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Application of Genetic Algorithms for Example-Based
Machine Translation Method Using Inductive Learning
and Its Effectiveness

HirosHI ECHIZEN-YA,t KENJI ARAKI,t YOSHIO MOMOUCHI!
and KoJ1 TOCHINAIt

There have been a lot of researches to realize practical machine translation systems. Among
them, rule-based methods are considered to be representative ones. However, it is difficult to
deal a wide variety of language phenomena with limited rules. To avoid this difficulty, the
example-based approach has been proposed recently. We have proposed an example-based
machine translation method, which acquires translation rules from examples using inductive
learning, and have evaluated this method. However, this method needs a large amount of
examples, like as the other example-based methods. To solve this problem, we applied ge-
netic algorithms to the proposed method. The purposes of the paper are as follows: @ to get
translation rules from data, @ to search for better quality translation results, @ to get high
quality translation rules by providing accurate data. In this paper, we evaluate the effective-
ness of applying genetic algorithms through the experiments. As a result, the accuracy of the
translation rate increased from 52.8% to 61.9%, and the extraction rate of new appearance
words increased from 47.8% to 75.2%. It shows that the proposed method has made it possible
to improve learning ability and to generate better quality translation results.
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Fig.7 Examples of the extracted translation rules.
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(1) B
I am your teammate.
(2) MH%FORE
{ (1 am @0. ; #iz/@0/ T+, ) ,
(@0 am your @1.; @U/HL1-D/I@UTH. ),
(@0 am @1.; @3/@y/T+. ) . « -« -}
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Fig.9 An example of the translation result processing.
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AN :Look at this picture.
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B 10 R RO iEOR

Fig.10 An evaluation method of the translation results.
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Fig. 11 Change of similarity degree.
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HBLYE121R7T. BRTERLZOODPRIEHT IV
T XL EBAL LD o758, ERTRLALON
BIZHT7 N T) XL %8R LB E0FH 2 BERED
WBTHD.

™1 REOT AT XL e B U h o 1R O SERRAG R

Table1 The result of the experiment without genetic

algorithms.
W& it

E8R 40.3%

7 B

A BR 55 125% 52.8%
AR 8.9%

ELHR | K2R 27.5% | 47.2%
BRARE | 10.8%

™2 RUEMTATY L% ER LRG0 LEBRRR
Table2 The result of the experiment using genetic
algorithms.

BRE it
IE B8R 47.0%
AE5 14.9%
SRR 14.7%
B BMR | KB 17.1% | 38.1%
BaRA e 6.3%

47 %h 7 BEH

B (%)
100
80

fe ~>_H,_,/'/ T ~ )
60 / ) -

/ N
40 /
20 / — BLEMTAIUZLEERL RS

‘ MEHTLTY XLERMLLh - BE

0 N

100 500 600 700 800
'@ -4

0 100 200 300

12 HHLBREOHE

Fig.12 Change of the effective translation rates.

R FEBICLAMEBRTFE B IRENT VLT XL 0EH 1571

3.4 # ®

3.4.1 XFEOBMH

KELTRETAFEILIDZEROER, Hii7
V) XL OERAN, EFSLOEHLORKLEIR
V—NOFEBEEDERLESE, LY RELBRERY
WXL EBROBKBIR S X7 20EBR L o[gEIZT

CEAHETEL. UTIAFEORMDMHII>WT
i SN

(1) BIRERICOWT

F1ER2IIRT IO, AHBERED 528%H
561.9% 2L 7. AU, bE L E4HRRES
A F - Za2a—FKF4 X P800 XLOBRIZHVT, B
NEBRIPSEDLBR~BITLALOH 95 L, A
WHBR» B LBRBITL 260D 22 L, #
BL LT, BHE8BRSTI XML B YT
5. B3I EDLBAINSENLBR~BITL295
TOMREFNFROBAEBIZRT. T4, A3
BRI OB LBRABITLAZ22 XONREEN
FhoB&pILRT.

