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Probabilistic modeling of Tree Insertion Grammars based on the
Pitman-Yor process

HirROYUKI SHINDO!®)
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MASAAKI NAGATA!

Abstract: We propose a probabilistic model of Tree Insertion Grammars (TIG) based on the Pitman-Yor
process. Tree insertion is helpful for modeling syntax patterns accurately with compact grammar rules,
however, it suffers from high computational cost. In this paper, we propose an efficent method for learning
TIG by mapping our model to equivalent context-free grammars. 0 The experimental parsing results show
that our model outperforms a standard CFG and Tree Substitution Grammars (TSG) for a small dataset,
making the number of grammar rules approximately 18% smaller than with TSG.

1. 0000

000000 Tree Insertion GrammarsO[16] 0000 O
gobooboobbooboobooboobboob
gobgooboobooboboobuooboobboob
000 (6, [(00000000000000000000
gboopooooboooobobobooooboooogn
OO0O0O0O000D0OOsubtree0000OD0ODOOOOOOO
gobbobbooooooooobbbbbboooooo
goooobobbboooooooobobbbboooooo
gobgooboobooboboobuooboobboob
goboobooboobboobooboobboob
00000o00ooooooo (150

obooboob0ob0oobo0oboobboobDOobUPenn

I NTTODDOOOODODDDODOOO0OO0ODO
) ghindo.hiroyuki@lab.ntt.co.jp

(©2012 Information Processing Society of Japan

Trechank 0000 00000000000000000
000000000000000 [1),[2, (1800000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
00000000 [15)0
0000000000000000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000



gogoooooood
IPSJ SIG Technical Report

NP N
/ N\ /" N\
DT N JI N
- |
sky blue
(a) (b)

01 (00000000000000" " 0000000() O
goooooooooooo* x oDogoood

cooobobooooooooboooooooOooboOooo
coboboooooooooboooooooOooboOooo
coboboooooooooboooooooOooobooooo
coboobobooooooooboooOoooboOooobooooo
cooobobooooooooobooooooboooobooooo
oooooooooooooooOooOoEMOOOOOO
coooboooooocoobooooooboOooobooooo
coboobobooooooooboooooooOoobooOooo
cOobooOoooooooobOOoobOoocbOOoooooao
Pitman-Yor 00O [14]0 0000000000000 OO
coooOooooooooboocoooooooboOooo
coooO0oo0oo0oO0ooooobooooooooMeMconO
cooooooooocOooboooooobobocOoobooooo
coooocooooocooooooooOoboOoobooooo
cooobooooooooooooooboboooobooooo
cooooooooocooobooooooOoboOoobooooo
cooooooooocoobooooooOoboOooobooooo
oobooobooooooobOOoooOooooOoboooooao
ooooooooocooboooo

uoboooooobooooooooobocooooooo
cooooooooocOooooooooOoocoobooooo
coooocooooocooooooooOoboOoobooooo
coooboooooooobooooooOoboOoobooooo
cooooooooocoobooooooOoboooobooooo
cobooOoocobOoboocOoooboooobooOo11’sboo
coobooooooooobooooobobocooobooooo
ooo

2. 0DOO0OD0

0000000000000000000000000
000000000000000000000000000
000000000000000000000000000
10000000000000001000000000
000000 1(a)(b) 000000 NP (DT ) (N sky))”
0 ¢(N (JJblue) (N))? 00000000
0000000000000000000000000
00000000000D00000000000000
0000000000000000000000 frontier
node0 0000000000000 D000D00O00000

(©2012 Information Processing Society of Japan

Vol.2012-MPS-88 No.12
2012/5/17

NP NP
S VRN
DT N = DT N
VAN /N
i N te 5N

br N | |
blue sky

NP NP
/' \ VRN
DT N 77 = DT N

| [N \ I/ \

the sky 1 the 3 N

Nt [

/ \\* blue  sky

blue

03 0000000

0000000000000000 (a)0Ooo* "mMmo
go0ddoooooooboooooooooboooobooa
go0doobooooooooobodooboooooobooa
go0doooooooboooobooooboooooobooa
0000000000000 0Ofoot nodeDOO0O0ONO
OO0 1(b)00O0* «+"MO00000000O000O000OO0O0
go0dooooooobooooboooooooooobooa
go0ddoooboooobooobooooooooobooa
0000o0000oooooooooooooooooon
000000000 0D0O00Ointernal nodeDO0OOO

