) )\Sf)‘ = Sf O(OINKS(@N\SF) = ONHsm)\Sf - 1L

ONHs(m), BOINIGEINS) = 5F - SOINIWNS/) = MONImNS) " )% {0 oNeemsnh = 57 '
COINE@NSH = ONiGss N BOINIGENSS) = \*-<<>Nr<s(m)>\5f N0 [T ONOSH I = 5F
BOINICENS)) = BONGENS) INHs () 9O TNHS O\ MONKEINS NI ONHs N = F
[NHs(m), 9O FgNHs()N\ ), CRONHSM\S I TI (ONH\S /) /ONHsmNSP) | O IgNHS@NS = S
[N, (OGNS ), [V ACRONHSNS NI ONHS(m)N\S 1)/ MONHSmNSS) | BOISNHSONSHN = SF
(NHs(m), 90 IgNH()\ ), [Va F(CONa\S NI I HONA\SP)/mONa\S ) | mO3gNHS@NS I = SF
INHs(m)], (O TGNHS()\S ), [mYa F(ZmONR\S VI (ON\S 1) /m(ON\S 1) | DO TgNHS@N\SPII = Sf

(11, 100 FgNHs(9))\S ), WYa¥ F(CmONR\S D\ [1 (ONa\S )/ M(ONa\S ), DO TgNHS@N\S Il = SFINKs(m)) sfl=57
= CNsem) | (NG m5f\1 llo03gNH) )\Sf) wVaY f(mONa\S P\ [T (ONa\S )/ mONa\S ), BOIZNHSE@NS I = Sf
OCNs(m)| = CNs(n) | ) Yl f(BON\S NI (ON\S)/MONO\S ), SO INHSENS I = SF )

[‘ Y F((SFINHs(m))LSf)/CNs(m) |, IVﬂVf((’-(ONﬂ\Sf)\H 07 (ONa\S£))/m(ONa\S ), D(OIgNHs@N\SHIT = Sf
[‘ Vg(Vf((SFINKs())ISS)/CNs(g)) L\:CN@ m ] [[D(<)33Nf g(8) \Sf), mYaY f(mONA\S O\ [17 (ONa\Sf))/m(ONa\S)), DO IgNHs@N\SHI = Sf
[‘ wY(YF(SFINHs(@)NISS)/CNs(Z)) }DCNS(W)L [[O(OAGNH(S()\SS), mYaY f(mON\S A\ 17 (ONa\S f))/m(ONa\S £)), D(OIgNKS@N\S Il = Sf

This delivers semantics:

(171) YC[("'man C) — [(Pres (‘walk C)) V (Pres (“talk C))]]

The next example is:

(172) (dwp((7-34))) [[[every+man]+walks+or+[every+man]+talks]] : Sf

This involves sentential coordination:

(173) [[[mYg(¥F((SFINHs(2)LS F)/CNs(g)) : AAABYCI(A C) — (B C)], OCNs(m) : man],
O(()3AgNH(s(8))\Sf) : "AD(Pres ("walk D)), m¥ f(?mSf\[I7'[I7'Sf)/mSf) : (@™ 0 or),
[mVg(YF((SFTNE(s(9)))LSf)/CNs(Q)) : AEAFYGI(E G) — (F G)], 0CNs(m) : man],
O(()AgNt(s(g)\SSf) : "AH(Pres ("talk H))]] = Sf

Because the disjuncts are (semantically inactive) modal domains the quantifier phrases can only take scope
within their disjuncts. The derivation is as follows:
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Ni(s(m)) = Ni(s(m))

NH(s(m) = NH(s(m))

[1], B(OFNHs(@\S ) = SFINHs(m))

Eum\

1L

ﬁ = CNs(m)

[ (SFINHs(m)ISS |I, D(OFgNHS(NSS) = Sf

oL YL
[11,0(O3gNHS@NS ) = SFNHs(m) [sr]=sr [ | = cnsom [ V(S FINKsmILS D [, BOFeNIsENSS) = SF
w i
[ cnstn) | = s [ sFINHstmLSS L BOIeNEs@NSH = Sf I YA FINKm)LSP/CNs() | aCNs(m)], a0 IgNENSS) = SF
R — ) YL YL
[[ocnsn | = ensom [ vrssNtsmmLss) L aNis@NsH = SF I Y87 (ST INHSLSPICNS(g) | aCNs(ml BOINHSNSS) = 57
/L ul
([ 7S NS0 157/ CNst) | NS, BTSSP = 57 ([ WY NSNS PICNS(g) | aCNs(ml BTSN = 57
YL mR
[ Y0/ FINISLSAICNs(g) | BCNs(m) SOFNHSONS) = SF W07 F((S FINHS()LS )/CNs(g), BCNs(m)], SO gNINS ) = mSf
ul 2R

__ wYg(7f((SFINHs(9))LS)/CNs(g)) _ OCNs(m)], B(OgNHs(NSS) = Sf

mR
[w¥g(Y F((SFTNH(s())LSf)/CNs(g)), OCNs(m)], O((YAgNHs()\Sf) = mSf

[0 (S FINHS(LS )/ CNs(e), BCNS0mL B0 FgNHG(\S/) = [ 2m55 |

[[[mYg(/F((SFINH(2))1Sf)/CNs(g), BCNs(m)], D(OIINHS(\S ), | 7mSAN 1SS Il = sf

/L

[[[WY3(7 f(STNHS(2))IS/)/CNs(g)), OCNs(m)], B(OIINHS(NSF),| CmSANTLITLS)/mSf | [mYg(v F((SFINHS(@))LSF)/CNs(8)), BCNs(m)], (OFNHs@N\SHI = Sf

YL

[[[mYg(Y F((SFINHs(NISF)/CNs(R)), DQ/ESFmﬁomwzxm@v/m?i vf(emsANTI ) msf) fT<&<\:mi2%€Emb\nzm@a_umz,As:\_n_vawZA,n@v/mb: = Sf

mL

[[[mYg(¥f((SFTNHs(2))LS)/CNs(g)), OCNs(m)], D(OIINHS(@)\S ),

wvf(CusAN 17 sf)/ms ) f_-<,ﬁ<\:m)Z@@utmb\nZ&:‘_unZ.As;n_SuwaAmvv/mb: = Sf

The semantics assigned is:
(174) [VH[('man H) — (Pres ("walk H))] V YC[("man C) — (Pres ("talk C))]]

The next example involves anaphora and sentential conjunction:
(175) (dwp((7-39))) [[[a+woman]+walks+and+[she]+talks]] : Sf

Our lexical type assignment to the nominative pronoun ensures that it combines to the right with a verb

phrase, i.e. that it occupies subject position:



139

[w[]7'Vg(mSgImNt(s(f)))/ (ONt((f)\SQ)) : AEE], O(OIZNH(s(8))\SS) : "AF(Pres ("talk F))]]

O(()AgNt(s(g))\ Sf) : "AD(Pres (“walk D)), m¥ f(?mSA\[I7[171Sf)/mSf) : (@™ 0 and),
= Sf

(176) [[[mVg(¥Yf((SfTmNt(s(3)))ISf)/CNs(g)) : AAABAC[(A C) A (B C)], CNs(f) : woman],

The limited contraction for anaphora type constructor is used to create anaphoric dependency. There is the

following derivation where the treatment of quantification and anaphora (and coordination) interact in such

a way that the pronoun is bound by the quantificational noun phrase antecedent.

= NHs(f))
ul
= NHs(f)
EIN

mNt(s(f)) = | AgNH(s(8))

Nt(s(f)) = NHs(f)

[mNHs(f)], D(OFNH(Q\Sf) = mSf

[WNH(s(£))], D(OFGNHS(QN\SSf) = | 7mSf

E_ VF(SFTmNHs()NLSF)/CNs(f) _ BCNs()L, B(OIGNHS\S ), Y F(CES AT T S)/mS ), [TV g(mSSMNHG(N)/(ONHS(AN\SENL BOISNHS@NSATT = Sf

VL

E_ Yg(Vf((SfTMNH(s())LSf)/CNs(g)) _\DOZWS_‘Ecmmzﬁgv/mb‘-<>ﬁ-m>:L:Lmb\-mb‘_-:L<w:-mm,-Zm.,.SVV\ACZxWSVGmE‘EouwZ:.,,Qv;mb: = Sf

[ 18

E_ mYg(Yf((SFTMNK(S(2))LSf)/CNs(g)) _\_umzmS_‘Eomwzﬁ@/mb‘ w f(ms AN 1T S )/ms ), (w011 Vg (mSgImNHs(£)/(ONHS(O\S, DOINHSQNS AT = Sf

uSf = mSf
= NHs(f)) [[[WNH(N)], DOFNHGNSS), | CsAN I sf)/msf | msfll = sf
mL YL
mNH(s(f)) | = NHs(f) [[WNH(F)], BOFZNHNS )| VA(EmSAN I~ s p)/ms /) | mSfll = sf
mR ul
ONHs(f), BOFINHS(@\Sf) = Sf BNK(s(f)) = mNHs(f)) ([[WNHs(£)], BOINH(\SF),| mYF(mSANL07Ls ) msf) | msfll = sf
\R IL
O(OAGNHS(Q\S ) = ONHs(\Sf [[[mNE(s(/)], BOIZNE(\S ), mY F(mS AL 1L s )/ms ), | mSfimNEs(f) Il = Sf
/L
[[[mNE(s(f)], DOIZNL(N\Sf), l<>QIm>:L:Lmb\lmb\— (wS fImNH(s()/(ONHS(H\Sf) T_vamz‘@@v/mb: = Sf
VL
EIZ:MSFEAEwZ%@v/mb‘léﬁwlm\/:lg:Lmb\lmb‘_ Vg((mSglmNi(s(£)))/(ONHs(f)\Sg)) _‘DACMWZ%@VG\E = Sf
0L
[[[mNE(s(F)], DOAGNHs()\S ), mYA(mS AL 1L f)/ms ), L (171 Vg((mSgImNH(N)/(ONHS(I\SZ) [l DOIZNH@NSHT = Sf
mL
[[[mNE(s(F)), BOIZNEs()\S ), mY £(mS A\~ 171 ) /mS ), [ mI]~1 Vg ((mSgImNES(F)/(ONHS(ANSD) [l BOINESENSHN = Sf
TR —
(111, BOANHS\S ), mY f(CmS AL 175 )/ms ), (w1~ Vg (mSmNHS(F)/(ONHS(N\SD), BOTGNHS@NS T = SFImNKs() E = Sf
E = CNs(f) [1l] (S/TRNHS(HNISS [l aOISNHS@NS F), mY F(emS AL 1715 f)/ms ), (w1~ Vg(mSSImNHS(F)/(ONHS(\SE)] BOINHSENSHI = Sf
— 0oL VL
E = CNs(f) (1] YF(STRNHS(HIS [l BOTNE@NS ), mY FCmSAIL 1S f)/ms ), (171 g(mSgImNHS(£))/(ONH()\Se)], BOTINHS@NSHI = Sf
/L

1L
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This assigns the correct semantics:

(177) AC[(Cwoman C) A [(Pres (walk C)) A (Pres (“talk C))]]

The next analyses of DWP are for the de re or specific versus de dicto or non-specific ambiguity of:

(178) (dwp((7-43, 45))) [john]+believes+that+[a+fish]+walks : Sf

On Montague’s account the indefinite quantifier phrase can quantity in at the matrix level yielding the
de re reading in which the propositional attitude verb is within the scope of the existential quantification
(John’s belief is directed towards a specific fish) or it can quantify in at the level of the subordinate clause
in which case the existential quantification is within the scope of the propositional attitude verb (John has
no specific fish in mind). Our grammar conserves this account. Lexical lookup yields the semantically
labelled sequent:

(179) [mNt(s(m)) : jl, O((()IYNH(s(9))\S f)/(CPthatinSf)) : "AAAB(Pres (("believe A) B)), m(CPthat/
aSf) : ACC, [mV (¥ f((SfTmNt(s(9)))LSf)/CNs(g)) : ADAEAF[(D F) A (E F)],0CNs(n) : fish],
O(()AgNt(s(gI\Sf) : "AG(Pres (walk G)) = Sf

In Montague grammar all term phrases have the same semantic type, and this requirement necessitates the
type raising of proper names so that they have the same type as quantifier phrases; a meaning postulate
is then required to make them rigid designators (i.e. denote the same individual in all worlds). Note how
in our type logical grammar proper names are assigned their lower type, and our semantically inactive
modality lexical semantics encodes that they are intensional, but rigid designators.

Nit(s(n) | = NHs(n)
[ 18
INH(s(n)) | = Nt(s(n))

ANKs(n) =
R
[WNK(s(m)] = (> = Sf
L
(NS [ O3NS/ | = 57 \
oL e —
[th(S(H))], = Sf = Nt(s(m))
a

EIN

R ulL
[mNt(s(n))], O(()AgNt(s(g)\Sf) = TOSf = CPthat mNi(s(m)) | = NHs(m))
" =)
-W (mNKs(0)], DOTGNHS(NS) = CPHhat ANH(s(m) = -agNr<s<g))
mL OR
m(CPthat/aSf) | [mNt(s(n))], o(()IgNt(s(g))\Sf) = CPthat [mNt(s(m))] = | (IgNt(s(g)) = Sf
UR \L

m(CPthat/aSf), [mNt(s(n))], O(()IgNH(s(\Sf) = [mNt(s(m))],| OFgNES@IN\SS | = Sf

[th(s(m))]/l (()3AgNH(s(8))\Sf)/(CPthatLnSf) ‘/ u(CPthat/0Sf), [mNt(s(n))], 0(()AgNH(s(Q)\Sf) = Sf

/L

oL
[-Nt<s<m>>1,| O((OIgNHS(\S )/ (CPHhatns f)) |,-<cpmm/u5f>, [WNHs(0)], DQOTNESQNSf) = Sf
R _—
[mNH(s(m))], O(((YIZNH(s()\S f)/ (CPthatnS f)), m(CPthat /OSf), [1], D(O)IAZNH(s(g)\Sf) = SfTmNt(s()) = Sf
- L
= CNs(n) [mNt(s(m))], O((()AZNH(s(8))\S f)/(CPthatinS f)), m(CPthat/OSf), | (SfTmNi(s(n)LSf |1, O((OIZNHS(QI\Sf) = Sf

—FFFFF oL YL
= CNs(n) [mNt(s(m))], O(((YAZNHs()\S )/ (CPthaturS f)), m(CPthat /TSf), [| Vf((SfTmNi(s(1)))LSf) [I, o(()IgNH(s(EI\Sf) = Sf

[WNt(s(m))), DO IZNHS(I\S )/ (CPthatLIOS f)), W(CPHhat /S ), [| VF((SFTMNHs(1) LS f)/CNs(n)

/L

| OCNs(n)], o(()AgNt(s(9)\Sf) = Sf

YL

[mNH(s(m))], O(((YIgNH(s()\S f)/(CPthatOS f)), m(CPthat /OSf), [l V(Y f((SfTmNH(s(£))LSf)/CNs(g)) ‘/ OCNs(n)], o(()IgNH(s(Q)\Sf) = Sf

[ 18

[WNH(s(m)], D((OFgNHs(@\S )/ (CPthat DS f)), m(CPthat /DS ), [l mY(Yf((SfTMNK($(£))LSf)/CNs(g)) | BCNs(m)], DOIINH(G)\Sf) = Sf

This de re derivation delivers semantics:
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(180) AC[(*fish C) A (Pres ((“believe “(Pres (‘walk C))) j))]

This has existential commitment with respect to fish: it cannot be true without some fish existing in the
actual world.

The modalization of the complement sentence corresponds to translation into an intensional formula,
i.e. a proposition, as argument to the propositional attitude verb. The OR inference in the de re derivation
depends on the hypothetical subtype introduced by the indefinite article being modal. Observe that by
contrast in our type logical grammar the corresponding subtype of every is not modal, capturing that its
quantification is limited to local scope (something Montague did not capture).

The de dicto derivation is:

NKs(n)) | = NHs(n))
L 19

) | = Nts(n))
EIN

OR

[mNt(s(n))] = | (YIZNK:

[mNH(s(m)],| OFNHSQNSf | = Sf

[WNHs(m)],| D(OIGNHsQNSS) | = Sf
TR
[1], 0(OFZNH(S(N\Sf) = SfTmNH(s(m) = Sf

[| (SfTmNHsm)ISf {1 D(OINHSQINSS) = Sf
[[ YA(SfTmNHs(m))ISS) [, D(OTgNHs(NSf) = Sf

[l Y F((SfTmNK(s(m))LS)/CNs(n)

\L

oL

1L

VL

/L

p OCNs(m)], B(OFgNHS@NSf) = Sf

VL

[l VS(Vf((STMNHs(8))LSf)/CNs(g)) LDCNS(ﬂ)], O(OAGNHs(@\SS) = Sf

ul —_—
([ Y4 TANISLSPICNs(g) | BCNs( BTN = S N(s(m) | = Ne(s(m)
OR ul
[V F((STMNHS(g))LSF)/CNs(g), BCNs()], BOTZNHS@NS ) = DS = CPthat i) | = Nis(m)

/L 3R

[lVg(Vf((SleNt(s(g)))le)/CNS(g)),DCNs(n)],D(()EgNt(s(g))\Sf) = CPthat mNt(s(m)) = | IgNKs(Q))

ul OR

u(CPthat/DSf) | [mYg(¥f((SfTMNH(s(8))1Sf)/CNs(g)), OCNs(m)], O(OIINHS(@I\Sf) = CPthat [mNt(s(m)] = | (VFgNK(s(8)) = Sf

LR \L
W(CPHhat /TS ), IWYg(Y F(S FIRNKS()LS/)/CNs(g)), BONs(1)], BOIZNHS@NSf) = [mNHs(n)L| O3gNKs@NSS | = SF

Ith(s(m))],l (()IGNH(s()\Sf)/(CPthatinS f) Ll(CPthnt/DSf),IlVg(Vf((SleNt(s(g))).LSf)/CNs(S)),DCNs(n)],D(()ElgNt(s(g))\Sf) = Sf

/L

oL

[-Nr<s<m)>1,| O((OIGNHS(8))\S )/ (CPHhatLS ) }-(CPtlmr/DSf» [V g(Y (S FTNHS())LS £)/CNs(g)), OCNs(m)], DOIGNHS(@N\S ) = Sf

This delivers semantics:

(181) (Pres ((“believe “IF[(*fish F) A (Pres ('walk F))]) j))

This does not have existential commitment with respect to fish: it can be true without any fish existing in
the actual world. The next example combines the previous ambiguity with alternative quantifier scopings
at the matrix level resulting in a total of three readings:

(182) (dwp((7-48, 49, 52))) [every+man]+believes+that+[a+fish]+walks : Sf
Lexical lookup yields the semantically labelled sequent:

(183) [mYg(¥F((SFINHs(2)LSf)/CNs(g)) : AAABYCI(A C) — (B C)], nCNs(m) : man],
O((()3AgNt(s(2))\ Sf)/(CPthatinSf)) : "ADAE(Pres (("believe D) E)), m(CPthat/0Sf) : AFF,
(W2 (Y F(S FTMNHGE())L Sf)/CNS()) : AGAHAIT(G 1) A (H )], 5CNs(n) - fish],
O(OAGNHS(Q\SF) : “AJ(Pres (walk ) = Sf
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A first derivation, in which the existential quantifies in at the widest level, is thus:

= Nt(:(n))
= N
WNH(s(n) = [IgNH(s(g ))
[WNH(s(n))] = >qu:(> Sf] = sf w

[WNi(s = Sf
[WNHs(1)]] n<<>asz<~ \sf)\ = Sf
OR -
[mN(s())], 0(OFgNHs()\S) = OSf [CPthat] = CPthat ’ Nis(m) = NH(s(m)
[CPthat /0S| [mNHs(1)], OO FgNHs(g)\Sf) = CPthat T NHs(m) = [FNiG©)]
CPthat/0Sf) “l}\h(s‘(n))] 0((O3gNHs(@)\Sf) = CPthat [NH(s(m))] \(H oNIK(: R Sf] = sf
[n( , 0(OFZNHS(\S/ . 8 S \w
w(CPthat/OSf), [mNH(s(n)], OOINEE@I\Sf) = ‘CP{hntuDSf‘ [Nt(s(m))], \If(s(g))\Sf‘ = Sf I

[N#(s(m))],] (O FgNHs(8) \Sf)/ cpnmuucw (CPthat /DS ), [mNH(s(n))], DO IgNHS@QN\Sf) = Sf

[Nt(s(m))],| O(((YFZNH(5(g) | m(CPthat /DS f), [mNt(s(m))], () IgNHS(QNS ) = Sf N

[11, 0(()IZNHs(8)) \bf)/(CPthatuDSf CPHmt/DSf [mN(s(n))], 0(OTNHS(@\Sf) = SFINHs(m)) ’?’Tsfu
- = CNstm) [ (SFINHs(mLSF [l BUOTgNH(g)\S )/ (CPhatLDS f)), M(CPHiat /DS f), INH(s(1))], B(OIZNHSQN\Sf) = Sf "
OCNs(m)| = CNs(m) [‘\l/ ((SFINH(s(m))LSf) [I, D(((YFSNHS(Z)\S )/ (CPthatnS f)), m(CPthat /0S f), [MNH(s(n))], O(()IgNHS(\Sf) = 5/

[V F(SFINHs(m))LS )/ CNs(m) | DCNs(m)], D((OFgNHs(8))\S f)/ (CPthatUDS f)), m(CPHiat/0S ), [WNH(s(n))], D(OIGNH@\SF) = Sf
[VaUF(SFINK (q)))le)/CN.s(g | SCNs(m)l, 5(OFgNHG(R)\S )/ (CPHhatLInS f)), M(CPHhat /S f), [NHs(1)], B(OIZNHs(@)\SS) = Sf
| oCNs(m)], O((()3gNHs(g))\S )/ (CPthatiTSf)), m(CPthat /aS ), [MNH(s(n))], S(OFgNHS(\SF) = S

[ wYg(7(SFINKs($)
[ 50V (SS TNHAEIDLS /NS, BNl AN HAEI\ S/ (CPri oS ),-(LPHmt/DSf»IlI, <>3gw S@)\S) = SFTANKs(1) BIEX
o Y50/ F(SFINHS(£))LSf)/CNs(g), OCNs(m)], o NS = Sf
OCNs(n) | = CNs(n) [mVg(¥ f((SFINH(s(3)))LSf)/CNs(g)), OCNs(m)], o((()IgNH(: s(‘())\S/ /(CPthatLoSf)), l(CPihat/DSf) [\vf((sfmw m;)msf) \] D(()E\(Nt >(q NSf) = Sf

[mVg(/f((SFTNHS(8)))LS)/CN(g)), BCNs(m)l, DO TNH()\S )/ (CPHhatTS f)), m(CPthat /05 f), [V £((SFTMNHs(1)) IS )/ CNs() | BCNs()], D(OIgNHS(9)\S/) = Sf
[wVg(Y f((SFTNHs(8))LS f)/CNs(g)), OCNs(m)], O(((YAgNHs(8))\S f)/(CPthatuinS f)), m(CPthat /aSf), [| V(¥ f((Sf TmNHs(g)))LS f)/CNs(g)) LDCNe(n)l o(OIgNHs(@I\Sf) = Sf
WY g(¥ £ (S TNHS() 15 £)/CNs(g)), DCNs(m)], D((OIZNHS()\S )/ (CPHhatLIS ), IS/)/CNs(g) | aCNs(n)], BOTNHS@NSf) = Sf

This delivers semantics:

(184) AC[(*fish C) AVG[("man G) — (Pres ((“believe “(Pres (“walk C))) G))]]

A second derivation, in which the existential quantifies in outside of the propositional attitude verb but

within the universal, is thus:

Ni(s(n)) | = N.‘(s(n))
- = N
wNH(s(n) = o
|-Nr(<<n))1 = ]m\ [5]=sf Sf
[NHL[OINIGENS] = S
(N [BOFNIGENSH| = 57
[mN(s(1)], B(OINHs(g)\S/) = OSf

Nt(s(m)) = Nt(s(m))

\cmmf/usfL[-Nr(s(n))],u((ﬂgwr(s(g))\sf) = CPthat B Ni(s(m)) = \JgNl(S(z'))\
‘I(C[’thal/nsf) ‘,[lN((s(n))], O(OIgNKs(Q\Sf) = CPthat u [NH(s(m))] \<>37N!(5(v))\ m = Sf
B(CPthat /35S ), [MNH(s(1)], (O TNHS(Q\Sf) = [ CPrhatiosf | INHs(m)L[OIgNIQN\Sf] = 5F L
INKs(m)], )| W(CPthat /03 f), [WNH(1)], BOINHSE\SS) = Sf
INH(s(m)1 ] | =(CPthat /55 ), [MNKs(9)1, 8ONGRS ) = Sf
[NHs(m))], (O IGNHs()\S )/ (CPHhatITS f)), m(CPHhat/aS ), [1], 0O IgNH(s( sg))\sf) = SfTmNs(n) [5]=sr 5/
[CNs(m)| = CNs(n) INHs(m)], D((OIZNHS@N\S )/ (CPHhat TS f)), ILSF ],n(<>jgNz(< z() \Sf) = sf
[GCNse)] = st INHs(m)], B() FgNHS()\S )/ (CPHhatLITS ), [V N ONSH = Sf

[NH(s(m))], D((OIFZNH(S(N\S )/ ( Cchalu\:\Cf)),l(CPthat/\:\@/),ﬂVf((SfTINr(« ),LSf /CNs(n; L\:\CNs(n)I D((HgNl(s \Sf) = Sf

[NK(s(m))], O ((<>3gNt(s(8))\5l)/((l’lhnluDSf s(m)], 0(OIgNHs()\Sf) = Sf -
[NH(s(m))], 0((O3g f OCNs(m)], B(OIgNHs(N\Sf) = Sf

111, 3((O)FgNE(s( )\Sf P:hmunsn),-(Cpmr/n@f) [mvg( Vf((SleNm ),LSf /CNs(g DCNs(n)],D((HgNt(s NS = SFINHs(m) si[=s7 ),

CNs(m)] = CNstw) [ GfTN[ SIS/ . SO TENHS(NS P/ (CPrhatuS /), W(CPHhat /35 ), WY (Y (S TRNHG(E))ISF)/CNs(g), BCNs(], DO IgNHS@NS) = S
OCNs(m)| = CNs(m) [VA(SFINHs0m)ISA L BUOTNHS@)NS )/ (CPHatLBS /), M(CPthat /S f), [WYg(4 f(SFTMNHS() 1 )/ CNs(g)), BCNs(1)], B(OIgNH()\Sf) = S

[V F(SFINHsm)). |, OCNs(m)], 0((()AgNHs(9))\S )/ (CPthatLI0S f)), m(CPthat [0S ), [mYg(¥ £((S £ TMNH(s(2)))LS f)/CNs(g)), ICNs(m)], O(OAGNHs(@N\Sf) = Sf
[\Vx(*/f«%fTNrb @))LSf)/CNs(g)) anwc(m)],u((oaqm (9)\Sf)/(CPthatnSf)), m(CPthat /TS f), [mYg(Y f((SfTmNH(s())) LS f)/CNs(g)), OCNs(m)], O(()AgNH(s(E)\S ) = Gf
([ mYg(7£((SFINH(s(8))LS F)/CNs(9)) | DCNs(m)), D(((OFgNH(s(@)\S )/ (CPthatinS f)), m(CPthat [0S f), [mY g(Y £((Sf TMNH(s(2)))LS f)/CNs()), BCNs(m)], D) IgNH(@\Sf) = sf

This delivers semantics:

(185) VC[('man C) — AG[(*fish G) A (Pres ((“believe “(Pres ("'walk G))) C))]]

The third derivation, in which the existential takes narrowest scope, is thus:
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- = N(s(n)) L
- = Ni(s(n)) R
uNi(s(n)) = o
[WNE(s(n)] = [OFgNEG(R) [sf]=sf .
[N OFNISONSS] = S
[mN(s())] [ DOINHs()\S)| = Sf

111 0O IgNHS\Sf) = SFTmNI(s(n) [s=s,
[ONs(n)] = CNst) [(S/1mNKs00)ISF L OO IgNH@NSS) = Sf
[oCNs(m] = CNs(n) [/ TANH)ISN ], BOINISENSS = SF )

[V /(SFTmNHs()15/)/CNs(n) | oCNs(m), OO FgNKS\S) = Sf
[ VS(//(S/TmNHs(8))18/)/CNs(g)) | BCNs(n)], BOIZNHS@\S/) = Sf
[‘ wYg(7f((SfTMNK(s(9))LSf)/CNs(g)) | OCNs(m)], O(OAGNH(\Sf) = Sf

R34 (S FTmNHG(£)15)/CNs(g), DCNS(m)], COTGNISENS) = TS NHs(m)) = NHs(m)
‘CPHM.‘/DS[", [mYg(Y£((SfTMNH(s(£))LSf)/CNs(g)), DCNs(m)], O(()IgNHS(Q)\Sf) = CPthat L Ni(s(m)) = [FgNH(s(g))
[(CPHhat/0) | (mY (/£ ((S FIMNHS() 1S/ CNs(@), BONs(0], BOIGNIGENSH) = CPeat _ + INHs(m)] = [OFNHG() W\[
B (CPHat [0 ), [V (Y (S TWNI(5(8)))L5 f)/CNs(g)), BCNs(1)], BOFZNHs(g)\S ) = | CPHhatUosf | N[NNI = 5

[Nl(s(m))],‘ (()FgNt(s(8))\Sf)/(CPthatLinS f) ¥ m(CPthat/0OSf), [mYg(¥ f((SfTmNt(s(£)))LSf)/CNs(g)), OCNs(n)], O(()AGNH(s(I\Sf) = Sf

[NH(s(m))],| DUOIINHs()\Sf)/(CPthatBS f)) ‘,I(CPH’Ht/DSf)VIIVX(Vf((SfTINf(S(S)))lSf)/CNS(g)),DCN*(”)],D((BgNt(S(x))\S/) = Sf

[1], 0(()FgNH(s(8))\Sf)/(CPthat UDS f)), M(CPthat [0S ), [WYg(¥ f((SfTMNH(s(8)) LS f)/CNs(g)), OCNs(m)], D()FgNH(s())\Sf) = SfINH(s(m)) Sf|= Sf I
= CNs(m) o [ (SFINHs(m))Sf ‘I,D((<>3ng(5(x))\Sf)/(CPHmquS/)),I(CT’”W/DS/), [wYg(Vf((SFTMNH(s(g))ISf)/CNs(g)), BCNs ()], B(OIGNHS(@I\Sf) = Sf
OCNs(m)| = CNs(m) [‘ VF((SFINHs(m))LSf) ‘I,D(((BXM(S(X))\Sf)/(CFHMfUDSf)),I(CT’NW/DSf),llVg(Vf((SfTle(S(x)))le)/CNs(x’))rDCNS(")I,D(<>3fo(5(x))\5f) = Sf L

[‘ VF((SFINHs(m)))LSf)/CNs(m) &DCNS("’)I, O((OFZNHS(\S)/(CPthat DS f)), M(CPHhat [OS), (WY g (Y £((SFTMNH(s(8))1Sf)/CNs(g)), ICNs(m)], D(OIgNHs(Q\Sf) = Sf
I‘ V(Y F(SFINE(9))LSS)/CNs(®)) ‘ OCNs(m)], 0((()IZNHs())\S f)/ (CPthatLIOS f)), m(CPthat /OSf), [mVg(¥ f((S fTMNK(s(8)))IS f)/CNs(g)), ICNs(m)], O(()AZNHs(\Sf) = Sf
| mVg(¥ F((SFINHs(8))IS)/CNs(g)) | DCNs(m)], O(OIZNHS(§)\S )/ (CPthatLnS f)), m(CPthat /0Sf), [V g(V f((S fTMNH(s())) LS f)/CNs(g)), DCNs(m)], O((YAgNH(9\Sf) = Sf

This delivers semantics:

(186) YC[(“man C) — (Pres (("believe “AJ[("fish ]) A (Pres (‘walk ]))]) C))]

The next example involves the such that relativization of Montague’s fragment:

(187) (dwp((7-57))) [every+fish+such+that+[it]+walks]+talks : Sf

This is relativization in which the clause subordinate to such that must contain a pronoun bound by the
head which is modified by the relative clause. Semantically, the meaning of the body of the relative clause
abstracted over the pronoun meaning restricts the head modified. The relative pronoun such that is catego-
rized accordingly using the limited contraction for anaphora type constructor. Lexical lookup produces the
following semantically labelled sequent:

(188) [mYg(Yf((SFTNH(s(9))LSSf)/CNs(g)) : AAABYCI[(A C) — (B C)], OCNs(n) : fish,
mYn((CNn\CNn)/ (S f|/mNH(n))) : ADAEAF[(E F) A (D F)], [m[]"1V f((mS f|mNt(s(nn)))/
(ONH(s(m)\SS)) : AGG], O(()IAgNH(s(g)\Sf) : "AH(Pres ("walk H))], 0(()AgNH(s()\SS) :
"Al(Pres (talk I)) = Sf

This sequent has the derivation:
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Nt(s(n)) = Nt(s(n))

Ni(s(m) = | IgNH(s(g))

[Nt(s(n)] =

[Nt(s(n)],| OIgNHS(QNSS | = Sf
[NHs(m)],| BOANHS@QNSS) | = Sf

ONH(s(m), D(OFZNHs(@\Sf) = Sf
\R
O(OFNHs(@I\SS) = ONHs(m)\Sf

3R

OL

NH(s(n)) = Nt(s(n))

l (wS f1mNH(s(n)))/(ONHs(m)\Sf) ¥5(<>3“ZNI(5(}Z))\5J") = SfImNt(s(n)) Ni(s(n) = | gNHs(g))

VL

ElY
OR

[ V7 (mS NGO KON ) | a0INHG(\S ) = S imnitscn) 1 INHsG)] = | ¢ 2) = sf
~'L L L
[’ (7Y A(RS FImNH)ONHSENS ) [l BOIGNHS@NSS) = SfmNH(s(r) ! = CNs() ; = CNs() [Nt<s<n))1, > sf \
ulL L oL
(| W1V (S FImNEH ) ONHSINSF) [, BOTGNHS@NSS) = S fmNHsr) SCNs(o, | CNS(NCNsn) | = e \ NrsL [ 20 3Nrssh | = 57
L R
ECNs(1), | (CNS(1)\CNs(1) /(SN | 111 (mS FIBNHS(0)/CONHSMNS )L, BOFGNHGEINS) = CNis) / (11, 50NN ) = smms(n»T > s
YL L
mcws(n),,[-[1‘1Vf((-Sﬂ-Nt(s(n>>>/(<>Nt(s(n)>\Sf>>L BOFGNHQNSS) = CNs() 1Lm<<>agNt<s<g)>\Sf> > sf '
L YL
ECNs(n)| WYn((CNin\ N/ S mNE) | 11 F(CmS FIBNHG(9) /(ONHSINS )L BKOFNHSES) = CNs() ) ([ YAGAINGEILSH oOIgNHsENSH = SF

/L

[| ¥ F(SFINHs(n)))LSf)/CNs(n) | BCNs(r), mYn((CNm\CNn)/(S fImNH(n)), ([T~ F((mS fImNHs(1)))/(ONH(m)\S /)L, O(OFGNHS\S L BOIGNHSQNS ) = Sf
VL

[l Y&V f((SFINHs())LSF)/CNs(Q)) ‘ CCNs(1), WYn((CN\CN)/ (S fImN(n)), [m[1 1V £(mS fImNE(s(1)) /(ONHSO)\S )], BOIZNHS()\S ), DOTNHSQNS ) = Sf

[ 18

[l (Y f(SFINKS()LS)/CNs(R)) ‘ CICNs(r1), WYn((CNi\CNi)/(S fImN (), [m[1 ™1V £(mS fImNE(s (1)) /(ONESO\S )], BOIZNHS()\S ), DOTNHSENS ) = Sf

This delivers semantics:

(189) VCI[[(fish C) A (Pres ("walk C))] — (Pres ("talk C))]

The next example of DWP involves seek which is an intensional object verb synonymous with try to

find:
(190) (dwp((7-60, 62))) [john]+seeks+a+unicorn : Sf

The sentence has a specific reading in which there is a particular unicorn which John is trying to find, and
a non-specific reading in which John is just trying to bring it about that he finds some, any, unicorn. The
former reading has existential commitment with respect to unicorns, the latter does not. Lexical lookup
gives the following semantically labelled sequent:

(191) [mNt(s(m)) : 1, O((OFENH(s(@)\Sf)/OVaY f((Na\S f)/ INb)\(Na\Sf))) :
"AAAB(("tries "(("A “find) B)) B), mVg(¥Y f((Sf TmNt(s(£)))1Sf)/CNs(g)) : ACADIE[(C E)A(D E)],
OCNs(n) : unicorn = Sf

For the specific reading there is the derivation:
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= Ni(s(n))
[ 18

NHs(m) | = Nist))  N21 = N21 = 52
IR
wNH(s(n)) = NZl, = 52
/
N[ (N21\522)/36Nb | mNts(n) = 522
\R -
(N21\522)/36Nb, BNK(s(n) = N21\522 Ni(s(m)) | = Ni(s(m))

\L

L

\R Y 1
mNH(s(n)) = ((N21\522)/3bNb)\(N21\522) -(s(m)) = Ni(s(m))
YR EI
BNK(s(n) = YF(N21\S)/FNB)\(N21\S ) wNK(s(m)) = | FgNHs(9)
VR OR
mNH(s(n) = VYa¥f((Na\Sf)/IbNB)\(Na\Sf)) [WNHs(m)] = | ()FgNHs(g)) = Sf
OR \L
mNi(s(n)) = OVaV¥f((Na\Sf)/3bND)\(Na\Sf)) [WNH(s(m))],| OIgNESQNSS | = Sf
/L
[WNH(s(m)],| (OIZNHs()\Sf)/O¥aY f((Na\Sf)/IND)\(Na\Sf)) %Nt(S(n» = Sf
oL
[le(S(M))I,‘ O(((VAgNH(s(9))\Sf)/¥aY f((Na\S f)/FbNb)\(Na\S f))) }/lNl(s(n)) = Sf
TR —_—
[mNt(s(m))], O((OINH(EN\Sf)/aVaY f(Na\Sf)/FbNb)\(Na\Sf))), 1 = SfTmNK(s(n)) = Sf
— L
= CNs(n) [mNH(s(m))], BIOIZNHS(N\S F)/aVaY f(Na\S£)/IND)\Na\S)),| (SFTMNKsm)ISf | = Sf
oL VL

> CNsn) [WNHSOm)], BOTRNHSNS/DYaY F(N\S )/ TNDNN\S )| VA(SFTNKNLSP) | = $f

[th(S(m))]rD(((>3ng(S(g))\5f)/DVllVf(((Nﬂ\Sf)/ﬂbNb)\(N/l\Sf)))r‘ YF((SfTmNH(s(m))LSf)/CNs(n)

/L

|, OCNs(n) = Sf

VL

[WNH(s(m))], O((OFINHs()\S f)/DVaY f(Na\Sf)/INb)\(Na\Sf))),

VE(Vf((STmNH(s(9))LSf)/CNs(g)) *DCNSW = 5f

uL

IlNl<S<n1))LD((<)381\”(5(8))\Sf)/DV/lVf(((Na\Sf)/ﬂbNb)\(Nll\Sf))),‘ mYg(V f((SfTMNEK(s(2))1Sf)/CNs(g)) &DCNS(") = Sf

This delivers the semantics with existential commitment:

(192) AC[(unicorn C) A ((tries “((find C) j)) j)]

For the non-specific reading there is the derivation:
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Ni(s(n)) | = Nt(s(n))
L 18
mNK(s(n)) | = Nt(s(n)) N19 = N19 = 520
R
mNt(s(n)) = N19, = 520
/

N19,| (N19\S20)/36Nb | mNK(s(r)) = 20

\L

L

\L

N19,(N19\520)/3bNb, 1 = S20TmNt(s(n)) h
N19/(N19\52l))/HbNb/__(SZOTIN[(S(n)))J,SZO = 520 .
—0L VL
= CNs(n) N19,(N19\520)/3hNb, = 520
N19,(N19\SZO)/3hNb/| Y f((SFTMNKs(n)) LS f)/CNs(n) P:CNs(n) = $20 "
N19, (N19\520>/3bwb,| V(Y F((STMNK(S()LS f)/CNs(8) ‘ OCNs(n) = 520 "
N19, (NlQ\SZ(])/BbNh,l wYg(Vf((SFTMNHs(2))LSf)/CNs(g)) ‘ OCNs(n) = §20 "
(N19\520)/36Nb, mYg(¥ £((SfTNH(S() LS )/CNs(5)), BCNs(n) = N19\520 - = Ni(s(m)
(Y (S TRNHS()1S)/CNs(g), BCNs(m) = ((N19\S20)/FND)\(N19\520) " = Nifs(m) "
w4 (S TRNHS()IS)/CNS(g), TCNs(m) = Yf((N19\S )/ FNE\NINS ) " W) = ER
/(4 (S FTRNH()) IS )/CNs(g), BICNs(r) = Y F((Na\S )/ TEND\NAS ) " (WNEGm)] = QK = sf
w4 (S FTRNHG(g))LS)/CNs(g), BCNS() = S f(((Na\S )/ FNE)\(Na\S ) " sl | 0TgNHGNS/ | = 57 "
[NHs(m)L, | (OFGNHS(§)\S)/EVa F(Na\S )/ FEND\(Na\S/) | WY (S TMNHS(5))US)/CNs(g), BCNs(n) = Sf "
(NS0, | 2O TgNHS(9)\S)/Ya F(Na\ 1)/ BND)\Na\S ) | WV (4 (S TmNHS(E)LS)/CNs(), BCNs(r) = SF *
This delivers the semantics without existential commitment:
(193) ((tries "AG[(‘unicorn G) A ((find G) j)]) j)
The next examples involve the copula of identity. First, and minimally:
(194) (dwp((7-73))) [john]+is+bill : Sf
For this there is the semantically labelled sequent:
(195) [mNt(s(m)) : j1, m((OIgN(s()\Sf)/(FaNad(3g((CNg/CNg)L(CNG\CNg))-1))) :
AAAB(Pres (A—>C.[B = C]; D.((D AE[E = B]) B))), mNt(s(m)) : b = Sf
This has the derivation:
| Nt(s(m)) | = Nt(s(m)
| NHs(m)) | = Nt(s(m)) o | mN(s(m)) | = Ni(s(m))
\ mNt(s(m)) \ = Nt(s(m)) mNt(s(m)) = \ IgNK(s(g)) \
aNiG(n) = [FaNa] or ENHEU] = [OFNHS(s)| Ok = Sf
mN#(s(m)) = |JaNa®(Ig((CNg/CNg)L(CNg\CNg)-D) | [WNt(s(m)],| OIgNHs)\Sf| = Sf

/L
[mNt(s(m))],

[mNH(s(m))],

(OJgNHs(9\Sf)/(FaNad(Ig((CNg/CN)LI(CNG\CNg))-1)) | mNt(s(m)) = Sf .
m((()AgNt(s(gN\Sf)/(FaNa®(Ig((CNg/CNg)LI(CNg\CNQ))-1))) |, mNt(s(im)) = Sf

It delivers semantics:

(196) (Pres [j = b])

Second, and more subtly:
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(197) (dwp((7-76))) [john]+is+a+man : Sf

Lexical lookup (with the same lexical entry for the copula) yields the semantically annotated sequent:

(198) [WNH(s(m) : 7], M(OIZNHS(@)\S )/ (FaNa&(Fg((CNg/CNG)L(CNG\CN))-D))) : AAAB(Pres
(A—>C.[B = C]; D.((D AE[E = B]) B))), mVg(¥ f((SfTmNt(s()))lSf)/CNs(g)) : AFAGAHI[(F H)A
(GH)],aoCNs(m) : man = Sf

This has the derivation:

= Ni(s(m))

— uL
= NH(s(m)) mNK(s(m)) | = Nis(m))
— uL —F 3R
-l (s(m)) | = NHs(m)) mNi(s(m)) = -ﬂgNt(s(g))
p—— | OR
uNt(s(m)) = [mNt(s(m))] = -<)33Nt(s(g)) -Sf = Sf
@R \L

mNi(s(m)) =

JaNa®(Ig((CNg/CNg)LI(CNg\CNg))-I) [WNE(s(m)L,| VFZNES@N\Sf | = Sf

[le(S(m))Ll (OFSNKs(8)\S)/(JaNad(F((CNg/CNg)L(CNG\CNg))-D)) %Nf(S(m)) = Sf

/L

[ 18

[th(s(m))],l m((()IgNH(s()\Sf)/(FaNad(3g((CNg/CNg)L(CNg\CNg))-1))) &lN[(s(m)) = Sf

TR

[mNH(s(m))], m((OTZNHs($)\S f)/ (FaNad(Ig((CN/CNGL(CNG\CNg))-1))), 1 = SfTmNH(s(m)) = Sf
1L
= CNs(m) [mNt(s(m))], m((()FZNH(s()\Sf)/(FaNad(3g((CNg/CNg)U(CN\CNY))-1))),| (Sf1mNt(s(m)ISf | = Sf
oL VL

= CNs(m) (mNHs(m)), m((OTGNHS()\S )/ (HaNa(Ig((CNg/CNILICNG\CNg)-D),| YA(SFTmNHsm)ISP) | = Sf

[lN.‘(s(m))],l((()EgNl(s(g))\Sf)/(ﬂﬂNueaGg((CNg/CNg)u(CNg\CNg))—I))),l Y f((SfTmN#(s(m)))LS f)/CNs(m) ‘/DCNs(m) = Sf

/L

VL

[le(S(W))Ll((<>3ng(5(g))\5f)/(EHNﬂéB(3g((CNg/CNX)U(CNX\CNX))—D)),l V(Y f((SfTmNH(s(9))LSf)/CNs(g)) &DCNS(WI) = Sf

[ 18

[lNi(S(Wt))Ll(((>3ng(S(g)>\5f)/(ﬂﬂNﬂ@Gg((CNg/CNg)IJ(CNg\CNg»*l))),l mYg (Y f((SfTMNK(s(2))1Sf)/CNs(g)) &DCNS(M) = Sf

The derivation delivers the semantics:

(199) AC[("man C) A (Pres [j = C])]

Leaving aside tense, this is logically equivalent to ("man j), as required. This correct interaction of the
copula of identity with an indefinitely quantified complement is a nice prediction of Montague grammar. It
is preserved in type logical grammar, and simplified by the lower type of the copula nominal complement.

