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Intro duction

It is no surp rise to �nd logical asp ects of computational lin-

guistics: as w e have seen, this is b ound to happ en with all

serious w o rk with computers that requires a theo retical ap-

p roach. [. . . ] A p otentially fa r-reaching application of logic in

the study of the syntactic fo rmalisms is the p rogram of mo del-

theo retic syntax [. . . ] In mo re detail, the basic idea here is to

translate syntactic fo rmalisms which a re used b y linguists into

a single language. [Mos06, 338{9]

So logic is go o d fo r compa rison (e.g. �nding notational va riants), but what

ab out mo re fundamental questions?

Theo retical linguistics: What a re the p ossible natural languages? Or:

What gramma rs generate them?

Computational linguistics: What a re the gramma rs that a re relevant

fo r application X?
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Metho dology

1

Enumerate decision tasks, fo rmally .
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I

Theo retical linguistics: Psycholinguistics and cognitive

neuropsychology .

I

Computational linguistics: Applications.

Q: Ho w do es logic �t in?

1

Reconstruct linguistic theo ry T

Ling

with decision tasks �

Ling

as a

logical theo ry T

Logic

= f � j G 2 T

Ling

and � ( G ) = � g with decision

tasks �

Logic

s.t. fo r each decision task � 2 �

Ling

there is a

�

0

2 �

Logic

and � ( �; X ) i� �

0

( � ( � ) ; X ) (X 2 f YES,NO g ).
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0
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Logic

and � ( �; X ) i� �

0

( � ( � ) ; X ) (X 2 f YES,NO g ).

2

Use T

Logic

to p ro duce a b o dy of theo rems.

3

Imp o rt results on T

Logic

to establish p rop erties and p rovide upp er

b ounds on complexit y and to relate T

Ling

to other theo ries.
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Decision tasks

De�nition (Universal recognition)

Universal recognition is the decision p roblem:

INST ANCE: A gramma r G and a string ! .

QUESTION: Is ! in the language denoted b y G ?

De�nition (V eri�cation)

V eri�cation is the decision p roblem:

INST ANCE: A derivation structure D and p rinciples �.

QUESTION: Do es D satisfy �, e.g. D j =

Ling

�?

. . .
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Example 1: Recognition as satis�abilit y

F rom t yp e 2 gramma rs to agreement gramma rs:

NP[3,sg]

H

H

H

�

�

�

Det[3]

the

N[3,sg]

dinosaur

2

6

4

ca t np

num 3

plur -

3

7

5

a

a

a

!

!

!

2

6

4

ca t det

num 3

plur

3

7

5

the

2

6

4

ca t n

num 3

plur -

3

7

5

dinosaur
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De�nition

A G gramma rs a re �ve-tuples hh A ttr ; A tms ; � i ; AgrA ttr ; V

T

; P ; S i , where

� : A ttr ! 2

A tms

is a sp eci�cation from a �nite set of attributes to

app rop riate values (�nite), and A ttr = AgrA ttr [ f ca t g , where ca t is the

attribute whose value is the syntactic catego ry itself. Every catego ry

structure is sp eci�ed fo r ca t . V

T

is the vo cabula ry , and S is the sta rt

no de. Every p ro duction rule in P (�nite) is of the fo rm C ! a o r

C

0

! C

1

: : : C

n

where C

i

is a pa rtial function from A ttr to A tms:

8 f 2 DOM ( C

0

) \ AgrA ttr : 8 1 � i � n:f 2 DOM ( C

i

) ^ C

i

( f ) = C

0

( f )

The language of a gramma r G is de�ned as

L ( G ) = f x 2 V

�

T

: 9 S

0

:S

0

w S ^ S

0

�

= ) x g .
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Example

G

1

= hhf ca t,plu,per g ; f s ; vp ; np ; v ; n ; 1 ; 2 ; 3 ; + ; �g ; � i ; f plu,per g ; f I ; men ; John ; sle ep ; sle eps g ; P ; S i where

� ( ca t ) = f s ; vp ; np ; v ; n g � ( per ) = f 1 ; 2 ; 3 g � ( plu ) = f + ; �g

and P is the set of p ro duction rules:

h

ca t s

i

!

h

ca t np

i

,

h

ca t vp

i h

ca t vp

i

!

h

ca t v

i

h

ca t np

i

!

h

ca t n

i "

ca t n

per 1

#

!