00000oDoo0ooooooooo sooooog
00000000oooooooooooooooooon
00000000000 20000 3000000000
00000o000o0ooooooooooooooooon
0000000000 o0oDooooooooooooon
00000000ooooooooooooooooon
0000o000o0ooooooooooooooooon
0000000000 o0oooooooooooDoooon
00000o00o0o0oooDooooooooooooon
00000000Doooooooooo300oo0oon
0000000000 0ooooooooooooDoooon
0000000000 oooooooooooooooon
000000000000 (hyooooooooooo
0000000000 ooDooooooooooooon
oono

3. 0o0Oond

3.1 OOOOnO
gobooboobooooboobboobbooboo

gogboobobooboobuoobuooboooboon

gboboboooooooboobobo

3.1.1 000000000
Gx 0000000000000 X00oooooooo
O0000Gx 00000000 Pitman-Yor OO [14] O



gogoooooood
IPSJ SIG Technical Report

oo0oooooOoooOoooOooOooOoooboOo xOooo
UdbedboOOooOoOOOO0OOOCOODOOOOOO

e|X ~ GX
Gx |dx,0x ~ PYP (dx,0x,Po(-|X)) (1)

O 0 0O OPYP O Pitman-Yor O O O O O O
dx,0x,Py(-|X) 0 Pitman-Yor 0 00000000
0000000000000 0O0Odiscount parameter1]
OO0O0ODDOO0ODstrength parameter[] 00 O O O O base
distributionD0 0 0 OO0 OO Pitman-Yor DO OO O0O0OO
gobooboobbooboobuooboobboon

00000000000000000 [8), [17]0

0100000000 e0i000000000
e =ene...,e,000000000i+1000000
;10000000010 GxO0O0000O0D000000
000000000000

p(eit1lers, X, dx,0x) Oe, 1, x +BxPoleir1|X) (2)

Ne;jp1,X — dx - t5i+1:X

Qepy X = I —
By = Ox +dx -t x
X O0x +n.x

00007, x00e,;000¢., 00000000
0000000000¢,,,x00ey; 00000000
000000000000 Pitman-Yor 00000000
e0000000000000000000000000
00000000000n.x =Y, nex0t.x =Y, tex
00000 20000000000000 ¢4, 0000
00000000000000000000000000
00000000000y, 0000000000000
0000000000000000000 8x00000
Py(e;41|X)0000000O0O

Pitman-Yor 0000000 R, 00000 00000
000000000000O0CohnO 400000000
00000D000000000000000000000

b0 e0bOdobo0ooboobbOObO1I0bOOOOO
oboboooobooboobobobobooooo

H Pure (1)

reCFG(e)

X H sS4 X

AELEAF (e)

Po(elX) =

(1-sg) (3)
BEINTER(e)

O00OOCFG(e) D0e0000000000D00O00O0
0000000Pwe()000000000000000
000,-0000000000000LEAF (), INTER (e)
000000e0000000000000000000
0000000D000sx 00000000000 X0O0O
00000000000000000000000 PO
000000 00000000000 XO0000000
00000000000000000000000000
000000000000000000000000 sO
00000000000000000 (1-5)00000

(©2012 Information Processing Society of Japan

Vol.2012-MPS-88 No.12
2012/5/17

(NP (DT the) (N sky))

adj (N sky)
DlT(DT the) N
adj (N sky)
the (N (17 blue) N*)
‘”(JJ blue) N (N sky)
blue sky