The next example involves an intensional adsentential modifier:
(200) (dwp((7-83))) necessarily+[john]+walks : Sf
Lexical lookup yields the following semantically labelled sequent:
(201) m(SA/OSA) : Nec, [mNt(s(m)) : jI, O(()AgNt(s(9))\Sf) : "AB(Pres (‘walk B)) = Sf

This has the derivation:
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Nt(s(m)) | = Nt(s(m))
| mNH(s(m)) | = Ni(s(m)) .3R
mNt(s(m)) = |dgNt(s(g)) OR
[mNt(s(m))] = | OAGNH(s(g)) Sf|= Sf
[mNt(s(m))],| OAgNHs(@\Sf| = Sf
[mNi(s(m))],| B(OIZNLS(QN\Sf) | = Sf OR
[WNH(s(m)], O(OFZNKS()\SF) = OSf [Sf]=sf
Sf/0Sf | [mNt(s(m))], 0(OAENHS(QI\Sf) = Sf u
W(Sf/OSf) |, [mNt(s(m))], O(OIgNHS(@I\Sf) = Sf

The derivation delivers semantics:

\L

oL

(202) (Nec “(Pres (‘walk j)))
The following example involves an adverb:
(203) (dwp((7-86))) [john]+walks+slowly : Sf
This is also assumed to create an intensional context.! Lexical lookup yields:

(204) [WNK(s(m)) : j1,0(OFGNHSN\SS) = “AA(Pres (walk A)),0¥aY F@ON\SH\(ODN\SF) :
"ABAC(“slowly "("B*C)) = Sf

This has the derivation:

Nt(s(m)) = Nt(s(m))

Ni(s(m)) = | AgNHs(g)) OR —
[Nt(s(m))] = | OFgN(s(g)) Sf| = Sf \L
[NH(s(m))],| OAgNH((N\Sf | = Sf a1 Nt(s(m)) | = Ni(s(m)) al
[Nt(s(m))],| D(OAGNEs(@I\SS) | = Sf oL BNt(s(m)) | = Ni(s(m)) R
ONHs(m)), B(OANHS(@\Sf) = Sf R mNi(s(m)) = ONKs(m))
O(O3gNE(s(@\Sf) = ONHs(m)\Sf R [mNK(s(m))] = | YONK(s(m)) Sf| = Sf \L
O(QAgN(s(@\Sf) = B(ONHs(m)\SS) [mNt(s(m))],| QOBNH(s(m)\S f ‘ = 5f \

[mN#(s(m))], B(OFZNHS()\S ), | ONHSmN\S AOBNHsm)\Sf) | = Sf
(W)L, BOINHSD\S ) VBONKSNSPNOONHSmNSF) | = SF
[N(s(m)L, BOINHC()\S )| V¥ FBONMSPAOINa\S) | = SF
[RN(s(m)], DO SNHS@N\S ), | ¥V F@ON\SINOBNAS )| = Sf

VL

It delivers semantics:

(205) (“slowly “(Pres (‘walk j)))

The next example involves an equi control verb:

I'The subject argument of ‘slowly’ is intensionalized in order for it to be modally closed to undergo p-conversion in the semantics.
But then this does not give the usual verb phrase type for ‘walks slowly’; the ramifications of this remain to be explored.
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(206) (dwp((7-91))) [john]+tries+to+walk : Sf

We lexically analyse the equi semantics a a relation of trying between the subject and a proposition of
which the subject is agent (something Montague did not do). Lexical lookup yields:

(207) [mNt(s(m)) : j1, o(((YAgN(s(E)\Sf)/O((YAgNE(s(£))\S1)) : "AAAB(("tries "("A B)) B),
m((PPto/3aNa)r¥n(((YNn\Si)/(()Nn\Sh))) : ACC, O(()FaNa\Sb) : "AD(“walk D) = Sf

This has the derivation:

N = N
NKs(24) =
INHKs@)] = <>R - s
s OuNa\sh | = sb
NHs(24) | oOINa\SH) | = s > NHs@4) = NHs(4)

OL OR

ONHs(24)),0()3aNa\Sh) = Sb [NHs@4)] = | ONH(s(24)) = si

—\R \L
0(()FaNa\Sb) = (NH(s(24))\Sb [NHs4)],| ONHs@a)\Si | = Si

[Nl(5(24>)],l (ONH(s(24)\S1)/(ONH(s(24))\Sb) lﬂ(()ﬂﬂNﬂ\Slf) = Si

[NKsQ4))),| Yn((ONn\Si)/(ONn\SD)) |, 0(()FaNa\Sb) = Si

[Nl(s(24))],l (PPto/4aNa)n¥n((()Nn\Si)/(()Nn\Sb)) P](()EaNa\Sb) = Si

EIS

\L

/L

YL

nL

ul

|Nt(s(24))],l w((PPto/FaNa) Vn((ONn\Si)/(ONm\Sb)) }u«)amﬂsw = Si NHsm)) | = N(s(m))

aL —&ulL
[3gNt(s(g))], m((PPto/3aNa)n¥n((()Nn\Si)/(()Nn\Sb))), O(()FaNa\Sb) = Si mNi(s(m)) | = Nis(m))
OL — 3R
()AgNH(s(g)), m((PPto/3aNa)rVn((()Nn\Si)/(()Nn\Sb))), O(()FaNa\Sb) = Si mNt(s(m)) = | IgNKs(Q))
\R OR
u((PPto/FaNa)Vn((ONn\Si)/(ONn\Sb))), 0(()FaNa\Sb) = ()FgNH(s())\Si [mNHs(m)] = | (VFgNKs(8)) = Sf
OR \L

u((PPto/3aNa)¥n(((ONn\Si)/((ONn\Sb))), 0(()IaNa\Sb) = O(()FgNH(s()\Si) [mNE(s(m)],| OFZNHS@QNSS | = Sf

(OAINKs(\Sf)/O(OIINKS())\Si) ¥l((PPh)/ﬂﬂNt')Wn((ONn\Si)/(()Nn\Sb))),D((HHNH\Sb) = Sf

/L

[mN(s(m))],

oL

[le(S(m))],l O((OFZNHs()\SF)/O((VFZNH(S())\S) ‘,l((PPIU/]aNﬂ)ﬂVn((ONH\Si)/(()NH\SIJ))), 0(()3aNa\Sb) = Sf

It delivers the semantics:

(208) ((“tries "("walk j)) j)

I.e. John tries to bring it about that he (John) walks.
The next example involves control, quantification, coordination and anaphora:

(209) (dwp((7-94))) [john]+tries+to+[[catch+a-+fish+and+eat+it]] : Sf

The sentence is ambiguous as to whether a fish is wide scope (with existential commitment) or narrow
scope (without existential commitment) with respect to tries, but in both cases it must be the antecedent of
it. Lexical lookup inserting the verb phrase coordinator and the pronoun assignment yields the semantically
labelled sequent:

(210) [mNt(s(m)) : j1, O((OAGNE(s(gD\S £)/B(OTZNH(S(8))\SD)) : "AAAB(("tries “("A B)) B),
m((PPto/AaNa)Vn((()Nn\Si)/(()Nn\Sb))) : ACC, [[O(({()TaNa\Sb)/FaNa) :
"ADAE(("catch D) E), mVg(¥ f((SfTmNt(s(£)))ISf)/CNs(Q)) : AFAGAH[(F H) A (G H)],
OCNs(n) : fish, m¥a¥ f((?m(ONa\SHNI7'[17' (ONa\Sf))/m((YNa\Sf)) : (@ (s 0) and),
0((()JaNa\Sb)/FaNa) : “"AIAJ((Ceat 1) ), m¥ fYa(((()Na\S f)TmNt(s(n)))|
(m(()Na\Sf)mNt(s(n)))) : AKK]] = Sf
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The wide scope existential derivation is:

NK(s(50)) = NH(s(50)

IR
= NHs(n) NH(50) =

uL

= Nis)  INKSGO)] = OR =8
NKs(r) = " NGO ONa\st | = sb !
INHS(G0)), | (0aNa\) 3o | N = b "
INHs(50),| DO FaNa\sby/ o) | mNis(r) = b

(ONK(s(50)), O((()FaNa\Sb)/JaNa), mNK(s(n)) = Sb

oL

OL

\R
0((()3aNa\Sb)/3aNa), mNH(s(n)) = ()Nt(s(50))\Sb

O((()3aNa\Sb)/FaNa), 1 = (()NHs(50))\Sb)TmN¢(s(1))

Ni(s(n))| = Nt(s(n)) L Ni(s(50)) = R
OO = [
ANKSU) [ = Nis0)) - INHs(50)] = =sb
wNi(s(n) = [N#(s(50))),[ ) JaNa\Sb[ = sb
[N#(s(50))1,[ () 9aNa\Sb)/JaNa | mNH(s(n)) = Sb

Nt(s(50)) = Nt(s(50))

( L Nt(s(50)) = Nt(s(50))
G0 = [onieen] " 5] = 5 [N#(s(50))][0((()3aNa\5b)/3aNa) | WNt(s(n)) = Sb T S o Of ST
NGO [ ONGONSH = st " ONHG(50), DO NA\S) 3N, ANHs(1) = Sb NGO = | ORI =

[Nf(5(50))1,‘l(()Ni(S(F‘O))\Sb)‘ = Sb. 0((()3aNa\Sb)/JaNa), mNt(s(n)) = ()N#(s(50))\Sb

[NH(s(50))), [ ONHs(BO)\Sb] = Sb
ONHE(50), mONIGGONSD) = Sb

w((INH(s(50)\Sb) = (INH(s(50))\Sb

0((()3aNa\Sb)/3aNa), WNK(s(n)) = B(ONHs(50)\Sb) '7
0((()3aNa\Sb)/3aNa), mNH(s(1)) = [2mONHs(50)\Sh)|

'L
[NK(s(50)], [ I (ONHs(50))\Sb) [| = Sb

0L
[NHsGO)L, [ 17 7 (ONHs(50)\S) Il = Sb =L
®(ONH(s(50))\Sb) = l(<>Nf(5(50))\514). [N(s(50))], [[D((OqﬂNﬂ\Sb)/qﬂNu),INI‘(S(")),‘7-((>Nt(5(50))\5b)\[]"[]"(()Nf(5(50))\5b)h] = Sb m
[Nf(5(50))],[[D((<)quNﬂ\5b)/qﬂNﬂ),le(S(")),‘<7l(<>Nf(5(50))\Sb)\[I"[I"(<>Nf(5(50))\5h))/-(<>Nt(5(50))\5h) ‘,I(ONf(S(SO))\Sb)]] = Sb L
—_— [NH(s(50))], [[O((()3aNa\Sb)/FaNa), le(S(")),‘ VF(CmONHSGONS MV 17 (ONHS(50)\S )/ mONHS(E0)\S ) ‘ B(ONKs(50))\Sh)]] = Sb
NKs(n))| = NHs(n) v
mNt(s(n) | = NH(s(n) b [NH(s(50))], [[D((<>iaNﬂ\Sb)/ﬂﬂNﬂ),th(S(H)),‘Vﬂ‘?’f((?I(()Nﬂ\Sf)\[]”[]”(<>Nﬂ\5f))/l(<>Nﬂ\5f))Ll(<>Nt(5(50))\Sb)]] = Sb ul
R
mNK(s(n) = mNt(s(n)) " [NH(s(50))], [[O((()3aNa\Sb)/FaNa), le(S(ﬂ)),‘IVﬂVf((?l(<>Nﬂ\5f)\[]"[]"(<>Nﬂ\5f))/l(<>Nﬂ\5f))Ll(<>Nf<5(50))\5b)]] = Sb L
[NH(s(50))], [[D((()3aNa\Sb)/3aNa), mNi(s()), m¥a¥ f(2m(ONa\S )\ {17 (ONa\S £))/m(ONa\S ), | m(ONH(s(50))\Sb) mNH(s(m) [Il = Sb
e}

©)

((ONH(5(50))\Sb)TmNt(s(1))) L (()NH((50))\Sb) mNH(s(1)) ‘]] = Sb

[NK((50))], [[5(()FaNa\Sb)/ FaNa), mN(s()), WVa f(2m(ONa\S VI~ 171 (ONa\S ) /m(ONa\S ), B(()FaNa\Sb)/ FaNa),

L

VL
[NH(s(50))], [[D((()FaNa\Sb)/3aNa), mNt(s(n), lVﬂVf((?l(ONa\Sf)\[]*l[]71(()NH\Sf))/l(ONH\Sf)),D(((>3uNa\Sb)/3aNH),| Ya(((ONa\Sb)TmN(s(n))) | (m(()Na\Sb) mNK(s(1)))) ‘H = Sb

VL
[NK((50))], [[5(()FaNa\Sb)/ FaNa), mN(s()), Va f(m(ONa\S VI~ 171 (ONa\S ) /m(ONa\S ), B(()FaNa\Sb)/ FaNa),

Y fYa(((ONa\Sf)TmNH(s(n))) L(m(ONa\S ) mNH(s(1))) ‘]] = Sb
[ 18
[Nt(s(50))], [[O((()FaNa\Sb)/3aNa), IN'(S(”)),IVﬂVf((7l(<>Nﬂ\5f)\[]’1[]’1((>Nu\5f))/l(<>Nﬂ\5f))rD((()EuNﬂ\Sb)/ﬂuNa),l wY fYa((ONa\Sf)TmNK(s(n))) L (M(ONa\S )| mNK(s(n))) ‘]] = Sb

OL
ONH(5(50), [[0((()3aNa\S)/ FaNa), mNK(s(n)), mVa¥ f((PmONA\S A\~ 171 (ONa\S £))/m(ONa\S ), 6(()aNa\S)/FaNa), mY fVa((()Na\S ) TmNH(s(1)))L(m(ONa\S )mNE)I] = Sb

[[9(()3aNa\Sb)/FaNa), mNH(s(n)), m¥a¥ f(ZmONa\S VI~ (171 (ONa\S /))/m(ONa\S ), () FaNa\Sb)/FaNa), mY fYa((ONa\S f)TMNH(s(m))) L(m(ONa\S ) mNEs))]] = ONHSEO)\Sb
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NH(s(50)) = Nt(s(50))

[NHs(30)] = | ONHs(50)

©) [NH(s(50))],| ONHs(BO)\Si

OR

= Si
/L

HZRMGQ:‘_ (ONH(s(50))\S)/(ONH(s(50))\Sb) —:n_:oﬁza/ms\ﬁzs‘IZ:&;? may f(m(ONa\SH\I ™17 (ONa\Sf))/m(ONa\S ), B(((}FaNa\Sb)/FaNa), mY fYa(((YNa\S f)TMNH(S(1) LmONa\S fmNHs())]] = Si

VL

INHSGO)L| Vr((ONm\Si)/(ONn\S)) | [[8((()3aNa\Sb)/IaNa), mNH(s(n), m¥a¥ F(2mONa\S A\ L1 (ONa\S £))/m(ONa\S ), 0((()FaNa\Sb)/FaNa), mY fYa(((ONa\S f)TmNH(s(1))) LOm(ONa\S f)mNHs()]] = Si
nL

_meaev_‘_ (PPto/3aNa)rVn(((ONn\Si)/((ONn\Sb)) —_E:A@_Za/ms\mhziIZ%??l§<\%-52§/mb/:|a:LAOZ&/mQ\IACZEme‘_u:cwszn/mSEnZi‘Ié)ﬁ:AVZ=/m\lexﬁ::‘h?52&65_-2:&55: = Si

ul

_meaovv_\_ u((PPto/FaNa)n¥n((ONn\Si)/(ONn\Sb))) —:D:Avuaz_jms\m\uzs‘-2%@?-§<>Q-62§mb/:L:LSza/m\:\!czﬁ/mbynﬁvm»z\;ms\umza‘-<\§::VZ.;mxx-Zx,AEVE-AOZEmb INHs(m))] = Si

aL

[3gNH(s(g))], W((PPLo/FaNa) ¥ n((ONm\Si)/ (ONm\Sb)), [[D((¢)FaNa\Sb)/JaNa), mNH(s(n), mVa¥ f((m(ONa\S /A~ (17 (ONa\S f))/m(ONa\S ), B(((}FaNa\Sb)/3aNa), m¥ fYa(((YNa\S f)TMNH(S(1) LMONa\S fmNHs())]] = Si
OL

OFINHS(g)), m((PPro/FaNa)Vn((ON\S1)/(ONn\SD)), [[5((()FaNa\Sb)/ FaNa), mNH(s(1)), mVaV F(CmONAS VI 171 (ONa\S £))/m(ONa\S ), B((()IaNa\Sb)/FaNa), WY fa(((ONa\S ) TmNH(s(1)))L((ONa\S /) mNE()]] = Si
\R

(PPto/FaNa)Vn((ON\Si)/(ONn\Sb)), [[0((()FaNa\Sb)/ FaNa), mNH(s(1)), mVa F(CmONA\S VI~ 171 (ONa\S £))/m(ONa\S f)), 0((()IaNa\Sk)/FaNa), WY fa(((ONa\S ) TmNH(s(n)))L (M(ONa\S /) mNmI] = OFNHS@N\Si

OR
w((PPto/3aNa)IVn((ONm\SD)/(ONn\SB)), [[0(()3aNa\Sb)/FaNa), mNHs(n)), mVa¥ f(2mONa\SH\I L 171 (ONa\S f))/m(ONa\S ), O((()IaNa\Sb)/FaNa), WY fYa((ONa\S f) T mNH(s(1)L(W(ONa\S ImNHs())]] = O(OTFZNHE()\S)

O]
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E = CNs(n)

a

L

Nt(s(m)) | = N(s(m))
mNi(s(m)) | = NH(s(m))
mNi(s(m)) = | FgNH(s(9)

[ 18

3R

OR

[WNHs(m)] = | (YFgNH(s(8))

o) [mNH(s(m)],| OFZNHS@N\SS | = Sf

_-mecév_\_ (OFGNHs(\SF)/B(OTgNHS(EI\S) f ((PPto/AaNa)Vn((ONm\SD)/(ONm\Sb)), [[0(()3aNa\Sb)/JaNa), mNH(s(n)), m¥a f(CmONA\S A1 71 (ONa\S )/ mONa\S /), D(()AaNa\Sb)/ FaNa),
mY fYa(((ONa\S /) TmNHs(m))) L (m(ONa\S mNHsD] = Sf

oL

H-Z;&svv_‘_ O((OFZNHs()\S f)/D(OIZNH$()\S1)) f-:ch\m»Zsj(iQVZ:/@,V\52:65?:D:AvuaZims\m\_zay mNH(s(n)), mYa f(mON\S NI LI (ONa\S )/ m(ONa\S ), D((()FaNa\Sb)/ FaNa),
mY fYa(((ONa\S /) TmNHs(m))) L (M(ONa\S ) mNHsmD)]] = Sf

1R

[WN#(s(m)], D((OFZNHS(N\S F)/D(OIZNHS()\S), W(PPto/ TaNa)n(ONn\Si)/(ONm\S)), [[O(()aNa\Sb)/3aNa), 1, m¥a F(m(ONa\S AL 171 (ONa\S ))/m(ONa\S ), D((()FaNa\Sb)/ FaNa),
wY fYa((ONa\Sf)TmNH(s(n)) L (M(ONa\S ) mNH(s(m))]] = SfTmNK(s(m))

[mNH(s(m)], B((OIgNH(S(@)\S£)/D(OIZNH(S(8))\S1)), m((PPto/IaNa)Vn((ONn\Si)/(ONn\Sb))), [[O((()IaNa\Sb)/3aNa),| (SfTENH(s(n))ISf

mYa¥ f((?m(ONa\Sf) =111 (ONa\S ) m(ONa\Sf)), 0(((yFaNa\Sb)/FaNa), m¥ fYa(((ONa\S ) mNH(s(n))) | (m(ONa\S /)| mNH(s())]] = Sf VL
[mNH(s(m)], D((OFZNHS(@)\S)/D(OTZNH(S())\S1)), m((PPto/IaNa)¥n(((ONn\Si)/(ONn\Sb))), [[D((()FaNa\Sb)/FaNa),| ¥ f((SfTmNH(s(m))ISf) |

wVaY F(2m(ONa\S A\~ 1~ 1 (ONa\S £))/m(ONa\S £)), 0 FaNa\Sb)/TaNa), mY f¥a(((HYNa\S )T mNH(s(1))) L(m(ONa\S MNHs())] = Sf /L

[mNt(s(m))], O((()AgNH(s(g)\S £)/O((YAgNH(s(£))\Si)), m((PPto/JaNa)Vn((()Nn\Si) /(()Nn\Sb))), [[O(({)JaNa\Sb)/3aNa),| V f((SfTmNH(s(1)))1S f)/CNs(n) f
OCNs(17), m¥a¥ f((?m(ONa\S f) =111 (ONa\S ) m(ONa\Sf)), 0((()FaNa\Sb)/FaNa), m¥ fYa((ONa\S ) TmNH(s(n))) | (M(ONa\S f)| mN W] = Sf VL

[mNE(s(m)], OV FgNH())\S £)/D()FgNH())\S1)), m(PPto/JaNa)Vn((ONn\Si)/(ONn\Sb))), [[O((()FaNa\Sb)/FaNa),| V(¥ f((SfTMNH(s(3)))LSf)/CNs(8)) _
OCNs(), mYa f(mONa\S VI ™L (171 (ONa\S )/ m(ONa\S ), () FaNa\Sb)/IaNa), m¥ fVa(((ONa\S /) TNHs(n))) L(m(ONa\S )mNHs(m))]] = Sf

mL

_-me?;:‘_u:cm_wZ:m@w/mb\n%wa:va;mS‘I:Eus\m5233<=:oZ:/mc:oZEms?:E:E»Zﬁms\mazﬁ_ mYg(Yf((SfTMNH(s(2))LSf)/CNs(g)) _
OCNs(), mYa f(CmONa\S I~ (171 (ONa\S )/ m(ONa\S ), O((()FaNa\Sb)/FaNa), m¥ f¥a(((ONa\S /) TMNHs(1)) L(ONa\S ))mNHs(m))]] = Sf

th existential commitment:

delivers semantics wi

This

(211) AC[(fish C) A ((tries "[((catch C) j) A ((eat C) j)]) )]
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The existential narrow scope derivation is:

NK(s(50)) = NH(s(50)

R = NKs(n) NHs(50) =
-Nt(s(n)) = Ni(s(n) NHs(50)) = -3aNa L OR
s) | = NiG)  INKsGO)] = =%

EIS

NKs(50)) = NH(s(50))

S

ul OR
- - EIN \L
ts(n)) | = NHs(n)) [Nt(s(50))] = | ()JaNa Sb | = Sb
a® 2] N NKs) = (Vi) 03aNash | = sb
/L
mNi(s(n) = | JaNa | [Nt(s(50))],-(>3aNa\5b = sb
/L [N#(s(50))],| (()3aNa\Sb)/3aNa |, mNt(s(n)) = Sb
[NKs(B0)],| ((OFaNa\Sb)/AaNa |, mNt(s(n) = Sb oL
aL [Nt(s(50))],| O((()3aNa\Sb)/JaNa) | mNt(s(n)) = Sb
[N#(s(50))],| B(({)3aNa\Sb)/3aNa) | mNK(s(n)) = Sb OL
oL (ONH(s(50)), 0((()FaNa\Sb)/JaNa), mNt(s(n)) = Sb
ONHs(50)), 0((()3aNa\Sb)/AaNa), mNH(s(n) = Sb \R
\R 0((()3aNa\Sb)/JaNa), mNt(s(n)) = ()Nt(s(50))\Sb
=R

O((()3aNa\Sb)/FaNa), mNH(s(n)) = (ONH(s(50))\Sb
R 0((()3aNa\Sb)/JaNa), mNH(s(n)) = m(ONHs(50))\Sb)
O((()3aNa\Sb)/FaNa), 1 = ((ONH(s(50))\Sb)TmNH(s(1)) R

0((()JaNa\Sb)/3aNa), mNH(s(n)) = | ?m(()Nt(s(50))\Sb)
@
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NK(s(50)) = NHs(50)

[NHs(B0)] = | ONH(s(50))
[NHs(50))],| ONHsEO)\Sb | = Sb [NHs(50)] = | ONKs(50))

OR

NKs(50)) = NHs(50)
OR

[NH(s(50))], | m(ONH(s(50))\Sb) | = Sb [NH(s(50))],| ONHsGO)\Sh | = Sb
OL 0l
(ONK(s(50)), m((YNH(s(50)\Sb) = Sb [NHsGO)L [ [17HONHsEO\S) || = Sb
\R 0l
B(ONH(s(50))\Sb) = (NH(s(50))\Sb @ NGO [T 0 (ONsGON\SD) Il = Sb
\L
B(ONKs(50))\Sb) = m((NH(s(50))\Sb) [NK(s(50))), [[D((()3aNa\Sb)/3aNa), mNK(s(n)),| 2mONHsEO)\SENI™L 1L (ONHsGEO)NS) [I] = Sb
/L
[NK(s(50))], [[0((()3aNa\Sb)/3aNa), mNH(s(n)),| (m(ONH(50)\SH\[I™! 17 (ONK(s(50))\Sb))/m(NH(s(50))\Sb) TSZ&GC:GS: = Sb
VL
NKs(n) | = Nt(s(n)) [Nt(s(50))], [[O((()FaNa\Sb)/FaNa), -me?i Y F(CmONHGENS AN LONHS(G)\S )/MONHSGEONSS)) | mONHSGEON\SHI] = Sb
ulL YL
aNK(s(m)) | = NKs(n)) INK(s(50)], [[0((()3aNa\Sb)/3aNa), mNK(s(n)),| VaV f(2m(ONa\S A\~ 171 (ONa\Sf)/m(ONa\S /) TSZ%GSVGS: = Sb
—_—mR ul
mNi(s(n)) = WNHs(n) INK(s(50)], [[0((()3aNa\Sb)/FaNa), mNK(s(n)),| mYa¥ f(2m(ONa\S A" (171 (ONa\S f))/m(ONa\S ) f (ONH(s(50)\Sb)]] = Sb
I
@ [N#(s(50))], [[0(()3aNa\Sb)/3aNa), mNH(s(r)), WVa¥ f(m(ONa\S P\ ™ 171 (ONa\S £))/m(ONa\S 1)), | MONHSGEO)\S)mNH(s(m) [I] = Sb
IL
[NK(s(50))], [[O((()FaNa\Sb)/3aNa), mNt(s(n)), -§<>Q-62Em>/:L:L52:69\-556\;n_éuazn/ms\m.nza‘_ ((ONt(s(50))\Sb) TmN(s(1))) L(W(ONt(s(50))\Sb) mN(s(11))) _: = Sb
YL
[NH(s(50))], [[0((¢)3aNa\Sb)/3aNa), mNt(s(n)), m¥a¥ F(2mONa\S A\~ (171 (ONa\S £))/m(ONa\S£), D((()FaNa\Sb)/3aNa), | Ya((((YNa\Sb)TmNH(s(1)))L(m(ONa\St)mNH(s(1) _: = Sb
VL

[Nt(s(50))], [[D((()3aNa\Sb)/JaNa), mNt(s(in)), l<=<>ﬁl32x/m)/:|H:LACZEmD.\IAOZEmDHDQOumZa/mS\w\_ZS‘_ Y fYa(((ONa\Sf)TmNH(s(n))) | (m(()Na\S f)mNt(s(1)))) _: = Sb

[NHS(E0)L, [[5((() FaNa\Sb)/ FaNa), mN(s()), mVa fF(2m(ONa\S AT 171 (ONa\S ))/m(ONa\S ), B((()3aNa\Sb)/ FaNa),

mY f¥a(((ONa\Sf)TmNH(s())) ] (M(ONa\S f)|mNK(s(n)))) _: = Sb

OL

ONH(s(50)), [[0((()FaNa\Sb)/aNa), WNK(s(n)), m¥a¥ f(?mONAAS I\~ 171 (ONa\S )/ m(ONa\S ), () FaNa\Sb)/FaNa), ¥ fa((HNa\S f) TMNH(s(n)L(m(ONa\S f)mNHsWI] = Sb

\R
([0((()3aNa\Sb)/3aNa), mNH(s(n)), m¥a¥ F(2mONA\S AL 171 (ONa\S £))/m(ONa\S ), D((()FaNa\Sb)/AaNa), Y fYa((ONa\S ) TmNH(s(1)) L(m(ONa\S HIMNHSm)T] = ONHS(E0)\Sb

©)
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E = CNs(n)

E = CNs(n)

oL

NK(50) = NK(50))

OR
[NHs(50))] = | ONH(s(50)

@ [Nt(s(50))],| ONH(s(50)\Si | = Si

/L

_Z%GS:‘_ (ONHs(50)\S)/(ONH(s(50))\Sb) f [[5((()3aNa\Sb)/3aNa), mNH(s(r)), m¥a¥ F(Cm(ONa\S A1~ [ 1 (ONa\S1)/m(ONa\S ),
0((©3aNa\Sb)/aNa), m¥ fYa(((ONa\S /) TMNH(s(n)) L (M(ONa\S f)ImNKsm))] = Si VL
INKs(50)L,| Va((ONm\S)/(ONm\Sb) | [[0((¢)3aNa\Sk)/FaNa), mNH(s(n)), mVaV f(CmONa\S NI~ 17 ONa\S )/ m(ONa\S ),
0(()FaNa\Sb)/3aNa), m¥ fYa(((ONa\S f) TMNH(s(m))) L (M(ONa\S f)|mNHs(m))]] = Si

nL
_zigi_ (PPto/3aNa)T¥n((ONm\S)/(ONn\SD)) |, [[0(()FaNa\Sb)/3aNa), mNH(s(r)), m¥a¥ F(2m(ONa\S AT L 1~L (ONa\S))/m(ONa\S 1),
GO FNa\Sh)/FaNa), WY fYa(((ONa\S f)mNHs(1))) LONa\S IMNHs())I] = Si al
INKS(50))L| M(PPto/AaNa)Vn((ONm\Si)/(ONm\Sh)) | [[5((()3aNa\Sb)/AaNa), mNH(s(r)), mVa¥ F(mONa\S NI~ 1L (ONa\S £))/m(ONa\S ), N | = Nt
G((03aNa\SE)/FaNa), mY fY/a(((ONa\S F)1WNHs() L(mON\S NMNHs)I] = Si - al
[TgNHs($)], M(PPto/FaNa) Wn((ONn\SD)/(ONm\Sh)), [[0((()FaNa\Sb)/FaNa), MNE(s(1)), m¥a¥ F(CMONAS I~ 171(ONa\S 1)) /m(ONa\S ), wNKs(m) | = Ni(s(m)
B((0)3aNa\Sb)/ FaNa), WY fYa(((ONa\S f)TmNHs(n))) LRONa\S HINHs())I] = Si o .
OAgNH((g)), W((PPto/IaNa) Vn((ONm\Si)/(ONm\Sb), [[D((()3aNa\Sb)/aNa), mNH(s(n)), mVaV F((ZmONa\S NI~ 1171 (ONa\S )/ mONa\S ),
0((O3aNa\Sb)/ FaNa), WY fVa(((()Na\S ) TmNH(s(1))) Lm(ONa\S f)mNHO)I] = Si ® BNHs(m) = | JgNHs(s) o

((PPto/FaNa)1¥n((ONn\Si)/(ONm\SE)), [[0((()FaNa\Sb)/TaNa), mNH(s(n)), WYa¥ f(Cm(ONa\S AL 1L (ONa\Sf)/m(ONa\S ),
0((()3aNa\Sb)/FaNa), ¥ fa(((ONa\S f)TmNH(s(n)) L(m(ONa\Sf) mNEs())]] = OFINHs()\Si

[mNHs(m)] = | (VFgNKs(8))

OR

B((PPto/AaNa)Vn((ONm\Si)/(ONn\Sb)), [[0((()3aNa\Sb) /AaNa), mNK(s(n)), mVa¥ F(2m(ONa\S I\~ 171 (ONa\S ) /m(ONa\S ),

0((¢)3aNa\5b)/3aNa), mY fYa((ONa\S f) mNH(s(r))) LB(ONa\S ,)mNHS)I] = O(OIZNHs(g)\S) (WNHs()L| OINHCERNSS | = Sf

/L

_-ZNESE\_ ((VFgNH(s(\SF)/D(OFGNHs(9)\S) f-:EusEmzaj,\zxczz/mo\zVZ:/mS?:DQCW_\NZ\NGSE;Z? BNH(s(r)), mYaY f(CmONR\S NI LITLON\S ) /m(ONa\S£),
O(()FaNa\Sb)/3aNa), m¥ fYa(((ONa\Sf) TmNt(s(n)) L(M(ONa\S /) mNHs@))]] = Sf oL

H-me?o:\_ O((OFZNHs()\S )/D(OIZNHs()\S) f-E%S\Ezaj<i52=/m$52:63? [[0((()3aNa\SE)/ 3aNa), mNK(s(r)), m¥a¥ F(CmONa\S AT~ (7 (ONa\Sf)/m(ON\S ),
0((O3aNa\Sb)/JaNa), m¥ fYa(((ONa\S ) TMNH(s(1)) L(M(ONa\S /)| mNEsm))]] = Sf 1R

[mN#(s(m)], DO IZNHS(N\S /OO IZNHS()\SD), W(PPto/ TaNa)W(ONm\Si)/ (ONm\S)), [[((()IaNa\Sb)/3aNa), 1, m¥a¥ f(m(ON\S A1~ (171 (ONa\S1)/mONa\S ),
0((()3aNa\Sb)/FaNa), mV fYa(((YNa\S ) TmNH(s(n)) L(m(ONa\Sf) mNEs(m)]] = SfTENKs(n))

[mN(s(m))], O((OTgNH(EN\SF)/D(OIZNH(s(3))\S1)), m((PPto/IaNa) ¥ n((ONn\Si)/(ONn\Sb))), [[O((()IaNa\Sb)/3aNa),| (SfTmNHs(m))ISf
oY F((2mONa\S I\ 1171 (ONa\S £))/m(ONG\S ), 0(()FaNa\Sb)/FaNa), WY FYa(((ONa\S FYTMNHS(i) LM(ONa\S FIMNHsGI] = Sf_yp
[mNt(s(m))], o(((YFZNHs(e)\SF)/D()TFgNH(s(8))\Si)), m((PPto/FaNa)¥n(((YNn\Si)/((YNn\Sb))), [[O((()JaNa\Sb)/aNa),| ¥ f((SfTmNH(s(1)))LSf)
wVaV F(2m(ONa\S N1~ L 1L (ONa\S £) /m(ONa\S ), 0((() FaNa\Sb)/FaNa), WY f¥a(((ONa\S f) TMNE(s () L (M(ONa\S F)lMNEs)] = Sf /L

[mN(s(m))], D((OFGNHS(EN\S £)/B(OFgNHs(8)\S1)), m((PPto/aNa) IV n((ONm\Si)/(ONn\Sb)), [[0((()FaNa\Sb)/FaNa), | V f((SfTmNHs(1)))LS f)/CNs(n) f
OCNs(n), mVa¥ f(m(ONa\S A\~ [171 (ONa\S F)) /m(ONa\S £)), O((()FaNa\Sb)/FaNa), mY fYa((ONa\S £)MNH(s(n))) | (M(ONa\S ) mNHs)]] = Sf VL

_-Zx%z:_‘n_:AEwam@:/mbERE%Z%Q:GS‘-:Ei\uazaj/\iozimiHQZimS?:n_:cunz_;ms\uaze‘_ Vg(Vf((SfTMNH(s(2))1Sf)/CNs(g)) _
OCNs(n), mYa f(CmONa\S AL (171 (ONa\S f))/m(ONa\S ), () FaNa\Sb)/FaNa), m¥ f¥a(((ONa\S /) TMNKs(1))) L((ONa\S lmNLs(m)]] = Sf

[ 18

[mN(s(m))], BIOIZNH@D\S)/BOTZNH(9))\S1)), M(PPto/IaNa)Mn((ONm\S)/(ONn\Sb))), :D:A@z\;ms\m;z@_ WY(Yf((SFTMNHs(9))ISF)/CNs(g) f
OCNs(n), mYa f(m(ONa\S PO\~ (171 (ONa\S f))/m(ONa\S £)), 0((()3aNa\Sb)/aNa), m¥ fYa(((YNa\S f) TMNH(s(1))) L(MONa\S )IMNHsm))]] = Sf

This delivers semantics without existential commitment

(212) ((tries "AF[(fish F) A [((Ccatch F) j) A ((Ceat F) H11) f)

The next example involves an extensional transitive verb
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(213) (dwp((7-98))) [john]+finds+a+unicorn : Sf

The sentence cannot be true unless a unicorn exists. Montague treated extensional and intensional verbs
uniformly syntactically by raising the type of extensional verbs to accommodate intensional verbs (‘raising
to the worst case”), and then using meaning postulates to capture the existential commitment of the former.
Our type logical treatment allows assignment of the lower type to the existential which, as well as being
simpler, captures the existential commitment automatically. Lexical lookup yields:

(214) [mNt(s(m)) : j1, O(((YIgNH(s(g))\S f)/FaNa) : "AAAB(Pres ((find A) B)), m¥ (¥ f((S fTmN(s(g)))l
5f)/CNs(g)) : ACADAE[(C E) A (D E)],0CNs(n) : unicorn = Sf

This has the derivation:

NHs(m) | = Ne(s(m))

mNi(s(m)) | = Ni(s(m))

Nis(n) | = Ni(s(n) wNK(s(m) = | TgNKs(g)

ul OR

mNtH(s(n)) | = Nt(s(n) [mNt(s(m)] = | (YAgNH(s(9)) = Sf
EIS \L
ANKG(0) = (NKsm)L| OIGNHEN\SF | = SF
[mNH(s(m)],| ((YAgNH(s(8))\Sf)/FaNa |, mNKs(n)) = Sf

[WNH(s(m))],| D((OFgNHs($)\Sf)/FaNa) |, mNH(s(n)) = Sf

uL

EIS

/L

oL

TR

[mNt(s(m))], 0((()AgNH(s(8))\Sf)/FaNa), 1 = SfTmNt(s(n)) = Sf
- IL
= CNs(n) [WNH(s(m)], O((OTgNHs(9\S f)/TaNa), | (SFraNKsm)ISf | = Sf

oL VYL

= CNs(n) [mNE(s(m))], O((OFGNHs(\S f)/FaNa),| V(S FIMNEsm))ISF) | = Sf
/L
Vf((SFTmNHs(m)) LS f)/CNs(n) LDCNS(V:) = Sf

[WNH(s(m))], O((OFgNH(s($)\S f)/FaNa),

VYL

[mN#(s(m)], B((OAgNHs())\Sf)/FaNa),

V(Y (S FTmNIH(s(g))LS f)/CNS(g)) ‘,ucwsm = Sf

ul

[mNH(s(m)], O((OFgNH(())\S f)/FaNa),

mYg (Y £((STMNKGS(8))) LS f)/CNs(g)) ‘,\:\CNs(n) = sf

It yields a semantics with existential commitment:

(215) 3AC[('unicorn C) A (Pres ((find C) j))]

DWP continue with a donkey sentence, for which Montague grammar does not make the right predic-
tion, and nor our cover grammar:

(216) (dwp((7-105))) [every+man+such+that+[he]+loves+a+woman]+loses+her : Sf

Lexical lookup yields:

217) [mYg(Y F((SFINHS(9))LSf)/CNs(g)) : AAABYCI(A C) — (B C)], OCNs(m) : man,
mY/n((CNn\CNn)/ (SfImNH(n))) : ADAEAE[(E F) A (D F)], [m[]"'V (S g|mN(s(m)))/
(ONH(s(m))\Sg)) : AGG], O(({)AgNt(s(g))\Sf)/JaNa) : "AHAI(Pres (("love H) I)),
mYg(Yf((SFTmNt(s(9)))LSf)/CNs(g)) : AJAKAL[(J L) A (K L)], aCNs(f) : woman],
O((()JgNt(s(g))\Sf)/FaNa) : "AMAN (Pres (("lose M) N)),
mg¥a((()Na\Sg)TMNK(s(f))) L(m(ONa\Sg)mNKs(f) : AOO = Sf

There is a dominant reading in which a woman, which is the donkey anaphora antecedent, is understood
as quantified universally, but Montague grammar obtains only a subordinate reading in which a woman is
quantified existentially at the matrix level. There is the derivation:



Ni(s(m)) = Nt(s(m))

Ni(s(f)) | = NHs(f) Nt(s(m)) = | IgNH(s(g))
uL OR
NG | = NHSG)  INHs@)] = | 03gNEs(e) Sf|=sf
[rren]- v -9
NHs(f) = INHs)L| OFNHS@NSS | = Sf
[Nt(s(m))],| (()FgNH(s(8))\Sf)/FaNa |, mNKs(f)) = Sf
[NHs(m),| B(OTSNHS(E)\S/)/BaNe) | WNHG(F) = f

ONHs(m)), B(()FgNHs($)\Sf)/FaNa), WNH(s(f)) = Sf

3R

/L

oL

OL

\R
O((()AgNt(s(£))\Sf)/3aNa), mNH(s(f)) = ONHs(m)\Sf

D((<>38Nf(5(8))\5f)/ElﬂNﬂ),1@: (ONH(s(m)\Sf)TNH((f))

Nt(s(m)) = NH(s(m))

= Nt(s(f)) Ni(s(m)) =
L R
e sl = [ ] 5] = o
R
BNH(s(f) = [Nt(s(m»], = Sf
[Nf(s(m))l,-ws(f» > sf
[Nt(s(m))], uNi(s(f)) = Sf

ONH(s(m)), D((OFINH(s(8)\S f)/FaNa), mNK(s(f)) = Sf

3R

\L

/L

oL

OL

\R

O((OAZNH(s(8))\Sf)/FaNa), mNH(s(f)) = ONHs(m)\Sf

/L

‘ (mS f|mNt(s(m)))/(ONH(s(m)\S f) }/D((()33Nt{s{g))\$f)/35sz), uNK(s(f)) = SfImNt(s(m))