37, BEHTLVIT) XL EERTHILIZLN,
REDLENZWEBRER ML, BROK BV
THLALELTWA I LA HET A, Byl &z
M7LT) XL BBL 2> BEEERLIEG
DELESIZBVWTHHEDLERTH - 72400 LT,
BFROENEELZLDIZ63 XIHYT S 15.8%T
Hot. 5, BIEHTLT) ZLOBHIZEHA
B8R E % > 7263 XOWRE €D HEKE & 14

(2) WEIRIL—MIZDNT

CHLE BB BFREROERIL, Ex8IT L
T ALK ERTAILICLY, SR ORE LR
L= Lo EZN SRR CERT L 2 LAY alEE
oo Thb, KL TRRSLHAK LA -
LEid, BERAERYART HBII, oL -1k

OERESEEFLELE L2V, THBERMLZHERL—LT
ba. KAFEETE, BETIUE, BRELERTITH -

BHIZIE, SO UDAEIITo AL T o7
LERGIZHEL, #hO548ARL -V E L THEL
BHERLTBHIEIVEVWIZEIZRA., LAEL, 20
E) BRI T RTEHT A2 413, BHEMIEA
WEETHH. FI2T, BONZBRA»SBE B8R
FITNOUIEDE e ARV -V E G T LI LR
ERkahb, THLEBAEED, BEZBERL- L%
fOBRL — L EDBEEEFLEE LV, LYW AN
LEBEULBERV -V E LT BTS2 2T, M
REROERICBVWTE- RV - L EOH G0
BARLL, BHIRESBRERTEIHELL0
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®3 BIEMT LT XLt
Table3 The effectiveness of the application of genetic algorithms.
B BUEATR T X L% d BIZMT7 N T) XLkl | LB
MLzostomass | mLrsocomay | G
BHR (RBFRE) He is three N j
DETT. 3 xTY.
— [EBER (KB$E) | years old. iz 3 omey Wis 3 kT 31
MR (kBRE) Hﬁgmeg T ) #12Q0 D1¥i % :
— EBR (K234 | homework. L i T{ioTwi+
SR GRBRA) Mike, is this @0 it v4r, Ibhbid 20
— LB (KB$2E) | your brother? HLTOWTE N EHDOWTEH?
SRR (RB5RA) We are playing | @0 {3%#fsk% 1L T ~ .
— IEBER (k8544i) | baseball. VwET T 00 HEEL T LT, 33
BaRAE . a e
S EBR (RDsE) Hi, Ken. B A e ZAIZBIE, 4. 3
BRARE Yumi speaks i e @O id:TH LT
o EBA Gk | Englishvery ) BATE Sl i 7
®a BIEMTALT) ZLOEYLZ L DM
Table4 The mistakes by applying of genetic algorithms.
o REMT7 L TY XLk 8 RIEWT L T) XL % H L
Gal
LAV GOBIER | ML 25 OB s
IERHER (KB 84) Mike is an @07 AN HD
72N HhOHTT.
— SBR (KB#4) | American boy. LT T. @0 AOETTY 6
IEBBAR (KB 5AEE) Jane’s sister Voxo ol Ak V-2 OWiTiidh § 10
— SIBR (K'B52¥E) | speaks English. ahl ¥4, HYARNAEEZELE.
EBR (KB 82E) You have a SHrldQ0 s Ea-—-¥ | Sititara—% A
— HRBR (KB#ME) | nice computer. i, T ET. i TuwEHA.L
®B5 BT LT)ZLOEHICL R8N
Table5 The high quality translations by applying genetic algorithms.
P BEZBT AV T) XL %8 | BIEHTLT) XL 58 X
HLLOETOBREER | HLABGOBIESR (é'lg)
IEBR (KBH) Do you like Hlprir@o H BHRIATAF—yh 11
- EBR (KBHE) sports? W xTEHe? G ETETH?
(ERIR R 5RiE) I have two. g 24T, Hit2o4foTwit. 32
EBR (RB54) Yumi, this X, Ziui@o T, | X, Zb551@0 TF. | 20
is Lucy.
EEZLND, WTh, LHRAELBRL -V EFERL TV, £3