I

"

ca t n

plu +

#

!

men

2

6

4

ca t n

plu -

per 3

3

7

5

!

John

"

ca t v

plu +

#

!

sleep

2

6

4

ca t v

plu -

per 3

3

7

5

!

sleeps

The sta rt symb ol is S :

h

ca t s

i

.
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Given a mo dal language over h Lab els ; PR O P i :

NP[3,sg]

H

H

H

�

�

�

Det[3]

the

N[3,sg]

dinosaur

j = NP [ 3 ; sg ] ^ h down i (( Det [ 3 ] ^ h down i the ) ^

h right i ( N [ 3 ; sg ] ^ h down i dinosaur ))

F o r n -a ry trees, y ou need n � 1 h right i -emb eddings.
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De�nition

Let G = hh A ttr ; A tms ; � i ; AgrA ttr ; V

T

; P ; S i b e an A G. � translates G into

a mo dal language over h W ; R ; V i :

a 2 V

T

: � ( a ) = a

0

( 2 PR O P ) ^ t

a 2 A tms : � ( a ) = a

0

( 2 PR O P ) ^ m

C 2 C : � ( C ) = n ^

^

f 2 DOM ( C )

h f

0

( 2 Lab els ) i � ( C ( f ))

A ! !

1

j � ( A ! !

1

j = � ( A ) ! h down i � ( !

1

) _ : : : _

: : : j !

n

2 P : : : : j !

n

) h down i � ( !

n

) where � ( � ) = ? and

� ( X !

0

) = � ( X ) ^ h right i � ( !

0

)

Of course � needs to b e total, J t K ; J m K ; J n K a re disjoint, and

W � J t K [ J m K [ J n K . Finally ,

^

agr 2 AgrA ttr

h agr i> ^ h down ih right i

�

h agr i � ! h agr i �
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The class of all A G derivation structures is cha racterized b y:

(a) it is a subset of all Kripk e frames

h W ; f R

agr

j agr 2 AgrA ttr g [ f R

cat

; R

down

; R

right

gi ,

(b) its frames a re deterministic,

(c) the relations f R

agr

j agr 2 AgrA ttr g [ f R

cat

g a re \dead end"

relations, i.e. 8 x; y :R xy ! @ z ; Q:Q ( y ; z ), and

(d) its frames a re governed b y the Agreement Principle.

The axioms a re, except all p rop ositional tautologies

A G1

^

atr 2 A ttr

[ atr ] � ^ [ atr ]( � !  ) ! [ atr ]  

A G2

^

atr 2 A ttr

h atr i � ! [ atr ] �

A G3

^

atr

1

2 AgrA ttr [f cat g

h atr

1

i> !

^

atr

2

2 A ttr [f down ; right g

[ atr

1

][ atr

2

] ?

A G4

^

agr 2 AgrA ttr

h agr i> ^ h down ih right i

�

h agr i � ! h agr i �

with Mo dus P onens and Necessitation. Call the system �

A

(�

A ( G )

fo r

some gramma r G ).
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Theo rem

�

A

is a sound and complete axiomatization of the class of A G derivation

structures.

Pro of (1).

Soundness is trivial. The soundness of A G1 follo ws from condition (a), the

soundness of A G2 from (b), and so on.

F o r completeness, the lemma b elo w is established:

Lemma

Let M

c

b e the p rop er canonical standa rd mo del fo r a no rmal system � . Then:

(1) M

c

satis�es (b) if � contains A G2 ,

(2) M

c

satis�es (c) if � contains A G3 , and

(3) M

c

satis�es (d) if � contains A G4 .
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Pro of (2).