VL

‘ Vg((mSgImNt(s(m)))/(ONH(s(m))\S)) ¥D((<>3ng(5(3))\Sf)/3ﬂNﬂ)rle(S(f)) = Sf|mNt(s(m))

ot

I D(OAINH(s(g)\S f)/FaNa), WNK(s(f)) = S fIMNH(s(m))

[‘ [V g((mSImNHs(m)/(ONHs(m)\Sg))

uL

[| w0~V g((mSgImNE(s(m)/(ONHs(m)\Sg)) [l DO TNHS(8))\Sf)/FaNa), BNH(F)) = S fImNH(s(m))

©)
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Nt(s(m)) = Nt(s(m))

CNs(m) | = CNs(m) [Nt(s(m)] = | ONKs(m))

(] e ]

E = CNs(m) E = CNs(m) [Nt(s(m))],| ONtsm)\Sf | = Sf
\L

OR

@ OCNs(m),| CNs(m)\CNs(m) | = CNs(m) [NHs(m))],| m(ONKs(m)\Sf) | = Sf "
/L TR
OCNs(m),| (CNs(nm)\CNs(m))/(S fImN(s(mm))) -1 Vg((mSgImNt(s(1m)))/((ONHs(m))\Sg)], 0((()IgNH(s(8))\S f)/FaNa), mNt(s(f)) = CNs(m) [1], m(ONt(s(m)\Sf) = SfINHs(m))
VL
OCNs(m),| Vn((CNm\CNm)/(Sf1mNE(n))) | [m[] =L Vg((mSgImNE(s(m))/(ONHs(m)\S))], DO IGNH(()\S f)/FaNa), mNK(s( ) = CNs(im) [| (SFINHs(m)ISS [, m(ONHs(m)\Sf) = Sf
L VYL
OCNs(m),| @Yn((CNn\CNn)/(S fImNt(n))) f 1171 Vg((mS gImNH(s(m)))/(ONHS(m)\S8))], B(OFZNHs(8))\Sf)/ FaNa), mNKS(f)) = ﬁzué:vl [| YA(SFINHs(m)LISS) || mONHs(mN\Sf) = Sf
L
NH(s(f)) | = NHs(f) H_ Y f((SFINHK(s(m)))LS f)/CNs(nm) fDOZ,AEV‘l<iAOZ=/OZ:.\Am\in:: L<w2lmw_l22w?5vH\AOZ;%::GAAE‘ O(((OVFgNH(s())\Sf)/FaNa), mNHs()], mONHs(m)\Sf) = Sf \
J—————— VYL
E = NHKs(f) ) __ Yg(Vf((SFINHs(8))ISF)/CNs(8)) T_mzmc:y wVn((CNi\CNi) /(S fImNE()), [m[] 1V g (RSSImNE(s(m)/(ONHs(m)\S)], DUOIGNHS(QN\S )/ FaNa), mNHs(/))], MONHsm\Sf) = Sf
—mR L 19
mNi(s(f)) = mNi(s(f)) A mYg(Yf((SFINH(s(8)))LSf)/CNs(g)) _‘ OCNs(m), l<=QﬁZx/ﬁZ=v\Am.)lZREVV‘HIDIH<NQImW_IZR,AE:V\AOmeAEVV/mmv , O((()3gNt(s(2))\Sf)/FaNa), mNt(s(f))], m(ONH(s(m)\Sf) = Sf
L
® [mYg(V f((SFINHs())LSF)/CNs(8)), OCNs(m), m¥n((CNn\CNn)/(S fImNH(n)) g ((ms gImNi(s(m))) /(ONHs(m))\S))], DO FZNK(8))\S )/ FaNa), mNHS(F)],| mONHsm)\SHIMNEs() | = Sf |
L
[mYg(Yf((SFTNH(s(8))LSf)/CNs(g)), OCNs(m), l(:ﬁﬁZiﬁZ:v\AmbleEU‘T:IH<NQImW_IZRmQ::V\QVZ:mnx:v/m%v:‘DQCM%ZRm@vv/m.D\MaZ\?IZNGQ:_\DQCM%Z:,AM:/m.D\mNuZS‘ ((ONHs(m)\Sf)TmNHs(f))L(mMONH(s(m)\S )| mNH(s(f))) _ = m.wh
VL
[V g(Y F((SFINHS(8)))LSf)/CNs(g)), OCNs (), mYn((CNm\CNn)/ (S flmNH(n)), [m[]~1 Vg ((mS gImNH(s(m)))/(ONHs(m)\Sg)], B(OIZNHS($))\S )/ FaNa), mNHS(N)], D(OIGNHS@N\S f)/FaNa),| Va(((ONa\S /) THNHS(F)L(mONa\S f)mNHS()) _ = 5f
VL
[V g(¥ F((SFTNES(8)))LS )/ CNs(g)), DCNs (), Yn((CNi\CNin)/ (S flmNH (), [m1 ™1 Vg ((mS g mNt(s(m)))/(ONHs(m))\Sg))], B((OFSNH(s(8))\S )/ FaNa), -Z%QE‘D:Avmexm@/mb\uazs‘_ YgVa(((ONa\Sg)TWNE(s(f))) L (m(ONa\S2)mNK(s(f))) _ = Sf
[ 18

[WYg(¥ F((SFTNH((8)) 1S )/ CNs(g)), DCN(m), mYn(CNn\CNm)/ (S fmNt(), [m[] 1V g((mS glmNH(s (1) / (ONHs(m))\Sg))], B() IgNHS())\S )/ FaNa), mNHS()], B(() FNHS($))\Sf)/3aNa),

©)

mYgYa(((ONa\Sg)TMNH(s(f))) L (M(ONa\Sg) mNH(s(£)))) _ = Sf
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[mYg(Y F((SFTNHs())LISS)/CNs(R)), DCN:
O((OFZNK(s(8

E = VASFTmNKs(HNLSS) [l B(OFZNHs()\Sf)/FaNa), m¥g¥a((YNa\Sg) TmNE(s(f))L(

(Vg(Y F((SfTNH(s(8)))LS f)/CNs(g)), DCNs(rm), min(CNi\CNn)/ (S fImNE())), [m[] 1V g(mS gmNH(s()/ (ONHs(m))\S) OFgNHs($)\Sf)/FaNa),
4 YF(SFTmNHs(f))ISF)/CNs(f) ﬁn_mZmS_‘n:qume@v/mb\u_hzs‘ mYg¥a(((ONa\Sg)TmNK(s(f)))L(m(()Na\Sg)mNK(s(f)) = Sf
[WVg(Y f((SFINKS(@))LS f)/CNS(8)), OCNs(n), W n((CNn\CNm)/(S fImNt())), [m[] =1 v g(mS gImNH(s(m))/(ONHs(m)\Sg)], D((OTZNHS(R)\Sf)/FaNa),
_ V(Y f((SfTMNHs(9)LS)/CNs(g)) fszmS_‘_u:Avme:m@;mb\mﬁ.Zé‘ mYg¥a((ONa\S)TNH(s(f))L(m(()Na\Sg)mNH(s(f)) = Sf

VYL

oL

VL

[ 18
[mVg(Y F(S FTNHS(9))LS £)/CN5(g)), OCNs(n), W n((CNu\CNm)/(S fImNt())), [m[] 1V g (mS g1mN(s(m))/(ONHs(m)\S)], D((OIGNHS()\S )/ FaNa),

_ mYg(Vf((SfTmNH(s(8))1Sf)/CNs(g)) fDmZmSe_u:Avmwzwiw:/mb\wmz&\ mYg¥a((ONa\S)TmNH(s(f))L(m(()Na\Sg)mNH(s(f)) = Sf

FaNa) : "ABACAD(("in B) (C D)), m¥g(¥ f((SfTmNt(s(2)))LS f)/CNs(g)) :

The assignment of lowest type in type logical grammar also means that existential commitment of a
AEAFAG[(E G) A (F G)],aCNs(n) : park = Sf

(218) AC[(woman C) AVG[[(“man G) A (Pres (("love C) G))] — (Pres (("lose C) G))]]

preposition comes without the need for devices such as the meaning postulates of Montague grammar:
(219) (dwp((7-110))) [john]+walks+in+a+park : Sf

Lexical lookup for this example yields the semantically annotated sequent:

(220) [mNi(s(m)) : jl, B(OAZNH(S())\S f) : "AA(Pres ("walk A)), O(YaV¥ f((ONa\S)\(ONa\Sf))/

This delivers semantics:
This sequent has the proof:
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Nt(s(m)) = NH(s(m))

Nt(s(m)) = | IgNHs(g))

3R

OR
INKsom)] = | OFgNH6() = sf
\L
INKs(m)L| OFgNHs(NSS | = Sf Nt(s(m)) | = Ne(sm)
oL ulL
Nt | oINS | = S = NKs(m)
OL OR
ONHs(m), D(OINHS@NSS) = Sf [WNEsm)] = | ONH(s(m) = Sf
\R \L
B(OAGNIENSS) = ONHSmNSS [WNEEm)L| ONHSmNSF | = Sf
- \L
Nt(s(n)) | = Nt(s(m)) [-Nr<s<m>)1,n<<>3gNr(s(g>>\Sf),| (ONHsmNSHVONHsmNSf) ] = Sf
D ————ed |5 YL
> Nis() [-Nt(s(mm,u(<>3gNt(s(g>)\Sf),| Y AONKS)N\S PVONESm)\SF) ] = Sf
_ R YL
BNH(s(1)) = [WNH(s(m)], D(OTZNHSE\S )| Ya¥ FONASHVONAS) | = Sf
/L
[WNE(sm)], DOIZNESN\S )| Ya¥ F(ONM\SHVONa\S/))/3aNa | mNHs(n) = Sf
oL
[-Nr(s(mm,n(<>3gNr(s<gn\5f>,| avaY f(ONa\SH\ONa\S )/ 3aNa) L-Nr(s(n» = Sf
] —_—
[NEs(m)], DO IGNHSN\S ), B F(ONa\SHVON\S)/FaNa), 1 = S F1mNHs(r)) = sf
- L
= CNs() [WNHs(m), DOTNHS@NS ), B(YaY FONASHNONA\S F)/FaNa) | (SFrmNKs)ISS | = sf
oL YL

= CNs(n) [WNH(s(m))], D(OIZNHS(INS ), D(YaY F((ONa\S HNONa\S )/ FaNa), | VF(SFIRNHSmNISS) | = Sf

Vf((SFTmNHs(m)) LS f)/CNs(n) LDCNs(n) = Sf

/L

[mNH(s(m)], O(OFgNH(@I\S f), O(Ya¥ f((ONa\S)\(O)Na\Sf))/3aNa),

VL

[mNE(s(m))], D(OFZNK$()\Sf), D(YaY F(ONa\S H\(()Na\Sf))/HaNa),

Vg(¥ f((SFTMNH(s(9)))LSf)/CNs(g)) ‘,DCNs(n) = Sf

ul

[mNE(s(m)], O(OFINHS(@N\S f), D(Va¥ f((ONa\SF\(ONa\S f))/FaNa),

mYg(¥f((SFTMNH(s(2))1Sf)/CNs(g)) ‘,DCNs(n) = Sf

It delivers the semantics (with existential comittment):

(221) AC[(park C) A (("in C) (Pres (‘walk j)))]

Finally DWP analyse the ambiguous example:

(222) (dwp((7-116, 118))) [every+man]+doesnt+walk : Sf

This has a dominant reading in which the universal has narrow scope with respect to the negation, and a
subordinate reading in which the universal has wide scope with respect to the negation. Lexical lookup
yields:

(223) [mYg(Yf((SFTNH(s(9))ISf)/CNs(Q)) : AAABYC[(A C) — (B C)], 0CNs(m) : man],
mYgVa((SgT(((OYNa\Sf)/(()Na\Sb)))|Sg) : AD—(D AEAF(E F)),0({)3aNa\Sb) : "AG(walk G)
= Sf

This has a first derivation:
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NH(s(m)) = Nt(s(m))
Ni(s(m) =
R
[NH(s(m)] = 0 —
NHsn [ Nmst | = b
L
[Nt(s(m»], = Sb ; Nit(s(m)) = Nt(s(m))

OL

OR
ONH(s(m)), 0(()3aNa\Sb) = Sb [NHs(m)] = | ONHs(m)) = Sf
\L

\R
0(()3aNa\Sb) = ()Nt(s(m))\Sb [Nt(s(m))],| ONHsm)\Sf | = Sf

(ONHs(mN\S )/ (ONH(s(m))\Sb) },D((BﬂNﬂ\Sb) = Sf

3R

\L

/L

[NHs(m))],

R —
[NHs(n)], 1, 6(OFNR\SE) = SFIONHSmNS HIONHsm)\SH) = sf
L

[Nt(s(m))],

(SFTONHsm)\S )/ (ONHs(m)\Sb))IS f *D((BHNR\Sh) = Sf

VL

[Nt(S(m»L‘ Ya((SFT((ONa\Sf)/(ONa\Sb)))ISf) ‘,D(<>3ﬂNﬂ\5b) = Sf

YL

[Nt(s(m))],

VgVa((SgT((ONa\Sf)/((ONa\Sb)))1Sg) },D(()EﬂNﬂ\Sb) = Sf

mL

[Nt(S(M))L‘ mYg¥a((SgT((ONa\Sf)/((ONa\5b)))1Sg) },D((BﬂNﬂ\Sb) = Sf

TR —
[1], mVg¥a((SgT((ONa\Sf)/(INa\Sb)))1Sg), 0()IaNa\Sb) = SfINH(s(m)) = Sf

= CNs(m) [ (SFINHsmISS | mYgVa((SgT(ON\S HIONA\SI)Sg), D(OTaNa\SE) = Sf

oL YL
= CNs(m) [ VA(SFINHSOm)LSP) |, mYgva(SgT(ONR\Sf)/(ONR\SD))LSg), DO aNa\Sh) = Sf

I‘ YFUSFINHs(m))LS £)/CNs(m) &DCNS(WI)L mYg¥a((SgT((ONa\Sf)/((ONa\Sb))1Sg), 0(()FaNa\Sb) = Sf

L

/L

VL

[‘ V(Y f((SFINHs($))ISF)/CNs(Q))

| OCNs(m)], mYg¥a((SgT((ONa\Sf)/((ONa\Sb)))1Sg), 0(()FaNa\Sb) = Sf

[ 18

q mY2(Y f(SFINKS()LS)/CNs(R)) ‘ OCNs(m)], m¥gYa((SgT((ONa\Sf)/()Na\Sb)))1Sg), 0(()FaNa\Sb) = Sf

This delivers the subordinate reading:

(224) YC[('man C) — =(‘walk C)]

There is also the derivation:
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NH(s(m)) = Nt(s(m))
Ni(s(m) =
R
[NH(s(m)] = 0 —
NHsn [ Nmst | = b
L
[Nt(s(m»l, _— ;

3R

\L

Nt(s(m)) = NHs(m))

THE MONTAGUE FRAGMENT

OL

(ONt(s(m)), 0(()FaNa\Sb) = Sb

OR
INHs(m)] = [ ONt(sm) > sf
\L

\R

0((3aNa\Sb) = (ONHs(m)\Sb

[Nt(s(m))],| ONHsm)\Sf | = Sf

[NHs(m))],

(ONHs(mN\S )/ (ONH(s(m))\Sb) },D((BﬂNﬂ\Sb) = Sf

1R
[11, (ONHs(m)\SF)/(ONHs(m))\Sb), O(()FaNa\Sb) = SfTNH(s(m))

/L

:Sf

1L

| (SFINHsm)LSS (I, (ONHm\S )/ (ONHs(m))\Sb), O(()FaNa\Sb) = Sf

VL

[ YFSFINHsmDIS) |l (ONHs(mN\Sf)/(ONHs(m)\Sb), O(()FaNa\Sb) = Sf

[‘ VF(SFINH(s(m))LS f)/CNs(m) &DCNS(M)], (ONHs(mN\S )/ (ONHs(m))\Sb), O(()FaNa\Sb) = Sf

[‘ Yg(Vf((SFINHs()ISF/CNs()) ‘ OCNs(m)], (ONHs(m)\S )/ (ONH(s(m))\Sb), D(()FaNa\Sb) = Sf

/L

VL

uL

[‘ wYg(¥f((SFINHs(9))LSf)/CNs(g))

L OCNs(m)], (ONt(s(m)\Sf)/(ONt(s(m))\Sb), 0((}FaNa\Sb) = Sf

[wY3(Y f((SFINKS())LSf)/CNs(Q)), BCNs(m)], 1, 0(()FaNa\Sb) = SFT(ONHs(m)\Sf)/(ONHs(m))\Sb))

[mVg(¥f((SFINHs(9))LSf)/CNs(g)), OCNs(m)],

(SFTONHmN\S )/ (ONHs(m)\Sb)LSf &D(OE/IN/Z\SE) = Sf

[wYg(Y f((SFTNHs())ISf)/CNs(8)), DCNs(m)],

Ya((SFT((ONa\Sf)/(ONa\Sb))ISf) *D((HaN/l\Sb) = Sf

[mVg(¥ f((SFINHs(9))LSf)/CNs(g)), OCNs(m)],

YgVa((SgT((ONa\Sf)/((ONa\Sb)))15g) *D((ERNH\Sb) = Sf

TR —
L
YL
YL
ulL

[lVg(Vf((SfTNt(S(g)))le)/CNS(g)),DCNS(M)],‘ mYgYa((SgT((ONa\Sf)/((ONa\Sb)))15g) ¥5(<>3ﬂNﬂ\5b) = Sf

This delivers the dominant reading:

(225) =VYG[('man G) — (walk G)]



Chapter 14

Coordination

In this chapter we analyse examples of coordination, cf. Morrill (2011[81], Chapter 3, Section 10).

14.1 Constituent and ‘non-constituent’ coordination

To express the lexical semantics of coordination, including iterated coordination (e.g. Bill, Mary, Suzy and
Fred) and various arities (zeroary e.g. sentence, unary e.g. verb phrase, binary e.g. transitive verb, ...), we
use combinators: a non-empty list map apply a* and a non-empty list map @™ combinator ®"*.

The combinator @ is such that @ x y z w = x (y w) (z w) (Curry and Feys 1958[16]). The non-empty
list map apply combinator a* is as follows:

(226) @ [x]y) = [yl
(@ [xylzlw) = [(xw)l(a® [ylz] w)]

The non-empty list map @™ combinator @™* is thus:

(227) (@™ Oand) x) [y]) = [yAx]
(@™ 00r) x) [y]) [y Vv x]
(@™ 0and) x) [y, zlw]) [y A (@™ 0 and) x) [zlw])]
(@ 0 0r) x) [y, zlw]) [y vV (@™ 0 0r) x) [z]w])]
(@™ (s ) ©) %) y) 2) (@™ nc) (x2) (a" y2))

These equations mean that in semantic evaluation any subterm of the form on the left is to be replaced by
that on the right, successively.

14.1.1 Sentence coordination

The first example is simple sentential conjunction; as we have said subjects are bracketed since they are
(weak) islands and coordinate structures are doubly bracketed corresponding to the fact that they are strong
islands; these brackets are given in the input:

(228) [[[john]+praises+mary-+and+[john]+laughs]] : Sf

Lexical lookup yields the following where the coordinator type is essentially (?X\[ ]7}[ 7' X)/X with X =
S.

(229) [[[mNt(s(m)) : j1, O((()AgNt(s(g))\S f)/FaNa) : "AAAB(Pres (("praise A) B)),
BNK(s(f)) - m, WY F(MS A\ (1715 f)/mS ) : (@ 0 and), [mNH(s(m)) : f],
O(()AgNt(s(g)\Sf) : "AC(Pres (“laugh C))]] = Sf

The left conjunt is marked with the existential exponential to allow iterated coordination, which we will
illustrate later; the conjunts are marked with semantically inactive normal modalities to make coordinate
structures scope islands to quantifiers other than indefinites. There is the derivation:

163
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[Ntsm) | = Nts(m)
[ mNH(s(m) | = Ne(s(m)
[N ] = Ny mNion) = [Nt | o
[ = sy o) = [oanew)| - [s7]= s

R
,| OFgNHs(@\Sf | = Sf

Nt(s(m)) | = Nt(s(m)) E|
al mN#(s(f) = [3aNa | [mNE(s(m)]

uL

3R

mNt(s(m)) | = Nt(s(m)) /L
IR , mNt(s(f)) = Sf
mNi(s(m)) = | AgNL(s(g)) oL _—
(mNHs(m)], | DO IGNH()\S/)/TaNa) | WNHs(f) = Sf [sr]=sf
[WNH(s(m))] = omwz%@ ! = & =R —_— L
[N(s(m)], O((OFZNKS(2)\S )/ FaNa), BNK(f)) = WSf [0sr] = sf
[WNE(s(m))],| OFgNHs@N\SF | = Sf R L
oL [mNHs(m)], O((OAgNHs(s))\Sf)/AaNa), MNKs(f)) = | 2mSf | 0 oose = sf
[mNt(s(m))],| O(OIgNEH((@I\Sf) | = Sf ) 3
mR \L

NHEOmL SOOI = wsf ([[mN#(s(m))], D((O)FgNEH(s($)\S )/ FaNa),

[[[mNt(s(m))], B((OTFgNH(s(@)\Sf)/FaNa),

| A sy = sf
JL

| [mNt(s(m))], D(OANES@NS O = Sf

VL

[[[mN#(s(m))], B((OASNH$()\S f)/IaNa), mNHs(f), | ¥ f(PmS AL 171 Sf)/mSf) |, [mNH(s(m))], B(OFINKS@NSHI] = Sf
[[[mNt(s(m))], B((FgNH(s()\Sf)/FaNa), | WY F(CmSA7M IS f)/mS ) fTZ:ASE\DAomexm@;mb: = Sf

uL

In the conclusions of rules boxes mark the active type of the rule application, i.e. the type which is de-

composed in the premises; as we have seen the boxes mark focused types (Andreoli 1992[5]), which are

the active types in the conclusions of noninvertible rules, subject to focusing rule application; the active
types in conclusions of invertible rules are not marked; whenever a type is boxed it is the active type —

this improves readability. Reading from the root, the type of the coordinator projecting the construction is

decomposed, eliminating the semantically inactive outermost modality and instantiating the tense feature
to finite (f). The result then applies forwards to the righthand conjunct, the analysis of which is shown

in the subtree marked (I): after removal of the semantically inactive modality in the succedent (which is
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licensed by the fact that the antecedents are modalised), left box elimination is applied to the intransitive
verb; this then applies to its subject and in the minor premise the subject bracket modality is removed, then
the agreement instantiated to third person singular masculine (¢(s(1))), and then the semantically inactive
subject modality is removed and the axiom is matched. The coordinator then applies to the lefthand con-
junct, in the subtree marked (2): the existential exponential is removed directly from the succedent, since
the coordination is not iterative, and then the semantically inactive succedent modality is eliminated (as
required the antecedents are modalised), and the outer modality of the transitive verb is removed; the tran-
sitive verb then applies to its object, where the agreement is instantiated to third person singular feminine
(t(s(f))), and the analysis of the resulting verb phrase is the same as in (). Finally, in the subderivation
) the coordinator checks off the doubly bracketed context which it requires/projects. All this delivers the
correct reading under:

(230) [(Pres ((‘praise m) j)) A (Pres ("laugh j))]

14.1.2 Verb phrase coordination

The next example is one of verb phrase conjunction:

(231) [john]+[[praises+mary+and+laughs]]: Sf

Lexical lookup yields the coordinator type basically (?X\[]7*[]7'X)/X with X = N\S.

(232) [mNt(s(m)) : j1, [[O(()AgNt(s(g))\Sf)/JaNa) : "AAAB(Pres (("praise A) B)),

mNt(s(f)) : m, mYa¥ f((?m(ONa\S H\[I7' 17 (ONa\Sf))/m(()Na\Sf)) :
(D™ (s 0) and), O(()AgNt(s(9)\Sf) : "AC(Pres ("laugh C))]] = Sf

The coordination combinator semantics (@™ (s 0) and) is such that:

(233) (D™ (s 0) and) x) [y]) z) =
(@™ 0 and) (x 2)) (" [y] 2)) =
(@™ 0and) (x 2)) [(y 2)]) =
[(y2) A (x 2)]

There is the derivation:
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Nt(s(m)) = Nt(s(m))

Ni(s(m)) = | AgNKs(g))

EIN

[Nes(F) | = Nits(F)

u OR
BNHs(f) | = NHs(f)  INHsm)] = | OTgNHs(9)) Sf|= sf
(v = Ve ] " []=5r

_— mNi(s(f) = [ 3aNa | [Nt(s(m)],| OFgNis(@N\Sf | = Sf

Nt(s(m)) = Nt(s(m)) /L

B [Nt(s(m))], , mNt(s(f)) = Sf Nit(s(m)) | = Nt(s(m))

oL uL

(OAgNH(s(g)\S f)/JaNa

Ni(s(m)) = | IgNKs(g))

OR [NHsm)1,| O((OIgNHS()\Sf)/TaNa) | mNKs(F)) = Sf [WNHsm) | = Nism)
[NHs(m)] = | OFgNHs(g) [s£] = sf | i OL OR
\L

ONH(s(m), B(OFGNHS()\Sf)/FaNa), BNS() = S (aNtsom)] = [ONisn) | [sf] = s
\

\R L
O((OAZNH(s(g)\Sf)/FaNa), mNH(s(f)) = ONHs(m)\Sf [mNH(s(m)],| ONHsmN\Sf | = Sf L
mR -
OO TENHS()\S/)/FaNa), INHS() = WONHE)\S ) [Nt su)) [ 17 ONHsmNS) | = s
ONHs(m), BOIGNHSENSS) = Sf R 0
S E——— B(OTGNHS(NS )/ AaNa), ANH(S() = [ MONHSmNS ) (WNHsn)L I 1717 (ONHsoaNS) I = SF
SIS = OIS o e .
BOINICNST) £ MONCEIS) [RNKs()], (O FENHS()\S)/aNa), INH(S(1), | 2mONKm)NS I I ONHstm\S ) Il = S
/L

[mNt(s(m))], [[D((OFgNH(s()\Sf)/FaNa), mNH(s(f)),

CmONHEmNS I 17 (ONHs(m)\S £))/mONHs(m)\S f) fmxvmwzﬁ@vv/mb: = Sf

VL
VF(CmONHsmN\S AT 7 ONHS(m)\S )/ mONHS(m)\S £)) EAvmeAm@v/mb: = 5f
VL

[mNH(s(m))], [[B((OAZNES(S)\S f)/FaNa), mNHs(f)), | Ya¥ f(?mONa\S O\ I (ONa\Sf))/m(ONa\S ) ?Smw@@@xﬁb: = Sf

[mNt(s(m))], [[0((OFZNH(s(8)\S f)/FaNa), MNH(s(f)),

mL

[mNt(s(m))], [([0((OFZNH(s(8)\S f)/FaNa), mNH(s(f)),

mYaY f((m(ONa\S O\ (17 (ONa\Sf))/m(ONa\5f)) T_Aomwzﬁ@vv/mb: = Sf

Reading from the root, first the outermost semantically inactive modality of the coordinator is removed
and the agreement features of the subject, f(s()), and the value of the tense feature, f, are instantiated.

The coordinator then applies to the righthand conjunct, for which the subderivation is (I): the succedent
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semantically inactive modality is removed (the antecedent is modalised) and the argument modally brack-
eted nominal is lowered into the antecedent where its bracket modality is unfolded; the modality of the
intransitive verb is removed, and the subderivation finishes applying to the subject with bracket modality
right and existential quantifier right rules. The coordinator then applies to the transitive verb plus object
lefthand conjunct in the subderivation rooted at (2): after existential exponential right, semantically inac-
tive modality right (the antecedents are modalised), and under right lowering the subject subtype into the
antecedent, the bracket modality of the subject is unfolded; the transitive verb type is then selected, its
modality removed, and applied with modality rules and instantiation of existentially quantified features to
the object (left subsubderivation) and subject (middle subsubderivation). In the subderivation rooted at 3
the context of the coordinate structure is recognised: double bracketing, and a (bracketed) proper name
subject. All this delivers semantics:

(234) [(Pres ((‘praise m) j)) A (Pres ("laugh j))]

14.1.3 Transitive verb coordination

The next example is of transitive verb coordination, with a complex non-standard constituent transitive
verb in the right-hand conjunt.

(235) [john]+[[likes+and+will+love]]+london : Sf

Appropriate lexical lookup yields the following where the coordinator type is essentially (?X\ [ ][ 171 X)/X
with X = (N\S)/N.

(236) [mNt(s(m)) : j1, [[O((()AgNt(s(£)\Sf)/FaNa) : "AAAB(Pres ((“like A) B)),
mY fYa((?m((ONa\S f)/FNH\[][I7' (()Na\S f)/IbNb)) /m((()Na\S f)/AbND)) :
(D™ (s (s 0)) and), m¥a((()Na\S f)/(()Na\Sb)) : ACAD(Fut (C D)),
0((()3aNa\Sb)/JaNa) : "AEAF(("love E) F)]], mNt(s(n)) : | = Sf

There is the following derivation. Again, after eliminating the modality of the coordinator, and instantiating
the left universal quantifiers for tense and subject agreement, at the root, there are three main subderiva-
tions marked (D), @ and @) deriving the right conjunct, the left conjunct and the coordinate structure
context respectively. In (I), after removing the modality on the right and lowering the object and subject
arguments into the antecedent we have to analyse a sequence which is essentially S-Aux-TV-O. This in-
volves analysing TV-O as VP (left subsubderivation), and S-VP as S (right subsubderivation). Subtree 2)
involves essentially derivation of the identity TV yields TV. Subderivation (3) checks the double bracketing
of the coordinate structure and recognises the right object context and left subject context.
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Nt(s(m)) = NH(s(m))
EI
Nt(s(m)) =

OR

N2 = N2 [NH(s(m))] = E = Sb

IR \L

Nt(s(n)) = NH(s(m))
_Z%Q;z‘E = Sb "
/L
Nt(s(m)) = | IgNKs(9))
[NHs(m)L,| (()FaNa\Sb)/FaNa | N2 = Sb I

oL _— II
N3 = N3 [NHs(m)] = | (FgNHs(8)
[Nt(s(m))],| ©((()3aNa\Sb)/JaNa) | N2 = Sb NH(s(m)) = NH(s(m)) " e

3R

OR

oL OR
INHsm)L,| OFgNHs(NSf | = S
ONH(s(m), B((OFaNa\Sb)/FaNa), N2 = b [NHs(m)] = Ilczié stn SNHSN\SS f B
\R [Nt(s(m))],| ((VFgNH(s()\Sf)/FaNa | N3 = Sf
O((()3aNa\Sb)/3aNa), N2 = ()Nt(s(m))\Sb [NKs(m)L| ONKsm)\Sf | = Sf oL _—
L [NHs(m))],| ©((()IgNHs(8))\Sf)/FaNa) | N3 = Sf Nt(s(m)) | = NHs(m))
INHs(m)L| (ONHSmN\SHIONKsm)N\SE) ?amﬁz%s@z@% = sf . o
L [NHs(m)], DO IgNHs()\S f)/FaNa), INb = Sf Ni(s(m) | = Nis(n)) BNK(s(m) | = Ni(s(m)
[Nt(s(m))],| Va((ONa\Sf)/(()Na\Sb)) |, O((()FaNa\Sb)/FaNa), N2 = Sf OL ulL OR
ul
ONH(s(m)), O((()IgNH(s(g)\S f)/FaNa), INb = Sf mNt(s(n)) | = NHKs(n)) [mNt(s(m)] = | ONH(s(m))
INHs(r)L,| WYa((ONa\S£)/(ONa\SD) | 0(BaNa\SE)/FaNa), N2 = Sf W® ) I
L DO TZNHSEINS )/ FaNa), ToNb = ONHNSf i) = [ 0N | NG| NS | = f
[Nt(s(m))], mVa((()Na\S f)/(()Na\Sb)), 0((()FaNa\Sb)/3aNa), IbNb = Sf IR i
OL (OGNS f)/FaNa) = (ONHsmI\S f)/FbND [WNHs(m)),| (ONHs(m)\Sf)/IbNb | mNHs(n) = Sf
ONKs(m), mYa((ONa\S/)/(ONa\Sb), B((()3aNa\St)/3aNa), TND = Sf . =
R O((()AgNH(s(9))\Sf)/FaNa) = m((ONH(s(m))\Sf)/IbNb) [WNHsem)L 1| (17 (ONHsm)\SF)/IbND) [l mNKs(m) = Sf
mYa((()Na\Sf)/(()Na\Sb)), O(({)FaNa\Sb)/JaNa), IbNb = (NH(s(m)\Sf 2R :\:.
/R D((OFZNH()\S)/FaNa) = | 2m((ONHs(m)\S f)/IbNb) 07 1L ONKsm)\S)/F0ND) (1], mNKs(m) = Sf
RYa((ON\SH/(ONa\SE), B((OFaNa\SD)/FaNa) = (ONK(m)\S/)/IbND o -
=R \L
mVAONaSP) sz;/msyuamnznmw\ ki) = WUONHAFNE) (NHs(m)], ([0 TZNHS()N\Sf)/3aNa),| 2m(ONHSmNS /NN 17T (ONH(m)NS)/3bND) ? Ni(s(n) = Sf
/L
[N, [[D((OAGNHE(@N\S f)/FaNa), | CmONHSGmNS )/ FENOAI™L 1= (ONH(m)\S )/ FNE) /m(ONHs(r)\S £)/36NE) f.555/8\ezn/msv‘uéwﬁz%smﬁzs;.z;%g = st
YL
[N, [[O(OTGNHS(INS)/TaNa),| Va(m((ONa\S £)/ TN 1L 17 (ON\S £)/T6NE) /m((ONa\S )/ T6NE) f.éavzx/méez%syn_:@zn/ms@z% i) = Sf
YL
[N Hs(m))], (IO AGNHS()\S )/ FaNa),| Y FYa(Cm((ONa\S )/ IND\I™ 171 (ONa\S £)/3bND) /m((ONa\S f)/FbND) f.§avz%c\sz%sv‘Da@z‘/ms@z%\.zisv > 57
ulL

[mNH(s(m)], [[D((OIZNHE(N\S f)/FaNa), | mY Fra(@m(ONa\S f)/FbNBNI™L[I7L (ONa\S )/ FbNb)/m((ONa\S )/ FbNb) f-§Evza/mb\:vza/msv‘n_zcmhzx/ms\umzaé‘-Z;m?x = 5f

The coordination combinator semantics is such that
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(237) (@™ (s (s 0)) and) x) [y]) 2) w) =

(@™ (s 0) and) (x 2)) (" [y] 2)) w) =
(@™ (s 0) and) (x 2)) [(y 2)]) w) =
(@™ 0 and) ((x z) w)) (a™ [(y 2)] w)) =
(@™ 0 and) ((x 2) w)) [((y 2) w)]) =
[((y 2) w) A ((x 2) w)]

All this delivers semantics:

(238) [(Pres ((like 1) j)) A (Fut (Clove 1) j))]

14.1.4 Ditransitive verb coordination

The next example is of ditransitive verb disjunction:

169

(239) [john]+[[gave+or+sent]]+mary+the+book : Sf

Appropriate lexical lookup yields the semantically labelled sequent where the coordinator type is essen-
tially (?X\[17'[171X)/X with X = ((N\S)/N)/N (using the curried ditransitive verb type):

(240)

[mNt(s(m)) : j1, [[O(((()FaNa\S f)/JaNa)/JaNa) : "AAABAC(Past ((("give A) B) C)),
mYaV f((?m(((ONa\Sf)/3bNb)/IbNb\[]7[I7' (()Na\Sf)/3bNb)/IbND))/
m(((()Na\Sf)/3bNb)/IbND)) : (DP™* (s (s (s 0))) or), O((({()FaNa\S f)/JaNa)/FaNa) :
"ADAEAF(Past ((("send D) E) F))]], mNt(s(f)) : m, m¥n(Nt(n)/CNn) : ,

OCNs(n) : book = Sf

There is the derivation:

Nt(s(m)) = Nit(s(m))
I

R
N2 = N2 [NHs(m)] = O = Sf
N1 = N1 N2 > ‘ [Nt(s(m))], = 5f "
IR L
i T

/L

[Nt(s(m))],| ((()FaNa\Sf)/JaNa)/FaNa | N1,N2 = Sf
[Nt(s(m))],| ©(((()3aNa\Sf)/FaNa)/3aNa) || N1,N2 = Sf

[Ns(m)], O((()FaNa\S )/ JaNa)/JaNa), N1, AbNb = Sf

oL

3L

a
[NHs(m))], O((()3aNa\S f)/FaNa)/FaNa), JNb, INb = Sf

OL
ONt(s(m)), 0(((()3aNa\S f)/JaNa) /3aNa), IbNb, IbNb = Sf

\R
O(((()3aNa\Sf)/3aNa)/3aNa), IbNb, INb = (INH(s(m))\Sf

/R
0((()3aNa\Sf)/3aNa)/FaNa), INb = (ONHs(m)\Sf)/IbNb

/R
o0(((()JaNa\Sf)/3aNa)/JaNa) = (((ONt(s(m))\Sf)/FbNb)/IbNb

R
O(((()3aNa\Sf)/3aNa)/JaNa) = m(()Nt(s(m))\Sf)/IbNb)/IbNb) "

=R

O(((()3aNa\S f)/3aNa)/JaNa) = m(()Nt(s(m))\Sf)/IbNb)/IbNb)

7R

0(((()3aNa\Sf)/JaNa)/3aNa) = l 2m(((ONKs(m)\Sf)/IbNb)/IbNb)

)
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OCNs(n) | = CNs(n) = Nt(s(n))
/L
Ni(s(n))/CNs(n) | OCNs(n) = Nt(s(1)) Ni(s(m)) | = NHs(m))
YL uL
Vn(Nt(n)/CNn) |, OCNs(n) = Ni(s(n)) uNK(s(m)) | = Ni(s(m))

ulL
wVn(Nt(n)/CNn) | OCNs(n) = N(s(n))

Ni(s(f)) | = NHs()
al EIY \L

WNKs(f) | = NHs(f) wYn(NH(1)/CNn),OCNs(n) = E

Jr
mNi(s(f)) = E

[NEs(m)],| (ONEsOm)\S£)/TbND)/FbND |, mNH(s(f)), mYn(NEn)/CNn), OCNs(n) = Sf

[Iys
1, mNt(s(f)), m¥n(Nt()/CNn),OCNs(n) = Sf

_IZA%S:‘L 17 L((ONH(s(m)\S £)/3bNE)/3bNb)

oL
@ [WNH(s(m)], _; 07107 L (ONEs(m)\S £)/F6Nb)/FbNb) T_\ mNi(s()), m¥n(N(1)/CNn), OCNs(n) = Sf

\L

O]

((((Y3aNa\S f)/3aNa)/3aNa),

(ONHS(m)\SF)/36NB)ANB)\[I ™[I ((ONH(s(m))\S )/ ANb)/INb)

1, [[0(((()3aNa\Sf)/JaNa)/JaNa), 11, mNt(s(f)), m¥n(Nt()/CNn),0CNs(n) = Sf

/L

ONHsm)\S)/IBND)FbNB\I LI 7L ((ONHs(m))\S )/ 6ND)/F6NE) /m((ONHs(m)\S )/ FbNE)/ IbNb)

[WN(s(m))],

| O(((()3aNa\S f)/3aNa)/JaNa)]], mNt(s(f)), m¥n(Nt(n)/CNn), OCNs(n) = Sf

VYL

[mNt(s(m))], ()3aNa\Sf)/3aNa)/daNa), <>Ql22VZAVAS:/m\v\waSEwZS/:|H:lu:ACZ:&SV;ME\mEév\mTZSV\IEQZRmHE:/m,D\WwZSEwZSV ?DECWaZimb\m\_Z:v\waZS:\IZR,/,Q? m\n(Nt(n)/CNn),0CNs(n) = Sf

VL

[WN(s(m))), [[0((()FaNa\S f)/FaNa)/FaNa), | Va¥ f(Zm((ONa\SF)/FNE)/TNONI™L (171 ((ONa\S£)/36NE)/F6ND))/m((ONa\S£)/F6NE)/F6ND)) | 0(((OFaNa\S f)/FaNa)/TaNa)]], mNH(s(f)), m¥n(NH(r)/CNn), OCNs(n) = Sf

uL

[mNt(s(m))], [[O(((()FaNa\S f)/FaNa)/3aNa), l(a(\:NlQACZa/mb\wawv\WwZS/:|H:IH ((((YNa\Sf)/3bNb)/3bNDb))/m(((()Na\S f)/3bNb)/3bND)) |, O(((()FaNa\S f)/JaNa)/FaNa)]], mNt(s(f)), m¥n(Nt(n)/CNn),0CNs(n) = Sf

As usual the coordinator modality is removed and the subject agreement and tense feature are instantiated

at the root. Then the subderivations (I) and (2) derive the right and left conjuncts respectively by essentially

deriving the identity TTV yields TTV on the ditransitive verb type TTV: they are the same except for the

initial ?R in (@), hence the latter is elided. The remaining context derivation checks the double bracketing as
usual and for the rest amounts to analysis of a sequence S-TTV-O1-O2 where S and O1 are proper names

and O2 is a definite noun phrase.

The example is interesting in that it illustrates coordination of arity three. The coordination combinator
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semantics is such that:

41) (
(
(
(
(

(
(
[

(@™ (s (s (s 0)) 0r) x) [y]) 2) w) u) =
(@™ (s (s 0)) 0r) (x 2)) (" [y] 2)) w) u) =
(@™ (s (s 0)) 0r) (x 2)) [(y 2)]) w) u) =
(@™ (s 0) o) ((x 2) w)) (a™ [(y 2)] w)) u) =
(@™ (s 0) o) ((x 2) w)) [((y 2) w]) u) =
@ 0 or) (((x z) w) w)) (a™ [((y 2) w)] w)) =
@™ 0 0r) (((x 2) w) w)) [(((y 2) w) w)]) =

(y 2) w) u) A (((x 2) w) u)]

NN NN

(
(
(
(
(
(
(
(

All this delivers semantics:

(242) [(Past ((("give m) (¢ “book)) j)) V (Past ((("send m) (1 “book)) j))]

14.1.5 Subject coordination

We continue with subject disjunction:
(243) [[[john]+or+[mary]]]+sings : Sf

Appropriate lexical lookup inserts a coordinator over lifted subject noun phrases (cf. Montague 1973[51]),
essentially (?X\[171[171X)/X with X = S/(N\S).

(244)  [[[mNt(s(m)) : 1, mY F((?m(S £/ (OIgNH(s()\S NI (SF/(OAgNHS(EN\S )/
m(Sf/(OAZNL(s(9)\SS))) : (@™ (s 0) or), [MNE(s(f)) : m]],
O(()AgNt(s(g)\Sf) : "AA(Pres ("sing A)) = Sf

There is the derivation:
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(BNINSE | = ((HsyNm

@ =[]

‘[(uys)inm]]]
(O)PNSEQ) | = [((Nsynm]

‘[((u)s)inm]]]

Js = | FS\®)PNSEQ |1(()s)ynm]
A0

((/S\(E)NNSEQ)/ Som = [((Hs)iNm]
US\@NNSEO/ S5 < [(f)s)inm]

A/

©
4

o

2

ym

i

(B)INSEQ) | = [((u)syinm]

n
=
E U
2 gl vy
g 2l z | 2
= gl 2|8
v.
.

