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Figure 2: a) An example tree. b) The sub-trees of the NP covening the apple. The tree in
(a) contamns all of these sub-trees, and many others. We define a ‘sub-tree to be any sub-
graph which includes more than one node, with the restriction that entire (not partlal} rule
productions must be included. For example the fragment [NP [D the ]] 1sexcluded

because 1t contains only part of the production NP — D N.
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Conceptually we begin by enumerating all tree fragments that occur in the framing data
l,...,n. Note that this 1s done only implicitly. Each tree 1s represented by an n dimen-
sional vector where the i'th component counts the number of occurences of the i'th tree
fragment. Let us define the function h;(T") to be the number of occurences of the i th tree
fragment in tree T, so that T' 15 now represented as h(T') = (A (1), ha(T), ...,  ha(T)).

We want Kk (T,,T,) = S i () ki)

S S\»\a\‘?lf.c -ﬁ Q Q\gcﬂ:?’

/ \ Ans

@ N sublvee
Olcuvs
D N \"\f‘@ e

\
The V\na\c'imcm l’ce -H\e am—;)e

vo , N opple
Produce .s' N ﬂ?'fﬂa&mar\ 'g:\:ahe'
NP— DN S—» NP VP

VP -V NP



Q¥ 7
AN AN
D N\ / o/ N
\ | . \ ‘
The  Goldiew ote  Hae Sl . S2

(WC will  assume  that el

P*(octuc.hmns uf Hn s —)(\cwm

N~ "a soun

vA A
\J = o YV o eXe oxe

\mf\kb Tveaen't N Sem<e

4»\' crona~ies,

K(s, 52) = /(71,10 = > R(T) AT

SublT ees E

Cvalla>

= 24 (7) vey

v ’r(a.c'\'\' Ce oA ~ovmalize

k(qlc 7) /(.KC'TI;TD* k(‘T?—oTQYtL



/N / T
NP P NP \\no o v
N\ / N\
V NP \ NY
S 4l S dre
Y /N %
N14 P NP TP —j\
N / N
D o S O e AL
5 N \j NP
” - T T = and so AN ~N P +H+ 2 ale
Ne 2 N
D
/AN . .
dre — ‘ ..
To C T ‘4 T, To e Uicrent
2 ijgtggf CT5T2) effperentty
-4:8 §F @ we ~eali 22 fhalt o\(‘Cﬂ) ',5
9 k) ks o\ f o compotiTe  funchen
eY ]D .
g ,rg °J &  weve basie  Ndicadovy
Ay jc\A o T = bivee
v YV ne S By ('ﬂ, = \ Su
B -E q>) L '|$MYDU\?0‘
n - a5
S et node M n"
FE_ "6 = 0O o/u)



(N,
N 2

- ‘ - P S ('?’ —
QI\\,C b & \.1\ 0\;2\;‘1.:(“;' I-,)

" 1o

(D) K(T,T) = 5 hery bty
= = 2. < T.(nT)T; (n,_;T.,)
L o meT) WN,ET,

=2 = é_I;(m;TDI; (mtﬁ,)
T, ¢

‘Y\‘ e"T| n ?’e‘

bvma 113 éxmm ahon  ovey

SUb\Tees Waide s\nece T pould

Ty & et ~d of 1t -

"‘ (‘mig‘nl = Q0 \ The oau hons ot
3 97\:4 ’Y\q_?*a“’é out}feveni'

(eg- ™M NP> D N
N, VP 5 VNP
N aven cf N, D S NP \/P)
H(“”')'“ZD = | ‘f - N- &
hz'.'\\-ét

(wheve N= Moy tevaminal 4
b‘: ".‘Q'(M;no«l



,.ﬁ.. O"“ A\Nn (r\..)

Al =TT (14 (i) aw)
iz '

N < — N The Pﬂroa\uc‘\'

/{\ /‘\ covnes becouse

& C T can
consid ey e2pansons
at one O¥ -Mgre g

A g C e\o ot that

R » leve]
e . \NC €
\w (\.n,_")?
was  censideing £
o’/ﬁptﬁf \mv [ﬂq Sublyee won 'roa.rc

at both w, ¢ Mo, e order

!
becanse I ,0.3 match es mqr\-‘evs S\nee

e s e produhon feom N
Ok.Se‘jucnce— MU'ST be L\mwe:\

_ S Yeo
Convolution Kernels for Natural Language

Michael Collins Nigel Duffy
AT&T Labs—Research Department of Computer Science

& o TR 5 a — - e p— e —_-— " - o Pl = B - FE "



