Fully Syntactic Example-based
Machine Translation

3rd Workshop on Example-Based Machine Translation
Dublin City University, November 12-13, 2009
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Translation Examples

KRIFRE. RATRALHEBEMSHEEIN TS
E: The hydrogen is produced from natural gas and
petroleum at present

A RF—ZREL:
E: We investigated whisky




Translation Examples

~ K= —the
i (hydrogen) — hydrogen
— IH IF (at present) 'T_prOduced
ﬁ N
~RBHR oduce
[ X (and) I
— 75 i# (petroleum) B [hatura
— HVIS (from) L gas
[ ﬁ%ﬁ (produce) and
S — petroleum
TIL_%) — at
L present
DA RFx—
= investigated
[ EEJE (investigate) L g

L7-




Input:

DA RF—[FF T L
FhoEhEShsd

-

(&
N
75\15 arley

g (from)
r&E

(produce)
<

na

Translation Examples

IS

—the

~ hydrogen

L
/I~ from

— gas
Land

— petroleum

— at
L present

|—W€‘

investiiated

[~ natural

is
I—produced
. from

I—barley

)

Output:
whisky is
produced
from barley



EBMT(1981-)

* No essential difference between EBMT and SMT
e EBMT prefers larger examples and syntax
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Tree-based Statistical
Phrase Alignment Model
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* IBM Model -~ source sentence
A /\
a=argmax p(a,f |e) target sentence

2 S~ alignment

=argmax p(f |a,e)- p(ale)

Word Word
translation reordering

* Proposed Model
a=argmax p(a,f|e): p(a,e|f)

—argmax p(f|a,e)- p(ale)- p(e|a,f)- p@alf)

a
Phrase Dependency Phrase Dependency
translation Relation translation Relation




Phrase Translation Probability
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Dependency Relation Probability
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pale)= || pe(rel(e,.e))

(ep e )EDe—pc

Do is a set of parent-child word pairs in e

p@lf)= [ [ pe(rel(f,))

(fp , fc)EDf—pc

D; . is a set of parent-child word pairs in f



Example of Dependency Relations

—
[ &
[ IZ
(X
74k
~7—k
— %
=AY
rel(3¢, 5) = SAME
rel(%F, Jt) = SAME
rel(IZ, &BF) =c
rel(l&, [Z) = SAME
rel(AALNM =, () =
rel(7—k, Z7#4F) = SAME

rel(Z, 7—k) =
rel(FALNT=, &) = SAME

%
St
%

A

| ~ photogate

is

L

used

f

|—the

photodetector

rel(photogate, A) = NULL_c
rel(is, photogate) = c

rel = SAME
rel(used, for) =c

rel(photodetector, the) =

(
(i
(is,
(
( NULL_c
(

rel(for, photodetector) = ¢



Model Training



IVIUOUCI 11dllll Ig
(p(3O5K | Colorado)=0.7
p(XZ | university)=0.6
l . \/ Word base
e Step 1:Estimate word translation prob. (8m model 1)
J
cre e i p(c)=0.4 Tree base
— Initialize dependency relation prob. |re(cc=03
p(p) =0.2
— o

e Step 2:Estimate phrase translation brob. and

dependency relation prob.\Y,znsk|colorado)=0.7

p(KZE | university)=0.6
— E-Step p(2B Sk K= |university of Colorado)=0.9

1. Create initial alignment

2. Modify the alignment by hill-climbing
— Generate possible phrases
— M-step: Parameter estimation




Initial Alignment
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Experiments
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g iment Exper iments
Training
— Ja-En: JST paper abstract corpus (1M sentences)

— Fr-En: Corpus used in HLT-NAACL 2003 Workshop
Test (with gold-standard alignments, S and P)
— Ja-En: 475 sentences

— Fr-En: 484 sentences

Parsers

— Japanese: KNP

— English: Charniak’s nlparser

— French: Berkeley parser (trained on “old” version of
French Treebank)

Evaluation criteria: Precision, Recall, AER



Experimental Results (Ja-En)

| pre. | Rec. | AER _
Step 1 86.20 44.54 41.24

Step 2 — 1 84.87 49.20 37.48

Step 2 — 2 86.19 58.71 29.98

Step 2 — 3 85.43 63.36 27.05

Step 2 — 4 82,68 65.31
Step 2 — 5 76.83 66.36 2f4
intersection 90.59 45.% 13% Error Reduction
grow-final-and 80.00 60.48 3100

grow-diag-final-and 77.86 61.93 30.92



grow-diag-final-and
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Translation Model



Input:

