LINGS702: Lecture Notes 10
Broad-coverage Compositional Semantics

Recall from the last lecture notes that we can assemble meanings from sub-parts by:
1. composing words into phrases and sentences using grammar rules; then
2. associating these words and rules with meanings via function application in lambda calculus.

Previously we focused on point 1; this lecture will focus on point 2.
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10.1 We can build meanings using beta reduction [Montague, 1973]

Recall we can assign sentence meanings to lambda calculus expressions ( ):

These can be carved up and assigned to words and rules:

None (A, Person x) «— nobody
(Ax

)
And associated with words and rules on the syntactic analysis tree:

Aa

Ab



If we make semantic argument structure mirror syntactic argument structure, we can define words:

nobody € A, A, None (1, Person x A r x)
(A, True A s x)
everything &f A AgAll (4, Thingy Ary)
(A, True A s'y)
buys € 2, 4, 1, A, q (A, True)
(Ax p (4, True)
(1, Some (1, BuyyxeAre)
(1, True A 5 ¢€)))

and we can define compositional semantic functions for basic argument attachment rules:
(Aa) App Agaap (g f):a  (applies the right child to the left child)
(Ab) Af.mp Agp (f @) (applies the left child to the right child)

This translates the V-alN into (Ab buys everyihing) and V into (Aa nobody (Ab buys everything)).

We can then substitute the rule and word definitions and simplify using beta reduction:

Ay ox..)e=...0...
This removes the first A, and replaces its variable y with expression ¢ everywherein ...y ...

(like how variables are replaced with arguments in a normal function).

The result of the first function application (of /i ys to everyihing), replacing f, g, p, 7, ... is:

Ab buys everything = (Ay A4 f 8) substitute definitions
(A, A A A5 g (A, True)
(Ax p (4, True)
(1, Some (1, BuyyxeAre)
(1, True A s €))))
(A A, All (4, Thingy Ary)
(4, True A sy))
(A (A, A5 A As g (A, True) replace f
(Ax p (4, True)
(1, Some (1, BuyyxeAre)
(1. True A s e)))) g)

(A A, All (4, Thingy Ary)
(4, True A sy))
(Ap A4 A A5 q (A, True) replace g
(A p (4, True)
(1, Some (1, BuyyxeAre)
(1, True A s e))))

(A A, All (4, Thingy Ary)
(4, True A sy))
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= A, 4, A, q (A True) replace p
(Ax (A AGAll (4, Thingy Ary)
(A, True A sy))
(A, True)
(4,Some (1, BuyyxeAre)
(1, True A s e)))
= Ay A A g (A, True) replace r
(A (A5 All (A, Thing y A (4, True) y)
(A, True A s'y))
(4, Some (1, BuyyxeAre)
(1, True A s e)))
= A, 4, 45, q (A, True) replace
(Ax (45 All (2, Thing y A True)
(A, True A s'y))
(1, Some (1, BuyyxeAre)
(1. True A s e)))
= A, A Ay q (A, True) replace s
(A All (4, Thing y A True)
(A, True A (1, Some (4, BuyyxeAre)
(1. True A se))y))
= Ay A Ay q (A, True) replace
(A All (1, Thing y A True)
(A, True A Some (1, BuyyxeAre)
(A, True A s e)))

The result of the second function application (of L ys everything to nobody) is similar:

Aa nobody (Ab buys everything) = A, A, None (4, Person x A True)
(A, True A All (4, Thing y A True)
(4, True A Some (1, BuyyxeAre)
(4. True A 5 €)))

= A, 1, None (A, Person x) conjunction with True
(A All (2, Thing y)
(4, Some (1, BuyyxeAre)
(4e s €)))

The leftover .1, will be needed if the clause is modified:
o Now nobody buys everything adds Now ¢ to the restriction.
The leftover .1, will be needed if the clause is used as a complement:
o [ see nobody buys everything adds See ¢ Me to the nuclear scope.

If that’s the end of the derivation, we add a context, which can be empty: (1, True) (4, True).



All primitive categories are modified and quantified, so we give them all this type: (e—t)—(e—t)—t.

