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2.1.1
BLEU[1]
BLEU
BLEU
NTCIR-7
NTCIR-7 [2]
2.1.2

IMPACT (recursive acquisition of Intuitive comMon PArts ConTinuum) [3]
ROUGE-L (Recall-Oriented Understudy for Gisting Evaluation)[4]
BLEU(Bilingual Evaluation Understudy)

NIST(National Institute of Standards and Technology)[5]
NMG_REF(Normalized Mean Grams)[6]

NMG_COR[7]

Charniak score[7]

WN

NMG_WN

METEOR(Metric for Evaluation of Translation with Explicit ORdering)[8]



GTM(General Text Matcher)[9]
WER(Word Error Rate)[10]
PER(Position Independent Word Error Rate)[11]
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IMPACT 2 2 XY LCS
LCS 2 X Y LCS
LCS LCS
2.1.1) (2.1.2) LCS
00s = (10— | ﬂ-% )<10 (2.1.1)
1
Score = ( Y_ (length(c)” x pos))”  (2.1.2)
ceLCS
(2.1.1) pos LCS 2 X Y
(2.1.2) Score
(2.1.1) pos (2.1.1) (2.1.2)
LCS
211) m n MT
LCS 2 X Y LCS
LCS
1
RN i
C (a' length(c)”) |*
RIP_[ZO( Z.ccleng m} 019
m
1
RN i
C (a' length(c)”) |*
P,P—{z'o( zcecg gthie) )} (2.1.4)
n
2
p(x,y)= &7 RePe 51 5
Rip +7°Pp
P
y=—- (2.1.6)
Rip
(2.1.3) (2.1.4) i (2.1.3) (2.1.4)
LCS cc LCS
¢ LCS length(c)
a (0.0 o 1.0 cc
B (10 B)



(2.1.5) (2.1.6) MT Rip

Pip F IMPACT
2.1.2.2 ROUGE-L
ROUGE-L 2 X Y LCS LCS
MT
F ROUGE-L
R, _LESXY) 517
m
P, = LCSXY) (019
n

1+ B*)R,.P
. ( +ﬁ ) Ics * lcs (219)
Rlcs +182 I:)Ics

p=ts  (2110)

lcs

F

2.1.2.3 BLEU
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NMG (2.1.16) grams(w;)

gram NMG
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2.1.2.6 Charniak score
Charniak score Charniak parser 1

Charniak score

2.1.2.7 WN
WN
WN
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NMG_WN NMG_REF NMG_COR WN
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METEOR

stemming WordNet

METEOR
2.1.2.10 GTM
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WER
WER
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2.1.2.12 PER
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2.1.2 Adequacy
FDU NAIST | NIiCT

Ade tori Candu HIT2 JAPIO KLE MIT NTT _ATR NTNU
IMPACT 0.6765 | 0.3461| 0.3924 | 04319 | 04617 | 04796 | 05336 | 0.6861
ROUGE-L 0.6602 | 0.3075| 0.3741| 0.4305| 04254 | 0.4390 | 0.4877 | 0.6679
BLEU 05665 | 0.2747 | 0.1918 | 0.2319 | 0.3852 | 0.2892 | 0.4729 | 0.5214
NIST 0.4313 | 0.1534 | 0.1884 | 0.2124 | 0.2247 | 0.1303 | 0.2425 | 0.3635
NMG-REF 0.4362 | 0.1417 | 0.0038 | 0.2024 | 0.2086 | 0.1847 | 0.2209 | 0.4469
NMG-COR | 0.0291 | 0.1316 | 0.0899 | 0.2742 | 0.1247 | 0.0049 | 0.0897 | 0.0229
Charniak 0.1358 | 0.1397 | 0.0625 | 0.0027 | 0.1288 | 0.1118 | 0.1463 | 0.0467
WN 0.5003 | 0.2995| 0.3122 | 0.4317 | 0.3684 | 04586 | 0.4886 | 0.4227
NMG-WN 06652 | 0.3632 | 0.2364 | 0.5746 | 0.4400| 0.4395 | 0.5354 | 0.5396
METEOR 0.3898 | 0.1966 | 0.1412 | 0.2630 | 0.2275 | 0.2060 | 0.2617 | 0.4393
GTM 0.4094 | 0.1894 | 0.1723 | 0.3088 | 0.1678 | 0.1887 | 0.2367 | 0.3692
WER 0.6630 | 0.3215| 0.3715| 0.3918 | 04166 | 0.3537 | 0.4422 | 0.6518
PER 0.3351 | 0.0983 | 0.1002 | 0.1688 | 0.1370 | 0.1168 | 0.1843 | 0.3617
Ade NTT TH Kyoto-U | MIBEL | Moses | tsbmt Avg. All
IMPACT 0.6350 | 0.4939 | 0.6218 | 0.5007| 0.7149 | 05262 | 0.5357 | 0.6270
ROUGE-L 06106 | 0.4603 | 0.6097| 04700 | 0.7043| 05154 | 05116 | 06171
BLEU 0.4988 | 0.2276 | 0.4595 | 0.4264 | 0.5304 | 0.3593 | 0.3883 | 0.4522
NIST 0.4517 | 0.3005 | 0.3755| 0.2128 | 0.2974 | 0.3877 | 0.2837 | 0.4183
NMG-REF 0.3607 | 0.2287 | 0.3325| 0.1798 | 0.3585 | 0.2724 | 0.2556 | 0.4110
NMG-COR | 0.0403 | 0.2221 | 0.1994 | 0.0960 | 0.1023 | 0.2908 | 0.1227 | 0.1696
Charniak 0.0586 | 0.2402 | 0.1741| 0.2423 | 0.0847 | 0.0577 | 0.1166 | 0.2726
WN 05211 | 0.3560 | 0.4268 | 0.5558 | 0.5154 | 0.4565 | 0.4367 | 0.3622
NMG-WN 05715 | 04868| 05191 | 0.2376 | 05919 | 0.5603 | 0.4829 | 0.4942
METEOR 0.4142 | 0.0271 | 0.4453| 0.3087 | 0.3411 | 0.4475| 0.2935| 0.4489
GTM 04174 | 03049 | 0.4381| 0.2302 | 0.2788 | 0.3675| 0.2914 | 0.4253
WER 05763 | 04238 | 05684 | 0.4500 | 0.6975| 0.4495| 0.4841 | 0.5660
PER 0.3028 | 0.1922 | 0.3924 | 0.1174 | 0.2307 | 0.3018 | 0.2171 | 0.3738