RIS, BERHICED L) R BRE2EFL — Lo
HAREL D, BXLBREMMSE-DO0IIHNT
ABRD, REHTLT) XL0BAICL h LB
HeBFRNV—VRUTO3IDIGETAILNTE S,

OQANXERE BT L28RB, 2FHEL
OBFRL— 1
QUERTIIBONLE» - BELXOBHRL— L
QUERTIIERICYI VT - LA HEETH -7
HEOBFRL—

CDEIBREHTANT) XLOBEIZLE VIEYH
ENBLORBLRBRV-VEEHT A ET, &
D BB BREROERDTEEE 2o 7. B LER
OB EBRE R 7295 XLNDES = BFRIc B

11}

BT 5 95 XOBEFRERY, ThSH 3 OD5EHWL
FTHIZEL L TVDEDNIIDO0T, FONRLE2HF
NoOBKBI xR 6 (2T,

ERDFiETIE, FBHIZBNTHEZ 5B
DAY HFENERE AV CHEERD L ARG it
L, IRV - LB 42 RABE, BT 720HK
R XD ENEFNDERBSHPEBEEL TV 57280
WIS TES, REZBRL - Lo AT
2otz Lal, BIERT LV TY X205 KE(E
EATAHZLET, GRONZBREILEUL £
DOHBRGIV BBV SR, XL 20 HAKGES
XD 7% R85 2 BRI TEAH T & 47 BHER B o L BB 4
BAELELZ. 2070%OBRERBRL— VO
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R IC L ABEBRFEIC BT ARIEHT VT XLOEH

8’6 LT LT XLOMN & DA Bl
Table6 The effective translations by applying of genetic algorithms.

KixoBRL—L

BRIZM 7 LT XL % di

BTV T X 4% i

2 X Lo 728 o B FE L7 ToBREE

B B IIE 3 KT BRAL A IRIX 3T
He is three years (@0 is @1 years old. . (He is three yaers old. ;
old. @o/ix/@1/%/TY) P/ i2/3/6&/TY )

(He ; %) & (three;3/f/®) %#{LA

KL OBI L — L (He is three years old. ; #/it/3/i&/T¥.) Otk

@ BEAfr OB

[1-1] (He is two years old. ; §/13/2/i&/T¥.)

[1-2] (My sister is three years old. ; o /k/i2/3/%/ T3

@ (s 13) &t & L85 & bk S 7 SR
[1-3] (He is three years old. ; #/13/3/%/T3.)

LoOBHL—L

BTV ) X4 %

M7 LT X 0% &

78 X L2 o 22 o B FE L2y O BIGA R
Xl B QO (ABFERE LTV ETTT. | BKANR I @0 FRELTVE
We are playing (@0 are @1.; @0/it/@1/T¥.) 7.
baseball. 7 A (@0 are playing baseball. |
(playing @0 ; @0/ % /L T\ /%79) Q@O/1&/BFEK/ /LT /&Y.
[ <.

{baseball ; Tf EK)

LOBIIUL — & (@0 are playing baseball. ; @0/i3/BfEk/% /L T/ 3¥.) OfiHiAR

@ EAFDOBRH
(1-1] (Makoto and Akira are playing baseball. ; !t/ E /W3 R/ R/ LT/ ETL)

1573

[1-2] (You are helping. ; %72 /13 /Wiy T /2 L 2 A75)
@ (are; i) &EANEET DL LY KSR B
[1-3] (You are playing baseball. ; & 4:7: /i3 /¥ 5K/ & / LT/ $9.)

@ mitsh - LoOBRL—L

[1-1} &£ [1-3] £ h (@0 are playing baseball. ;| Q@O/I3/PER/ /L T/ ET)

WikOBIOL— L

BT LT XL % d))

ML 7L L) X0 %EN

15 X Lt o 23 O B OB FE Lo Bk
X BLRAR D Shid oML M Ty B R ChiXEORTIN?
Whose cat is LHTEH?

this? (Whose @0 is this? ;
Zh/ig/ ko /@0/ T HT)
(cat ; $i/ % /M- T /%) 2{LA

(Whose @0 is this? ;
Zh/id/HD/QO/TTH?
(cat ; #i) LA

HAEDOBIUL — L (cat ; 3 OHhil#F

@ WA OBRE

[1-1] (My brother is two years old. ; o> /i:/1d/2/i%/T¥.)
[1-2] (My cat is three years old. ; K&/ fi/18/3/8%/TY.)
@ (is; 1) &L+ B 53U h R S o BR

[1-3) (My cat is two years old. | Ho/sijix/2/%/TY)

@ [1-1] & [1-3] & b b SR HGEOBRLY — 1L (cat | i)

WA REL %o /.