Practice 10.1:

Beta reduce the following expression:

10.2 Modifier schemata

Unlike arguments, modifiers add constraints to the restrictors of their modificands:

modifier modificand local arguments pass to modificand modifier constrains restrictor of modificand

— T —_——
(Ma) /lf:O'-a'r ﬂg:vtpluN (ﬁhN,,l,r,s 8 hN oo hl (/1)( rxA f (/11,14 IxANu X) (/lz True) (/lz True)) S):UQDI..N

(Mb) Afy, v Agoar (Any s [ hv o hi (A7 X A g (A t X Aux) (A, True) (4, True)) s):ve n
N—— S—— e e

modificand modifier ~local arguments pass to modificand modifier constrains restrictor of modificand
For example, with the above definition for and this definition for
def

and with this syntactic analysis of the noun phrase

Mb

we generate this meaning (using N = 0 in the Mb rule, because the modificand has no arguments):

Mb = A g A A f (AcrxANg (A4 At xAux)
(4, True)
(1, True))
s)



= (Ag A As (A, AGAll (A, Thingy Ary)
(A, True A s y))
(AyrxANg (L, A, tx Aux)
(1, True)
(1, True))
s)
(A4 A+ A5 q (A, True)
(1, Some (1, Here xe A re)
(A, True A s e)))

= (g A, Ay (LA (A, Thing y A (A r x A g (A At X A ux)
(4, True)
(1, True))
y)
(A, True A s'y))
s)
(Ag A A5 q (A, True)
(1, Some (1, Here xe A re)
(A, True A s e)))

= (g A Ay (LA, Thingy A ryAg (A Aty Auy)
(1, True)
(1, True))
(A, True A sy))
s)
(A4 A Ag q (A, True)
(1, Some (1, Here xe A re)
(1, True A s e)))

= (g A AGAIL (A, Thingy A ryAg (A Aty Auy)
(4, True)
(1, True))
(A, True A s y))
(A4 A Ag q (A, True)
(1, Some (1, Here xe A re)
(4, True A s e)))
= (A, A; All (A, Thingy A ryA (A, 4, A, q (A, True)
(A, Some (1, Here xe A re)
(1. True A 5 €)))
(/1t ﬂ»u ty/\u)’)
(4, True)
(1, True))
(4, True A sy))



= (A Ag All (4, Thingy A ry AN (A Ay (A Aty Auy)
(A, True)
(1, Some (1, Here xe A re)
(1, True A 5 e)))
(1, True)
(1, True))
(A, True A s'y))

= (A, A, All (A, Thingy A ry A (A4, Ay (A, (A, True) y Auy)
(1, Some (1, Here xe A re)
(1, True A 5 ¢€)))
(1, True)
(1, True))
(4, True A sy))

= (A, A, All (A, Thingy A ry A (A, A (A4, True Auy)
(1, Some (1, Here xe A re)
(A, True A 5 ¢€)))
(1, True)
(4, True))
(4, True A sy))

= (A, 4; All (A, Thingy A ryA (4, A, True A (4, Some (4, Here xe A re)
(A, True A s €))
y
(1, True)
(1, True))
(A, True A s'y))

= (A, 4; All (A, Thingy A ryA (4, A, True A Some (1, Here y e A re)
(A, True A s e))
(4, True)
(1, True))
(4, True A sy))

= (A, A, All (A, Thingy A ryA (A True A Some (A, Here y e A (4, True) e)
(4, True A s e))
(1, True))
(A, True A s'y))
= (A, 4; All (A, Thingy A ry A (4, True A Some (4, Here y e A True))
(1. True A s e))
(1, True))
(4, True A sy))
= (4, 4; All (A, Thingy Ary A True A Some (1, Here y e A True)
(A, True A (A, True) ¢))
(4, True A sy))



= (A, A ryA A True
True

=, 4, FyA

Practice 10.2:

Given the above composition rules and the following word definitions:

what is the lambda calculus translation of the following syntactic analysis tree:

Aa

Mb

Ab

(You do not have to provide the entire beta-reduction, just the result.)

10.3 Non-local arguments

Composition rules for non-local arguments are much the same as rules for local arguments.