2.1.3 Fluency

FDU- NAIST NiCT
Flu tori Candu HIT2 JAPIO KLE MIT NTT _ATR NTNU
IMPACT 05455 | 0.2380 | 0.3087 | 0.4478| 0.3804 | 05113 | 0.4876 | 0.7094 | 0.0457
ROUGE-L 05372 | 0.2027 | 0.2784 | 0.4395| 0.3506 | 0.4833 | 04481 | 0.7039| 0.0361
BLEU 04153 | 02709| 0.1975| 0.2831 | 0.3135| 0.3694 | 0.3746 | 0.5353 | 0.1669
NIST 0.4038 | 0.0539 | 0.0403 | 0.2895| 0.2441 | 0.3064 | 0.2790 | 0.4513 | 0.0052
NMG-REF 0.3333 | 0.0454 | 0.0507 | 0.2835| 0.1969 | 0.2929 | 0.2234 | 0.5625 | 0.0396
NMG-COR | 0.0124 | 0.0206 | 0.0778 | 0.2539 | 0.1471 | 0.1290 | 0.0232 | 0.0376 | 0.2062
Charniak 0.0814 | 0.0203 | 0.0603 | 0.0284 | 0.1387 | 0.0754 | 0.0409 | 0.0217 | 0.2538
WN 04730 | 0.3305| 02974 03371 | 0.3923| 0.3571| 0.4450 | 0.3313 | 0.1461
NMG-WN 05741 | 02321 | 0.2530 | 0.5326 | 0.4638 | 04848 | 0.4398 | 0.5565 | 0.1904
METEOR 0.3750 | 0.1040 | 0.0986 | 0.3391 | 0.2131 | 0.3626 | 0.2481 | 0.5407 | 0.0116
GTM 0.4003 | 0.0567 | 0.0264 | 0.3337 | 0.2433 | 0.3209 | 0.2320 | 0.4493 | 0.0634
WER 0.4862 | 0.2019 | 0.2717 | 0.3584 | 0.3023 | 0.3449 | 0.4239 | 0.6687 | 0.0226
PER 0.3281 | 0.0155| 0.0200 | 0.2098 | 0.1702 | 0.2155| 0.1493 | 0.4240 | 0.0170
Flu NTT TH Kyoto-U | MIBEL | Moses | tsbmt Avg. All
IMPACT 05048 | 04706 | 05691 | 02759 | 05751 | 0.4232| 0.4329 | 0.6035
ROUGE-L 0.4909 | 04275 | 05730 | 02575 | 05682 | 0.4134 | 04140| 05986
BLEU 0.4634 | 0.3471 | 0.3845| 0.1990 | 0.4159 | 0.3597 | 0.3397 | 0.4412
NIST 0.4005 | 0.2921 | 0.3112| 0.1601 | 0.3128 | 0.3996 | 0.2633 | 0.4815
NMG-REF 0.3408 | 0.2758 | 0.2728 | 0.1314 | 0.3221 | 0.3094 | 0.2454 | 0.4819
NMG-COR | 0.0211 | 0.2776 | 0.1950 | 0.2536 | 0.0989 | 0.3045 | 0.1372 | 0.2362
Charniak 0.0873 | 0.2346 | 0.0880 | 0.1178 | 0.0134 | 0.0225| 0.0856 | 0.3119
WN 0.3839 | 03514 | 0.4248 | 0.4413 | 04772 | 0.2770 | 0.3644 | 0.3076
NMG-WN 0.4345 | 05342 | 0.4876 | 0.0049 | 05453 | 0.4618 | 0.4130 | 0.5372
METEOR 0.2912 | 0.1753 | 0.3621 | 0.1461 | 0.3421 | 0.3491 | 0.2639 | 0.5091
GTM 0.3745| 03240 | 0.3594 | 0.1992 | 0.3075| 0.3756 | 0.2711 | 0.5018
WER 04934 | 04122 | 05326 | 0.2673 | 0.5567 | 0.3665 | 0.3806 | 0.5151
PER 0.2874 | 0.2325| 0.3220 | 0.0274 | 0.2566 | 0.3284 | 0.2002 | 0.4488




