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Zur Erinnerung: Combinatory Categorial Grammar

Mark Steedman (Univ. of Edinburgh)

Kann folgende Phänomene erklären:
Bindung / Kontrolle (Reflexivpronomen)
Lange Abhängigkeiten (Relativsätze)
Koordination
Kreuzende Dependenzen (Holländisches Beispiel; → mild
kontextabhängig)

direkte Syntax-Semantik Schnittstelle
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CCG – direkte Syntax Semantik Schnittstelle

CCG Combinatory Rules

Forward and Backward Application (with Semantics):
Forward Application: X/Y : f Y : a ⇒> X : fa
Backward Application: Y : a X\Y : f ⇒< X : fa

Example

unification mechanism that we will pass over here—see Shieber 1986.)11
(7) proved := S NP3s NP : x y prove xy
We must also expand the rules of functional application in the same way:
(8) Functional application

a. X Y : f Y : a X : fa
b. Y : a X Y : f X : fa

All such combinatory rules are subject to a similar transparency condition to
the Principle of Categorial Type-Transparency, called the Principle of Com-
binatory Type-Transparency (SP), which says that the semantic type of the
reduction is the same as its syntactic type, here functional application. They
yield derivations like the following:
(9) Marcel proved completeness

NP3sm : marcel′ (S\NP3s)/NP : λxλy.prove′xy NP : completeness′
>S\NP3s : λy.prove′completeness′y
<S : prove′completeness′marcel′

The derivation yields the category S with a compositional interpretation, equiv-
alent under a convention of left associativity to (10a):

(10) a. prove completeness marcel b. marcelprove completeness
Thus, the traditional subject-predicate structure reflecting c-command relations
exhibited in (10b) is expressed at the level of propositional logical form or LF-
structure.
11It is possible to bind arguments in semantic representations using mechanisms other than those
of the -calculus. For example, Steedman (1990), Zeevat (1988) and Hoffman (1995) employ uni-
fication for this purpose. The use of the -calculus as the representation framework is also optional
since interpretations can instead be encoded with other representation languages such as Indexed
Languages (Zeevat 1988), Hybrid Logic Dependency Semantics (Kruijff 2001) or Minimal Recur-
sion Semantics (Copestake, Lascarides and Flickinger 2001). See Baldridge and Kruijff (2002) for
an approach which integrates CCG with Hybrid Logic Dependency Semantics, and Villavicencio
(2002) for one which uses Minimal Recursion Semantics within the context of Unification-Based
Generalized Categorial Grammar.
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CCG – direkte Syntax Semantik Schnittstelle

CCG Combinatory Rules
Coordination: X:g CONJ:b X:f ⇒<φ> X: λ...b(f ...)(g...)
Forward Composition: X/Y : f Y/Z : g ⇒>B X/Z : λz.f (gz)
Backward Composition: Y\Z : g X\Y : f ⇒<B X\Z : λz.f (gz)

conjunction category (11)) cannot combine by these rules.
Without the use of the hierarchy given in Figure 1 relating the various types,

the forward composition rule would be stated with the following four instanti-
ations (the semantics for which is as in (13)):
(14) a. X Y Y Z X Z

b. X Y Y Z X Z
c. X Y Y Z X Z
d. X Y Y Z X Z

We explain why only these four mixtures are utilized for in section 4.
The effect of (13a) can be seen in the derivation of sentences like (15),

which crucially involves the composition of two verbs to yield a com-
posite of the same category as a transitive verb. It is important to ob-
serve that composition also yields an appropriate interpretation for the com-
posite verb might prove, as x y might prove x y, an object which if ap-
plied to an object completeness and a subject Marcel yields the proposition
might prove completeness marcel . The coordination will therefore yield an
appropriate semantic interpretation.14
(15) Marcel conjectured and might prove completeness

NP (S\NP)/NP (X\⋆X)/⋆X (S\NP)/VP VP/NP NP
: marcel′ : conjecture′ : and′ : might′ : prove′ : completeness′

>B
(S\NP)/NP

: λxλy.might′(prove′x)y
>

((S\NP)/NP)\⋆((S\NP)/NP): λtvλxλy.and′(might′(prove′x)y)(tv xy)
<

(S\NP)/NP
: λxλy.and′(might′(prove′x)y)(conjecture′xy)

>S\NP
: λy.and′(might′(prove′completeness′)y)(conjecture′completeness′y)

<S : and′(might′(prove′completeness′)marcel′)(conjecture′completeness′marcel′)

CCG generalizes composition to n for small n—e.g.
(16) X Y : f Y W Z : g X W Z : z w f gz w 2

Among other consequences, this generalization permits modal verbs to com-
pose into ditransitive verbs, as in the following:
14The analysis begs some syntactic and semantic questions about the coordination. See SSI for a
more complete account.