DA RF—[FF T L
FhoEhEShsd

. g
e

(&
N
fJ\E) arley

g (from)
r&E

(produce)
<

na

Translation Examples

IS

—the

~ hydrogen

L
/I~ from

[~ natural

— gas
Land

— petroleum

— at
L present

|—W€‘

investiiated

is
I—produced
. from

I—barley

)

Output:
whisky is
produced
from barley
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e Score of an example
\
(Ssize +0.2x Z Ssim ) X I:)tr

S, Sizeofanexample (Jw[x2-1) ~

__[Sato 91]

S.. Similarity of neighboring nodes

Sim

—

P,  Translation probability

e Select the best example for each sub-tree

e Beam search to find the best combination of sub-trees

(examples) that covers the input and have the best score
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] —I[4] 5 r—I[1] administration

o ——[4] ~~ —[1] test

3 -—[4] 15 L—[1] of

| r—I[4] & | E—t] 1

5 —[2] @ | |  L—[1] -

b | —I3] S E= | | sl

7 F—[3] H£A R | L—[1] weeks

g —I[2] &F& [1] was

q F—[2] 5 2 F—I[1] carried

10 r—[2] {A |  L—[1] out

11 ——I[2] L—[2] far

13 —I[2] & | ~—I[2] 98

13] ——[2] I L—[2] cases

14| F—, L—[2] of

15 —[1] 1 | r—I[3] bronchial
16| —[1] ~ |  —I[3] asthna
17 F—[1] 2 L—[2] patients

18] F—1[11 EfE F—I[2] for

19 —I[1] &5 ——[4] §
20 r——[1] Es -—[4] to
21 F—[1] % | —[4] 15
Pl el L—[4] vears

23| L—,
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Overview of the Patent Translation
Task at the NTCIR-7 Workshop

Atsushi Fujii *
Masao Utiyama **
Mikio Yamamoto *
Takehito Utsuro *

* University of Tsukuba, Japan
** NiCT, Japan

Slide from NTCIR-7 Patent Translation Task Organizer




Producing parallel corpus

— TN
JPO application

1993-2002 comparable

(3.5 M docs) (not parallel)
N— /

L)

Sentence alignment method
[Utiyama and Isahara, 2007]

— TN
— >

USPTO grant
1993-2002
(1.3 M docs)

Targeting
“Background” and sentence pairs

“Description”

n
Slide from NTCIR-7 Patent Translation Task Organizg

~N

patent family
patent set for
same invention

rallel (alignment accuracy = 90%)



Example of patent family

Invention related to Microactuators

Patent family can be identified by
priority number (85 K)

[34] THERMAL ISOLATHN STEUCTURES FOR SREEASS 10193 Goodm ol .
MICROACTUATORS 15195 Jerman

11192 Engelsderfoial ..., 351711
[75] Ieeotors: Christopher C, Boadty, Landerbesg, 1954 Harh, et ol
mimes VW Baker, Ellten, bd.

[ESHITEE T — (FIOHIRAS,  Sa000e00
Ba—low b Mol B e t=—
FAUDSMEL Y T LT FHATT L
Fobd—r— s ARU— R 300

(TERHAR SR T S T
F AL BRI S T S T
Pleeff, BN BT 2

TRRME Fad b F P a— . A h—
FAURSEEA Y= 3 - BT b
M, H—F—-a—F 10

(F4RPLE PR WP R

DEERET (S

LA Lol 1 T PSR—- . ]

Frimary Evaminer—Kevin Lee

AnEFEERSES 265, 127 . .
d Company, Falo Ao, qusemey, Apew, or Firm—Mak Z Dodiey

iR R 19 R R4 H
* #IE (U5

Musignee: Hewlet-Pa
L4kl

2] Appl. Mo BEIN o
" . Tor contmdiing e fow of & okl cermed by @ Sow’
Filed Aug. 24, wnne] ingludss a fei substriic heving a thermmally-sciu-
eied memier selectively operaisd by & thereeal actoaior such
that the firw sabsrse therehy developm (hemmsl ssegy, md
& iccemd mthaliats basing oppimed Tl el wesand sior
wuriaces. Tho scoend substroe is afached o the firt ssh
strs @ the firg major seface, The ssemnd mayy sface
defines an isoluion cell for enclodng & volume when e
eand fubsrme i amachnd 1o he BppoeT (0 sy radnce
ho tharmel mas of the micresctussor asd &0 themrally
glae ihe firt subwsnate: from: the seppart.

— FI6K 3180 FI3G 2906
ARV 25112000 2516E
TS, SR

152] L& L ..