Kio, BEEHTNVIT) AL EFERTAILIZLDY,
BRL—AHPEDEHICERLPIIDVTHENS.
&7, BREMHTNVT) XLOERIZED, EHEE
Rh o BR e BIRAE BITLBRERIHT 200
KETRE LZBFRL - VEEEROBINIRLY
DO%FFET. B13 1213, FOEABIZRT. K131
ROV BR L — ViE, BIZHT LT X4
PEBATAIILICENBONS, ANXOBEE LD
FHRICEBLTVWABRN-—VTHE. K7L, &
EHT7TLT) XL EEEL ko 2mEIlH, BR
V= VEAE 2 EICHEML TV 5. ZOHRT, #Eols

BRIV, BEMTLVT) XL ER Lo
BATIIY 35%, @MALLBATIHN Q2% TH- T2
ZEms, Bol-BERL-LVoORIIMMLI I EIZR
3. L7=doT, HRHRBREIS WML 20, K13
O BEBIATRET 12, HERCBCTRELE
AL BRIV - LVORIEMLAZzHE W) &,
ADLOWES X IERICKRBEL TV LERLV— LA
HWHETA LI ol EZLNL.

x50z, @142, BEHT7TAT) XL EERL
IS B AR T AMEAN - NVEOKILE
TF. K14 X h, 1,000 XEHEIC L THZ RSO
HoTWAILAHEATESL., JHud, K#¥D 1,010
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®’7 REWTANT)XLOEAIZEL T UBRE 2% - 72
BRMERIIMT 2 B RHOBR L — L HONR

Table7 Details of the number of the translation rules

in the initial groups for the translation results

which genetic algorithms changed into the effec-

tive translation results.

LI 2R AR

®8 BAL-LONN

Aug. 1996

Table8 Details of the translation rules.
Bty 7N T X0 % | RUEMHT R T) XL % ok
WL 5ot @2 n
KL 4,915 33,806 6.9 {%
EH1 o 1,191 12,091 10.2 {
282> 245 2,902 11.8 {%
283D 19 341 17.9 %
£¥ao 1 12 12.0 1%
it 6,371 49,152 7.7 1%

RIZGTANTII XL, | RIEMT AT X L%
ML ero 84 P AAS T
EBLL 1 8
%281 o 353 588
22> 461 1,144
£330 66 28
frat 881 1,768
w1 ANX

(My name is Kazuo. ; (/& Mnx/Rx/t+. )
BIEKTALT) XLeBBLL, - 18RS

(My @0 is @1.; #in/@ond/@1, )

(@0 is @1.; @0/iz/@l/Tt. )

(@0 is @1.; @oni/@l, )
RIEOTALTY XL MALAEE
X (My name is @0. ; R/ &MNL/@0/TF. )

(My name is @0. ; A/ &M/13/@0/TF, )

(@0 name is @1. ; @U/&MAL/@1/1Z A\ i T, )

(@0 name is @1. ; @/ L MA/@UTT, )

(My @0 is @1.; \n/@0n3/@u/Tt, )

(My @0 is @1.; @oii/@/Tt. )

M2 :AhX
(We are playing baseball.
CEGENI/FFR/ EIL TS, )
BIZBTALT) XL B8R ah--RE
(@0 are @1.; @/d/@1/TY. )
(@0 are @1.; @0/3/@1, )
(@0 are @1.; @013/@1/2 T, )
BEMTFTALD) XL EBAL RS
% (@0 are playing baseball.
V@0UIBRR/E/IL Tt )
(@0 are playing @1.; @0A2/@1/%/L T\ i1, )
(@0 are @1.; @0/iz/@/ T+, )
(@0 @1 baseball. | @0NI/FFR/% /@1, )
(@0 playing baseball. : @0/ /FER/%/L T i+, )
(@0 playing @1. ; @0/13/@1/%/L T\ i+, )

K IBENTALI) XLOBBI-L K- Bon-BEL -1
13 KK

Fig.13 Examples for the initial groups.

AN
50.000

10, 000 e
30, 000 p
20, 000 e

10,000} -~

800 1,000 1.200 1,400 1,600 1,800
144
14 ¥FEIIHTIHRV-LEOLME
Change of the number of the translation rules for
the learning quantity.

Fig. 14

XHFEET— 5L LTHEALhE 1 FEESREY
AN - TV FERENTVELETH Y,
FD%D 800 XHBHRFMT— 7 & L THW /-2 ]
EERABRENAF 22 —F54 X2 28BN
TWAXETH-:Z b, BHD 1,000 312 FHH
EAEBL, BMFL UKL e EZ SR

. T7:, R8I, FHLABRLV- L EEROK
BUCRL7ZZODERY. R8IRT &2, BiEw7
NI XL e @RATAZEICED, BRL-LHOE
RBRTIEL -7, T, BRIEEWHT7TLTY) LD
WHIZEY, SLOBRBIVER SN 720TH 2.
RO TCBIRRLV — Y, BIEMT VT XL kL
Dol ETIIN 42%, #H LS E TR 6% T
bol. TOMRLY, BIEHTLT) XLk EHT
HBIET, ELOWEBRLV-LVEIEINL 72 - 2
TE&/.

