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Abstract

This paper describes how to apply BLEU, an automatic evaluation method of transla-
tion systems, to Japanese-English translation. In order to detect slight enhancement of a
translation system under development, we extended BLEU by introducing character-based
n-gram in addition to word-based n-gram which is used in original BLEU. A series of ex-
periment shows that BLEU can evaluate Japanese-English translation systems with high
correlation against human evaluation as well as for other language pairs, and our method
enabled BLEU to distinguish the performance of pre/post-enhancement of a translation
system with significant difference.
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ERWIE S OBPRERPHERI TNV [1].

LrL, 25X EE®RPED X 5 ICHRT 507
IE—8Y TERWED, K2V AT LAOHARE
HAEERZIETEILDTH-ThH, BRI LE
RBIRLEFZLTWEZDIT, BVIHERE b
RWEERD D, I T, BIORERI— 216
PIXEERR LT, BRIOJIFRE LTHNWS L)
FELHAILTND 2]

BLEU (Bilingual Evaluation Understudy)[3] iZ.
VAT LDOHS BRI DMITKIT D n-gram D—
BEZHWLHEFMFETHY, 7T RFE - R
NAVEE-HPEHE - TIETHEORSELRGEICH
RTDVRATLAOMEEZ, AFIT X 57 & &V E
BEboTRODOLNDZ LRSI TND [4]. &
o, HEREOSHEFEONBELELET, K8l
HERE L HRRFETD D,

AFETIX. BLEU O#FfEA % FW T B ARFE—43E
DOFIRY AT LADOFHE B EENC TE D E I ER
T D, IbIT, —DOOWRV AT LALHEEDE
FICEVHRLTWSGEEIIE, ZORER A ELT
WS EEWEFMICRATE 5 X 52, BLEU Ok
BERLD.

2 BLEU OFHiiA A

AHEiTiX, BLEU TOFEDNIEETH S BLEU
EOFEFECOVWTHENRT D, ZZ TIXEARFE
DIRFE~OFROVERERHE Z A1 & 5.

2.1 n-gram OIEfER

F9. HREOX L. ZNEFIRE BLEEICHR
L7z RO 2 U T 5D, Z DHFEREZSEICLME
S TNENOEAREOICH LT, BiR5HRE
X o TERENTEEERDOBBI A DD Z L BRLEE
Ly,

T, XMEROBRTTHD HAREDOX %2, FHExt
RERDRRV AT ATHRLUIEHERETRA M E
&, PATICHlZ2Rd,

(1]
BIERT
FAITEBTONCKFHEZELTH b ol

Z2HRX1

I had my watch repaired by an office worker.
SR 2

A person in the office repaired my watch.
TAMX1

I had a man in the office repair a watch.

TAMX2
I had the person of an office correct a clock.

BLEU fEQFHEEZT 272z, &7 A b XDHFE
D n-gram DO H, —HTDLDBBRILDONT I
PICEEND b DDEIGZTRD. T % n-gram D
EfRR LIS,

Bl1OTABXL T, HASHhZ11E DS D
‘T, ‘had’, ‘a’, ‘in’, ‘the’, ‘office’, ‘watch’, *.” D 8§ FEAS
ZRCPICR 2257, unigram DIEMERIT 8/11
L7252, F7z, Thad’, ‘in the’, ‘the office’, ‘watch .’
D 4 DD bigram BB HPITFIET D72, bigram
DIEMERIT 4/10 £72%, trigram 1% ‘in the office’
DHIRDT 19 TH D,

—J. 7 A X 2 TiX unigram, bigram, trigram
NN 8/11, 2/10,0/9 L2 D, FRRL1ICk
NTEMEMELS, TA ML 1 OFBRWEIRTH
DEVSERE KT D,

2.2 BLWXIZxT R0

n-gram DIEfFRERDDMRIT, T A MILOFEHH

DRERDTED, SRIUCTHROTW— R R BFES
FRB RN EEATHE, RYICEWIEMFER
EELIZENTETLE Y, FlxiX, #11T “Thad.”
DHZ ST HUL, unigram DIEMERIT 3/3 L7825
2, BHRE LTRERZ RS 2, Z OREICHL
T 57®iz, K (1) D brevity penalty ZEZ L.
TAMXBBRI L ENGEIC, FEEIC 1R
DEZFRT 5,

1 if e>r
BP =
{ el=r/e) if c<r

r,c BENENBEI - T A NXORFER LT

(1)

IaERD 1 EEEx 5.

