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Acquisition of Automatic Pre-edition Rules
from Results of Pre-edition

MASAYA YAMAGUCHI,} NOBUO INUIL,* YOSHIYUKI KOTANI#
and HIROHIKO NISIMURA'

In machine translation systems, the incomplete knowledge — for example, a missing lexical
item or a grammar rule — is one of the elements that causes the system to fail. It is, however,
difficult to describe all the knowledge beforehand. So the system needs to acquire the missing
knowledge in a certain way, and it is important to do it from users, considering that it is users
who face analysis failures and errors. A traditional way in which users transfer knowledge
to the system is by modifying sentences in case of failures so that the system can analyze
them well — a process which is called “pre-editing”. In this paper, we propose a method
of acquiring rules that can automatically pre-edit from the results of user’s pre-editing in
the previous sessions. Acquired knowledge is defined as rules that make a correspondence
between the surface structures before and after a successful pre-editing. The rule can be a
grammatical rule or a lexical rule. Our acquiring algorithm acquires the rules gradually, and
consists of the following processes: (1) recognizing the elements contained in the result of the
syntactic analysis before and after a pre-edition, (2) extracting the pre-edited place, and (3)
merging with an existing rule. Our method allows the user to freely specify the conditions
that constrain the pre-edition.
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Fig.3 The learning algorithm for paraphrasing rules.
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Fig.4 Pair of feature structures of input pre-edition.
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Fig.5 Generation of correspondence rules of feature values
(Case of words and feature values consisted in words).
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Fig.6 Generation of a correspondence rule of a feature value
(Case of phrases modifying to pre-edited phrase).
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Fig.7 Generation of corresponding rule of feature value

(Case of phrase modified by pre-edited phrase).
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2) BT, £2C, RTokHic, KFE
DEHE FNEET HENE T Lo, EREIER
B WV R EBCHEORSMEICHEATERT 5. 20
L&, [ MEREXROXHOTHEIZ72DT, 2D
MRz RAOPICRET A0, [TEES] ZHE
E¥5.

4.4 FIRESSOHH

FREMZRONERE Z0FTEVRIBAIORE
BEHLTLE, BB EEST 572010584
DANPRELZ->TLE ). Zhid, SWEIHEA
ORYUMLRIT B 012, FREIC X AERES
FT% L, FERHSDSVBABBMICE T TS
Mo THE, FIC, FHEEELXMESEL-01, B
BIZAE TN AIERETIT LCHIBBEMZ 5. & &
TIE, BRRD%ZHT EERRTICET S 2
VAT 4y 7L LT, EEREIVRBREEDRHEL %
BDIE, ROFERBFSOXEH TH 5 LIRET .
(1) ERHTEECNEICERENRE T 5 CE
(2) ERES2EOCXHPERIERET HXHD

B

WA ERBFAOK T EEEE (F IPALY)
FRUHELT, BELCHVWLNRTWSIER - 5
BH R EIRIE, EBETT 2 LEHOBRICESTR
BERTHDEDT, ZORECTHIERTHLEEZDS
na,

Lo 2 BEDIOIERLENIZ, BREHIHL 2
WhnE LT, BERRIC—LERL. ZOFER,
KDELBYTHAS.

BEEREOBES WKEESHOXEHIEEL TS
XHEiD G RARIC—ILT 5. 2, B
FMEOEMEICTEETEEAL, ZOREHEFIC
BRGEEBEV (e V,) PERELZEE, V 2 £l
WHOEMEAMICRAZEHIERL, V - 2ERT 5.
KEREDBE KEELOTEAEE L TV 530
DEMEEBRRBII—HILT 5. FhICiE, KEENE
OFEMMENCE T ERL, 20EWEER I EKEE
MWEV (e V,) WEELLEE, V 2EBIHOE
MAEFISHAZHIRL, V o+ 2HLIERTS.

e icohr@AT AL, WIKFEMEME V, OFIC
PREEMNE Vy PHHDOT, Vi 2EBCEOEN
EXHSHEA 2 T_CHBR L, W -« 2H72ICERT
b, ZhiCEY, BREOEILE BET] KE
THIEIIRAD,