I, AFEIEERECESO BRI FiET
HHIW, L—HRRRIEIEET S LN hET
bh. LIoT, BFEIILDBLRAT LB —HR
ITRTEFICEHAIEE LTV S LT, ML 2 BiER
BIDFEZHFITDI, L — L HOMBFEXR sparseness D
MELMRTEILEEZONS. HXOBF I BT
3, BRI, BXOBRL -V EEAGHED
LD, Z2OBRITERIIZA LD EEZ SRS,
Lo L, X3 2EBRIIA0T-Thiw, L7
HoT, TNLDHEIIODWTIZSHIITES 80, BoD

BUBETHAIFETHA.

(3) FBICONT

12 &b, BIEB7LTY) XL %EH L h -7
BEIlH, ERMICHED L BERENEML Th2 Z
LERMETEL. THLBREHT LT X L0 EHA
HOIBWEDLEEF o XEBIEDLROTIELL, £
BEXE L THEITHLIEERELTHL, 7,
BN BREO L T8 E L, BANCERHL LD
KRBFETHELL, GRAOATOESIZIEHR &
EHT LN TELVWIOTE 2 LN 85O BB
DYIMIZIIFIC L TWA, Ld>T, ¥EE*K
BLTWS w25, K120 300 XOMEIZBWT
2, FNFTHEZLR TR V—EBE O HBEO M
A, 700 XOMLBIZBWTIX, BRE LTETTICE
ZHNTVEY, ZAHERIZL W BEIEL-F
THZONIHBEOHBOMMAER & %4 h) gy
BFLZ. L2L, 2o RERITVTFRLEE LR
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BICEBHDTH A0, ¥FE2TFIITHIZETH
REZP LREGHLIENTEEE LS.

KIS, FRETHBREOMUINIOVTENR S,
K12 0ED 2 BREOHBIL, RHFANCEEFLSI
DFRBHFEOHBANEEBLRELZITEY, FENY
+3 bR TWVA EIRWRY, FEEIIHT 5 HERE
DBUEFFIIRLIZbDE R > TV, 22T
+ P ITbN, RBBEVEE IS LVEER
SN 5 be HIFANDLENAE W RICERELRALEL 2.
15 S FDFEERERT. 15 X h, be #h&EI
BOWTIIVEOFERTHE N EHVERENEOND
L RBETE, F72, 100 LRI BV THIERRE
AsEragicEEL Tywivold, 100 XURETIE
be HABIUVUBEBEOERE L LOBELEONE
A, BRRBROHO% T EDHTWI/HIL, £Fhb
OBEARBHELLRD, BRFORLEOHBITIZE >
VW ETHS.

2512, AFEICBIRZEROESMEIIOVTHEN
b, REBRTHBLAEZBRIII BT, BEXELEZD
HAZEBRXPOBED 11 1 ISHIET 5 b NIt 314
HMThot:. FOIBLELLEHFIZBHIATHY
nit, BIEWTN T} XL E2BRL o256 TR
150 41, BIEZW7NT) AL 2 FRALIHEIIENT
13236 M THo7:. LIoH-T, FHEoOMLREG,
47.8%H 5 T5.2%I ML 7=, T hi, RFEIHE
HEVWETHHEY¥FFTETWAILERLTVAS.
37, M ShHEOHISMAIEEOHRBRIZELO
o ‘Y IRYT. £9LY, 1EEALIEED
R G S h7-BEOHIE, BIEMTLVT) XL%#
HLEDo 58 TH 73%, BEHT7TLVIT) XL %
BALZEAETIR, H8T%THo7. LchoT, &
FEH7ALTY) XLOMAIZEY, PhVHEBBETH

EAWBTETVAI LD HETEL., T2, i
TEL Do BEOHIZBVTYH, FRLAREHIR
LTWDh%R10 IRT. 10 & h, MiTE

#1a (%)
1ook

‘

o/ l A l . ‘

0 100 200 300 400 500 600
8

15 be #il OBICEOML
Fig.15 Change of the translation rate for ‘be’.