214 Adequacy
FDU- NAIST NiCT

Ade tori Candu HIT2 JAPIO KLE MIT NTT _ATR NTNU
IMPACT 06073 | 0.3115| 04138 | 04616 | 03911 04349 | 04722 | 0.6011
ROUGE-L 05809 | 02786 | 0.3975| 0.4371 | 0.3472 | 0.3853 | 0.4080 | 0.5908
BLEU 0.4868 | 0.2941 | 0.2016 | 0.3056 | 0.2727 | 0.2397 | 0.3867 | 0.4567
NIST 03591 | 0.1785| 0.1952 | 0.2349 | 0.1436 | 0.1138 | 0.1843 | 0.3631
NMG-REF 0.3307 | 0.1882 | 0.0026 | 0.2540 | 0.1172 | 0.1669 | 0.1764 | 0.3845
NMG-COR | 0.1153 | 0.1037 | 0.0642 | 0.2355| 0.1331 | 0.0012 | 0.0978 | 0.0061
Charniak 0.1757 | 0.1772| 0.0899 | 0.0169 | 0.1892 | 0.1079 | 0.1875| 0.1083
WN 05586 | 0.3224| 0.3821 | 0.3178 | 0.3843 | 04847 | 0.5106| 0.5009
NMG-WN 0.6721 | 0.3563 | 0.3169 | 0.5488 | 0.4030 | 0.4241 | 0.5288 | 0.5390
METEOR 0.3670 | 01737 | 0.1813| 0.2810| 0.1681 | 0.1979 | 0.1916 | 0.4326
GTM 0.3571 | 0.2071 | 0.2077 | 0.3273 | 0.1195| 0.1888 | 0.1974 | 0.3636
WER 0.5530 | 0.2680 | 0.3790 | 0.3879 | 0.3265 | 0.3052 | 0.3450 | 0.5234
PER 0.2726 | 0.0966 | 0.0844 | 0.1715| 0.1146 | 0.1437 | 0.1365| 0.3512
Ade NTT TH Kyoto-U | MIBEL | Moses | tsbmt Avg. All
IMPACT 0.6284 | 04360| 0.6093 | 04710 | 0.6926 | 0.5708| 0.5073 | 0.6167
ROUGE-L 05933 | 04032 | 05982 | 04410 | 06838 | 05336 | 04770 | 0.6003
BLEU 0.4662 | 0.2004 | 0.4439 | 0.3452 | 0.4702 | 0.3661 | 0.3526 | 0.4247
NIST 0.4354 | 03229 | 0.3381 | 0.1654 | 0.2721 | 0.3489 | 0.2611 | 0.3874
NMG-REF 03032 | 01731 | 03118 | 0.1476 | 0.2961 | 0.2704 | 0.2231 | 0.3644
NMG-COR | 0.0057 | 0.2346 | 0.2129 | 0.1201 | 0.0209 | 0.2346 | 0.1133 | 0.1791
Charniak 0.0338 | 0.2594 | 0.1653 | 0.2629 | 0.0761 | 0.0159 | 0.1333 | 0.2502
WN 0.5584 | 0.3698 | 0.4162 | 0.6290 | 0.5504 | 0.3966 | 0.4558 | 0.3725
NMG-WN 0.5889 | 0.5204 | 05031 | 04884 | 05823 | 05716 | 05031 | 05114
METEOR 0.4302 | 0.1776 | 0.4535| 0.3002 | 0.3304 | 0.4686 | 0.2967 | 0.4378
GTM 0.3980 | 0.2969 | 0.3952 | 0.1908 | 0.2511 | 0.3481 | 0.2749 | 0.3861
WER 05285 | 0.3137 | 05200 | 0.4403 | 0.6666 | 0.4562 | 0.4295| 0.5240
PER 0.3064 | 0.1928 | 0.3311 | 0.0846 | 0.2286 | 0.2869 | 0.2001 | 0.3335
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2.15 Fluency

FDU- NAIST NiCT
Flu tori Candu HIT2 JAPIO KLE MIT NTT _ATR NTNU
IMPACT 05513 | 02450 02904 | 0.4605| 03353 | 0.4800 | 0.4226 | 0.6517 | 0.0802
ROUGE-L 05275 | 0.2105| 02712 | 0.4319| 0.2954 | 04344 | 0.3812 | 0.6455| 0.0701
BLEU 0.3984 | 0.2640 | 0.1902 | 0.3130 | 0.2636 | 0.3592 | 0.2807 | 0.4935 | 0.1543
NIST 0.3772 | 0.0839 | 0.0356 | 0.2430 | 0.1893 | 0.2924 | 0.2476 | 0.4485 | 0.0132
NMG-REF 0.2745 | 0.0458 | 0.0333 | 0.2718 | 0.1114 | 0.2859 | 0.2020 | 0.5470 | 0.0305
NMG-COR | 0.0960 | 0.0455 | 0.1115| 0.2641| 0.1373 | 0.1197 | 0.0356 | 0.0085 | 0.1768
Charniak 0.0572 | 0.0725| 0.0456 | 0.0324 | 0.2045 | 0.0736 | 0.0688 | 0.0021 | 0.1980
WN 0.4645 | 0.3051 | 0.3224 | 0.3058 | 0.3993| 0.3421 | 0.4653 | 0.3503 | 0.1737
NMG-WN 0.5533 | 0.2407 | 0.2858 | 0.5536 | 04503 | 04617 | 04496 | 05215 | 0.2163
METEOR 0.3691 | 0.1025| 0.1155| 0.3443 | 0.1863 | 0.3605 | 0.2020 | 0.5343 | 0.0132
GTM 0.3883 | 0.1048 | 0.0294 | 0.2840 | 0.1951 | 0.3077 | 0.2088 | 0.4402 | 0.0701
WER 0.4344 | 0.1429 | 0.2289 | 0.3567 | 0.2403 | 0.2932 | 0.3432 | 0.6049 | 0.0731
PER 0.3009 | 0.0008 | 0.0373 | 0.1401 | 0.1527 | 0.2122 | 0.1348 | 0.4118 | 0.0305
Flu NTT TH Kyoto-U | MIBEL | Moses | tsbmt Avg. All
IMPACT 04707 | 03747 | 0.6133 | 0.2758 | 0.6212 | 04554 | 04219 | 0.5953
ROUGE-L 0.4565 | 0.3288 | 0.6050| 0.2622 | 0.6158| 0.4135| 0.3966 | 0.5793
BLEU 04592 | 0.2831 | 0.4291 | 0.1309 | 04202 | 0.4029 | 0.3228 | 0.4447
NIST 0.4284 | 0.2766 | 0.2915| 0.0916 | 0.3110 | 0.4079 | 0.2492 | 0.4339
NMG-REF 0.3154 | 0.2007 | 0.2741| 0.0747 | 0.3066 | 0.3327 | 0.2204 | 0.4167
NMG-COR | 0.0674 | 0.2292 | 0.1765 | 03396 | 0.0578 | 0.2737 | 0.1426 | 0.2199
Charniak 0.1083 | 0.1897 | 0.1180 | 0.0490 | 0.0507 | 0.0534 | 0.0883 | 0.2266
WN 0.3519 | 0.3284 | 0.3819 | 0.4783 | 0.4610 | 0.2902 | 0.3613 | 0.3098
NMG-WN 0.4457 | 05149 | 0.4838 | 0.1848 | 0.5670 | 0.4838 | 0.4275 | 0.5159
METEOR 0.3133 | 0.2262 | 0.3539 | 0.1565 | 0.3417 | 0.3851 | 0.2670 | 0.4616
GTM 0.3835| 0.2985 | 0.3233 | 0.1364 | 0.3064 | 0.3906 | 0.2578 | 0.4307
WER 0.4557 | 0.2767 | 05235 | 0.2786 | 0.6035 | 0.3282 | 0.3456 | 0.4934
PER 0.3238 | 0.2097 | 0.2711| 0.0076 | 0.2675 | 0.3304 | 0.1887 | 0.3748
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2.1.4
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2.13 2.15
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Bleu