04 0OD30000000000O0DOOCOODOOOOO

0000 0o

sub
NPSH = NP(NP (DT the) (N sky)) *(NP (DT the) (N sky)),NP

dj (N sk
NP(NP (DT the) (N sky)) —* PT(DT theyN*¥ N5 (1 —apq) x ay
DT(DT the) s the 1

adj (N sky) adj (N sky) ’

N — NN (JJ blue) N*) (N (JJ blue) N*),N
adj (N sky)
(N (JJ blue) N*) = J3J(3J blue) N(N sky) (1—ajy) x1

JI(J33 blue) — blue 1

N(N sky) — sky 1

01 04000000000

gobobobooo

goboboooooooooooobobbboooooo
gogl1ggooobooooooooooooooboo
gooooobobgobobboenoboobobgoog
00 Pitman-Yor 000 PYP (dx,0x, Py (-|X)) 0000
000 0000000000000 Pitman-Yor 000
PYP (d%,0, P (-|X))000000
3.1.2 O0O00OO0OODOO

00000000000 0000ooooOooooo sSo
gboboooooboobobooooooboboobooo
gbobooooboobobooooooobooboboo
gboboboooooooobobon

gooobobobooooooobooooooooooo
gooobobbboooobboooooooooboo
ooooooooooooooo xooooobooo
gobobobbb0edoobobbbOOooooog 200
1xplele,X,dx,0x)00000000e000000 i
goooooobbboooobbboobooobbboo
gbobobobobobobdb ex0obooooo
oooopoOooocOoOoOoDOobOOobOOoooOoboOo xXxoo
goooooooooooobbbobooooobobboo
goooboobbboooooobooooooooooboo
gbobooooobooboobobooooobooobooboo
o000 XOoOoooooooooooooooooboo
00000 X00O00oOoOOoOooooooooooo
ax x p(e'le/, X,dy,0,)00000000000000
gbobooooobooboboooooobobobooo
ooobooobooo

3.2 OO
0000000 t00000000o0oOoMAPOOOOO



gogoooooood
IPSJ SIG Technical Report

cobobobooooooooooooooboooooooo
coooobooboooooboobooooooooot
oooobooodobebOOOOoOoOOoOOOODOOOOO
ooooooooooooo

P(eft) o P(tle) P(e) (4)

0000P(e)0000 Pitman-Yor 000000000
0000000000P(tle)000000e000000
000000 ¢000000 P(tle)=100000000
P(tle)=0000000000000000¢00000
0000000000000P(e)0000000O000
0000O00P(elt)0000000000000O00O0
00000000000000000000000000
00000000000000000000000000
O blocked Metropolis-Hastings algorithmO 0000000
MHOOOOOOOOOOOOOOO0O0O00
3.2.1 0000000

000000000000000000000 MEHOO
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
0000000000000000 CohnO [3]0000
00000000000000000000000000
00000000000000000000000000
00000000000

0000030000000000000NPOOOO
“(NP (DT the) (N sky))’ 000000000000000
O0O0NDOODD “N (JJblue) (N))?’ 00000000
00000000000000000000000000
0000000400000 400000NP* 0 NPQO
000000000000 0000NPNP (DT the) (N sky))
00000 “NP (DT the) (Nsky))” 000000000
ONPOOODOOOOOOOOONPOOOOOOO
“(NP (DT the) (N sky))” 00 000000000000
000000 ONS® s 0000000 Nysy 00
D0000000000000000NY (7% . 00
N(Nskyy 0000000 “N (JJ blue) N*? 000000
00000000000400000000000000
0000000 1000000000000000 200
00000000000000000 100000000
00002000000000000000000000
00000000000 agx0al, 00000 B, x
0B, ,0000000000000000000000
0000000 40000000000000000 10
00000000000000000000000000
Doooooo

