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Abstract

We give a type logical categorial grammar for the syntax and semantics of Montague’s
seminal fragment, which includes ambiguities of quantification and intensionality and their
interactions, and we present the analyses assigned by a parser/theorem prover CatLog to the
examples of the first half of Chapter 7 of the classic text Introduction to Montague Semantics
of Dowty, Wall and Peters (1981).

Keywords: categorial grammar, displacement calculus, intensionality, modal categorial logic,
Montague Grammar, parsing as deduction, quantification, type logical grammar.

1 Introduction

Logical semantics came into being with Montague Grammar: Montague (1970b) (UG), Montague
(1970a) (EFL), and Montague (1973) (PTQ), which introduced into linguistics tools like lambda
calculus and intensional logic, and algebraic compositionality, and exemplified the paradigm with
a grammar for a well-known fragment including quantification, intensionality and anaphora and,
significantly, their interactions. Type logical categorial grammar reduces grammar to logic: an
expression is grammatical if and only if an associated sequent is a theorem (Moortgat 1988; Morrill
1994; Moortgat 1997; Carpenter 1997; Jäger 2005; Morrill 2011b; Moot and Retoré 2012). In such
categorial grammar type-logical semantics is assigned by the constructive reading of a syntactic
proof as a semantic lambda term. In this paper we consider type logical categorial grammar for
the Montague fragment.

The conventional understanding is that grammar should assign “structural descriptions” to
grammatical sentences, and that where there is structural ambiguity there should be multiple
structural descriptions corresponding to the different readings. But in what sense is a structural
description in isolation correct or incorrect, and in what way do multiple structural descriptions
represent the semantic properties of different readings?

In Montague Grammar the structural descriptions are either the bracketed expressions to which
the ambiguating relation applies (EFL) or the analysis trees (PTQ). In both cases a structural
description determines truth conditions so that there is semantic commitment in the structural
attribution. Furthermore the semantic interpretation of syntactic structural descriptions is com-
positional, indeed a homomorphism from syntax to semantics. Because semantic interpretation
is functional and not just relational it follows that ambiguity can only arise from lexical or syn-
tactic ambiguity, and in this sense compositionality explains the conventional understanding of
structural ambiguity stated in the first paragraph.

In this paper we illustrate how logical categorial grammar refines Montague grammar’s treat-
ment of ambiguity. If Montague Grammar renders compositionality as algebra, categorial gram-
mar further refines it as algebraic logic, and compositionality is a homomorphism from syntactic
(categorial) proofs to semantic (intuitionistic) proofs.
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In Section 2 we define the type logical formalism within which we work. In Section 3 we define
the grammar for the fragment. Since type logical grammar is purely lexicalist the grammar is just
a lexicon. The type calculus projecting language from the lexicon is universal. In Section 4 we
provide and discuss the output of the parser/theorem-prover CatLog (Morrill 2011a; Morrill 2012)
for representative example sentences, those for which analysis trees are given in the first half of
Chapter 7 of Dowty, Wall and Peters (1981). We conclude in Section 5.

2 Formalism

2.1 Semantic representation language

The set T of semantic types is defined on the basis of a set δ of basic semantic types as follows:

(1) T ::= δ | > | T → T | LT

A semantic frame comprises a non-empty set W of worlds and a family {Dτ}τ∈T of non-empty
semantic type domains such that:

(2) D> = {∅} singleton set

Dτ1→τ2 = D
Dτ1
τ2

the set of all functions from Dτ1 to Dτ2 functional exponentiation

DLτ = DWτ the set of all functions from W to Dτ functional exponentiation

The sets Φτ of terms of type τ for each type τ are defined on the basis of sets Cτ of constants of
type τ and denumerably infinite sets Vτ of variables of type τ for each type τ as follows:

(3) Φτ ::= Cτ
Φτ ::= Vτ
Φ> ::= t
Φτ ::= (Φτ ′→τ Φτ ′) functional application

Φτ→τ ′ ::= λVτΦτ ′ functional abstraction
Φτ ::= ∨ΦLτ extensionalization

ΦLτ ::= ∧Φτ intensionalization

Given a semantic frame, a valuation f is a function mapping each constant of type τ into an
element of Dτ , and an assignment g is a function mapping each variable of type τ into an element
of Dτ . Where g is such, the update g[x := d] is (g−{(x, g(x))})∪{(x, d)}. Relative to a valuation,
an assignment g and a world i ∈ W , each term φ of type τ receives an interpretation [φ]g,i ∈ Dτ

as follows:

