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What this talk is about

m Aframework for the semantics of anaphora and accessibility
constraints.

m Inspired by analyses in type-theoretical approaches to semantics using
dependent types, reconstructed in (more or less) simple type theory.

m We'll look at a couple of examples of cross-sentential binding and a
‘donkey sentence’, and see how the the system blocks inaccessible
antecedents.

m There are more examples (negation, proportional quantifiers, weak and
strong readings) in the paper.
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‘Model-Theoretic’?

m What | mean is that meanings will be given as expressions of a logical
language, which are taken to be dispensable in favour of their
interpretations in a model (as in Montague 1973), which is where the
‘real’ semantics is.

m Expressions of the language of type theory are not understood this way
in TTS—see Luo 2014 and Ranta 1994: §2.27.

m However, | don’t want to lean to heavily on this point from now on.
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Pronouns bound outside of scope

(1) Adonkey brays. Giles feeds it.

Ix(donkey(x) A bray(x)) A feed(giles, ?)

(2) Everyfarmer who owns a donkey feeds it.

Vy.(farmer(y) A 3x.donkey(x) A own(y, x)) — feed(y, ?)

Various options pursued:

m ? := x, change the model theory to extend the scope of Ix
m ?is a description, possibly indexed to situations
m ?is a constant manipulated by functions
m ...etc
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In Type-Theoretic Semantics

(1) Adonkey brays. Giles feeds it.

(Zy : (Xx : DONKEY)(BRAY(x))) (FEED(giles, my))
(Sundholm 1986, Ranta 1994)

Ac.(Zw : (Zu : (Xx : e)(DONKEY(X)))(BRAY(mu))) (FEED(giles, mmw))

(Bekki 2014)
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Witnhesses

dependent pairs

(1)  Adonkey brays. Giles feeds it.

(Zy : (Ex : DONKEY)(BRAY(x))) (FEED(giles, my))

The type of ordered pairs ((a, b) , ¢) such that:
m ais adonkey, and
m bis a proof that a brays, and
B cis a proof that Giles feeds a.
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In Type-Theoretic Semantics

(2) Every farmer who owns a donkey feeds it.
(Nz : (Xx : FARMER)((Zy : DONKEY)(OWN(x, y)))) (FEED(miZ, mimp2))

(Sundholm 1986, Ranta 1994)

Ac.(Mu :(Xx : e)
(FARMER(X) x (v : (Zy : €)(DONKEY(y)))(OWN(x, mv))))

(FEED(7T1U, 7['17T171'27T2U))

(Bekki 2014)
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Witnhesses

dependent functions

(2) Everyfarmer who owns a donkey feeds it.

(Mz : (£x : FARMER)((Zy : DONKEY)(OWN(x,y)))) (FEED(m12, m72))

The type of functions f such that:

m the domain of f is the set of ordered pairs (a, (b, ¢)) such that:

m ais afarmer, and
m bisadonkey, and
m cisaproofthataowns b, and

m f mapsevery (a, (b, c)) in its domain to a proof that a feeds b.
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The idea behind this paper

(is very simple)

m Formalize those glosses in higher-order logic (Jacobs & Melham (1993)
have shown how).

m Work backwards to the lexical entries we need to derive them
compositionally.
N.B.:
m Limited polymorphism required.
m Event(ualitie)s play the role of proof objects.

m Discourse-level existential closure plays the role of the non-empty type
condition.
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Types