4.5 EVEARBIOEH

451 & A5 &

ZITH, HRKERLZBVWERZ BB EETFOS
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WERZHBIEZAHTA. KELICwRIE, BEFEOSV
B BH OIS, MUBXEEORBEEHL R
DEVWHRZHAIE RO, 2005w HEloFES

ISR E &0 5. EHOFIHE, kotBhT
b5,
Stepl EEFOSV#MBRAIOFH» L, [ UHEIHE

EORBEEM LR SVHRIAMNER DT 2. [
UHXEE e o - RBEE L RO 5101, FHME
JSEFZ T ANV A —F EEXIRET, v F o7
DENHRBHEEZFEIELI W, LA -T, FILE
I EE R o - RBHEL X, REBWEE f., fo 0E

=
Uf \.Ia,,/o; i kvﬂ)%ﬂ- %uwf\_'?‘:i%)%%k‘ < 51;9 5% t/t%

TE5.

Vi{vai, voi) € Dy (fa, f5)

72720, vai € Vo, e € V,U{e}, dLLIF

vai € Vo U{e}, v €V,

BB, Vai, Vi DEBOFIZ, ¢ BA-2TWDHDIL,
[HEARTE ] M, EEMICHAVD Z EFTEERZ X
HPEEIEN2DEERTEH20THA. 2213, X
a, a PHERINALEVHmZIBANE, kDL a0, a®’
POERINIEVHEIBANEEHTLILEHLT
VW3 (X a0, a0’ i, [#KE ] EHEIHFE L%
WS, Xa, ailiE, [#EF] ZhE [#Ro%E
Tl PHETS).

X a0 ZRPEEIZDONS.

X a0 FEFZEHREED D,

2 DORBEEDZE Di(fao, fr) PEHEIE, KDL

BOTHE. 7275, Ay, Ay i fo, fo KEETND
EREDEE, v 3EUL i OENETH .

Df(faafb): U Dv('Uaz','Ubi)

i€AaUAy
Dy (vai, vei) =
(¢ Vai = Ubi
(Vai, Vbi) Vai F Vbi, Vai, Vbi € VpU
Vi
7L, ELoh—FnE
{ WA L RV A, 7
ELZVII)OEMES
ET5
Dy (Vai,vbi) Vai, e DYE B ICEEREE
\ Nk X

A U XS ORBEER L &2 57201213, 2200
REBHEEEOLEDL, FREFNENSFE B IEE®
FH, 0, RBEEDOESERLABLTHL TR
hiZ%o%wv. 2% ), ARSI REHER
fir = fir &, RBWEEH fer — fer PR LB
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g s % 72010k
R/ N
Ds(fir, feL)
= Dy(fir, fER)
3 Vi{vas, Ubi)
72721, vas € Vi, ve € VU {e}, LI,
Vai € Vo U{e}, i €V,
ZOFEHEHIZTESVRIBASREO P o281,
RD Step2 ~EH, ROPS b o7 e, FET IV
TYALEHRTT 5,

Step2 Ds(fo, fo) DEFEE LT, (Vai,vss) D
TS 2EE, BEESORE vai = fu THBRL, ¥
T2l vy = for BERT S, 720, v = ODBE
1, fo B v WL T2HENMEE v (CEEHRZ,
ves > € ZIBMT A, LlEnZ k%DﬂﬁJﬂ@T
NTHOEFE| ﬁL’Cﬁ")

Step3 Step2 TEW LT o HAIL, Stepl 2R
D, BY, EHEROSVHRZBHEBEEOS VR
BHAUDEHLAAS.

