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Lambda Abstraction

= Syntax:

If a € WET and v € VAR, then Ava € WE, ..
m Interpretation:

[Ava]M9 is that function f : Dg — D+ such that

for all a € Dg, f(a) = [agV9lv/al  (for a € WE+, v € VARG)



Example

m Someone drinks and drives
- someone’(Ax(drink’(x) A drive’(x))
m [someone’(Ax(drink’(x) A drive’(x)))IM9 =
[someone’IM9([Ax(drink’(x) A drive’(x))]M9)
m [someone’'M9(S) =1iff S= O
m [Ax(drink’(x) A drive’(x))]M9 =V, (drink’) n Vy(drive’)
m [someone’]™9I([Ax(drink’(x) A drive’(x))]™9) =1

iff Vy(drink’) n Vy(drive’) = @



Example, Continued

m If the A-expression is applied to an overt argument, we can
simplify the interpretation:

[Ava(B)IM9 = [oM-olv/IRI™o]

m Example:
[AX(drink’(x) A drive’(x))(j*)IM9 = 1
iff [drink’(x) A drive’(x)M-9lx/I*I"e] = ]
iff Vy,(j*) € Vy(drink’) n Vy(drive’)



Lambda Conversion

m [Avo(B)IM9 = [oM.9lv/IBI™e]

= [[B/v]aIM-9

m Ava(B)  [B/v]a



Lambda Conversion: Examples

m drinks and drives = ax[drink‘(x)adrive’(x)] : {e,t)
m John = j*:.e
m John drinks and drives = Ax[drink’(x)adrive’(x)](j*) : t

e [j*/x] drink’(x)adrive’(x)
= drink‘(j*) A drive‘(j*)

m John = AF.F(j*): {{e,t),t)
m John drinks and drives = AFLF(j*)1(Ax[drink‘(x)adrive‘(x)]) : t
e AXx[drink’(x)adrive’(x)1(j*)

e drink’(j*) A drive'(j*)



B-Reduction in Semantic Construction

S
m someone = AFAyF(y) AFAYF(y) (x[work’(x)]): t
=g dy work‘(y)

s work > Ax[work'(x)] e ™~

NP VP
m someone works AFAYF(y): ({e, t),t)  Ax[work’(x)]: (e, t)

|

> AMFAYF(y)(AXx [work‘(x)]) V
X[work!(x)]: (e, t)

e yrxIwork! (x)](y) |

Someone
works

<g 3y [work'(y)]



Variable Capturing

m Are Ava(B) and [B/v]a always equivalent?
m Ax[drive’(x) A drink’(x)](j*) e drive’(j*) A drink’(j*)
m Ax[drive'(x) A drink’(x)](y) < drive’(y) A drink’(y)
m AX[Vy know’(x)(y)](j*) & Vy know(j*)(y)
= NOT: Ax[Vy know’(x)(y)1(y) & Vy know(y)(y)

m Letv, v' be variables of the same type, a any well-formed
expression:

v’ is free for v in a iff no free occurrence of vin a is in
the scope of a quantifier or a A-operator that binds v’.



Lambda Calculus: Conversion Rules

m P-conversion: Ava(B) < [B/v]a

m if all free variables in B are free for v in a.

m o-conversion: Ava © Aw[w/v]a

m ifwis freeforvin a.
m h-conversion: Av(a(v)) e a

m In semantic construction, the by far most important rule is
B-conversion, and its only important direction left-to-right,
called B-reduction. A-conversion, B-conversion and B-
reduction are used as quasi-synonyms (in NL semantics).



Determiners as A-Expressions

a student

a, some

every student

every

no

> AP3Ax(student’(x) A P(x)) : {({e,t),t)

> AFAGAX(F(x) A G(X)) : {{e,t),{{e,t),t))

> APVX(student’'(x) — P(x)) : ({e,t),t)

> AFAGVX(F(X) — G(x)): {(e,t}),{{e,t),1))

> AFAG—3IX(F(x) A G(X)) : ({e,t),{{e,t),t))
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Semantic Construction: An Example