RSB L ABBERERCBIIARIENT LT XL OHEA 1575

o HBEQHICEBWT, 1EL LG 2EL2H
BLTWEWwL DI, BIZH7TLT) AL 2@ L%
Mol ETH5T%, RIEMT7T L T) XL z@#AL
TBETHTI%THh-7:. TO#REY, METELR
Mo HEOHIZBWTR, ZORERFFEARIZL
LLDThHArLEZLNS, T/, FNOLOEFEIIN
LTRAVBRDFBETHETA I LATRIIRLEE
bbb,

(4) BRWICH T ARIZHT LT Y TLOBFME
BRI L CORIEHT VT XL OXAREREL E
A5 CHFRBCHRERLAERT S Z LA THE
Yol B16 1270 BAFERT. ERTIE, B4

®|o il R HBEOHON B BOWNK
Table9 Details of the appearance frequency for the set
of the extracted words.

BEEMTAT) Xk | Rem7LrT) Lok
WL ho o0 W L2280y
1% 63 134
281 27 40
3L 20 32
415t 15 19
511 6 6
6 i HHEARR 19 5
it 150 236

210 JLTAZh - 2 HEOHON BB NR

Table10 Details of the appearance frequency for the set
of the words which could not be extracted.

A{c7 AT Xnk | RIEM7T LTI X L%
WHL D185 ALt
18 59 38
2% 34 22
3% 19 7
4% 13 3
5EH 11 3
6 1% L1 LARE: 28 5
it 164 78

(1) X
This is an album,
(2) MMk RE

{ (This is @0.; Zhnx/@uT+. ) ,

(@0 is an @1.; @i/@/T+. ) }

(3) BRI NERINLBRL—L

(This is an @1. . Zhny/@1/ T+, )
(4) AWM OIF

BIEOBFL—L (album; TlL\/(L.) *RA

(This is an @1.; Ch/Nd/@UTT. )
(5) BRMR
SHIIPIAIRLTT,

B 16 BHKMIZ B BR{AMT N ) X LA
Fig.16 The effectiveness of genetic algorithms in the
part of translation.
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P11 WASKABAL-VOHE

Table1l Precision of the translation rules selected.

SAHE (BBFLV - VE/ BN
BB L 97.4% (2,361/2,425)
£H1 o 97.4% (1,444/1,483)
TH2o 96.8% (638/659)
E¥M3 o 71.4% (20/28)
frat 97.1% (4,463/4,595)

DIXDBERN — NV OEHBIF~EEZEOBRL— V2 H
AL TW 0, BFEOBECERL—-LVELT
(album; 7 W/NL) OARDBFELTWHE, K16
WRTRECRBIREN A 2 2O XDOBFRL— L
oL, BRRERE LT QO IE7LNLTY.] A8
LbNAZITTHo7/. LL, RIE7LVLIT) XL
HMALEY, BOBRLV- LV EHERGEAL, B#
GEFRER (SN T7TANLTT. | ORI THEE
o,

(5) MKRIBICDONT
AFEEOERIZBITAT 4 —Fy 7EIZBWTE
KENBRV-—ILVDOBEIZOVWTORELIT- 7.
FT11ICAERERYRT. 20O, 2KTHE-7-8
FU—UBEIT% e EDHTW/Z hs, EikShs:
BRRLV— M LTI}, BUOWETEHIA T2
EHHERRTA .

B)Ea—URT 1y I ZADBA

La—NATF 4y 7 ADMAIZL Y, FHEMIIBIT
LRV -V OMBRIED, TREET L BRE
DAHIBRS N/ Z & T, BRI L7,
3.4.2 FELDOHK
FERMOBWBRFEIZ, EFL2 S5 A7LH8Y
PHAZME L, FOoRLBWTERITH FiE3Y
L, REOEFERMLTANLEBH 7T — ¥y <~
AHRDOLE DM EIT, BB 760 2 g+
HILIZEOBREFTS, THUY— Il BFEEDS
hHsb IhLOFEL, BREBIVUBROENM
toroll, BREEDFETF— 9% LEETHEN
IR AR TWD, KFETIR, ToOMESLR
ETB-OICRIEHTANT) XL % ER L. Bk
i, BRI L, RIXRBRERZITH I LiCL
D BERBILERL, FRIZE L 2VWEL OBR
NV EEYHT. /o, MG LBFRL- LIS,
WREITHI LT, BREBRV—-VOEMALT#FT
5. EHII, BRBRTERTIEIZL, RIEHT L
T)XLD—EORBFENELERL, S BRLBHR
HBROERLIT). SRIOERIZ, RIZEHTLTY X
LEBH L FBROBKBRFENE—RBEL LT

Aug. 1996

FOBADEWELY EET 570 4F 72 DThH 5.