(4) [a]g,i = f(a) for constant a ∈ Cτ
[x]g,i = g(x) for variable x ∈ Vτ
[t]g,i = ∅

[(φ ψ)]g,i = [φ]g,i([ψ]g,i)
[λxφ]g,i = d 7→ [φ]g[x:=d],i

[∨φ]g,i = [φ]g,i(i)
[∧φ]g,i = j 7→ [φ]g,j

In a term or subterm λxφ (or ∧φ), φ is the scope of λx (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 λx; otherwise it
is bound (by the closest λx within the scope of which it falls). The result φ[ψ1/x, . . . , ψn/xn] of
substituting terms ψ1, . . . , ψn (of types τ1, . . . , τn) for variables x1, . . . , xn (of types τ1, . . . , τn) in
a term φ is the result of simultaneously replacing by ψ1, . . . , ψn every free occurrence of x1, . . . , xn
respectively in φ. We say that ψ is free for x in φ if and only if no variable in ψ becomes bound
in φ[ψ/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 ψ is modally free for x in φ if and only if either ψ is modally closed, or no free occurrence
of x in φ is within the scope of an ∧. The laws of conversion in Figure 1 obtain.
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λxφ = λy(φ[y/x]) if y is not free in φ and is free for x in φ
α-conversion

(λxφ ψ) = φ[ψ/x] if ψ is free for x in φ and is modally free for x in φ
∨∧φ = φ
β-conversion

λx(φ x) = φ if x is not free in φ
∧∨φ = φ if φ is modally closed
η-conversion

Figure 1: Semantic conversion laws

2.2 Calculus

The “displacement” calculus of Morrill, Valent́ın and Fadda (2011) refounds categorial calculus
accommodating displacement, or syntactic and semantic mismatch, a key issue in grammar. But
as observed by Ruth Kempson (p.c.) it realises displacement without displacement (disorder turns
out to be order again), so that we may more revealingly speak of placement calculus.

The placement calculus retains the setwise concatenation • and its left and right residuals \
and / of the Lambek calculus, which operate in a horizontal dimension, in a context in which
there is also setwise wrap � and its upper and lower residuals ↑ and ↓, which operate in a vertical
dimension. Control of the partiality of the wrapping operations requires a sorting discipline on the
types (0 = continuous; > 0 = discontinuous) and a novel sequent calculus in the configurations of
which continuous types are leaves but discontinuous types are mothers. In this sense the placement
calculus is not an extension of the Lambek calculus, but an embedding of it in a new context. This
context has both horizontal and vertical dimensions and what appears to involve displacement in
one, horizontal, dimension is no longer displacement when the second, vertical, dimension is added,
but simply placement.1

Taking as a basis the placement calculus, types are sorted according to the number of points
of discontinuity or placeholders their expressions contain. Here we use product-free placement
calculus together with a modality for intensionality (Morrill 1990), the limited contraction operator
of Jäger (2005) for anaphora, and a (succedent position only) difference operator which is a slight
adaptation of the negation as failure of Morrill and Valent́ın (2010a); see Morrill and Valent́ın
(2013). We define types Fpi of sort i ∈ {0, 1, . . .} and polarity p ∈ {•, ◦} (input and output); where
p is a polarity, p is the opposite polarity. On the basis of atomic types this definition is as follows
(together with the homomorphic type map T from syntactic types to semantic types), where the
subscript k = + or −:2

(5) Fpj ::= Fpi \F
p
i+j T (A\C) = T (A)→ T (C) left concatenation

Fpi ::= Fpi+j/F
p
j T (C/B) = T (B)→ T (C) right concatenation

Fp0 ::= I T (I) = > concatenation unit

Fpj ::= Fpi+1↓kF
p
i+j T (A↓kC) = T (A)→ T (C) wrapping infix

Fpi+1 ::= Fpi+j↑kF
p
j T (C↑kB) = T (B)→ T (C) wrapping circumfix

Fp1 ::= J T (J) = > wrapping unit
Fpi ::= �Fpi T (�A) = LA semantic modality

Fpi ::= Fpi |F
p
j T (B|A) = T (A)→ T (B) limited contraction

F◦i ::= F◦i −F◦i T (A−B) = T (A) difference

Where A is a type, sA is its sort.

1Naturally this move strictly extends the context-free recognizing power of the Lambek calculus, see Morrill and
Valent́ın (2010b).

