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Transfer-Driven Machine Translation
Utilizing Empirical Knowledge

Osamu Furusg,™* Encuiro Sumitat * and HitosHr Iipat

This paper introduces a technique for Transfer-Driven Machine Translation (TDMT)
using empirical knowledge stored from actual translations. Translation is performed by a
transfer module which applies empirical knowledge to an input sentence. When necessary,
other modules, such as lexical processing, analysis, generation, and contextual-processing,
help the transfer module to improve translation quality. This cooperative transfer-center-
ed mechanism can utilize empirical knowledge in the example-based framework to solve a
wide range of translation problems such as selection of target expression, structural dis-
ambiguation, and normalization of input sentences. For this reason, the whole transla-
tion process in TDMT gains the following advantages of the example-based framework ;
1) ability to handleé non-standard expressions and grammar, 2) high-speed processing using
calculations of the semantic distance between linguistic expressions, 3) ease of describing
and updating knowledge. By utilizing empirical knowledge with the cooperative trans-
fer-centered mechanism, TDMT can be useful for spoken language translation, in which
robustness and efficiency are especially crucial. A Japanese-English translation system for
spoken dialogues concerning international conference registrations has been implemented.
We have evaluated TDMT using empirical knowledge guided by translation training and
corpus investigation. Experiments with the system have shown TDMT to be a promising
technique for high-quality and efficient spoken language translation.
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Fig. 2 Transfer of (Kyoto hotel no (ichi-man yen
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Fig. 3 Transfer of ((Kyoto hotel no ichi-man yen)
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{could you reserve ( { ( (ten thousand) yen ) (room) ] at [Kyoto hotel ] ) )
: EIRIEM ORAT 0.00

{could you reserve ([ ( (ten thousand) yen ) of (Kyoto hotel )] (room] ) )
 BIREREORH 028

BABEORE

i

(could you reserve ([ { (ten thousand) yen ) (room) ] at [Kyoto hotel'] ))

4 EHLEOH

Fig. 4 Example of the transfer process.

X Z2BENLET =>

X’ please ((A¥K),--),

may I speak to X' ((%&4), ),
could you reserve X’ (GRE), ),

wRic, COEBUAEHROWER X 2RE/LTIEE
THEBF T D 1 FHOHE | KEBA#SEER < 5.
COERICILFATENOERMH X O Y=>]
ZHATESH, 3.2.3 HTRA LS 2@Y Dk
ERBEER I BEL 3,

(X0 Y] omER X, Yicdl, UFokHisH
EHNOEBRNHBAER T LICED, ALK
DEBIBOREER TR I N ZOOREE#E
/5.

F#B& 7 v =>Kyoto hotel.
X H=>X' yen.

1 7= >ten thousand.
B = >room.

TOOREEHELRRERSEICk-T2zhTh
HIEEHMEIERT 5. 2 LT, BREROBTIAE
INENDEEEBRLDOENEE#RE LU TEIRT 3.
Z OREED O ERMEIC X D FEL W) B’ N B,

4"y “Could you reserve a ten thousand yen

room at Kyoto hotel?”
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1. R EBORBOHRA

BEEY 2 —WE3MOED 2 — W S LIEAS 3
ETHRAIEAEEY, BYRERERLSRNICE
£95&75. ABETREREY 2 -V EHRET 2HRE
R, B, ROE, EROZTY 2 —nicon
TBR3,

4.1 FerHEmE

ERERNEEY 2 —VIIFREERELBRL T,
ERSE, BIURREBEREEOBRRMETS. &
EERIERERHETHEAT Y Y -5 22 —F%
B, k7, IBHICH»E]), TELACTE] 1 E
BRENCE &% - HEBORERES —DDELIRL S
TERETRMEA BT

4.2 @ I

BEOEM I Eie U TRERLBOBR LD
TRERTERVLENDZ. 20X 5EE, AN
XS AT BNRELL S, ey 2 —VidA
FTH U TR OBMA 2TV, 2 OBHREE R
EV 2 —MEHT S, BTV 2 —VRESKTSE
T AR AR ERABOBRETS. bbb, Fil
CEFRHEL CTHFBRAED R 3.

MRS, Bt ER, EROEEEELS
BEL, ROLHICHARAEE > THRBT 5.