2.2.1
(2005) Bleu
n-gram
(2003) (2005) (n-fold cross
validation) n
(2007)
(2008)
1 Bleu

2009-NL-189-(1), 1-6
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Bleu

Bleu
n-gram
2.2.2
2221
Papineki(2002) Bleu
(2004)
BLEU, WER
WER,NIST (2006) Bleu WAMU
(2007) Bleu
n-gram
Bleu
n-gram
Bleu
Papineki(2002) Bleu
c C r R n-gram Bleu

BP = exp(l—max{Lr/c})

BP
Blue(R,C) = BP exp(Zn: log(p;)/n)

Pn n-gram
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Bleu (2003)

4-gram
4-gram Bleu Bleu >0
4-gram 4-gram
Bleu Bleu 4-gram
4-gram
Bleu
2.2.2.2
S C R(s)
s
R(C) S
R(C) S
-
Bleu(x, y) = Bleu(y, x)
T t (o
Bleu Ct
C; =argmax Bleu(t,c)
Ce
t Ct
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Bleu(t,ct)
C T R T)

R(C|T)=ave(Bleu(t,c,)) VteT

S R(s)
Bleu
2.2.3
Bleu
2.23.1 Bleu
X y Bleu Bleu(x, y)
4-gram 3.2,1
X "The system works in the
front of the neck freely." y "The system runs in the front of the head."
X Fx y Fy
X Fx
freely

front of the neck

in the front of

neck freely

of the neck freely
system works in the
the front of the

the neck freely

the system works in

works in the front
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Yy
front of the head

head

in the front of

of the head

runs in the front
system runs in the
the front of the
the head

the system runs in

Bleu
Fx Ix
ly Ix
ly
n-gram
p _ Zk<iGFX(i)
T #ly-k+1
ly

Bleu(x, y) = 0:459

2.2.3.2
c
S
Ci
x )
2.2.4

Fy

Ix
#ly Bleu
Bleu(T,C)
R(s)
S Ci
Bleu
R(s)
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2.2.4.1

2003 348,061

<SDOABLA="E">

(PROBLEM TO BE SOLVED:)

To
348,058 327,680
Bleu
Bleu
32768 = 215 0 9
0 99
10000 19999
1000 100000
54.10 52.78
4744 62948
2.2.4.2
Linux perl
Bleu
n-gram
n-gram 10
2.25
1000 x 10 Bleu

19

PAJ

(SOLUTION:)

n-gram

32; 628



5000

R =-0:0486+ 0:0157 log s

0:997
0:92
n-gram 3-gram 99:9%
Bleu 3-gram
5000 100
6
4-gram Bleu
"l watch an orange under the table."
"l watch an apple under the table.” 4-gram
Bleu=10
[ 2004] , , , , 10
, 452-455.
[ 2007] , NMG , Japio 2007 YEARBOOK,
, 238-265.
[ , 2003] , . BLEU , IPSJ SIG Notes,
2003(23), (2003-NL-154-19), 131-136.
[ 2006] , ,
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[ 2008] , : :

2008-NL-187,91-98.
[Papineki 2002] Papineki, K., et.al., Bleu : a Method for Automatic Evaluation of Machine
Translation, Proc. ACL 2002, 311-318.

[ 2005] : : : : :
46(5),552-557.

[ 2003] : : : :

, , 10(3),87-114.
[ 2007] , , : ,

, IPSJ SIG Notes,2007(76), (2007-NI1-180-23), 133-138.
[ 2005] : : : :
- bi-gram , 17

, 305-306.
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#z4  BEROa— " AMEE LS n-gram OFE—BEE

# 5 : MEBEL n-gram & OFHBEFRE

B | e l-gr. | 2-gr. | 3-gr. | 4egr. n-gram | fHBAGREL | F {H
100 | 0.00066 | 0.0185 [ 0.0018 | 0.0004 | 0.0000 l-gram 0.912 0.0002
200 | 0.00117 | 0.0207 | 0.0024 | 0.0007 | 0.0001 2-gram 0.993 0.0000
500 | 0.00233 | 0.0238 | 0.0036 | 0.0013 | 0.0002 3-gram 0.999 0.0000

1000 | 0.00374 | 0.0263 | 0.0047 | 0.0020 | 0.0004 4-gram 0.994 0.0000

2000 | 0.00579 | 0.0287 | 0.0060 | 0.0029 | 0.0007

5000 | 0.00979 | 0.0313 | 0.0079 | 0.0043 | 0.0013

10000 | 0.01370 | 0.0325 | 0.0095 | 0.0057 | 0.0020
20000 | 0.01823 | 0.0340 | 0.0114 | 0.0073 | 0.0028
50000 | 0.02488 | 0.0356 | 0.0143 | 0.0098 | 0.0042
100000 | 0.02999 | 0.0369 | 0.0164 | 0.0115 | 0.0055
0.005 04
. s
- . BO3s
4
//' 103 "/
a8 /
/ 0nzs /
fia / o2 7
Q015 Qo5 L
/ Hli | ;| -
o =
/ 8005 —=
000 -
8 o .
',,//I/ B 2 1 ' 8

—— -gram —@— Z-gram

d-gram

d-gram

n-gram
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3.1.1

3.1.2
3.1.3
3.1.4
3.1.2
/
( , 2005)
A B C A B
C A B

23
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(1)

()

Och

(1)

AC A C BC
B A B
(
( )
1997)
. (IBM 1-5 )
(Brown et al., 1993)
e HMM (Toutanova et al., 2002)
e Och

(Och&Ney, 2002; Och&Ney, 2003)
(Gale&Church, 1991)

Giza++

99%

(Chiao&Zweigenbaum, 2002; Gamallo, 2007)

wl w2 wl w2

24

(Ker&Chang,

EM



wl w2

(2) (1)

()

(Brill et al., 2001; Nazar

et al, 2008)
1)
2
(1) Wikipeida
2
3.1.3
1
1. (TermExtractor)
2.
3.
4.
5.
( )

25



Japanese w English

Japanese English

Re-Segment

Re-Segment

English English

Japanese

GIZA++

GIZA++

Word

alianment

Term

alianment

1.