000000000000000000000000

(©2012 Information Processing Society of Japan

Vol.2012-MPS-88 No.12
2012/5/17

0000000000000 2000000 ¢, 000
00000 a,,x0000000000000000
BxPy(e;41|X)00000000000000000O0O
0000000000000000000 e,;00000
00000000000000000000000000
0000000000000 Py(e|X)00000000
0000000000000000000000000 X
0000000000000
000000000000000000
e X' 00O00D0DOOOONONDOOOOOOO
0XO0O0O0O0OOO0O0OX*" 0000 aex 00
000 X, 000000000000 8x0000
0 Xaasey 0000000000000 20000
000000 e0000000O000O0O0O00O0O
00000000000 e00D000OOODOO0O
ooooo0o0o0o0oo
e X00200000000000000000000
0000000000000000000 X000
0e0000000000D0O0000O0OOOOOO0O
0000000000000000X0NPOOOeD
“NP (DT ) (N gir)” 00 00 O0NPNp (DT ) (N girl))
000000000DT*™ 0 NNy 000 100
O0000000NNgy 00000 ginl” 000
1000000
e XsDOODOOOODDDO0O0O00O00000D0
000000000000000000 X(ease) 00
0000000000000000000000

000000000000000000
e Xilttr)JOOOO0D0DODOO0O00ODOOODODOO
00 Xypy 0000000000000 “type” OO
“ base” 000 e00D0OX* 00000 Xditype)
D00 o, , 00000 X9 00000000
oooo gy 00000 XXMM goonoo
o X900 20000000000000000
00000000000000000000000
X, 00000000¢000000000000
oooooo
o XMitvnOpppnoDOODDOO0DDO00000
00000000000000000000000
000000000000000000
00000000000000000000000000
00000000000000000200000000
00000000000000000000000000
00000000000000000000000000
00000000000000000000000000
0000000000000000000 1000000

ooboooooboocoooboooooooooboooo



gogoooooood
IPSJ SIG Technical Report

ooooooooood

322 00000 MHOODOOOD
Johnson 0 [9)0 0000000000000 MHODO
00000000000000000+¢000000000
00D0000000000O0MHOOOODDOO MCMC
000000000000 0000000000000
00000000000000000000000000
0000000 p(elt,d,f,s,a) 00000000000
00000000000000000000000000
0000000000 ¢000000000000000
000000000 X0 X, Xpasy 00000000
00000000000000000000000000
00000000 (d,6,s,a) 0000 MHOOOODOOO
00000000000000000000000
00000 MHOOOOODOOOOOD t000000
000000000000
(1)000+¢+0000000000000 (10000000
D00000000X 0 X%, Xy, X(basey 00 00
000000000000000000000000
000000000000000000000000
0oo
(2)100000000000000000400000
000000000000000000000000
00000000000000
(3)MHOOOOOO [9)000000000000000
00D0O00OMHOOODOODOOODOODOOOOO
00000000000000D0000000000
000000000000000000000000
000000000000000000000000
00000000000000
00000000000000000000000000
00000000000000000000000000
00000000000 MHOODOOOOOOOOODO
O[3, 900000000

4. OO

4.1 OO

0000000000000 WSJ Penn Treebank(11]
OO000DO0OCO00DDOOOO0Penn Treebank OO0
O000000oouoooooo2002000mOo00
OO00O0o0oOooooo2200 2000000000000
OO0O0U0U0ooopoooooooooooo® CENTER-
HEAD" O [12]000000000O0OOCO0OOOOOO
ooo0d0oo0ooU0oU0ooOoooUooUoDoooOoo
“ UNKNOWN"[I DIGIT"0O PROPER.NOUN" O0DOOO
gdooooOoOoOoOoOoOoOoOoOoOOOOOOOODOOoO

(©2012 Information Processing Society of Japan

Vol.2012-MPS-88 No.12

2012/5/17
oooo oooo 000secd FO
500 -282418.4 1258 78.2
1000 -276171.9 2583 79.3
3000 -273591.3 7681 79.1
5000 -272766.8 12794 79.0

02 MHOOOOOOOOOOOOOOOOOODOOOOOOOOoO

goooo (b1,b2) ODOODOODOOO FO
oooooo - 5957 (0) 65.0
DO00D0O00ax = 0 for all XO - 9135 (0) 77.9
(1,1) 7928 (3) 79.3

