“Efficient Top-down BTG Parsing for

Machine Translation Preordering”
Tetsuji Nakagawa (Google), ACL-IJCNLP 2015

29 August 2015
Sho Hoshino (D2, NIl Miyao lab.)
hoshino@nii.ac.jp



Reordering for Machine Translation

* A task to resemble/predict target word orders
given a source input:

®%E BAE BEE SEEREID ~ S BAZ XE 883
SHEEBENERD D, ¥ Today we drink liquor.

SR (CTET=0) | want to go to Kyoto.

A Y O35~ wE 1 7 EEE

(by http://translate.google.com)

 Why do we say “I want to go to Kyoto”,
but not “Kyoto to go to want |”?



Take-home Messages

* Reordering = bilingual parsing (biparsing)

R¥| S = BAFL

reordering
BRIy X¥| BE
* Machine translation = (almost) parsing

monotonic translation

| want to eat oobanyaki



This Work

e “Supervised biparsing with inexact search”

— BTG parsing without syntactic parsers [Neubig+ 2012]

— Proposed a top-down algorithm for BTG parsing
* Replaced CYK: 10 times faster!

— Reduced complexity from O(n>) to O(kn)

* Perceptron + early update + beam search [width: k]

e Better BLEU scores for various language pairs



BTG: Bracketing Transduction
Grammars [Wu 1997]

A minimal ITG (Inversion Transduction Grammars)

— One of the simplest synchronous grammars

X X X
/\ /\\ ‘ The only one
non-terminal rule
X1 X2 X1l X2 W
X1l X2 X2 X1 W

— Binary decisions express {reversed or not}
reordering information



How to create a BTG tree?

* Anincremental top-down algorithm

— Similar to previous bottom-up [Huang+ 2009]

BTG derivation %

word alignments g‘#” iﬁ% % ﬁ&f:L\
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A span to cover
all words
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How to create a BTG tree?

* Anincremental top-down algorithm
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split!

A span to cover
all words
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/<\
Kf|[pEx & BXFL
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How to create a BTG tree?
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split!

.............. o

P
RE| S Z|BAT=W
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How to create a BTG tree?

* Anincremental top-down algorithm

— Similar to previous bottom-up [Huang+ 2009]

The procedure
finishes in

(n — 1) splits

REl BEE 7= Bz

| want to eat oobanyaki
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Oracle {reversed or not} reordering

* Defined by using word alignments
* Reversed if >

Output g

R¥| Bt 7= BATzL
Input % e -/

T — .
| want to eat oobanyakl

 Ambiguous examples are removed from data
— because alignments are not totally ordered set
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Learning BTG parser from scratch

e Supervised learning using oracle reordering

— Latent variable perceptron [Sun+ 2009]

* Xx: input sentence, x: reordered sentence
* |latent z: BTG tree, m: BTG node, Z: the best BTG tree

Z = argmax z A-0(m)

Z€EZ(x)

meNodes(z)
, A feature
x = Proj(2) parameter | function

— With early update technique [Collins and Roark 2004]




Perceptron with Inexact Search
[Collins and Roark 2004; Huang+ 2012]

* Update perceptron at the first violation of
beam search T

best in the beam

standard
update

corre
beam Ct sequence

width

worst in the beam early
update!

* Good performance in POS tagging [F197.35] and
dependency parsing [F192.09]



Features

* Basic template [Neubig+ 2012]

o(q — p), oBalance(p, q,1),
w w w w w w w w w w
0Xp—1,0Xp , 0Xy_1,0Xy", 0Xg_1,0Xg ,0Xp 0Xg_1, 00X 10Xy 4 word surface form

D D D p D p D D p p
oxp 10 oxp, 0X,_q,0Xy, qu 17 qu, O.X'p O.X'q 100Xy _ 10Xy, 4 pa rt-of-speech tag
0X5_1, 0X5, 0Xy_1,0Xf, 0Xg_q, 0XG, 0X50X5_1, 0Xy_ 10Xy, _ word class
ey Brown cluster=256
e Additional template

- = /7 14 I
omin(r — p, S)mln(q —1,5),00,00d,

oxp 1oxp ,0x 0xy_4, oxp oxy,0x) 10xq 1, 0xY oxq 1,0xy_10xy,
0Xy_ 0%y 10y, 0%y 0xy_ 1 0%, 0% 1 0% 0x_1, 0% 1 0% 0% 4,

0xy 0Xy_ 10Xy 0xg_1, 00dxy,06dxy_1,00dxy,00dxy_1,00dxy 06dxg_4,

more and more
combinations

P P P oD PP P p D, .D p p
0X},_10Xp,, 0Xp 0X;_ g, 0X 0Xy, 0Xo_ 10X _g, 0Xy 0X_q,0X_10X,
P P P DD P ,.D D, ..D p DD
0X)_50X, 10Xy, 0X)0Xp_ 10Xy, OXp_1 0Xy oxq 1) 0X,_ 10Xy 0X, 4,

p b_.pP

P
0X}, 0X;_ 10Xy 0Xg_q, oodx ,00dxY_,06dxE,06dx®_,,06dx} oodxq 10

q-1
0Xp_10Xp, 0Xp0Xy_1,0Xp0Xy, 0X5_10Xg_1,0X;0Xg_1,0X5_10Xg,
0Xy_20X7_10Xf, 0Xp0X7_10Xf, 0Xy_ 10Xy 0Xg_1,0Xy_10X50Xsyq,

0X50Xy_10X70Xg_1, 00dxy,00dx;_q,00dx;,00dxg_1,00dx;00dx,_4,




Experimental Results (in BLEU,k=20)

nl-en & 34.01 - 33.83 35.49
en-nl 25.33 - 25.30 25.82
en-fr 4 25.86 - 26.50 26.75
en-ja EH 13.80 18.68 17.40 17.66
en-es H G 29.50 - 29.70 30.26
fr-en {h 3 32.33 - 32.43 33.00
hi-en F1%& 19.86 - 24.24 24.98
ja-en HE 10.31 14.02 14.59 14.84
ko-en §23& 14.13 - 18.65 19.67
tr-en T3 18.26 - 22.80 23.91
ur-en )& 14.48 - 16.62 17.65

cy-en )T 41.68 - 41.79 41.95
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Summary

BTG parsing (biparsing) with perceptron
A top-down algorithm to replace CYK
10 timers faster & better translation accuracy

Google Translate will be improved (already?)

®E OAS SEF SIERETS - €, B&Z %= 883 - #R
SHIEFHABNED S, X Today we drink liquor.
SHI(C/T=T=0) | want to go to Kyoto.

A S OB~ r = 1) s EEE