452 & # @

Bl LT, K4 OFVBRIBAITTIHEESRT
WBERIET, ROL)LZHRENTORIE TS,

e RERPEEICEKLIONS,
X FETKRIERKL RS,

ZDLE, FLERESNLZEVRI B OEEHE
EM % fer = fer, Xa, Xa PoEHShIZEN
BRBRORBHEENE for = far L L2 L X,

D¢ (fer, far) = { ( RER, KER),
(L <], [BET]),
(W3, 05 )}
&Y, ROFHAEMCHEMPH 2\ B8mMEh s, 7
2L, Bk, EOBFRIIERENICERTTH L, R
RTSD720IT, BFHLEEECRRAL TGRLTY
5. F7, BRENIELAOXEHOZMEELRT.
Vi M3, Vo — KB, V7 — [ L<]
4.6 FEWBHOEH

, ROBFRHHDY L7270 idi

4.6.1 A A &
FERRFOEH, 230, [HIKE] Tl F
ik, THRE) ENMEEZ AT 254603, BHEHE

HEEEALEEME SR T DTRESD 0T, &
BELZ-FMAE L) LT85 % 2450 TS b Lk
V. FIT, ROFMETE SR BAHETS.
Stepl F7llAER L Z-ZRELIEHR V > frew
LA OEMAITERE V o for,,V o fun &
L7 &, frew & for,en.s fon FRENOEH LR
Bb.
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Step2 b L, frew & fe: WEPEIRET, AL
MR flEBo2l &, Vo foo &V = frew ZH
BL, Vo fl, 2ENT 5.
Step3 Step2 TAEPFZIT o725 613, Stepl KR,
B, B L A FEWAE TSR & B O R
HlEoabzRAS.
462 & #H f
AHEOBIE LT, Xb, X ORHEEERO»DD
12, RO LD REREEREIPAN SR E2E2 .
Xd KERPAEICEFRORHEHE TR S LS
ZFHoNnb.
LA RERBAEEFRORMER TR S LS
D5,
COWRERRPOER SN LEBHEEM fu -
fir EXa, Xa PHERSNDEBHEER fu —
far £ DE Di(far, far) W&, RO LI CRY (7272
L, A%, [RslLl), XS, THE]EZ £
MRS TE XM SN TV DY, R T80l
DICERLTHA),

Df(dea faL) = {(UdLl, UaL1)}

<

p: sy X X1 / 1
E 7 B VO v J

TR &k

var1 > | T BE |
vaL1 & Vary WHEKGFERMELZOT, S516H%E
179728, Di(farr, far1) 2K®OD (72720, vap1 —
fari, Vari = faz1 £T5). FOFERIL, ROEB
NThHd (ZITH, AT 040, EMEMITE
FRERLTH5).
D¢ (fara, far1)
— [(PELL ), (DB KE))
ZOWER, BE, BXU, HlCERINDEMEE
MIHANE, KOLBHTHA.

VdL1 — [

d Vi
7 pre 5
Ve | VS
I8 [ pred Vi ] |
V5a - @gﬁg
Vap = [ L (]
Vep = €
Ve — *
5. FEXR, LU, FHME
51 % 8 4l

ZITIE, BELEFEZE TNV AL 2 F o138
Bl& 2 oMY, B, FHAVATFLNDAT R b

AR R L FE L -aiiRE BB {LRB OES 25

TEATRE SR, ANFTER L.

SBOI1 SCEMRABROEER L LT, THE (B
BE[Ohb]1285%) PORBEXOREELTT
WV, BIEENROBREY VAT LANDADE L. B
BRARB L7250 XTH H, BFIOMEIERD L9
AT o7e. FF, BHEMILEER Y01 A5 (B
¥6161930) »5, ByEE [ S5h5b ] 2&T3L (2103
) EHHL, F0hhs, FERED S RBEANOB
WEITTEER L (654 ) TREAL, 5T, ZOH
B ST 50 ST L7, BIRED—BIE LT, K

DHImEEZ DT 5.
Xe REHFFEZEILOFT VHEERICE
WHEZ 5N
X KMBEREEILOFT VEERIP
RS AT

BUG 2 EERNLHEBOZEZAELT, 45—
25 [ ~ORIRELIT, FRENROKRE
VAT LNDOASIE L. BBNCFIR L7230 50 T
Y, ABOHEMITRD X )T T, BEEH
B 91, 92, 93 ERMIDS (RSUHK 2415537 L) A
5, %@ [ 77 —] (BEEALEL) &L (1830
) RHEHL, Fomhs, [H5—] »5 ]
~OHRENS TR R (130 ) 2F/AIL, &6
FOHRPHEIEEIC 50 CHB L7z, BiREO—Blz
RICRT.

