Variable-Free in a Modal Categorial Type Logic

Martin Honcoop

March 2000

§1 Aims.

Toprovideaty pe-logical basis for Jacobson�s variable-free approach

to pronouns (for a related attempt, cf. J�ger 1997). Apart from this logical aim,

this paperalsointendstoshowthat amodaltype-logicalperspectiveonpronoun s

h a s interesting empirical pay-offs and lays bare certain theoretical connections

that ly beyond the reach of Jacobson�s combinatory categorial approach.

§2 Jacobson.

Thefollowingservesasa quick reminder of Jacobson�s variable-

free approach to pronouns.

1 John likes his mother

____ Lx ___________ Lx ________ D

j: NP l: VP/NP m-o: NP

NP

___________ Z

z(l): VP/NP

NP

__________________________ App

z(l)(m-o): NP\S

___________________________________ App

z(l)(m-o)(j): S

whereforanyfunction f oftype + a,+e,b,,, z(f) = 8g8x. f(g(x))(x) of type ++e,a,,+e,

b,,. And thus, z(l)(m-o)(j) = (8g8x. l(g(x))(x))(m-o)(j) = l(m-o(j))(j).

Toaccountforfreepronouns,aslightgeneralizationofGeachsothat G (A/B)

(or rather G ) = A /B becomes crucial:

NP

NP NP

2 Mary likes his mother

__________________ Lx _____________ Lx ________ D

m: NP l: VP/NP m-o: NP

NP

__________________ L _____________ G

8P. P(m): S/VP g(l): VP /NP

NP NP

__________________ G __________________________ App

g(8P. P(m)): S /VP g(l)(m-o): VP

NP NP NP

__________________________________________________ App

g(8P. P(m))(g(l)(m-o)): S

NP

w h e r e for any function f of type +a,b,, g(f) (or rather g ) = 8h8x. f(h(x)) of type

e

++ e, a , , + e, b ,, . Thus, g ( l )( m-o )=( 8 h 8 x . l ( h ( x )))( m-o )= 8 x . l ( m-o ( x )),andtherefor e

g ( 8 P . P ( m ))( g ( l )( m-o ))=( 8 R 8 x .( 8 P . P ( m ))( R ( x )))( 8 x . l(m-o(x))) = (8R8x. R(x)

(m))(8x. l(m-o(x))) = 8x. l(m-o(x))(m).

§3 Alogicalproblem.

Asiswell-know n, derivations in the Lambek calculus L

correspond one-to-one and onto to 8-terms in which each 8 binds exactly one

occurrenceofa free variable. Thus, Jacobson�s combinator Z cannot be derived

i n L . More generally, one wonders how binding, which obviously requires

b i nding of more than one free variable occurrence by a 8, can be accounted for

within a type-logical setting. For example, simply adding the structural rules of

C o n t r a ction (cf. 3) and Permutation to L will not do, on pains of predicting for

i n s t a nce John beats to be well-formed with the same meaning as expressed by

John beats himself.

3 ’[x: A, y: A] Y R[y]: B

__________________ C

’[x: A] Y R[x]: B

A more promising approach would be to devise a categorial type logic that

p e rmits restricted rather than global access to Contraction. This can be

a c c o m plished in a modal categorial type logic, as the next section will

demonstrate.

§4 A modal categorial type logic. Consider the following minimal modal

s y s tem (cf. Moortgat 1997), presented in a (Fitch-style) labelled natural

deductionformat,intermsofwhichwewillimpl ement Jacobson�s variable-free

approach to pronouns.

4a n. " - N: A 4b n. +", - N: �A

_________ �I n _________ �E n

o. +", - N: �A o. " - N: A

4c n. +", - N: A 4d n. " - N: ~A

________ ~I n ________ ~E n

o. " - N: ~A o. +", - N: A

In additiontotheselogicalrules,wewill assumethestructuralrulesin(5),wher e

IM stands for Index Movement (cf. also J�ger 1997). Binding involving other

than nominal categories can be dealt with similarly (cf. §.)

5a m. +$ , - N: NP 5b m. +$ , - N: NP

3 2

n. "[($ + ($ + +$ ,))] - R: A n. "[($ + (+$ , + $ ))] - R: A

1 2 3 1 2 3

____________________ IM1 m,n ____________________ IM2

m,n

n + 1. "[(+$ , + ($ + $ ))] - R: A n + 1. "[(+$ , + ($ + $ ))] - R: A

3 1 2 2 1 3

5c m. +$ , - N: NP 5d m. +$ , - N: NP

2 2

n. "[($ + (+$ , + $ ))] - R: A n. "[(($ + +$ ,) + $ )] - R: A

1 2 3 1 2 3

____________________ IM3 m,n ____________________ IM4

m,n n + 1. "[(($ + +$ ,) + $ )] - R: A n + 1. "[(+$ , + ($ + $ ))] - R: A

1 2 3 2 1 3

5e n. +$ , - N: NP 5f n. +$ , - N: NP

1 2

o. "[(+$ , + $ )] - R: A o. "[($ + +$ ,)] - R: A

1 2 1 2

________________ K1 n,o ________________ K2 n,o

o + 1. "[+($ + $ ),] - R: A o + 1. "[+($ + $ ),] - R: A

1 2 1 2

5g n. $ - N: ~NP

1

o. $ - P: ~NP H

2

p. "[+($ + $ ),] - R: A

1 2

________________ C n,o,p

p + 1. "[$ ] - R : A

1

[P7N]