1. Introduction rules for simple non-local arguments are just identity functions:

(Ea) /lftv{-a,-b]ﬁwn.,M fivi-g,-h, -vioy, u



Introduction rules for complex non-local arguments are treated as modifiers:

(Em) /lfi‘fgolanllan (ﬁkMul,hN“hr,S ko2 hN..l (/lx r -X/\kl (/lt,u IrxAu 'x)
(4, True)

(1; True)) s):7¢1.ni-g. -h, -vi(o-am)pa u

2. Composition rules for arguments and modifiers must also propagate non-local arguments.
Here are the argument rules, with non-local propagation in red:

(Aa) /lf:ﬁlr//l..m /lg:a/'aﬁ'ﬁmﬂ..M (/lkM__l g kM..H’H—l (f km]))a“,‘//IM
(Ab) Af:a-bﬁwln,,, Ag:ﬁwmn,.,w (/lkMﬂl f km.‘l (g kM..m+l)):awl.‘M
Here are the modifier rules, with non-local propagation in red:

(Ma) /lfz(r-a‘rz!/]__,,, ﬂg:vgpl_,Nw,,,H__M (/lkM__l,hN__l,r,s 8 km.il hN..l (/lx rxA f kM..erl (/lt,u IXAUu )C)
(1, True)

(A; True)) s):ver yi.m

(Mb) /lf:vgol__Nwl__m /lg:(r-a‘rl//,,,,ﬂ_M (/lkM,_l,hNA_l,r,s f kM..erl hN..l (/lx rxA 8 km..l (/lt,u IXAu X)
(1, True)

(1A, True)) s):ver NY1.m

3. Attachment rules G and H for non-local arguments are the same as Aa and Ab:

(G) ﬂf:ﬁxm“,,, /lg:a-gﬁwmﬂ,,M /lkMul (g kM..m+l (f km..l)):a/wl..M
(H) /lf:a'hﬂwl..m /lgi,BleH.M /lkM..l (f kml (g kM..erl)):a/wl..M
and rules for Ra and Rb are the same as for Ma and Mb:

(Ra) /lf:(r-rnm“,,, /lg:vcpl',Nw,,H]”M (/lk,\//,,IhNul,r,s 8 km..l hN‘.l (/lx rxA f kM.‘m+1 (/lt,u IxXAu )C)
(4, True)

(1A; True)) s):ve NV1.m

(Rb) /lfzvc,m”Nw]_m /lg:O'-rT',ﬁmH_,M (ﬂk,\//__thul,r,s f kM‘.m+l hN..l (/lx rxA 8 km..l (/ll,u IxANu .X,')
(4, True)

(1; True)) s):ve yYi1.m

10.4 Conjunction schemata [Partee & Rooth, 1983]
We need a compositional semantics for conjunctions:

Aa



Here’s a definition that’s pretty simple — it just passes all its arguments down to its conjuncts:

© /lf:ﬂp]"Nw]“M /lgiTtpl.,Nlpl.,M (/lk,w,_],hNﬁl,r,s (f ko hyars)N(g kyy hy.a 7 8)):To1 N1 M

This duplicates any quantifiers in /.1, which is a relatively weak reading:

The duplicate reading can be avoided with quantifying attachment rules for primitive arguments:

(Aa,) /lf:m//l..m /lgiTtﬂl..N-aUll’mH..M (/lkM..]ahN,_l,ryS f Kn..1 (/lx True)
(A & kpgomrt Au t X ANux) hy 1 1 8): 701 NV1.M

(Ab’) /lfiTsOl..N-bvlﬂ]..m /lgivlbml.,/w (/lk/w..l,hN.,l,",S 8 kM~-771+1 (/lx True)
A [ Ayt xAux)hy,rs):ToN1M

(G/) /lf:UWI.,m /lg:T‘Pl..N'gUl//mH..M (/lkM..lshN..hr,S f km..l (/lx True)
(/lx 8 kM..m-H (/lr,u rxANu )C) hN..l r S)):TQOI..NWI..M

(H,) /lf:TSOI..N'hUwI..m /lg:m//mH..M (/lkM..]ahN.,lar»S g kMJTlJrl (/lx True)
(A fhma (Qut X ANuwx) hyar$)):TornY1m

Here’s the result of that:

10.5 Argument re-organization schemata

The passive rule re-assigns the passive non-local dependency to be the subject:
(V) ApranwN (g5 f g Some r s):A-aN

Re-ordering rules swap the first and second arguments:
(O) Apwyy (Apgrs faprs)Ted

Zero-head rules attach the noun phrase child as the nuclear scope of the subject:

(Z) ApN (Agrs g 1 (A p (4, Equal x y) 5)):A-aN
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