27 A M1k @ B2 BHBLTWSR, 1 DOZELT
fEbhD @’ 1341 DROT, 1 BASRETEEMRETH. Zh
X, “The the the the the.” DX 9 ZREEELRZRH D unigram
DEMBRNR 1 L2oTLESZ 2SO TH S,
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2.3 BLEUE®DOEEHE

BLEU 1. ZHZEH0D n x4 3 n-gram DIE
fRIH p, DML brevity penalty 23 L7cd D
Thv., R (2) THEIND, BTEHEHNDD
X, pn 28 n OENCHE > THEMICBDT 572D T
b%. BLEUfEIZOULE1UTOEZL D,

N O \W
BmU:BP-<IIp) (2)

n=1
N DEPKEV (BIRD n-gram £ TEEET D)
EE, BE, OWTIR MYy Z7OBIES LD S, X
DG EZER LTS, BBRMIC, thoS
FEXTTIZ N = 4 OFFC AFIT X 5 I3 G
BELNDZ LR EINTNS [3].

3 HBEFEROBLEU IZ & %5

REAEFR S FREZDOHER B DO B, AARGE
XDOEIH 80~90 XFTHD 23 XEHNWT, 32
DOBMEIRRY A7 LD S S1, 52,83 &, AFiITk
HEIFR H1 © BLEU fEZHIE L7z, H1 OFRIZE
FEETEARER 2 FREOFFEMRICLI DD TH D,

RIEHDOR (2) D N % 2~5 LML S ¥ TEREIT-
7eo BlziE. TN = 3] iX, unigram 2*5 trigram %
TOEMREANWIEETHD, T, [N=4] I
DOWT, & ZHEICHBOYNE L AR LTHELL
BA3D BLEU fEHFHAI L7z,

%7z, BLEU & OB D7Dz, AFIC X 57
ZfTolc, Thik, TRIEZRWEER (5)] ~ IEW®I2
FTBP-ENIRN (1)] D5 ERFEDREZ, 2 N THIL
B LIS DOEHHETH D, EHREK IR

Iz, i 5 SRV S1 250, FHlidS i b mv
H1 231 &725 X O ITMBICERET 2L, K1 DX
Szl ote, £, ZOHREDOKFEL ANFIME
DIHEREZE 2 1ITRT.

EBROFER, trigram £ TERAWEEIEMRD T
EWHHBA B/ b2, 4-gram ETEZHNWS & S2
& S3 DERHER LTz, LaL, - OLZATHEE
ZnET 5 L. 4-gram THAFFHME & I1ZIE—BT D
Lot ote, Tk, 4EIDOEER T Papineni

39EkD BLEU Tik, HIESEIDKEIC ‘high-resolution’ % 1

FBLLTWelZ A%, ‘high’ < ‘resolution’ ® 3 BiFE & By
FOREFELEELD,

s1 | s2 | s3 | H1
N =2 0.200 | 0.230 | 0.247 | 0.246
N=3 0.093 | 0.100 | 0.114 | 0.133
N=4 0.056 | 0.060 | 0.056 | 0.079
N =4 (2% || 0.059 | 0.063 | 0.074 | 0.087
N=5 0.039 | 0.042 | 0.043 | 0.057
| AFiFf | 19] 21| 28] 36]