2The polarities are employed to restrict the occurrences of the difference operator to output/succedent positions.
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The set O of configurations is defined as follows, where 1 is the metalinguistic placeholder:

(6) O ::= Λ | 1 | F0
• | Fi+1

•{O : . . . : O︸ ︷︷ ︸
i+1 O’s

} | O,O

A{Γ1 : . . . : Γn} interpreted syntactically is formed by strings s0+t1+s1+ · · ·+ sn−1+tn+sn where

s0+1+s1+ · · ·+sn−1+1+sn ∈ A and t1 ∈ Γ1, . . . , tn ∈ Γn. The figure or vector
−→
A of a type A is

defined by:

(7)
−→
A =

 A if the sort of A is 0
A{1 : . . . : 1︸ ︷︷ ︸

sA 1’s

} if the sort of A is greater than 0

The sort of a configuration is the number of metalinguistic placeholders it contains. Where ∆
and Γ are configurations and ∆ is of sort at least one , ∆|+Γ signifies the configuration which is
the result of replacing the leftmost metalinguistic placeholder in ∆ by Γ, and ∆|−Γ signifies the
configuration which is the result of replacing the rightmost metalinguistic placeholder in ∆ by Γ.
Where ∆ is a configuration of sort i and Γ1, . . . ,Γi are configurations, the fold ∆⊗ 〈Γ1, . . . ,Γi〉 is
the result of simultaneously replacing the successive placeholders in ∆ by Γ1, . . . ,Γi respectively.
The distinguished hyperoccurrence notation ∆〈Γ〉 abbreviates ∆0(Γ ⊗ 〈∆1, . . . ,∆i〉). Multiple
distinguished hyperoccurrences will be separated by semicolons within the angle brackets. A
hypersequent Γ ⇒ A comprises an antecedent configuration Γ of sort i and a succedent type A
belonging to F◦i . The semantically labelled sequent calculus for our categorial logic is given in
Figure 2, where k ∈ {+,−}, and �Γ signifies a configuration all the types of which are �-ed
outermost.

3 Grammar

We structure atomic types N for name or (referring) nominal and CN for common noun or
count noun with feature terms for gender for which there are feature constants (lower case) m
(masculine), f (feminine) and n (neuter) and a denumerably infinite supply of feature variables.
Feature variables, in alphabet initial upper case, are understood as being universally quantified
outermost in types and thus undergo unification in the usual way. Other atomic types are S for
statement or (declarative) sentence and CP for complementizer phrase. All these atomic types
are of sort 0. Our lexicon for the Montague fragment is as shown in Figure 3; henceforth we omit
the subscript + for leftmost wrap on connectives.

4 Analyses

This section annotates with commentary the output of the Prolog parser/theorem prover CatLog
(Morrill 2012) for the categorial logic and Montague fragment lexicon here. The program imple-
ments directly Cut-free backward chaining sequent proof search, which is terminating since the
rules can be applied in only a finite number of ways matching a sequent against the conclusion
and reading backwards to create premise subgoals, and premises always contain fewer connective
occurrences than their conclusion. Derivational equivalence, or spurious ambiguity, is handled
by sequent proof normalization (Morrill 2011), equivalent to focusing; the search space is further
pruned according to count invariance (Valent́ın, Serret and Morrill 2013).

For reasons of space we consider only the analyses of the first half of Chapter 7 of Dowty, Wall
and Peters (1981) (henceforth DWP); for the second half see Morrill (in press). The first sentence
for which DWP provides an analysis tree is (we include their numbering):

(8) (7-16) every+man+talks : S

This involves a quantifier phrase in subject position. Lookup in our lexicon yields the following
semantically labelled sequent:
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id−→
A : x ⇒ A : x

Γ ⇒ A : φ ∆〈
−→
C : z〉 ⇒ D : ω

\L
∆〈Γ,

−−→
A\C : y〉 ⇒ D : ω[(y φ)/z]

−→
A : x,Γ ⇒ C : χ

\R
Γ ⇒ A\C : λxχ

Γ ⇒ B : ψ ∆〈
−→
C : z〉 ⇒ D : ω

/L
∆〈
−−→
C/B : x,Γ〉 ⇒ D : ω[(x ψ)/z]