Web (TermExtractor)

Web
Web Web
( ) (GIZA++)
)
write a Combinatory Categorial Grammar
| | |
/Combinatory /Categorial /Grammar

Combinatorial Categorial Grammar
Combinatory Categorial Grammar

26

Japanese



1 Web

1 231979076.92 1 method 1924924798.54
2 196882071.51 2 device 243593927.71
3 103913088.99 3 manufacturing method 226783016.55
4 58227570.41 4 apparatus 76048463.50
5 36336752.48 5 image forming apparatus 55033626.33
6 30031743.03 6 system 53561371.66
7 27930678.85 7 semiconductor device 50802151.44
8 26675671.25 8 program 37869450.18
9 26202837.07 9 control method 32413791.38
10 25879734.87 10 method of manufacturing 26542475.31
11 23677249.52 11 | display device 22816450.59
12 19022693.66 12 | manufacturing 26336501.49
13 18220829.11 13 recording medium 17173321.02
14 17278888.05 14 image forming device 15427921.08
15 12268117.13 15 | game machine 15038502.03
16 11755384.71 16 | control device 12632549.65
17 11323757.36 17 image forming method 12481169.99
18 10261766.30 18 | using 8747302.73
19 8791257.97 19 image processing method 8442823.37
20 8579941.15 20 | vehicle 8192541.72
21 8372906.90 21 production method 8140130.48
22 8117459.66 22 liquid crystal display device 7886150.69
23 8100336.44 23 | producing 7863396.49
24 7274028.95 24 image display device 7673459.91
25 6806003.22 25 | program 7431868.57
26 6314294.98 26 manufacturing semiconductor | 7399380.43
device
27 6278752.47 27 method of manufacturing | 6713068.93
semiconductor device
28 5920852.82 28 manufacturing method therefor 6615284.23
29 5390500.11 29 | electronic device 6487897.04
30 5291824.63 30 | structure 6476402.13
(GIZA++)
3.1.4
364,449
TreeTagger
Web
1 Web 30
”-ing” stemming

27




2

1 map data transmission method 1

2 water-soluble machining oil 1

3 forming waste metal block 1

4 photographic print quality control tool set 1

5 laminated foamed sheet 1

6 clothespole device 1

7 heat-shrinkable composite sheet 1

8 black-and-white image forming device 1

9 stereoscopic display method 1

10 thin flat laminar body 1

11 magnetic resin molded article 1

12 measuring diameter of laser beam 1

13 dressing tool 1

14 crushed ice stirring drum 1

15 measuring spatial image 1

16 pre-mold package 1

17 pre-mold package 1

18 theme management system 1

19 brushless dc motor control method 1

20 notified information displaying method 1

2 20

3.1.5

Wol. 12, No. 2,
pp. 63-85, 2005.

Ker, S. J. and J. S. Chang. 1997. A Class-based Approach to Word Alignment. Computational
Linguistics, Vol. 23, No. 2, pp. 313-343.

Brown, P. F., S. A. Della Pietra, V. J. Della Pietra and R. L. Mercer. 1993. The mathematics
of statistical machine translation. Computational Linguistics, Vol. 19, No. 2, pp. 263-311.

Toutanova, K., H. T. Ilhan and C. D. Manning. 2002. Extensions to HMM-based Statistical
Word Alignment Models. In Proc. of EMNLP-2002, pp. 87-94.
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Och, F. J and H. Ney. 2002., Improved Statistical Alignment Models, In Proc. of ACL 2002, pp.
440-447.

Och, F. J. and H. Ney. 2003. A Systematic Comparison of Various Statistical Alignment
Models . Computational Linguistics, Vol. 29, No. 1, pp. 19-51.

Gale, W. A. and Kenneth W. Church. 1991. Identifying word correspondences in parallel texts.
In Proc. of the Fourth DARPA Speech and Natural Language Workshop, pp. 152-157.

Chiao, Y. and P. Zweigenbaum. 2002. Looking for candidate translational equivalents in
specialized, comparable corpora. In Proc. of COLING 2002, pp. 1-5.

Gamallo Otero, P. 2007. Learning Bilingual Lexicons from Comparable English and Spanish

Corpora. In Proc. of Machine Translation Summit XI.

Brill, E., G. Kacmarcik and C. Brockett. 2001. Automatically Harvesting Katakana-English
Term Pairs from Search Engine Query Logs, In Proc. of NLPRS 2001, pp. 393-399.

Nazar, R., L. Wanner and J. Vivaldi. 2008. Two-Step Flow in Bilingual Lexicon Extraction
from Unrelated Corpora. In Proc. of EAMT 2008, pp. 140-149
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3.2.1

Tanaka and Umemura 1994

Tanaka and Umemura
Bond, et al., 2001
Zhang, et al., 2007

3.2.2.1

30



Japanese English Chinese

factory _

3.2.2 plant 74

3.2.2.1 ?WOFKS _—
workshop *

*Correct translation, **Incorrect translation
3.9.1 3-2-1
“works” “plant”
Kaji and Morimoto, 2005
3-2-2 (1) )
3 4
3.2.2.2
3.2.2.3

31



[ Japanese corpus }

L

{Japanese—English J

dictionary

[Chinese—Eninsh }

dictionary

Calculate pointwise mutual
information between words

|

{ Chinese corpus J
i

’ Combine via English translations ’

Calculate pointwise mutual
information between words

|

Japanese word associations

¢

{

“Noisy” Japanese-Chinese dictionary

¢

|

Chinese word associations

|

’ Align word associations and correlate the associated words of a Japanese word with its Chinese translations ’

