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Efficient Retrieval Method and Performance Evaluation of
Example-based Machine Translation Using Edit-distance

TAakAaO Doi,t EIICHIRO SUMITAT and HIROFUMI YAMAMOTO*

In this paper, we report on the implementation method of the EBMT using edit-distance
and the evaluation of its performance using a large-scale corpus. The core function of the
EBMT is to retrieve the most similar sentences from a corpus. An efficient retrieval method
is indispensable for implementation. We propose an efficient retrieval method without omis-
sions. The proposed method utilizes division of search space, word graphs and an A* search
algorithm. In the experiments for the performance evaluation, we use a corpus of hundreds
of thousands of sentences from a travel conversation domain. In Japanese-to-English trans-
lation, we investigate correlations between the performance and three linguistic resources: a
bilingual corpus, a bilingual dictionary and thesauri. Moreover, we verify the adaptability
of the EBMT to multilingual translation by making translation systems for several language
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Table 4 Translation accuracy: D? vs. human.
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00000 “me’0000000O00O0O “departure”
ooooUooUoooU0Og(lcDboooooouooo
0000000000 — Do you have pesticide free
oranges?’00 000000000 0O0ODOOOODODOO
0000000 D0ooobODoOOoo0oooog “pes-
ticide free” 00 00000000 DOOOOOOOO
000000 “pesticide” 0000000 “free” 000
gooobooboboooobbobooboooobbo
gobobobooboobbobbuooooboboobo
gobbooobobooobobobuooooobbobo
gooooboobooooobooobobobobooboo
gooodboobobobooobobuoobboooo
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gooooobooooooDoOobooooooboobo
go0oo0bOo0oboDbooDOoooooobooooon
Jd0obOoOooOobooooooobooooobo
ooooo
(2-a)0(2-b)0(2-c) 0000000000000
00000000 ((-a00000000DOODOO
gobbbobooboooboobuoooooboo
oo0oUoo(-b)ooOoUoOooooOoOoooooo
gobo0oooboobooboboobuoooooobo
0O0O0(2¢)00000000D00000DODODOUOO
JgoooDooboobooobOooooooboooboooo
gooo0ooooooooboooobooooon
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000 “name” 000000000 O0DOOCODOOOO
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0O00bO000000ooDOobOoObOoOoOobDOooooo
godoboooobooobooobboboboboo
Jo0o0o00O0O booobOOOoDbD 43000000
(1-a)0 (1-b)0 (1-c) 0O OO O OO0 26 00 (2-a)0
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Distance (dist)

goooooooo
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dist =0

A

0 < dist <0.1

EHB

0.1 < dist < 0.2
0.2 < dist < 0.3
0.3 < dist <1/3 8

gD

0 50

100 150 200 250

Sentence Count

04 0O000OO0OOOODODOO
Fig.4 Edit-distance and translation accuracy.

05 OJ0O0OOOD
Table 5 Sample translations.

000 — 0000 (O0)

goooooooobooooo

— Do you have this in different colors? (0.077)

gooooOoooooooooo

— There is a ninety nine dollar repair charge. (0.111)
gooooOooOoooooOo00O0O0oO0O0O0O00O0o0O0
— Did you have any other services besides breakfast this morning? (0.200)

gooboooooo

— Are you on business or pleasure? (0.250)

0e6e OOooOoOoOOO

Table 6 Typical

incorrect translations.

(1-a) DOD0ODODODODOOODOODOD

—

I'm going to visit Boston Museum after leaving the U.S.

(1-b) DOO0OOO0OO0OO0O0ODOOOODOOO
—  What is the name and departure room number?

(1-c) DO00DOODODOOOOOD

— Do you have wine free red?
(2-a) 000D OOOODOOODOODO

— I missed that?

(2-p) 000000000 O0O0DOODO DO00O0O0DOODDOODO

—

I'd like to send this parcel to Japan.

(2-c) 00 0000 0DDDOOOODOOODOOOODOO

I like soul music.
(3)0 0 00000000000

—

oo

— Just two name, nonsmoking section please.

