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1 Fun with Functional Application
Composition rules

For branching nodes:

(1) Functional Application (FA)
If « is a branching node anfd3, v} the set of its daughters, then, for any
assignment, if [ 4] is a function whose domain contains, then [«] =

[5IAD-

For non-branching nodes:

(2) Non-branching Nodes (NN)
If o is a non-branching node antits daughter, then, for any assignment
[o1=[ 51

(3) Terminal Nodes (TN)

If « is a terminal node occupied by a lexical item, ther [s specified in
the lexicon.

1.1 Rick Perry is conservative

(4) [Rick Perry] = Rick Perry

(5) [conservative] =\x € D, . x is conservative

What to do withis? How about just an identity function:
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(6) [is]=AMeDy . f

(1) St
NP:e/\(e,t)
N! e /\
((e.t),(e.t))  Allet)

V.

|
Rick Perry | | .
is conservative

[[s [ne [ Rick Perry 11 [v is ] [ conservative ]]]]

=[[ve [vis][a conservative ] I]([ ke [« Rick Perry 111) FA
=[[Lv is I(I[  conservative JI([ [ v [x Rick Perry ]1]) FA
=|[is]([conservative])[([Rick Perry]) NN
=[[Af e Dy . f|( Ax € D, . x is conservativé](Rick Perry) N
=[x e D, . X is conservativ§Rick Perry) B-reduction
= 1 iff Rick Perry is conservative* A-reduction)

*Notice that | wrote “= 1 iff Rick Perry is conservative” irestd of “= Rick Perry
is conservative”. Normally, the result gkreduction is written by replacing the
A-bound variable by the argument to which the function is peipplied, but this
case is different. That is because for Heim & Kratzghd' : ¢ . v]” is read as
either (i) or (ii), “whichever makes sense”:

(i) “the function which maps every such thai to v”

(ii) “the function which maps every such that) to 1, if v, and to 0 otherwise”
When the value description is a sentence, it makes sensadatiia way (ii).

1.2 Rick Perryisin Texas
(8) [in]=XAyeD..XxeD,.xisiny

(9) [Texas] =Texas



NP:e VP: (e, t)

|
N: e

| :
Rick Perry ‘ P\

1.3 Rick Perry is proud of Texas
(10) [proud] =AyeD, . Ax €D, . xis proud of y

(11) [of] = Mx €D, . x

NP:e VP

\
N: e

\ Vi ({e,t), (e, 1)) A: (e, (e, 1))

Rick Perry |
is /\

1.4 Rick Perry is a Republican
(12) [Republican] =\x € D, . x is a Republican
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Hey, let's make the indefinite article vacuous too:
(13) [a]=XfeDy . f
(14) St

T

NP:e VP: (e, )

|
N: e

Rick Perry V. e NP (e, )
's D: ((e,tl), (e,t)) N~ Te,t)

a Republican

2 Predicate Modification

2.1 Rick Perry is a conservative Republican

(15) S:t
NP: e VP: (e, t)
Nl e
|
Rick Permy V. {(e, ), {e. 1)) NP {e. 1)
|
is

) (e,t) N’: (e, t)
A { {{e,), (e, 1)) } |

‘ Republican
conservative



Our lexical entry forconservativérom above is typée, ¢):
(16) [conservativg]l = Ax € D, . x is conservative

If we want to use Functional Application here, we needservativeéo be a func-
tion of type((e, t}, (e, t)).

(17) [conservativg] = Xf € D4y . AX € D, . f(x) = 1 and x is conservative
Now, [[« [» conservative] [y Republican 1]
= [[ conservative]]([[ » Republican ]]) FA

= [conservative]([Republican]) NN

=| M €Dy . AxeD,. f(x)=1andxis conservati\ﬁ Ax € D, . X is a Republica) TN

=XxeD, . xis a Republican and x is conservative SB-reduction

This is Montague's strategy. All adjectives dfe, t), (e, t)) for him, and in pred-
icate position, they combine with a silent noun. Despiteuhgrammaticality of
*Rick Perry is conservative Republican

Alternative strategy: Use another composition rule.

(18) Predicate Modification (PM)
If « is a branching node{3,~} is the set ofa’s daughters, an¢[3]] and
[+]) are both inDy. ., then[[a]] = Az € D.[5])(z) = [1]](x) = 1

Now, [[v [» conservative] [, Republican ]1]

=X e D, . [[. conservative]](x) = [[ » Republican JJ(x) = 1 PM
=Xx e D, . [conservative](x) = [Republican](x) = 1 NN
=\x e D, . xis conservative and x is a Republican [S-reduction

2.2 Austinis a city in Texas

We can also use Predicate Modification with PP modifiers:

(29) St
NP:e/\VP:(e,t)
N! e /\
Aulstin V: ({e,t), (e, t)) NP: (e, t)
|
is

N’: (e, t) PP: (e, t)
|
city  P:i(e,(e,t)) NP:e
| |

in Texas

3 The definite article

What if we havethe governor of Texasistead ofRick Perry?

3.1 The negative square root of 4

Regardinghe negative square root of Brege says, “We have here a case in which
out of a concept-expression [i.e., an expression whose imganof type(e, t)] a
compound proper name is formed [that is to say, the entireesgfon is of type]
with the help of the definite article in the singular, whiclatsany rate permissible
when one and only one object falls under the concept.”