F o r (1). Sa y A G2 is a theo rem of �. W e wish to sho w that M

c

is

deterministic, i.e. fo r all �-maximal sets of sentences �; � , if there is a

lab el atr 2 A ttr such that f � : [ atr ] � 2 � g � � , then

f � : h atr i � 2 � g � � . So assume that h atr i �

1

2 � and

f � : [ atr ] � 2 � g � � to sho w that �

1

2 � . W e kno w that if [ atr ] �

1

2 �

then �

1

2 � . F rom h atr i �

1

2 � w e can derive [ atr ] �

1

2 � b y A G2 ,

available since � is maximal, and therefo re �

1

2 � .

F o r (2). Sa y A G3 is a theo rem of �. W e wish to sho w that a subset

f R

agr

j agr 2 AgrA ttr g [ f R

cat

g of the relations of M

c

a re dead ends,

i.e. fo r all �-maximal sets of sentences �; � , if there is lab el

atr

1

2 AgrA ttr [ f cat g such that f � : [ atr

1

] � 2 � g � � then there is no

lab el atr

2

2 A ttr such that atr

2

2 � . So assume [ atr

1

] �

1

2 � and

f � : [ atr

1

] � 2 � g � � to sho w that [ atr

2

] > 62 � . So �

1

2 � . Since � is

maximal, w e kno w b y A G3 that [ atr

1

][ atr

2

] ? 2 � . It follo ws that

[ atr

2

] ? 2 � , and therefo re h atr

2

i> 62 � , since � is consistent.
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Pro of (3).

Pro of.

F o r (3). Sa y A G4 is a theo rem of �. W e wish to sho w that M

c

satis�es the

Agreement Principle, i.e. if fo r some agreement feature agr ,

f � jh agr i> ^ h down ih right i

k

h agr i � 2 � g � � then fh agr i � j � 2 � g 2 � . So

assume h agr i> ^ h down ih right i

k

h agr i �

1

2 � and

f � jh agr i> ^ h down ih right i

k

h agr i �

1

2 � g � � to sho w that h agr i �

1

2 � . But

this follo ws immediately from A G4 , available, since � is maximal.

Theo rem 4 follo ws from soundness and Lemma 5 and the strong completeness of

no rmal mo dal logics [Che80 ].

Rema rk

It is trivial to p rove the consistency of �

A

. Simply establish an erasure

transfo rmation that erases all o ccurences of mo dal op erato rs, but leaves the rest

intact. Since every theo rem of �

A

is a tautology under such a function, and since

? is not, ? is not a theo rem of �

A

.

Anders S�gaa rd (Univ. of Cop enhagen ) Logic and linguistics F eb rua ry 1 2007 14 / 36



De�nition

� ( !

1

!

2

: : : !

n

) = !

1

^ h right i ( !

2

^ : : : h right i !

n

)

Lemma (Recognition)

9 M ; w ; w

0

:M ; w j =

�

A ( G )

[ up ] ? ^ h cat i s & M ; w

0

j =

�

A ( G )

� ( � ) i�

� 2 L ( G )

Lemma (V eri�cation)

D j =

Ling

� i� D j =

�

A ( G )

�
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Complete axiomatizations fo r other theo ries

The list includes:

t yp e 2 gramma r [BMV94],

. . .

[Kel93 ] p rovides translations from t yp e 2 gramma r, ID/LP gramma r,

P A TR and tree-adjoining gramma r into mo dal logic, [Br• o98 ] from

dep endency gramma r into mo dal logic. Several translation sk etches have

b een p rop osed fo r mo re complex theo ries, incl. Government & Binding,

Lexical-F unctional Gramma r (LF G) and Head-driven Phrase Structure

Gramma r (HPSG). In my thesis, I p rovide complete axiomatizations fo r

t yp e 1-3 gramma rs, A G and a numb er of extensions (up to totally

uno rdered t yp ed feature structure gramma r).
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What a re axiomatizations go o d fo r?

If 9 M ; w :M ; w j = � ^ G

0

i� � 2 L ( G ), then satis�abilit y of T

Logic

is no

less complex than recognition in T

Ling

.

[BMV94] axiomatize t yp e 2 gramma r in PDL. Since PDL is

EXPTIME-complete, and t yp e 2 gramma r is kno wn to b e in O ( n

3

),

the b ound is clea rly sub optimal.