70, EBERIIODVWTHRREOFEL B BE,
HEOSOFFEO T, [ERLRICHT MV GhY ]
EVIORBEDTEIIET A E5L 1,056 OB E R
Fi2 60~80%, #ETTT70.5%E 2 AERNTINT
Wa, LHL, COFENBEOBFRICEHL-LD
THHDIIML, AFEIEAOBRL MR LT
LI-OHMBELREBIITELZY, LA L, KFEIBR
BlOFEFRD SRV — VIR ER L. #41
SEBVWTEIRRZIT) 720, BRI, TXTHE
EMTOBRVTRETHD. Lz >T, HEOER
IZBVTYH, EHOBRICBITA2ERER L 121ZE L
HREEZRT LEZOND. S5, KFEENVEILED
ERWA LD THL -0, HRPFICEST S LA
TEETHY, HESOFFEICBIILEREE L A%
LERPBONDIDLEZONS, $71:, 200
FEINL, FOERMLHMAEGZTVDLIZE
EEoThY, BRICHETIERERIRIA TV
W, THICHL, AFEOERIIPFEIEELANLD
BHELZEXOBRTH L), BEDDHFLIIRL L1
bOTIE%RL, 72, BRKLZFMEERL TV, 20
R, EBRELLT61.9%%1BTVAE, £ T, K
FiEL, EROFEIIHS, BOFEBEHLHEL LA
5, 2=FHHr VI RTFIER BT Sk
WHETHL L V) HTHEIHALELTFETHL LV
R A,

343 M H &

BIEMT7T VT XL ERTHEICE D, i
BER» BN L BERE 2720 DI, KA THLEL
22X THo7:, FOREKIE, BRIZH7 L T) X
LOBRIZE VB8RV - LoOME»ITbiIL 7
HTHbH, ZORIZHTLT) XLOBHIZ L 28
LBV - VOMEDERIUTO 2 0108+ 52
ENTES,

ORIIIBWTELE FDOHKER LOs %
HAHRO TRHRARSNZBRBIVER SN D0
QHAERLIIBVWTRROEV, H#TXx T
12, RADBIZE - -BERFIVERIND 120

RA4IIBITD 22 LOBFRERY, HHN2o0
FTEOVFTHIZZY L TVEDORIIH0T, FORF
EENFROBKRFIA T 12 IRT. RI121257T L
DHEDE 7K IZ L 2BRFIDOERIL, E L%
TIZBWTHASH L LOMK E HARER LD KL
BOWTRHERINLEXOBEI MG L D725 DTh
b, EXDZATIIEEXLEBHELOHE L K LHD
XOMEEZDF AL TWEH, HREBERLTIE
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Table12 The mistakes translations by applying of genetic algorithms.
XOMEOR 1 RIEHT N T X 2% 8N RIZET7 VT X4 %@
A5 X LaholBtoBdsk LBt nBli Ak
o BFMR . V- oz Ak BIRER . Vo OHITIEH Y
Jane’s sister ¥ELET. FHAGHALRLSL

speaks Japanese.
(@0 speaks Japanese.;

A ige

1O/ i3/ LA/ & [/ 3T

(Jane’s @0 ; ¥ 1~ > /a0)
A L

(si.ster N lllb)

v,
(@0 speaks Japanese.;
@O/ RS &[S &
Lo
(Jane's @0 ; ¥ = — > D/@0)
7 4

(sister ; bli/ Tlid ) EHA)

B|oBRL — L (sister ; B/ TidhhH FHA) OMILAEK

OBt/ O BRI

[1-1] (She is not my sister. ; & /I13/EO/Mi/TiddHh LA
[1-2] (You are my classmate. ; & %72 /i3 /KD /B[ T )

@ (my; (1/EO) £LANEE LIRS E ) AR S h 7 BRH
[1-3] (She is not my classmate. ; Wi 1 R /A TH D
[1-4] (You are my sister. ; H %7 /I3/HO/Mi/Tidd s €A
Qi s N B - HBOBRL -V

[1-1) £ [1-3] & b (sister; B/ TidHH TLA)

2 AN LY Z T L ) X L%

BZGT VT X L% @

h 1T X Ldo B iotdunf L7 o BIAE
X BFREE Q0T A HDOLETT. R R S N YA R TF: e
Mike is an

(@0 is an @’1. ,@0/13/@1/ T
American boy. .,'ﬂ
(American @0 ; 7 A ') # D /G0)
N L

(@0 is an @1.; @O/Ii/gl/Tf.l
.7 d

(American 80 ; 7 £ ') 7 D /Q0)
a R4

(boy ; H)

(boy : )

Mo 7-8RL— L (boy . #) OftAR

O BAEDOBRA

{1-1] (Who is this boy? ; 2O/ V& /i3/#/TEH ?)

