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recap, revısıon, consolıdatıon

the λ-calculus



what λ does: makıng the weırd ıntuıtıve

(1) Kermit sneezes

Our life before λ⟦(1)⟧ = sneeze(k)
⟦sneezes⟧

sneeze( )sneeze(???)sneeze(x)
⟦Kermit⟧

k

Our life after λ⟦(1)⟧ = sneeze(k)
⟦sneezes⟧

sneeze(x) λx [sneeze(x)] λx∈De [sneeze(x)]
⟦Kermit⟧

k

q ⟦sneeze⟧ needs saturation, so is its argument position empty?
a We can’t have it empty! We need to signify the placeholder with a variable. Of the correct

type. We need λ to encode this.

q Why appropriate argument? What’s wrongwith λx∈Dt [sneeze(x)]? What’s wrongwith
λx∈D⟨e,t⟩ [sneeze(x)]?q So, what canwe dowith λ? NB:unsaturatedmeanıngs have to be λ-wrapped!

a We abstract the local meaning of ‘sneeze(s)’ by imaginingwhat itsmeaningwould be if it had
an argument. An appropriate argument.q What’s the type of ⟦Kermit⟧?

a k ∈ De, therefore type e
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what about transıtıves? two-place f

⋅ sneeze takes one argument

⋅ What about verbs (predicates/functions) like greet or love?
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what about transıtıves? demo

S

VP

DP

Piggy

VP

loves

DP

Kermit

t

⟨e, t⟩
e

Piggy

⟨e, ⟨e, t⟩⟩
loves

e

Kermit

ex Write down the lexical entry for (or the formal semanticmakeup of) the
verb love!

termınology lexical entry of aword = the formal semanticmakeup of thatword
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what ıs the meanıng of lıfe?

(2) ⟦life⟧ =

(Facetiously left for online discussion.)
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recap, revısıon, consolıdatıon

exercıses



let’s reduce! ex. 1

Let j = ⟦Jason⟧
(3) λx[cat(x)](j)
(4) λP[P(j)](cat)
(5) λx[λP[P(j)]](cat)(j)
(6) λP[P(j)](λx[cat(x)])
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fınally: what about dıtransıtıves? three-place f

⋅ Consider ditransitive verbs like gıve, which takes three arguments.

⋅ What’s its type? To get its type:

⋅ think of it as a relation, three-place relation (how dowe represent this?)
⋅ and then schönfinkelise it
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7-steps to a decent composıtıon: a manual handout
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upgradıng λ-terms:
presupposıtıon



the presupposıtıon of λ-abstracts

(7) λα ∶ γ . φ

⋅ The colon here provides the domain condition and the full stop the value
description.

⋅ For instance, this applies to (9a), whichwe can reduce to (9b).

(8) a. λx ∶ x ∈ De . x smokes
b. λx ∈ De . x smokes
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the presupposıtıon of λ-abstracts

(9) a. λx ∶ x ∈ De . x smokes
”the functionwhichmaps every x, such that x is an individual, to 1 if x
smokes, and to 0 otherwise.”
”any x, such that x is an individual, is suitable tomake the function
smokes true if x smokes and untrue if x does not smoke.”
”find an x, such that x is an individual, which canmake the function
smoke true if x smokes and untrue if x does not smoke..

b. λx ∈ De . x smokes
”map any xwhich is an individual to 1 if x smokes, and to 0 otherwise.”

9/29



λs are not just brıdges to truth

⋅ So far, we’ve dealt with exampleswhere a λ is needed to ’meet the condition’
of a truth-value denoting predicate (like smoke).

⋅ It doesn’t have to.
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readıng λs: a precıse termınology

(10) Read [λα ∶ γ . φ] as either (i) or (ii), whichevermakes (more) sense.
i. ”the functionwhichmaps every α, such that γ, to 1, if φ, and to 0
otherwise.”

e.g. intransitive verbs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . actual ex.?

ii. ”the functionwhichmaps every α, such that γ, to φ.”
e.g. transitive verbs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . actual ex.?
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functıons can be λ-argument too

(11) [λf ∶ f ∈ D⟨e,t⟩ . there is some x ∈ De such that f(x) = 1]
⋅ Can you think of an example thatwouldworkwith (11)?
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upgradıng λ-terms:
presupposıtıon

λs ın trees



⋅ A transitive verb like ⟦likes⟧ takes two arguments, hence is a 2-place
function.

⋅ In λ-abstracted form, it looks something like (12)

(12) ⟦likes⟧ = [λx ∈ D[λy ∈ D . y likes x]]
⋅ We know both x, y are inD sowe could drop ”∈ D”. Sincewant to be precise,
we are not going to.

13/29



S[λy ∈ D . y likes x](Ann)Ann likes Bill
VP[λx ∈ D[λy ∈ D . y likes x]](Bill)[λy ∈ D . y likes Bill]

NBill

NBill

BillBill

V[λx ∈ D[λy ∈ D . y likes x]]
likes[λx ∈ D[λy ∈ D . y likes x]]

NPAnn

NAnn

AnnAnn
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⋅ So far, the left-most λ-term combinedwith the right-most argument (in
brackets).

⋅ When drawing trees, this ismuch easier, since a λ-termwill apply only to its
syntactic sister (locally).

⋅ Think of the problemwith the example below.