0o0000D000O0D (100,1) 7462 (16) 75.4
(100,100) 8057 (15) 78.0

Berkley Parser[13] - 77.9
00000O0OCohnO [3)]0000O - 78.4

03 D00OOMHOODOOODOO 100000 OOOO” O
gooooooooooooooooooooor oooor
gooooooooooooboooobooOoOobooooon

(NP (NP ) (ADVP (RB aloft)))

(NP (NP ) (ADVP (RB respectively)))
(PP (PP ) (,,))

(FRAG (, ,) (FRAG))

(VP (VP ) (RB then))

(VP (VP ) (RB not))

(QP (@GP ) (IN of))

(S6) )

(5 (S) (RB s0))

04 0000O0DO0OD0O0ODOO0OO0DOO0OO0DOOOOOOOOO0O0
0000oo000o0000ooO0O0o0o0oO0ooooOooOoonD NP
0000 ADVP" 00000 RB” 0000 PP OOO
000 FRAG 00O0OO0OO0ODOOO VPP OOO0OOO QP O
ooo s" ooooo0ooooooooooo

UOMHOOOOOOODOOOODODOoOOOoDbDOoDOoo
gooMHOOODODODOOOOOOODODODOobDOoO
gogboobbobobooboobooboooboon
gogbooboboobboobooboobooboboon
O000O0OO0O0O0O0OEVALBOOODODODOODOODOO
O0bracketingdF O [5] 000000000000 0OO0O
0O OCPU DO Xeon 5600 3.33GHzO0OOOO 48GBO O OO

4.2 00O
gooobooboooooboooobboooboboboooo
ooMHOOOOOODOOOoOooooooobobooo
ggobooob200b00bboboboobooboon
gogbooboboobuoobooboobboooboon
ljoootboboooboboobobuooboboobon
goboboobobogo 2s5b00bobooobooon
gogbodoboboobuooboobuooboooboon
ggbooboooboooboobuoobboooboon
gooogn
gobobobooboobboobooboboooboo

*I http://nlp.cs.nyu.edu/evalb/



gogoooooood
IPSJ SIG Technical Report

oobo3goboooooooooooooooogoon
00000000 ex 000000000 XOOOOOoO
O00000000oooooge,b)00oooooo
cobooooooooooboooooobooobooooo
ocooooOoOOnp OOoOoOO0O00000000000O0
ocooooooOoOoO00o0o0LnL00000000o0ooo
ocooooooODOoOOOO0OO00O000L =10000000
ocoooooooooOnw =10000000000C0C0O
cobooboooooooobooooooooooboooo
O000oO0O00ooOoooooono (h,b)Oooooo
ooooocoooood

goboooooobooooboooooboooooooo
cbooboooobooooobOoobOoocboOoooooao
coboboooooooooboooooooOooobooooo
cobooboooooooooooooooOooooooo
cobobooooooooobooooooOoobooooo
coooboooooocoobooooooboooobooooo
cooooooooocooboooooooooooooo
toboooobooboobooooboOoocoooboboooao
cooooooboooobooooooooo

gobooooooooobooooooooooooo
OO0 (b,b) 00000000 ODOODOOOOOOO 140
coboboooooooooboocoooooOooboooo
toooooooooooooooooobooobobo 800
coobobooooooooooooooboOooobooooo
coooboooooocoobooOooooOoocOoobooooo
coobOooooocoOoboooOooOoboOooooo

uobooooobooooooboooobooboooooooo
00000000000000D000 Berkley Parser[13]
O0OCohn 0000000000 BODO0OD0ODOOOO
coobOooobooooobooOoooooOooooooo
cooooooooocoobooooooOobooobooooo
ooooooooon

5. 00O

O000Pitman-Yor 0O O0O00O0O00O00COODOO
cooboooooobocooooooooboOooobooooo
coobobooooooooboocooooboOooobooooo
OO000000000D Pitman-YorOOOOOOOOO
cobooboooooocoobooooooboOooobooooo
cooboboooooocoobooooooboOooobooooo
coboboboooooooboobooooooboooobooooo
o000 sobooooobooooooooooboo
cooboooboooobooooooOoooOooOooono

oooo

[1]  Chen, J., Bangalore, S. and Vijay-Shanker, K.: Au-
tomated extraction of Tree-Adjoining Grammars from

(©2012 Information Processing Society of Japan

3]

[4]

[10]

[11]

Vol.2012-MPS-88 No.12
2012/5/17

treebanks, Natural Language Engineering, Vol. 12,
No. 03, pp. 251-299 (2006).