Base types
m1 unit
me entities
mV eventualities
mt booleans

Binary type constructors
[ functional types
m X product types

(= and x associate to the right, and x binds more tightly than —)
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Terms

m ok unit
m 8@ : B application
B W (0P) =P abstraction
m (a®,b%) :axp pairing
B[Py a left projection
m [Py B right projection
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Example lexical entries

and , ; = Ap* Pt NGB N e p(i)([alo) A q(i, [alo)([a])
AR T 32 p(%)(2)
a = APEX OBt AP A>T P([a]o) (i) A V([[alo]o) (i, [a]o)([alr)
where V : e—»fxexa—vy—t
donkey X a®*'. \i*.donkey([a]o)
brays — X x® . \i%. \e" .bray(x, €)
Giles —>\PE=axe=B=t xje Ag®<B P([a]o)(i, [ao])([a]}) A [a]o = giles
owns = AD(E7e=v=D=8272E Ax€ p(A\yf Aa® Ne”.own(x, y, €))
it = AV NGB Y (gP () (1)
where g stands for an arbitrarily-chosen free variable
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Instantiated lexical entries

a s APEXIZ12E pemtxexi=rmt \i xg(exX )XY p([a]o) (i)

A V([lalolo)(7; [alo)(lah)
donkey — \a®*'.\i'.donkey([a]o)

brays — MAx®. """ \e".bray(x, e)

left context for the whole sentence
NP witness, part of the left context for the VP

a donkey brays — Ai'.xa'®*")*" donkey([[a]o]o) A bray([[a]o]o, [a]:)
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Instantiated lexical entries

Giles —

Apem(Dx(extpxv) et \(exa)xv Age p([alo)(i, [alo)([alr) A [alo = giles
owns — AD.ME.D(Aye Aa( (@ Dx1)xe N’ own(x, y, e))

where D : (e—(1x(ex1)xv)xe—-v—t)—(1x(ex1)xv)xe-v-t

it )\Ve—>(1><(e><1)><v)><e—> —>t‘)\i(1><(e><1)><v)><e'V(g(1><(e><1)><v)><e—>e(l-))(i)

left context
NP witness

Giles owns it —

)\i1><(e><1)><v_/\ae>< .OWI‘I([CI]O, (1x(ex1)xv) Xeae( [G]O) [G] )/\ [a]o = giles
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Instantiated lexical entries

PR )\p1—>(e><1)><v—>t‘)\q1><(e><1)><v—> —>t.>\i1.)\a((e><1)><v)>< p(l)([a]o)
A q(7; [alo)([a])

N )\p1—>((e><1)><\/)>< —>taz((e><l)><v)>< p(*)(z)

left context
first sentence witness, part of the left context for the second sentence

A donkey brays; Giles owns it. —
D3 (donkey([[[Z]o]o]o) A bray([[[Z]o]oo, [[Z]o]1))
A (own ([[2]1]o, gD 0x€¢((x, [2]o), [[2h]o), [[2h]1)
A [[z]1]o = giles)
Formal Grammar2017  15/26
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Resolution of the free variable

(1x(ex1)xv)xe—e

9

Natural resolution: a function that selects an element of (an element of...) a
tuple (of tuples...)

For any types a, 5 and ~:
m \b%.bis a natural resolution function (NRF).
m \b®*8 [b]o is an NRF.
m \b®*8 [b]y is an NRF.

m ForanytermsF : f—yand G : a—f3, \b®.F(G(b)) isan NRFif Fand G
are NRFs.

In this case, the resolution that we want gives us
g:= Ab(]><(e><1)><v)><e.[[[[b]o]1]0]0
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With the pronoun resolution
g:= )\b(lx(ex1)><v)><e‘[[[[b]0]1]0]0

=5 ()€ (donkey([[[z]oo]o) A bray([[[zloJo]o. [[zlo]1))
A (own([[2]1Jo, ([IIL((+, [2lo), [[Z]1]0)Iohlolo), [[2]1]1)
A [[2h]o = giles)

=5 §|Z((ex1)xv)xex"_(donkey([[[z]o]o]o) A bray([[[z]o]o]o, [[2]0]1))
A (own([[z]o, [[[Zlo]olo, [[2I1]1) A [[2]i]o = giles)

= Ix°.3e".3y°.3d".(donkey(x) A bray(x,e)) A (own(y,x,d) Ay = giles)
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More lexical entries

every —

APEXamBot \pemBxexasyst yiB \fexa=y ygexa p(a)(i) — V([a]o)(i, a)(f(a))

who
Averpxexamymt \pexanfi=t \gexex AiB p([alo, [[an]o])(7)

