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S Ows  Copmign _ COMOINDTEOrS

The I combinator represents the identity function, and is defined as (I x) = x for every x. &

The K combinator is defined as (K zy) = (K z),y) = x,Va,y. The K combinator produces constant

functions, i.e., (K x) is the constant function that always outputs x. &
Definition 8.6

The S combinator is defined as (Szy z) = (x2(yz)) = ((z 2)(y 2)), Y, y, 2. &
Definition 8.7

The B combinator is defined as (Bxzy z) = ((x (y 2)), V&, y, 2. The B combinator can be understood as

being a composition operator, i.e., if f and g are functions, then (B f g) is equivalent to f o g. &

The C combinator is defined as (Cxy z) = ((x 2),y)Ve,y, 2. &
Definition 8.9

The T combinator is defined as (T xy) = (yx)Va,y. TheT combinator is analogous to the canonical

embedding of a vector space V' into V**, the dual of its dual. If f is a function, then ((Tx) f) = (f x). &

(ombinatory Coreoptiol Gramwors  (CCH)
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@ Definition 8.10 |
@ [¢] D @ [T] A linear indexed grammar G is a quintuple:
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m%v\d Strngs of G=<N,S,I,5,R >
Production r?l mﬂl;ﬂag Y‘MWMS with

. A distinguished start non-terminal S

1. A set of nonterminal symbols N'; written as upper-case letters, e.g., N1, No, N, . ..
B

(8.1

S[o] —a Sffo] ¢
S{o] =Tlo] 3. A finite set of indices I ; written as usual function letters, e.g., f, g, h, ...
Tifo] = Tlo] b > 4. An alphabet of terminal symbols %; written as lower-case letters, e.g., ay, . . .
0 —¢ 5. A set of production rules R of one of the following forms:
o N[o] = aM|[o]B
o Nfo] = aM|fo]B
The LIG parse tree of a"b"¢". > N[fd] = QAI[U] B
O : YW @0
Definition 8.12
For a finite set V' and two distinguished symbols “/" and “\”, the set C(V') of categories of V' is inductively
defined as follows:
o VCC(V).
o Ifvi,va € V, thenvy/va € C(V) and vy \ v € C(V). Iy
Definition 8.13
A combinatory categorial grammar (CCG) G is a quintuple
(Vr,Vn, S, f,R) (8.2)

that consists of the following:




o A finite set of terminals V (lexicon).

o A finite set of non-terminals V (atomic categories).

o A distinguished category S € V.

o A function f mapping Vi U {e} to finite subsets of C(V), where C(Vy) is the set of categories.
o A finite set of combinatory rules R, described below.

L &
aa Definition 8.14
Let |;, for i < n, denote either \ or/. For categories x,y, z, the combinatory rules are the following:
/. Forward application:
(z/y) Yy (8.3)
2. Backward application:
y (z\y)—z (8.4)

3. Generalized forward composition:

(z/y) (c.yhzt)lz---lnzm)> (.. (@]r21) |2--- |n 2n) (8.5)

. Generalized backward composition:

A

(---(hz1)l2---|n2n) \y)—=(.-(x|l1z21)|2---|n 2n) (8.6)‘.

Exowmple : Deriving e maming Usiny CCG

What states border Texas
(S/(S\NP))/N N (S\NP)/NP NP
Af.Ag-Az. f(z) A g(z) Az, state(:t:)> Az. \y. borders(y, x) te:l:a.g
S/(S\NP) (S\NP)

Ag. Az. state(z) A g(z) Ay. borders(y, texzas)
S
Az. state(z) A borders(z, texas)
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We have the following inference rule:



wy
w2
w3
wy

ws

w2 . -w6:=['/U\D XIB1]\' A/I Ip == Ap
w3 =C\A/F wy =G ) . T .
ws = S\E ws = H Through CCG parsing, we obtain the following result:

Lexicon Axioms wl w2 w3 w4 w5 w6 w7 wS
= A [4,0,1] (4,0,1] [B,1,2] [C\A/F,2,3] [S/E,3,4] [E/H\C,4,5] [F/G\B,56] [G,6,7 [H,T7,8|
=B (B,1,2] [S/H\C,3,5|
= C\A/F [C\A/F,2,3] [S/H\A/F, 2,5
i=S\E el S/ E, 3, 4] [/F,/G\B,2,2,5,6)
= E/H\C [E/H\C,4,5] /[/F, /G,1,2,5,6]
= F/G\B [F/G\B,5,6] [S/H\A/F,2,5) [/F,€1,2,5,7)
=G (G,6,7] [S/H\A,1,7)
i=H [H,7,8] [S/H,0,7]