Γ,
−→
B : y ⇒ C : χ

/R
Γ ⇒ C/B : λyχ

∆〈Λ〉 ⇒ A : φ
IL

∆〈
−→
I : t〉 ⇒ A : φ

IR
Λ ⇒ I : t

Γ ⇒ A : φ ∆〈
−→
C : z〉 ⇒ D : ω

↓kL
∆〈Γ|k

−−−→
A↓kC : y〉 ⇒ D : ω[(y φ)/z]

−→
A : x|kΓ ⇒ C : χ

↓kR
Γ ⇒ A↓kC : λxχ

Γ ⇒ B : ψ ∆〈
−→
C : z〉 ⇒ D : ω

↑kL
∆〈
−−−→
C↑kB : x|kΓ〉 ⇒ D : ω[(x ψ)/z]

Γ|k
−→
B : y ⇒ C : χ

↑kR
Γ ⇒ C↑kB : λyχ

∆〈1〉 ⇒ A
JL

∆〈
−→
J : t〉 ⇒ A

JR
1 ⇒ J : t

Γ〈
−→
A : x〉 ⇒ B : ψ

�L
Γ〈
−→
�A : z〉 ⇒ B : ψ[∨z/x]

�Γ ⇒ A : φ
�R

�Γ ⇒ �A : ∧φ

Γ ⇒ A : φ ∆〈
−→
A : x;

−→
B : y〉 ⇒ D : ω

|L
∆〈Γ;

−−→
B|A : z〉 ⇒ D : ω[φ/x, (z φ)/y]

Γ〈
−→
B0 : y0; . . . ;

−→
Bn : yn〉 ⇒ D : ω

|R
Γ〈
−−−→
B0|A : z0; . . . ;

−−−→
Bn|A : zn〉 ⇒ D|A : λxω[(z0 x)/y0, . . . , (zn x)/yn]

Γ ⇒ A : φ 6` Γ ⇒ B :
−R

Γ ⇒ A−B : φ

Figure 2: Semantically labelled sequent calculus for the categorial logic
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a : �(((S↑�NA)↓S)/CNA) : ˆλBλC∃D[(B D) ∧ (C ˆD)]
and : �((S\S)/S) : ˆλAλB[B ∧ A]
and : �(((NA\S)\(NA\S))/(NA\S)) : ˆλBλCλD[(C D) ∧ (B D)]
believes : �((NA\S)/CP) : believe
bill : �Nm : ˆb
catch : �((NA\S)/NB) : catch
doesnt : �((NA\S)/(NA\S)) : ˆλBλC¬(B C )
eat : �((NA\S)/NB) : eat
every : �(((S↑NA)↓S)/CNA) : ˆλBλC∀D[(B D)→ (C D)]
finds : �((NA\S)/NB) : finds
fish : �CNn : fish
he : �((�S|Nm)/�(Nm\S)) : ˆλAλBˆ(ˇA B)
her : �(�((S↑Nf)− (J•(Nf\S)))↓(�S|Nf)) : ˆλAλBˆ(ˇA B)
her : �(((((S↑Nf)− (J•(Nf\S)))↑�Nf)− (J•((Nf\S)↑Nf)))↓−(S↑�Nf)) : ˆλAλB((A B) ˇB)
in : �(((NA\S)\(NA\S))/NB) : ˆλCλDλE((ˇin C ) (D E))
is : �((NA\S)/NB) : ˆλCλD[D = C ]
it : �(�(S↑Nn)↓(�S|Nn)) : ˆλAλBˆ(ˇA B)
it : �(((((S↑Nn)− (J•(Nn\S)))↑�Nn)− (J•((Nn\S)↑Nn)))↓−(S↑�Nn)) : ˆλAλB((A B) ˇB)
john : �Nm : ˆj
loses : �((NA\S)/NB) : loses
loves : �((NA\S)/NB) : loves
man : �CNm : man
necessarily : �(S/�S) : ˆnec
or : �((S\S)/S) : ˆλAλB[B ∨ A]
or : �(((NA\S)\(NA\S))/(NA\S)) : ˆλBλCλD[(C D) ∨ (B D)]
park : �CNn : park
seeks : �((NA\S)/�(((NB\S)/NC)\(NB\S))) : ˆλDλE((tries ˆ((ˇD find) E)) E)
she : �((�S|Nf)/�(Nf\S)) : ˆλAλBˆ(ˇA B)
slowly : �(�(NA\S)\(NA\S)) : slowly
such+that : �((CNA\CNA)/(S|NA)) : ˆλBλCλD[(C D) ∧ (B D)]
talks : �(NA\S) : talk
that : �(CP/�S) : ˆλAA
the : �(NA/CNA) : the
to : �((NA\S)/(NA\S)) : ˆλBB
tries : �((NA\S)/�(NA\S)) : ˆλBλC((ˇtries ˆ(ˇB C )) C )
unicorn : �CNn : unicorn
walk : �(NA\S) : walk
walks : �(NA\S) : walk
woman : �CNf : woman