HEZEEH=>EBEEE uniﬁl (Ew, Ez, +++),

%EEE%EEMEmEm-L

EHROENIEEEEELENSERRECERT SO
L, BT EEREEERBRCERT S, BT
HEMCIRBIE, 1) HRINEEEEL RT3 a5,
2) BELREE, BRME, XRERLEOY & EiE
HREESEEFCTERILT 25, 3) BAEMNES,
wh B, B EKREOEERKLBEELIE A
HMIREMNH LN INSOMEBIINT R D, TR
AHBATED X IANXEEET 5.

TSR R OFERLic b DB A
2, BAZEOZELERICBOTHREIIERICEBK SN
5. TREKRTE ] 203, ROBIFMERIC XD
[RLZEEAR TS ] 0S8 N3] SHsEIh o X
ERbENh 3.

* TR, AJIXICH ULREOBEAT S Alfekks
$B. ZCT, Tabr4FYRF ATRERYOH
Bbh 52548, REERELA—DBEERSEER
BHERALED }CFﬂ%b BITABOREERTL L
2y FUTHBTUHEBEMBEERNLICLTHS.
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& BEFRLH=>R45 3 BEELR
BT OBARBE MRSk TY] kL, Fim
FIXBYTI=> OBRAXFARITIEY, “I am
Suzuki” EWVWHEXAEBACENTERLDICES.

4.3 IR M=

ZOXIG T, BRERE—BRICRETEIL,

HBNL, BT DOBHIREL TS &M

5. TDLIRHE, XRQEEY 2 —nic kD,

BERRIC BB XRER AT T 2 RE RS 5. £z

Fa—WEXRNEEY o ~VEBEIEE A H =X

LELT, PIFoo EsEZZONS,

(a) ZEEBicBO2BNEFEORLATREEX
IREBTHERL, XIRNEE Y 2 — D52 DIEHR
REWED 2 —NVITIEZ B,

(b) FHTEY 2 — VAR, XIRWEEY 2 -
IRERICESOTATIXEBEL, E#EY o —
M DEREEL B,

BE, 79 24727 LDNRUBEY 2~

T, MG (a) OBESERIN TS, WX,

T3] BRD X D ICHIXERER L DT S & L,

XIRMIEE & 2 — T & BRI BRBOBRICE ST

T3] 2RAOEWEERBEERT 3,
Bo=>yes (FI3AH Yes-No EERIX),

sure  (FIXABA),
hello (RIXB THLHLD,

4.4 % 157

EREY 2 - VTS ERELXEIULL BNE
BRELERT 3. BYRXEERT 50DICRENS
OB » THERAR, BEOBE(, BERE
B R EAfTH BENEB. 2070, EEpEos
VEBRBERICERERATRL, EREY 21T
ZOEFERET S, FIAE, EEICBY 3BOEE
B EAEOBAICHETHRys#HO. BEEFRO S o
FEA PV RFLATCR, EUVEEOEEXAH T
Blcdic, ERASORENRICRERAGEL T
W3

8. 7O b9 ATLRFALICK DHRER

TDMT OFE#MERERST B, Fa b4y
AT bk, BAEESR 1,500 EDHEET, Genera8.1
Y272y v FRERLK. BT, Ptz 7rv =R

A b EA T VAT LOFFER A =X AIBHT

&0, SETCRTHNERRIEFAOMBELBRAL.
BETH 5.

RENABEERT AR ERNBRAR 421

T A DRORBRIIAEE, T — 2 30 A - 1 BR
WMERIDEER, JEIEETF — 2 0% % - HBRER
EBOERICONTHRNS,

5.1 70 b 47 RFLOERIING
EE513, TEBR&RICETIMADY] ICET
LREET — 22Dy 17,000 XD HAEL &tER
EXOHEREECHIT AT - T, THEE-OMT a8
EREEL. 35T, Tho ORBINSAHRT 3
fedic, EEa—rex SIZBIOIEEF — & 825 XA (#
S TEEFERRIC LD, BRNYEEROBMAET -1, B
BRIZBOTT e b 24 7Y R T ADSEDRERIIMEE
OBELTR 2 1CRT.