“Permissible”:thedenotes a function of type, t), ¢) that is onlydefinedfor in-
put predicates that characterize one single entity. Inrotloeds,the presupposes
existence and uniqueness. Heim and Kratzer implementgfdgeastriction on the
domain using the colon/dot notation:

(20) [the] = Af € D : there is exactly one x such that f(x) = 1 . the unique y
such that f(y) = 1



Sotheis not a function fromD,. , to D,; it is a partial functionfrom D, to
D.. But we can still give it the typé(e, t), e) if we interpret this to allow partial
functions.

To flesh out Frege’s analysis of this example further, Heimh Kratzer suggest
thatsquare rootis a “transitive noun”, with a meaning of tyge, (e, t)), and that
“of is vacuous|[square roof]] applies to 4 via Functional Application, and the
result of that composes wiffnegative]] under predicate modificatioh.

(21) [negative] =\x € D, . x is negative

(22) [square root] s\y € D, . Ax € D,.. x is the square root of y

(23) [of] = Mx €D, . x

(24) [four]=4

So the constituents will have denotations of the followiyggs:

NP: e
/\
D: ({e,t).€) N: (e )
the: ((e,t)e)  A: (e,t)/\l\l:(e,t)
negative:(e, t) N: (&,m:e
square rootic, (¢, 1)) P: <e,e>/\NP: e
of: {c,c) N: o

3.2 Top-down evaluation

To compute the value “top-down”, we put the whole tree in oigeddd pair of
denotation brackets, and use composition rules to break dosvtree. Here | am
putting the name of the rule | used as a subscript on the egigls because |
don’'t have enough room to put them off to the right.

. NP "
/\
D N
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the A N
N
negative N PP
square root P NP
|
of N
|
L four |]
. N 1
A
A N
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D negative N PP
=FA
the square root P NP
]
of N
|
L four ||
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| AN
negative N PP
—v [ the]]
square root ‘ P NP
of N
four |

N

A
=par [[ the ]]| Az. H ‘ ” (z) = square root

negative

=nnra [[ the ]]| Az [[ negative]] (z) = [[square rodf]

A

P

of

A

|

of

/\NP

PP

N

four ||

PP

p

|
|

four ||

(r)=1

(z)=1

NP

—ra [[ the ]]| 2z [[ negative]] (x) = [[square rod H I ” N ([ [@)=1
||
four
—vx [[ the ]] (z. [[ negative]] () = [[square rodt| ([[ of ]]([[ four ]])) (x) = 1)
Now we are done breaking down the tree. No more composities.ru
[the](Ax . [[negative]](x) = [[square root JI([[of]I([[four]]))&) = 1)
= [the](Ax . [[negative]](x) = [[square root J]([[of]](4))(x) = 1)
= [the](\x . [[negative]|(x) = [[square root [|dx . x|(4))(x) = 1)
= [the](\x . [[negative]](x) = [[square root [}(4)(x) = 1)
= [the](\x . [[negative]](x) = Py . Az . z is a square root of y](4)(x) = 1)
= [the](\x . [[negative]](x) = [\z . z is a square root of 4](x) = 1)
= [the](\x . [[negative]](x) = 1 and X is a square root of 4)
= [the](\x . [[Az. z is negative]](x) = 1 and X is a square root of 4)
= [the](\x . x is negative and x is a square root of 4)

= [ Af € Dy . there is exactly one x such that f(x) = 1 . the unique y such
that f(y) = 1J(\x . x is negative and x is a square root of 4)

=the unique y such that y is negative and x is a square root of 4

=2
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3.3 Bottom-up style

NP: e
D: ((e,1),€) N: (e, )
the: ({e.t).e) A (e,t)/\l\l:(e,t)
negative:(c, t) N: (e,m:e
square rootie, (c,t))  P: <e,e>/\NP: e
of: (e e) N: e

four: e

We need to compute a semantic value for every subtree/naatecovenience,
we can group the nodes according to the string of words tlegtdominate, and
start from the most deeply embedded part of the tree.

Note: | reserve the right to abbreviate e g.[} of ] [« [x four]]1] as [r» of four],
omitting all but the outermost brackets.

Bottom-up derivation

four

e [four]=4 TN

e [[ne [x four] T] = [I[  four]] = [four] =4 NN
of

e [[rof ] =[0f] = M. X TN, NN
of four
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* [[#eof four]] = [[ » of J(I[ ne 41D FA
=[Xx.X]4)=4
square root
* [[ v square root]] = [square root] NN
=)y eD, . xeD,. xis asquare root of y TN

square root of four

* [[« square root of four] = [| square root]]([L of four]]) FA
[= Ay eD.. AxeD,. xis asquare root of y](4)
= \x € D,.. X is a square root of 4
=XxeD,.. xe{2,-2}

negative
¢ [[ 1 negative]] = [negative] =\x € D, . X is negative TN, NN
negative square root of four

¢ [[« negative square root of four]]

= Xx. [[ negative]](x) = [[\ square root of four]](x)=1 PM
= AX. X is a square root of 4 and x is negative
= MX. x e {-2}
the
* [, the ]] = [the] TN, NN

=X eD,y : thereis exactly one x s. t. f(x) = 1 . the y such that f(y) = 1
the negative square root of four

« [ the negative square root of four]]
=[[o the 1I([[ » negative square root of four]]) FA
= [Xf € Dy : there is exactly one x such that f(x) = 1 . the unique y such
that f(y) = 1]J(\x. x € {-2})
= the unique y such thaty{-2}
=-2

Note that we used the same composition rules as we did usrtgphdown style!

This style is a little bit simpler and cleaner. But it doesmdrk when you have to
manipulate variable assignments... which we will coveraomow!
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