13
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CCG – direkte Syntax Semantik Schnittstelle

CCG Combinatory Rules

Forward Type-raising: X : a ⇒T T/(T\X) : λf .fa

Example
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CCG – direkte Syntax Semantik Schnittstelle

All rules for English

Forward Application: X/Y : f Y : a ⇒> X : fa
Backward Application: Y : a X\Y : f ⇒< X : fa
Coordination: X:g CONJ:b X:f ⇒<φ> X: λ...b(f ...)(g...)
Forward Composition: X/Y : f Y/Z : g ⇒>B X/Z : λz.f (gz)
Backw Composition: Y\Z : g X\Y : f ⇒<B X\Z : λz.f (gz)
Forw Gen Composition: X/Y: f (Y/Z)/$1

: ...λz.gz... ⇒>Bn (X/Z)/$1 : ....f (gz...)
Backw Crossed Comp: Y/Z: g X\Y: f ⇒<Bx X/Z: λz.f (gz)
Forward Type-raising: X : a ⇒T T/(T\X) : λf .fa
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CCG – direkte Syntax Semantik Schnittstelle

Reflexivpronomen

Mary washed herself

NPsf (S\NPsG)/NP (S\NPsf )\((S\NPsf )/NP)
: mary ′ : λx .λy .wash′xy : λp.λz.p(ana′z)z

Vera Demberg (UdS) CCG 4. Juni 2013 9 / 20



CCG – direkte Syntax Semantik Schnittstelle

Objektkontrolle

Peter persuaded Marcel to bathe Mary.

Lexikon

persuade:=((S\NP)/(STO\NP))/NP : λxλpλy .persuade′(p(ana′x))xy
to :=(STO\NP)/(SINF\NP) : λp.p
bathe := (SINF\NP)/NP : λv .λw .bathe′ vw
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Strict Competence Hypothesis

The Strict Competence Hypothesis

Strong Competence Hypothesis (Bresnan and Kaplan, 1982)

The Strong Competence Hypothesis of asserts that there exists a direct
correspondence between the rules of a grammar and the operations performed
by the human language processor.

Competence

Competence is the ’ideal’ language system that makes it possible for
speakers to produce and understand an infinite number of sentences in their
language, and to distinguish grammatical sentences from ungrammatical
sentences.

Performance
Linguistic performance is governed by principles of cognitive structure such
as memory limitations, distractions, shifts of attention and interest, and
(random or characteristic) errors.
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Strict Competence Hypothesis

The Strict Competence Hypothesis

Strong Competence Hypothesis (Bresnan and Kaplan, 1982)

The Strong Competence Hypothesis of asserts that there exists a direct
correspondence between the rules of a grammar and the operations performed
by the human language processor.

+

Rule-to-Rule Assumption (Bach, 1976)

Each syntactic rule corresponds to a rule of semantic interpretation.
(⇒ entities combined by syntactic rules must be semantically interpretable)

=

Strict Competence Hypothesis (Steedman, 1992)

Structures manipulated by the processor are isomorphic to the constituents
listed in the grammar.
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Strict Competence Hypothesis

Constituents in CCG

Flexible Konsituentenstruktur

Spurious ambiguity

There are 24 different ways of deriving:

Peter caught a big cat.

aber gut für inkrementelle Verarbeitung.
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Strict Competence Hypothesis

CCG und inkrementelle Verarbeitung

Beispiel ähnlich zu The horse raced past the barn fell.

a) The doctor sent for the patients arrived. (schwierig)
b) The flowers sent for the patients arrived. (leichter)

Wenn b einfacher ist, bedeutet dies, dass wir schon bei “sent” bemerkt
haben, dass flowers nicht der Agent von “send” sein kann.
⇒ Inkrementelle Interpretation bei “the flowers sent”

“the flowers sent” ist eine CCG Konstituente.

CCG kann daher erklären, warum b für Menschen einfacher zu
verarbeiten ist.
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Strict Competence Hypothesis

So how does that work?

Figure: Incremental CCG derivation (Figure taken from McConville’s PhD thesis.)
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CCG – milde Kontextabhängigkeit
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CCG – milde Kontextabhängigkeit

All rules for English

Forward Application: X/Y : f Y : a ⇒> X : fa
Backward Application: Y : a X\Y : f ⇒< X : fa
Coordination: X:g CONJ:b X:f ⇒<φ> X: λ...b(f ...)(g...)
Forward Composition: X/Y : f Y/Z : g ⇒>B X/Z : λz.f (gz)
Backw Composition: Y\Z : g X\Y : f ⇒<B X\Z : λz.f (gz)
Forw Gen Composition: X/Y: f (Y/Z)/$1

: ...λz.gz... ⇒>Bn (X/Z)/$1 : ....f (gz...)
Backw Crossed Comp: Y/Z: g X\Y: f ⇒<Bx X/Z: λz.f (gz)
Forward Type-raising: X : a ⇒T T/(T\X) : λf .fa
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CCG – milde Kontextabhängigkeit

Crossing composition rules
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CCG – milde Kontextabhängigkeit

Swiss German / Dutch

Vera Demberg (UdS) CCG 4. Juni 2013 20 / 20


	CCG – direkte Syntax Semantik Schnittstelle
	Strict Competence Hypothesis
	CCG – milde Kontextabhängigkeit