¥E

qO

Js < | FS\@NNSEQ) |1(u)s)inm]

((fS\(B)NINSE))/Som = [((w)s)inm]
(SS\(E)PNSEO)/ S5 < [(w)s)inm]

((JS\@NNSEQ)/Ss)me | & [((u)s)inm]

¥/

©

U

»
£

AL
ym

((SS\ONINSEO)/£5)m/(FS\(E)INSED)/F9) 111 NI S\(E)1NSE()/ fS)me)
k)

((S\(®)91NSED)/ S S)m/(SS\NEYPNSED)/SS)  _[11 N S\(B)UNSED) /S 5)m) S [’[((lﬂ)s)él\ll]]]

(S\(®)9NSE))/ S 5)m/(FS\(B)UNSEN/S9) 1 _[1 1IN S\(B)UNSEQ) /S )me) S am

(SS\@NINSEN/S8) 1[N S\(B)INSE))/ S 5)mi

TE

I\
%0
10

™
TA
A
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In the same manner that we have seen before, in the left subderivation the righthand conjunct is analysed
as of the lifted type, and in the middle subderivation the lefthand conjunct is analysed as of the lifted type;
these are the same except for the eventual ?R of the latter, and they centre on the over right lowering of the
higher order verb phrase argument into the antecedent where it subsequently applies as a functor. In the
righthand derivation the brackets are checked and then application of the coordinate structure to its verb
phrase context involves essentially derivation of the identity VP yields VP. This delivers the semantics:

(245) [(Pres ("sing j)) V (Pres (“sing my))]

14.1.6 Object coordination

Object conjunction, including an object reflexive, is illustrated by:
(246) [john]+loves+[[mary+and+himself]] : Sf

The coordination is basically (?X\[ ]7}[ 17! X)/X with X = ((N\S)/N)\(N\S).
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(247) [mNt(s(m)) : j1, O(((YIgNH(s(3))\S f)/FaNa) : "AAAB(Pres (("love A) B)), [[mNt(s(f)) : m,

mY fVa((?m((ONa\Sf)/FND)\(ONa\SHNI 17 (ONa\Sf)/FbNb)\(ONa\Sf)))/
B(((ONa\Sf)/FND)\(ONa\Sf))) : (P (s (s 0)) and),

mY f(((ONH(s(m)\Sf)TNH(s(m))) L(ONH(s(m)\S f)) : ACAD((C D) D)]] = Sf

There is the derivation:

Nt(s(m)) = NHs(m))

OR
Ni(s(m)) = Nt(s(m)) [Nt(s(m))] = | ONHs(m)) = Sf
3R \L

Nt(s(m)) = [Nt(s(m))],| ONHsm)\Sf | = Sf
[Nt(s(m))],| (ONt(s(m)\Sf)/AbNb | Nt(s(m)) = Sf

ONH(s(m)), (ONH(s(m)\Sf)/IbNb, NKs(m)) = Sf

/L

OL

Nt(s(m)) = NHs(m))

\R OR
(ONHs(m)\Sf)/FbNb, N(s(m)) = ONHs(m))\Sf

[NKs(m)] = | (ONHs(m)) = Sf
1R \L
INEs(m)L,| ONHS(mN\Sf | = Sf

[Nf(S(m))]r(()Nf(S(m))\Sf)BhNb/l ((ONHsm\S HTNHs(m)) LONHs(m)N\S ) ‘ = Sf

(ONHs(m)\Sf)/FbNb, 1 = (ONH(s(m))\S f)TNt(s(1m))

L

VL

[Nf(s(m))],(()N:‘(s(m))\Sf)/ﬂbNh,l Y F(((ONH(s(m)\S £)TNH(s(m))) LIONH(s(m)\S £)) ‘ = Sf

uL

[Nf(S(m))],(()Nf(S("l))\Sf)BhNb,l =Y f(((ONHsmD\S HTNHs(m) LONHs(m)N\S)) ‘ = Sf

OL
ONH(s(m)), (ONH(s(m)\S £)/FbNb, m¥ f(ONHs(m)\S f)TNHs(m)) LONKs(mI\S ) = Sf

\R
(ONH(s(m)\Sf)/ 36N, mY f((ONHs(m)\S HTNHsm)D) LONHSm\S ) = ONHsm)\Sf

\R
wY f(((ONHs(m)\S HTNHsm) LONHstmN\SF)) = (ONKs(mP\S )/ FENENONHs(m)\S )

Y f((ONHs(mN\SHTNHSm) LONHs(mN\SF)) = m(ONHs(m)\Sf)/FNDNONHs(m)\Sf))

NHs(f)) | = NKs(f) Ni(s(m)) = N(s(m))

[ 18

OR
Eld \L

wNs(f) = [NKs(m),| ONKsm)\Sf | = Sf
[NHs(m)],| (ONHs(m)\SF)/FoNb | mNHs(f) = Sf

ONt(s(m)), (ONt(s(m))\Sf)/IbNb, mNt(s(f)) = Sf

/L

OL

\R
(ONH(s(m))\Sf)/FbNb, mNH(s(f)) = ONHs(m)\Sf

\R
mNH(s(f)) = (ONKs(m)\Sf)/IND)\(ONH(s(m)\Sf)

mR
BNH(s(f)) = m((ONHs(m)\Sf)/FNb\ONHs(m)\S))

uNt(s(f)) =

2m(((ONHsm\SF)/INDNONHs(m\S f))




NH(s(m) = N(s(m))

N1 = N1
IR

N1 = [ Jana |
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[Nt(s(m))],| B((OFgNHs(9)\Sf)/FaNa) | N1 = Sf

aL
[NH(s(m))], 0((OAGNHs(g)\S f)/FaNa), INb = Sf Nt(s(m)) | = Nt(s(m))
(L — L
(ONH(s(m)), 0((()IgNH(s(8))\S f)/FaNa), IbNb = Sf mNt(s(m)) | = NHs(m))
\R
O((OIgNH(s(g)\Sf)/3aNa), INb = (ONH(s(m))\Sf [mNH(s(m)] =
/R
O(((FgNHs()\Sf)/FaNa) = (ONHs(m))\Sf)/IbNb [mNK(s(

[mNK(s

O((OFgNHs(g)\Sf)/FaNa),

((ONH(s(m)\S £)/IND\(ONHs(m)\S ) _ = Sf

[Iys

[mNH(s(m)], D((OFgNH()\S f)/FaNa), [| [17

Ni \SF)/FENDNONH(m)\SS)) T = Sf

o'

@ _-Z;ﬂsv:\n:CuwZ;m@v/memZmv\:7 07107 H(ONH(m)\S £/ NN (ONHs(m)\S 1) T_ = Sf

\L

@ [WN#(s(m)], O((OFZNHS(\S f)/FaNa), [[INKs(F), | 2m(ONKs(m)\SF)/FINONONHmNS NI~ (ONHs(m)\S )/ IND\ONHS(m)\S ) T_ = Sf

/L
[mN#(s(m))], O((()INH(s()\Sf)/FaNa), [[mNt ONH(s(m)\SH)/FND\ONHsmNS AN LI (ONHsm)\S )/FND\ONHS(m)\S £))/m(ONH(m)\S £)/INE\ONHSm\S f)) T<\S©Z§ \SHTNHs(m)LONHsmN\S)]] = Sf
VL
[WNH(s(m)], (O FGNH()\S £)/aNa), [MNH(f), | Va(@m((ONa\S£)/FNB\ONa\S AN~ ((ON\S £)/FNEN\(ONa\S £)))/m((ONa\S )/ FND\ONa\S£) |, mY F((ONHs(mI\S HTNHs(m))LONHsmNS ] = Sf
VL
TZ%A‘:E\n_:omeRA@/mb\Ezﬁ:-Z;MSL V f¥a((m(((ONa\S£)/FND)\(ONa\S AN 1L (ONa\S £)/INBN(ONa\S 1)))/m(((YNa\S f)/INE)\ (ONa\S f))) f-<>:o2xm§:/@.\XZ»@:5E@Z;&:&GQ: = Sf
ul

[mNH(s(m)], D((OFZNHS()\S f)/ FaNa), [[MNHs(f)),| WY fYa(Cm((ONa\SF)/INE\ONa\SHNT 7L (ONa\SF)/INB)\(ONa\S£)/m((ONa\S )/ INH\(ONa\S ) ?-éﬁavaﬁsi/m\ZmeA WONESmN\SO] = Sf

174

Again the main left (), main middle (@)) and main right subderivations are for the right conjunt, left

conjunct, and context respectively. The subtree (I) essentially derives that a subject-oriented reflexive

((N\S)TN)L(N\S) yields a lifted object type (N\S)/N)\(N\S):
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(N\S)/N,N = N\S

1R
(N\S)/N,1= (N\S)IN N,N\S=$
IL

(248) N, (N\S)/N, (N\S)TN)L(N\S) = 5 2

(N\S)/N, (N\S)TN)L(N\S) = N\S

(N\S)TN)LIN\S) = ((N\S)/N)\(N\S)

The derivation centres on the successive |L and TR half way up. The subtree (2) essentially derives that a
nominal N yields a lifted object type ((N\S)/N)\(N\S):

(249) N = ((N\S)/N)\(N\S)

The remaining main subtree checks the brackets and applies the coordinate structure to the transitive verb
(deriving TV = TV) and subject (deriving N = N) contexts. All this delivers the correct semantics:

(250) [(Pres (("love m) )) A (Pres (("love j) j))]

14.1.7 Right node raising coordination

The next example is an instance of right node raising:

(251) [[[john]+likes+and+[mary]+loves]]+london : Sf

Appropriate lexical lookup yields the following where the coordinator type is essentially (?X\ [17[]71X)/X
with X = S/N.

(252) [[[mNt(s(m)) : j1, O((()AgNt(s(8))\Sf)/FaNa) : "AAAB(Pres (("like A) B)),
mY f((?m(Sf/FaNa)\[[[]71(Sf/FaNa))/m(S f /FaNa)) : (P (s 0) and),
(mNH(s(F) : m], 0((O TgNHS()\S )/ FaNa) : "ACAD(Pres ((love C) D)),
mNi(s(n)): 1 = Sf

There is the derivation below.



= NHs(f))
ul
= NH(s(f))
I
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mNt(s(f)

BNH(s(f)) = | AZNKs(Q))

Nt(s(m)) | = Nt(s(m))

mN(s(m))

[ 18
= Ni(s(m))
ELS

mNi(s(m)) = | AgNH(s(g))

N3 = N3

EIN \L

N2 = N2
EIN

= Ni(s(n))

[mNEs(F)]| (OFgNHs(9)\Sf)/FaNa | N2 = Sf

oL

[mN(s(f)],| DUOFINKS()\Sf)/FaNa) | N2 = Sf

aL
[mNE(s(f)], DOTZNH(8)\Sf)/FaNa), FaNa = Sf

/R
[mN#(s(f))], O((OIgNt(s(8)\Sf)/FaNa) = Sf/JaNa
mR

[mN(s(f))], O(OTgNH(s(2)\Sf)/FaNa) = m(Sf/TaNa)

oL uL
mNi(s(n)) | = Ni(s(n))
EIS
(WNE(s(m))], B((OFgNKs()\S f)/AaNa), aNa = Sf wNiGs) = [ FaNa | E = sf
/R /L
[mNt(s(m))], O((()AgNt(s(g))\Sf)/FaNa) = Sf/3aNa Sf/daNa | mNt(s(n)) = Sf
o B0 .

[WNH(s(m))], O((OFZNHs(9)\Sf)/FaNa) = m(Sf/TaNa) | 07Y(Sf/3aNa) || mNHs(m) = Sf

[mN(s(m))]

((OFgNH(s(8)\Sf)/FaNa) =

?m(Sf/3aNa)

[[[mN(s O((OAGNH(s()\Sf)/FaNa), | 2m(Sf/FaNaN1~ 171 (Sf/FaNa) I}, mNKs(n) = Sf

[[[mN(s(m))

((OFgNHs(8)\Sf)/FaNa),

Cm(Sf/FaNa)\[I7 (171 (S/3aNa)/m(Sf /3aNa) T-Zx&

YIGNHS(\Sf)/3aNa)]], WNH(s(n)) = Sf

[[[mNE(s(m))], D(OFZNH$())\S)/FaNa),

VL

V(Cm(S f/AaNa\ [ (171 (Sf/FaNa)) /m(Sf /FaNa)) f_-Z%S:‘n_EvuwZ:.,,Q:/mbE:Zs:\ uNi(s(n) = Sf

[[[mN#(s(m))], BUOFZNH$()\Sf)/FaNa),

[ 18

w f((m(Sf/3aNa)\[]71 (171 (S£/3aNa))/m(Sf /3aNa)) ?TZ%S:‘DEvwwzﬁ.@;mb\wazs:‘ mNKs(n) = Sf

176

As ever the left and middle subderivations are for the right and left conjuncts respectively, and involve

N, TV = S/N which proceeds:

in this case essentially the derivation of

N,TV,N=S

R

/

N, TV = S/N

The right, context, subderivation, applies the coordinate structure of type, basically, S/N to its right node

raised N. All this assigns semantics:

(253)

(254) [(Pres ((like 1) j)) A (Pres ((love I) m))]

14.1.8 Argument-cluster left node raising coordination

The following example is of non-standard constituent argument-cluster coordination, or, left node raising:

(255) [john]+gave+[[the+book+to+mary+and+the+cd+to+suzy]] : Sf
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Appropriate lexical lookup yields the following where the coordinator type is essentially (?X\ [ ][ 171 X)/X
with X = ((N\S)/(NePP))\(N\S) (using the uncurried prepositional ditransitive verb type):

(256) [mNt(s(m)) : j1, O((()FaNa\S f)/(AbNbePPto)) : "AAAB(Past ((("give myA) m1A) B)),
[[mVn(Nt(n)/CNn) : 1, CNs(n) : book, m((PPto/JdaNa)r¥n(({)Nn\Si)/(()Nn\Sb))) :
ACC, mNt(s(f)) : m, m¥aVbY f((?m((((ONa\S f)/(IcNcePPb))\(()Na\S )\
(7' 17 (ONa\S £)/(AcNcoPPE)\(ONa\S £)))/m(()Na\S f)/(AcNcsPP)\(ONa\S f))) -
(D™ (s (s 0)) and), m¥n(Nt(n)/CNn) : 1, 0CNs(n) : cd,
m((PPto/JaNa)rVn((()Nn\Si)/(()Nn\Sb))) : ADD, mNt(s(f)) : s]] = Sf

This has the following derivation. In (D) the righthand conjunct is analysed as essentially of the shape
((N\S)/(NePP))\(N\S). The main action is in the initial unfolding of this succedent to yield a ‘canonical’
sequent:

N, (N\S)/(NePP),N/CN,CN,PP,N = S

\R
(257) (N\S)/(NePP),N/CN,CN,PP,N = N\S

\R
N/CN,CN, PP,N = ((N\S)/(NePP))\(N\S)

Subderivation (2) is exactly the same — except for the additional bottommost existential exponential right
rule.Reading upwards in the main derivation, after modality elimination and instantiation of features on the
coordinator type and application to the two conjuncts, the brackets are checked and there is application of
the whole coordinate structure to the left node raised verb (N\S)/(NePP) (left subsubderivation) and to
the subject N (right subsubderivation).

= CNs(rn) -Nt(S(f)) = NH(F)
oL
= CNs(n) Nis(m) | = Ni(s(n) wNHs(f) | = NHs(F)
/L IR
NE(s(m))/CNs(n) | OCNs(n) = Nt(s(n)) wNKs(f) = = PPho

[ 18

VL /L
Vn(NHn)/CNn) |, 0CNs(n) = Nt(s(n)) th(s(f)) = PPto
[ 18 L
mYn(Nt(n)/CNn) | OCNs(n) = NHs(n)) l (PPto/3aNa)n¥n((()Nn\Si)/(()Nn\Sb)) &th(s(f)) = PPto Nt(s(m)) = NHs(m))
EI ulL

OR
wVn(Nt(n)/CNn),0CNs(n) = | JeNe l w((PPto/3aNa)n(((Nn\Si)/(()Nm\Sb))) ‘ uNt(s(f)) = PPto [Nt(s(m))] = | ONt(s(m)) = Sf
R \L
m'/n(Nt(n)/CNn), OCNs(), m((PPto/3aNa)¥n((()Nn\Si)/((YNn\Sb))), mNt(s(f)) = [Nt(s(m))],| ONHs(m)\Sf | = Sf

[Nt(s(m))],| (ONt(s(m)\Sf)/(IcNcePPto) |, mVn(Nt(n)/CNn), aCNs(n), m((PPto/JaNa)Vn((()Nn\Si)/(()Nn\Sb))), mNt(s(f)) = Sf

ONH(s(m)), (ONH(s(m)\Sf)/(IcNcePPto), m¥n(Nt(n)/CNn), OCNs(n), m((PPto/JaNa)¥n((()Nn\Si)/(()Nn\Sb))), mNt(s(f)) = Sf

/L

OL

\R
(ONHs(m))\S£)/(IcNcePPto), mVn(Nt(1)/CNn), ICNs(), m(PPto/IaNa)n((ONn\Si)/(ONn\Sb)), mNH(S(f)) = ONHS(m)\Sf

\R
m/n(Nt(1)/CNn), OCNs(12), m((PPto/3aNa)¥n((()Nn\Si)/(()Nn\Sb))), mNt(s(f)) = ((O)NHs(m))\Sf)/(AcNcePPto))\(ONt(s(m))\Sf)

R
wY1n(NH(n)/CNn), OCNs(n), m((PPto/JaNa)Vn(((YNn\Si)/ (()Nn\Sb))), mNt(s(f)) = m((ONHs(m))\Sf)/(IcNcePPto))\(()NH(s(m))\Sf)) "
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= Nts(f)

[ 18

L
-DCNs(n) = CNs(n) ; -Nt(s(n)) = Nt(s(n))
/

= Nis(f)

Nt(s(n))/CNs(n) | OCNs(1n) = NHs(n))

L

IR
BNKs(f) = = PPto
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YL /L

Vn(NHn)/CNn) |, 0CNs(n) = Nt(s(n)) th(s(f)) = PPto
uL L

mYn(NHn)/CNn) || OCNs(n) = Nt(s(1)) ‘ (PPto/3aNa)n¥n((()Nn\Si)/(()Nn\Sb)) ‘/INt(s(f)) = PPto Nt(s(m)) = NHs(m))
3R mL

wYn(N(n)/CNn), GCNs(n) =

‘ u((PPto/3aNa)nVn((()Nn\Si)/(()Nn\Sb)))

| mNK(s(f)) = PPto

OR
INHs(m)] = [ ONt(sm) = sf
R \L

wVn(Nt()/CNn), OCN's(n), m((PPto/ FaNa)¥n((YNn\Si)/((YNn\Sb))), mNH(s(f)) =

[NHs(m)],| ONHsmN\SS | = Sf

/L

[Nt(s(m))],| (ONHs(m)\Sf)/(IcNcePPto) | m¥n(Nt(n)/CNn), CNs(n), m((PPto/JaNa)Vn((()Nn\Si)/(()Nn\Sb))), mNH(s(f)) = Sf

OL

ONH(s(m)), (ONH(s(m)\Sf)/(IcNcePPto), m¥n(Nt(n)/CNn), OCNs(n), m((PPto/JaNa)¥n((()Nn\Si)/(()Nn\Sb))), mNt(s(f)) = Sf

\R

(ONH(s(m))\Sf)/(IAcNcePPto), m¥n(Nt(n)/CNn), OCNs(n), m((PPto/3aNa)rVn((()Nn\Si)/(()Nn\Sb))), mNH(s(f)) = (ONHs(m)\Sf

\R

m/n(Nt(1)/CNn), 0CNs(12), m((PPto/3aNa)¥n(((YNn\Si)/(()Nn\Sb))), mNt(s(f)) = (()NHs(m))\Sf)/(IcNcePPto))\(ONt(s(m))\Sf)

mR

uYn(NH1n)/CNn), OCNs(n), m((PPto/JaNa)¥n((()Nn\Si)/ (()Nn\Sb))), mNt(s(f)) = m((ONHs(m))\Sf)/(IcNcePPto))\(()NH(s(m))\Sf))

mVn(Nt(n)/CNn), OCNs(n), m((PPto/JaNa)Vn(((Y)Nn\Si)/ (()Nn\Sb))), mNt(s(f)) =

2m(((ONHs(m)\Sf)/(FeNco PPLo)\(ONHs(m)\S))

@
Nt(s(m)) = Nt(s(m))
[T
N5 = N5 Ni(s(m)) =
IR OR
N5 = PPto = PPlo [NHs(m)] = = sf
Y \L

N5,PPto = | JbNbePPto

[Nt(s(m))],| ()JaNa\Sf | = Sf

@

[NH(s(m))],| (()3aNa\Sf)/(IbNbePPto) | N5,PPto = Sf

oL

[Ns(m)],| O((()FaNa\Sf)/(FbNbePPto)) |, N5, PPto = Sf

ES

[Nt(s(m))], 0((()3aNa\S f)/(IbNbePPto)), IcNc, PPto = Sf

OL
ONt(s(m)), 0((()JaNa\S f)/(AbNbePPto)), IcNe, PPto = Sf
oL

(ONt(s(m)),0((()3aNa\Sf)/(IbNbePPto)), 4cNcePPto = Sf
\R

0((()3aNa\S )/ (FbNbePPto)), AcNcePPto = ONHs(m)\Sf
/R

0(()3aNa\Sf)/(FNbePPto)) = (ONHs(m)\Sf)/(IcNcePPto)

/L

Ni(s(m)) | = Ne(s(m)
OR
[mNHs(m)] = | ONHs(m) = sf
[mNt(s(m)],| ONHs(m)\Sf | = Sf

uL

\L

\L

[mNK(s(m))], 0((()FaNa\S f)/ (AbNbe PPto)),

((ONHs(m)\Sf)/(IcNcePPLo)) \(ONHs(m)\Sf) ‘ = Sf

[mNt(s(m))], 0((()3aNa\Sf)/(3bNbePPto)), [‘ 7L (ONHs(m)\Sf)/(AeNco PPE)\(ONHSGm)N\SF) [| = Sf

[th(S(m))],D(((>30Nu\3f)/(3bNb°PPt0)),[ﬁ 07107 L (ONH0m)\S )/ (FeNeoPPEO)\(ONHS(m)\S ) ‘]] = Sf

[mNt(s(m))], 0((()FaNa\S f)/(AbNbePPto)), [[mVn(NH(1)/CNn), OCNs(n), m((PPto/IaNa)Vn(((ONn\Si)/(()Nn\Sb))), mN(s(f)),

O]

2m((ONHs(m)\Sf)/(FeNco PP\ ONHsmN\S NI ™17 (ONHs(m)\S )/ (FcNco PP\ (ONHs(mN\SF) Il = Sf

/L

[mNt(s(m))], 0((()FaNa\S f)/ (AbNbe PPto)), [[m¥n(Nt(11)/ CNn), OCNs(1), m((PPto/aNa)nVn((()Nn\Si)/ (()Nn\Sb))), mNH(s(f)),

(CE((ONHsm)\Sf)/@AeNesPPY\(ONHsmNS INI~HI™HUONHs(m)\S )/ (FeNco PPLo))\(ONH(m)\S 1))/ m((ONHS(m)\Sf)/(AcNeaPPLO)\(ONHS(m)\Sf))

mV/n(Nt(n)/CNn), OCNs(n), m((PPto/3aNa)Vn((()Nn\Si)/((YNn\Sb))), mNt(s(f))]] = Sf

VL

[wN(s(m)], 0((()FaNa\Sf)/(3bNbePPto)), [[mYn(Nt(n)/CNn), OCNs(1), M((PPto/JaNa) ¥ n((ONn\Si)/(ONn\Sb))), mNHs(f)),

‘ VA(Cm(ONHm)\S )/ (FeNewPPE)\(ONHSmNS NI LI ((ONHEm)\S )/ (AeNeoPPE)\(ONHS(m)\SF)/m((ONHs(m)\S £)/ (FeNcoPPEo) \(ONHS(m)\S ) L

m/n(Nt(1)/CNn), OCNs(), m((PPto/3aNa)¥n((()Nn\Si)/((YNn\Sb))), mNt(s(f))]] = Sf

VL

[mNt(s(m))], 0((()FaNa\Sf)/(IbNbePPto)), [[m¥n(Nt(1)/CNn), OCNs(1), m((PPto/JaNa)¥n((()Nn\Si)/(()Nn\Sb))), mN(s(f)),

‘ VY F((Pm((ONHm\S )/ (AeNeo PPN\ (ONHs(m\S NI 7L ONHS(m)\S £)/(IeNes PPE)\(ONHS(m)\S /1)) /m((ONHS(m)\S )/ (FeNewPPEYNONHS(m)\S ) L

wV11(Nt(1)/CNn), OCNs (1), m((PPto/JaNa)Vn((()Nn\Si)/((Y)Nn\Sb))), mNH(s(/)]] = Sf

VL

[mNH(s(m))], O((()JaNa\S f)/(AbNbePPto)), [[mVn(Nt(n)/CNn), OCNs(n), m((PPto/JaNa)Vn((()Nn\Si)/(()Nn\Sb))), mNH(s(f)),

‘ VavbY f((7m(((ONa\Sf)/(AeNes PP\ ONA\S NI ™LITL(ONa\S )/ (FeNcaPPE)\(ONa\S £)))/m((ONa\Sf)/(AeNcoPPE)\(ONa\S 1)) ‘

mY1(Nt(1n)/CNn), OCNs (), m((PPto/aNa)Vn((()Nn\Si)/ (()Nn\Sb))), mNt(s(/)]] = Sf

mL

[mNK(s(m))], O((()FaNa\S f)/(AbNbePPto)), [[mVn(Nt(n)/CNn), OCNs(n), m((PPto/JaNa)nVn((()Nn\Si)/(()Nn\Sb))), mNH(s(f)),

‘ =YaVbY f(m((ONa\Sf)/(FeNcePPO\ONa\S AN~ 17 ((ON\S£)/(FeNcoPPO)\(ON\S )))/m((ONa\S f)/ (AcNcePPE)\(ONa\S)))

mV1(Nt(n)/CNn), OCNs (), m((PPto/JaNa)Vn((()Nn\Si)/((Y)Nn\Sb))), mNHs(f)]] = Sf
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All this correctly assigns semantics:
(258) [(Past ((("give m) (1 “book)) j)) A (Past ((("give s) (1 “cd)) j))]

14.1.9 Argument plus modifier left node raising coordination

The next example has LNR with arguments and adverbs in the conjuncts:
(259) [john]+saw-+[[mary+today+and+bill+yesterday]] : Sf

Appropriate lexical lookup yields the following where the coordinator is essentially of the form (?X\[ ]7![ 171 X)/X
where X = ((N\S)/N)\(N\S).!

(260) [mNt(s(m)) : j1, O((()FaNa\S f)/(FaNa®CPthat)) :

“"AAAB(Past ((A—>C.("seee C); D.("seet D)) B)),

[[mN#(s(f)) : m,OV¥a¥ f((ONa\SIN(ONa\Sf)) : "AEAF(today (E F)),

mY fVa((?m((ONa\Sf)/FND\(ONa\S AN 17 (ONa\Sf)/FIbNb)\((ONa\Sf)))/

B(((ONa\Sf)/FND)\(ONa\Sf))) : (@ (s (s 0)) and), mNt(s(m)) : b,

avaY f(((ONa\S /)\((O)Na\Sf)) : "AGAH(yesterday (G H))]] = Sf
The example has the following derivation. In (I) the righthand conjunct is analysed as essentially of the
shape ((IN\S)/N)\(IN\S). The main action is in the initial unfolding of this succedent to yield a ‘canonical’
sequent:

N, (N\S)/N,N, (N\S)\(N\S) = S

(261) (N\S)/N,N, (N\S)\(N\S) = N\S

N, (NAS)\(N\S) = ((N\S)/N)\(N\S)
The subtree (2) for the lefthand conjunct is exactly the same — except for the bottommost existential expo-
nential right rule and the gender of the object — hence it has been elided. The trunk of the main derivation
and the checking of the bracket context are fairly standard by now. In the left and right subsubderivations
the (polymorphic) verb type is shown to yield the left node raised transitive verb (N\S)/N and subject N
coordinate structure arguments.

Ni(s(m)) | = Nt(s(m)) Ni(s(m)) = NHs(m))
ul OR
mNK(s(m)) | = Ni(s(m)) [Nt(s(m))] = | ONH(s(m)) = Sf
I \L
mNt(s(m)) = [Nt(s(m))],-()Nt(s(m))\Sf = Sf
/L _—
[Nt(s(m))],| (ONt(s(m))\Sf)/IbNb | mNt(s(m)) = Sf Ni(s(m)) = Nt(s(m))

OL OR

ONH(s(m), (ONHsm)\S f)/AbNb, mNH(s(m)) = Sf [NHs(m)] = | ONHs(m) > sf
\L

\R
(ONH(s(m)\Sf)/IbNb, mNH(s(m)) = ONHs(m)\Sf [NHs(m)L,| ONHs(mW\SF | = Sf

(ONHsmN\S HINONHs(m)\SS) ‘ = Sf

\L

[Nt(s(m))], (O)NH(s(m))\S f)/FbNb, mNt(s(m)),

VL

[Nt(s(m))], (ONHs(m))\S f)/IbNb, mNt(s(m)),

YFONHSmN\S HVONHs(m)\Sf)) ‘ = Sf

[NHs(m)], (ONH(s(m)\S £)/IbNb, mNK(s(m)), | Va¥ f(ONa\SHNONa\SS)) | = Sf
[Nt(s(m))], (ONH(s(m))\S )/ FbNb, @NH(s(m)),| O¥a¥ f(ONa\S\(ONa\Sf)) | = Sf

ONt(s(m), (ONHs(m)\S £)/FbNb, mNt(s(m)), o¥a¥ f(ONa\S\(ONa\Sf)) = Sf

VL

oL

OL

\R
(ONt(s(m)\Sf)/IbNb, mN(s(m), 0Va¥ f(ONa\S\(ONa\Sf)) = ONHs(m)\Sf

\R
BNK(s(m)), o¥aY f((ONa\SHNONa\Sf)) = (ONHs(m)\S f)/INb\(ONHs(m)\S f)

mR
BNK(s(m)), 0¥a¥ f((ONa\SF\(ONa\Sf)) = m((ONHs(m)\Sf)/FENH\(ONHs(m)\SS))

"Here ‘saw* is polymorphic between seeing an entity (seee) and seeing a proposition (seef). We shall see in Section 14.3 how
this allows coordination over ‘unlike’ types. The coordination here is over regular transitive verbs, but we wish to show now the
integration of node raising with the propensity for such other features.



Nt(s(m)) = Nt(s(m))

IR
N1 = N1 NH(s(m)) = E
EN OR
Nl = E [Nt(s(m))] = E
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@R
N1 = [ 3aNaocpiat | INHs()L| OFaNa\Sf | = sf
oz -
[NHs(m)],| ((3aNa\Sf)/(FaNa&CPthat) | N1 = Sf
oL
E%@SL 8((()3aNa\Sf)/(3aNa&CPthat)) Tﬁ = Sf
ar e —
[Nt(s(m))], 0((()3aNa\S f)/(JaNa@CPthat)), INb = Sf Ni(s(m)) | = Ni(s(m))
ONH(s(m)), 0((()FaNa\S f)/(IaNa®CPthat)), INb = Sf mNH(s(m)) | = NHs(m))
\R OR
0((()3aNa\Sf)/(3aNa®CPthat)), INb = ONHs(m)\Sf [mNt(s(m))] = | ONH(s(m))
/R
O((()FaNa\S f)/(JaNa@CPthat)) = (ONKs(m)\SF)/IbND [NHs(m),| ONHsmNSS | = Sf
\L
[WNH(s(m))], uammzzg@z@%i;7 ((ONHsm\S£)/FND\(ONHS(m)N\S ) ; = sf
0l
[WNK(s(m))), (O FaNa\S f)/(FaNa@CPthat)), L 0L (ONHsm)\S£)/FNE\ONHSm)N\SF) T = Sf
- 1
mN(s(f)), oVaY f((ONa\SH\((YNa\Sf)) = 7 m((ONHs(m)\S £)/INB\(ONHs(m)\SS)) ; [mNt(s(m))], E6%25mb\@zn@nsravy_L 07107 (ONHm)\S /NN ONHS (NS ) TH = Sf
\L
() [WN#(s(m)], () FaNa\S )/ (aNa@CPthat)), [MNH(s(f)), 0YaY f(ONa\SHVONAS ), | 2m(ONHS(mINS f)/FNBNONHsmN\S NI LI ((ONEm)\S £)/FNB)\ONH(mN\S ) TH = Sf
/L
[WNH(s(m))], 0((()3aNa\S £)/(3aNa@CPthat)), [[MN(s(f)), O¥a¥ f(ONa\SHVONa\SF)),| mONHsmIN\S)/FNONONHsm)NS AN I LONHsm)\S )/ INENONHSmINS )/ m(ONHSmIN\S £)/FNB\ONHs(m)\S ) TZES? ovYa¥ f(ONa\SHNONa\SH)Il = Sf
VL

[WNK(s(m))], O((()FaNa\Sf)/(FaNaCPthat)), [[MNK((f)), BYa¥ f(ONa\S\ONa\S /)| Va(m(((ONa\S£)/INENONa\S NI I (ONa\S £)/FIBNB)\(ONa\S )))/m((ONa\S )/ FND\(ONa\S))) | mNHs(m)), 0Va f(ONa\SHVONa\S ] = Sf

VYL

[mN(s(m))], O((()FaNa\S )/ (3aNa@CPthat)), [[mNt(s(f)), D§<>2vZn/mD:oZimby7 Y fYa(m(((ONa\S f)/IBND)\ONa\S AN~ 171 ((ONa\S )/ FbNEN(ONa\S 1)) /m((ONa\S£)/FNB\(ONa\S))) | mNK(s(m)), OVaY FONa\SHNONS)I] = Sf

[ 19

[WNH(s(m))], O((()3aNa\Sf)/(FaNa@CPthat)), [[MNKs(f)), 0¥ f(ONa\SFNONa\S /)),| WY fYa(@m((ONa\Sf)/FNENONa\S NI 171 ((ONa\S£)/FNB)\ONa\S£)))/m((ONa\S )/ INB\(ONa\S))) | mNKs(m), B¥a¥ fF(ONa\SHNONa\SH)I] = Sf

180
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This delivers the semantics:

(262) [(today (Past (("seee m) j))) A (“yesterday (Past (("seee b) f)))]

14.1.10 Across-the-board extraction

This example is (medial) sentential across-the-board extraction:
(263) man-+[[that+[[[john]+saw+yesterday+and+[bill]+saw+today]]]] : CNs(m)

Appropriate lexical lookup yields the semantically annotated sequent where the coordinator is essentially
of the form (?X\[]7'[]7'X)/X where X = S/!N.

(264) OCNs(m) : man, [mYn([]7[]7'(CNn\CNn)/m((()Nt(n)'mNt(n))\Sf)) :
AAABAC[(B C) A (A O)], [[[mNt(s(1m)) : jI, O(({)FaNa\S )/ (JaNa®CPthat)) :
"ADAE(Past ((D—>F.("seee F); G.("seet G)) E)), aV¥a¥ f((()Na\S f)\(()Na\Sf)) :
“AHAI(“yesterday (H I)), m¥a¥ f((?m(S f/'Na)\[1"'[]"(Sf/!Na))/m(S f /'Na)) :
(D™ (s 0) and), [mNt(s(m)) : b], O((()FaNa\S f)/(JaNa®CPthat)) :
“"AJAK(Past ((J—>L.("seee L); M.("seet M)) K)),

O¥a¥ f(ONa\S H\(ONa\Sf)) : "ANAO(‘today (N ONIII] = CNs(m)

The relative pronoun is essentially of the form (CN\CN)/(({()NT!N)\S) where the semantically inactively
conjoined nominals ()N and !N are for subject relativisation and object relativisation respectively. There is
the following derivation. In (I) the righthand conjunct is derived as a type of the shape S/!N. The universal
exponential argument is lowered into the antecedent and into the stoup:

N;...=>S
— 1L
(265) ...,IN=S
— /R
.. = S/IN

The nominal percolates leftwards in the stoup into the minor premise at the application of the adverb to the
verb phrase and leftwards again in the stoup into the minor premise at the application of the (polymorphic)
transitive verb to its object: at the top leftmost subderivation !P brings the nominal out of the stoup to
fulfil the role of this object. Subtree (2) which analyses the lefthand conjunct is exactly the same as ) —
except for the bottommost existential exponential right rule — hence it has been elided. The principal new
action in the main derivation occurs above (3) where the coordinate structure is supplied as the higher order
relative pronoun argument. The succession has the form:

N;... =S
— L
IN,...=S§
(266) ——— L
(NrIN,... =S
— R
.. = ((ONNIN)\S

Once the coordinate structure (here ‘...”) is analysed as S/!N the hypothetical nominal subtype which has
entered the stoup yields the !N in the subderivation at the top, which has the form:

N=N

iy
N, =N

(267) IR
N; = IN S=S
—_— /L

N;S/IN= S
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Nt(s(m)) = Nk(s(m)) Nt(s(m)) = Nt(s(m))
P ar
Nt(s(m) | = Nt(s(m)) Nit(s(m)) =

EIS

QOR
NiGs(m); = ViG] = = sf
®R \L
Nt(s(m)); = [NHs(m))],| ()FaNa\Sf | = Sf
/L ——
Nt(s(m)); [NKs(m))],| (()FaNa\Sf)/(3aNa®CPthat) | = Sf Nt(s(m)) | = Nt(s(m))

oL D ——— 12
0((()JaNa\Sf)/(IaNasCPthat)) ‘ = Sf s(m)) | = Nt(s(m))
OL

OR
NHs(m)); ONHs(m)), 0(()3aNa\S f)/(JaNa©CPthat)) = Sf [WNHs(m)] = = sf

\R \L
NH(s(m)); 0((()FaNa\Sf)/(JaNa@CPthat)) = ONHs(m)\Sf [mNt(s(m)],| ONHs(m)\Sf | = Sf

N(s(m)); [mNt(s(m))], D((<>3ﬂNﬂ\5f)/GﬂNﬂ@CPfhﬂt)),‘ (ONHm)\S HNONHs(m)\SS) ‘ = Sf

Ni(s(m)); [NHs(m))],

\L

VL

Nt(s(m)); [mNH(s(m))], O((()3aNa\S )/ (JaNa®CPthat)),

YFONHmN\S HVONH(m)\S£)) ‘ = 5f

NH(s(m)); [mNH(s(m))], 0((()3aNa\Sf)/(3aNa®CPthat)),| Ya¥ f(ONa\SHN(ONa\SS)) | = Sf
NH(s(m); [WNHs(m))], 0((()FaNa\S)/(3aNa@CPthat)),| o¥a¥ f(ONa\SHVONa\S/)) | = Sf

[mNt(s(m))], 0((()FaNa\S f)/(JaNa&CPthat)), o¥a¥ f(()Na\S /)\(()Na\Sf)), INt(s(m)) = Sf

YL

oL

'L

/R

[mNt(s(m))], 0((()3aNa\S f)/(3aNa@CPthat)), a¥a¥ f(ONa\SH\(ONa\Sf)) = Sf/Nt(s(m))

[mNt(s(m))], 0((()3aNa\Sf)/(JaNa@CPthat)), 0¥a¥ f(ONa\SHVONa\SS)) = m(Sf/INKs(m)))

?R

[mNt(s(m))], 0((()3aNa\S f) / (3aNa®CPthat)), o¥a¥ f()Na\S )\(ONa\Sf)) = | ?m(Sf/Nt(s(m)))
&)
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Nt(s(m)) | = Nt(s(m))
mNt(s(m)) | = Nt(s(m))
mNi(s(m)) || = Nt(s(m))

WNK(s(m)); = INKs(m))

uNH(s(m)); | Sf/INHs(m)) | = Sf

ul

e
wNH(som); [| 171 SF/NHs(m) | = Sf
o'
@ wNts(m); [ 071071 (SF/INHsm) 11 = Sf
\L
() WNH(s(m); [[[MNH(s(m))], O((()/FaNa\S f)/ (JaNa@CPthat)), 0¥a¥ f(ONa\S AONa\SF), | 7m(SF/INHse)NI ™ I~ (S F/INKs(m)) [l = Sf
/L
NH(s(m)); [[[MNE(s(m))], O(()FaNa\S f)/ (3aNa@CPthat)), 0¥a¥ f(ONa\S AON\SF), | (2m(Sf/NHs(r)\I ™17 (S F/INH(s(m))))/m(Sf/INHs(m)) f.ziév_‘ 0(((3aNa\S)/(JaNa&CPthat)), O¥a¥ f(ONa\SH\ONa\SF)I] = Sf
YL
BNK(s(m)); E-zié;navwaz%o\mhza%sin§<>ezn/m;azn/m?7 VF((m(S £/ NS\ 17 (S F/INHs () /m(S £/ INK(s(m))) f.z&@v_\n_:@z%z@zne%;_é\ ovaY F(ONa\SHNONa\S /)] = Sf
YL
mNi(s(m)); [[[mNt(s(m))], O((()FaNa\Sf)/(JaNasCPthat)), aVa¥ f((()Na\S /)\(()Na\Sf)), <.~<ZﬁlG.Q:Si:lH _HlHﬁm\\_Zavv\lﬁm\\_Zavv | [mNt(s(m))], 0((()FaNa\S f) /(JaNa®CPthat)), a¥a¥ f((ONa\SH\(ONa\S)]] = Sf
ul _—
mNt(s(m)); [[[mNH(s(m))], O((()FaNa\Sf)/(JaNa@CPthat)), o¥a¥ f((()Na\Sf)\(()Na\Sf)), l<m<§ﬁ!m\\_23/:\~:\:m\\_Zév\!m\\_Zm: mNt(s(m))], 0((()FaNa\S f)/(JaNa®CPthat)), o¥a¥ f(ONa\SHN((YNa\Sf)]] = Sf E = CNs(m)
'L oL
'mNi(s(m)), [[mNt(s(m))], O((()FaNa\S f)/(JaNa®CPthat)), D<&<\:©Zn/mb/2vZa/m\:\l<a<\:~lm\\_2nv/:|u:LG\:ZEV\IGN\_ZEV‘_IZ:&SVV_‘ 0((()3aNa\S f)/(FaNa@CPthat)), o¥a¥ f((()Na\S ))\(ONa\Sf)Il = Sf E = CNs(m) E = CNs(m)
nL \L
ONH(s(m)N!mNHs(m)) | [[[mNEs(m))], 0((()FaNa\Sf)/(JaNa®CPthat)), 0¥a¥ F(ONa\S£)\(ONa\Sf)), m¥ay f(2m(Sf/Na\[1 - (17 (Sf/1Na))/m(S £ /!Na)), [mNt(s(m))], O(()FaNa\S £)/(FaNa@CPthat)), o¥a¥ f(ONa\S H\ONa\SF)]] = Sf OCNs(m),| CNs(m)\CNs(m) | = CNs(mn)
\R [Iys

[[[mNH(s(m))], D((()3aNa\S f)/(aNa@CPthat)), ¥a¥ F((ONa\S )\(ONa\S)), mYa¥ f(2m(Sf/'Na\[I= (171 (Sf/!Na)) /m(Sf /'Na)), [mNH(s(m)], O((()3aNa\S f)/ (IaNa@CPthat)), 0¥a¥ FONa\S INONA\SA)I] = (ONHs(m) mNHs(m))\Sf aCNs(m), | [1~1(CNsGm\CNs(m)) [| = CNs(m)

©) =R o'

[[[mNE(s(m)], B((OFaNa\S )/ (aNa&CPthat)), B¥a¥ f((ONa\S )\ONa\S ), m¥a¥ f(?m(S f/INa)\[1 ™ (17 (S £/1Na))/m(S f/Na)), [NHs(m))], 5(()FaNa\S )/ (AaNa@CPthat)), BVa¥ F(ONa\SHWON\S ]| = m(ONHs(m)MImNHm)N\SS) oCNs(m), [l 17171 (CNs(m)\CNs(m)) [I] = CNs(n)

/L
unzm??i (171 071 (CNs(m)\CNs(om)) /m((ONHs(m))mNH(s(m)\S f) T:-me?vv_‘D:Avmh.zﬁﬁ/mb\Daznemzxacy avaV F((ONa\S I\(ONa\S ), m¥a¥ F(m(S f/Na)\[I™ [I71 (S £/1Na))/m(S f/\Na)), [WN(s(m))], 0((()3aNa\S f)/(JaNa@CPthat)), 0¥a¥ f(ONa\S I\(ONa\S )] = CNs(m)

VL

OCNs(m), [l V([ 171 (CNn\CNm)/m((ONH)MImNEm)\S ) fE-mecsvv_\n_:om.uz_;mb\ﬁsZ&mE:&? ¥a¥ f((ONa\SF)\(ONa\S ), mYa¥ f((?m(Sf/'Na\[1 =2 [171(Sf/INa))/m(Sf/'Na)), [mNt(s(m))], O((()3aNa\S f)/(TaNaeCPHhat)), Ba¥ f((ONa\S F\ONa\SHIII] = CNs(m)

L 18
OCNs(m), [[|

lfA:lH :IH (CNn\CNn)/m((ONt(m)N!mNt(m))\Sf)) THHIZRmASVF 0((()3aNa\S f)/(FaNa@CPthat)), o¥a¥ f((()Na\S f)\(ONa\Sf)), l<.~<>anmx\_z.i/zlH :l._ (Sf/!Na))/m(Sf/!Na)), [mNt(s(m))], 0((()FaNa\S f) /(JaNa®CPthat)), o¥a¥ f (()Na\S )\ (ONa\S)]II] = CNs(m)
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This delivers semantics:

(268) AC[("man C) A [(Tyesterday (Past (("seee C) j))) A (today (Past (("seee C) b)))]]

Note that (with bracket modalities) the CSC is respected in TLG as in phrase structure grammar and
categorial grammar formalisms assuming like type coordination schemata, because there is no coordinator
type instance conjoining sentences only one of which contains a gap.