Figure 3: The Montague fragment categorial lexicon
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CNm ⇒ CNm
�L

�CNm ⇒ CNm

Nm ⇒ Nm S ⇒ S
\L

Nm,Nm\S ⇒ S
�L

Nm,�(Nm\S) ⇒ S
↑R

1,�(Nm\S) ⇒ S↑Nm S ⇒ S
↓L

(S↑Nm)↓S,�(Nm\S) ⇒ S
/L

((S↑Nm)↓S)/CNm,�CNm,�(Nm\S) ⇒ S
�L

�(((S↑Nm)↓S)/CNm),�CNm,�(Nm\S) ⇒ S

Figure 4: Derivation for Every man talks

CNn ⇒ CNn
�L

�CNn ⇒ CNn Nn ⇒ Nn
/L

Nn/CNn,�CNn ⇒ Nn
�L

�(Nn/CNn),�CNn ⇒ Nn S ⇒ S
\L

�(Nn/CNn),�CNn, Nn\S ⇒ S
�L

�(Nn/CNn),�CNn,�(Nn\S) ⇒ S

Figure 5: Derivation for The fish walks

(9) �(((S↑NA)↓S)/CN A) : ˆλBλC∀D[(B D)→ (C D)],�CN m : man,
�(NE\S) : talk ⇒ S

Here and always lexical types are modalized outermost because lexical meanings are intensions.
Within its modality the type for the quantifier is a functor seeking a count noun to its right;
the feature variable A selects the gender value. This yields a generalized quantifier type which
will infix at the result of extracting a nominal, simulating Montague’s rule of term insertion or
quantifying in S14. The derivation is given in Figure 4. This yields the required semantics:

(10) ∀C[(ˇman C )→ (ˇtalk C )]

Montague’s Intensional Logic assigned nonlogical constants of type τ a denotation in the intension
of τ and then interpreted a constant with respect to a world as its extension in that world. Our
semantic representation language assigns constants denotations in their own type, so our semantic
representations have explicit extensionalization of nonlogical constants.

The next example of DWP is:

(11) (7-19) the+fish+walks : S

Montague analysed the definite article as universal quantification with unicity but this does not
reflect its presuppositional character. In our grammar we assume that since unicity is presupposed
anyway, the definite article maps to a simple nominal. The result of lexical lookup is:

(12) �(NA/CN A) : the,�CN n : fish,�(NB\S) : walk ⇒ S

This has the derivation in Figure 5. The derivation yields the semantics:

(13) (ˇwalk (ˇthe ˇfish))

The next example involves subject quantification and verb phrase coordination:
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(14) (7-32) every+man+walks+or+talks : S

Lexical lookup inserting the sentential coordinator yields the semantically labelled sequent:

(15) �(((S↑NA)↓S)/CN A) : ˆλBλC∀D[(B D)→ (C D)],�CN m : man,
�(NE\S) : walk ,�((S\S)/S) : ˆλFλG[G ∨ F ],�(NH\S) : talk ⇒ S

This has no derivation. The correct lexical lookup, inserting the verb phrase coordinator, yields
the semantically labelled sequent:

(16) �(((S↑NA)↓S)/CN A) : ˆλBλC∀D[(B D)→ (C D)],�CN m : man,
�(NE\S) : walk ,�(((NF\S)\(NF\S))/(NF\S)) :
ˆλGλHλI[(H I ) ∨ (G I )],�(NJ\S) : talk ⇒ S

This has the derivation given in Figure 6. The derivation delivers semantics:

(17) ∀C[(ˇman C )→ [(ˇwalk C ) ∨ (ˇtalk C )]]

The next example is:

(18) (7-34) every+man+walks+or+every+man+talks : S

Lexical lookup with the (correct) lexical insertion of the sentential coordinator produces the se-
mantically labelled sequent:

(19) �(((S↑NA)↓S)/CN A) : ˆλBλC∀D[(B D)→ (C D)],�CN m : man,
�(NE\S) : walk ,�((S\S)/S) : ˆλFλG[G∨F ],�(((S↑NH)↓S)/CN H ) : ˆλIλJ∀K[(I K )→
(J K )],�CN m : man,�(NL\S) : talk ⇒ S