000000 O000b3.100000D0DOO0OOOO
0o0oo0o (2-b)0D00000 “What is the quickest
way to send this package to Japan?” 000000
ogd

5.3 U0OQOOOoOoooo

D}*00000 3000000000000000
goobooooboooboooboobboooooo
JoooOoO0oO00O00oO00bOO0bDOO000 mWER
0doo0o0oo00oooOoOBLEUDOODOOOOOOOO
gooooooooooooobboboboobonboo
0o0oOoOoO0o0bOo0ooOoboooOoOoooboboono
gooooag

5.3.1 00O0O0O0ODO

0000000000 2001/201/401/8000
0000000ooooooooooooobooooDooDo
g70000000000O0O0000O0O0000 80
gooooooooboobooooooooooood
gooocoooooooo

09000000 1/40000000DOOO 8
gboooooboboooooooooooooooobooo
gobooooooooooobooboOoooooooon
gobooooooooooooboooooboooon
gooooooooooboooboooooobooDo
goboooooboooboboooooboobbooo
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07 000000000

Table 7 Training corpus size.

ooooooo 19K 38K 75K 150K 300K
oooo 19,022 38,043 76,085 152,170 304,340

ooooo 15,923 29,785 54,657 97,116 199,664

0o 104 142 181 227 240

nppooo @) o (%) 20.4 27.8 35.5 44.5 47.1

Table 8 Training corpus size and JE translation performance (distance threshold=1/3).

08 0000000 O0O0DDODDOOODD0OOO0=1/30

ooooooo (%) ooo oooo (o)

ooo mWER  BLEU A AB  ABC (%) oo oo
19K 0.4617  0.5153 | 53.7 65.9 71.0 82.5 | 0.062  0.550
38K 0.4136  0.5824 | 58.2  70.6 75.1 86.3 | 0.085  0.930
75K 0.3858  0.6157 | 64.7 T74.1 79.0 88.8 | 0.121  1.690
150K 0.3425 0.6399 | 71.2  80.4 83.3 91.8 | 0.218  3.310
300K 0.3213  0.6331 | 71.2 81.8 84.5 93.3 | 0.320 6.650

09 00000000 D00000O0OD0O000O0=1/40
Table 9 Training corpus size and JE translation performance (distance threshold=1/4).

ooooooo (%) ooo oooo Q)

ooo mWER  BLEU A AB  ABC (%) oo oo
19K 0.5080  0.4567 | 51.0 61.6 64.1 72.2 | 0.031  0.390
38K 0.4610  0.5268 | 55.1  65.9 68.8 77.6 | 0.041  0.680
75K 0.4174  0.6072 | 63.1 71.8 75.1 82.2 | 0.053  0.530
150K 0.3626  0.6608 | 70.2  78.4 80.2 86.5 | 0.096  1.600
300K 0.3364  0.6496 | 70.4  80.2 82.2 89.4 | 0.133  2.040

S 640 \ \ \
2 threshold=1/3 ——
£ 320 | threshold=1/4 -+
(0]
£ 160 1
'_
2 80 .
s
o 40 | 1
S i
D— 20 Il Il Il

19 38 75 150 300

Training Corpus Size (K)
05 00000000O000000

Fig.5 Training corpus size and processing time.
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0 10 OD0O0oO0oopoooooog
Table 10 Transfer dictionary and JE translation
accuracy.

0000000 (%)

oooo mWER BLEU [~ = =7 o
1)0 000 0.3425 0.6412 | 71.2 80.4 83.3
4)00+00 | 03530 0.6359 | 65.5 74.3 78.2
3)00 0.3532 0.6424 | 64.1 722 76.1
2) 00 0.3606 0.6258 | 63.1 72.2 77.1
5) O 0.3677 0.6583 | 55.7 65.7 70.8

011 DO00O0O00oooooooooog
Table 11 Domain dictionary and JE translation accuracy.

ooooooo (%)