{1-2] (s this Judy’s brother? ; 2656 /i1/Y 27 ¢ DR TETH?)
@ (this; 13) #RZAMEE LA &R S 3R

(1-3] (Is this boy? ; 55 /13/#/TTH?)

[1-4] (Who is this Judy’s brother? ; = DYYH)IE) S T DS TE?)

@ M Eh-Bo-BRL— L
(1-2] & [1-3] £ b (boy ; #)

BEXLLEEXOREIRIMOXOHKR EIIRE D
HERELTND, FOER, EXOHKE£DOH
AFERTOMEAIHIE L TV R WER - - 8RB R
XNBIEIRD, TDED) BB BRI LM
SNLBRLV—MIT, Bo-MEEHEKTHI LR
5. Bol:BRLV—- ML, BEEXHIEZT—FNv 7
WITBVTHEEROMRE & HERL TV, A
RihICER S5 E, BFRYERTIERE R 5.
At ENGBREREROBERELZLINE) &
25 2R — VOB ER OO X FE I
ANBLENH L. £, BRBERXOKRBDENIZ
I AERSN-EREIL S SN ER - 728IRLV —
M, EHEFSITI T EICEDBESA TN
F7, Bo-BFRL-LELTOFHEELZIT TRV
BRCHET A LICE D RBROFER L 2o 7.

4. B b Y I

AZ LTI, BRIETZ L 2 BREBRF LRI
B7 LT XLk ERTHEOEHEL KEDT—
¥ & BWTIT o - HREFMEROBER L WX/ £
NiER, BIZHT LT XLO#MH, BIZHIT LT
WXL BEHLEZP-12BEERX, PEOT-5 D
SNEMHOBELEBFRL—LVOFBERIOMN L L3
FORVRALBFREROERETREIITH0OH
WTHHIEHHEIN. BHEBREIL52.8%»
5 61.9%izmL 7. 7, EHLBRICBVTH,
ZOH %YL ANRCEEAL LOREHETI S
¢, BZTOHLRESICESRIGONLVEHOEED
MOTORBIZLBELDTHh-72Z bno, FEE
FIATHIT LT, BEREEMESEDL AR S
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5. FLTC, KFFEIIBIAHHBE T 2MBEL
47.8% 125 T5.2% ML 722 L 26, FHHIEIT
ZEBEDIMEL TS LA HATE:.

I/, AFEIEIC VAT AIBREOBRNER >
AT LIHRD ED D BIRENELE->TVE, Lo,
AFER, RISBERE30oDELY, #ROFiEL B
ZABLDTHDHLEZONS, 112, KFiiL, F
N XEEZABT LI EHPEBETHD L0 BITR
DEWWBRFEOMBE A MRT 2 BROBKREBR
VATLERERLTVS, 212, Rz ATy X
LOBRIZEY, FERMOBRBRFEOR KL ED
FETF—VELBETHLO)MEALREL, £
RRBLUBRORAMESELIENTEL, 53
W2, AFEE, oL LORAIZ S5 2 2LENR L,
F7:, RIEM7 V) XL 2 8BETAIEIZED, A
NENZ-GROHDS L AT AHEVHBYETL, +
NOZFATLRENSMET 2. 2OKR, ERO¥
BROBRBRFEICHNEZENIEL, 22—
VIS RTEFICRKICHEILT B LA TEEE 5 5.
DI BT TO—FIRROFELIZELLLDT
b5, LIAoT, AFRIWEL LVOEOBVER
L BBBAR S A7 20EBRICMIT AR 2 FiEIC L b
tEZLNB.

Ski%, BBREBCDIIRKOBER LR
FEORFZEDRIZH TV T) XLOBEHL LT
DYREITH. 2L T, LW ELOERLANLVOYE
DYRZTREIZT 2, ERMNLZEZROBMEIT > 2
TLADERIZANT THRELEDLFETH A,
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