A G, on the other hand, w as axiomatized in mo dal logic D

c

, kno wn to

b e NP-complete. A G can also b e sho wn to b e NP-complete, so the

b ound is optimal.

Other b ounds ma y b e derived to o, e.g. mo del-checking PDL o r D

c

is

tractable, so the translations device tractable binding theo ries.

h down i

�

(dominates)

h left

+

i [ h right

+

i (sister of )

h up

�

; right

+

; down

�

i (p recedes)

to b e continued. . .
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What a re axiomatizations go o d fo r? (I I)

There a re also interesting di�erences b et w een logics and p ro duction

systems, sometimes a rgued to b e relevant fo r linguistics, e.g. [PS05]. F o r

instance,

1

logical reconstructions a re agnostic on the ca rdinalit y of language,
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systems, sometimes a rgued to b e relevant fo r linguistics, e.g. [PS05]. F o r

instance,

1

logical reconstructions a re agnostic on the ca rdinalit y of language,

2

their lexicons a re op en-ended, and

3

it is easier to implement gradient grammaticalit y in logical

reconstructions than in p ro duction systems.

Mo re imp o rtantly: T otally uno rdered comp osition is default in logical

reconstructions, since dominance and linea r p recedence a re enco ded

indep endently .
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Mo re complex theo ries

Requirements fo r mo re complex theo ries: Quanti�cation, reentrancy ,

path quanti�cation, set values and op erato rs fo r manipulation of data

structures to o.

Quanti�cation and reentrancy alone t ypically lead to undecidabilit y ,

e.g. IPDL. D

c

and H( 9 ).

Solution: Strong �nite mo del p rop erties.

De�nition (P olysize mo del p rop ert y)

A theo ry has the p olysize mo del p rop ert y (pmp) i� fo r all � if M ; w j = �

there exists a mo del M

0

such that j M

0

j 2 O ( j � j

k

) and M

0

; w

0

j = � .

If T

Ling

has the pmp and P mo del-checking, then satis�abilit y

(recognition) is in NP; if T

Ling

has the pmp and PSP A CE mo del-checking,

satis�abilit y is in PSP A CE (b y Savitch's Theo rem); and if T

Ling

has the

pmp and EXP mo del-checking, satis�abilit y is in NEXP .
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Some alternative app roaches:

1

G j = �

0

i� � 2 L ( G ) (p ro of-theo retic p ersp ective, e.g. S !

G

� ),
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Some alternative app roaches:

1

G j = �

0

i� � 2 L ( G ) (p ro of-theo retic p ersp ective, e.g. S !

G

� ),

2

� j = G i� � 2 L ( G ) (strings as mo dels).
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Example 2: Subsumption as simulation

Imagine complex, emb edded attribute-value structures. It is no w relevant

to distinguish b et w een:

intensionalit y vs. extensionalit y , e.g. h a i p $ h b i p vs. h a i i $ h b i i

(converging edges), and

simulation vs. homomo rphism.

Since A G is a theo ry in D

c

(reentrant info rmation is b ound), inva riant

under bisimulation and with the tree mo del p rop ert y , A G subsumption

reduces to simulation of dags o r tree homomo rphism, kno wn to b e in P .

On the other hand, strong subsumption of dags (e.g. LF G o r HPSG) is

NP-complete.

Lemma

If T

Logic

is inva riant under bisimulation o r has the tree-mo del p rop ert y ,

subsumption in T

Ling

is in P .
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Example 3: P oly adic dynamic logic

Motivation: Complex theo ries have set values and op erato rs fo r data

structure manipulation, e.g. concatenation, set union and shu�e.

The Subca t Principle : In a headed phrase, the list value of

hdtr.subca t is the concatenation of the list values of subca t and

compl-dtrs . [PS94 ]

The Incont Principle : In each lrs , the incont value is an

element of the p ar ts list and a comp onent of the ex cont value.

[PR04 ]
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Related w o rk

[Rea94 ]: L

++

(p oly adic, deterministic H( 9 )). Lists and sets a re

decomp osed. No path quanti�cation o r chains. Satis�abilit y is

undecidable, mo del-checking PSP A CE-ha rd.

