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Summary
Linguistic expressions divide up the logical space of entities in the world:

JhumanK
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Summary

Two interpretation rules, one for intransitive structures, and one for transitives:

u

wwwwwww
v

S

VP

V
barks

NP

N
Brian

}

�������
~

= true if JNPK ∈ JVK

true if Brian ∈ {x : x barks}
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wwwwwwwwwwww
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VP

NP2

N
Peter

V
loves

NP1

N
Lois

}

������������
~

= true if ⟨JNP1K, JNP2K⟩ ∈ JVK

true if ⟨Lois, Peter⟩ ∈ {⟨x, y⟩ : x loves y}
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An example

What is the meaning of Lois loves Peter?
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true if ⟨JNP1K, JNP2K⟩ ∈ JVK

true if ⟨Lois, Peter⟩ ∈ {⟨x, y⟩ : x loves y}
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The meaning of NP

What about a sentence like The train has arrived?
u

www
v

NP

NPDet
the

}

���
~
=

the unique x s.t. x ∈ JNPK

What about other determiners like every?
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Quantifiers
What is the meaning of every dog?

Unlike the dog, every NP is not referential. They are quantifiers.

Every dog is black is true if every element in the set of dogs is also in the set of black
things.

black

dog●

●

●

●

●

●

●

●

●

●

●

●

not true if

In other words, the set corresponding to JdogK is a subset of the set of Jis blackK.

JEvery dog is blackK = {x : x is a dog} ⊆ {y : y is black}
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Quantifiers

What about Every train has left?

leave

train

●

●

●

●

●

●

●

●

●

●

●

●

JEvery train leftK = true if {x : x is a train} ⊆ {y : y left}
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Compositionality

How can we arrive at a compositional rule for quantifiers?

The rule we have so far for intransitive verbs is this:
u

wwwwww
v

S

VP

V

NP

}

������
~

=

true if JNPK ∈ JVK

But this won’t work. . .
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Compositionality
Every relates two sets in a particular way (such that one is a subset of the other):

leave

train
has

four legs
animal

dog
table

snake

This relation can be expressed as a set of ordered pairs of sets:

JeveryK = {⟨P, Q⟩ : P ⊆ Q}

{⟨JsnakeK, JanimalK⟩, ⟨JdogK, JanimalK⟩, ⟨JdogK, Jhave four legsK⟩ , . . . }

Every always relates hyponyms (like dog) to their respective hypernym (animal)
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Compositionality

u

wwwwwwwwwwww
v

S

VP

V
arrived

NP

NP

N
train

Det
every

}

������������
~

=

true if ⟨JNPK, JVPK⟩ ∈ JDetK

true if ⟨JtrainK, JarrivedK⟩ ∈ JeveryK

true if ⟨{x : x is a train}, {y : y arrived}⟩ ∈ {⟨P, Q⟩ : P ⊆ Q}
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Quantifiers
What about the quantifier no in No train arrived?

The sentence is true if there is no entity that is both in the set of trains and the set
of things that arrived.

arrivedtrain

●

●

●

●
●

●
●

●

●

●

In set-theoretic terms: The intersection of the two sets (∩) must not contain any
elements, i.e. it must be empty set (Ø)

JNo train arrivedK = true if {x : x is a train} ∩ {y : y arrived} = Ø
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Compositionality

How does this all fit together compositionally?

u

wwwwwwwwwwww
v

S

VP

V
arrived

NP

NP

N
train

Det
No

}

������������
~

=

true if ⟨JNPK, JVPK⟩ ∈ JDetK

true if ⟨JtrainK, JarrivedK⟩ ∈ JnoK

true if
⟨{x : x is a train}, {y : y arrived}⟩ ∈ {⟨P, Q⟩ : P ∩ Q = Ø}

JnoK = {⟨JhotK, JcoldK⟩, ⟨JaliveK, JdeadK⟩, ⟨JtrainK, JarrivedK⟩}

The quantifier no will always contains pairs of antonyms (e.g. words with
inherently opposite meanings)
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More quantifiers

What about the quantifier some/a in A train/Some train arrived

The sentence is true if there is an entity that is both in the set of trains and the set
of things that arrived.

arrivedtrain

●

●

●

●

●
●

●
●

●

●

●

The intersection of the two sets (∩) must not be the empty set (Ø)

JA train arrivedK = true if {x : x is a train} ∩ {y : y arrived} ≠ Ø
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More quantifiers

What about the quantifier two in Two trains arrived

The sentence is true if there are (at least) two entities that are both in the set of
trains and the set of things that arrived.

arrivedtrain

●

●

●

●

●

●
●

●
●

●

●

●

The cardinality (| |) of the intersection of the sets is greater than or equal to 2.