It is enough for the quantifier phrases to each take scope within their conjunt and this is the
derivation which we give in Figure 7. However the quantifier phrases can also term insert at the
matrix level, and do so in either order, adding four other (synonomous) derivations. We omit
these. The semantics assigned is:

(20) [∀I[(ˇman I )→ (ˇwalk I )] ∨ ∀E[(ˇman E )→ (ˇtalk E )]]

Lexical insertion of the (incorrect) verb phrase coordinator entry yields the semantically labelled
sequent:

(21) �(((S↑NA)↓S)/CN A) : ˆλBλC∀D[(B D)→ (C D)],�CN m : man,
�(NE\S) : walk ,�(((NF\S)\(NF\S))/(NF\S)) :
ˆλGλHλI[(H I ) ∨ (G I )],�(((S↑NJ)↓S)/CN J ) :
ˆλKλL∀M [(K M )→ (L M )],�CN m : man,�(NN\S) : talk ⇒ S

This has no derivation.
The next example involves anaphora:

(22) (7-39) a+woman+walks+and+she+talks : S

Correct lexical lookup inserting the sentential coordinator type yields:

(23) �(((S↑�NA)↓S)/CN A) : ˆλBλC∃D[(B D) ∧ (C ˆD)],�CN f : woman,
�(NE\S) : walk ,�((S\S)/S) : ˆλFλG[G∧F ],�((�S|Nf)/�(Nf\S)) : ˆλHλIˆ(ˇH I ),�(NJ\S) :
talk ⇒ S

Our lexical type assignment to the nominative pronoun ensures that it applies to the right to a
verb phrase, i.e. that it occupies subject position. The limited contraction type constructor of
Jäger (2005) is used to create anaphoric dependency. There is the derivation given in Figure 8
where the treatments of anaphora and quantification (and coordination) interact. This correctly
yields the semantics:
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Figure 7: Derivation for Every man walks or every man talks
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Figure 8: Derivation for A woman walks and she talks
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(24) ∃C[(ˇwoman C ) ∧ [(ˇwalk C ) ∧ (ˇtalk C )]]

Lexical lookup incorrectly inserting the verb phrase coordinator assignment yields a sequent for
which there is no derivation.

The next analyses of DWP are for the de re or specific versus de dicto or nonspecific ambiguity
of:

(25) (7-43, 7-45) john+believes+that+a+fish+walks : S

On Montague’s account the indefinite quantifier phrase can quantify 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:

(26) �Nm : ˆj ,�((NA\S)/CP) : believe,�(CP/�S) : ˆλBB ,
�(((S↑�NC)↓S)/CN C ) : ˆλDλE∃F [(D F ) ∧ (E ˆF )],�CN n : fish,
�(NG\S) : walk ⇒ S

In Montague grammar the requirement that all term phrases have the same semantic type necessi-
tates type raising proper names to the same type as quantifier phrases; and a meaning postulate is
required to make them rigid designators (i.e. denote the same individual in all worlds). Note how
in type logical grammar a proper name can be assigned its lower type, and our lexical semantics
codes that it is intensional, but a rigid designator. The de re derivation is given in Figure 9. This
delivers semantics:

(27) ∃C[(ˇfish C ) ∧ ((ˇbelieve ˆ(ˇwalk C )) j )]

Observe that the modalization of the sentence complementized translates into an intensionalized
formula, i.e. a proposition, for the propositional attitude verb. The �R inference in the de re
derivation depends on the hypothetical subtype introduced by the indefinite being modal. By
contrast, in our type logical grammar the corresponding subtype of every is not modal, limiting
its quantification to local scope (something Montague did not capture). The de dicto derivation
is given in Figure 10. This delivers semantics:

(28) ((ˇbelieve ˆ∃D[(ˇfish D) ∧ (ˇwalk D)]) j )

The next example combines the previous ambiguity with alternative quantifier scopings at the
matrix level; a total of three readings:

(29) (7-48, 7-49, 7-52) every+man+believes+that+a+fish+walks : S

Lexical lookup yields the semantically labelled sequent:

(30) �(((S↑NA)↓S)/CN A) : ˆλBλC∀D[(B D)→ (C D)],�CN m : man,
�((NE\S)/CP) : believe,�(CP/�S) : ˆλFF ,�(((S↑�NG)↓S)/CN G) : ˆλHλI∃J [(H J )∧
(I ˆJ )],�CN n : fish,�(NK\S) : walk ⇒ S