The p ro ofs can b e found in fo rthcoming a rticles and in my thesis. They go

b y Geography , tiling, P ost systems and recurrent tiling.
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Related w o rk

[Rea94 ]: L

++

(p oly adic, deterministic H( 9 )). Lists and sets a re

decomp osed. No path quanti�cation o r chains. Satis�abilit y is

undecidable, mo del-checking PSP A CE-ha rd.

[Ric04 ]: Chain-free RSRL. Lists and sets a re decomp osed. P ath

quanti�cation [PR04 ], but no chains. Satis�abilit y is highly

undecidable, mo del-checking PSP A CE-ha rd.

[Ric04 ] RSRL. Lists and sets a re decomp osed. P ath quanti�cation

and chains. Satis�abilit y is highly undecidable, mo del-checking

undecidable [Kep01 ].

The p ro ofs can b e found in fo rthcoming a rticles and in my thesis. They go

b y Geography , tiling, P ost systems and recurrent tiling.
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In reply. . .

L

++

, c-RSRL and RSRL a re all �rst o rder logics (e.g. PSP A CE-ha rd

mo del checking).

Prop ositional logics a re mo re mo dula r. Suggestion: Lists and sets as

�rst-class citizens.

Requirements: Quanti�cation [ � ], reentrancy \ , path quanti�cation

[ � ], set values (p oly adic mo dalities) and op erato rs.
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De�nition (Syntax)

F o rmulas and p rograms of PPDL over a signature h Lab els ; PRO P i a re de�ned as:

�

:

= p j ? j � ^  j : � j h � i ( �

1

; : : : ; �

n

)

�

:

= � j a j � ; � j �

�

j � [ � j � \ � j

� t � j � u � j � ( �

1

; �

2

; �

3

; �

4

)

where a 2 Lab els , � 2 Programs and p 2 PRO P . In addition, the fo rmula

h � i ( �

1

; : : : ; �

l

) is w ellfo rmed i� l = � ( � ) � 1. The p rogram � is on itself w ellfo rmed i�

the statement � ( � ) ` � can b e derived b y the rules:

l ` � � ( a ) ` a

l ` � 2 ` �

2 ` � ; �

2 ` �

2 ` �

�

l ` � l ` �

l ` � [ �

l ` � l ` �

l ` � \ �

l ` � 2 ` �

2 ` � t �

l ` � 2 ` �

2 ` � u �

l

1

` �

1

l

2

` �

2

l

3

` �

3

l

4

` �

4

l

1

� l

2

+ l

3

� l

4

` � ( �

1

; �

2

; �

3

; �

4

)
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De�nition (Semantics)

The satisfaction de�nitions a re standa rd. Each p rogram � induces a relation R

�

of a rit y

� ( � ) over a p oly adic Kripk e structure that is inductively de�ned:

R

�

:

= f ( s; : : : ; s ) j s 2 W g

R

� ; �

:

= f ( s; s

0

) j 9 ( s; t

1

; : : : ; t

n

) 2 R

�

and ( t

i

; s

0

) 2 R

�

fo r some i 2 f 1 ; : : : ; n gg

R

�

�

:

=

S

k

R

k

�

where R

�

0

= f ( s; s ) j s 2 W g and R

�

k +1

= R

� ; �

k

R

� [ �

:

= R

�

[ R

�

R

� \ �

:

= R

�

\ R

�

R

� t �

:

= f ( s; s

0

) j9 ( s; t

1

; : : : ; t

n

) 2 R

�

[ R

�

; s.t. s

0

= t

i

fo r some i 2 f 1 ; : : : ; n gg

R

� u �

:

= f ( s; s

0

) j9 ( s; t

1

; : : : ; t

n

) 2 R

�

; 9 ( s; u

1

; : : : ; u

m

) 2 R

�

;

9 i; j:s

0

= t

i

= u

j

g

R

� ( �

1

;�

2

;�

3

;�

4

)

:

= f ( x; �y

1

; : : : ; �y

n

; �z

1

; : : : ; �z

n

) j8 i; j: 9 x

0

; x

00

: ( x

0

; �y

i

) 2 R

�

2

;

( x

00

; �z

j

) 2 R

�

4

; ( x; : : : x

0

: : : ) 2 R

�

1

; ( x; : : : x

00

: : : ) 2 R

�

3

g
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Theo rem

Satis�abilit y in PPDL is highly undecidable.