14.2 Iterated coordination

We consider examples of iterated coordination.

14.2.1 Iterated coordination of addicity zero

Minimally we have the example:

(269) [[[john]+walks+[mary]+talks+and+[bill]+sings]] : Sf

Appropriate lexical lookup yields:

(270)  [[[WNK(s(m)) : 1, BOTENKS()\S ) : "AA(Pres (‘walk A)),
[WNE(s(f)) : m], D) FGNH(()\S ) = *AB(Pres (“talk B)),
lVf((?le\[]_l[]_1Sf)/l5f) : (@™ 0 and), [mNt(s(m)) : b],
0()FgNH(s()\S ) : "AC(Pres (‘sing C)I] = Sf

The coordination combinator (@™ 0 and) is such that:

271) (@™ 0and) x) [y, z]) =
[y A (@™ 0 and) x) [z])] =
[y AlzAx]]

There is the derivation:
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()N &= | ((u)s)Nm
(u)spN = | ()N

(B)NINSEQ | = [((u)s)nm]
(B)sUNSE | = ((m)s)iNm

n
=

JE

A

Som = (JS\(DUNSEMD [((m)s)iNm]

Js = | JS\E)UNSEOD [[((u)s)inm]
Js = | FS\@9NSEQ |1((m)s)inm]

ym
10

fscﬂ

oA

(W)spN & | ((w)s)iNm
(w)spN < | (wsuN

(B)NINSEQ | & [((w)s)nm]
((B)PNSE | < ((m)s)iNm
™

Q)
AE

Jsm < (fS\(O)sPNSEQ)D [((w)s)iNm]
s < | FS\@)INSEQ) ['1((w)synm]

/scﬂ

Js & | S\((DsUNSEO)D |'((w)syNm]

ym
10

i

T
Zz
S

(N = m
W = [ W]

(B)NNSEQ) | & [((Ns)inm]
(BNNSE | = (NH9)Nm

[Jsm: | = Us\@NSEOIR TG Nm U5\ HINTEOND (@nm]

Js = (SN @NNSEO)D [(m)synml | (fsm/(fs | _[11_[1\fsmDSa [(FS\(EHNSEOND UA)s)Nm] “(S\(E)suNSEN)D T()s)inm]l]

Is = [MUS\EPNSE)D [(u)syinml | fsm/(fs_[1;_[1\/sme) | (/S\(E)PNSEND 1(()s)Nm] (fS\()sINSEO)D‘[((w)s)iNm]]]

J5 = [IUS\((DsPNSEO)T ‘(= JNlﬂ (Jsm/(fs|_[1{-[1\/sm)/nm [’(] S\(GINSEO)D I(N)s)Nm] (fS\(E)PNSEO)D [(u)s)iNm]]]

Js = 1l fsy_[_D\/sme ["(FS\(E)spNSEMD L(A)s)Nml“(fS\(D)9INSEO)B [(#)s)iNml]

T =
2| = | 2
z | 2| =
S|z | &
=S|
a | = |=
QD
OLQUS:D:Q
z | & &
= og
= | 2 |1z|l| 2
| 2|22
= | = ||lal]ll= 1 )
= | = ||®= ||| =
SHEUEWEl < &= ©
Tl U2 =] ™
L |
w
- uU\
=& A
< =1 £ N
w .~ ®» O
BoOos 2 = |2
<
M _
= v =
S =
= SN
_“L:
o =
= | ==
=] %
uﬂ\
w
©®
w | T o
N
p L
= =~

Tq-11

This delivers semantics:

(272) [(Pres (walk j)) A [(Pres (talk m)) A (Pres (“sing b))]]

14.2.2 Iterated coordination of addicity one
There is the example of verb phrase iterated coordination:
(273) [john]+[[walks+talks+and+sings]] : Sf
Appropriate lexical insertion yields:

274)  [WNH(s(m)) : ], [[D(OTGNHS(Q\S ) : "AA(Pres (walk A)),
O(()AgNt(s(9)\Sf) : "AB(Pres (“talk B)),
mvaV f((?m(ONa\SH\[I [T (ONa\S ) /m(()Na\Sf)) : (@™ (s 0) and),
O(O3gNE(s(@)\Sf) : "AC(Pres ('sing C))]] = Sf

The coordinator lexical semantics (@™ (s 0) and) is such that:
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NKs(m)) = NH(s(m))

Ni(s(m)) = | IgNKs(Q))

IR

Nt(s(m)) = | IgNH(s(g))

Nt(s(m)) = Ni(s(m))
EIN

[NHs(m)] = | (VFgNKs(8))

OR

Eﬂ&

\L

NHs(m)) = NH(s(m))

[NHs(m)L,| OFNKS@NSf | = Sf

_— oL
Nt(s(m)) = | IgNH(s(g)) [Nt(s(m))],| O(()AgNt(s(@I\SS) | = Sf Nt(s(m)) | = Nt(s(m))
OL ul
[NHs(m)] = | (VIZNKs(S)) ONH(s(m)), D(OFNHSQNSf) = Sf BNH(s(m)) | = NHKs(m))
\R OR
[NHs(m)L,| VFGNHS@N\SSf | = Sf ONE(s(m)), D(OFZNKS@QNSS) = Sf O(OFGNHS(@INSS) = ONHs(mN\Sf [mNHs(m)] = | ONH(s(m)) E = Sf
oL \R =R \L
[Nts(m))],| D(OFgNHs@N\SS) | = Sf O(OFZNKS@INSS) = ONHs(m)\Sf O(OFZNKs(@\SS) = WONHsm)\SS) [WNHs(m)],| ONHs(m\Sf | = Sf
I Il OL LIS R 0l
ONH(s(m)), B(OFgNHS@NS ) = Sf O(OFSNHE@I\SS) = WONHSm)\SS) O(OAGNKS@Q\SS) = | 7m(ONHs(m)\SS) (N [ 17HONHsmm\SS) | = Sf
I \R 2E ol

O(OFNHS@I\SS) = ONHs(m)\Sf

O(OIZNHs(@N\SS), DIOTZNHS(N\SS) = | ?mONHs(m)\Sf)

[Nk 07 7L ONEsem)NSS) [I1 = Sf

mR

O(OFgNHs(@I\SS) = WONHs(m)\Sf)

[mN(s(m))], [[D(OFINE(N\S f), BOTZNHS(@INS ),

\L

2mONHENSI\I T I™HONHsmmN\SS) Il = Sf

/L

[WN(s(m))], [[O(OFENKS(@\S ), BOTINHS(\SS),

CONHsmmN ST ILONKs)\S £))/MONHS (NS f) T@ummeAw:/mb: = Sf

VYL

_-Z:&sv:‘:nivwwz*@@v/mb‘D@mwz*@@v/mb‘i VA(CmONHSmN\S VT I~ (ONHSm)\S )/ mONH(m)\S ) TAAEM«Z%Q:G\E = Sf

VL

[WN(s(m)], [[OOTINKS(@\S ), BOAINHS(@\SS),

Va¥ f(mONa\S NI~ (ONa\S ) /m(ONa\S ) T:sz‘@@:/mb: = 5f

[mNH(s(m)], [[DOIZNH()\S f), DIOTINHS(N\SS),

wYa¥ F(CmONa\SH\I LI (ONa\S F))/m(ONa\S )

uL

b OOINHSNSHI] = Sf

(" 0 and) (x w)) [(y w)l(a™ [2] w)])
(@ 0 and) (x w)) [(y w), (z w)])

[(y w) A (D™ 0 and) (x w)) [(z w)])]

[(y w) Az w) A (x w)]]

(@™ 0 and) (x w)) (a* [y, z] w))
There is the derivation:

275 (D™ (s 0) and) x) [y, z]) w) =

This delivers semantics:

(276) [(Pres ("walk j)) A [(Pres (“talk j)) A (Pres (“sing j))]]
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14.2.3 Iterated coordination of addicity two

There is the example of transitive verb phrase iterated coordination:
(277) [john]+[[praises+likes+and+will+love]]+london : Sf

Lexical insertion yields:

(278) [mNt(s(m)) : j1, [[O((()AgNt(s(g))\Sf)/FaNa) : "AAAB(Pres (("praise A) B)),
o((()AgNt(s(¢))\Sf)/FaNa) : "ACAD(Pres (("like C) D)),
mY fYa((?m((ONa\S f)/FNO\[] [I7'((YNa\S f)/IbNb))/m((()Na\S f)/IbND)) :
(D™ (s (s 0)) and), mYa((()Na\Sf)/(()Na\Sb)) : AEAF(Fut (E F)),
0((()3aNa\Sb)/JaNa) : "AGAH(("love G) H)]], mNt(s(n)) : I = Sf

The coordination combinator semantics is such that:

279) (@™ (s (s 0)) and) x) [y, z]) w) u) =
(@™ (s 0) and) (x w)) (™ [y, z] w)) u) =
(@™ (s 0) and) (x w)) [(y w), (z w)]) u) =
(@ 0 and) ((x w) w)) (@ [(y w), (zw)] u)) =
(@ 0 and) ((x w) ) [((y w) ), (z w) w)]) =
[((y w) u) A [((z w) u) A ((x w) w)]]

There is the derivation:

Nt(s(m)) = Nt(s(m))
Ni(s(m)) =
N1 = N1 [NKs(m))] = E = Sb

3R

dRrR \L
Nl = [Nt(s(m))], = Sb
/L
[Nt(s(m))],| (()FaNa\Sb)/JaNa | N1 = Sb
oL _—
[Nt(s(m))],’ 0((()3aNa\Sb)/JaNa) ‘,Nl = Sb NKs(m)) = NHs(m))
OL
()Nt(s(m)), 0((()FaNa\Sb)/JaNa), N1 = Sb [Nt(s(m))] = <)Nt(s(m) Sf| = Sf

0((()3aNa\Sb)/FaNa), N1 = (ONHs(m))\Sb [Nt(s(m))],| ONEsm\SF | = Sf

INHS(m)L, | (ONHS(m)\S HONKS(m)\SD) | 8((0AaNa\Sb)/3aN), N1 = S

VL

Nt(s(m))],‘ Ya(()Na\Sf)/(()Na\Sb)) ‘,D((()HaNa\Sb)/HaNa),Nl = Sf

uL

[Nt(s(m))],’ mYa((()Na\Sf)/(()Na\Sb)) LE\((()ﬂuNu\Sb)/HaNu),Nl = Sf

E/D

[Nt(s(m))], m¥a((()Na\Sf)/(()Na\Sb)), 0((()FaNa\Sb)/JaNa), IINb = Sf
OL

ONK(s(m)), m¥a((ONa\S f)/((ONa\Sb)), 0((()FaNa\Sb)/FaNa), IbNb = Sf
\R
wVa(()Na\Sf)/((ONa\Sb)), O(((yFaNa\Sb)/FaNa), IbNb = ONHs(m)\Sf

/R

mYa((()Na\Sf)/((ONa\Sb)), 0((()FaNa\Sb)/JaNa) = (ONt(s(m))\Sf)/IbNb

lVﬂ((<>Nﬂ\5f)/(<>Nu\Sb))/D((()HaNﬂ\ég)/ElaNu) = ®((ONH(s(m)\Sf)/3bNb) "R
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Nt(s(m)) = Nt(s(m))

Ni(s(m)) = Nt(s(m))

Ni(s(m)) = | AgNK(s(8))

IR
Ni(s(m) = [ IgNHG() | ok N2 N2 INHsm] = [OBgNs(9)
N1 = N1 . [NHs(m)] = _%4 . = sf . N2 = [3aNa
N1 = [3aNa] INHs(m)L| OJgNHs(s)\SS | = Sf [NHsm)],| (OIgNHS(e)\S)/FaNa | N2 = Sf

KDL OINIC@N /AN | N1 = 5f ! INHs(m)) | OIGNHG(E)NSf)/3aNa) | N2 = 5f MM
Nt BOINHENS /N | N1 = f N, DOISNHAGINSF)/ N, IND = S
[NHs(m)], B(OAZNKS(§)\S/)/3aNa), 3N = Sf ONHs(m), D((OIgNHs()\S)/FaNa), IbNb = Sf
O, SO TGN S/ e, FNE = OGNS AaNe), TN = QNS
OIS AN, BN = NGNS OIS NG = ONICONSHNE
O((OIgNHS(@\S)/FNa) = (ONHs(m)\S/)/FND \MN D((OFNHS($)\S)/FaNa) = W(ONHS(m)\S)/FND) .MN

O((OAgNt(s(@)\Sf)/JaNa) = m((ONHs(m)\Sf)/IbND)

B((OAgNH(s(g)\S f)/JaNa) = 7NIEVZ&ES&G@\%ZS

?E

O((()AgNH(s(¢)\Sf)/FaNa), o(((VFZNH(s(8)\Sf)/FaNa) = VIQAVZRmAs:GbEwZS7

©)
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i = Ni(s(m))
i = Ni(s(m) wNi(s(m) | = Nt(s(m))

[ 18
mNi(s(n)) | = Ni(s(n))

ar
mNi(s(n)) = E

[mNH(s(m))],| (ONHs(m)\Sf)/FbNDb | mNH(s(n)) = Sf

uL

ol
(mNesm)L [ 17 (ONHsm)\S f)/FND) ||, mNKs() = Sf

0L
@ _.ziéz_i 0710~ (ONHs(m)\S f)/FbNb) [1L, mNKs(n) = Sf
\L
@ [WN(s(m)), [[O(COFNH(\S f)/FaNa), D(OIZNHS()\Sf)/FaNa), | 2m((ONHsmN\S /NN 17 (ONHsm)\S)/I6ND) [I], mNK(s(m) = Sf
/L
[WNE(s(m))), [[D((OTNH()\S /)/FaNa), D((OIGNH(S()\S)/FaNa), | 2m(ONHmI\S )/ INBNT ™I~ (ONHm)\S £)/INE)) /mONHs(m)\S )/ FbNb) ?.iczﬁmb\ez%syD:ﬁazamsanz%\.z;.ée = sf
VL

[mN#(s(m)], [[D((OFZNHS(@\S f)/FaNa), O(OAGNHS()\SF)/FaNa), | Va((Zm((ONa\S)/ANO\I~H ™1 (ONa\SF)/F6NE))/m(ONa\SF)/AbND) | mVa(((ONa\Sf)/(ONa\Sb)), O((()FaNa\Sb)/JaNa)]], mNHs(m)) = Sf

VL
[mNE(s(m)], [[O((OFNHs(@)\S £)/FaNa), O((OFZNHs(8)\S f)/FaNa),

o fYa(m(ONa\SF)/INB)\I L 171 (ONa\S £)/FbNE)) /m((ONa\S £)/FbNE)) f-§:CZ=/mb\:vZ\_/mSv‘ 0((()3aNa\Sb)/aNa)]], mNt(s(n)) = Sf

[ 18

[mN#(s0m)], [[D((OFNHS(@N\S f)/FaNa), D(OAGNHS())\Sf)/FaNa),| mY fYa(@m((ONa\SF)/INB)\[I™L 171 (ONa\S £)/FbNE)) /m((ONa\S £)/FbNE)) |, mYa((ONa\S)/(ONa\Sb)), O((()FaNa\Sb)/IaNa)]], mNH(s(m)) = Sf

All this assigns the correct semantics:

1]

(280) [(Pres ((praise 1) j)) A [(Pres ((like 1) j)) A (Fut ((love l) j))

14.3 Coordination of unlike types

In the following we have coordinate unlike types with nominal and adjectival complementation of is.

(281) [bond]+is+[[007+and+teetotal]] : S f
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Together with a suitable coordinator type, a polymorphic assignment to the copula of the form (N\S)/(N&
(CN/CN)) predicts such coordination under a like type scheme (Morrill 1990[57]; Johnson and Bayer
1995[31]; Bayer 1996[10]). Lexical lookup of types yields the following, where the coordinator is of the
form (X\[17'[17'X)/X where X = (N\S)/(N&((CN/CN)U(CN\CN))).

(282)  [mNt(s(m)) : b], m((()FZNE(s(£)\Sf)/(aNad(3g((CNg/CNG)L(CNG\CNQ))-1))) :
AAAB(Pres (A—>C.[B = C]; D.((D AE[E = B]) B))), [[mVYgNt(s(g)) : 007,
my fYa((m((ONa\Sf)/(FbNb&IZ((CNg/CNGL(CNG\CN))\(ONa\S /)\
(7' 071 ((ONa\S )/ (ANbI(CNg/CNG)L(CNG\CN))\(ONa\S f)))/
B(((ONa\Sf)/(AbNbeIg((CNg/CN)U(CN\CN)))\(ONa\Sf))) :
AFAGAHAI((G H) T) A ((F H) I)], 0Vn(CNn/CNn) : "AJAK[(J K) A (teetotal K)]1]
= Sf

The derivation is as shown below.

CNA = CNA = CNA

[CNA/CNA]CNA = CNA
[ VA(CNn/CNm) | CNA = CNA
LcNA = CNA
OVn(CNn/CNn) = Ni(s(m)) = Ni(s(m))
OVn(CNn/CNn) = 'M‘ . [NK(s(m))] = W = Sf .

[Nt(s(m))],’ (ONt(s(m))\Sf)/(AbNb®3Ig(CNg/CNg)) ‘, oVn(CNn/CNn) = Sf

JL

VL

oL

OL

ONKs(m)), (ONHs(m)\Sf)/(IbNbeIg(CNg/CNg)), 0¥n(CNn/CNn) = Sf
\R

(ONt(s(m))\Sf)/(AbNb®Ig(CNg/CNg)), 0Vn(CNn/CNn) = (Nt(s(m))\Sf

Ov¥n(CNn/CNn) = ((ONHs(m)\Sf)/(IbNb&Ig(CNg/CNM\(ONHSm)\Sf)

o¥n(CNn/CNn) = l((((>Nf(5(m))\Sf)/a(>3bNb®3g(CNg/CNg)))\(()Nf(S(m))\Sf DR

NK(s(A)) | = NHs(A))
YL
VENHs(g) | = NHs(4)
| 18 _
= NHs(A)) Ns(m)) = NHs(m))
AR
mYgNH(s(g)) = INHsm)] = [ ONHs(m) | =
®R
mVgNH(s() = [NHs(m)L,| ONHsm\Sf | = Sf
B

[Nf(S(m))],‘ (ONt(s(m)\Sf)/(ANbIZ(CNg/CNg)) LlVng(S(g)) = Sf
OL

QONt(s(m)), (ONHs(m)\S f)/(ADNbdIZ(CNg/CNg)), mYgNt(s(g)) = Sf
\R

(ONH(s(m)\S )/ (ANbSIZ(CNg/CNg)), mYgN(s(g)) = ONHs(mN\Sf

mYgNi(s()) = (ONHs(m)\SSf)/(ADNb&IZ(CNG/CNN\(ONHs(m)\Sf)

mYgNi(s(g)) = I((((>Nf(5(m))\5f)/(%Nb@Elg(CNg/CNg)))\ ONHs(mN\Sf)) "R
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Nt(s(m)) = Nt(s(m))

N1 = N1 Nt(s(m)) = | AgNt(s(g))

EI%

——— OR
N1 = INHsu)] = [ 03gNHs(g) = sf
@R \L
N1 = | 3aNa®3g(CNg/CNg) [Nt(s(m))],| YAgNH(s@I\Sf | = Sf

[Nt(s(m))],| ((VAgNt(s(£))\Sf)/(FJaNad3g(CNg/CNg) || N1 = Sf

EIN

/L

18
B(((YAgNK(s(8))\S f)/(FaNa®3g(CNg/CNg))) W\H = Sf
3

[NH(s(m))],

L
[Nt(s(m))], m((()IgNt(s(g)\S f)/(JaNa®3Ig(CNg/CNg))), IINb = Sf

ON(s(m)), l((<>38Nt(5(g))\Sf)/(%Nﬂ@flg(CNg/CNg)))/3bNh = 5f ot

Nt(s(m)) = NHs(m))
3R 3R

CN5581/CN5581 = | 3¢((CNg/CNg)LICNG\CNg) Nis(m)) = | IgNHs(g)
R OR
CN5581/CN5581 = ‘ 3¢((CNg/CNg)(CNg\CNg)) — I ‘ INHs(m)] = | (FgNHs(g) = sf
\L

R
JaNa@(I((CNg/CNg)U(CNG\CNg)-I) ‘ [N#(s(m)],| OAZNHs@N\SS | = Sf

[Nt(s(m))],‘ (OFGNHs(2)\S f)/(FaNae(Ag((CNg/CNg)(CNG\CNg))-D) ¥CN5581/CN5581 = Sf

CN5581/CN5581 =

/L

uL

[Nt(s(m))],‘ m((()IgNH(s(2)\Sf)/(JaNa@3g((CNg/CNg))) },CNSESI/CNSSSI = Sf

aL

[NH(s(m))], m((OFZNH(s()\Sf)/ (FaNa®IZ(CNg/CNg))), AZ(CNg/CNg) = Sf
L

ONH(s(m)), m(()IgNH(s($)\S )/ (FaNa®IZ(CNg/CNg))), AZ(CNg/CNg) = Sf
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L L
ONHs(m), m(OFgNHs(g)\S 1)/ (AaNaaAg(CNg/CNg)), WNbaA(CNg/CNg) = &e [[mnstn) | = Nrstn )
R R
m((()3gN(s(3))\Sf)/(JaNa®3g(CNg/CNg))), INb&dg(CNg/CNg) = CZ;uAS:/m\/ [mNKs(m))] = EC . = Sf
R L
B ((OTgNHS(\S )/ (ANaeTgCNg/CNg)) = ;vziévg\mgﬁﬁmz&mz@\ _.zasz‘E > sf /
L
(AN, WO IgNHS(9)\S)/ CNao g CN/CN), | (ONHS(m)\S)/ GNbGIGCNg/ NI ONHS NS | = 5 / _
L
izis?.:Amwza@g\@z&%ﬁz&%@;; 1= (ONH0m)\S )/ (FNB@TCN /NN ONHSmIS ) T > sf ! H
0

@ TZ;%SF-:Avmexm@v/mb\Eazammmﬁzﬁmzn@;_L 17107 L (ONHs(m)\S )/ (3bNb@AZ(CN/CNGIM\ONHEm)\SF) TH = Sf

\L

[mN(s(m))], m((OINHs(9)\S )/ (FaNadIg(CNg/CNR))), [[MYINH(s(Q)),

@ B((ONHsm)\SF)/(ANbTCNg/CN)NONHsmNS AN LI (ONHS(m)\S )/ (FNboIZ(CNg/CN)\(ONHm)\S ) T_ = 5f
/L
[mN(s(m))], m(OIgNH()\S f)/(FaNa©g(CNg/CN))), [[MYgNH(s(8)),
(W(((ONHs(m)\Sf)/(FNbSAZCNg/CNGNONHsmNS AN L(ONHsm)\S £)/(FNb@IZCNg /TN ONHSm)\S £)))/mM((ONHs(m)\S )/ (FbNb@AZCNg /CNG\(ONHs(m)\S£)) f
Ovn(CNn/CNn)]] = Sf YL

[WNH(s(m))], m(()FgNH(s(g)\S )/ (FaNa@Ig(CNg/CNg))), [[WYNH(s(2)),

Ya((m(((ONa\Sf)/(@FNb&Tg(CNg/CNON\ONa\S AT~ L1~ L(ONa\S )/ (IbNb&TZ(CNg/CN)\(ONa\S£)))/m(ONa\S f)/ (FbNb@Ig(CNg/CN))\(ONa\Sf))) f
oYn(CNn/CNn)]] = Sf

VL
[WNt(s(m))], (O FgNH5(3))\S )/ (HaNa@Tg(CNg/CNg))), [[MYENH(S(g)),
7 v FYa((m(((ONa\Sf)/(FbNb&IZCNg/CNM\(ONa\S HNT L [I7L (ONa\S f)/(FbNboIZ(CNg/CNMNONAAS ) /m((ONa\S£)/(IbNb@I(CNg/CNG\(ONa\S£)) f
o¥n(CNn/CNn)]] = Sf ml

[WNE(s(m))], m((OFgNHs(2)\S )/ (FaNa@Tg(CNg/CNg))), [[W7eNH(s(R)),

Y fYa((m(((ONa\S f)/(FbNb®IZ(CNg/CNNNON\S NI~ I~ ((ONa\S )/ (FbNb@AZ(CNG/CN)\(ONa\S f)))/m((ONa\Sf)/(ANb&A(CNg/CNg))\(ONa\Sf))) ;
o¥n(CNn/CNn)]] = Sf

This yields semantics:

007]) A (Pres (Tteetotal b))].

(283) [(Pres [b

The same account can be given for other verbs, for example our polymorphic type for saw will allow under a

suitable coordinator type ‘unlike’ coordination such as John saw the facts and that Mary had been right.



Chapter 15

The examples of Morrill, Valentin &
Fadda (2011)

In this chapter we analyse the displacement examples of the article Morrill, Valentin and Fadda (2011[79])
presenting the displacement calculus.

15.1 English examples

The first example, however, is modified in view of Morrill and Valentin (2014[72]). It is a discontinuous
idiom. (We include the indexation of CatLog, which contains the numeration of the source, within the
example displays.)

(284) (tdc(43)) [mary]+gave+the+man-+the+cold+shoulder: Sf
Lexical lookup yields:

(285) [mNt(s(f)) : m], O((()IgNt(s())\Sf)/ (FaNad®WT(the, cold, shoulder])) :
"AAAB(Past (("shun A) B)), m¥n(Nt(n)/CNn) : 1, 0CNs(m) : man, mW([the, cold, shoulder] : 0
= Sf

There is the derivation:

oL
= CNs(m) Nt(s(m)) | = Nt(s(m))

/L _—
Nit(s(m))/CNs(m) |,0CNs(m) = Nt(s(m)) -Nf(s(f)) = NH(s(f)
VL —_—@uL
Vn(Nt(n)/CNn) |, 0CNs(m) = Nt(s(m)) -le(s(f)) = Nt(s(f))
uL EI
mYn(Nt(n)/CNn) || OCNs(m) = Nt(s(m)) = Wrlthe, cold, shoulder] uNi(s(f)) = | AgNK(s(g)
IR L OR

]
mYn(Nt(n)/CNn),0CNs(m) = | JaNa mW(the, cold, shoulder] | = W]the, cold, shoulder] [mNt(s(f))] = -(Hng(s(g)) .Sf = Sf
DR \L
wVn(Nt(n)/CNn), 0CNs (i), wW[the, cold, shoulder] = [mNHs(F)]| OAgNHs@N\Sf | = Sf

| m¥n(Nt(n)/CNn), OCNs(rm), mW[the, cold, shoulder] = Sf

/L

[th(s(f))],l ((OIgNE(s(2))\Sf)/(FaNa@W]the, cold, shoulder])

oL

[-Nr(s(f))],l O((OFGNH(\S )/ (FaNa @ Wthe, cold, shoulder])) ¥lVV1(Nf(rz)/CNn)/ OCNs(m), mW[the, cold, shoulder] = Sf

This delivers semantics:

(286) (Past (("shun (1 “man)) m))

193
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Similarly:
(287) (tdc(4343)) [mary]+gave+john+the+cold+shoulder: Sf
Lexical lookup yields:

(288) [mNt(s(f)) : m], O((()AgNt(s(3)\Sf)/ (FaNadWT(the, cold, shoulder])) :
"AAAB(Past (("shun A) B)), mNt(s(m)) : j, mW[the, cold, shoulder] : 0 = Sf

There is the derivation:

NHs(f)) | = NHs(f)
Ni(s(m)) | = Ni(s(m)) mNKs(f)) | = NHs(f)
mL
mNi(s(m)) | = NH(s(m)) = W]the, cold, shoulder] mNi(s(f)) = | IgNH(s(g))

IR ul OR

WNHs(m) = [ TaNa ] l wW[the, cold, shoulder] | = Withe, cold, shoulder] [mNHs()] = | OTeNHs() sf]= sf
)=

OR
mNK(s(m)), WW[the, cold, shoulder] = [mNHs(F))L| OFgNHS@N\SF | = Sf

[th(s(f))],l ((VIAgNH(s(¢)\SS)/(FaNaPW]the, cold, shoulder])

ul

EIN

/L

| mN(s(m)), WW[the, cold, shoulder] = Sf

oL

[mNt(s(f)], l O((()AgNH(s()\Sf)/(JaNa @ W[the, cold, shoulder]))

| mNt(s(1m)), mW[the, cold, shoulder] = Sf

This delivers semantics:

(289) (Past ((“shun j) m))

The next example has medial quantification:

(290) (tdc(47)) [john]+gave+every+book+to+mary : Sf

Lexical lookup yields:

(291) [mNt(s(m)) : j1, O((()FaNa\S f)/(AbNbePPto)) : "AAAB(Past ((("give myA) m1A) B)),
mYg(Y f((SFTNt(s(9)))1Sf)/CNs(g)) : ACADVE[(C E) — (D E)],OCNs(n) : book,
m((PPto/JaNa)rVn((()Nn\Si)/(()Nn\Sbh))) : AFF, mNt(s(f)) : m = Sf

There is the derivation:
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) | = NHs(f)

[mnees) | = nicsr
EI
wNi(s()) = E E = pPio

ul

/L —_—uL
E-zié = PPto wNi(s(m) | = Ni(s(m)
L Bl
NHs(n) = NHs(n) _ (PPto/FaNa)Vn((ON\Si)/(ONn\Sb)) _ BNK(s(f)) = PPto WNHs(m) = E
Y u OR

Ni(s(n) = | bNb _ w(PPto/aNa)Vn((ONn\Si)/(ONn\Sb))) _‘-Z%SV = PPto [mNKs(m)] = E E = Sf

R \L
Nt(s(n)), m((PPto/3aNa)"Vn((YNn\Si)/(()Nn\Sb))), mNH(s(f)) = E [WNHs(m)],| OFaNa\Sf | = Sf

/L
[WNKs(m))],| (VFaNa\Sf)/(FbNbePPto) | NH(s(n)), m((PPto/TaNa)¥n((ONn\Si)/(ONm\Sb))), mNK(s(f)) = Sf

oL
[WN(s(m)],| O(((FaNa\Sf)/(IbNbePPto)) |, Ni(s(n)), m((PPto/IaNa)¥n(()Nn\Si)/(ONn\Sb))), mNKs(f)) = Sf

R —
[WNH(s(m))], 0(()FaNa\S )/ (AbNbePPto)), 1, m((PPto/ FaNa)¥n((ONn\Si)/(ONn\SE))), mNK(s(f)) = SFINH(s(n)) E = Sf

a = CNs(n)
E = CNs(n)

[WNE(s(m))], O(()FaNa\S £)/(FbNbePPto)), | V F((SFINEs(n)LSF)/CNs(n) |, DCNs(n), m((PPto/IaNa)Vn((YNn\Si)/(ONn\Sb))), mNK(s(f)) = Sf

oL

VL

[mN(s(m))], 0((()FaNa\S f)/(FbNbePPto)),

Y8(Yf((SfINHKs(8)))LSf)/CNs(g)) _\ OCNis(17), m((PPto/3aNa)rVn(((YNn\Si)/(()Nn\Sb))), mNt(s(f)) = Sf

uL

[mN(s(m))], 0((()FaNa\S f)/(IbNbe PPto)),

mYg(Yf((SFINt(s(g)))1Sf)/CNs(g)) _ OCNSs(n), m((PPto/3aNa)¥n((()Nn\Si)/(()Nn\Sb))), mNt(s(f)) = Sf

15.1. ENGLISH EXAMPLES

This delivers semantics:

(292) VC[("book C) — (Past ((("give m) C) j))]

The following example has subordinate clause existential quantification, exhibiting de re/de dicto am-

biguity:

(293) (tdc(50)) [mary]+thinks+[someone]+left: Sf

Lexical lookup yields:

[OVF((SfTmYENE())LSS) : "ACAD[(person D) A (C D)]], B(OIZNHS(@)\SS) -

(294) [mNt(s(f)) : m], O((()IgNt(s(3))\Sf)/(CPthatinSf)) : "AAAB(Pres (("think A) B)),
"AE(Pres ("leave E)) = Sf

There is the de re derivation:
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= NKs(A))

e — i /1
— ]
gNH(g) | = NHs(A)
mVgNH(g) = | JgNKs(g))
OR
[m/gN] = | (TgNIs() = sf = NHs(f)
\L ul
[wYgNH(g)],| OFgNHSEI\SS | = Sf INKS() | = NHs()
oL 3R

[wYgNH(Q)L| T(OINHs(QNSS) | = Sf mNKs(f) = | AgNKs(Q)
oOR OR
[mVgNH()], O(()IgNHs(\Sf) = aSf [mNHs()] = | OTgNKs(Z)) = Sf
\L

LR
[mYgNHEL B(ONHSNSS) = [N OFgNEsNSF | = SF
L

| [WVgNH(g)], O(OFgNH(N\SSf) = Sf

EIN

(()FgNH(s(g)\Sf)/(CPthatLIOS f)

[WNH(s(f))],
oL

[th(s(f))],‘ O((()3gNH(s()\Sf)/(CPthatLinS f)) ‘ [mvgNt(g)], O(()AZNHs(E)\Sf) = Sf
R

:S/’

[mNH(s(f)], DOISNKS(@N\S f)/ (CPthatins £)), [1], B(OTINHs()\Sf) = SfTMVINK)
L

[WNH(s(f)], D((OFINHSNS f)/(CPthatunSf)), [| (SfTmYENHR)LSS I, DOINH(QN\Sf) = Sf
VL
[WNH(s(£))], O(OTINHS(I\Sf)/(CPthatinSf)), [| VF((SFTmYgNH)ISS) [l D(OTINKs(@\Sf) = Sf
oL
[WNH(s(f)], D((OFINHSN\S f)/(CPthatunS ), [| OY F(SfTmYgNER)LSS) [l D(OFgNHs@I\SS) = Sf

This delivers semantics:

(295) AB[("person B) A (Pres (("think "(Pres ("leave B))) m))]

And the de dicto derivation:

R ———l )
e ——
—_ 1R
mYgNHg) = | IgNH(s(g)
OR
(w/gNHe)] = [ (TgNHs(@) > sf
\L
(mvgNKg)L| OFgNHs@NSf | = sf
oL
1R

[mYgNH(@)L| D(OTINHS@I\SS) | = Sf

(L BOINICENS) = SfTMVgNI(E) = sf
[ srrmvniniss JhowaNis@nsh = sf NiGs() | = NHs()
VL uL
[ vrssmmvgNig)Lsn fLoINIsENSH = Sf i) | = Nis()
oL IR

| oYf(SfTmYgNHR)ISS) (I D(OTINHQI\SS) = Sf uNK(s(f) = -3ng(S(g))
OR OR
[OYF((SfTmVYgNHR)LSH] BOFNH(I\Sf) = BSf [WNHs(f)] = | OFgNHs(g)) = Sf
\L

LR
[0V (S TmYgNHELS ] SOTENHENS ) = [NHEL] OFgNENSF | = SF
L

(OFgNHs(\S/)/(CPthatnSf) },[DVf((SfTIVng(g))le)],D((Bng(S(g))\Sf) = Sf

1L

oL

[WNH(s(f))],

O((OFgNHs()\S)/(CPthatoS f)) ¥[DVﬂ(SfTIVng(g))le)LD(<)3SN'(S(3))\5/') = Sf

[WNHs(A))],

This delivers semantics:
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(296) (Pres (("think "AD[("person D) A (Pres (“leave D))]) m))
The next example exhibits classical quantifier scope ambiguity:
(297) (tdc(53)) [everyone]+loves+someone : Sf

There is the subject wide scope reading (cf. everyone loves their (respective) mother) and the object wide
scope reading (cf. everyone loves (one and) the (same) queen). Lexical lookup yields:

(298) [0V F((SFTYENH(E)LS) : “AAVB[("person B) — (A B)]], O(((IGNHs()\S f)/FaNa)
"ACAD(Pres (("love C) D)), 0V f((SfTmVYgNt(g))ISf) : "AEAF[("person F) A(E F)] = Sf

There is the subject wide scope derivation as follows in which the subject quantifier is processed closest to
the root:

= Ni(s(4))
- N - Ni(s(A))

VL EIS

= NHA) VgNi(g) =
L R
-lVng(g) = NHA) . [YgNt(Q)] = -()ang(s(g)) ¢ = Sf
IR L
wVgNH(g) = [Vng(gﬂ, = Sf \
VNt | (OANHS()\S)/aNa | mveig) = Sf
VN B3N\ N) | mvgnitg) = sf
1r [
[YgN1(2)], 0((()AgNH(s(8))\Sf)/FaNa), 1 = SfTmYgNH(g) = Sf
VNHE)), SO NSNS )/ aNe) | SFTVSNIISS | = 57
VNI, SONHSNS /M) | V(S TmVNIgNLS) | = 57

[YgNH(g)], D((OFNH($()\S£)/FaNa),| OY f((SFTmYGNHRQ)ISS) | = Sf

TR
[1], 0((()AgNH(s(8))\Sf)/3aNa), OV f((SfTmYGNH()LSf) = SFIYENH(E) = Sf

[| (SFTYENH)ISS [I, ((OFZNK(s(g)\Sf)/FaNa), Y F(SFTMYENHR)ISS) = Sf
[| YASFTIYENHIISH) [l D(OTSNS(8)\Sf)/FaNa), OV F((SFTmYgNHQ)ISf) = Sf
[| OYF((SFIYENHR)LISS) (I O((OIINHS()\Sf)/FaNa), OV f((SfTmYNHQ)ISf) = Sf

YL

/L

oL

L

VL

oL

L

VYL

oL

This delivers semantics:

(299) VBI("person B) — AE[("person E) A (Pres (("love E) B))]]

And there is the object wide scope derivation as follows in which the object quantifier is processed closest
to the root:
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NHS(A) | = NHs(A)
= NKA) VgNK(g) | = NKs(4)
B .
= NHA) YgNi(g) = | gNK(s(g))
ul OR
= NHA)  [VgNKg] = | OTgNHs(s) = Sf
IR \L
wVgNHg) = [VgNHg)L| OFgNHsE@N\Sf | = Sf
[VNHL| (OTgNKs(g)\Sf)/FaNa | mVgNK(g) = Sf
[¥gNH(g)L,| O((OFgNH(s(8)\Sf)/FaNa) | mYgNHg) = Sf
1R
[1], 0((OTZNKs()\S f)/JaNa), mYgNL(g) = SFIVgNKZ) = sf
[| (SfTYgNH@)LISS |1 O((OFgNH(s(9)\Sf)/FaNa), mYgNH(g) = Sf
[| YA(SFIYENH)LISS) [l B((OIgNHs(9)\SS)/TaNa), mYgNH(g) = Sf

[| avf((SFIVENHENLSS) (I, B((OAZNH(s($)\Sf)/FaNa), mYgNK(g) = Sf

TR
[OYF((SfTYgNH()LISF)], O((OIZN(s(9)\Sf)/FaNa), 1 = SfTmYgNH(g) = Sf

[OYF((SFTYENEE)LIS ], O((OFZNHS(9)\Sf)/FaNa),| (SFTMYENEGISS | = Sf
[OVF((SFTYENHENLS NI, D(OTZNH(S(@)\Sf)/FaNa), | V((SFTmYENE(Q)ISS) | = Sf
[OVf((SFTYENHRNLIS NI BUOIZNHS(@)\Sf)/FaNa), | BV F((SFTMYENHR)ISS) | = Sf

YL

/L

oL

1L

VL

oL

L

VL

oL

This delivers the semantics:

(300) AB[("person B) A VE[("person E) — (Pres (("love B) E))]]

The next example is of medial relativisation:

(301) (tdc(54)) dog+[[that+[mary]+saw+today]] : CNs(n)

But it is not analysed as in Morrill, Valentin and Fadda (2011[79]) but as in Morrill (2011[81]), Chapter 5.
Note the double brackets for the strong island relative clause. The lexical lookup yields:

(302) OCNs(n) : dog, [[mYn([]*[I""(CNn\CNn)/m((ONHm)ImNHm)\S 1)) -
AAABAC[(B C) A (A C)], [mNHs(f)) : m], 0((()FaNa\Sf)/(3aNa@CPthat)) :
"ADAE(Past (D—>E.("seee F); G.("seet G)) E)), oVa¥ f((()Na\Sf)\((O)Na\Sf)) :
"AHAI(today (H1))]] = CNs(n)

There is the derivation:
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| NHs(n) | = Ni(s(n)) o

| WNK(s(n) | = Ni(s(n) | Nt(s(f)) = NHs(f))

P IR

| mNH(s(n)) | = NHs(n) NHs(f) = [JaNa]
3R OR
BNK(s(n)); = |JaNa [NHs(f)] = |()3aNa | E = Sf
®R \L
mNi(s(n)); = | JaNa®CPthat [Nt(s(/))], CmQZa/ml = Sf I
mNK(s(n)); [NHs()],| (OFaNa\Sf)/(JaNa®CPthat) | = Sf . | NHs(f)| = NHs(f) o
mNK(s(n)); [NHs(f)],|0(()FaNa\Sf)/(FaNa@CPthat)) | = Sf oL |WNK(s(f)) | = NHs(f) OR
BNHs(n)); ONKS(/), D(O3aNa\S )/ (aNa@CPHat) = Sf o [WNEs()] = [ONEs() | [Sf| = Sf "
BNH(s(n)); B((()FaNa\Sf)/(JaNa@CPthat)) = ONHs(F)\Sf _-megv:OZ%SVGL = Sf \L
mN(s(r)); [MNH((P)], 0((OFaN\S )/ (TaNaoCPhat), [ (ONHSNS IVONHSUNSA | = Sf
mN#(s(n); _-mesv_\DQCMQZQGE\GQZ%QS&?7<3©Z%S>mb/3255;@3; = Sf VL
mNi(s(n); [MNH(s(f)], O(((OFaNa\Sf)/(FaNa®CPthat)),| Yay f((ONa\SF)\(ONa\Sf i = Sf aL
mNH(s(0)); MNH(P)], DO FaNa\S )/ (aNaoCPihat) | 0Ya¥ F(ONA\SNONR\S) | = SF
W (s(r)), [INHS(O)], DO FaNa\S )/ (JaNa@CPHhat)), DY f(ONA\SPNONA\S) = Sf —
| ONH(s(n)NmNH(s(n) |, [RNH(s(£))], () FaNa\Sf)/ (IaNa®CPthat)), 0Ya¥ f(ONa\S P\(ONa\Sf)) = Sf \R
[WNHS()), B FaNa\S )/ (GaNa@CPHhat), B¥a¥ f(ONA\SH\ONa\S/) = (ONHs()IMNKGNSS

[mN#(s(f))], 0((()FaNa\S f)/ (JaNa@CPthat)), 0¥a¥ f(ONa\SH\(ONa\Sf)) = m((ON(s(n))"!mNt(s(m))\Sf)

CNs(n)| = CNs(n)
oL

|OCNs(n) | = CNs(n)

| CNs(n)| = CNs(n)