A AB ABC
0.6411 66.9 75.3 78.8
0.6439 | 67.8 76.5 79.6
0.6427 | 68.4 77.1 80.4
0.6250 | 69.2 77.3 80.8
0.6439 | 69.4 77.6 81.2
0.6336 | 69.8 78.4 82.0

ooo mWER  BLEU

1,000
2,000
3,000
4,000
5,000

10,000

0.3480
0.3473
0.3472
0.3466
0.3465
0.3460

bbb oooooooooobooooobood
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oo 2e000000000C0OCO0OOOOOOO
gobooobooboooooobooobocoooooobon
ooao
oobobooooooobooooooooooooo
goooboobooooboooobooobocooboooo
goboooooooobooobOooooooooon
000 000ooO0O0o0oU00oU0oD Apoooooo
05%00000000000
goobooooooobooooboboooooon
gbbooobooooooobooocOoooboboboooo
goooboooooooooobooooboooooo
goooooooooooooooboobooooooon
gobooooooo oo0oooooooooon
ooocoooooooobooboooooboboboon 11
gobooooooooooooooooooboDo
ooboooooogoo
5.3.3 0O0OOO
gboooooooooobooooboooooobooa
goobobdoboooooooobooooooooon
goooboooooooooboocboobooboobooon
gboboooooboobooooooooooboooooa
goooooooooocobooooobooboooooo
obooobooooobooooooooooooono
gooooooobooobooooooooooboooo
goooo
gooooooobooboboobooooooooboo

goooooooo

June 2004

gbobooooooooooooooooboooooo
goooooooooobooboooOooOobOoooooo
gooooooooooooooooooooboDo
goooooooooboooooooooobobooo
gbooooooooooooooooooboobooo
gooooooooooooooobooboooooo
gobooobOooooooobooooooobooboon
gbobobooooobooooboooooooood
000155949 00000000080,2500000
ooboobogi12000000000000000
goooobooodobooooboocoOooooooooao
goob o4100000000000000004ao
gboboooOoooobooooooooooooooo
gboboooooobooobooooobobooooo
gooocooobO oobooboobooboobooobooon
gooobooooooboooooobooobOoobooo
goboooobooobooooooooboobooo
goooooooooooooooooboooboood
gboooobooooboooooooooooooo
gooooboooooooooooooooooa
gbooooooogoo
54 0OO0O0O0OOO
goooooooooobooboooooooooo
gooooooooooooocoocooboobooo
11,7620 00 38,12600 0 80,09500 0 5,1880 00
2869100 00000000000000DOOOO
goooooooooooooboooooobooo
gobooobdooooooboooobooboooo
goooooooobobooooooooooooo
gboboboodooooobooooooooooooo
gbobooobooobooobooooooboooooboo
gboooboooobooooboooobo
o13oooooooooobooooooooooo
gooooooooooooooooooooooon
gobooooooooooooboooooooobooo
gooooooooooooobooboOobooboooo
gobooboooboooooooooboooDbooo
gobooooooobooooboooooooa
goboooooooooobooooooooooon
goboooobooooobooocbobOoooooooon
ooo

6. U g

s5000000000000000000o0000
goooboboooooboooooooooooon
goboooooooboboooon



Vol. 45 No. 6 oooooooooobooooooooooOoboooooo 1693

012 DO0O0OO0OOOOOOOoOo
Table 12 Thesauri and JE translation performance.

0oooooo (%) | 000 0oooo (3d)
ooooo mWER  BLEU A AB  ABC (%) oo oo
0 0.3425 0.6399 | 71.2 80.4 83.3 91.8 | 0.218 3.310
u] 0.3772  0.6699 | 67.3  T75.7 77.8 82.2 | 0.223  40.520
0 (00 0.41) 0.3377  0.6576 | 69.6  80.0 83.3 91.6 | 0.316  40.890
013 0000000
Table 13 Multilingual translation accuracy.
ooooooog (%) ooo
oooo mWER  BLEU A AB  ABC (%)
oo 0.3425 0.6399 | 71.2 80.4 83.3 91.8
oo 0.3216 0.6426 - - - 91.8
oo 0.2898  0.6881 - - - 91.8
oo 0.3427  0.6767 | 58.0 70.6 78.0 92.0
oo 0.3062  0.7101 | 55.1 61.6 69.0 92.2
oo 0.3208 0.7211 | 57.6 65.1 71.8 91.8
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