Pro of.

By reduction of the recurrent tiling p roblem fo r t

1

(given a �nite set of tile t yp es

T , t

1

2 T , can T tile N � N so t

1

o ccurs in�nitely often in the �rst ro w (1)? Sa y

Lab els = f a

1

; : : : ; a

n

g . [ � ] � is an abb reviation of [( a

1

[ : : : [ a

n

)

�

] � .

[ � ] h ( r ; u ) \ ( u ; r ) i> (grid)

[ � ]

_

i 2 TileNumbs

t

i

^

^

i 6= j ^ j 2 TileNumbs

: t

j

(uniqueness)

[ � ]

_

right ( T

i

)= left ( T

j

)

t

i

^ h r i t

j

(right)

[ � ]

_

up ( T

i

)= down ( T

j

)

t

i

^ h u i t

j

(up)

1 ^ [ � ][ u ] : 1 ^ [ � ](1 ! h r ih�i (1 ^ t

1

))
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Lemma

If there is a p olynomial p ( n ) s.t. fo r every fo rmula � , every p rogram � in

� , and every p oly adic Kripk e mo del with n w o rlds, R

�

can b e generated in

time p ( n ) , then mo del checking is in PTIME.
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Call PPDL with a k b ound on op erato r nesting PPDL

k

, and PPDL where � never outscop es

another op erato r PPDL

( � )

except [ .

Theo rem

V eri�cation in PPDL

k

and PPDL

( � )

is in P .

Pro of.

F o r all atomic relations R

a

; R

b

and some w o rld w 2 W , � ( a ) = l , � ( b ) = m , j R

a

j

w

= n ,

8 w

0

2 W : j R

b

j

w

0 = o , j R

a

j = p , and j R

b

j

w

= q . It follo ws that

j R

�

j

w

= 1

j R

a [ b

j

w

� n + q

j R

a ; b

j

w

� n � ( l � 1) � o

j R

a

�

j

w

� p

2

j R

a \ b

j

w

� min ( n; q )

j R

a u b

j

w

� min ( n � ( l � 1) ; q � m )

j R

a t b

j

w

� n � ( l � 1) + q � m

j R

� ( �;a;�;b )

j

w

� n � q

Since frames a re deterministic, n; q = 1. By Lemma 9, it holds that veri�cation in PPDL

k

and

PPDL

( � )

can b e solved in p olynomial time.
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Mo dula rit y

Example 1 (p oly adic iteration): PSP A CE-ha rd and EXP .

R

�

~

:

=

S

k

R

k

�

where

R

�

0

= f ( s; : : : ; s ) j s 2 W g

and R

�

k +1
= R

� ;; �

k

where

R

� ;; �

:

= f s; t

2

; : : : ; t

k

j9 ( s; u

2

; : : : ; u

k

) 2 R

�

and f t

2

; : : : ; t

k

g = f v j9 ( u

i

; : : : v : : : )

2 R

�

fo r some i gg

Example 2 (subtraction): NP-ha rd and PSP A CE.

R

	 ( �

�

;�;�

�

;� )

:

= f s; t

1

; : : : ; t

n

g j

9 ( s

0

; t

1

; : : : ; t

n

; u

1

; : : : ; u

m

) 2 R

�

;

9 ( s

00

; u

1

; : : : ; u

m

) 2 R

�

;

9 ( s; : : : s

0

: : : ) 2 �

�

;

9 ( s; : : : s

00

: : : ) 2 �

�

g

P a rsing fo r pmp-gramma rs is NEXPTIME fo r Example 1 and PSP A CE fo r

Example 2.
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Compa rison

Lemma

PPDL

k

6� L

++

and PPDL

k

6� L

++

. Simila rly fo r c-RSRL.

Pro of.

The �rst half b y the non-compactness of PPDL

k

and the compactness of L

++

(c-RSRL), and the last b y the complexit y of veri�cation.

