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ACGs

� Parallelizing term construction (making composionality explicit)

� Terms of the typed linear

�

-calculus

– data-structures: int, strings, trees. . .
– Ex: the empty string:

����� � , the string 	: ����� 	 
 � �
of type �
 �� �,

the

�

:

� �� ���� ����� � 
 � 
 � � �

– resource consciousness

A lexicon preserving type coherence:

Abstract language

��� � � Object language

���� � � � ����� � � � ���� � �� 
�� � � � � � 
 � � �
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Ex.:

Language

�� � � Language

��

J � NP � � John � �

L � NP� NP� S � � �� � ���� � �

loves

�  � �� �� �
M � NP � � Mary � �


L




M

� � 


J

� � S � � John

�

loves

�

Mary � �

� Separates the surface form John

�

loves

�

Mary of the term from the
rules of its construction




L




M

� � 


J

�

� The latter can be transmitted (composition)

Ex.:

Language

�� � � Language
�"!

J � NP � � �# � # 

j

� � 
�$ � � �� �

L � NP� NP� S � � �# %� % 
 ����� # 
 �� � 


l


  � � 
 � � � � �
 
$ � � �� � �� 

�$ � � �� � �� �

M � NP � � �# � # 
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Abstract Structure

Abstraction

Realization

Abstraction

Realization(parsing)
(generation)

(parsing)

(generation)

Properties:

� ACGs can encode CFGs, TAGs and� -LCFRS

� ACGs can generate middly context-sensitive languages

� What is the exact generative power of ACGs?
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?-LCFRS

Description:

� generates middly context-sensitive languages

� is weakly equivalent to Minimalist Grammars

� CFG-like rules:

@ � @�A A A @CB @

@� @� @DB

� complex concatenation functions
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?-LCFRSAnnotated rules:

@
 � �-E � � � E �GF �

@�
 � ��HE � � � E � �FI � @JB
 � B � E � � � E � BFLK �

such that


 � � E � � � E �MF �
 � 
 
 � ��HE � � � E � �FI �E � � � E 
 � B � E � � � E � BFNK � �

and:

� every �PO is a linear concatanation of �QR and constants

� if �QR appears in �PO and �PS , then

T
 U
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ExampleV&, I W,X W,Y W, Z W,[ /

\&, I ],X ],Y ], Z ],[ /

\&, I WN^ ], X W _ ],Y WN` ], Z W a ],[ WNb /

\&, I ],X ],Y ], Z ],[ /

\&^ ] _ ]` ] a ]b /

V&^K W _K W`K W aK WbK /

\&^K ] _K ]`K ] aK ]bK /

\&^Y ] _Y ]`Y ] aY ]bY /
\&^ WN^ ] _ W _ ]` W` ] a W a ]b WNb /

\&^ ] _ ]` ] a ]b /
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Modelling ?-LCFRS with ACGs

Elements:

� strings: OK

� concatenation: OK

� tuples?

The type system has� but no conjunct.

A c-tuple is a higher-order function whose parameter is a function that
accepts c parameters:

���� � � � A A A � B

We model

� 
 � � E � � � E � B �
by currying, then


 ���� � � � A A A � B � 
 � � �ed � � � A A A � B

(application is the other way around)
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Modelling ?-LCFRS with ACGs

A rule f: @
 � � E � � � E � F �

@�
 � ��HE � � � E � �FI � @DB
 � B �HE � � � E � BF K �
Language

�� � � Language

��

type

@O � � 
 �� A A A � �g hi jFk times

� � �� �

constant f � @� � @� � A A A � @ � � f � ?

f � is of type

&&4l mn n n m lo pq rsI times

m l / m l / m n n n m & &l mn n n m lo pq rsK times

m l / m l / m &4l m n n n m lo pq rs times

m l / m l
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Modelling ?-LCFRS with ACGs@
 � �HE � � � E �MF �

@�
 � ��HE � � � E � �FI � @CB
 � B � E � � � E � BFNK �
The result: � � � � � A A A � F
is obtained from a function
of � B � E � � � E � BFNK

� t� B� � � � A A A � F
“applied” to a tuple

uB uB 
 � t� B� � � � A A A �MF �

obtained from a function
of �v Bxw � y �zE � � � E � v Bxw � yF{K |I � t� Bxw �� uB 
 � t� B� � � � A A A � F �

“applied” to a tuple

uBxw � uBxw � 
 � t� Bxw �� uB 
 � t� B� � � � A A A �MF �

... ...
“applied” to a tuple

u� u� 
 � t� �� u� 
A A A � t� B� � � � A A A � F �A A A �

is itself a tuple

���� u� 
 � t� �� u� 
A A A � t� B� � � � A A A �GF �A A A �

Hence f �
 � u� u�A A A uB �� u� 
 � t� �� u� 
A A A � t� B� � � � A A A � F �A A A �

�-Linear Context-Free Rewriting Systems as Abstract Categorial Grammars 10



Modelling ?-LCFRS with ACGs

Theorem. For every m-LCFRS

}

, there exists an ACG

~�� such that:

� the abstract language

� 
 ~� �

of normal terms is isomorphic to the set of
parse-trees of

}

;

� the language generated by

}

coincides with the object language of

~ � .
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Example

The rules :

f�� � � � � � �� 
 � �
 �f� � � � � �� 
 � �HE � � � E ��� �
 � � �A A A � ���f� � � � � �� 
 � �HE � � � E ��� �
 
 � � � 	E � � � E ��� � $ �

f! � � �! 
 �
 
 	E �E �E �E $ �
The types f � :

�� � �

f� :

�� �

f� :

�� �

f! :

�
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The rules :

f2� � � � � � �� 
 � �
 �f� � � � � �� 
 � �HE � � � E ��� �
 � � �A A A � ���f� � � � � �� 
 � �-E � � � E �P� �
 
 � � � 	E � � � E �P� � $ �

f! � � �! 
 �
 
 	E �E �E �E $ �

The lexicon:
Language

�I � 0 Language

�X�� � 0 ' 5* 5 &' , *, /

�I � 0 '� �*� &' , I , X ,Y , Z,[ * � &, I W,X W,Y W, Z W,[ / /

�X � 0 '� �*� &' , I , X ,Y , Z,[ * � &, I WN^ / &, X W _ / &,Y W` / &, Z W a / &, [ Wb / /

�Y � 0 ' �* �^ _` ab

For instance, we can compute:

f2� 
 f� 
 f� 
 f! � � � 
 f� 
 f� 
 f� 
 f! � � �


 f� 
 f� 
 ���� � 
 	 � 	 � 
 � � � � 
 � � � � 
 � � � � 
$ � $ � � �


 f� 
 ���� � 
 	 � 	 � � � � � � � � � � � � � $ � $ � �


 	 � 	 � � � � � � � � � � � � � $ � $
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Conclusion

Result: Encoding of� -LCFRS into ACGs

Perspectives: What the exact expressive power of ACGs?

Is it too powerfull? Computational complexity increases with the order:

� 2nd order
 CF languages

� 3rd order � CF tree languages

� 4th order �� -LCFRS
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