(13) λx ∈ D . [λy ∈ D . y loves x](Sue)
a. [λx ∈ D . [λy ∈ D . y loves x](Sue)]

= λx ∈ D . Sue loves y
b. [λx ∈ D . [λy ∈ D . y loves x]](Sue)

= λy ∈ D . y loves Sue
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somemore exercıses
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(14) [λx ∈ D . [λy ∈ D . [λz ∈ D . z introduced x to y]]](Ann)(Sue)
(15) [λx ∈ D . [λy ∈ D . [λz ∈ D . z introduced x to y](Ann)](Sue)]
(16) [λx ∈ D . [λy ∈ D . [λz ∈ D . z introduced x to y](Ann)]](Sue)
(17) [λx ∈ D . [λy ∈ D . [λz ∈ D . z introduced x to y]](Ann)](Sue)
(18) [λf ∈ D⟨e,t⟩ . [λx ∈ De . f(x) = 1 and x is grey]](λy ∈ De . y is a cat)
(19) [λf ∈ D⟨e,⟨e,t⟩⟩ . [λx ∈ De . f(x)(Ann) = 1]]([λy ∈ De . [λz ∈ De . z saw y]])
(20) [λx ∈ N . [λy ∈ N . y > 3 and y < 7](x)]
(21) [λz ∈ N . [λy ∈ N .[λx ∈ N . x > 3 and x < 7](y)](z)]
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semantıc vacuıty



semantıc vacuıty

⋅ Some lexical itemsmake no semantic contribution to the structures in
which they occur.

⋅ Can you think of some?

(22) a. ⟦of John⟧ = ⟦John⟧
b. ⟦be rich⟧ = ⟦rich⟧
c. ⟦a cat⟧ = ⟦cat⟧

⋅ What is themeaning of items of, be, and a above so that the equivalences
hold? (3mins)

17/29



Nonverbal predıcatıon



nonverbal predıcatıon

⋅ Not only verbs are functions.
⋅ So are predicates (we discussed this yesterday).

⋅ Can you think of any 1-place (monadic) non-verbal predicates?
⋅ Can you think of any 2-place (dyadic) non-verbal predicates?

Monadic:

a. cat

b. student

c. bored

d. gray

Dyadic:

a. part

b. fond

c. in

d. from

⋅ What are themeanings of each of these? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5′
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nonverbal predıcates: somemore practıce

⋅ What is the denotation of in Texas?

⋅ Let’s calculate the truth-conditions of the following:

(23) a. Joe is in Texas.

b. Joe is fond of Kaline.

c. Kaline is a cat.
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roadblock

⋅ What about themeaning of a grey cat?

⋅ Try composing it. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .2′
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predıcate modıfıcatıon



predıcate modıfıcatıon: a new rule

⋅ Weneed a new rule that can handle caseswhere Functional Application
(FA) cannot apply.

PredicateModification (PM)

If α is a branching node, {β, γ} is the set of α’s daughters, and ⟦β⟧ and ⟦γ⟧ are
both inD⟨e,t⟩, then⟦α⟧ = λx ∈ De .⟦β⟧(x) = ⟦γ⟧(x) = 1
(= λx ∈ De . x is ⟦β⟧ and x is ⟦γ⟧)
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⋅ We can now calculate the truth conditions of (24).

(24) ⟦city in Texas⟧=
(25) Denver is a city in Texas.
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presupposıtıons & the defınıte
artıcle



the defınıte artıcle

⋅ Common nouns, like ’cat’, denote the characteristic functions of sets of
individuals. (What type are they, again?)

⋅ What does this imply for the semantic analysis of determiners? Let’s just
focus on the for now.
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the defınıte artıcle & defınıte descrıptıons

⋅ Basic intuition: ”the NP” denotes individuals, just like proper names.

⋅ student denotes a (charf of a) set of students.

⋅ the student denotes a unique individual. (Russell, cf. Fregewho thought so
too.)

(26) a. ⟦the⟧(⟦German chancellor⟧) =AngelaMerkel
b. ⟦the⟧(⟦opera by Beethoven⟧) =Fidelio
c. ⟦the⟧(⟦negative square root of 4⟧) = −2
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the defınıte artıcle & defınıte descrıptıons

⋅ What, then, does the denote?

⋅ The is a function.

⋅ What is its domain? Its range?

(27) For any f ∈ D⟨e,t⟩ such that there is exactly one x for which f(x) = 1,⟦the⟧(f) = the unique x for which f(x) = 1.
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the defınıte artıcle & defınıte descrıptıons

⋅ What about fs that do notmaps exactly one individual to 1? Whatwould⟦the⟧ yield?
(28) the escalator in South College

(29) the stairway in South College

NB There are no escalators in South College and there ismore than one
stairway.

⋅ What objects do (30) and (31) denote?
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the defınıte artıcle & defınıte descrıptıons

(30) the escalator in South College

(31) the stairway in South College

NB There are no escalators in South College and there ismore than one
stairway.

⋅ No objects are denoted. The function cannot apply since⟦the escalator in South College⟧ and ⟦the stairway in South College⟧ are
not in the domain of ⟦the⟧.

⋅ If they are not in the domain of ⟦the⟧, then ⟦the⟧ cannot apply to them–
we cannot apply FA to calculate a semantic value for (30) and (31).
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a generalısatıon on defınıte descrıptıons

⋅ The generalisation that emerges regarding the domain of ⟦the⟧ is the
following:

(32) The domain of ⟦the⟧ contains just those functions f ∈ D⟨e,t⟩which satisfy
the condition that there is exactly one x for which f(x).

⋅ The semantics of ⟦the⟧ is then the following (recall the colon in λ-terms):
(33) ⟦the⟧ = λf ∶ f ∈ D⟨e,t⟩ and there is exactly one x such that f(x) .

the unique y such that f(y) = 1.
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⋅ What, then, is the type of ⟦the⟧?
⋅ Does itmap totally? Are all x ∈ D⟨e,t⟩ in the domain of ⟦the⟧?
(34) A partial function fromA to B is a function from a subset of A to B.
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