Wi BERREEEOEREONT %55

Wik R
X BEREEEOSREROBELYFLS
872,

£B61, FFH20FBERE LT, REHEM,
B, ERENTEINOEBRKERLIICEILEDS.
%P, EREHCENOERORRIR, Tt
BR1, 2, 3EITTERS N-EREFTRIO
HTh b, ERNOKFR, &6 L -E N EicRA
DEOFIGHE (F—0FEWENICEHE 2 LRI OFE
B ERAD Y T BT B0) KT, F
72, FEEIL, FEFE 2 THELNESVBRHEEIo—
e, FNFIEAS, B IIRT. 727ZL, IhHD
KD 9 b, ZFHEESCHEINE E N T A BIRFERNE

£1 AEHRIALECORIBAOAE
Table 1  Contents of generated paraphrasing rules.

FEHRANE | KEiel AR BLE

FHE 1 50 11 117/89/25
(1.84/1.79/3.24)

FHH 2 50 3 27/20/6
(2.81/1.05/4.83)
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pred Va1 pred Va1
T Va2 E4 ] Va2
ﬁﬁkﬁ Va 3 hd T&ﬁ{ﬁ Vag
[T Vas e Va4
voice 5h3 voice €

Vo o> MA% | £#15 | B0 3
V.2 — 1Bl | BE | A&

N Va31
Vas = [ TR Vasa ]
— €
V,31 — RZEE
Va32 — X
Va4 —> €
N " pred Vaa1 -l
| TEHE EHEM |
Voa1 = T7LECRNT B
pred Vil pred Vb1
=H Vi T Vi
HWIREE Vg — WK Vi3
¥ Vs K17 Vi
voice 5h3 voice €

Vyo — HiBEEE | RFEAR—

Vg — [ HRABH Vs, ]

—> £
Veg1 — % (B B2, AEICHR)
V1,4 —> €

pred Vo1
TENS RGN

Va1 — BRB | D133

8 #EHf1
Fig.8 Examples of acquired rules (1).

1ML, HEOFEWEEIX, T2y 27 TKEL 7.

5.2 ¥F L -HAO@EAF

T, FHLBUNORYUERETS-0,
FEHL-HA% closed — % & open ¥ — %, X612,
BBI7— 5 (BCRBRILER L Tidvid 2w,
ez, [Hh7-] o%KE, (8] 2E%T2 (4
=] TRV BRIZER L Tidwi 2w) o3t
LEBT5.

closed 7' — % 1%, B IME - - ABIORRETDOE
BHETH S, open ¥ — 71X, Biffi L ABOHET,
EFNEN 50 LI OEESICHE L. 727221, open
T =% & closed 7 — F ICEET 7 — 7 3%\, &
T4k, FEAL, FEH 2 o LABEE 5
ha] 2ELX (2103 30), &#A[F5—] (HE%
FAbEL) 2ELI (1830 L) DHISHHEELT
BT 2wk Fh2h 50 30T oS ICHH L.

BRABRER2 (—BL% Lo1T) ISRT. “close”,
“open” DIHHDOHNFI, 45, SV HAIHIER
ENBT— B/ EME BT — S B/BOPELL —&
CHRET A7 58, 2KT. “BFroEEIR, B

Jan. 1998

pred  HT— pred  H&
B Vi - | BT v,
i3 Ve2 &7 Ve2
Voo = [ IS Ve ]
Vcll - *1‘*73
- [ /7 Veiz ]
®E | A% | HH

Veiz —
-

ch—)l

pred Veaa
THEME  THE
T5HeEs | 15
[ p'r’ed Vc??

L ewits o1 |

BT | 0 | TBHT
B AT

pred [ B e ]

WV,

e \Z7)

Ve2ar —

Veaz -

[ HHE He ]
pred i
R e

BAE Vg
s Va2

V. 1 — [ N d ]

“ IH Vaig

lel - gﬁ
Vd12 — 15(&)5

Vag — €

X9 HH2
Fig.9 Examples of acquired rules (2).