¢

Correlation matrix of associated words versus translations (for each Japanese entry word)

|

’ Select translations with support not less than a predetermined minimum support ’

{

{ “Noiseless and domain-adapted” Japanese-Chinese dictionary }

3-2-2

Church and Hanks, 1990

Pr(x) x

3.2.3
3.2.2.4
y() y
y()
(@

(b)

[5]

MI(x,x") =lo

Pr(x,x) X

25

@, y"

g

X

32

Pr(x, x")

Pr(x) - Pr(x")’

[2]

[

[4]

X (i) (x, X'(0))
i X (i)

MI(x, X"

j

j



Kaji and Morimoto, 2005

° X i X' (i)

j y()

Cu (X' (i), y(i))+ - C", (X' (i), y(J))

COYDI=MON) s, ey a0y @,y P
MI (X'(i), X) x'(i) X a
[2] C
c" 1
o
Ch (@)= D Coalx,y()) 3]
X"e A(x,x'(i))
A(x, X'(i)) x  xX(i)
[3] c
(a)
o
C"y (x' (@), y(i))= max| MI(y", y(j))- zcnl(x",y(j))} [4]
y x"eB((x,x'(1)).(y(i).y")
B((x, x'(0), v(), y))  x  x(i)
X ya)  x() y'
[4] c" 3.98 0.81 0.23 3.75
3.18 0.45 0.58 3.45
0.54 3.32 0.17 1.18
2.89 0.43 0.61 3.13
(@ "
(b) 1 0 0 0
i 0 0 0 1
Co(x'(0), y(J)) = MI(x'(0),x) [5] 0 1 0 0
0 0 0 1
3.2.2.5 Support 0.03 004 000 0093

(b)

3-2-3

33




3-2-3 0.1
3.2.3
3.2.3.1
EDR LDC Chinese-English Translation Lexicon
2000 1 2005 12 632 M
1999 1 2004 12 473 M
JUMAN 100 Nakagawa and
Uchimoto (2007) 30
25
1.0
EDR LDC Chinese-English Translation Lexicon
100
EDR LDC Chinese-English
Translation Lexicon
30
700
100 10,003 8,284
30 9,288
8,426
3.2.3.2
0.1
8,284 15.77
1.40 8,426 27.09 1.33
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3-2-1(a)
0.1
“hall”  “hole”
“hall”
“hole”
“paper”
3-2-1(b)
384
2
IC1’
IC1 IC1’

3-2-1
(@)

Entry Translation
Translation candidates Support
noun candidate
0.960
hole)
0.006
0.986
(news- 0.009
paper) 0.001
0.001
0.979
(electric 0.016
trai
rain) 0.004
0.001
(b)
Entry Translation
Translation candidates Support
noun candidate
0.791
(haII) 0.203
and 5 others 0.003
0.001
0.993
(news- 0.007
paper)
0.994
(train) 0.006
and 14 others
( , 1998)
IC1
IC1
1
3-2-2 IC1
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3-2-2

3-2-2 Propose
d IC1 IC1’
method
# entry nouns 384
# entry nouns for which
one or more 384 | 273 | 384
translations were
selected
Applicability ratio 100% 71.1% | 100%
# correct translation
candidates (S) * 2210
# selected translations 553 926 2485
(T)
# selected correct
translations (SNT) 359 565 1,059
Recall 15.8% | 24.9% | 46.7%
Precision 64.9% | 61.0% | 42.6%
* Correctness of 7,410 translation candidates in total for 384 entry
nouns was assessed manually. Correct translations missing in the
“noisy” Japanese-Chinese dictionary were not included. Therefore,
IC1 Tox K IC1 recall is overestimated.
IC1
3.2.3.3 —
0.025
3.2.3.2 0.1
3-2-3
3-2-3 Method (Minimum support) | Recall | Precision
5 Basic method (0.1) 17.8% 71.8%
Re-screening (1st stage:
16.8% 76.9%
0.025, 2nd stage: 0.1) ° °
Bidirectional screening —
3.2.3.4 — union (0.25) 26.7% | 66.8%
Bidirectional screening —
. . g 18.0% 76.2%
intersection (0.025)

Note: Results for 247 Jabanese entrv nouns were evaluated.
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)

3-2-1
0.25
3-2-3
5
2)
0.025

3-2-3

4
3.2.4

3.2.3
3.2.3

(Kaji and Morimoto, 2005)
3.2.3.3 3.2.3.4
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3-2-4

Before After
Entry noun . .

supplementation supplementation

(refugees)

(point, tip)

(hometown)

3.2.3
3-2-4
EDR LDC
3.2.5

Tanaka and Umemura (1994)
(Bond, et al., 2001; Shirai and

Yamamoto, 2001; Zhang, et al., 2007)

(Rapp, 1995; Kaji and

Aizono, 1996; Tanaka and Iwasaki, 1996; Fung and Yee, 1998; Rapp, 1999)
Sammer and Soderland (2007)
PanLexicon

3.2.6
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EDR LDC

Bond, Francis, Ruhaida Binti Sulong, Takefumi Yamazaki, and Kentaro Ogura. (2001). Design and
construction of a machine-tractable Japanese-Malay dictionary. In Proceedings of Machine Translation
Summit VIII, pp. 53-58.

Church, Kenneth and Patrick Hanks. (1990). Word association norms, mutual information, and
lexicography. Computational Linguistics, 16(1): 22-29.

Fung, Pascale and Lo Yuen Yee. (1998). An IR approach for translating new words from nonparallel,
comparable texts. In Proceedings of the 36th Annual Meeting of the Association for Computational
Linguistics and the 17th International Conference on Computational Linguistics, pp. 414-420.

Kaji, Hiroyuki and Toshiko Aizono. (1996). Extracting word correspondences from bilingual corpora based
on word co-occurrence information. In Proceedings of the 16th International Conference on
Computational Linguistics, pp. 23-28.

Kaji, Hiroyuki and Yasutsugu Morimoto. (2002). Unsupervised word sense disambiguation using bilingual
comparable corpora. In Proceedings of the 19th International Conference on Computational Linguistics,
pp. 411- 417.