Rema rk

PPDL

k

has chains. The same results hold fo r PPDL

( � )

. Op en p roblem: Can w e

have n -tuples in the domain of (master) quanti�cation and still have P

veri�cation?
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Bey ond logic

Logic isn't very helpful if w e ask fo r P algo rithms, o r if w e ask ab out

lea rnabilit y o r generative capacit y . Some results (Example 2) ma y still b e

imp o rtant, ho w ever.

Challenge:

Even simple attribute-value gramma rs (e.g. A G) a re NP-ha rd.

Lemma

If G is a pmp-gramma r, subsumption is in P and cha rts a re p olysized,

recognition fo r G is tractable.

F o r linguistic p rinciples, w e need P veri�cation to o (e.g. PPDL

k

o r

PPDL

( � )

).
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Bey ond logic

Logic isn't very helpful if w e ask fo r P algo rithms, o r if w e ask ab out

lea rnabilit y o r generative capacit y . Some results (Example 2) ma y still b e

imp o rtant, ho w ever.

Challenge:

Even simple attribute-value gramma rs (e.g. A G) a re NP-ha rd.

T otal uno rdering turns recognition fo r t yp e 2 gramma rs NP-ha rd

[Ba r85 ].

Are there tractable totally uno rdered attribute-value gramma rs?

Lemma

If G is a pmp-gramma r, subsumption is in P and cha rts a re p olysized,

recognition fo r G is tractable.

F o r linguistic p rinciples, w e need P veri�cation to o (e.g. PPDL

k

o r

PPDL

( � )

).
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Cha rt sizes

Lemma (T2)

Sa y G is a t yp e 2 gramma r in Chomsky no rmal and ! 2 T

�

. It no w holds

that j Cha rt

G;!

j � ( j N j � (

n

2

+ n

2

) � n � j N j

2

) + ( j N j � n ) + n .

Lemma (TUT2)

Sa y G is a totally uno rdered t yp e 2 gramma r in Chomsky no rmal and

! 2 T

�

. It no w holds that

j Cha rt

G;!

j � (( j N j � 2

n

)

2

� n

2

� j N j

2

) + ( j N j � n ) + n .

A TUT2 nonterminal ma y span over exp onentially many subsets of the

string.
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De�nition

A sign is ho rizontally k -ambiguous if it only combines with k signs in a

sentence. A gramma r is ho rizontally k -ambiguous if all signs a re

k -ambiguous. A gramma r is vertically k -ambiguous if signs a re combined

unambiguously after k steps.

Lemma

Recognition fo r rigid and k -ambiguous totally uno rdered (pmp)

attribute-value gramma r is in P .

Pro of.

Cha rt size with A VSs of ca rdinalit y at most 1:

j Cha rt

G;!

j � (

n

2

� n

2

+

i<n

X

1 <i

( n

k

( n � i ))) + n

Since ca rdinalit y is p olynomial, the restriction to 1 is only technical.
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Unrealistic?

Subsumption hiera rchies a re necessa ry fo r undersp eci�cation (to

replace lexical and syntactic ambiguit y b ey ond k ).

Is a rigid lexicon and undersp eci�cation b ey ond k realistic?

I

Theo retical linguist: Consult cognitive neuropsychology . (Rigid lexicon:

YES. Undersp eci�cation b ey ond k : MA YBE.)

I

Computational linguist: Gramma r engineering exp eriments.

(E.g. SCANMA TRIX and NORSYG.)

Other pa rameters: generative capacit y and lea rnabilit y .
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Conclusions

Example 1 illustrates the use of complete axiomatizations in

linguistics, e.g. an optimal upp er b ound on complexit y w as obtained,

and several p rop erties could b e imp o rted from D

c

to A G.
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Conclusions

Example 1 illustrates the use of complete axiomatizations in

linguistics, e.g. an optimal upp er b ound on complexit y w as obtained,

and several p rop erties could b e imp o rted from D

c

to A G.

Logic also has mo re p eripheral use in linguistics. Example 2 illustrates

this.

Example 3 illustrates ho w linguistics ma y push the b ounda ries of

logic. PPDL and its sister logics a re the only p oly adic dynamic logics

I am a w a re of.
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