A first derivation, in which the existential quantifies in at the widest level, is given in Figure 11.
This delivers semantics:

(31) ∃C[(ˇfish C ) ∧ ∀G[(ˇman G)→ ((ˇbelieve ˆ(ˇwalk C )) G)]]

A second derivation, in which the existential quantifies in outside of the propositional attitude
verb but still within the universal, is given in Figure 12. This delivers semantics:

(32) ∀C[(ˇman C )→ ∃G[(ˇfish G) ∧ ((ˇbelieve ˆ(ˇwalk G)) C )]]

The third derivation, in which the existential takes narrowest scope, in given in Figure 13. This
delivers semantics:

12



C
N

n
⇒

C
N

n
�
L

�
C

N
n
⇒

C
N

n

N
n
⇒

N
n

�
L

�
N
n
⇒

N
n

S
⇒

S
\
L

�
N
n
,
N
n
\
S
⇒

S
�
L

�
N
n
,�

(N
n
\
S

)
⇒

S
�
R

�
N
n
,�

(N
n
\
S

)
⇒

�
S

C
P
⇒

C
P
/
L

C
P
/
�
S
,�
N
n
,�

(N
n
\
S

)
⇒

C
P

�
L

�
(C

P
/
�
S

),�
N
n
,�

(N
n
\
S

)
⇒

C
P

N
m
⇒

N
m

�
L

�
N
m
⇒

N
m

S
⇒

S
\
L

�
N
m
,
N
m
\
S
⇒

S
/
L

�
N
m
,
(N
m
\
S

)/
C

P
,�

(C
P
/
�
S

),�
N
n
,�

(N
n
\
S

)
⇒

S
�
L

�
N
m
,�

((N
m
\
S

)/
C

P
),�

(C
P
/
�
S

),�
N
n
,�

(N
n
\
S

)
⇒

S
↑
R

�
N
m
,�

((N
m
\
S

)/
C

P
),�

(C
P
/
�
S

),
1
,�

(N
n
\
S

)
⇒

S
↑
�
N
n

S
⇒

S
↓
L

�
N
m
,�

((N
m
\
S

)/
C

P
),�

(C
P
/
�
S

),
(S
↑
�
N
n

)↓
S
,�

(N
n
\
S

)
⇒

S
/
L

�
N
m
,�

((N
m
\
S

)/
C

P
),�

(C
P
/
�
S

),
((S
↑
�
N
n

)↓
S

)/
C

N
n
,�

C
N

n
,�

(N
n
\
S

)
⇒

S
�
L

�
N
m
,�

((N
m
\
S

)/
C

P
),�

(C
P
/
�
S

),�
(((S
↑
�
N
n

)↓
S

)/
C

N
n

),�
C

N
n
,�

(N
n
\
S

)
⇒

S

Figure 9: De re derivation for John believes that a fish walks
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Figure 10: De dicto derivation for John believes that a fish walks
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Figure 11: Existential widest scope derivation for Every man believes that a fish walks
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Figure 12: Existential intermediate scope derivation for Every man believes that a fish walks
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Figure 13: Existential narrowest scope derivation for Every man believes that a fish walks
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(33) ∀C[(ˇman C )→ ((ˇbelieve ˆ∃H[(ˇfish H ) ∧ (ˇwalk H )]) C )]

The next example involves the such that relativization of Montague’s fragment:

(34) (7-57) every+fish+such+that+it+walks+talks : S

This is relativization in which the clause subordinate to such that must contain a free anaphor.
Semantically, the semantics of the body of the relative clause abstracted over the free pronoun
meaning restricts the head modified by the relative clause. Since our grammar uses the Jäger
anaphora type constructor, such that can be categorized accordingly. Lexical lookup produces the
following semantically labelled sequent:

(35) �(((S↑NA)↓S)/CN A) : ˆλBλC∀D[(B D)→ (C D)],�CN n : fish,
�((CN E\CN E )/(S|NE)) : ˆλFλGλH[(G H ) ∧ (F H )],
�(�(S↑Nn)↓(�S|Nn)) : ˆλIλJˆ(ˇI J ),�(NK\S) : walk ,�(NL\S) : talk ⇒ S