Kaji, Hiroyuki and Yasutsugu Morimoto. (2005). Unsupervised word-sense disambiguation using bilingual
comparable corpora. IEICE Transactions on Information and Systems, E88-D(2): 289-301.

Nakagawa, Tetsuji and Kiyotaka Uchimoto. (2007). A hybrid approach to word segmentation and POS
tagging, In Proceedings of the 45th Annual Meeting of the Association for Computational Linguistics, pp.
217- 220.

Rapp, Reinhard. (1995). Identifying word translations in non-parallel texts. In Proceedings of the 33rd
Annual Meeting of the Association for Computational Linguistics, pp. 320-322.

Rapp, Reinhard. (1999). Automatic identification of word translations from unrelated English and German
corpora. In Proceedings of the 37th Annual Meeting of the Association for Computational Linguistics, pp.
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519-526.

Sammer, Marcus and Stephen Soderland. (2007). Building a sense-distinguished multilingual lexicon from
monolingual corpora and bilingual lexicons. In Proceedings of Machine Translation Summit XI, pp.
399-406.

Shirai, Satoshi and Kazuhide Yamamoto. (2001). Linking English words in two bilingual dictionaries to
generate another language pair dictionary. In Proceedings of the 19th International Conference on
Computer Processing of Oriental Languages, pp. 174-179.

Tanaka, Kumiko and Hideya Iwasaki. (1996). Extraction of lexical translations from non-aligned corpora.
In Proceedings of the 16th International Conference on Computational Linguistics, pp. 580-585.

Tanaka, Kumiko and Kyoji Umemura. (1994). Construction of a bilingual dictionary intermediated by a
third language. In Proceedings of the 15th International Conference on Computational Linguistics, pp.
297-303.

1998
\ol. 39, No. 6, pp. 1915-1924

Zhang, Yujie, Qing Ma, and Hitoshi Isahara. (2007). Building Japanese-Chinese translation dictionary
based on EDR Japanese-English bilingual dictionary. In Proceedings of Machine Translation Summit XI,
pp. 551-557.
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3.3.1

[1]

[3]

Vector Machines (SVM)[4]

SWM

3.3.2
, NTCIR-7

1. 1993-2000
2.

3.3.3

3.3.3.1

41

Support
SWM

400



129 Wer.79

3.3.3.2
[3]
« dangling (1.48)| | *insulator (0.85)
e suspension | (1.0)
« chin-up (2.0)
e suspensory | (1.0)
* pendency (2.0)
dangling insulator (1.258) «-1.48% 0.85
suspension insulator (0.85)« 1.0x 0.85
chin-up insulator (0.85)«+ 1.0x 0.85
suspensory insulator (0.85)++ 1.0x 0.85
pendency insulator (0.85)« 1.0x 0.85
1
applied , s

applied mathmatics -

1 http://www.eijiro.jp/
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applied «



258,211

applied mathematics :
applied science
applied robot

applied : : 40

22
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f[q(< si,ti >) -Qcorpus(yr) f]

t2

nsulator
nsulator
nsulator
nsulator
nsulator

dangling insulator
suspension insulator

chin-up insulator
suspensory insulator
pendency insulator

10(compo(s) (<s,t> in )
g(<si,ti>)=<log fo(< si,ti>) (<siti> in Bp) - . Bp { }
log fs(<si,ti>) (< si,ti> in Bs) ——> Bs { }
compo(s) = s
Qcorpus(yr) :{l yr }
0 yr
3:
3.3.3.3
Moses , 3.3.2
Moses
1' ’ ’ ’
2. IBM GIZA++ ,
’ 4
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|
|
|
H B
|
|
|
|
83 388 S
Q o
-}
n
6:
5.
6. reordering ,
1
1:
as a result 0.242637 | 0.0629573 | 0.229377 | 0.000588454 | 2.718

in consequence| 0.132075 ] 0.00664276 | 0.0014436 | 4.62987e-05 | 2.718
the cpu 501 [ 0.0227273 | 4.79776e-06 | 5.1557e-05 | 3.97554e-09 | 2.718

- as a
result , » the cpu 501
, the cpu 501
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P(jalen), (1BM ) s P(en]| ja),
(1BM ) , ( e=2.718)
, . P(en| ja)

3.3.4

1993-2000

When the fluid
pressure cylinder is used, (7= fluid pressure cylinder
|| fluid is gradually applled pressure cylinder
SVM

|ﬂuid pressure cylinderl

> Q .
—h — \'
Iy! fluid pressure cylinder

pressure cylinder
hydrodynamic pressure cylinder

7:
180 IPC
( 8
9

(@)
(b)
(©)
(d)

(d) (88.6%)

(b)

a7



90%

43%

95%

(b)

(b) (c)

©)

©)

@ (100%)
17%
8%
(b)
16.7%
oI £ 92.6% 96.0%
.78.7% 1 98.3% 98.8%
. | 95.3% F 97.4%
/\J T 4 X
/ C \
d ’
0) 1 26.2% (b) R
49% | 16.7% ]
1 1
\ ]
\ /
\ S ’
N 7/
< % -
~ =~ — -
9:
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3.3.5 SW

3.3.5.1
SWM
SWM TinySWM(http://chasen.org/” taku/software/TinySVM/)
<tJ,tE,c> tJ tE
c tE tE c=+
c=-
<
tJ,tE,c> xJ <tJ,tE,c> c
SWM
xJ
©) (d)
2
10
3.3.5.2
. (pz dice
freq (t,,tz) freq(t,,—tg)  freq(—t;, te)
10: SWM
SWM 10
3.3.5.3
SWM
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W SVM
@ SVM
© SVM
11 12
F
SVM
F
. C
SVM
1
. 0)
0.9%
72.9%
99.2% 1
92.6%(451/487) F 80.1%
98.39%(451/459)
F 95.3% " = T
98.2%
F 98.2%% 1
11: SWM ©
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SVM
= 5.9%
35.1%
/I
95.5% /
70.7%(619/875) F 49.4% F
88.6%%(619/699)
F 78.7% ;
90.9% 12.2%
90.9% -
F 90.9%%
12: SWM @
3.3.5
2 SUM

[1]- A. Fujii, M. Utiyama, M. Yamamoto and T. Utsuro: Overview of the Patent Translation
Task at the NTCIR-7 Workshop, Proceedings of the 7th NTCIR Workshop Meeting, pp.-
389--400 (2008).