(54D [HESIE]
£5F) LmE

FRAEWMLS TS POF FFal
CUFER ] T ek T L T S s
RO L T E TR S PO T A
B gk, e AT P F oo m— I SRR
E D b SRS R T, chAMRE S Ak
Pl e o - B R PERE S5 S R L B TR ) e R
Poodez ey a2 e D s s, dree b
HE LSRR T L AR S S, 2 i
W2 BEHLE RS ERT G S LR e AL 2
T T T A T
LoD AL bk S A

T EUF L FaL—> [5E] Flehl of Search

e0au 1% Claims, Ie Drawisg Shevis

J-E sentence pairs can be extracted from
corresponding fields

Slide from NTCIR-7 Patent Translation Task Organizer




Evaluation methods

e |Intrinsic evaluation
— BLEU

e Reference data
— Only aligned sentence (Dry run)
— Additional human translations (Formal run)

— Human judgment (3 judges)
e Adequacy and Fluency by 5-point rating

e Extrinsic evaluation

— Contribution to Cross-Lingual Patent Retrieval
(CLPR)

e |nvalidity search

— BLEU

Slide from NTCIR-7 Patent Translation Task Organizer




Intrinsic evaluation

— — e System training
\ /
e Parameter tuning

Training data
1.8 M sentence pairs even for RBMT

=

OLD

JPO application USPTO grant
1993-2002 1993-2002

MT system

Test data
1000 sentence pairs

J-E / E-J translation

Slide from NTCIR-7 Patent Tra T Fsk-Orgarmizer




Exa ||pl // est

@Y

sen

+
L

en

[ @Y

€S

O

ﬁé’*&(?’;&h\f%é

to each other can be eliminated.

o 5|2, HAIZTFT IO, VAT LEAXRZFHIET HHRALD
VEaA—F46LBIERYNT 04T EITHENEY HCLITEo
T.HRARIVE1—R46ETO00y S 44 1EET AER

* Further, by connecting the host computer 46, which
controls the whole system, also onto the communication
network 47 as shown in FIG. 4, the exclusive line for
connecting the host computer 46 and the processor 44

o Ff-. [ EMEHI=vF33IZH. /O HRER(
Sh T3,

on the compressor unit 33.

y

R T) DR

* An I/O conversion section (not shown) is mounted also

Slide from NTCIR-7 Patent Translation Task Organizer




Intrinsic J-E: BLEU with 95% confidence interval (1R)

Submission: 2008.5.30

30

-
=
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20_ \ I

Phrase-based SMT
BLEU > 25%

10 [ I

| | | |
|_
|_
0
|_

BLEU
o

NTT
(MIT)
KLE
(tsbmt)
tori
Kyoto—U
(MIBEL)
HIT2
JAPIO
TH
(NTNU)

NiCT-ATR

FDU-MCandMI

Sli Group

Q)
3
N
D
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rBaseIine(Moses)‘l RBMT EBMT  RBMT
T ——




50
40
30
0
D
20
2R (0.909)
10
1R(0.814)
?
0
1 1.5 2 2.5 3 3.5 4
Human rating

Slide from NTCIR-7 Patent Translation Task Organizer

[

avg. of adequacy & ﬂuency]
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R&D for Japanese-Chinese Language
Processing Technology

(Special Coordination Funds for Promoting Science and Technology, 2006-2010, 750M yen)

NICT(Dr. Isahara), KyotoU, Utokyo, ShizuokaU, JST

Objective

— Contributing to the development of science and
technology in Asian countries by the information
exchange through MT

Goal for the 3rd year
— Ja-Zh MT prototype system for specific target domains

Goal for the 5th year
— Improve the Chinese analysis performance

— Demonstration of Ja-Zh and Zh-Ja MT prototype
system
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Collaboration between System
development and Dictionary development

Analvzer Translation Engine
(NI(y)T) (Prof. Kurohashi, Kyoto U.)
(NICT) Basic
TT {}|| Dictionary
(NICT)
Fundamental _ Equivalent Selection
Technologies (Prof. Kaji, Shizuoka U.)
- Disambiguation (Word Sense Network)
] Morphological. Extraction of Semantic Structure —-
Analysis (Prof. Nakagawa, U. Tokyo) SEli I(?/
*Chunking c PR—— Technological
*Parsing ot .OT_FF' d 'ODn_ ?c. Paper
. Case Analysis echnica e.lt.m ictionary Corpus
- Alignment (Prof. Tsuijii, U. Tokyo) (JST)
(JST: Japan Science and
C 5k Technoligy/Agency) N g 0
N Resources

Shared Software

Fundamental Resources




Human Evaluation (3 judges)

Adequacy : How much of the meaning expressed in the
gold-standard translation is also expressed in the target
translation?
5: All 4: Most 3: Much 2: Little 1: None
Fluency : How do you judge the fluency of this translation?
5: Flawless 4: Good 3: Non-native
2: Disfluent 1: Incomprehensive

— —




Translation Accuracy
(BLEU & Human Evaluation)

- . EBMT RBMT SMT
. . (Commercial) (Moses)
Direction

Corpus|Accuracy
BLEU4 | Adeq. [BLEU4| Adeq. |[BLEU4| Adeq.