Note that the type for it used allows the pronoun to occupy either subject (nominative) or object
(accusative) position and then pick up an antecedent outside its clause. We call such anaphora, in
which a pronoun has an antecedent outside of its clause, external anaphora and use for it the limited
contraction type-constructor. We contrast this with internal anaphora, in which a pronoun has a
preceding antecedent in or within its own clause, and for which we use discontinuity connectives.
The sequent has the derivation given in Figure 14. This delivers semantics:

(36) ∀C[[(ˇfish C ) ∧ (ˇwalk C )]→ (ˇtalk C )]

To allow a pronoun to take an antecedent within its own clause a second internal anaphora lexical
type is given. But this is conditioned in accordance with Principle B of Chomsky (1981) to prevent
a local subject antecedent (cf. Morrill and Valent́ın 2010a; 2013). Lexical lookup for the present
example inserting this type yields the following sequent, which has no derivation.

(37) �(((S↑NA)↓S)/CN A) : ˆλBλC∀D[(B D)→ (C D)],�CN n : fish,
�((CN E\CN E )/(S|NE)) : ˆλFλGλH[(G H ) ∧ (F H )],
�(((((S↑Nn)−(J•(Nn\S)))↑�Nn)−(J•((Nn\S)↑Nn)))↓−(S↑�Nn)) : ˆλIλJ((I J ) ˇJ ),�(NK\S) :
walk ,�(NL\S) : talk ⇒ S

The next example of DWP involves seek which is an intensional object verb synonymous with
try to find :

(38) (7-60, 7-62) john+seeks+a+unicorn : S

The sentence has a specific reading in which there is a 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 latter reading does not have existential commitment: it can be true without any
unicorn existing in the actual world. Lexical lookup gives the following semantically labelled
sequent:

(39) �Nm : ˆj ,�((NA\S)/�(((NB\S)/NC)\(NB\S))) :
ˆλDλE((tries ˆ((ˇD find) E )) E ),�(((S↑�NF )↓S)/CN F ) :
ˆλGλH∃I[(G I ) ∧ (H ˆI )],�CN n : unicorn ⇒ S

For the specific reading there is the derivation given in Figure 15. This delivers the semantics with
existential commitment:

(40) ∃C[(ˇunicorn C ) ∧ ((tries ˆ((find C ) j )) j )]

For the nonspecific reading there is the derivation given in Figure 16. This delivers the semantics
without existential commitment:

(41) ((tries ˆ∃G[(ˇunicorn G) ∧ ((find G) j )]) j )
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Figure 14: Derivation for Every fish such that it walks talks
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Figure 15: Specific reading derivation for John seeks a unicorn
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Figure 16: Nonspecific reading derivation for John seeks a unicorn
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5 Conclusion

Dowty, Wall and Peters (1981) is an authoritative textbook and as such awards authority to its
contents. And Montague Grammar is a monument. But Montague did not assign importance
to syntax and he did not formalize it. Logical categorial grammar provides Montague Grammar
with a logical syntax which is, furthermore, computational. This preserves Montague’s stance on
the rôle of analyses — to ascribe truth conditions — and reinforces his position on ambiguity
such as quantificational ambiguity (cf. the title of Montague 1973): that by compositionality, all
non-lexical ambiguity is syntactic.
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editor, 1974, Formal Philosophy: Selected Papers of Richard Montague, Yale University Press,
New Haven, 188–221.

Montague, R. (1970b). Universal grammar. Theoria, 36:373–398. Reprinted in R.H. Thomason,
editor, 1974, Formal Philosophy: Selected Papers of Richard Montague, Yale University Press,
New Haven, 222–246.

Montague, R. (1973). The Proper Treatment of Quantification in Ordinary English. In Hintikka,
J., Moravcsik, J., and Suppes, P., editors, Approaches to Natural Language: Proceedings of the
1970 Stanford Workshop on Grammar and Semantics, pages 189–224. D. Reidel, Dordrecht.
Reprinted in R.H. Thomason, editor, 1974, Formal Philosophy: Selected Papers of Richard
Montague, Yale University Press, New Haven, 247–270.

Moortgat, M. (1988). Categorial Investigations: Logical and Linguistic Aspects of the Lambek
Calculus. Foris, Dordrecht. PhD thesis, Universiteit van Amsterdam.

Moortgat, M. (1997). Categorial Type Logics. In van Benthem, J. and ter Meulen, A., editors,
Handbook of Logic and Language, pages 93–177. Elsevier Science B.V. and the MIT Press,
Amsterdam and Cambridge, Massachusetts.
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