N
N

every student works

m il FLST: Semantics IV
AAAAAAAAAA 1



Semantic Construction: Lexicon

N
N

Det Vv
MFAGIVX(F(x)—G(x))]:{(e, b, e, b, b)) student e,bt work’|: (et
every student works

m il FLST: Semantics IV

SAARLANDES



Semantic Construction: Application

S
NP VP
AFAG[VX(F(x)—G(x))](student’): e, p),t)
Det N V
MAGIVX(F(x)—=G(x))]:{<e, D), e, t,t)y  student’: <e,t) work’|: (et
every student works

m il FLST: Semantics IV

SAARLANDES



Semantic Construction: Reduction

S
NP VP
AG[VX(student’(x)—=G(x))]: «e,p),D)
Det N V
MAGIVX(F(x)—=G(x))]:{<e, b, e, t,t)y  student”: <e,t) work’|: (et
every student works

m il FLST: Semantics IV

SAARLANDES



Semantic Construction: Projection

S
NP VP
AG[VX(student’(x)—=G(x))]: «e,p),D) work’: <e,t)
Det N V
MAGIVX(F(x)—=G(x))]:{<e, b, e, t,t)y  student”: <e,t) work’|: (et
every student works

m il FLST: Semantics IV

SAARLANDES



Semantic Construction: Application

kG[Vx(student(x)%G(x))](work) t

N

VP
AG[VX(student’ (x)%G(x )]: Ke,t),t) work’: <e,t)
Det Vv
AFAGIVX(F(x)—G(x))]:<e,b, e, b, b)) student . (e,bt) work’|: (e,t)
every student works

m il FLST: Semantics IV

SAARLANDES



Semantic Construction: Reduction

Vx(student(x)%G(x))
VP
AG[VX(student’ (x)%G(x )]: Ke,t),t) work’: <e,t)
Det Vv
MFAGIV X(F(x)—=G(x))]:<e,b), e, b, t) student . (e,bt work’: (e,t)
evéry student works

m il FLST: Semantics IV

SAARLANDES



Transitive Verbs: Type Clash

Every student presented a paper

present’: (e, (e,t)) a-paper’: {{e,t),t)

every-student’: ({e,t),t) 2:?

7.t
Solution: reverse functor-argument relation (again):

present’ & CON(((e,t),t), et)
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Transitive Verbs (1)

read = read’ & CONe,t), 1), (e, t))
read a book = read’(AP3dy(book’(y) A P(y)) € WEge, 1)

every student reads a book
> ARVXx(student’(x) — R(x))(read’(AP3y(book’(y) A P(y)))
g Vx(student’(x) — read’(AP3y(book’(y) A P(y)))(x))

Inappropriate analysis for standard transitive verbs. The analysis
doesn’t support the entailment;:

Every student reads a book &= There are books

Solution: Use a more explicit A-term to translate read.
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Transitive Verbs (2)

m read = AQAzQ(Ax(read*(x)(z))) € WE(et), t, (e, t))
m read* € WE, (e, t)) IS the “underlying” first-order relation

m read a book = AQAzQ(Ax(read*(x)(z)))(AP3dy(book’(y) A
P(y)))

&g Az(AP3y(book’(y) A P(y))(Ax(read*(x)(z))))
«p Az(dy(book’(y) A Ax(read*(x)(z))(y)))
«p Az(dy(book’(y) A read*(y)(z)))
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Transitive Verbs (3)

m read a book
m = Az3dy(book’(y) A read*(y)(z))

m every student
m > ARVXx(student’(x) — R(x))

m every student reads a book
m = ARVx(student’(x) — R(x))(Az3dy(book'(y) A read*(y)(z)))
m op VXx(student'(x) — Az3dy(book’(y) A read*(y)(z))(x))
m <p Vx(student’(x) — Jy(book’(y) A read*(y)(x)))
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Non-Referential Arguments

m John seeks a unicorn F There is a unicorn

m The higher-order analysis of transitive verbs covers non-
referential verbs such as seek:

m seek = seek’ € CONet), t), (e, t)
m Sseek a unicorn=> seek’(AP3dy(unicorn’(y) A P(y)) € WEe, v

m John seeks a unicorn
> AF[F(j*)1(seek’(APAy(unicorn’(y) A P(y)))
g seek’(APIy(unicorn’(y) A P(y)))(j*)

m No seek*-based translation in this case, therefore no
existential entailment.
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