_ 92 360 11.6 3.64 2009
Ja-En v 90%(EN)
90% (Ja)
En-Ja 212 — 103 — 214 —
_ 146 — 89 — 172 —
Ja-zh 500K 70% (M)
90% (Ja)

Zh-Ja 16.4 — 6.9 — 21.8 —



Tvranclatinarm DA
11 Q1A LIVl I\NCO

~ al+d
allo UulL

—_
:5
"

nput: 4552 K BB REMAUREL TV BT
ERfEEEZRIAL=,
Ref: Medical treatment selection guide plan which was
proposed by the intractable disease investigation
research team was explained.

EBMT: Medical treatment selection guide plan proposed by
(37.6/4.0) the research intractable disease investigation team
is explained .

Moses: the intractable disease investigation research team
(51.9/2.3) medical treatment selection guide plan proposed
are explained .
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Input: BEET1R, SVYMIRLYFEBREFL=HIZL/\—
=9 ElfEZE L=,

Ref: Following irradiation, rats were trained to press a
lever in order to obtain food reinforcement.

EBMT: The training rats to obtain pellet food , pushed
(0.0/4.3) levers after the irradiation was done .

Moses: in order to obtain the lever pressing training after
(19.0/2.3) jrradiation , the rat food pellets .



@Y Df\ I

TV‘ :I\
11 1IVI1 I\NCO

)
—t

Cn)
Ch)

"‘\

| (‘I"\
dllold

Input: BEEAHILY ) LRI EREE - B b #EeEx B9
HENBHLMNIZIEHTE-DT x%ﬁ@%ﬂﬁ’&%n)l

Ref: This paper introduces a latest knowledge, because it

has been clarified that vinegar has function to
accelerate calcium absorption and to fortify bone.

EBMT: As it got more clarified that vinegar had a calcium
(0.00 / 5.0) absorption function and bone reinforcement function,
latest knowledges are introduced .

Moses: it has been clarified that the enhancement of the
(18.3 / 3.0) absorption of calcium function with enhanced
functions and bone &x¥7® knowledge was introduced
since vinegar .
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Alignment & 2days x 64Core 1.5day x 1Core
Tuning Time

Data Size for 46GB 3.2GB
Translation DB

Translation Speed 45.1 sec / sentence 7.1 sec/sentence

* Training corpus size is 1M sentences.
KyotoEBMT is implemented by perl.



Example Size used in Translation (freq)

3000
2500

W KyotoEBMT
2000

B Moses

1500

1000

500

B B .
1 2 3 4 5 6 7 8 9 10 11 12




Example Size used in Translation (freq x size)

4000

3500

3000

2500

2000

1500

1000

500

0

B KyotoEBMT

B Moses

mhh

10 11 12



[

Pf\ f\lll @Y
CUIIUI

SIOoN

e KyotoEBMT: Fully Syntactic EBMT

e Alignment:

— Phrase prob. + Dependency rel. prob.
+ Bi-directional

— Ja-En Alignment: outperforms GIZA++&Heuristics
* Trans
— Discontinuous example (sub-tree)
— Sub-tree combination using neighboring nodes

— Ja-En human evaluation: outperforms Moses
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Alignment: Incorporate parsing probability
into the model

Translation:
— Log-linear model?
— In-depth comparison with HIERO and Syntactic

Deeper NLP: Zero anaphora resolution
Open source!
Real use and bi-text accumulation (cf. Web2.0)
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- Commodlty explanation

A nutraceutical product = Nature Made Coenzyme Q10" contains ( contains 30mg of
per 1 tablets ), coenzyme g10. Co Q 10 is important in energy production and is called
vitamin Q. Although is to maintain depending for replenishment production of in the
body through diet usual, be lost rapidly when your baby is old. An intake on 970g of
beef necessary 6 of sardines ( it size ) for to 's supply with food 30 mg said to be are 30
-132 mg recommended dose for one day with coenzymeq10 older than inside. Let 's

.| supply with this simple supplement skillfully. Supports active lives of middle-aged and

= elderly persons. 50 soft capsule.
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Thank you!