# 1: HIEFER DO BLEU i & A1

N=2 0.79
N=3 1.00
N=4 0.84
N =4 (- 5%l || 1.00
N=5 0.92

# 2. NFRHM & OHBIFREK

DER[3, 4] & KB LT n-gram DIEMR K<,
ERD n-gram DIEMREZED D Z & THY R
BTEDLLORCROTLTDEEZLND, BIRD n-
gram DIEMEMENGA. “Ge” X “(5%) DL D
IZ 4-gram & LTEZONDREBBEIE KT
LB, BLEUEICKEREELE 2 TV,
5-gram CARRIXEfFRR S HI2EAT 50T, %Y
REFHEREE L <725, BEOERTIX, < THE
SEIL, d4-gram ETEANDZ LT 5,

4 EMGREOEDKRH
4.1 FELLEBRIC XA TLO BLEU

AIEIDEER T, BLEU 2% B ZFHER O3 b FlH
TXBZ EBbhotk, Tk, IRV AT LAERE
B S >THETHRIC, REPAEENT
WL NERERTLDIC, BEEMEZAWD Z &8
T& 572557, Papineni DERR [3]. AIEIDOER L
by HEBELTWDDIEREICKERERD DHIED
BRI 2745 (ROABORR) Thod, R
IR B E I 2 DN RRIC F DEE HERICKR
HTEB30E 9L TR,

FZ T, HOHBRY AT AICH LT, SEEHRIE
EOBED 4 BFEICRIT iR 274 5 ER 21T
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S1 S2 S3 H1

X 1: BEFRO BLEU & AFIC X 250 (EH{LE)

A-B | B-C | C-D
¢! 33| 41| 23
WE 9| 11 1
ZOM || 24| 28| 15

% 3: AFFHEIC L 2KV 2T A O% R /SEOIEK

Tco HEMEE. REIORWIEIZA B, C,D &35,

E9. FEBETENLZITOUER D - TerZH~
70T, KV AT LT HARGEOILIFED 55 LFLL
TD 220 XEFR L., BEEET 2 BEBEOBFRERZA
FTHB Lz, 2 200RHBD S B, #H LWMEISERH 2
B ez b o TR, 35 LVEISEN G
OB THE], [MOPDERHLIBELLRRENED
HUrTERNS DN [FDM)] Thb., ZORED
#3956, APBB,C, D & KB CRES 21
THICONT, RHEHBPKB SN —ABZNZ &
Bbhnrb,

Wi, BEFEORMZ, BFEHEZEFRL 8 FERD S
HD 2870 XDOXFR%Z VT, BLEU TiHMi Lz, %
7o, RERaT—"R% 50 EILTc b DDOEEITHT
2 BLEUMEZHIEL., TR ZTNOEBCRBITEA L
B,B & C,C & D T® BLEU fEDZEDEHfE - FEHE
RELRD, ZNOEANVWTESDO LEEEH Lz,
ZDOFERER 41077

AL B, RUC & DDESDt EIZZNEN0.27,
1.99 TH V. HHE 49, BHEEK 5% O t fETH
% 2.01 B2 TRV, 5T, AL B, EW
C & D DO TIEFHHEICZ 220 & 5 (RFLSZFEH]
TEF, BLEU CIIZh O E2FEREL LTHET
Xhaolez i,

A B C D
BLEU f& 0.0530 | 0.0531 | 0.0592 | 0.0602
SEHIE 6.9-107516.9-1073(9.2-10~*
=S | EdE] | 1.8-1073 [ 5.2-107% | 3.2-1073
t B 0.27 9.26 1.99
# 4: KEEFEO BLEU 2
EfERE | b2 L | EfERE
wR 14 11 8
AB uE 3 1
g3 18 5 18
B-C Iy 2 1
HR 11 6
“D = 0 0

£ 5 X L DOANFFHE & BLEU 37 D kb

4.2 XZ & On-gram EEfEX

FROERT, FRFNOXRTHTHE - WEL
ANFiHECHMr SN/ XD 5B, 1XD n-gram D
EROHEREZFARICLDRES THD. KFEOEK
FHB. AFTHW LK R - &% BLEU TR T
X bDTHDH, KEEZBRH LCEIEIE 44%, B®
EERHELZEIRIT 52%I1cE EE5TWVND,

ZORRAIZ, UTof2 DXL 5ic, HEEOEREIC
XoTREBKEINTH, Z2RXOBEL KT
2 DRI BRNBERLZNZ L TH D,

[ 2]

BIRT —FH. THICRERRERIEEND,

S By contrast, this includes an important fac-
tor.