5.2 BT —4&30alE - IR OESR

Bk — £ 825 X DHy 98% I1HEN4S B 808 XicD
WT, BRIBICI D ELOVERERENSES C EMBT
iz, WO OERO£ T, BRI 2-H0ER
IR L VT 2 REN S~ L ThHB.
K5, JEEF— 2 825 XOBFRUEROSA
AT, BRIEHANT CPU 4 10MIPS 0y x 7=
v XL 1200 TfT - fo. BFULEBRIZEX 9.4 B,
FHLOMTHD, E#PLORRA 7 =X 4 L&k
BEBESTHIC X - THRW B MENER I TN 3,
ANX OBEEH oML, BFEBER OB Inc %
FTLBRU DT, CoFEHRIES SRS

£ 2 7nbr47YRT AORBRNME
Table 2 Empirical knowledge of the prototype

system,

ik mEE Rkp
bakibak:
cRMY VIS 1783 HA L FT => Good-bye.
AT AV 490 X & Y=>Y X
* XV v 45 LELF HBLE.

=>> EFLF BB .

FRATRIE: 338 i@ EEEH

=>RE&H & BELH.

* [ERSHICET 3M0EbE ] KO TD10%EE 225
X &, BARBERHE - HI3 600 XDAE 85 X LY
B3, 1XUOFHEERR.2ETHSB. Iu b
TYRFALE>TEHMDF -2 Th 5.

** B0XEE 1,006 XK DEkD. 1 XMV EHERIZ 7.8 5
TH5b. QEBNELAL, BMEMHNAHLE, BN
Fy VN, QBADOBERN, FFNVEROHEDD
b Ew ZIDOTIEET — 2 XDOHEES 5 ADWERE
RL, $ETEREOALTEREUAEONES
fER 7. FERRL 723Xy 27 ADKS 1,500 B
HWHRICIE 2 &5, EAREBCSVWTETOBEAT-
. TR PRAPVRTF AL E - TRADTF — 2 Th
5.
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. Translation Correctness (%)
Time (Sec) 1001
107
» Tt 80-
8'- +*
+ + + i
+ + M * + + %
61 : + + t
. M + 401
DS 2 R T
44 e 13 g * T+
Pietdricgs, 20
13 i T s ¥t 4
+ * _t
t % ¥
2 g i % + 0 : - T .
. i i . 0 200 400 600 800
‘4 ; i3 M + Num. of Examples
00 s y v y ZNENOAPBICOVT, RAIOREANY, BRERROEE
10 15 20 24 10 Effis 7. NOBMREMRR 10 HOBIUEHEOFEE
Sentence Length (Word) TH5.

Bl 5 #E7 —4 825 X DLEERER

Fig. 5 Translation time of 825 trained sentences.

Num. of Possible Structures

257
207
............ Bk
FHy
157 el N
107 £
5
0 .
0 5 10 15 20

Sentence Length (Word)

g B S 0 Bk (2430 D
(BB THBICRIORIEFRIEFLERETES ) T A

6 XOHEKELFEEFHEORKEOKOBEFK
Fig. 6 Relation between sentence length and
structural ambiguity.

OBEEREOESIEI XN TN R & ThHB. EESEE
BEOBEEOESIMEI RN S &, HNS BEEOBKR
Hodmslzhs, K6ic, AIXNOMERLES
S OB OROBRERT. EREHBOBHELN
ERBHLTHD, 8.2.1 HTRN/I XD ICTEWEAL
WX OEBAEROMARDEFEHRLTNB T &h
5, AN OBEKOBINCK T 35S E#E OB
EOKIIWZ P EBEIMCE - T 3, 240K

7T AP EBREMREOBK
Fig. 7 Relation between number of examples and
translation correctness.

6% ICHY TS 51 T 5 BRI E QMR Db -
T3, ThsOX TR, HEIEEBCSY 38HRTD
B0 SEORERS &k VHEBEEOBKEORMK
&<, BMFLHEIC S 5 EREREREORE BRI
oTWH5a,

5.3 JEIIEES — & S EE - BREREOER

O — 2 5HT IR & DAL o RRBRR AR
BEOTSR P EA PV RTFLD, FIEL TORVEK
OF — 2 W UESHE D bR 5o, FEI
By — 4 1,056 XA THRERROERAT-
f. T SICIEIIBE T — 2 icxtd 2 BERIEMER, F4
BT D OHMBFI AR