We propose to interpret the modal operators ~ and � as in (6):

6a v(~A) = {x: �y (x can-turn-into-index y Y y 0 v(A))}

6b v(�A) = {x: �y (y can-turn-into-index x v y 0 v(A))}

This modal system will be superimposed on the non-associative Lambek

grammar NL, to which the following rules of use and proof for the scope

c o n s t r uctor � are added (cf. also Carpenter 1997; for a deconstruction of � in

terms of wrapping and infixation, cf. Morrill 1994):

7a n. " - N: B�A 7b n. " - N: B

_________ �E n ______________ �I n

n + 1. " - x: B n + 1. " - 8x. x(N): B�A

o. $["] - P: A

______________ n + 1

o + 1. $["] - N(8x. P): A

§5 Variable-freeinamod al categorial type logic. We will first show that (8)

canb e derived in our modal categorial type logic. The proof is presented in (9).

N o t e that (8-9) incorporate Jacobson�s assumption that pronouns denote the

identity function on individuals.

8 e v ery - e: (~NP�S)/N, student - s: N, likes - l: (~NP\S)/ ~NP, his mother - m-o:

~NP/NP | ((every + student) + (likes + his mother)) - e(s)(8x. l((m-o(x))(x))

9 1. every - e: (~NP�S)/N Lx

2. student - s: N Lx

3. likes - l: (~NP\S)/~NP Lx

4. his mother - m-o: ~NP/NP D

5. (every + student) - e(s): ~NP�S /E 1,2

6. (every + student) - x: ~NP �E 5

7. a - y: ~NP H

8. +a, - y: NP ~E 7

9. (his mother + +a,) - m-o(y): ~NP /E 4,8

10. (likes + (his mother + +a,)) - l(m-o(y)): ~NP\S /E 3,9

11. ((every + student) + (likes + (his mother + +a,))) - l(m-o(y))(x): S \E 6,10

12. ((every + student) + (+a, + (likes + his mother))) - l(m-o(y))(x): S IM1 8,11

13. (((every + student) + +a,) + (likes + his mother)) - l(m-o(y))(x): S IM3 8,12

14. (+((every + student) + a), + (likes + his mother)) - l(m-o(y))(x): S K2 8,13

15. ((every + student) + (likes + his mother)) - l(m-o(x))(x): S C 6,7,14

16. ((every + student) + (likes + his mother)) - e(s)(8x. m-o(x))(x)): S 6

F r e e pronouns are accomodated as follows (compare 10 with Jacobson�s 2

above):

10 1. Mary - m: ~NP Lx

2. likes - l: (~NP\S)/~NP Lx

3. his mother - m-o: ~NP/NP D

4. a - x: ~NP H

5. +a, - x: NP ~E 4

6. (his mother + +a,) - m-o(x): ~NP /E 3,5

7. (likes + (his mother + +a,)) - l(m-o(x)): ~NP\S /E 2,6

8. (Mary + (likes + (his mother + +a,))) - l(m-o(x))(m): S \E 1,7

9. (Mary + (+a, + (likes + his mother))) - l(m-o(x))(m): S IM1 5,8

10. (+a, + (Mary + (likes + his mother))) - l(m-o(x))(m): S IM2 5,9

11. +(a + (Mary + (likes + his mother))), - l(m-o(x))(m): S K1 5,10

12. (a + (Mary + (likes + his mother))) - l(m-o(x))(m): ~S ~I 11

13. (Mary + (likes + his mother)) - 8x. l(m-o(x))(m): ~NP\~S \I 4,12

F i n a lly, Jacobson has shown there are certain binding facts that cannot be

naturally explained on the assumption that pronouns denote non-constant

functions fromvariable-assignmentstoindividuals.Themostconvincingofthes e

relates toaphenomenonJacobsonreferstoasAcross-The-Board(ATB)binding .

The relevant observationconcerningATBbindingisthattherecanbenobindin g

o u t o f one conjunct unless there is binding out of both. For example, (11a) can

clearlyhavethemeaningexpressedby(11b),butnottheoneexpr essed by (11c).