OCNs(n), OZmA:v/OZmA:L = CNs(n) :\/Hhh
OCNs(n), [| [I7'(CNs(n)\CNs(1)) i = CNs(n) (1L

aCNs(n), [[ [1' 11 (CNs(2)\CNs(w) [I]| = CNs(n) L

OCNs(n), 5 (7 [17"(CNs(n)\CNs(n))/m(((YNH(s(n))!mNt(s(1)))\S f)

, [mNt(s(f))], O((()FaNa\S )/ (aNa®CPthat)), oVaV f((()Na\S f)\(ONa\Sf))]] = CNs(n) VL

DOZ%?E Ya([17'[17'(CNn\CNn)/m((ONt(n)N!mNH(m))\S f)) 7 [mNt(s(f))], O((()FaNa\S f)/(FaNa®CPthat)), aVa¥ f(ONa\S ))\(ONa\Sf))]] = CNs(n) u

L

OCNs(n), :7 mVn([]7[]"H(CNn\CNn)/m((()Nt(n)"!mNHn))\Sf))

15.1. ENGLISH EXAMPLES

, [mNt(s(f))], O((()FaNa\Sf)/(FaNa®CPthat)), oV¥aV f((ONa\S f)\((Y)Na\Sf))]] = CNs(n)
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This delivers semantics:

(303) AC[("dog C) A (today (Past (("seee C) m)))]

The next example is of VP ellipsis:

(304) (tdc(58a)) [john]+slept+before+[mary]+did : Sf

(305) [WNHs(m)) : j1, BOTGNHSQ\SS) : "AA(Past (‘sleep A)), m(¥a¥ F(ONa\SH\ON\S)/SF) :
ABACAD((before B) (C D)), [mNH(s(f)) : m], m¥a¥ g¥bVYh(((ONa\Sg)T(ONB\Sh))/(Fc(ONC\S )\
(ONa\Sg)T(OND\SH))) : AEAF((E F) F) = Sf
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Nt(s(m)) = Nt(s(m))

[NHs(m)] = | ONHs(m))

[NHs(m)L| ONHs(mN\Sf | = Sf

OR

Nt(s(m)) = Nit(s(m))

OL OR

[NHs(m)] = | ONHs(m))

ONKs(m)), ONs(m\Sf = Sf

E = Nis()

uL \R
ONHsmN\Sf = ONKs(m)\Sf

E = NIGs()

HZRVAEZ‘OZ;&E:/@J_ (ONH(s(m)\S HNONH(s(m)\S f) _ = Sf

[N = [ ONH()
AR YL
iG] = [ 30Ne | . > sf INHS ()], ONHGINS | YF(ONHsm)SHVONsNs) | = sf
\L
(N[ FeoNaSf | = 7

_me?::‘OZ:%::G\‘_ Ya¥ f((ONa\SHN(ONa\Sf))/Sf _ [WNE(s(f))], FcONC\Sf = Sf

VYL

[NHs(m)I, ONHs(mN\SS, | Ya¥ fF((ONa\SH\(ONa\Sf))

uL

_meﬁiv:‘OZ;&Ed/m\‘_ u(Ya¥ f((ONa\SH\(ONa\Sf))/Sf) ?IZ;mCﬂv:\mnOZn/m\ = Sf

OL
ONH(s(m)), ONHs(m)\Sf, m(¥a¥ f(ONa\S HNONa\Sf))/Sf), [MNHs()], AcONe\Sf = Sf

\R
ONHs(m)\Sf, m(Ya¥ f((ONa\S\ONa\S))/S ), [MNH(s(f))], JeONe\Sf = ONHs(m)N\Sf

TR
1, m(Ya¥ f((ONa\S\(ONa\Sf))/S ), [MNH(s(f))], JeONAS f = (ONKs(mI\SHTONHs(m)N\SS)

/R
1, m(YaV f((ONa\S\ONa\S/)/Sf), [mMNHs(f)] = ((ONHsm)\SHTONHsm)N\Sf))/(FcONe\S f)

Ni(s(m)) = Nt(s(m))

Ni(s(m) = | IgNKs(g)

3R

Nt(s(m)) | = Nt(s(m))

E = Ni(s(m))
OR
[WNH(s(m))] = E . = Sf
\L

[WNKs(m)L| ONHsm\SF | = Sf

uL

ONt(s(m)), O(()IgNt(s(g)\Sf) = Sf
\R

B(OIZNKS@I\Sf) = ONHsm)N\Sf

1L

[mNHs(m)], | (ONHsm\S HTONHsmN\S BTGNS} _ = Sf

\L

TZ:,AEE‘Eomexm@v/m\y-22):vzx/m)/xvzimbv\mb‘TZ%QE‘_ (((ONEHmNS HTONH(mI\S )/ (FeONAS V(ONHsmN\S HTONHs(m)\S f)) _ = sf

VYL

[WNH(s(m)], O(OFGNHS(EI\S ), -2130563/sza/mbv\mb\?Z»E\E‘_ YR(((ONHsm)\S HTONKs(m)\Sh))/(FcONAS NONH(m)\S HT(ONH(S(m)\Sh))) _ = Sf

VL

[WNE(s(m))], DOTINHS(Q\SS), -22\:02363/Aczimbv\mb‘_-Zxxb:‘_ YOYR(((ONHs(mD\S HT(ONB\SR))/(FcONS AN(ONHs(m)\S HT(ONb\Sh))) _ = Sf

VL

?ZNEEE\n;omeme:/m?-Qaéﬂﬁvza/mb/:vzq/mbv\mb\?ZRAS:‘_ YQYOVR(((ONHs(m)\ST(OND\Sh)/(Fc(ONC\S N\(ONHs(m))\Sg)T(OND\Sh))) _ = Sf

VL

[mNE(s(m))], OO FGNES(Q\S £), m(¥a¥ F(ONa\S )\(ONa\S)/Sf), ?Z%SF_ Ya¥ gYbYh((ONa\ST(ONB\Sh))/(AcON\S HN(ONa\SZ)T(OND\Sh)) _ = Sf

[ 18

[mNH(s(m))], B(OFZNH(EN\SS), m(Ya¥ fF((ONa\SH\(ONa\Sf))/Sf), [MNH(s(f))], | mYa¥gYbYh(((ONa\SZT(OND\Sh))/(FcONAS HV(ONa\SHT(ONB\Sh)) | = S,
f f ) ISH (f; f f

15.1. ENGLISH EXAMPLES

This delivers the semantics

(306) ((before (Past (“sleep m))) (Past (“sleep j)))

In tdc(64) there is medial pied-piping
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(307) (tdc(64)) mountain+[[the+painting+of+which+by+cezanne+[john]+sold+
for+tenmilliondollars]] : CNs(n)

Lexical lookup yields:

(308) OCNs(n) : mountain, [[mYn(Nt(n)/CNn) : 1, O(CNs(n)/PPof) : "AA((of A) “painting),
O((Vn(CNn\CNn)/m3bNb)&(PPof / JaNa)) : “("of , ABB), mVnVm((Nt(n)TNt(m))|
(0 'I"Y(CNm\CNm) /m(({)Nt(n)!mNt(n))\Sf))) : ACADAEAF[(E F) A (D (C F))],
O(Vn(CNn\CNn)/daNa) : "AGAH(("by G) H), mNt(s(m)) : ¢, [mNt(s(m)) : j],
O((()JaNa\S f)/(IbNbePPfor)) : "AIA](Past ((("sell mol) m11) ])),
m(PPfor/daNa) : AKK, ONt(s(n)) : tenmilliondollars]] = CNs(n)

There is the derivation:

Ni(s(n)) = Nt(s(n))
Bl
Ni(s(n)) = = PPof
[[Pror/Aana | Nty = prof

l (Yn(CNn\CNn)/m3bNb)&(PPof /4aNa) ‘/Nt(s(n)) = PPof

/L

I

l O((Yn(CNn\CNn)/mAbNb)&(PPof /3aNa)) LNt(s(n)) = PPof CN = CNs(n)

CNs(n)/PPof | 0((Yn(CNn\CNn)/m3bNb)&(PPof /3aNa)), Nt(s(n)) = CNs(n)
oL
NKs(m)) | = NHs(m)) O(CNs(1)/PPof) |, 0((¥n(CNn\CNn)/m3bNb)&(PPof /JaNa)), Nt(s(n)) = CNs(1) = CNs(n)
ul \L

= Ni(s(m)) 0O(CNs(1)/ PPof), o((Yn(CNn\CNn) /m3bNb)&(PPof /3aNa)), Nt(s(1)),| CNs(n)\CNs(n) | = CNs(n)
— 3R VL
mNK(s(m)) = D(CNs(n)/PPnf),D((Vn(CNn\CNn)/IEhNb)&(PPof/ElaNn)),Nt(s(n)), = CNs(n)
0O(CNs(n)/ PPof), o((Yn(CNn\CNn) /m3bNb)&(PPof /daNa)), Nt(s(1)),| ¥n(CNn\CNn)/JaNa | mNt(s(m)) = CNs(n)
O(CNs(1)/ PPof), 0((Yn(CNn\CNn)/mIbNb)&(PPof /3aNa)), NH(s(n)),| O(¥n(CNn\CNn)/JaNa) | mNH(s(m)) = CNs(n)
Nt(s(n))/CNs(n) |, 0(CNs(n)/PPof), O((Yn(CNn\CNn)/m3IbNb)&(PPof /4aNa)), Nt(s(n)), O(Yn(CNn\CNn)/3aNa), mNt(s(m)) = Nt(s(n))
¥n(NH(n)/CNn) | O(CNs(n)/PPof), 0((¥n(CNn\CNn)/m3bNb)&(PPof /JaNa)), Nt(s(n)), O(Yn(CNn\CNn)/JaNa), mNt(s(m)) = Ni(s(n))

wYn(Nt(n)/CNn) | O0(CNs(n)/ PPof), 0((Yn(CNn\CNn) /m3bNb)&(PPof / 3aNa)), Nt(s(n)), 0(¥Yn(CNn\CNn)/JaNa), mNt(s(m)) = Nt(s(n))

mYn(Nt(1)/CNn),0(CNs(1)/ PPof), 0((Yn(CNn\CNn) /m3bNb)&(PPof /3aNa)), 1, 0(Yn(CNn\CNn)/JaNa), mNH(s(m)) = Ni(s(n))TNt(s(1))

/L

/L

oL

n) | = Ns(n)

/L

VL

mL

= Ni(s(n))
= Nt(s(n)) = Nts(n)) o = NKs(m))
[ 18

3R
D) | = Nise) . aNKs(n) = > Pfor . = NHsm) .
[ s = it . [ Pror/3aNi L) = pryor . aNKs(m) = N
i) = [ 30N | u(PPfor/3aNa) | GNHs(m) = PPfor [WNHsom)] = > sf
WNHs(r); m(PPfor/3aNa), GNHG(n)) = " (aNtsnL [ QN7 | = 57 ’
N0, [-Nf(s(mm,-<Pr’for/3nwﬂ>, ONKs() = Sf
NH(s(n); [-Nt(s(m»L-(PPfor/aaNa),an(s(»o) = sf

!mNH(s(n)), [mNt(s(m))], 0((()FaNa\S f)/(3bNbePPfor)), m(PPfor/3aNa), ONK(s(n)) = Sf

ONt(s(n)N!mNt(s(n)) | [mNt(s(m))], O((()FaNa\Sf)/(IbNbePPfor)), m(PPfor/daNa), ONt(s(1)) = Sf

[mNt(s(m))], 0((()FaNa\Sf)/(IbNbePPfor)), m(PPfor/3aNa), ONt(s(n)) = (ONH(s(n)) !mNH(s(m)\Sf

[ 18
Nt

/L

oL

L

L

\R

[WNK(s(m))], O(()FaNa\S £)/ (AbNbePPfor)), m(PPfor/ JaNa), ONHs(n) = m((ONHs(m)IMNHs(m)\SS)
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g = CNs(n)
oL

\L
OCNs(n),| CNs(n)\CNs(n) | = CNs(n)
0l
OCNs(n), || :\:ﬁzm?v/ﬂzmﬁ:: ] = CNs(n)
ol
@ oCNs(), [I| 170~ H(CNsm)\CNs(n)) Il = CNs(n)
/L
@ OCNs(n), [[] :L:LAOZmA3/OZmASv\IQCZK.A:vvj_IZRmA:vvv/m\v f_IZXmQS:‘D:wazm_/mb\QTZ?EUNQ:‘lﬁmm\c‘\uuznv‘ ONt(s(n))]] = CNs(n)
L
OCNs(n), [[mYn(Nt(n)/CNn), 0(CNs(n)/ PPof), O((Yn(CNn\CNn)/m3bNb)&(PPof /JaNa)), AZR,ASXZFASEH:L:LAOZ%:/OZm?:\l:AVZRW?ijinw?E/mbv | O(Yn(CNn\CNn)/3aNa), mNt(s(m)), [mNt(s(m))], O((()FaNa\S f)/(IbNbe PPfor)), m(PPfor/3aNa), ONt(s(n))]] = CNs(n)
VL
TCNs(n), [[¥n(Nt(n)/CNn), O(CNs(n)/ PPof), O((Yn(CNn\CNn) /mAbNb)&(PPof /3aNa)), | Ym((NH(s(m))IN#(m)) L1~ L 1~1 (CNm\CNm)/m((ON#(s(n))mNEs(m)\S £))) Te:_ﬁzx/mzs\m:zay uNH(s(m)), [MNH(s(m))], 0((()FaNa\S £)/(AbNbe PPfor)), m(PPfor/daNa), ONH(s(n))]] = CNs(n)
VYL
OCNs(n), [[mVn(N(n)/CNn), O(CNs(1)/ PPof), O((Yn(CNn\CNn) /mIAbNb)&(PPof /3aNa)), | Vn¥m((Nt () INHm)) L1~ 171 (CNm\CNim) /m((ONm)ImNEm)\S £))) Tc\inzzﬁzs\uazay mNH(s(m)), [MNH(s(m))], 0((()FaNa\S £)/(AbNbe PPfor)), m(PPfor /JaNa), ONH(s(n))]] = CNs(n)
uL

OCNs(n), [mYn(NE(1)/CNn), O(CNs(1)/ PPof), 0((¥n(CNn\CNn)/mIbNb)&(PPof /3aNa)),

WYV m((NEm) INEm)) L™ 1L (CNm\CN ) /m((ONE)NImNE)\S ))) fuQimZimZS@Z?-zﬁsvy [mNH(s(m))], 0((()FaNa\S f)/(IbNbePPfor)), m(PPfor/FaNa), ONH(s(n))]] = CNs(n)
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This delivers semantics:
(309) AD[("mountain D) A (Past ((("sell “tenmilliondollars) (¢« (Cby ¢) ((of D) “painting)))) j))]

In appositive relativisation a relative clause, marked off by a prosodic phrase, modifies a full noun
phrase:

(310) (tde(67)) [john+[[who+jogs]]]+sneezed : Sf
The lexical lookup yields:

(311) [mNt(s(m)) : j, [mVEYn([17 [I7 (NHm)\((SHTNH(1)) LSh)) /m((YNt(m)N!ImNHm))\S ) :
AAABAC[(A B) A (C B)], 0((AgN(s(§))\S f) : "AD(Pres (“jog D)1, B((OIAENH(s($)\Sf) :
"AE(Past (“sneeze E)) = Sf

There is the derivation:

NKs(m)) = NH(s(m))

NH(s(m)) = Nt(s(m)) NH(s(m)) =
— OR
Nsm) = [ IgNts(s) INHsm)] = [ OFgNKs() = sf
OR \L
[Nt(s(m))] = | ()IgNK(s(g)) = Sf [Nt(s(m))],| OFgNHs(QN\Sf | = Sf
\L

[Nt(s(m)],| OFgNHs@N\SS | = Sf [NHs(m)L,| BOIZNHS@NSS) | = Sf

EIS

oL

oL R
[NHs(m)],| D(OFZNHs(QN\Sf) | = Sf Nt(s(m)) | = NKs(m)) [1], 0(OFgNHS@N\SF) = SFINKs(m) = Sf
QL mL L
ONH(s(m)), D(OIgNHS(QNSf) = Sf uNt(s(m)) | = NHs(m)) [| (SFINHs(m)ISS I, D(OTNHS(I\Sf) = Sf
ML \L
ONHs(m)NmNKs(m) | 0(OFgNEs@NSF) = Sf [mNE(s(m), | NEsm)\((SFINKsm)LSS) [, oOTNHs@N\SS) = Sf
\R 0l
O(OIgNH(s(\Sf) = (ONHs(m))N!mNHs(m))\Sf [mNt(s(m)), [’ 07 (NHsm)\(SFINHsm)LS ) (Il BOISNHS(QNSS) = Sf
R [it®
O(OFGNHE(@\SF) = MONHs(m)NImNHs(m)\S ) [-Nt(s(m»,[[’ 07107 L (NHsm)\ (S FINHs(m)) LS ) ‘]]L B(OINEE(N\SS) = Sf
/L
[le(S(m))/[[’ 0707 (NS F NS () LS ) /mONHs(m))mNs())\S f) | BOTgNHSNS AL AOTNES@NS ) = Sf
VL
[-Nf(s(mJ),[[’ V(1111 (NEm)\(SFINHm)LS ) /m((ONEmNmNEmN\SF) |, o(OIZNHS(I\SHIIL DOINHENSf) = Sf
YL
[mN#(s(m)), I[’ Y[ 171 () \(SHTNE (1)) LS)) /m((ONEm)MImNHm)\S ) LD(()HgNt(S(g))\Sf)]]]/ O(OJgNH(s(\Sf) = Sf
ul

wiitn([17 (171 (NE)\(SHTNE)) L)) /m((ON ) mNEn)\S ) LD(<)3ng(S(X))\5f)]]L B(OANHS(@NSf) = Sf

[mNE(s(m)), [[

This delivers semantics:

(312) [(Pres (Vjog j)) A (Past (“sneeze j))]

There follow four placements of a parenthetical adverbial within a sentence all derived from the same
types and all assigning the same semantics. First:

(313) (tdc(70a)) fortunately+[john]+has+perseverance : Sf

(314) oV f(SfLSf) : fortunately, [mNt(s(m)) : j1, O((()ILNH(s(g))\S f)/JaNa)
"AAAB(Pres (("have A) B)), O(Nt(s(n))&CNs(n)) : “((gen “perseverance), “perseverance)
= Sf
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Ni(s(m)) | = Nt(s(m))

uL

Nit(s(n) | = Nt(s(n) m) | = Nt(s(m))
&L EIS

Ni(s(m))&CNs(n) | = NH(s(m)) BNKs(m)) = | gNHs())

oL

OR
ONHs()&CNs() | = Nis(m)  [BNHs(m)] = | OFgNHs(g) = sf
IR \L
D(NH(s(n))&CNs(n)) = [WNKs(m)],| OFgNHs@\SF | = SF

/L
[th(s(m))],D(Nt(s(ﬂ))&CNs(n)) = Sf
[=]9
[th(s(m))], O(NH(s(11))&CNs(1n)) = Sf
"R —_—
1, [mNH(s(m))], O((()IZNH(s(¢)\S f)/FaNa), O(NH(s(n))&CNs(n)) = “Sf = Sf

L
[mNH(s(m)], B0 IGNHSIN\SF)/AaNa), BNHS(m)&CNs(n) = S
VL

Yf(SFISS) LIINI(S(VH))LD((<>3£Nt(5(£))\5f)/3aNﬂ),D(Nf(S(n»&CNS(n)) = Sf

OYf(SFLSS) | [mNt(s(m))], 0((O3gNH(s(8)\Sf)/FaNa), O(NHs(m))&CNs(n)) = Sf

oL

(315) (fortunately (Pres ((“have (gen “perseverance)) j)))
Second:

(316) (tdc(70b)) [john]+fortunately+has+perseverance : Sf
(317) [mNt(s(m)) : j1, Y fCSfLSS) : fortunately, O((()AgNH(s(g))\S f)/JaNa) :

"AAAB(Pres (("have A) B)), O(Nt(s(n))&CNs(n)) : “((gen “perseverance), “perseverance)
= Sf

Ni(s(m)) | = Nt(s(m))

e D —— 11
Nis(n)) | = Ni(sn) - = NH(s(m)
&L E)
Nit(s(n))&CNs(n) | = Nt(s(n)) mNH(s(m)) =
oL OR
O(NH(s(1))&CNs(n)) | = NH(s(n)) [mNt(s(m))] = | (VIZNH(s(g)) = Sf
Eld \L

O(NHs(1)&CNs(n) = [WNHs(m)],| OFgNHSE@\SSf | = Sf
[mNE(s(m))],| (OFZNHs()\Sf)/FaNa |, O(NH(s(n))&CNs(n)) = Sf
oL
[mNts(m)],| O((TFgNHS@N\S f)/FaNa) | ONHs()&CNs@m) = Sf

R ——
[mNt(s(m))], 1, 0((()IgNH(s()\S f)/FaNa), O(N(s(11))&CNs(1)) = “Sf = Sf

[th(s(m))],,D((()HgNt(s(g))\Sf)/ﬂnNn),D(Nt(s(n))&CNs(n)) = Sf

[mNt(s(m))],| YfCSFLSF) | o((()FZNHs(8)\Sf)/FaNa), O(NH(s(11))&CNs(n)) = Sf

/L

L

VL

oL

[mNt(s(m))],| O¥fCSfLSf) | o(((YFgNH(s(9)\Sf)/FaNa), O(Nt(s(n))&CNs(n)) = Sf

(318) (“fortunately (Pres ((“have (gen “perseverance)) j)))
Third:
(319) (tde(70c)) [john]+has+fortunately+perseverance : Sf

(320) [mNt(s(m)) : jI, O((()IgNt(s(g))\Sf)/FaNa) : "AAAB(Pres (("have A) B)), OV f(SfLSf) :
fortunately, O(Nt(s(n))&CNs(n)) : “((gen “perseverance), “perseverance) = Sf
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Nt(s(m)) | = NH(s(m))

m)) | = Nt(s(m))
&L R

NH(s())&CNs(n) | = NH(s(n)) . mNt(s(m)) = o
NHS()&CNS(n) | = Ni(r))  [mNHs(m)] = = sf
NHS(D)&CNs(n) = " (sl | 03NS/ | = 57 !

(N5 | OFgNHG(6)\ )/ N | BONHs)CNs(r) = Sf
[-Nt(s(mm,u(Nt(s(n))&CNs(n)) = sf
R

[mNE(s(m))], OV FgNH(s())\S f)/FaNa), 1, O(NKs(1))&CNs(m) = “Sf = Sf

[-Nt(s(mm,u<(<>3gNr(s(g>)\Sf)/anNn>, ONHS()&CNS() = Sf

[mNH(s(m)], O((OVFgNHs())\Sf)/FaNa), | V(SFISS) | ONHs(m)&CNs(n)) = Sf

[WNH(s(m))], O((OFZNH($(Q)\S£)/FaNa), | OYf(SFLSS) | O(NHs(1))&CNs(n)) = Sf

uL

Nis(m) | = Ni(s(n)

/L

[=]9

L

VL

oL

(321) (fortunately (Pres ((“have (gen “perseverance)) j)))
And fourth:
(322) (tdc(70d)) [john]+has+perseverance+fortunately : Sf

(323) [mNt(s(m)) : j1, O((()ILNt(s(g))\S f)/FaNa) : "AAAB(Pres ((“have A) B)),
O(Nt(s(n))&CNs(n)) : “((gen “perseverance), “perseverance), OV f('Sf1Sf) : fortunately
= Sf

= Ni(s(m))
—— —uL
= Ni(s(n)) mNi(s(m)) | = NH(s(m))
&L 3R
Ni(s(1))&CNs(n) | = Nt(s(1)) mNK(s(m)) = | IgNH(s(8))

oL

OR
O(NHs(1))&CNs(n)) | = NHs(n)) [mNH(s(m))] = -<>3gNt(s(8)) .5f = Sf
3R \L
NHs()&CNs(m) = [NHs()L| OIgNHs@NSS | = Sf
[mNt(s(m))],| ((YAgNH(s(g)\Sf)/FaNa |, O(NH(s(1))&CNs(n)) = Sf
oL
(NKsm)L| D((OTZNHS@NSH/AaNa) | BNKs()&CNs() = Sf
R

[mNt(s(m))], O((()FgNH(s()\Sf)/FaNa), O(Nt(s(1))&CNs(n)), 1 = “Sf = Sf

/L

1L

[lNr(s(m))],E\(((>3gNt(s(g))\5f)/3aNa),D(Nf(s(n))&CNs(n)), = sf

VL
[mN(s(m))], D((OFNHs(g)\S f)/FaNa), O(NH(s())&CNs(n), | YF(SFIS) | = Sf

[mNE(s(m)], O((VFgNHs())\S f)/FaNa), ONHs(m)&CNs(n),| OYF(SFISS) | = Sf

oL

(324) (“fortunately (Pres ((“have (gen “perseverance)) j)))
The next example is gapping:
(325) (tde(73)) [[[john]+studies+logic+and-+[charles]+phonetics]] : Sf

(Note the double brackets for the coordinate structure strong island.) The treatment of the example, how-
ever, is modified according to Morrill and Valentin (2014[72]) in view of the observations of Kubota and
Levine (2012[38]). Lexical lookup yields:
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(326) [[[mNt(s(m)) : j1, O(((YAgNt(s(g)H\Sf)/FaNa) : "AAAB(Pres (("study A) B)),
O(Nt(s(n))&CNs(n)) : “((gen “logic), logic), mVYwYaYby f(m((S fFT((()Na\S f)o—Ww)/
Nb)) 7, W\ [T I (S FT(((ONa\S f)o=Ww) /Nb)) T, Ww)) /“m((Sf T ((ONa\S f)o-Ww)/
Nb))7,Ww)) : ACADAE[(D E) A (C E)], [mNH(s(m)) : c], O(N#(s(1))&CNs(n)) :
“((gen “phonetics), “phonetics)]] = Sf

There is the derivation:

= Ni(s(m))

— L

t(s(m)) | = Nt(s(m))

OR

= Ni(s(n) [WNH(s(m)] = = 5f

& WR \L

L
Ni(s(n))&CNs(n) | = NH(s()) = [WNH(s(m)],| ONHs(m)\Sf | = Sf

oL oL
O(NHs(m)&CNs(n)) | = NH(s(m) [mNHsm)],| (ONHsmN\Sf)e=WII | = Sf

| O(Nt(s(n))&CNs(n)) = Sf

/L

IINI(SMX))LI ((ONH(s(m)\S f)o=WI])/Nt(s(1))

TR

[mNH(s(m)], 1, DNKs(m))&CNs(m) = SFIONHsm)\S o= WII)/NH(s(1)))
WL

[WN#(s(m))], 1, WIJ, ONE(s(1)&CNs(11) = SFI(ONKS(m)\S fo-WII)/NH(s(1)))
f 2R

[WNH(s(m)], 1, 1, O(NKs(n))&CNs(m) = (SFT(ONHsm\S o-WID/NHs(m)) T 5 W
mR

[WNH(s(m))], 1,1, ONH(s(m)&CNs(1) = m((SFI(ONHs(m\SF)o-WID/Nt(s(m)) T , WD)
‘R

[WNH(s(m))], 1, O(NH(s(n))&CNs(n)) = | "W(SFI(ONHsm\Sf)o=WID/NHs(m) § , WD

‘R

[mNE(s(m)], O(NHs(n))&CNs(m)) = | “m(SFT(ONHsm)\S f)o-WID/NKs(m))) T o W) ‘

)

= Ni(s(m))

— L

Hs(m)) | = Ni(s(m))
—— OR
Ni(s(n)) | = Ni(s(n)) [mNt(s(m))] = | ONt(s(m)) = Sf
WR \L

&L

NH(s(n))&CNs(n) | = Ni(s(n)) = [mNH(s(m)],| ¢ I\Sf | = Sf

oL oL

O(NH(s(n))&CNs(n)) | = NH(s(m)) [WNH(s(m)],| (ONHs(m)\Sf)-WI] | = Sf

[th(S("l))Ll ((ONHs(m)\S f)o-WI])/NH(s(m)) ‘,D(Nf(S(n))&CNS(ﬂ)) = Sf

/L

TR

[mNH(s(m)], 1, BNKs(m)&CNs(m) = SFTONHm)\S o= WII)/NH(s(1)))
WL

[WNE(s(m)], 1, WL, D(NHS()&CNS(1) = S FHONHSmINSo-WI/NHs(m)
7 R

[mNH(s(m)], 1,1, O(NK(s(1)&CNs(n)) = (SFT(ONHs(m)\Sf)e=WID/NHs(n)) ¢, WII
mR

[mNH(s(m))], 1, 1, O(NH(s(1)&CNs(n)) = m((SFT(ONHs(m)\Sf)e-WI)/NHs(m))) T, WID)



.

CHAPTER 15. THE EXAMPLES OF MORRILL, VALENTIN & FADDA (2011)

208

Ni(s(m)) = Nt(s(m))

Nt(s(m)) = | IgNHs(g))
OR

NiG) = NG o] = 03y | [57] = s
EN \L

Nis@) = [ aNa | INKs(m)),| OIgNHs@NSf | = Sf

[NHs(m)]| (OFgNHs(@)\Sf)/FaNa

3R

Ni(s(n) = Sf
oL

[Nt(s(m))],| O((OFgNHs()\Sf)/FaNa) | Nt(s(n)) = Sf

OL
ONH(s(m)), D(((OFNH(s(@)\S f)/FaNa), NH(s(n)) = Sf
\R

O(((VFgNH(s())\Sf)/FaNa), Nt(s(n)) = ONHs(m)N\Sf
WL

O((OFZNH(s()\S f)/FaNa), N(s(n)), Wl = ONHs(m)\Sf
R

O(((V3gNHs())\Sf)/FaNa), Nt(s(n)) = (ONHs(m)\Sf)e-WI]

/R
O((OFZNHs(\Sf)/FaNa) = (ONHs(m)\S f)o=WII)/NHs(n)

SFONHsm)\S o= WID/NHsmIIND((YFgNHs())\S £)/TaNa)}

= Sf

7oL

(SFIONKs(m)\S f)o=WID/NHs(n)))) T 5 WIHD((OTINKS()\Sf)/FaNa) :} 7 = Sf

o'

L 071 (S FICONHs(m)\S o= WID/NHs(m) ¢ 2 WINID((OFgNHs(8)\S f)/FaNa) :} T = Sf

e

@ :7 07107 L S FAONEHmNS o= WID/NHs@m)) T, WIDID(OIGNHS()\SF)/AaNa) -} T_ = Sf

\L

) [[[mN#(s(m))], O(VFNH(())\S£)/FaNa), O(NH(s(1))&CNs(n)),

B(SFIONHSmNS Y- WINHsm))) T 5 WIS IONHSmNS fo-WINHsm)) T 5 WIT) T_ = 5f

/L

[[[mN(s(m))], OO TNH(\S f)/FaNa), DINH(s(m)&CNs(m), | (WS FTONHsmNS fYo-WID/NKsm)) T 5 WINI™I™H(S FTONHs(m)\S - WID/NH(m)) T 5 WD)/~ WS TONKSm)\S Yo-WID/NHs()) o WII) | [mNHs(m)], DNHS(m)&CNs(n)]] = Sf

VYL

[[[mNE(s(m))], DUOTZNH$()\S £)/FaNa), O(NH(s(1))&CNs(n)),

Y F(m((SFT(ONHs(m)\S f)o=WID)/NHs(n)) T Ns\:v/:L:LQmﬁﬁ:ozﬁﬁsvv/mb?E_:\me?évw 2 WD)/ m(SFTONHsm)\S o= WID/NHs(m)) T WID) T-Zx&s?HZRA::%OZ@,A::: = Sf

YL

[[[mNt(s(m))], O((OFZNH(s($)\S f)/FaNa), O(NH(s(12)) &CNs(n), | VOV f((m((S FT((ONHs(m)\S )= WII)/Nb)) T NE:;:L:L:m\EQVZ%Q_:/mb?E::ZEV4 2 WID)/"m((SFT(ONHs(m)\S f)=WID)/Nb)) § 5 WII)) |, [mNH(s(m))], O(NH(s(1))&CNs(m)]] = Sf

VL

[[[mN(s(m))], O((OFNHs($)\S £)/FaNa), O(NH(s(1))&CNs(n)),

Vb F(m((SFIONa\SH-WIN/NE) § o, WINITH L (SFIONA\S )= WID/NB) T 5 WID)/“m(SFI(ONa\Sf)o-WID/NB) T, WI) ?_-me??EZR%_:%OZ&::: = Sf

VL

[[[mNE(s(m))], B((OFNHS(@)\S )/ FaNa), ONHs(m)&CNs(n)), | YeodaVby f(m(SFIONMS lo-Wa)/NB) T Wo\[I~LITL(SFIONM\S f)o-Wew)/NB)) § , Weo)) /" (SFT((ONa\S fyo-Waw)/NB)) T, Wew)) | [N(s(m)], SNHS(m)&CNs)] = Sf

uL

([[mNE(s(m))], DOTENHS(SM\S f)/FaNa), BINH(s(1)&CNs(), | mYwVavby f(m(SSI((ONa\Sf)o=Ww)/NB) o, W™ I (SFION\S o= W) /NE)) § 5 Wew))/"((SFT((ONa\S fyo-Ww) /Nb)) § , Waw)) |, [MNH(s(m))], OINHs(m)&CNs(m)]] = Sf

1vers semantics

This del
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(327) [(Pres (("study (gen “logic)) j)) A (Pres (("study (gen “phonetics)) c))]

Example tdc(75) contains comparative subdeletion:

(328) (tde(75)) [john]+ate+more+donuts+than+[mary]+bought+bagels : Sf

Lexical lookup yields:

(329) [mNt(s(m)) : j1, O((()FaNa\S f)/JaNa) : "AAAB(Past (("eat A) B)),
VY QY (S F(((SHTNE(p(g))LSh)/CNp(@)L(S f/(CPHhanT
m(((ShTNt(p(8))ISh)/CNp(g))))) : ACADIIAE(C AFAGI(F E) A (G E)])I >
[AHY(D AAJ[(I H) A (J H)DIL, o(Nt(p(n))&CNp(n)) : “((gen “donuts), “donuts),
m(CPthan/OSf) : AKK, [mNt(s(f)) : m], 0((()JFaNa\S f)/JaNa) :
"ALAM(Past (("buy L) M)), O(Nt(p(n))&CNp(n)) : “((gen “bagels), “bagels) = Sf

There is the derivation:

= Ni(s(m)
= Ni(s(m)
wNHs(m) =
R
Nipn) = Nip)  [mNKs(m)] = 0 = sf
EI \L

Ni(p(m)) = [mNt(s(m))],| ()IaNa\Sf | = Sf
[mNt(s(m))],| (()3aNa\Sf)/FaNa | Nt(p(n)) = Sf

[ 18

EIN

/L

_— oL
= CNp(n) [mNt(s(m))],| O((()FaNa\Sf)/3aNa) |, Nt(p(n)) = Sf
&L TR
NH(p(n))&CNp(n) | = CNp(n) [mNt(s(m))], 0((()FaNa\Sf)/FaNa), 1 = SFTINHp(n)) = Sf
oL L

O(NHp(n)&CNp(n) | = CNp(n) [mNH(s(m))], 0((()3aNa\Sf)/aNa),| (SFINHpm))LSf | = Sf
[mNH(s(m)], O((OFaNa\S f)/FaNa), | (SFINHp(m))LSF)/CNp(n) | BNKp(1)&CNp(n)) = Sf

T
[WNH(s(m))], O(()FaNa\S f)/FaNa), 1, 0(NH(p(n)) &CNp(n)) = SFI((SfTNHp(n))LSf)/CNp(m)

/L

209
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I = NiGs()

ANHG() | = NHs()
mN(s(f) = [ FaNa |
OR
Nt(p(n)) = Nt(p(n)) [mNt(s(f))] = E E = Sf
E)

R \L

Nipn) = [ JaNa | [WNHS(N)]| (3aNa\Sf | = Sf

uL

3R

/L
[WN(s(f)],| ((0FaNa\Sf)/FaNa | Nt(p(n)) = Sf
——— oL
E = CNp(n) [mNt(s(f))],| O((()FaNa\Sf)/3aNa) |, Nt(p(n)) = Sf
&L TR —
Ni(p(1))&CNp(n) | = CNp(n) [mNt(s(f))], 0((()FaNa\Sf)/FaNa), 1 = SfFTNHp(n)) E = Sf
oL L

O(Nt(p(n))&CNp(n)) | = CNp(n)

[WN(s(f))], 0((()FaNa\Sf)/FaNa), | (SFINHp(n))LSf)/CNp(n) | ONHp(n))&CNp(n)) = Sf
mL

[WNH(s(f))], B(((OFaNa\S f)/FaNa),| m(SFTNHp())LSf)/CNp(m)) ?Exgcvbmzm?: = Sf

OR

)LS£)/CNp(n), DNHp(D)&CNp(m) = DSf [ cptian | = cpihan

[WNH(s(f))], B((()FaNa\S f)/FaNa), m((S fFTNH(p(

CPthan/OSf |, [MNHs(f)], O((OFaNa\Sf)/3aNa), m(SFINHp()))LS f)/CNp(n)), O(NHp(n))&CNp(n) = CPthan "
W(CPthan/Sf) |, [MNHs(F))], D((()FaNa\S )/3aNa), m(((S FINHp(m)LS £)/CNp(n)), O(NHp(n)&CNp(n)) = CPthan "
W(CPthan/0Sf), [MNHs(f))], O((OFaNa\S f)/JaNa), 1, ONHp(n)&CNp(n)) = CPthanm(((SfINHp(n))LSf)/CNp(n)) b
® .
W(CPthan /DS f), [MNH(s(f)], O((()3aNa\S f)/FaNa), NHp(1)&CNp(n)) = | (CPHanTm((S FINHp)))LS f)/CNp(n))) E = sf
L
©) SF/(CPthanTm(((SFINHp()LSF)/CNp(n))) _ (CPthan /DS f), [mNH(s(f)], 0(()FaNa\Sf)/3aNa), O(NHp(n))&CNp(n) = Sf :
L
[mNt(s(m))], O((()FaNa\Sf)/FaNa),| (SFT((SFINHpm))LSf)/CNp(m))L(S f/(CPthanTm(((S fINHp(m)))LS f)/CNp()))) fHZ;E::%GZE:?-ﬁm:s:\mm?_-Z;ws O((()3aNa\S f)/FaNa), O(Nt(p(n))&CNp(n)) = m\e
VL

[mN(s(m))], YFSFUSFINEp(m)IS )/ CNpm)) L(Sf/(CPthan (S FINHp(m))IS f)/CNp(m))))) fEZ;ESFOZE:?!nw;n:\nmb\_-ZNE\E‘nzouqza/mb\uazmv\ O(NHp(n)&CNp(n)) = Sf

(()JaNa\Sf)/FaNa),

YL

[mN(s(m))], 0((()3aNa\Sf)/FaNa),

VY F((SFTSFTINHp(NLS )/CNp(@))L(S f/(CPthanTm(((SfTNHp(8)))LSf)/CNp(£))))) fDAZxE:VV%OZE:? u(CPthan/Sf), [mNt(s(f))], 0((()FaNa\Sf)/JaNa), O(Nt(p(1))&CNp(1n)) = Sf

VL

[mNt(s(m; VIV GV f((SFT((SHTNH(p(8)))LSh)/CNp())L(S f/(CPthanTm(((ShTNH(p(8)))1Sh)/CNp(g))))) fDAZRE:vamZE::\ u(CPthan/aSf), [mNH(s(f))], O((()FaNa\Sf)/3aNa), O(Nt(p(n))&CNp(n)) = Sf

)], 0((()3aNa\Sf)/FaNa),

[ 18

[mN(s(m))], O((()3aNa\Sf)/FaNa),

wYhYgY f((SFT(((ShTNH(p()))LSh)/CNp(8))) L(S f /(CPthanTm(((ShTNt(p(8)))LSh) /CNp(3))))) fDA25AkﬂvabﬁZtA:vv~IAGEE:\DM\V‘HIZ;mQE‘D:CMaZa/m\v\waZE\ O(NH(p(1n))&CNp(n)) = Sf

This delivers semantics:
(330) [IAC[("donuts C) A (Past (("eat C) j))]| > |AF[("bagels F) A (Past (("buy F) m))]|]

Finally, there is the medial reflexivisation:
(331) (tdc(86a)) [john]+bought+himself+coffee : Sf

The lexical lookup yields:

(332) [mNt(s(m)) : jl, O((()FaNa\S f)/(FaNaeTaNa)) : "AAAB(Past ((("buy m1A) 2A) B)),

mY f(((ONH(s(m)\S fH)TNE(s(m))) LIONE(s(m)\Sf)) : ACAD((C D) D),

O(Nt(s(n))&CNs(n)) : “((gen “coffee), “coffee) = Sf
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There is the derivation:

Ni(s(n)) | = Nt(s(n))
&L
NH(s(1))&CNs(n) | = Nt(s(n)) Ni(s(m)) = Nt(s(m))

L EIN

a
NHs(m) = Ni(s(m) O(NHs(m)&CNs() | = Nis(n) NH(s(m) =
3

IR

NHs(m) = BNHs()&CNs(n)) = " INHs(m)) = OR = sf
N(s(m)), O(NH(s(1))&CNs(n)) = ™ [Nf(s(m))], = Sf
[Nr<s<m>>1,,Nr(s(m)),n(Nf(s(n»&CNs(n» > sf

NG| B3NS/ (BaNawBaNi) | s BONFs()CNs(r) = 57 ” = Ni(s(m)

OL —— 1

(ONKs(m)), 0((()FaNa\Sf)/(FaNaeTaNa)), Nt(s(m)), O(NHs(11))&CNs(n)) = Sf mNt(s(m)) | = NHs(m))

\R

\L

/L

OR
0(((y3aNa\ S f)/(3aNas3aNa)), Nt(s(m)), O(NHs(1))&CNs(n)) = ONHs(m)\Sf [WNKs(m)] = | ONHs(m)) = sf
\L

R
0((()3aNa\Sf)/(JaNaeIaNa)), 1, O(NH(s(1))&CNs(1)) = (ONH(s(m)\Sf)TNH(s(m)) [mNt(s(m))],| ONHs(m)\Sf | = Sf

[mNt(s(m))], 0((()3aNa\S f)/(3aNae3aNa)),

L

((ONHs(m\S HTNHs(m) LONH(m)\Sf) P(NI(S(N))&CNS(H)) = Sf

VL

[lNl<5(Wl))],D((()E‘uNﬂ\5f)/(3ﬂNﬂ°3ﬂNu)),| YFONHsm\S f)TNHs(m)) LONH(m)\S £)) ‘,D(Nt(ﬁ‘(m)&CNﬁ(n)) = 5f

uL

[mNt(s(m))], 0((()JaNa\S f)/(3aNae3aNa)),

=Y f((ONHs(m)\S HHTNHs(m) LIONH(m)\S ) yD(NI(S("))&CNS(H)) = Sf

This delivers semantics:

(333) (Past ((("buy j) (gen “coffee)) j))

15.2 Dutch verb raising and cross-serial dependency

kan : (NA\Si)|(NA\Sf) : ABAC((isable (B C)) C)

las : NA\(Nt(s(B))\Sf) : read

wil : (NA\Si)|(NA\Sf) : ABAC((want (B C)) C)

kan : Q/"(SFT((INA\Si)L(NA\S))) : AB(B ACAD((isable (C D)) D))
las : Q/°(SFTINA\(Nt(s(B))\S))) : AC(C read)

wil : Q/(SFT((INA\SI)L(NA\S))) : AB(B ACAD((want (C D)) D))
alles : (SATNt(s(n))){SA : ABVYC[(thing C) — (B C)]

boeken : Np(n) : books

cecilia : N#(s(f)) : c

de : Nt(s(A))/CNA : the

helpen : >"1((NA\Si)|(NB\(NA\Si))) : ACAD((kelp (C D)) D)
henk : Nt(s(m)) : h

jan : Nt(s(m)) : j

kunnen : >"1((NA\Si) | (NA\Si)) : ABAC((isable (B C)) C)

lezen : >"1(NA\(NB\Si)) : read

nijlpaarden : CNp(n) : hippos

voeren : >"'(NA\(NB\Si)) : feed

zag : (Nt(s(A))\Si)L(NB\(Nt(s(A))\Sf)) : ACAD((saw (C D)) D)

(d(1)) jan+boeken+las : Sf

Nt(s(m)) : j, Np(n) : books, NA\(Nt(s(B))\Sf) : read = Sf
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Nt(s(m)) = Ni(s(m)) = 5f
\L

Np(n) = Np(n) Nt(s(m)),| NHs(m))\Sf | = Sf
\L
Nt(s(m)), Np(n),| Np()\(Nt(s(m))\Sf) | = Sf

((read books) j)

Nt(s(m)) : j, Np(n) : books, Q/"(SfT(NA\(Nt(s(B))\Sf))) : AC(C read) = Sf
(d(2)) jan+boeken+kan+lezen : Sf

Nt(s(m)) : j, Np(n) : books, (NA\Si) L(NA\S f) : ABAC((isable (B C)) C), >~ \(ND\(NE\Si)) : read = Sf

Ni(s(m)) = NKs(m)) = i
\
Np(n) = Np(n)  Nt(s(m)),| Nesm)\Sif1} | = Si

NH(s(m), Np(on),| NpO)\(NH(m)\SD(1) | = si

L

\L

>~

Nt(s(m)), Np(n), 1, D’I(Np(n)\(Nt(s(m))\Si)) = Si Nt(s(m)) = NHs(m)) |Sf|= Sf
| EEY .