JEYIRET — 2 IR LT 60~82% OBIFREMEEL
Bc. BFREVOERAAEEBINTZCLICLDiE
HEaEns, Frbi4 Y RFLE, BE X0
Y], [X % Y| icls3E8mEico0e, £hsh
774, 689 B O REFEED. £Ohh o EEAREIC
T O EEREEBOBEAOKA 100 FEEEEA THIN &
+, JEYET — 2 OHhOBEHT S REIK DV THR
FRELHEN, BRERTIORT. WThoERIC
DINT D, FBBOEINC U CERERRE b BHIC
BinL T3, #@EIThid, BERIIEC X YRR
EwAasindhid, BRERESNET 3. [X % Y
DWW, #5700 BT 100% O EIRRIEREHE
SNTVEY, [X O Y] D&kHICHROTEEHEHISL
BRERICOVWTI, BRNAES I X REL TS
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F 3 JEIHT — % 1,056 XLOBRIEMEK
Table 3 Translation correctness of 1,056 untrained sentences.

rEw 2 BHNRER X EEN  BREMK
LFBBMA LAS R, &R EORNAhE 172 137 79.7%
ZMBROEbE Bée, XHFBRTET IR, KE 185 114 61.69%
BN+ ¢ VR REHFEDRE, WD 195 118 60.59%
2B DOZEREA BB, EH, FREZOMHADE 157 128 81.5%
7 EA FFVEROBE, FROKE 347 248 71,5%

st 1,056 745 70.5%

"4 HFBRY QMBI

Table 4 Typical incorrect translations.

- BNEBRIDOEBRED
REERAFVICTFRT S
BEBONFRRRD AL

- FEEHEORRKY

— reserve with Kyoto international hotel
— sixty thousand yen transfers

BIRHIA B LAL EWL 5T — if I apply for the attendance fee now, how much ?

- B0 HOBRORRE CURLESILE)
EDLHNTE

~ how long is it? (MFXIRTI? “how much is it ?” OHFIGEEIF - 72)

0, EoICRAEBINT 5 HERD B,

6. & -3

AETIR, 5ETRL 7z 1,500 S D Yo b £
A7V RTFLAOERERAZSEAT, LVERE. &
#H, SEESEOE, KERRFELUEERRY X7
LEBETIDORBEICONTEET B,

6.1 BEMASXLCEIESELERRE

KBRS, BRBLORRA =X 4 EFAIIC
EDS AT LT, ARETYCRETSNIEE
RHELBBRBSTTHL b7z, UL, B
Flic ks MBTIRBRTEROBELELEEER
IKi3d 3. NETREFRI 2D DBHRI—XANTIR
BonEWZ EBH3, ZDXHRESRI, ROE
DSBS, iz, BRUWECAHRERELT
TED T ewicid, ERNBEEHEEIERTNITLS
5. TODMT OBROREZZLICHET 20
3, IR HERR S E OULEE & 25 ORI D B 788y #
B = REEERT DRENS 5. '

6.2 HWF & BEELWRLE

BECHEBICENTIE, BRI EESEH
FREEEFL TS, LHL, YR7FL08ELRH
ET 27 DI RBRNMBMOBINNKETSY, Zh
Rk - CRBRBE S S ORI AL, MR
RIZWB-TLES L0 IBEMH 5. BREREIC
DTRBETIIC & B HElL O MBIREINTE
DD, BRI KEBIC L - T & & TDMT o

BRI AEE T LTS B,

6.3 EENEEIC & 3 ERMMEOIE
RENHEAERTCEIc kb, (ERAZicE
TEHEENAEDE] LV BEOLTFICET BHELD
BRICHETE 2 RBEL B W, UL, fos
FLEFdR LT84, Ebh3EBRPLIROMER
BEDLDZOT, BRNEEEH3EFEEL ST
RELOTREMEDS B, Licds->"T, LANAIILHE
DOBICHIGT 2700, RBEHE I — 205 H
BERT 2 HMY BRBIE->TL B3 THAS.

. 85bH b

ARTIZ, BBAUAHRAERL THERLE AT S
TDMT ##EU 7. TDMT @GE#E Y 2 —Eih
IMCREY 2 — W HSHER DI DICHTL B AT -
TEHFREREZFEVLEF 2. TDMT oZHBBLOBR
AA=R 00T, BBRONEBARKBRICERT &0
T&, APICES L 0FE 2 BT ABAKICK
BXEBCEMNTE S, TDMT i, EH#bLOBR
AA=RXLDTF, BROMEBEERT &L,
BURMEDPH RS L EBERIN I EL EEFFICEN
Th5.

TDMT OFFHHAMT 27c0ic, HABHEX
EEEANBRT 2 S0 b A4SV RT A% 1,500 &
BETHERL, TERESRCET ZRWabE] 23
RLETIHREREIT- k. BREROKESE, TDMT
KE-» TREECHENBELEENRO R 725
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