11a Every man loves but no man marries his mother

11b Every man loves his mother but no man marries his mother

i i j j

11c Every man loves his mother but no man marries his mother

i i j k

W e will show in the remainder of this section that Jacobson�s variable-free

a c c o u nt of this observation can be reproduced without difficulty in our modal

categorialtypelogi c. This will then establish that our system provides a faithful

type-logical reconstruction of Jacobson�s variable-free approach. Consider first

the derivation of the reading of (11a), paraphrased in (11b). We will start by

s h owing that every man - e(m): ~NP�S, loves - l: (~NP\S)/~NP | (every man

+ loves )- 8 f . e ( m )( 8 x . l ( f ( x ))( x ))isaderivablesequent(assumefortheexam ples

below that the hypothesized ~NP/NP triggers associativity and permutation):

12 1. every man - e(m): ~NP�S D

2. loves - l: (~NP\S)/~NP Lx

3. a - f: ~NP/NP H

4. b - y: ~NP H

5. +b, - y: NP ~E 4

6. (a + +b,) - f(y): ~NP /E 3,5

7. (loves + (a + +b,)) - l(f(y)): ~NP\S /E 2,6

8. every man - x: ~NP �E 1

9. (every man + (loves + (a + +b,))) - l(f(y))(x): S \E 7,8

10. ((every man + +b,) + (loves + a)) - l(f(y))(x): S IM 5,9

11. (+(every man + b), + (loves + a)) - l(f(y))(x): S K2 5,10

12. (every man + (loves + a)) - l(f(x))(x): S C 4,8,11

13. (every man + (loves + a)) - e(m)(8x. l(f(x))(x)) 8

14. ((every man + loves) + a) - e(m)(8x. l(f(x))(x)): S Ass (!)

15. (every man + loves) - 8f. e(m)(8x. l(f(x))(x)): S/(~NP/NP) /I 3,14

T h e following establishes that (every man + loves) - 8f. e(m)(8x. l(f(x))(x)):

S / ( ~ N P/NP), but - ¢: (X\X)/X, (no man + marries) - 8f. n(m)(8x. m(f(x))(x)):

S / ( ~ N P /NP), his mother - m-o: ~NP/NP | (((every man + loves) + (but + (no

m a n + marries))) + his mother) - e(m)(8x. l(m-o(x))(x)) v n(m)(8x. m(m-o(x))

(x)): S is a theorem.

13 1. (every man + loves) - 8f. e(m)(8x. l(f(x))(x)): S/(~NP/NP) D

2. but - ¢: (X\X)/X Lx

3. (no man + marries) - 8f. n(m)(8x. m(f(x))(x)): S/(~NP/NP) D

4. his mother - m-o: ~NP/NP D

5. (but + (no man + marries)) - ¢ 8f. n(m)(8x. m(f(x))(x)): (S/(~NP/NP))\(S/(~NP/NP))

/E 2,3

6. ( ( every man + loves) + (but + (no man + marries))) - 8f. e(m)(8x. l(f(x))(x)) ¢ 8f.

n(m)(8x. m(f(x))(x)): S/(~NP/NP) \E 1,5

7. ( ( ( e v e r y man + loves) + (but + (no man + marries))) + his mother) - (8f. e(m)(8x.

l(f(x))(x)) ¢ 8f. n(m)(8x. m(f(x))(x)))(m-o): S /E 4,6

where 8 f . e ( m )( 8 x . l ( f ( x ))( x )) ¢ 8 f . n ( m )( 8 x . m ( f ( x ))( x ))= 8 f . e (m)(8x. l(f(x))(x))

v n(m)(8x. m(f(x))(x)) by definition of ¢ (generalized conjunction), so that (8f.

e ( m )( 8 x . l ( f ( x )) (x)) ¢ 8f. n(m)(8x. m(f(x))(x)))(m-o) = e(m)(8x. l(m-o(x))(x)) v

n(m)(8x. m(m-o(x))(x)) by $-conversion.

J a c o bson�s account of why (11a) does not have the reading expressed by

(11c) can be reproduced here as follows.

14 1. no man - n(m): ~NP�S D

2. marries - m: (~NP\S)/~NP Lx

3. a - f: ~NP/NP H

4. b - y: ~NP H

5. +b, - y: NP ~E 4

6. (a + +b,) - f(y): ~NP /E 3,5

7. (marries + (a + +b,)) - m(f(y)): ~NP\S /E 2,6

8. no man - x: ~NP �E 1

9. (no man + (marries + (a + +b,))) - m(f(y))(x): S \E 7,8

10. (+b, + (no man + (marries + a))) - m(f(y))(x): S IM 5,9

11. +(b + (no man + (marries + a))), - m(f(y))(x): S K1 5,10

12. +(b + (no man + (marries + a))), - n(m)(m(f(y))): S 8

13. (b + (no man + (marries + a)))) - n(m)(m(f(y))): ~S ~I 12

14. (no man + (marries + a)) - 8y. n(m)(m(f(y))): ~NP\~S \I 4,13

15. ((no man + marries) + a) - 8y. n(m)(m(f(y))): ~NP\~S Ass (!)

16. (no man + marries) - 8f8y. n(m)(m(f(y))): (~NP\~S)/(~NP/NP) /I 3,15