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The Language of the Lambda Calculus

Constants, e.g., a, f

Variables, e.g., x , y (they often look like constants)

Applications, e.g., f (a)

Abstractions, e.g. λx .f (x)
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Alpha Conversion

The Basic Idea

λx .f (x) ⇒ λy .f (y) [y fresh]
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Beta Reduction

The Basic Idea

(λx .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
∀x(student(x) ⇒ ∃y(book(y) ∧ read(x , y)))

S
??

NP
λP∀x(student(x) ⇒ P(x))

every student

VP
λz∃y(book(y) ∧ read(z , y))

read a book
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Beta Normalization

Every student
λP∀x(student(x) ⇒ P(x))

read a book
λz∃y(book(y) ∧ read(z , y))

Every student read a book

λP∀x(student(x) ⇒ P(x))(λz∃y(book(y) ∧ read(z , y)))

⇔β ∀x(student(x) ⇒ λz∃y(book(y) ∧ read(z , y))(x))

⇔β ∀x(student(x) ⇒ ∃y(book(y) ∧ read(x , y)))
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Beta Reduction: Practice

S
∀x(student(x) ⇒ ∃y(book(y) ∧ read(x , y)))

NP
λP∀x(student(x) ⇒ P(x))

Q

every
???

N

student
λx(student(x))

VP
λz∃y(book(y) ∧ read(z , y))

V

read

NP

Q

a

N

book
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Beta Reduction: Practice

S
∀x(student(x) ⇒ ∃y(book(y) ∧ read(x , y)))

NP
λP∀x(student(x) ⇒ P(x))

Q

every
λFλP∀x(F (x) ⇒ P(x))

N

student
λx(student(x))

VP
λz∃y(book(y) ∧ read(z , y))

V

read
???

NP
???

Q

a
???

N

book
???
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Beta Reduction: Solution to Practice

S
∀x(student(x) ⇒ ∃y(book(y) ∧ read(x , y)))

NP
λP∀x(student(x) ⇒ P(x))

Q

every
λFλP∀y(F (y) ⇒ P(y))

N

student
λx(student(x))

VP
λz∃y(book(y) ∧ read(z, y))

V

read
λQλzQ(λx(read(z, x)))

NP
λP∃y(book(y) ∧ P(y))

Q

a
λFλP∃y(F (y) ∧ P(y))

N

book
λx(book(x))
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Quantifier Storage

Every student read a book

∀x(student(x) ⇒ ∃y(book(y) ∧ read(x , y)))

∃y(book(y) ∧ ∀x(student(x) ⇒ read(x , y)))

How to get the second reading?
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Quantifier Storage

Storage at (1)

Logic Statement Quantifier Storage

λG∃y(book(y) ∧ G (y)) ∅
⇒λF .F (x) [〈x ;λG∃y(book(y) ∧ G (y))〉]

Retrieve at (2)

∀y , student(y) ⇒ read(y , x) [〈x ;λG∃y(book(y) ∧ G (y))〉]
λG∃z(book(z) ∧ G (z))(λx(∀y , student(y) ⇒ read(y , x))) []

∃z(book(z) ∧ (λx(∀y , student(y) ⇒ read(y , x))(z)) []

∃z(book(z) ∧ (∀y , student(y) ⇒ read(y , z)) []

S(2)

NP

every student

VP

V

read

NP(1)

a book
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Quantifier Storage
Storage at (1)

λG∃y(book(y) ∧ G (y)) ∅
⇒λF .F (x) [〈x ;λG∃y(book(y) ∧ G (y))〉]

S(2)
∀y , student(y) ⇒ read(y , x)

NP
λP∀x(student(x) ⇒ P(x))

every student

VP
λz(read(z , x))

V
λQλzQ(λx(read(z , x)))

read

NP(1)
λF .F (x)

a book
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Quantifier Storage

Retrieve at (2)

∀y .student(y) ⇒ read(y , x) [〈x ;λG∃y(book(y) ∧ G (y))〉]
λG∃z(book(z) ∧ G (z))(λx(∀y .student(y) ⇒ read(y , x))) []

∃z(book(z) ∧ (λx(∀y .student(y) ⇒ read(y , x))(z)) []

∃z(book(z) ∧ (∀y .student(y) ⇒ read(y , z)) []

S(2)

NP

every student

VP

V

read

NP(1)

a book
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