Np(n), 1, >~ (Np(m)\(NHs(m)\Si)) = Nt(s(m))\Si Nt(s(m)),| Nt(s(m))\Sf | = Sf

Nf(S(m))rNP(n)/‘ (NKs(m)\S)LINtHs(m)N\S ) Ll>’1(NP(n)\(Nt(S(m))\5i)) = Sf

1L

((isable ((read books) j)) j)
Nt(s(m)) : j, Np(1) : books, Q/(S f1(NA\S)L(NA\SF))) : AB(B ACAD((isable (C D)) D)), >~ (NE\(NF\Si)) : read = Sf
(d(3)) jan+boeken+wil+kunnen+lezen : Sf

Nt(s(m)) : j,Np(n) : books, (NA\Si)L(NA\Sf) : ABAC((want (B C)) C), >"'((ND\Si)L(ND\Si)) : AEAF((isable (E F)) F), >"'(NG\(NH\Sj)) :
read = Sf

Nt(s(m)) = Ni(s(m)) = Si
\L
Np(n) = Np(n)  Nesm),| Nesmnsitt)| = i

\L
NHs(m), Np(o) [ Np)\NHGm)\SD (1] | = si
1L
NE(s(m)), Np(n), 1,’ D‘l(Np(n)\(Nt(s(m))\Si))‘ = i Nt(s(m)) = NHs(m)) = i
\R \L
Np(n), 1, > (Np(m)\(NEs(m)\S1)) = NHs(m)\Si Ni(s(m)), | NHs(m)©\Si{1) | = Si
i
Nt(s(m)),NP(ﬂ),’ (NH(s(m))\Si)L(Nt(s(m))\Si){1} ‘,D'l(NP(")\(Nf(S(m))\Si)) = Si .
&1L
Nt(s(m)), Np(n), 11’ > (NH(s(m))\Si) L(N(s(m))\Si)) ‘,D’I(NP(")\(Nf(S(m))\Si)) = Si Nt(s(m)) = Nt(s(m)) = Sf
R L
Np(n), 1, >"1(N#H(s(m)\S) LINHs(m))\S7)), > (Np(n)\(NH(s(m))\Si)) = NH(s(m))\Si Nt(s(m)),| Nts(m)\Sf | = Sf
[vesomnsr] = 57

Nt(S(M))/NP(ﬂ),‘ (NHs(m)\SDHLNH(s(m)\Sf) ‘ >~ ((NHs(m)\SHLNHs(m)\S1)), &>~ (Np(\(NHs(m)\SD) = Sf

((want ((isable ((read books) j)) j)) j)

Nt(s(m)) : j, Np(n) : books, Q/"(SfT((NA\SI)L(NA\SS))) : AB(B ACAD((want (C D)) D)), >~ (NE\Si)L(NE\Si)) : AFAG((isable (F G)) G), >"1(NH\(NI\Si)) :
read = Sf

(d(4)) jan+alles+las : Sf

NH(s(m)) : j, (SATNHs(m)))LSA : ABYC[(thing C) — (B C)], ND\(NHS(E)\SS) : read = Sf
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NHs(m)) = Ni(s(m) = 5f
Nt(s(n)) = Nt(s(n)) Nt(s(m)),| NHs(m))\Sf | = Sf

Nt(S(m)),Nt(S(n)),’ NEsm)\NHs(m)\SS) ‘ = 5f
Ni(s(m), 1, NHS(O)NNHS(m)\S ) = SFINHs(1) = f

Ni(s(m),| (SFINHs(mNISS | NHs(mNNHs(mN\Sf) = Sf

\L

\L

IL

VB[ (thing B) — ((read B) )]

Nt(s(m)) : j, (SATNE(s(n)))LSA : ABYC[(thing C) — (B C)], Q/(SFTIND\(NKS(E)\Sf))) : AF(F read) = Sf

(d(5)) jan+alles+kan+lezen : Sf

Nt(s(m)) : j, (SATNH(s(n)))LSA : ABYC[(thing C) — (B C)], (ND\Si)L(ND\Sf) : AEAF((isable (E F)) F), >~'(NG\(NH\Si)) : read = Sf

NH(s(m)) = NHs(m)) = i

Nts(n)) = Nts(m) — Ntsm),| NHs(m)\Si{1} | = si
(Ve | = si

Nt(s(m)),Nt(s(n)),’ Nt(s(n))\(Nt(s(m))\Si){1} ‘ = Si

\L

>71L
Nt(s(m)), Nt(s(n)), 1,’ 1>’1(Nt(s(n))\(Nt(s(m))\Si))‘ = Si Nt(s(m)) = Nt(s(m)) = Sf
\R \L
Nt(s(1)), 1, >~ (NH(s(n))\(Nt(s(m))\Si)) = Nt(s(m))\Si Nt(s(m)),| Nt(s(m))\Sf | = Sf
L
Nt(S(m)),Nt(S(n)),’ (NHs(m)\Si)L(NHs(m)\Sf) Ll>’1(Nt(S(n))\(Nt(S(m))\Si)) = Sf
TR _
N(s(m)), 1, (NHs(m)\SDLINHs(m)\S ), > (NHs(m)\(NKs(m)\SD)) = SFINH(s(m)) = Sf
L

Nt(s(m)), | (SFINHNILSS | (NHs(m)\SDHLINHs(mNS ), &> INHsm)\(NH(m)\Si) = Sf

VB|(thing B) — ((isable ((read B) j)) j)]

Nt(s(m)) : j,(SATNt(s(n)))LSA : ABYC(thing C) — (B O)I, Q/(SFT((ND\Si)L(ND\Sf))) : AE(E AFAG((isable (F G)) G)), >"1(NH\(NI\Si)) :
read = Sf

(d(6)) jan+cecilia+henk+de+nijlpaarden+zag+helpen+voeren : Sf

N(s(m)) : j, NKs(f)) : ¢, NHs(m)) : i, Ns(A))/CNA : the, CNp(n) : hippos, (NKs(B)\Si) LINC\(NKS(B)\Sf)) : ADAE((saw (D E)) E), >~ (NF\Si) LING\(NF\S))) :
AHAI((help (H D) I), >~ (NJ\(NK\Si)) : feed = Sf
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CNp(m) = CNp(n) | Ni(s(p(m)) | = NHs(p(m))

Ni(s(m)) = Ni(s(m) ! = i
\L

NI | o) = NG Nio) [ Nt = s
NH(s(m), NHs(p())/CNp(n), CNp(on), | NEUm)\(NEsm)\Si)(1} | = Si v‘pwh Ni(s(m)) = Ni(som) [Sit1}] = si .
NH(s(0n), NE(s(p())/ CNp (), CNp(), 1| 5~ (NHS(pO)\(NHm)\$1) | = Si Ml = N N[ NN = s
NHs(p())/CNp(n), CNp(n), 1, (NHS () \(NHS(m)\S1)) = NKs(n))\Si Nt(s(m), NE(s(m), | NHs(m)\(NHS(m)\SD[1) | = Si "

Ni(s(m)), Nt(s(m)), Nt(s(p(n)))/CNp(n), CNp(n),

(NHs(m)\SHLNHs(m)\(NE(s(m)\SD){1} fVLAmeﬁS:/AZ:mﬁsvv/m% = Si

Ni(s(m)), Ni(s(m)), Nt(s(p()))/ CNp(n), CNp(n), 1,

B>~ (NH(s(m)\SHLINH(m)\(NHs(m))\S))) fVLAmeﬁ:V:/9:@?568 = Si

NH(s(m), NH(s(p(1)))/ CNp(n), CNp(n), 1, > (NHs(m)\SDLNHsm)\INHsm)\SD)), > (NHs(p))\(NHs(m)\SD) = NHs(m)\Si

Ni(s(m)) = Ni(s(m)) E i
\

Nis(f)) = Ni(s(f))  Ni(s(m),| N s(m)\Sf | = Sf

Ni(s(m)), N(s(f)),| NES(O\NHs(m)\S f)

= Sf

Nt(s(m)), Ni(s(f)), Nt(s(m)), Ni(s(p(1)))/ CNp (), CNp(n), | (NE(s(mD\S)LINEHS(F\NHS(m)\S ) V\_vLQZ:mAEvv/miAmeAsvv/AZ%AE:/@.V?VL9:@@?3/AZ:&SVVGB = Sf

L

\L

L
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(((saw (((help ((feed (the hippos)) h)) h) ¢)) c) j)

(d(7) wil+jan+boeken-+lezen : Q

(NA\SH)L(NA\S) : ABAC((want (B C)) C), NH(s(m)) : j, Np(n) : books, 1> (ND\(NE\Si)) : read = Q

QI (SFIINA\SHL(NA\S F))) : AB(B ACAD((want (C D)) D)), Nt(s(m)) : j, Np(n) : books, >"L(NE\(NF\Si)) : read = Q

Ni(s(m)) = Ni(s(m)) = Si
Np(n) = Np(n) Nt(s(m)),| Nt(s(m))\Si{1} | = Si

NH(s(m), Np(r),| Np(n)\(NHm)\SD{L) | = Si

\L

\L

>"1L
Nt(s(m)), Np(n), 1,’ >’1(Np(n)\(Nt(s(m))\Si))‘ = Si Nt(s(m)) = Nt(s(m)) = Sf
\R \L

Np(n), 1, >~ (Np()\(NH(s(m))\Si)) = Nt(s(m))\Si Nt(s(m)),| NH(s(m))\Sf | = Sf
L

Ni(s(m)), NP(H),’ (NEs(m)\SD)LNHs(m)\S f) ‘,D’I(Np(n)\(Nf(S(m))\Si)) = Sf

Nt(s(m)), Np(n), 1, >~ (Np(m)\(NHs(m)\SD) = S FI((NHs(m)\SHLNHs(m)\SS)) R

R P
NHs(m), Np(n), > (NpOO\(NHm)\$0) = | (SFINHsmN\SHUNHm)\SF) | [e]=¢
/L

’ Q/(SFT(NHs(m)\SDHILNs(mNS £))) LNt(S(m)),NP(H),\>’1(Np(n)\(Nt(S(m))\5i)) =Q

((want ((read books) j)) j)
(d(8)) jan+wil+boeken-+lezen : Nt(s(11))e (QTNHs(m)))
N(s(m) : j, (NA\SDLNA\SF) : ABAC((want (B C)) ), Np(n) : books, >~ (ND\(NE\S9) : read = Ni(s(m))s" (QTNHs(m)))

Nt(s(m)) : j, Q/(SFINA\Si)L(NA\SS))) : AB(B ACAD((want (C D)) D)), Np(n) : books, >~""(NE\(NF\Si)) : read = Nt(s(m))e"(QTNt(s(m)))

Np(n) = Np(n) |Si{1}| = Si
’
Nt(s(m)) = Nt(s(m)) Np(n),| Np(n)\Si{1} | = Si
\L

Np(n), NHs(m), | NKs)\(Npm\Si (1) | = si

>"1L
Np(n), NHs(m), 1, &~ (NESm)\Np\5D) | = i Np(n) = Np(w) = sf
\R \

Nt(s(m)), 1, > (NKs(m)\(Np()\Si)) = Np(m)\Si Np(n),| Np(m)\Sf | = Sf

Np(n),Nt(S(m)),‘ (Np(m\SHL(Np(m)\S f) Ll>’1(Nt(S(m))\(NP(n)\5i)) = Sf

L

1L

1R
Np(n), NHs(m)), 1, &L (NHs(m)\(Np()\Si) = SFINp(m\SHLNp(\SF)
"R
Np(n), Ni(s(m), &~ (NHsm)\NpOD\S1) = | (SFINpm\S)LNP\SP) | [e]=0
/L

’ QI (SFUNp(\SHLUNpPN\S£))) LNP(V!),Nf(S(m)),l>'1(Nt(S(W1))\(NP(n)\Si)) =Q

R
QI (SFT((NpmN\SHLNp(M\SF))), Np(n), 1, "1 (NHs(m)\(Np(n)\Si)) = QTNH(s(m))
R

Ni(s(m)) = Nt(s(m)) QI (SFIUMNpN\SHLUNP\S ), Np(n), >~ (NHs(m)\(Np(m)\SD)) = | (QTNHs(m)))
Nt(s(m)), Q/"(SFUNpM\SHLINp(\S f))), Np(n), &>~ (NHs(m)\(Np(m)\SD) = | NK(s(m))e (QTNH(s(m)) ‘

oR

(j, AA((want ((read A) books)) books))
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Nt(s(m)) = Nt(s(m)) | Si{1}| = Si
’
Np(n) = Np(n) Nt(s(m)),| Nt(s(m))\Si{1} | = Si

NH(s(m), Np(n),| NpGo\(NHs)\Si)1] | = si

\L

>"1L
Nt(s(m)), Np(n), 1,’ |>’1(Np(n)\(Nt(s(m))\Si))‘ = Si Nt(s(m)) = Nt(s(m)) = Sf
\R

\L
Np(n), 1, >~ (Np(m)\(Nt(s(m)\Si)) = NH(s(m))\Si Nt(s(m)),| Ntsm))\Sf | = Sf
IL

Nt(S(M)),NP(H),’ (NHs(m)\SHINHs(m)\S ) ‘ > (Npm)\(NHs(m)\S) = Sf

NH(s(m)), Np(n), 1, > (Np(\(NHs(m))\SD) = SFINHsm)\S)LINHsm)N\SS))
‘R

NH(s(m), Np(n), > (Np()\(NHs(m))\S1)) = ’A(SfT((Nt(S(M))\Si)l(Nt(S(M))\Sf )))‘ @ =Q
’ QI (SFIUNH(s(m)\SHL(NHs(m)\SS))) ‘,Nf(S(m))rNP(n), > (Np\(INKs(m)\S) = Q

/L

1R
QI (SFHUNHs(m)\SHLNEs(m)\S))), 1, Np(n), >~ (Np(m)\(NHs(m)\Si)) = QTNE(s(m))
"R

Ni(s(m)) = Nt(s(m)) QI (SFINHS(m)\SHLINKs (NS ))), Np(n), > (Np)\(NHs(m)\SD) = | (QTNK(s(m)
Nt(s(m), Q/ (SFINHs(m\S)LINHS(m)\S ), Np(n), &>~ (Np)\(NHs(m)\SD) = | NH(s(m))e (QTNH(s(m))) ‘

oR

(j, AA((want ((read books) A)) A))



Chapter 16

Relativization

In this chapter we present an account of relativisation.

16.1 Routes we do not take

Szaboloczi (1983[88]) and Steedman (1987[86]) aim to account for parasitic gaps in combinatory categorial
grammar (CCG) by means of the combinator S such that S x ¥y z = (x z) (v z), for example positing a
combinatory schema:

(334) v:Y/Z,x:(Y\X)/Z= Sx y: X/Z

Such a schema makes no sense from the point of view of the logicisation of grammar pursued here. The
rule is not Lambek-valid and any semantics validating it would also validate schemata which overgenerate
massively. So much the worse, the proponents of CCG would say, for grammar as logic: grammar is a
formal system but not a logic, and one should not care about things like soundness and completeness.

CCG and type logical grammar agree on the task of defining syntax and semantics of the (object) nat-
ural language. What is curious about CCG is that at the same time it declines to consider syntax (proof
theory) and semantics (model theory) of the (meta-)linguistic formalism. A CCG account of parasitic gaps,
which employs just the directional slashes and a minimum of combinatory schemata, must capture the
effects of structural inhibition (islands) and structural facilitation (parasiticy) by good fortune in the inter-
action of the combinatory schemata chosen and the categorial types occurring in grammar. Here control
of structural inhibition by bracket modalities and control of structural facilitation by subexponentials are
separated in an analysis recognising the distinct algebraic roles of variation from an associative and from
a linear regime. This type logical approach lets us state our analysis with clarity in the knowledge that
whatever the empirical adequacy, the metatheoretical facts are what they are. In CCG the metatheory is not
logically investigated.

It is interesting to ask why we treat medial extraction here with ! rather than with T as illustrated in
Section 8.4 of Chapter 8 (cf. also Moortgat 1988[52]; Muskens 2003[82]; Mihali¢ek and Pollard 2012[49];
Barker and Shan 2015[8]; and Kubota and Levine 2015[40]). The answer is that, on the one hand, T as
defined does not respect island constraints and, on the other hand, T does not extend to parasitic gaps: it
is unclear how a single local inference rule can account for unbounded recursive nesting of parasitic gaps
in subislands. Our treatment in terms of ! both respects islands, and extends to (unbounded numbers of)
parasitic gaps through iteration of contraction.

An option available in both CCG and type logical grammar is to attempt to analyse the nonlinearity
of parasitic extraction not syntactically but lexically. Thus for example Jansche and Vasishth (2002[30])
propose induction of parasitic gaps in adverbial clauses by a lexicalised gap-duplicating effect in the ad-
verbial head. All contexts allowing parasitic gaps would require a corresponding gap-duplicating lexical
ambiguity. The appeal to lexical ambiguity in lexical grammar formalisms is as frequent as it is untenable.

'We note that the discontinuity operators serve to account for the pied-piping aspect of relativisation (e.g. Morrill, Valentin and
Fadda 2011[79]), see example (307) in Chapter 15.
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Every ambiguity of every item doubles the lexical insertion search space. And in the case in hand there is
to our knowledge no independent evidence, such as difference in meaning, for positing lexical ambiguity
underlying parasitic extraction. We continue on the assumption that it is indeed a syntactic phenomenon.

16.2 Relativisation

Our account of relativisation rests on the lexical projection of islands by argument bracketing (¢)) and value
antibracketing ([ ]7!), and a single relative pronoun type of overall shape R/(((YNM!N)\S) for both subject
and object relativisation. In analysis of the body of relative clauses the higher order succedent argument
essentially of form ()NM!N is lowered into the antecedent according to the deduction theorem; in subject
relativisation ()N is selected by conjunction left, and satisfies the (bracketed) subject valency.

In object relativisation !N is selected. When the !L rule is applied to !N, the hypothetical subtype
N moves into the stoup, from where it can move by !P to any (nonisland) position in its zone, realising
nonparasitic extraction.

However, in addition it can be copied by !C to the stoup of a newly created weak island domain,
realising parasitic extraction. The N in the outer stoop can be copied by !C repeatedly, capturing that there
may be parasitic gaps in any number of local weak islands; at the end of this process it moves by !P to a
host position in its zone. The N in an inner stoup can also be copied by !C to the stoup of any number
of newly created weak subislands, and so on recursively, capturing that parasitic gaps can also be hosts to
further parasitic gaps; finally the stoup contents are copied by !P to an extraction site in their zone.

In this section we analyse examples illustrating the account of relativisation. (cf. Morrill 2011, Chap-
ter 5). The first example is a minimal subject relativisation; note that the relative clause is doubly bracketed,
corresponding to the fact that relative clauses are strong islands:?

(335) man-+[[that+walks]] : CNs(m)

Lexical lookup yields the following, where there is semantically inactive additive conjunction of the hypo-
thetical subtypes ()N for subject relativisation and !mN for object relativisation; the (semantically inactive)
modality on the object gap subtype is to permit object relativisation from embedded modal/intensional
domains:3

(336) OCNs(m) : man, [[mYn([]7[]"}(CNn\CNn)/m((()Nt(n)"!mNHn))\Sf)) :
AAABAC[(B C) A (A O)], O(()AgNt(s())\Sf) : "AD(Pres (‘walk D))]] = CNs(m)

There is the derivation in Figure 16.1, which starts with the relative clause doubly bracketed (this will
always be the case for relativisation). After elimination of the outer (semantically inactive) modality of the
relative pronoun, universal left instantiates it to agree with masculine singular. Then /L partitions in such a
way as to select the intransitive verb body of the relative clause as argument of the relative pronoun. In the
righthand, value, subtree two antibracket eliminations cancel the double brackets before the head common
noun is modified. In the lefthand, argument, subtree (inactive) box right is enabled since the antecedent is
modalised, and under right then lowers the additively conjoined hypothetical subtype into the antecedent.
Observe how in the lefthand subtree ML selects the subject relativisation hypothetical subtype ()Nt(s(m));
the remaining subderivation is the usual intransitive sentence analysis. This delivers the required semantics:

(337) AC[("'man C) A (Pres ("walk C))]
The next sentence contains a minimal example of object relativisation:
(338) [the+man+[[that+[mary]+loves]]]+walks : Sf

Lexical lookup yields:

2 As we will see relative clauses themselves, being doubly bracketed, will not allow parasitic gaps.

3The body of the relative clause is marked as a (semantically inactive) modal domain in order to make it a scope island. Thus
where, say, everyone has a type O((STN)] S) the unmodalised hypothetical subtype N cannot be bound outside the modal domain of
the body of a relative clause in which everyone occurs.
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Nt(s(m)) = Nt(s(m))

Nt(s(m)) = | AgNK(s(8))
[Nt(s(m))], <>38Nf(5(8))\5f = 5f
oL _—
INKs(m)],| (OFgNHs@N\S ) | = Sf = CNs(m)
OL oL
(ONt(s(m)), O(()AgNt(s(\Sf) = Sf OCNs(m) | = CNs(m) CNs(m) | = CNs(m)

()Nt(s(m))r!'mNt(s(m)) ‘ O(()AgNt(s(@I\SS) = Sf OCNs(m),| CNs(m)\CNs(m) | = CNs(m)
O(Q)AGNHs()\Sf) = (ONH(s(m))r!mNE(s(mm) ))\Sf OCNs(m), [| [I7'(CNs(m)\CNs(m)) [| = CNs(m)

mR [1"'L
O(OAgNH(s(8)\Sf) = m((ONH(s(m))MImNHs(m))\S f) DCNS(m),[[’ [I7' 17" (CNs(m)\CNs(rm)) ‘]] = CNs(m)

3R

0-'L

/L

DCNS(m),[[’ [I7 (17" (CNs(1m)\CNs(m)) /m((ONH(s(m)) ! mNH(s(m))\S ) ‘ B(OIENHs(@NSHIl = CNs(m)

VL

OCNs(im), [[’ va([I7 [ (CNn\CNn) /m((ONHm)N!mNHm)\S ) ‘,D(<>38Nf(5(g))\5f)]] = CNs(m)

uL

OCNs(m), [[’ wYn([7'[I7 (CNn\CNn)/m((ONHm)NmNHm)\S £)) ‘ a(OAGNES@NSHIT = CNs(m)

Figure 16.1: Derivation for man that walks

(339) [mYn(Nt(n)/CNn) : 1, CNs(m) : man, [m¥n([] " []"*(CNn\CNn)/
m((ONt(m)N!'mNt(n))\Sf)) : AAABAC[(B C) A (A C)], [mNt(s(f)) : m],
O((()AgNt(s(g)\Sf)/FaNa) : "ADAE(Pres (("love D) E))11], O(()JgNt(s(3)\SS) :
"AF(Pres (walk F)) = Sf

There is the derivation given in Figure 16.2. The lowest four inferences prepare the subject of the intran-
sitive matrix verb and the next three prepare the relative clause modification itself, argument to the subject
definite article. The analysis of the complex common noun phrase starts in the minor premise of the lowest
/L with (semantically inactive) modality left, and for all left instantiating agreement to masculine singu-
lar. At the middle /L, the righthand subtree cancels the double brackets with the relative pronoun value
antibrackets and the lefthand subtree selects the body of the relative clause as the semantically inactive
modalised higher-order subject-and-object polymorphic relative pronoun argument type. After (semanti-
cally inactive) modality right, licensed since the antecedent types are modalised, the conjoined hypothetical
subject is lowered by \R into the antecedent. Observe how ML selects the object relativisation hypothetical
subtype !mNt(s(m)) and how this subsequently percolates in the stoup, passing in particular into the minor
premise branch of the upper /L inference and hence satisfying the object valency of the transitive verb love;
subject and intransitive verb phrase are analysed as usual. This delivers the required semantics:

(340) (Pres (“walk (1 AD[("man D) A (Pres (("love D) m))])))
An example with longer-distance object relativisation, in the context of an entire sentence, is:
(341) [the+man+[[that+[john]+thinks+[mary]+loves]]]+walks : Sf

Lexical lookup yields the following; note how the propositional attitude verb is polymorphic between a
complementised and an uncomplementised sentential argument, expressed with a semantically inactive
additive disjunction:

(342) [mYn(Nt(n)/CNn) : 1, OCNs(m) : man, [m¥n([] "' []7"(CNn\CNn)/
B((ONHm)!mNH)\S ) : AAABACI(B C) A (A C)], [mNH(s(m)) : ],
0((O3gNHs()\S )/ (CPthatLiaS f)) : ADAE(Pres (("think D) E)),
[mN#(s(f)) : m], O((OAgN(s($)\S f)/FaNa) : "AFAG(Pres (("love F) G))]1],
O(()AgNt(s(g)\Sf) : "AH(Pres (walk H)) = Sf
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mNt(s(m); = [JaNa] -
BNKs(m); [INHS(P)L| (OFgNHs(e)\S/FaNa | = Sf . !
mNK(s(m); [WNHS()L| D((OFgNHS()\S)/AaNa) | = Sf . CNstm) | = CNst)
ImN(s(m)), [MNE((F))], DN H(s(8))\S f)/FaNa) = Sf [BCNs(m) | = CNs(m) [ CNs(m) | = €Ns(m)
ONHs(m)imNKs(m) | [mNHS(N)], B(OIGNHS@)\S)/FaNa) = Sf " OCNs(m), nzmAsv/ozm1uﬁzm§ /_h
[N O INCENS AN = (ONHS ) TaNAINSS ECNs(r), [ 117 (CNs(m)\CNs(m) | = CNstm) ! m
NI TN SN = ONICTANIGINS | 5N [ L1 N Nt = cNsn) o
ECNs(m), [ 17117 CNs(0n)\CNs(m)/m(ONKs(n) nimNi(s(m)\S 1) | IINKS()], B(OFgNHS(2S )/ AaN]] = CNs() . !
TCNs(m), ([ Yn([I™ (17 (CNm\CNi) /m((ONHm)NmNHm)\S ) | [MNHS()], DO TgNHS@N\S )/ FaNa)]] = CNs(m)
ECNs(n), [l m/n(1™ 117! (CNi\CNm)/ m((ON ) mNE)\S ) | [NHS()], BOTENHSEINS )/ FaNa)]] = CNs(on) " [Ntsm) | = Nts(m)
NH(s(m))/CNs(m) |, OCNs(m), [[¥n (][I CNm\CNm)/m((ONHn)MNE))\S ), [RNHS()], D(OTNHS@N\S )/ FaNa)]] = Ni(s(om) "
NN} SN, [ 1N N mCONCO AN\ ), (NG L O FNIGN S Nl = Ntm)
NI N | SN, (1 L7 (N N m(ONHTE NN ), (AN, SO TN TNl = N
m/n(NHr)/CNin), OCNs(m), [[mYn([1 ™1™ CNm\CNn) /m((ONEn) mNEG)\S ), [NKS(H)], B((OTgNHS(e)\S/)/FaNa)]] = [ TgNHs(g)) | mw&
[mn(NK()/CNm), GCNs(m), [m((] ™[I (CNi\CNm)/m((ONEGDMmNKm)\S ), [mNH(S()], BOIZNHS@N\S )/ IaNmll = [ 0IgNs(g) | [sf]= s "

[mVn(N#()/CNn), OCNs(m), [[mYn([I”' [ (CNn\CNn) /m((ONH(m)N!mNHm)\S f), [MNHs())], B(OIGNHs@N\S )/ FaNa)llL,| OFgNHs@N\SS | = Sf
oL

[m¥n(Nt(n)/CNn),OCNs(m), [mYn([]"' 1™ (CNn\CNn)/m((ONHm)'mNHm)\S ), [mNH(s(F)], D(OIZNHs(9)\S f)/FaNa)lIl,| D(OIgNHS@NSS) | = Sf
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There is the derivation given in Figure 16.3. Inference up as far as (I) brings us to analysis of the complex
common noun phrase in the lefthand subtree. The following preparation of the relative pronoun and double
bracket cancellation of its value are as usual. After modality right and under right on the relative pronoun
higher-order argument, ML selects the object relativisation hypothetical subtype and !L moves this into the
stoup. In the stoup it percolates to the subordinate clause, (observe how LIR selects the uncomplementised
sentential argument type of the propositional attitude verb) and there !P moves it into position to satisfy the
embedded clause object valency. This delivers the correct semantics:

(343) (Pres ("walk (t AD[("man D) A (Pres (("think “(Pres (("love D) m))) j)1)))

There follows an example of medial object relativisation (the gap is in a non-peripheral position left of
the adverb):

(344) man-+[[that+[mary]+likes+today]] : CNs(m)
Appropriate lexical lookup yields:

(345) OCNs(m) : man, [[mYn([][]"}(CNn\CNn)/m((()Nt(n)"!mNHn))\Sf)) :
AAABAC[(B C) A (A O)1, [mNH(s(f)) : m], 0((()IgNH(s(g)\S f)/aNa) -
“ADAE(Pres ((‘like D) E)), a¥a¥ f((ONa\S H\(ONa\S ) : *AFAG("today (F G))]] = CNs(m)

There is the derivation in Figure 16.4. Analysis of the complex common noun phrase begins at the lefthand
subtree (I). After modality right and conditionalisation of the conjoined hypothetical subtype, additive
conjunction left applies to this latter to select the object relativisation subtype, which then moves into the
stoup. After preparation of the adverb the stoup contents pass into its argument subbranch. Note how the
object relativisation hypothetical gap subtype percolates in the stoup to satisfy the transitive verb object
valency. The semantics delivered is:

(346) AC[(‘man C) A ("today (Pres (("like C) m)))]

As we see in (347), assure has an obligatory extraction valency: its second object cannot be realized
canonically, by lexical material, but must correspond to an extraction dependency (Kayne 1984[34]):

(347) a. =« John assures Mary Bill to be reliable.
b. the man that John assures Mary to be reliable

This can be captured by assigning the verb a type in which that extraction valency is marked by the univer-
sal subexponential modality: assure: ((N\S)/(N\S))/!N)/N. Then (347a) is correctly blocked because
N = IN is not derivable whereas (347b) is correctly derived because !N = !N is derivable:

N=N '
(348) !N=>N"
IN= IN

As we remarked as the beginning of Section 12 subjects are weak islands (the Subject Condition of
Chomsky 1973[13]); accordingly in our CatLog2 fragment there is no derivation of simple relativisation
from a subject such as:

(349) man+[[that+[the+friends+of]+walk]] : CNs(m)

This is because walk projects brackets around its subject, but the permutation of the ! hypothetical gap
subtype issued by the relative pronoun is limited to its zone and cannot penetrate a bracketed subzone.
Roughly, the derivation blocks at = in:

[N/CN,CN/PP,PP/N,N],N\S = S*!P
N;[N/CN,CN/PP,PP/N],N\S= S "
IN,[N/CN,CN/PP,PP/N],N\S = S R
[N/CN,CN/PP,PP/N],N\S = IN\S
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LR
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YL
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Derivation for The man that John thinks Mary loves walks

Figure 16.3

[Vn(NH(1)/CNi), GCNs(om), [[mVn([ ™1 171 (CNi\CNim)/m((ONHG)ImNE)\S £), [NE(s(m))], B((OAGNH$(8))\S )/ (CPthatLins ), NES(H)], BOINKS@NS f)/FaNa)llL,| OFgNHSQNSF | = Sf

oL

[n(NH(r)/CN), BCNs(m), [[mVn([1 ™1 (171 (CNi\CNm)/m((ONHG)ImNE)\S f), [RNHs(m))], B(OTZNHS())\S )/ (CPthatLims f), NS, BOTINH@NS f)/FaNa)llL,| BOINES@NSS) | = Sf
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Nt(s(m)) | = Nt(s(m)) Nt(s(f)) = Ni(s(f)
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However, a weak island ‘parasitic’ gap can be licensed by a host gap:
(351) man+[[that+the+friends+of+admire]] : CNs(m)
Lexical lookup yields:*

(352) OCNs(m) : man, [[mYn([]7[]"}(CNn\CNn)/m((()Nt(n)"!mNHn))\Sf)) :
AAABAC[(B C) A (A C)], m¥n(Nt(n)/CNn) : 1, 0(CNp/PPof) : friends,
O((Vn(CNn\CNn)/m3bNb)&(PPof /JaNa)) : “("of , ADD),
O((()(FaNa—IgNt(s(g)))\S f)/FaNa) : "AEAF(Pres (("admire E) F))]] = CNs(m)

There is the derivation given in Figure 16.5, where the use of contraction !C, involving brackets and stoups,
corresponds to generating the parasitic gap. The object relativisation hypothetical subtype moves into the
stoup at depth seven in the lefthand subtree (before this the analysis is standard). Contraction then applies
copying the gap type into the stoup of a newly created bracketed domain around the subordinate subject.
Applications of !P then move the stoup contents into the object position of admire (host) and of (parasitic).

4We gloss over the use of ‘difference’ here to mark non-third person singular; its use depends on absence of derivability (negation
as failure) which of course cannot easily be displayed.
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0((Yn(CNn\CN#) /mAbNb)&(PPof / JaNa)), mNt(s(m)) = CNp oL T,:ci = Nt{p)
)/m3AbND)&(PPof /3aNa)), mNt(s(m)) = Nt(p)

| Vn(Nt(n) L O(CNp/PPof), 0((Yn(CNn\CNn) /m3bNb)&(PPof /JaNa)), mNH(s(m)) = NH(p)

7 wVn(NH(n)/CNn) |, 0(CNp/PPof), O((Yn(CNu\CN#) /mAbNb)&(PPof / JaNa)), mNt(s(m)) = Nt(p)
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[mYn(Nt(n)/CNn), a(CNp/PPof), 0((¥n(CNn\CNn)/m3AbNb)&(PPof /JaNa)), mNt(s(m))],| O((()(FaNa—IgNt(s(g))) /mb\unZSlexm?; = Sf
g mNt(s(m)) |; (Nt(n)/CNn),a(CNp/PPof), o((Yn(CNn\CNn)/mIbNb)&(PPof /JaNa))], O((()(3aNa—3gNt(s(g)))\S f)/JaNa), mNt(s(m)) = Sf
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TZRUQS (Nt(n)/CNn), 0(CNp/PPof), 0((Yn(CNn\CNn) /m3bNb)&(PPof /3aNa)), 0((()(3aNa—3gNt(s(g)))\S ) /JaNa) = Sf
'mNt(s(m)), mVn(Nt(n)/CNn), a(CNp/PPof ), o((¥n(CNn\CNn)/m3IbNb)&(PPof /3aNa)), O((()(JaNa—3IgNt(s(g))\S f)/FaNa) = Sf oL SCNs(), V/OZKSL = CNa() \L
TVZRmﬂivvj_lemAsv , O(CNp/PPof), 0((¥n(CNn\CNn)/m3bNb)&(PPof / JaNa)), O(({)(JaNa—-3gNH(s(g))\Sf)/JaNa) = Sf \R = 0L
wYn(Nt(11)/CNn), 0(CNp/PPof), 0((¥n(CNn\CN1)/m3bNDb)&(PPof / JaNa)), O(({)(FaNa—IgNt(s()))\Sf)/FaNa) = (ONH(s(m))!mNH(s(m)\Sf OCNs(m), [| [I7'(CNs(m)\CNs(m)) || = CNs(m) [

mYn(Nt(n)/CNn), 0(CNp/PPof), 0((Yn(CNn\CNn)/m3IbNb)&(PPof /JaNa)), O(({)(JaNa—3gNt(s(£)))\S f)/JaNa) = m(((ONt(s(m))r!mNt(s(m)))\S f) "R OCNs(m), [ L [17'[1"*(CNs(m)\CNs(1m)) E = ﬁZmQ:v

oL
P
P

CNs(m) | = CNs(m) L

IL [OCNs(m) | = CNs(m) o |CNs(m)| = CNs(m)

'L

OCNSs(m), 5 [I7'[0""(CNs(m)\CNs (1)) /m(({)Nt(s(m))'mNt(s(11)) , m¥n(Nt(n)/CNn), 0(CNp/PPof), O((Yn(CNn\CNn) /mIbNb)&(PPof / 3aNa)), O((()(JaNa—IgNt(s(g)))\S f)/JaNa)]] = CNs(m)

VL

OCNs(m), :7 Ya([17[17"(CNn\CNn)/m(({)Nt(n)'mNt(1))

(n)/CNn), 0(CNp/PPof), 0((¥n(CNn\CNn) /mIbNb)&(PPof / 3aNa))]], 0(((H(IaNa—AgNHs())\S £)/IaNa)]] = CNs(m)

[ 18

OCNs(m), :7 mYn([]7'[I7/(CNn\CNn)/m((ONt(m)N!mNHm)\Sf))

)/CNn), 0(CNp/PPof), 0((¥Yn(CNn\CNn)/mAbNb)&(PPof /3aNa))]], 0(({)(FaNa—TgNH(s()\S f)/FaNa)]] = CNs(m)

16.2. RELATIVISATION

Figure 16.5: Derivation of man that the friends of admire
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This delivers the following semantics in which the gap variable is multiply bound:
(353) AC[("man C) A (Pres (Cadmire C) (1 (“friends C))))]

Parasitic extraction from strong islands such as coordinate structures is not acceptable:
(354)«that; Mary showed [[John and the friends of ¢;]] to ¢;

This is successfully blocked because strong islands are doubly bracketed. Although contraction could
apply twice to introduce two bracketings, a copy of the hypothetical gap subtype would remain trapped in
the stoup at the intermediate level of bracketing, blocking overall derivation. Likewise, as we remarked
in footnote 2, parasitic extraction is not possible from relative clauses themselves, for the same reason: a
superfluous gap subtype would remain in between the double brackets required for the strong island.

A parasitic gap can also appear in an adverbial weak island:

(355) paper+[[that+[john]+filed+without+reading]] : CNs(n)
Lexical lookup for this example yields:

(356) OCNs(n) : paper, [[mYn([]7[1"(CNn\CNn)/m((()Nt(n)"!mNH(n))\Sf)) :
AAABACI(B C) A (A C)], [MNHs(m)) : j1, (O IgNHs()\S £)/FaNa) -
"ADAE(Past ((‘file D) E)), m¥aV¥ f([17'((ONa\S /)\((ONa\Sf))/(()Na\Spsp)) :
AFAGAH[(G H) A =(F H)], 0(({()3aNa\Spsp)/JaNa) : "AIA]((‘read I) J)]] = CNs(n)

There is the derivation given in Figure 16.6. This time at depth eight contraction copies the host stoup gap
into the stoup of a newly created bracketed domain around the subordinate adverbial phrase. This delivers
semantics:

(357) AC[(paper C) A [(Past ((file C) j)) A =((read C) j)]]

In our final relativisation example the host gap licences two parasitic gaps, in the subject noun phrase
and in an adverbial phrase:

(358) paper+[[that+the+editor+of+filed+without+reading]] : CNs(n)
Lexical lookup yields:

(359) OCNs(n) : paper, [[mYn([][1"}(CNn\CNn)/m((()Nt(n)"!mNHn))\Sf)) :
AAABAC[(B C) A (A C)], mVYn(Nt(n)/CNn) : 1, 0(VgCNs(g)/ PPof) : editor,
o((Vn(CNn\CNn)/m3bNb)&(PPof /3aNa)) : “("of, ADD),
0((O3gNH(s()\S f)/FaNa) : "AEAF(Past ((file E) F)),
mVa¥ F([I7 (ONa\S H\(ONa\S£)/(ONa\Spsp)) : AGAHAIL(H I) A ~(G D),
0((()JaNa\Spsp)/JaNa) : "AJAK(("read ]) K)]] = CNs(n)

There is the derivation fragmented into Figures 16.7 and 16.8. There are two applications of contraction,
at depth nine and ten, projecting brackets around the subordinate subject and adverbial phrase and giving
rise to two parasitic gaps. This delivers the correct semantics:

(360) AC[(paper C) A [(Past ((file C) (¢ (editor C)))) A —~(("read C) (¢ (editor C)))]]

16.3 Apparent exceptions

In this section we address three kinds of apparent exceptions to the account of relativisation given here.
First, there are examples in which there appears to be a parasitic gap which is not in an island. The
following is example (8a) from Postal (1993[84]):

(361) man who; Mary convinced t; that John wanted to visit t;

And an anonymous L&P referee pointed out:
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?ﬁ:i = NKs(n)) Nit(s(m)) = NHs(m))

L 18 IR

Nt(s(m)) = | JaNa

7 mNt(s(n)) 7 = NKs(n)

P OR

Tzi:i = NKs(n) = [NH(s(m))] = [()3aNa]| = Spsp

. L
[Nt(s(m))],| (()AgNt(s())\Sf)/FaNa |, mNt(s(n)) = Sf

T/Smﬁ:vv 7 = Nt(s(m))
]

L
mNt(s(n)); = | JaNa [Nt(s(m))], \

OuuZa/mEl = Spsp

oL
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L
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mNi(s(n)); ONt(s(m)), 0((()FaNa\Spsp)/FaNa) = Spsp
mNt(s(n)); O((()FaNa\Spsp)/JaNa) = ()Nt(s(m))\Spsp

oL
OL
\R

OL

ONHs(m) B(OIGNHS(\S/)/BaNa), BNHS(r) = SF

O(()AgNK(s(8))\S f)/FaNa), mNt(s(n)) = ONHs(m)\Sf [mNt(s(m))], 02%@::6\7 = Sf
[mNH(s(m))], O((OAZNH(s(8))\S )/ JaNa), mNt(s(1), 52&?8/&;52%@;V/mb7 = 5f
[mN(s(m))], O((OIZNH($(g)\S £)/FaNa), mNt(s(n)), [} [I" (ONHsm)\S HNONHs(m)\S ) ﬁ = Sf

[WNE(s(m)] = [ ONHs(m) |

\L
'L

/L

[mNt(s(m))], D((FgNH(s(8))\Sf)/FaNa), mNH(s(n)), [mNH(s(m); | 17 ((ONHs@m\S HVONHsm\S )/ (ONHs(m))\Spsp) |, O((()FaNa\Spsp)/JaNa)] = Sf L
[mNt(s(m))], O((OIgNH(s(8)\S £)/FaNa), mNH(s(1)), [mNH(s(m); | Y F([17 (ONKsm\S HVONHstm))\S )/ (ONH(s(m))\Spsp)) T_:AEQZimmmEDmZS_ = Sf VI
[mN(s(m)], O(()FgNH($(8))\S f)/FaNa), mNK(s(n)), [mN(s(1));| Ya¥ f([17(ONa\S H\(ONa\S[))/(()Na\Spsp)) ?EEaZm/mmmEEaZe_ = Sf ul
[mN(s(m))], O((()FgNH(5(8))\S f)/FaNa), mN(s(n)), [mNH(s(n); | mVaV f([17 (ONa\SH\(ONa\S£))/((ONa\Spsp)) | 0((()FaNa\Spsp)/FaNa)] = Sf \
TZ%@Q [mN#(s(m))], D((OIZNH($(8))\S £)/FaNa), [MNH(s(1)); mYaV ([ (ONa\SH\(ONa\S £))/()Na\Spsp)), B((()FaNa\Spsp)/3aNa)] = m\_

[mNH(s(n) .