A V([alo)(7; [alos [[ah]o)([lali]1)
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A donkey sentence

Every farmer who owns a donkey feeds it. —
X1 (ex1xv= ygex X<V (farmer([alo) A donkey([[[[al1]1]o]o)

A own([alo, [[[[ali]i]olo- [[lali]i]h))

N feed([alo’g1><e><1><(e><1)><v—>e(>l<7 G), f(a))

(empty) left context
NP witness

The resolution we want: g := \b"*&x(eDxv [11[[b];]111]o]o
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Resolved
g:= )\blxexl><(exl)xv_[[[[[b]]]]]1]0]0

= FFTENXV=Y ygex (@)X (farmer([a]o) A donkey([[[[a]:]i]o]o)

A own([a]o, [[[[ah]i]o]o, [[[al:]1]1))
— feed([a]o, [[[[a]1]1]0]o, f(a))

= Vx°.Vy°.Ve'.(farmer(x) Adonkey(y) Aown(x,y,e)) — 3d".feed(x,y, d)
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Accessibility

Every donkey brays; Giles owns it. —
Ja(ex1=v)xexv yxexT (donkey([x]o) — bray([x]o, [a]o(x)))

A (own([[a]i]o, "1 7% ¢ (x, [a]o), [[ali]1)
A [[ali]o = giles)

first sentence witness, part of the left context for the second sentence
second sentence witness

Given the type of g, there is no way for the pronoun to be bound to donkeys.
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Plurals

two > APAV.NP AX.two (\x®.3a®.3d7 X((x, a), d))
A VB N X(b, ¢) — (P(b)(i) A V([blo)(i, b)(c))

where P : exa—[f—t,V : e—»fxexa—y—tand X,V : (exa)xy—t

them — AVe~B=7=t \iB Xc7 ¥a®.GP~t(i) — V(a)(i)(c)
where G stands for an arbitrarily-chosen free variable
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Instantiated

Two donkeys bray; Giles owns them. —
Fa((ExDxv=0xexV tywo (\@.3y".3d".[a]o((x,¥), )
AVbe (Ve" [a]o(b, ¢) — (donkey([b]o) A bray([b]o,¢)))
Ao G UExDxv=)xeme=t ((« [alo), [[ali]o) (v)
— (own([[ali]o,y, [lalii) A [[ali]o = giles)

first sentence witness, part of the left context for the second sentence
second sentence witness
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Additional resolution conventions for plural (set) entities

For any types a, 5 and ~:
m \b*B=t A\y*. 378 b(Y, Z) is an NRF.
m \b*B=t \y>. 378 b(Z,Y)is an NRF.

So GUx((ex1)xv=t))xeme=t can he resolved to
)\b(1X((eM)XV”t))Xe.)\XG.Hn].ﬂev.[[b]o:h((X,n), e)
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Resolved
G := ApUx((exDxv=0)xe yye 3n1 Jev [[blo]:((X, n), €)

(X Dxv=0xexv o (e 3y 3d".[alo((x.y), d))
AL (Ve" [a]o(b, ¢) — (donkey([b]o) A bray([b]o,c)))
AVy©.3n' (3e".[alo((v, n), €))
— (own([[al1]o, Y, [[ah]i) A [[ali]o = giles)

= JROV7L3z8.3e".two(M°.3d".R(x, d))
AWVE(Ve".R(v, c) — (donkey(v) A bray(v,c)))
AVy©.3bY(R(y,b)) — (own(z,y,e) A z = giles)
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Conclusion

m Reconstruction of type-theoretic treatment of anaphora in (more or
less) simple type theory.

m Similarity to list-, or stack-based approaches to dynamic semantics
(Dekker 1994, van Eijck 2001, de Groote 2006, Nouwen 2007).

m A semantic account of pronoun accessibility.

m Not much yet to say about:
m Anti-locality effects (‘Principle B’).
m Crossover.
m Quantificational/modal subordination.
®m Many other issues.
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