C On the other hand, the serious factor is contained
by this. (unigram : 5/13)

D On the other hand, the serious factor is included
in this. (unigram : 4/13)

DX ClzlkRT 5T ORPEEBINTND D
DD, included BBFILD includes & —FK L7272
¥, unigram DOEMFRII EF LRWERY . Todo
TW5, ZORMBEZERTLDITiE, Z2RICEHE
FBE—BLTWRWEETY, RLPESWEEE
WCHiZEmD 5 & o REs kDb D,
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4.3 XF n-gram DEA

TANLEBRIOMT, HEO—HR—H Lk
BRI HEREEZ DND X 91T, BEE n-gram (/N
Z TXF n-gram ZBAT S, T Z TOXF n-gram
&, i%é;uﬁﬁbtir FEHEORICEE
b n XF0ERETH D, fle LT, “factor is in-
cluded” &5 HDHITIX, 5-gram iX 6 > (‘facto’,
‘actor’; ‘inclu’, ‘nclud’, ‘clude’, ‘luded’), 6-gram I
4> (“factor’, ‘includ’, ‘nclude’, ‘cluded’) & £#%,

ZDREZHWD &, Bl 2 DXF n-gram DIEMF
X, C T 5-gram 2% 2/11, 6-gram 23 1/7 T. D
T 5-gram 2% 5/10, 6-gram 2% 3/6 £72Y, D DF5
CEWMEZE 252 B TE D,

XF n-gram g, 1Z&E-S3V7z BLEU & BLEU, 23X
B)DEOCEDD, ZL T, K (2),(3) DEELME
HEHET, A (4) OILER BLEU EZEET 5.

M

1
BLEU, = BP, - MoK T1 n:Zan (3)

BLEU' = (1 — ¢)BLEU - tBLEU, (4)

BAZE n-gram 1%, n PMEF 1 XNOBFEH L /NS
WZ EERRIRE LTW ekt L, F n-gram D
At n B—HENOXXFREIV bREL R
BRDHB. ZDIH, LF n-gram [FHFE n-gram D
K91 n iThE» TEREMIZBY L2WD T, X3 T
VAR &2 W T\ 5,

21X, 3UF n-gram OEfFER%Z A B, C, D>
WTHIELZESDTHD, £2TD n iTxt L TEMHR
DEWIEIZ A, B, C, D &72>5T\W5, n <4 TliL,
EEARAR LTI EBARA—HK L TVWEHANREL 25,
FElz. n> 10 Db DOIRHEEI/NS L, BHFEICRY 2
Hoid, #-T,. RB)TK=5,M=9 LT
EREITS, fHHEOLD, R Dtix1/2 55,
if&@ki@ﬁm;%&ﬁ-&%k#%Bmm
EOMER L DBRIIE 6 DL HIThoTe, T
R D 54% L BEED 5T% BRI TETRY, ﬁE;E@
BLEU fEZAWBEDRER (R5) LTIV E
< DORHOEEZBEINCFMETETWDZ Lice s,
Fio, R7T1F41HEFROERDERTHD. A
£B,B&C,C&DDESDtEAET201 21
EoTWS72, 4 BRFEDORENIEICHR I TND
T LB E 5% EOFRBREE b o TRE,

Ef#R
0.50
0.48
0.46
0.44
0.42
2: U n-gram D EfFR
EfFREE | 272 L | EMFERRE

AB wE 19 5 9

| = 4 0 5

B.C wE 20 4 17

| SE 1 4 6

oD wE 13 4 6

. W 0 0 1

# 6: X T L DOANFIME & HE5E BLEU 2941 0 b

5 R
5.1 X¥F n-gram EADZ LM

XF n-gram #EBATHZ L2k Y, RigiOH] 2 D
includes / included P X 912, 7R P L BRI D
MITHELLTUI—HLEVWHEAETH, BWVWXXFES|
B—BTLHBICIMEEZ 5 L3 TER,
DTS FEDOFI & LTRDO L S b Db o7z,