[2]-P. Koehn, et al. Moses: Open source toolkit for statistical machine translation. In
Proc. 45th ACL, Companion Volume, pp. 177-180, 2007.

[31. ) ,

, Vol. 14, No.2, pp. 33-68, 2007.

[4]1-V. N. Vapnik: Statistical Learning Theory, Wiley-Interscience (1998).
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3.4.1

3.4.2

Unicode

Unicode

, 2009

IBM Model (Brown et al., 1993; Och and Ney, 2003)
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0.152 0.163 0.812 0.307
0.109 0.100 0.084 0.130
0.073 0.071 0.020 0.102
0.068 0.051 0.020 0.086
0.039 0.039 0.015 0.014
2
3.4.3
, 2007,
2008
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RS E

~______||p(x#®V v 7 |Kith=0.35

FRHR || p(or Fo— L HE5H)=050

7 L— A% //,...-»-—»-\x_m\::g e
(PRt &) ( R

—

WET S5 RA-0EBLEoy | Y—UVLE AR E R

Ry keI L AROGE - R B X ER
7 L A%t DEHE 7 b— A%t
AZRY »7

TOMDBEE | Fo—A

Khﬁﬁﬁﬁﬁ
7 L— A%t
(P4 %)

o E R
1
(Och and Ney, 2003)
p'lilc) = Eeplilelplelc), p'lcli) = Xeplcle)plelj).
1
C |

j = argmaw; ¥ A A (e,
Anljed  j.c Am

(Koehn et al., 2003)

pijlc)
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C=Cola*'Clgf s j = Jadz e Jil d £
Cj
C i 1
2 €y d
3 jeLj@ je ]
I-r_-_-ll-r_:_:lm Irr £
4 = €=y g (e (e%§®0), - (e9)
5-_ ' .5',_-:
- "
[max py™ lea ) % 5, /
2
3.4.4
(Wanfang Data) - 525,259
(http://gh.library.hb.cn:85/kjxx/yhcb.htm)
JST 527,206 (http://pr.jst.go.jp/others/tape.html)
EDR 596,967 EDR (http://www2.nict.go.jp

/rir312/EDR/J_index.html)

JUMAN (http://nlp.kuee.kyoto-u.ac.jp/nl-resource/juman.html) cjma (Nakagawa
and Uchimoto, 2007) Web N
, 2007 3-
Moses (Koehn et al., 2007)
Japio
232
3 6 210
27 7

86 5
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50

21
42 36
14 4
3
210 27 7 86 58 32
100% 12.86% 3.33% 40.95% 27.62% 15.24%
4
86 50 36
100 58.14 41.86
5
50 21 29
100 42.00 58.00
6
36 14 22
100 38.89 61.11
3.4.5
210 13
84 40
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When the dispersion in a
BEMIZONHALAEEZLES . F population is considered to exist,
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called a variable effect

 [WHADVP] |- When|
[NP] | the dispersion |
—{[SBAR] His considered |

the population

&

a effect

BREE (EE)
1:
(4.1.3.2.3 )
4.1.2.2
1BM Model 1]
1BM Model f
e a

a=argmax p(f |e,a)- p(ale)
p(f|e,a) [lexicon probability p(a|e) alignment probability

T T 1BM Model

a=argmax p(T, |T,,a)- p(a|T,)

Te J f, ..., T, I/ 6, ..., 6

Sh

f;

59



J
p(Tf |Te’a) :H p(f] |eaj)
j=1

p(a|T,) =] prel(e, e, ) rel(f, )

g €
p(f;le,) IBM Model 1 rel(f,, f,) £
T rel(e, .e, ) p(rel (e, .e, ) [rel(f;, ;)
L 5
€y s

p(a| f,e) [lexicon probability alignment probability

pal f,e)=p(T; [T,,a)-p@|T,) - p(T. | T;,a)- p(al|T;)
4.1.3
(Step 1)

(Step 2) EM

4.1.3.1 Step 1

1:
1BM Model 1
58.25 4277 49.33
76.52 50.23 60.65
NULL (
) Step 1
1
Step 1 Step 2
Step 1
11 Step 2
Step 1
4.1.3.2 Step 2
Step 2

60



n-best
€y €4
Pl) Pl
A A c
e /7 A p
l ”
” ” C ; C; C ; C”
4.1.3.2.1
4.1.3.2.2
1
4.1.3.2.3

NULL

Step 1

rel(e,, €; )

P,

61

3.2.3

NULL

Sh

G

rel(?,,



4.1.4

2
JST
Step 1 76.52 | 50. 60.65
200 Step 2-1 81.58 54. 65.67
[7] Step 2-2 82.79 | 60. 69.81
100 step 2-3 83.12 | 62. 71.20
100 Step 2-4 81.70 | 62. 71.00
Intersection 88.14 | 40. 55.20
F Grow-diag-Final 78.00 | 52. 63.06
Grow-diag-final-and | 74.95 54. 62.95
2 [when | N |
ithe HE
Idispersion CRL
iin ]
Step 1 5 & =g~
ipnpulation = _l!
E— = =
3.2.1 considered ]
o |
exist n
Step 2-1 Step 1 the =
ieffect ]
s Cl
Step 1 to u
ithe mm
‘population | mm
lis m|
Step 1 Step 2-1 iea =
a LI
wariable =
B (12|55 (0|4 | & | % |4 | € |5 1= |30 L IEE
B (K| B |&|&|®| [H|&|® B (3
l 5 %: |
GIZA++ 2:
2 8 < population” "
variable” " & due to”

62



Proposed model Word-base alignment
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5.1.3.1 KNP
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5.1.3.2 KNP, MST Parser, malt Parser Ensemble
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MST
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