JTwo trains arrivedK = true if |{x : x is a train} ∩ {y : y arrived}| ≥ 2
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Quantifiers: Summary

JeveryK = {⟨P, Q⟩ : P ⊆ Q}
JnoK = {⟨P, Q⟩ : P ∩ Q = Ø}
Ja/someK = {⟨P, Q⟩ : P ∩ Q ≠ Ø }
JtwoK = {⟨P, Q⟩ : |P ∩ Q| ≥ 2 }

u

wwwwwwwwwwwww
v

S

VP

V

NP

NPDet
⎧
⎪⎪⎪⎪⎪
⎨
⎪⎪⎪⎪⎪
⎩

every
no

a/some
two, three, . . .

⎫
⎪⎪⎪⎪⎪
⎬
⎪⎪⎪⎪⎪
⎭

}

�������������
~

= true if ⟨JNPK, JVPK⟩ ⊆ JDetK

(if Det = every, no, a, some, two, three, . . . )

We could also assign these determiners to a different syntactic category like
Quant(ifier).
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Quantifiers: Summary

JeveryK = {⟨P, Q⟩ : P ⊆ Q}
JnoK = {⟨P, Q⟩ : P ∩ Q = Ø}
Ja/someK = {⟨P, Q⟩ : P ∩ Q ≠ Ø }
JtwoK = {⟨P, Q⟩ : |P ∩ Q| ≥ 2 }

u

wwwwww
v

S

VP

V

NP

NPQuant

}

������
~

=

true if ⟨JNPK, JVPK⟩ ⊆ JQuantK

We could also assign these determiners to a different syntactic category like
Quant(ifier).
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Modification

What about adjectives like brown in brown dog?

These phrases also involve intersection of two sets:

browndog

●

●

●

●

●

●

●
●

●
●

●

●

●

Jbrown dogK = {x : x is brown} ∩ {y : y is dog}
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Modification

What about the brown dog?

u

wwwwwwwwwwww
v

NP

NP1

NP2

N
dog

AP

A
brown

Det
the

}

������������
~

=

the unique x s.t. x ∈ JNP1K

the unique x s.t. x ∈ JAPK ∩ JNP2K

the unique x s.t. x ∈ JbrownK ∩ JdogK

the unique x s.t.
x ∈ {y : y is brown} ∩ {z : z is dog}
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Modification

u

wwwwwwwwwwwwwwwww
v

S

VP

is sleeping

NP3

NP2

NP1

N
dog

AP

A
brown

Det
the

}

�����������������
~

=

true = JNP3K ∈ JVPK

the unique x s.t. x ∈ {y : y is brown}
∩ {z : z is dog} ∈ {q : q is sleeping}
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Modification

u

wwwwwwwwwwwwwwwww
v

S

VP

is sleeping

NP3

NP2

NP1

N
dog

AP

A
brown

Det
the

}

�����������������
~
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Modification

What about multiple adjectives like with the small brown dog is sleeping?

u

wwwwwwwwwwwwwwwwww
v

S

VP

is sleeping

NP4

NP3

NP2

NP1

N
dog

AP1

A
brown

AP2

A
small

Det
the

}

������������������
~

=

true if JNP3K ∈ JVPK

true if the unique x s.t. x ∈
JNP1K ∩ JAP1K ∩ JAP2K ∈ JVPK

true if the unique x s.t. x ∈
JdogK ∩ JbrownK ∩ JsmallK ∈ JVPK

true if the unique x s.t. x ∈ {z : z is dog}
∩ {y : y is brown} ∩ {g : g is small}

∈ {q : q is sleeping}
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Coordination

What is the meaning of coordinated adjectives like young and happy?

u

wwwwwwwwwwwwwwwwwww
v

S

VP

AP

AP

A
happy

&
and

AP

A
young

V
is

NP

N
Mary

}

�������������������
~

=

happyyoung

●

●

●

●

●

●

●
●

●
●

●

●

●

Mary ∈ {x : x is young} ∩ {y : y is happy}

It is just set intersection again!
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Coordination

What is the meaning of coordinated adjectives like young or sad?

u
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young
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●

Mary ∈ {x : x is young} ∪ {y : y is happy}

The coordination or involves the union (∪) of two sets!
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Negation

What about negation in phrases like not happy?

It involves the complement of some set {a, b, c} ({a, b, c}), i.e. the set of elements
that are not in a given set.
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JMary is happyK = true if Mary ∈ {x : x is happy}
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Negation

What about negation in phrases like not happy?

It involves the complement of some set {a, b, c} ({a, b, c}), i.e. the set of elements
that are not in a given set.
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Negation
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Jnot APK = JAPK

Jnot APK = {x : x is happy}
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Ambiguity

What are the two meanings of Peter is not tall and thin?
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This is a structural ambiguity!
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Ambiguity

Peter is [not tall and thin]

thintall
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Jtall and thinK = {x : x is tall} ∩ {y : y is thin}
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Ambiguity

Peter is [not tall] and thin
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Ambiguity

Peter is [not tall] and thin
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Ambiguity
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