Chiang, D.: Statistical Parsing with an Automatically
Extracted Tree Adjoining Grammar, chapter 16, pp.
299-316, CSLI Publications (2003).

Cohn, T. and Blunsom, P.: Blocked Inference in
Bayesian Tree Substitution Grammars, In Proc. of ACL,
Uppsala, Sweden, pp. 225-230 (2010).

Cohn, T., Goldwater, S. and Blunsom, P.: Inducing
Compact but Accurate Tree-Substitution Grammars, In
Proc. of HLT-NAACL, Boulder, Colorado, Association
for Computational Linguistics, pp. 548-556 (2009).
Collins, M.: Head-Driven Statistical Models for Natural
Language Parsing, Computational Linguistics, Vol. 29,
No. 4, pp. 589-637 (2003).

DeNeefe, S. and Knight, K.: Synchronous Tree Adjoining
Machine Translation, In Proc. of EMNLP, pp. 727-736
(2009).

DeNeefe, S., Knight, K. and Vogler, H.: A decoder for
probabilistic synchronous tree insertion grammars, In
Proc. of the 2010 Workshop on Applications of Tree
Automata in Natural Language Processing, pp. 1018
(2010).

Johnson, M. and Goldwater, S.: Improving nonparam-
eteric Bayesian inference: experiments on unsupervised
word segmentation with adaptor grammars, In Proc. of
HLT-NAACL, pp. 317-325 (2009).

Johnson, M., Griffiths, T. and Goldwater, S.: Bayesian
Inference for PCFGs via Markov Chain Monte Carlo, In
Proc. of HLT-NAACL, pp. 139-146 (2007).

Lari, K. and Young, S.: Applications of stochastic
context-free grammars using the inside-outside algo-
rithm, Computer Speech € Language, Vol. 5, No. 3, pp.
237-257 (1991).

Marcus, M. P.; Santorini, B. and Marcinkiewicz, M. A.:
Building a Large Annotated Corpus of English: The
Penn Treebank, Computational Linguistics, Vol. 19,
No. 2, pp. 313-330 (1993).

Matsuzaki, T., Miyao, Y. and Tsujii, J.: Probabilistic
CFG with latent annotations, In Proc. of ACL, pp. 75—
82 (2005).

Petrov, S., Barrett, L., Thibaux, R. and Klein, D.:
Learning Accurate, Compact, and Interpretable Tree
Annotation, In Proc. of ICCL-ACL, pp. 433-440 (2006).
Pitman, J. and Yor, M.: The two-parameter Poisson-
Dirichlet distribution derived from a stable subordinator,
The Annals of Probability, Vol. 25, No. 2, pp. 855-900
(1997).

Post, M. and Gildea, D.: Bayesian Learning of a Tree
Substitution Grammar, In Proc. of the ACL-IJCNLP,
pp. 45—48 (2009).

Schabes, Y. and Waters, R.: Tree insertion grammar: a
cubic-time, parsable formalism that lexicalizes context-
free grammar without changing the trees produced,
Fuzzy Sets and Systems, Vol. 76, No. 3, pp. 309-317
(1995).

Teh, Y. W.: A Hierarchical Bayesian Language Model
based on Pitman-Yor Processes, In Proc. of ICCL-ACL,
pp. 985-992 (2006).

Xia, F.: Extracting tree adjoining grammars from brack-
eted corpora, In Proc. of NLPRS, pp. 398-403 (1999).



