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The Language of the Lambda Calculus

o Constants, e.g., a, f

e Variables, e.g., x,y (they often look like constants)
@ Applications, e.g., f(a)

@ Abstractions, e.g. Ax.f(x)
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Alpha Conversion

The Basic Idea
Ax.f(x) = Ay.f(y) [y fresh]

@
UNIVERSITY OF

% TORONTO

December 2, 2021

4/15



Beta Reduction

The Basic Idea
(Ax.f(x))(a) = f(a)
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Logical Representations of Meaning

What's one of the logical forms?

Every student read a book
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Logical Representations of Meaning

@ Every student read a book
Vx(student(x) = Jy(book(y) A read(x,y)))

S
77
NP VP

APVx(student(x) = P(x)) Az3dy(book(y) A read(z,y))
—

every student read a book
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Beta Normalization

@ Every student
APVx(student(x) = P(x))

@ read a book
Az3y(book(y) A read(z, y))

o Every student read a book

APVx(student(x) = P(x))(Az3y(book(y) A read(z, y)))
&g Vx(student(x) = A\z3y(book(y) A read(z, y))(x))
&g Vx(student(x) = Jy(book(y) A read(x,y)))
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Beta Reduction: Practice

S
Vx(student(x) = y(book(y) A read(x,y)))

NP VP
APVx(student(x) = P(x)) Az3y(book(y) A read(z,y))
TN
Q N V NP
every student read  Q I\‘I

7?77 Ax(student(x)) ;L book
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Beta Reduction: Practice

S
Vx(student(x) = Jy(book(y) A read(x, y)))

NP VP
APVx(student(x) = P(x)) Az3y(book(y) A read(z,y))
/\
\% NP
Q N | 77
‘ | read P
every student 77 Q N
AFAPYX(F(x) = P(x)) Ax(student(x)) | |
a  book
7N
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Beta Reduction: Solution to Practice

S
Vx(student(x) = Jy(book(y) A read(x, y)))

NP VP
APVx(student(x) = P(x)) Az3y(book(y) A read(z,y))
Q N
\ \
every student v NP

AFAPYY(F(y) = P(y))  Ax(student(x)) reL J AP3y(book(y) A P(y))

AQAzQ(Ax(read(z, x)))
Q N
\

e‘a book
AFAP3y(F(y) A P(y))  Ax(book(x))

& TORONTO
December 2, 2021

11/15



Quantifier Storage

Every student read a book
o Vx(student(x) = Jy(book(y) A read(x,y)))
o dy(book(y) N Vx(student(x) = read(x,y)))

How to get the second reading?
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Quantifier Storage

e Storage at (1) S(2)
Logic Statement Quantifier Storage NP/\VP
)\Gzly(bOOk(y) A G(y)) y every student m(l)

read a book

:>)\FF()0 [<X1)\GHY(bOOk(y)/\ G(y))>]
@ Retrieve at (2)

Vy, student(y) = read(y,x) [{x; \G3y(book(y) A G(y)))]

AG3z(book(z) A G(z))(Ax(Vy, student(y) = read(y, x))) []
dz(book(z) A (Ax(Vy, student(y) = read(y, x))(z)) 1l
3z(book(z) N (Vy, student(y) = read(y, z)) (]
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Quantifier Storage
o Storage at (1)

AG3Iy(book(y) A G(y)) 0
=\F.F(x) [(x; A\GTy(book(y) A G(y)))]

5(2)
Yy, student(y) = read(y, x)

T

NP VP
APVx(student(x) = P(x)) Az(read(z, x))

—
every student

V NP(1)

AQAzQ(Ax(read(z,x))) AF.F(x)

. \ —

read a book
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Quantifier Storage

@ Retrieve at (2)

Vy.student(y) = read(y, x) [(x; AG3y(book(y) N G(y)))]
AG3z(book(z) A G(z))(Ax(Vy.student(y) = read(y, x))) (]
dz(book(z) N (Ax(Vy.student(y) = read(y, x))(z)) (
Jz(book(z) A (Vy.student(y) = read(y, z)) I
S(2)
e
T
every student \ NP(1)
| Py

read a book
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