1. industry / industrial

2. disposable / disposability

3. evaluating / valuation

4. comparatively / relatively

A B C D
$£3% BLEU || 0.2350 | 0.2358 | 0.2448 | 0.2457
FAE 52-107%(1.1-1072 | 9.4-10~*
Z=5 | R [ 1.5-1072 [ 1.1-1072 | 2.6- 1073
t fE 2.46 6.86 2.53

£ 7. KB OYLEE BLEU ¥
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1~3 DX IICHEWICIREFETHD b DIFH, 4D
XOCERPERT IHEBEIF/ONLTVD, £<
BEDRWEDDICERRN EB->TLES r—
I ThHo T,

XF n-gram ZEOTIC, IEAREZFRICEREL
TORLUETDEVWS HELEZ2ONDLR, EFRD
BID X 5 e RAGERFFECHERET L OIIREETH S,
Fio, FMEOBICHELZDO) Y —AEBHAND &, T
fEFERDB Y Y — R KEL EAEN, BREMIEE-
TLES. VY —ZADIERRICa X M 325, 7
FEPSERFICR DR EDENPLLHFE LRV,

7B, 4.3 FHOERT, ANFiHiTA-BHTHEL
HESNIZLDD S B, LF n-gram DFEEEZ
THEMEPEZ TWRWIIXZ2BETH L, 20
£TH, BEXLEORBRICLVKBRERAT DI
W2 L DTh ozl

PE-T. 7T A MXESRXOFELMELE SFEMFRIC
O FTICRE DAL DR DITid, LF n-gram &
FAT2Z L3R YETHD V2D,

5.2 BLEU(E & #5358 BLEUEDE WD 1T

XF n-gram & VW 3L5R BLEU fEiL, #HOZE
FILLDVATAORBEERAMTEDLZ 3o
e, AT AEDUBICHHANWDZ &R TED
PERLTHRZY, £81F, 3HITIHMBELZLDLFH
C 42DV AT LADOYEEE BLEU fEZFHHI L7z b DT
b5,

$L5% BLEU fE & A T3l & OFHBIfREIE 0.52 &
720, WD BLEU fEZfE o 72iA & _THEMIC
BVME L 72 o7, REIE. AFORRTHS H1 DX
Fn-gram OEMRRIMENZ & TH D, EHEIER &
BLT. AFOBFRITEMHGE OMRER L 2 Bk
WCRRERWEARZ V., Tz, RVWHEEOKRYIKEL
ZHET BTz, BRBICEWEEEZRILR2N
EBBH D, XF n-gram DIERRITENH DD, L
TRFT DR Y D07, XORRASEY /e l-h, HEE
n-gram DEILE < 72> TWe, #-T, $£5E BLEU
BB R A OB, FRCRl—Y AT ADER
ERAT LBV, AFORRE S LAk
DR IINESR D BLEU fEZ VW5 D23 LW,

15| DOMENRELL oz, BRI THEDILTW RV
BAMEFEINTWERE,

s1 | s2 | s3 [ H1
53 BLEU /& || 0.283 | 0.286 | 0.307 | 0.293
| AFiT | 193] 211 278 3.57]

#* 8 BIEFEROILIE BLEU & & A T3

6 FL&H

BLEU OFiEid, BEROFMICH LTS, A
FICKOFHE L HWHEE 2R L. O FFEX & [k
CHEATESZ LRI,

FE iz, HEE n-gram (CH1 % TICF n-gram DfE% A
WHZ licky, HEOEFICX DRHOM EZ/R
MTEDHEREEDDZ LN TE L, TOHIEL, B
R AT LOFHFEEBORIC, REDE EDESN
EHRBLRPANEETDIDICHFHATH S,

LSBT, Th b OEELRIBOE( & DEMER
Bz AL T, BROBARPOREZFME L. B
RIFRICHFETEOBREGIEHED L oic L,

SE
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