P

O .
IZR,AEE\DQOM%ZR&%@GD\waZ@\l<§<):L:OZa/mb/AOZa/m\vv\AOZa/mmeV‘DAAowaZm/mnmE\EZS = Sf L CNs(n) | = CNs(n)

ImNK(s(n)), [mNH(s(m))], O(((YIgNHs(8)\S £)/JaNa), m¥a¥ F([17 (ONa\SH\(ONa\S£))/(()Na\Spsp)), O((()JaNa\Spsp) /JaNa) = Sf ‘ TuﬁZm?L = CNs(n)
TVZ;m?vvjiZ;m?: | [N E(s(m))], B(OTZNHS()\S £)/FaNa), mVaV f([17 (ONa\S H\(ONa\S)/((ONa\Spsp)), o((()FaNa\Spsp)/JaNa) = Sf
[mNH(s(m))], O((OTgNHs(@)\S f)/FaNa), mYaY ([T (ONa\S )\ ONa\S £))/(ONa\Spsp)), O((()FaNa\Spsp)/FaNa) = (ONHs(m))MImNHsm)\Sf OCNs(n), [| [I7' (CNs(1)\CNs (1)) 7_ = CNs(n)

[mN(s(m))], DO FgNHS()\S )/ JaNa), mVa¥ ([T (ONa\S )\(ONa\S £))/(ONa\Spsp)), B((()FaNa\Spsp)/3aNa) = m((ONH(s(m))MMNHsm)\SS) OCNs(m), [[] [17' (17! (CNs(1)\CNs()) 7: = CNs(n)
OCNs(n), 5 17 [1I""(CNs(m)\CNs (1)) /m((ON(s (m)) ! mNt(s(m))\S f) f [mN#(s(m)], 0((OIZNHS(g)\S f)/FaNa), mYa¥ ([ (ONa\S H\(ONa\S )/ ()Na\Spsp)), 0((()FaNa\Spsp)/JaNa)]] = CNs(n)

_uanASS V(1! [I7!(CNn\CNn)/m((ONHm)'mNHm)\S ) | [mNH(s(m)], 0((OIZNHS()\S £)/FaNa), m¥aV f([17' (ONa\SH\(ONa\S )/ ()Na\Spsp)), B((()FaNa\Spsp)/3aNa)]] = CNs(n)

DOZ,AS; wYn([]7 17/ (CNn\CNn)/m((ONHm)N!mNHm)\S f)) fTZ:&:.E\_u5Vme:m@;mb\m&Zs\-§<\A:LQOZﬁmbiCZﬁmbV\QVZQ/%,.,.EV\DEE&ZE&_WEDQZ&E = CNs(n)

oL
702,5@ 7 = CNs(n)

CNs(11)\CNs(n) 7 = CNs(n)

mnL
\R
mR

\L
'L
'L
/L

OCNs(n),

VL

uL

16.3. APPARENT EXCEPTIONS
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ing

Derivation for paper that John filed without read

Figure 16.6
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Nt(s(n)) | = Nt(s(n)) Nt(s(A)) = Nt(s(A))
uL
wNH(s(n)) | = Ni(s() NHs(A)) =
1P OR
mNt(s(n)) | = Nt(s(n)) [Nt(s(A))] = | ()FaNa Spsp | = Spsp
ety | . .
mNHs(0); = [NHs(A))L[ O3aNa\Spsp | = Spsp
mNt(s(n)); [Nt(s(A))],| (()FaNa\Spsp)/JaNa | = Spsp
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3R

/L

oL

0L
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/L

[NHS(ADL| (03gNHs(s)\Sf)/FaNa | NK(s(m) = Sf

B

oL

INHS(A)],| D(OIZNH()\S/)/FaNa) | mNHs(n)) = Sf

OL

ONt(s(A)), 0((()FgNH(s($))\S f)/FaNa), mNt(s(n)) = Sf
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\R
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&L
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Figure 16.7: Auxiliary derivations for paper that the editor of filed without reading
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&) ©)
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16.3. APPARENT EXCEPTIONS

Main derivation for paper that the editor of filed without reading

Figure 16.8
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(362) people whom; you sent pictures of ¢; to t;

In respect of such examples we suggest that although there seems to be no island, there could be one.’
This is effected as follows for (361). Instead of a type of the form ((N\S)/CP)/N for convince we assume
((N\S)/CP)/(NU{)N) where the semantically inactive additive disjunction disjunct N will be selected
ordinarily, and ()N when there is parasitic extraction, as in (361). Similarly for (362) we assume for
picture type CN/(PPLI)PP) where the second disjunct projects the brackets of a weak island.® Thus in
examples such as the following the semantically inactive additive disjunction inference for convince of
type ((N\S)/ CP)/(NU()N) will select N:

(363) a. man who; Mary convinced ¢; that John wanted to visit Suzy
b. man who; Mary convinced the friends of ¢; that John wanted to visit Suzy

But for (361) the semantically inactive additive disjunction inference for convince of type (N\S)/CP)/
(NU{)N) will select ()N. Similarly for the picture noun case (362). This account is not explanatory, but it
captures the facts.

Second, under certain processing conditions island violations are grammatical (Lakoff 1986[43]; Deane
1991[17]; Kluender 1992[36], 1998[37]; Kehler 2002[35]; Hofmeister and Sag 2010[28]).” We cannot
undertake to offer a full account here of which processing conditions these are nor how the processing and
combinatoric modules interact to produce this effect, but we do suggest how the weak island violation is
combinatorially possible without changing the grammar. This is to assume a variant %!P of !P as follows
applicable under the right processing conditions:

E(GTh, [{A:x}To], Ts) = By

E(CW{A:x};T1,I0,13) = B:¢

This allows extraction from weak islands, thus for example:
oA ]... 2B

P

=B
%!P
Seiyerisenn,... > B
'L

A,...,...,...,...>B

Thirdly, Levine and Hukari (2006[48]) cite an apparent example of ‘symbiotic’ extraction without a
host gap:

(366) people that; fans of ¢; gather from every continent just to listen to ¢;

It is interesting that our response to the second issue predicts a possibility such as (366). An analysis can
begin with the hypothetical subtype in the stoup emitting a parasitic gap by !C in, say, the subject in the
usual way. Then %!P can move the hypothetical subtype in the outer stoup into the stoup of the adjunt
island. The two gap types in the two island stoups are then moved into their positions by !P’s.

16.4 Conclusion

The categorial analysis of gapping as like-type coordination was established in Steedman (1990[87]) and
Hendriks (1995[26]). In the framework of HTLG Kubota and Levine (2012[38]) go further in that they
provide like-type coordination for discontinuous gapping. Our analysis is inspired by that of Kubota and
Levine (2012[38]; 2013[39]). However, our analysis of gapping represents an improvement on the HTLG
analysis because we do not require two types for simple and discontinuous gapping: a single type suffices.

Finally, we have noted that the HTLG account of gapping suffers from determiner-transitive verb or-
der inconsistency overgeneration; the same problem would arise for HTLG in relation to discontinuous
determiner gapping:

5Tom Roeper, p.c.

6The argument pattern XLI{)X is a general mechanism for an argument optional island X. Likewise the dual value pattern X[ 71X
is a general mechanism for a value optional island X.

7Kubota and Levine (2015[40], Section 4.6.2) argue for a version of TLG that freely overgenerates island constraint ‘violations’
in the syntax.
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(367) a. =xSome boy wants Everton to win and Mary (wants) (some) London club (to win)
b. «Mary wants some London club to win and (some) boy (wants) Everton (to win)

In addition to capturing simplex gapping (and determiner gapping) as a special case of complex gapping
(and determiner gapping), our DTLG account does not have the order inconsistency overgeneration prob-
lem of determiner gapping and discontinuous determiner gapping.
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Chapter 17

Going further

We give a sketch of second-order and higher-order displacement calculus.

17.1 Gapping

In a series of papers Kubota and Levine give an account of gapping and determiner gapping in terms of
hybrid type logical grammar, including anomalous scopal interactions with auxiliaries and negative quan-
tifiers.! We make three observations: i) under the counterpart assumptions that Kubota and Levine make,
the existent displacement type logical grammar account of gapping already accounts for the scopal inter-
actions, ii) Kubota and Levine overgenerate determiner-verb order inconsistencies in determiner gapping
conjuncts whereas the immediate adaptation of their proposal to displacement type logical grammar does
not do so, and iii) Kubota and Levine do not capture simplex gapping as a special case of complex gapping,
but require distinct lexical entries for the two cases; we show how a generalisation of displacement type
logical grammar allows both simplex and discontinuous gapping under a single type assignment.

Consider the following four types of gapping: simple gapping, discontinuous gapping, determiner
gapping, and discontinuous determiner gapping.

(368) a. Leslie met Sandy and Robin (met) Bill.
b. John wants Watford to win and Daniel (wants) Chelsea (to win).

(369) a. Some dogs like Whiskas and (some) cats (like) Alpo.
b. Every cook wants Barc¢a to win and (every) waiter (wants)
Madrid (to win).

Kubota and Levine (2012[38]; 2013[39]; 2015[41]; henceforth K&L) develop an account of gapping in
hybrid type logical grammar (HTLG), an extension of Lambek calculus admitting functional expressions
in the phonological component.? K&L (2015[41]) provide a review of the literature and argue in broad
terms the advantages of an analysis of gapping as hypothetical reasoning, to which we have nothing to add;
we in turn review their type logical proposal. The Lambek rules of HTLG are as follows:?

I'The contents of this section are to appear in Natural Language and Linguistic Theory.
2 An anonymous NLLT referee questioned whether gapping is after all a purely combinatoric phenomenon citing split antecedent
gapping (i), and non-ATB gapping (ii):

i) Sue goes running 6 times a week, and Alex lifts weights 3 times a week, but neither every day.
ii) Either Pat came with Chris and Sandy came with Kim, or Pat with Kim and the others were alone.

We cannot enter fully into this question here except to note that such examples do not show that there is no combinatoric component

to gapping, but rather that it is a more generalised phenomenon in the case of iterated coordination, which we do not address here.
3We make some notational adjustments in order to smoothen comparison of hybrid TLG and displacement TLG.
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(370) O(:C)B:d) ﬁBl,b £ a:A:qb ‘BZA\.CII)ZJ E
a+B:C:(p 1) a+B:C: (Y )

n
b:B:y a:A:x

n

a+b;C: X o a+p:C: x
a:C/B: Ayx B: A\C: Axx

In these rules a: A: ¢ signifies a sign with phonology/prosodics a, syntactic type A, and semantics ¢.
The elimination (E) rules combine signs by concatenation prosodically, modus ponens type-logically, and
functional application semantically; the introduction (I) rules of hypothetical reasoning conditionalise as-
sumptions: when passing from premise to conclusion the assumption coindexed with the rule name n
becomes closed. Every rule instance has a fresh index. The introduction rules are semantically interpreted
by functional abstraction. To these directional rules HTLG adds inference rules for a nondirectional type
constructor | interpreted by phonological functional application and phonological functional abstraction:

n

n
: : ¢:Bry
(371) a:C|B:¢p B:B:¢ :
E :C:
aprcon | G,
Ag.a: C|B: Ayx

These are the characteristic rules of HTLG (for more details we refer the reader to the papers of Kubota
and Levine).
In relation to gapping, K&L (2015[41]) (53) present a type assignment which is in essence:

(372) AoaAo1A¢.01(p)+and+02(0): (XIX)IX: AxAyAz[(y z) A (x 2)]
where X = S|(VP/N)

4

And they derive from this simple gapping such as (368a); see ibid (52) and (55). In our notation, their (52)
is:

¢: VP/N:xl bill: N: b
(373) robin: N:»  ¢+bill: VP: (x b) £
robin+@+bill: S: ((x b) r)
Ag.robin+¢+bill: S|(VP/N): Ax((x b) r)

Continuing the derivation as in their (55) yields:

|i

(374) leslie + met + sandy + and + robin + bill: S: ((met s) [) A ((met b) r)
K&L also assume in their (56) a raised type for an auxiliary:
(375) Ac.o(must): S|(S|(VP/VP)): Ax(Nec (x Ayy))

They show that such assignments to auxiliaries license the auxiliary wide-scope reading of, say, John must
eat steak and Mary pizza.
Likewise, K&L (2015[41]) (66) present a type assignment for determiner gapping which is:

(376)  ApaApiAdAc.pr(P)(0)+and+px(0)AxAy.p(x)): (XIX)IX:

AxAyAzAw[((y z) w) A ((x z) w)]
where X = (S|((SI(SIN))ICN))I(VP/N)

“Throughout, VP abbreviates N\S. We limit attention to gapping of the transitive verb category; so far as we are aware gapping
in other categories raises no new issues differentiating between hybrid TLG and displacement TLG.
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And they assume, K&L (2015[41]) (65), a raised type for a negative determiner of the form:
377) Ap.p(ApAc.c(mo+)): SI((SI(SI(SIN)))ICN): Ax(=(x AyAzIw[(y w) A (z w)]))
These enable derivation of the split scope reading of:

(378) No dog eats whiskas or cat alpo.

17.2 The scopal anomalies are already available in displacement TLG

K&L (2015[41]) state that ‘our own analysis resembles most closely Morrill et al.’s (2011) (which is a
refinement of Hendriks 1995)’. The displacement type logical grammar (DTLG) gapping assignment is as
follows, where © is discontinuous product, which is semantically interpreted by ordered pairing, and ‘771X’
selects the first component of x:°

(379) and: (X\X)/(XOI): AxAyAz[(y z) A (T1x z)]
where X = ST(VP/N)

Here, the symbols such as I and T are connectives of the displacement calculus, which we define later. The
corresponding determiner gapping assignment would be:

(380) and: (X\X)/((XO)OI): AxAyAzAw[((y z) w) A (11X 2) w)]
where X = (ST(VP/N))T(((STN)LS)/CN)

The auxiliary and negative determiner assignments would be:
(381) must: (ST(VP/VP))|S: Ax(Nec (x Ayy))
(382) mo: (ST(((STN)LS)/CN)S: Ax(=(x AyAzFw[(y w) A (z w)]))

Thus the analyses of gapping scope anomalies are already available in DTLG. Indeed K&L (2015[41])
state, *To be fair, the core of our empirical results, so far as we can tell, seems to straightforwardly carry
over to Morrill et al.’s (2011) system.” So K&L’s type logical contribution is the determiner gapping, and
the observation that raised auxiliary and negative determiner assignments capture the scopal anomalies in
HTLG, but also in DTLG. Thus, although K&L couch their solution in terms of HTLG, HTLG and DTLG
are on a par in respect of gapping and the scopal anomalies. Since this point appears to have been granted
we do not elaborate on it further. But we will see a respect in which DTLG improves on HTLG, and another
respect in which DTLG can be made to improve further on HTLG.

17.3 The HTLG determiner gapping assignment overgenerates

Kubota (p.c.) points out that the HTLG analysis of determiner gapping incorrectly predicts examples such
as the following, where the determiner and the transitive verb orders are not consistent in the conjuncts:

(383) a. xSome dogs like Whiskas and I (like) (some) cats.
b. I like some cats and (some) dogs (like) Whiskas.

This order inconsistency overgeneration arises because the |((S|(S|N))|CN) and |(VP/N) arguments in the
types for determiner gapping do not distinguish the linear order of the phonological variables they bind.
Thus, for example, in relation to (383a), both AvAg.g+dogs+v+Whiskas and AvAg.I+v+g+cats have type
(SI((SI(SIN))ICN))|(VP/N). Note that the issue has nothing to do with the order in which the quantifier and
transitive verb arguments are abstracted, but rather with the left to right position of the variables they
bind in the body of the phonological term, to which the type constructor | is insensitive. DTLG does not
overgenerate in this way because the positions of discontinuity are indexed for left to right order.

3The notation 71 (and 715) represents first (and second) projection of an ordered pair, so that e.g. (¢, ) = ¢.
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17.3.1 HTLG requires distinct type assignments for simplex and discontinuous
gapping

Our analysis is inspired by that of Kubota and Levine, which assigns coordinator conjunct types and
prosody as follows:

conjunt type gapping determiner gapping

coordinator

phonology
simplex SI(VP/N) (SICVP/N)I((SI(SIN))ICN)
AoaAo1AP.01(¢)+and+02(0) Ap2Ap1AdAc.p1(P)(o)+and+pr(AxA.y(x))(0)
K&L (2012[38]) (5) K&L (2013[39]) (13) K&L (2013[39]) (24) K&L (2015[41]) (66) (83)
K&L (2015[41]) (53)
discont. SI(VPIN) (SICVPIN))I((SI(SIN))ICN)
Ap2Ap1Ad.p1(Pp)+and+po(Art.m) Ap2Ap1AdpAc.p1(P)(o)+and+pr(AXAY.P(xX))(Ar.m)
K&L (2012[38]) (20) (by extrapolation)

However, our analysis of gapping represents an improvement on the HTLG analysis in that we require only
a single type for simple and discontinuous gapping. HTLG requires two types because simplex gapping
conditionalises VP/N of sort string whereas discontinuous gapping conditionalises VP|N of sort function,
and these require two distinct prosodic operations: application to the empty string 0 (of sort string) and to
the identity function Amt.7t (of sort function) respectively.

17.3.2 Our account

We give an account of simple and discontinuous gapping as in (368) and simplex and discontinuous de-
terminer gapping as in (369) which is optimal in that a single coordinator type generates discontinuous
gapping with simple gapping as a special case and a single coordinator type generates discontinuous deter-
miner gapping with simplex determiner gapping as a special case. The account is expressed in an extension
of displacement calculus (D; Morrill et al. 2011[79]) which we call second-order displacement calculus
D?.

Second-order displacement calculus

Displacement calculus is a logic of discontinuous strings. By discontinuous strings we mean strings punc-
tuated by a distinguished vocabulary item ‘1’ called the separator. In contrast to HTLG, the phonological
terms of displacement calculus have no lambda abstraction and, instead of a set of variable placeholders,
DTLG has a single placeholder, the separator. The sort of a discontinuous string is the number of separators
it contains. We notate by L;,i > 0, the set of all strings of sort i with respect to some alphabet. We con-
sider the operations concatenation, intercalation, and adjunction on discontinuous strings. Concatenation
is represented in (384).

(384) a |+ B

a p

concatenation + : L;, L; — Liy;
For example, the concatenation of Leslie+1+Sandy and and+Robin+Bill is:

(385) Leslie+1+Sandy + and+Robin+Bill

Leslie+1+Sandy+and+Robin+Bill

Intercalation is represented in (386):
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(386) a 1 y Xk B

a p 4

intercalation X : Li+1,Lj — Liyj

For example, the intercalation at the second separator of 1+dogs+1+Whiskas +and+cats+Alpo and like
is:

(387) 1+dogs+1+Whiskas+and-+cats+Alpo X, like

1+dogs+like+Whiskas+and+cats+Alpo

Finally, adjunction is represented in (388):

(388) a |1y |1l e ™% B |1 e

a p Y o €

adjunction " : Liyo, Lit1 — Liy;

For example, the adjunction at the first separators of John+1+Watford+1+and+ Daniel+ Chelsea and
wants+1+to+win is:

(389) John+1+Watford+1+and+Daniel+Chelsea "' wants+1+to+win

John+wants+Watford+to+win+and+Daniel+Chelsea

We will have three families of type-constructors defined in relation to the three prosodic operations of
concatenation, intercalation, and adjunction. The syntactic types are sorted Tpy, Tp;, Tp,, . . . according to
the number of points of discontinuity 0,1, 2, ... their expressions contain. The sets Tp; of types of sort i
are defined by mutual recursion in terms of sets #; of primitive types of sort i as follows:

Tp, == %;
Tp; == Tp.;/Tp; T(C/B) = T(B)—>T(C) over
Tp; == Tp\Tp;, T(A\C) = T(A)>T(C) under
Tpi; == Tp;eTp; T(AeB) = T(A)&T(B) continuous product
Tp, == I T(H) = T cont. unit
Tpyr == TpuTTp;, 1 <k <i+l T(CTkB) = T(B)—T(C) extract
Tp; = TpilTpy;, 1 <k <i+l TAlC) = TA)-T(C) infix
Tpi; == Tp&Tp;,1<k<i+l T(AoxB) = T(A)&T(B) disc. product
Tp;, == ] () = T disc. unit
Tpi, == TpuMTpy, 1<k<i+l,1<I<j+l T(CMyB) = T(B)>T(C) 2nd order extract
Tpjy == TpiplTpy;1<k<i+l,1<I<j+l  T(AULC) = T(A)—T(C) 2nd order infix
Tpij = TpPu@uTPj, 1 <k<i+l,1<I<j+l T(A®yB) = T(A)&T(B) 2nd order disc. product
Tp, == K TK) = T 2nd order disc. unit

The second column of this table shows the standard categorial semantic type map for the connectives.®

Each type of sort i is interpreted as a set of (discontinuous) strings of sort i. The prosodic interpretation is
as follows:

For example, if T(N) = e where ¢ is the semantic type for individuals, and T(S) = t where ¢ is the semantic type corresponding
to truth-values, we have then that T(N\S) = e — t.
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[[C/Bl] = {1 ¥s; € [[Bl],s1+s2 € [[C]]}
[([A\C]] = {s2l Y51 € [[A]l,51+s2 € [[C]]}
[[AeB]] {s1+s2] 51 € [[A]] & 52 € [[BI]}
[ = {0
CTeBIl = {s1l Vs2 € [[Bl], s1%¢s2 € [[C]]}
[ALCI = (sl Vs1 € [[A]] s1%¢s2 € [[C]]}
[[AGBIl = f{siXs2| 51 € [[Al]l & 52 € [[BI]}
i =
(CNBIl = {s1l ¥sz € [[BI], 51"%'s2 € [[CI]}
[AUCIT = {s2l Vs1 € [[A]l s1™s; € [[C]]}
[[A@Bll = ({s1"s2| 51 € [[A]l & s, € [[BI]}

[IK1]

Although linguistically only some of the power, and hence only some of the rules, are necessary here,
the framework of DTLG complies with the modern logical paradigm of logic as an interpreted formal
language, and aspiration to soundness (that everything said is true) and completeness (that everything true
is said). This, to us, is the rock on which type logical grammar is founded. Thus, we present here all the
rules so that the reader has the complete picture of which the gapping analysis uses just a part.

The rules for second-order displacement calculus fall into three groups for the concatenative, inter-
calative, and adjunctive connective families. Each family contains four connectives: the two implicational
residuals, the conjunctive product, and product unit. Each connective has two rules, namely a rule of elim-
ination (E), eliminating the connective reading from premise to conclusion, and a rule of introduction (I)
introducing the connective reading from premise to conclusion.” Although there are many rules, the reader
should be aware of the high degree of symmetry between them, and that the rules simply formalise the
necessary and sufficient conditions for membership of syntactic types: the rules are essentially the result
of restating the interpretation clauses given above.

The labelled natural deduction for second-order displacement calculus is as follows, where we use
three conventions. Firstly, where a is a prosodic constant of sort 7, the vector @ is ag+1+a;+1+- - +1+a;;
for example, if a is of sort 1, @ = ap+1+a;. Secondly, where « is a discontinuous string of sort i > 0,
alxB, 1 <k <1, is the result of replacing the kth separator in & by f (counting from the left); for example
John+1+Watford+1+and+Daniel+Chelsea |, to+win = John+1+Watford-+to+win+and+Daniel+
Chelsea. Thirdly, « || § abbreviates « | 1+p+1; for example John+1+and+Daniel+Chelsea ||; Watford
= John+1+Watford+1+and+Daniel+Chelsea.

{1+1+1}

Continuous family:

¢ Elimination rules for implications

oz:C)B:¢) ﬁ:B:lp £ a:A:qb ‘B:A\.C:lp £
a+B:C: (¢ 1) a+B:C: (P ¢)

¢ Elimination rule for product

n n
Z:A:x BBy

y: AeB: x 8(@+D):D:wl(x, Y)
0(y): D: w(mx, m2x)

7Except we omit the elimination rules for product units which, as well as being unmotivated linguistically, are awkward to formu-
late in the format used here.
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* Introduction rules for implications

S—n n

b: B y @:A:x
a+b:Ciyx e +p:Cix "
a:C/B: Ayx B A\C: Axx

¢ Introduction rules for product and product unit

oc:A:q) ﬁ:ézw.l mﬂ
a+pB:AeB: (¢, )

Discontinuous family:

¢ Elimination rules for implications

a:kaB:¢ ﬁBz/) £ a:A:c{) ﬁ:A,J,.kC:l]D £
alf:C: (P ) alp:C:( @)

¢ Elimination rule for product

n n
@:A:x BBy

y:AéB:)( 5(7|k_b>):D:w(x,y)
6(y): D: w(mt1 x, T2.X)

OFE"

¢ Introduction rules for implications

S>—n n
b:B:y W A:x
alk_b):C:)( o @ p:Cx "
a: CTB: Ayx B: ALkC: Axx

¢ Introduction rules for product and product unit

a:A:g{) ﬁBz/) ol mU
ok ﬁ:A@kB: ((]5, l[))

241
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Second-order discontinuous family:

* Elimination rules for implications

ozllky:(iﬂk,lB:(p 5B¢ £ a||ky':A:¢) ﬁ:AU,;/;Czl,l}

alkBliy):C: (o) alkBliy):C: (Y ¢)

¢ Elimination rule for product

n n
7T A x _b):B:y

El’l

yiAoyB:x (@ (B 1)) D:w(x, y) .
O(y): D: w(mx, m2X)

¢ Introduction rules for implications

=_—_——1n _—n
b:B:y @ 7T Ax
ale (D 1y):C:x . ThEIDCx
alx )/:Cﬂk,lB:)\y)( ﬁiAUk,ZCZ Axx

¢ Introduction rules for product and product unit

alky:A:p BBy TERR AR
ale(Bliy): Ak B: (¢, )

CHAPTER 17. GOING FURTHER

We adopt the convention that when subscripts k and [ are omitted they are 1, i.e. they default to 1.
By way of example, the following auxiliary derivation shows that a subject followed by an object has

type ST(VPTN):

i
apt1+ar: VPIN:x objiN:obj

(390) Sbj: N: Sbj ll()+0bj+ﬂ12 VP: (X Obj)

sbj+ag+obj+ay: S: ((x obj) sbyj)
sbj+1+o0bj+1: ST(VPTN): Ax((x obj) sbyj)

i

Analyses

The account of gapping consists in an assignment to the coordinator of the following type:

(391) and: (X\X)/(X®]): AxAyAz[(y z) A (T1x 2)]
where X = STI(VPTN)
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Consider example (368a) of simple gapping: Leslie met Sandy and Robin Bill. Then there is the follow-
ing derivation of (368a) using (390):

Robin Bill
and: VPN 10
((SHVPTN)\(SH(VPTN))/ G
Leslie Sandy [((ST(VPTN))@]): el .
. . i
—L+1+S+l: AxAyAz[(y z) A (myx z)] R+B: (ST(VP/N))OJ: (Ax((x b) r),0) JE met: VP/N: meet a:N:x
ST(VPTIN): and+R+B: (ST(VPTN)\(ST(VPTN)): AyAz[(y z) A ((z b) r)] /E
Ax((x 5) ) \E met+a: VP: (meet x) o
L+1+S+1+and+R+B: ST(VPTN): Az[((z s) I) A ((z b) 1)] met+1: VPTN: Ax(meet x)
NE

L+met+S+and+R+B: S: [((meet s) I) A ((meet b) r)]

And from the same coordinator type assignment (391) there is the following derivation of the discontinuous
gapping (368b) John wants Watford to win and Daniel Chelsea:

Daniel Chelsea
- ——JR i
D+1+S+1: 1 wants: a:
and: ST(VPTN): I: (VP/VP)/N: N: 0 win
(SRvPINNSIVPINYY,  AHEDD 0 want * e
/((ST(VPTN))®]): D+C: wants+a: to+win:
AxAyAz[(y z) A (T1x 2)] (ST(VP/N))o]: VP/VP: VP:
John Watford (Ax((x ¢) d),0) p (want x) win__
J+1+W+1: and+D+C: wants+a-+to+win:
SN(VPTN): (ST(VPTN)\(STH(VPIN)): VP:
Ax((x w)j) AyAz[(y z) A ((z s) d)] \E ((want x) win) e
J+1+W+1+and+D+C: wants+1+to+win:
ST(VPTN): VPTN:
Az[((zw) j) A ((z ¢) )] Ax((want x) win) 1E

J+wants+W+to+win+and+D+C: S: [(((want w) win) j) A ((want ¢) win) d)]

Observe how in the last step of both of the above derivations adjunction combines a string of sort 2 and
a string of sort 1. But, in the first, simplex, case the separator of the second operand is right peripheral,
whereas in the second, complex, case the separator of the second operand is medial. This is how the account
unifies simplex and complex gapping under a single coordinator type.

The account of determiner gapping consists in an assignment to the coordinator of the following type

(Qis ((STN)LS)/CN):

(392)  and: (X\X)/((X®))@I): AxAyAzAw[((y 2) w) A (171X Z) W)]
where X = (ST(VPTN))TQ

Consider example (369a) of simplex determiner gapping: Some dogs like Whiskas and cats Alpo. We
use the following auxiliary derivation showing that a common noun followed by an object has type (ST(VPT

N)TQ:

) b0+1+b1:VPTN:y] obj: N: obj E
i

a:N:x bo+obj+by: VP: (y obj) '
a+bo+obj+b;: S: ((y obj) x) . ¢:Q:z en:CN:cn /E
(393) " 11by+obj+by: STN: Ax((y obj) x) crem: (STN)LS: (zen)

c+en+bo+obj+b1: S: ((z cn) Ax((y obj) x))
c+en+1+0bj+1: ST(VPTN): Ay((z cn) Ax((y obj) x))
1+cen+1+0bj+1: (SH(VPTN))TQ: AzAy((z cn) Ax((y obj) x))

I
k

The derivation of (369a) is given in Figure 17.1. Finally, from the same coordinator type assignment (392)
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cats: CN: cats A:N:a
—1I
1+cats+1+A+1: (SH(VPTIN))TQ: AzAy((z cats) Ax((y a) x)) 0:1:0
and: o —JI
((ST(VPTN)TO\(ST(VPIN)TQ))/ cats+1+A+1: (ST(VP/N))TQ)OI: (AzAy((z cats) Ax((y a) x)),0) 1:]J:0
dogs: CN: dogs W:N:w /((((SM(VPTN))TQ)0D)®)): el
AxAyAzAw][((y 2) w) A ((mmix z) w)] cats+A: ((ST(VP/N))TQ)Ne]: (AzAy((z cats) Ax((y a) x)),0),0)
1+dogs+1+W+1: JE
(SP(VPTN)TQ: and+cats+A: (ST(VPTN) TO\(ST(VPTN)TQ): AyAzAw[((y 2) w) A ((z cats) Ax((w a) x)] i
AzAy((z dogs) Ax((y w) x)) \E like: VP/N: like a:N:x
1+dogs+1+W+1+and+cats+A: (ST(VPTN))TQ: AzAw[((z dogs) Ax((w w) x)) A ((z cats) Ax((w a) x)] some: Q: 3 - /E
1E like+a: VP: (like x) )
some+dogs+1+W+1+and+cats+A: e
ST(VPTIN): like+1: VPTN: Ax(like x)

Aw[((F dogs) Ax((w w) x)) A (3 cats) Ax((w a) x)]

NE
some+dogs+like+W+and-+cats+A: S: [(3 dogs) Ax((like w) x)) A (3 cats) Ax((like a) x)]

iner gapping

Determi

Figure 17.1
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we can derive the case of discontinuous determiner gapping (369b):
Every cook wants Barcato win and waiter Madrid

in Figure 17.2.
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waiter: CN: waiter M:N:m

1+waiter+1+M+1: —1II
(ST(VPTN)TQ: 0:1:0
AzAy((z waiter) Ax((y m) x)) ol
waiter+1+M+1: —JI
and: (ST(VP/N)DTQ)OL: 1:J:0
AAAm:A\MWMmﬂM“,%k%mﬁW\Wﬁ/wVaOVV\ (AzAy((z waiter) >>\MM,_\ §W<Mvv\ 0) ol
©)o)): waiter+M: . .
cook: CN: cook B:N:b AxAyAzAw[((y 2) w) A (T 71x 2) )] ((ST(VP/NY)TQ)eDe): <M<Aw_~wm. N — i
(AzAy((z waiter) Ax((y m) x)),0),0) (VP/VP)/N: a:N:x 0 win
1+cook+1+B+1: /E want JE
\ﬁ@@ mmw%ﬂv%w_s ) and+waiter +M: (STVPTN)TONSNVPTN)TQ): AyAzAul((y 2) w) A (= waiter) Ax((w m) 2)] wants+a: VP/VP: (want ) to+win: VP: win
\E JE
1+cook+1+B+1+and+waiter+M: (ST(VPTN))TQ: AzAw[((z cook) Ax((w b) x)) A ((z waiter) Ax((w m) x)] every: Q:V wants-+a-+to+win: VP: ((want x) win) )
1E 1
every+cook+1+B+1+and+waiter+M: ST(VPTN): Aw[((Y cook) Ax((w b) x)) A (Y waiter) Ax((w m) x)] wants+1+to+win: VPTN: Ax((want x) win)
NE

every+cook+wants+B-+to+win+and-+waiter+M: S: [((Y cook) Ax(((want b) win) x)) A (¥ waiter) Ax(((want m) win) x)]

ing

tinuous determiner gapp

iscon

D

Figure 17.2
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17.4 Summary

The categorial analysis of gapping as like-type coordination was established in Steedman (1990[87]) and
Hendriks (1995[26]). In the framework of HTLG Kubota and Levine (2012[38]) go further in that they
provide like-type coordination for discontinuous gapping. Our analysis is inspired by that of Kubota and
Levine (2012[38]; 2013[39]). However, our analysis of gapping represents an improvement on the HTLG
analysis because we do not require two types for simple and discontinuous gapping: a single type suffices.

Finally, we have noted that the HTLG account of gapping suffers from determiner-transitive verb or-
der inconsistency overgeneration; the same problem would arise for HTLG in relation to discontinuous
determiner gapping:

(394) a. =xSome boy wants Everton to win and Mary (wants) (some) London club (to win)
b. xMary wants some London club to win and (some) boy (wants) Everton (to win)

In addition to capturing simplex gapping (and determiner gapping) as a special case of complex gapping
(and determiner gapping), our DTLG account does not have the order inconsistency overgeneration prob-
lem of determiner gapping and discontinuous determiner gapping.
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Chapter 18

Scripture

Parsing the first sentence of the Bible with parser/theorem-prover CatLog3 (available on GitHub; Morrill
2019[67]), the analysis and semantics delivered are:

(395) (gen(one(1))) in+the+beginning+[God]+created+[[the+heaven+and+the+earth]] : Sf

(396) o(¥f(Sf+Sf)/3aNa) : in,m¥n(NH1n)/CNn) : 1, OCNs(n) : beginning, [MNH(s(m)) : God],
0((()3aNa\Sf)/3aNa) : "AAAB(Past ((“create A) B)), [[m¥n(Nt(n)/CNn) : 1, OCNs(n) : heaven,

mY fVa((?m((ONa\S f)/FBND\(ONa\S AN 171 ((ONa\Sf)/FbNb)\(ONa\S £)))/m((()Na\Sf)/FbNb)\(()Na\Sf))) :
(D™ (s (s 0)) and), mVn(Nt(n)/CNn) : 1, OCNs(n) : earth]] = Sf

- CNs(n)
oL
= CONst) | NKGs() | = Nitstn)
[ [ ] = e
—— Nt(s(n))/CNs(n) |, 0CNs(n) = NH(s(n))
- CNs(n) L
oL ¥n(Nt(n)/CNn) | OCNs(n) = NH(s(n)) Nit(s(m)) = Nt(s(m))
= CNs(n) Ni(s(n)) | = Ni(s(n))
/L

ul OR
wVn(Nt(n)/CNn) | 0CNs(n) = NH(s()) [NHs(m)] = | ONH(s(m)) Sf | = sf
Ni(s(n))/CNs(n) | OCNs(n) = N(s(n)) - - \L
VL wY/n(NHn)/CNn), OCNs(n) = | FbNb [NHs(m)L,| ONHs(m)\SS | = Sf
V¥n(NHn)/CNn) |,OCNs(n) = Nt(s(n)) - - /L
uL [NHs(m)],| (ONHs(m)\SF)/IbNb | m¥n(N(n)/CNn),0CNs(n) = Sf
wYn(Nt(n)/CNn) | OCNs(n) = Nt(s(1)) oL
IR ONKs(m)), (ONHs(m)\S £)/IbNb, m¥n(Nt(n)/CNn), 0CNs(n) = Sf
wYn(NH(n)/CNn), GCNs(n) = R

(ONt(s(m))\Sf)/IbNDb, m¥n(Nt(n)/CNn), 0CNs(n) = (ONH(s(m))\Sf

\R
mYn(Nt(1)/CNn),OCNs(n) = (((ONHs(m)\Sf)/IDNb)\(ONt(s(m))\S f)

wYn(NKn)/CNn),0CNs(n) = m((ONH(s(m)\Sf)/IND\(ONHs(m)\Sf))

249
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CNs(n) | = CNs(n)
OCNs(n) | = CNs(n) . Nt(s(n)) | = Nt(s(n))
Nt(s(n))/CNs(n) LuCNs(n) = Nts(n)) "

Vn(Nt(n)/CNn) |, OCNs(n) = Nt(s(n)) Nt(s(m)) = Nt(s(m))
| m¥n(Nt(n)/CNn) | 0CNs(n) = NH(s(n)) ;R [Nt(s(m))] = | ONK(s(m) ]Sf\ = Sf "
mVn(Nt(n)/CNn),0CNs(n) = | 3bNb | [Nt(s(m))],| ONHs(m)\Sf| = Sf p
[Nt(s(m))],| (ONt(s(m)\Sf)/AbNb |, mVn(Nt(n)/CNn),OCNs(n) = Sf

L
(ONt(s(m)), (ONt(s(m))\Sf)/IbNb, m¥n(Nt(n)/CNn),OCNs(n) = Sf v

(ONt(s(m))\Sf)/IbNb, m¥n(Nt(n)/CNn),aCNs(n) = (Nt(s(m)\Sf
mYn(Nt(n)/CNn),OCNs(n) = ((ONt(s(m))\Sf)/FbND)\(ONt(s(m)\Sf) .
mYn(Nt(n)/CNn),OCNs(n) = m(((ONt(s(m))\Sf)/FbND)\(ONt(s(m)\Sf)) R
mVn(NHn)/CNn), OCNs(n) = ] 2m(((ONHs(m))\S £)/FND)\(ONHs(m)\Sf)) \
©
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NiH(s(m)) = Nt(s(m))

—_— R
NHs(m) = E
OR
N7 = N7 [NHs(m))] = E = Sf
IR \L
N7 = [ 3aNa | _zisz‘llﬁza& = Sf
/L
[NHs(m)],| (0FaNa\Sf)/FaNa | N7 = Sf
oL
[Nt(s(m))L,| 0((()FaNa\Sf)/FaNa) |N7 = Sf
El
[NH(s(m))], 0((()3aNa\Sf)/JaNa), INb = Sf Ni(s(m)) | = NHs(m))
OL —uL
(ONt(s(m)),0((()FaNa\Sf)/FaNa), IbNb = Sf mNt(s(m)) | = NHs(m))
\R OR
0((()3aNa\Sf)/3aNa), BNb = ONHs(m)\Sf [WNKs(m)] = | ONHs(m)
/R
0((()3aNa\Sf)/FaNa) = (ONHs(m)\Sf)/IbNb [WNHs(m)],| ONHsmW\SS | = Sf
\L
[mNH(s(m)], O((()FaNa\Sf)/3aNa), | ((ONH(s(m)\S f)/IBNO\(ONHs(m)\SS) _ = Sf
o
[WNH(s(m)], 0((FaNa\Sf)/FaNa), [| 171 ((ONHm)\SF)/IBNB\ONHs(m)\S /) T = Sf
01
(©) _-Zﬁsz‘nE?Zimehzs\:7 07 0L (ONHs(m)\S £)/FNENONHm)\S ) ? = Sf
\L
@ [WNt(s(m))), D((()3aNa\S f)/ 3aNa), [[W¥n(NH()/CN), DCNs(), | 2m((ONHs(m)\S )/ INENONEmNS NI LI ((ONHs(m)\S )/ FbNB)\(ONH(m)\S ) T_ = Sf
/L
[WNK(s(m))], O((()FaNa\S f)/FaNa), [[W¥n(NH(n)/CNn), OCNs(n), | (2m(((ONHSmNS )/ INBNONHSmNS AN I (ONHs(m)\S £)/FENENONHs(m)\S ) /mONHS (NS )/ INB\ONHm)\S ) |, m¥n(NHn)/CNm), aCNs(m)]] = Sf
VL
| m¥n(Nt(n)/CNn),0CNs(n)]] = Sf

Va((m(((ONa\S F)/INENONaS I ™I~ ((ON\S )/ FENB)\(ONa\S £)))/m((ONa\S £)/IND\(ONa\S )
VL

[mNt(s(m))], 0((()FaNa\Sf)/FaNa), [[m¥n(Nt(n)/CNn), oCNs(n),

Y fea(@m((ONa\S f)/FNB)\(ONa\S NI I~L ((ONa\S £)/FbNB)\(ONa\S£))/m((ONa\S£)/INB)\(ONa\S ) f-<i2§<mzabm2m€: = 5f

[mNH(s(m))], 0((()FaNa\S )/ JaNa), [[W¥n(Nt()/CNn), OCNs(n),
ul

Y fYa((Cm((ONa\SF)/INE)ONa\S AN~ 17 (ONa\SF)/INB)\(ONa\S£)/m((ONa\S )/ INH\(ONa\S ) f-<=AZ§<OZE‘_umZ,A:v: = Sf

[mNt(s(m))], 0((()FaNa\S f)/FaNa), [[m¥n(Nt(n)/CNn), oCNs(n),

E [WNH(s(m)], B((OIaNa\S )/ AaNa), [[Vr(NE(1)/CNn), OCNs(r), mY f¥a(Zm(((ONa\S )/ INBNONa\S DNTH I~ (ONa\S £)/AbND\(ONa\S )/ m((ONa\S )/ INE)(ONa\S ))), mVn(Ni(1)/CNn), OCNs(n)]] = Sf
VL

VF(SF+SF) | INKs(m)], 0((()3aNa\S f)/3aNa), [(mn(NH(1)/CNn), DCNs(r), mY f¥a(@m((ONa\S )/ FEND\ONa\S NI~ LI (ONa\S )/ FENB)\ (ONa\S 1)) /m((ONa\S f)/FNE\(ONa\S ), W¥(NHr)/CN1), BCNs (o)l = Sf
/L

Vf(Sf+Sf)/FaNa | mVYn(Nt(n)/CNn), OCNs(n), [mNH(s(m))], O((()3aNa\S f)/JaNa), [[m¥n(Nt(n)/CNn), OCNs(n), I«Q\(.AQIQRvZa/mb\uwZS/ACZm/mbv/:\H :\H (((ONa\S f)/IN)\((YNa\Sf)))/m(()Na\S f)/IbNb)\(()Na\Sf))), m¥n(Nt()/CNn),aCNs(n)]] = Sf
oL

o(Yf(Sf+Sf)/FaNa) | m¥Yn(Nt(n)/CNn),0CNs(n), [mNt(s(m))], 0((()FaNa\S f)/JaNa), [[¥n(Nt(n)/CNn), OCNs(n), l<\<iﬁlA:AVZa/m\v\m_wZS/ACZ»/m.DV/EIH :IH (((ONa\S f)/FbNB)\((YNa\S)))/m(((()Na\S f)/IbNb)\(()Na\S f))), m¥n(Nt(n)/CNn),oCNs(n)]] = Sf
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(397) ((in (1 “beginning)) [(Past (("create (1 “heaven)) God)) A (Past (("create (1 “earth)) God))])
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