®2 FOMRIBAIOBHER

Table 2 Results of application of paraphrasing rules.

closed open | HH
FEH 1
-#fb= L | 50/50/50 0/0/0 50
—#ftdHh | 50/50/46 | 19/17/16 40
BB 2
—fxft% L | 50/50/50 6/6/6 50
—#kdH Y | 50/50/50 | 37/37/37 50

WA B ZEH L e h o7 — 5 HERT.

Blo&sticd y, &0F L2 EEdsRilo—ixitiz
fToTwivy, 72721, ZOREER L, closed 7 — %
WHEATERHAME IR DI2LL, RFRTIT-724
e —RICORUEERITET 22 L PRETH S, £
T, 2T, A LEREICRElo—ibE
Tolet SOBARBED RAKREERL 120, HHEER
1, 2 TERSNZHBIO—L2TV, LEEKED
EEBREITok. BAMIZIE, ISR 1o (3B 5
EXISERR 2 DRMERABIC—KILL A (HRI2,
FWE* 2R Eo). BHELERYE?
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5.3 &F i

5.3.1 FEREROMEH

$¥, FE SN HAOBEIIOWTRTAS. K8,
K9 I FD—EER LAY, SVHRIFEEN,
FBE 1 DHBEE ELTVEROEROMESET L
F86 20 [HI-] 2485, BREBAD—L

ELTEHIHE XoRETHRELED (5K

DBEDHPHLOBEHDH T —.]) TESHE
EVI) X ICERENS. Z0EII, ERERAE
Wi BRI (REHEM) oL, BIRENRICES
SN, RS OBBENOERD LI, EROM
AEPLNL, ERINSZRBHBELORIE k5.
ZFORE, BHROSCBRIAIIIOBRL TEEIRS
57280, FHENICHEMOGHELG LR %D, EB
12, £1Th, ERINLIEVBIBHI O %
WEZFH 2 DI3 )55, LR, 3ICESWTAER
SNRHENICHRNOSHBFL L VOB Gh 5.
BB, MIEEER 2 ICETWTER SN E R ENEE
HoOBHEEL VO, ERBFO (15— 23
HAEH T BB D h o7 (50 XH 7)) 72T
b5, _
5.3.2 FEHERORUM

RIZ, FEINHUNORZEHICOWTRTAS.
£2 (—#fbnl) 2RBE, closed ¥ — %13 LT
12, 22o0FFH L I, HRIOREH, AEH> %
{, ELLHBIZEHTETCWVS, L2 L, openF —
FNIF LTI, FEE 11 0%, FEF 2 TiE12% (&
FELL—BIIRETHTFT — ¥ ROEE) Thot-.
i, FEHECHEEE A LB, Foa0%
L TWHEWZ EPF—HTH B, TRIZDVTIE,
ZOBIBRD, FEF2DIEH D, BATELF—¥
DN L Iro72D1F, WX LS VRIOFER 1 &
DHEEM LSV OEEF 2 DITHIN, —EDOX
RCbh b0 Bbhs,. &EIZ, ABIIHT
LRAOBREZEY, RUFEBINLZ L3 hhos
—F, R befiocR2 (—#&kHH) 275 &,
open 7= Z T ABEHEI) FL L LRy, B
*ELL—BIIRETLHF -y BOH 13, B 1
W 32%, FEH 28 A% TH -7z, FFH 2 T,
open 7 — %, closed 7 —% & b2, HEIDEHH, 2
BRIEEL, £/, BH~OBRAOBEHIRILZ &
Badofz. LaL, FEH1TIE, HAoAFH/

T EREEET, Bo/@ALLLRVES
TR OERIIE G, Bo @A b7 Be

RIMREMER 2 FH L -aR S B B LR 0 %E 27

FRABH A closed 77— # 123t LT 50 3 4 3¢ /50 LA

03, open 77— #1Z3F LT 173X 1 3C/19 Xh 2 XL,

BHF— 7 2T A EBIOERAT50 X 10 XH o7z,

SRR L O [3E] Tt L TR 2 OFMDO—i

ILORELRKRRIZTLEVIZRDL LT, HAlD

BEH, BREHAPEL hholzZ bid, SRFEE L

HAUDZLUBEEZRTODTH 5.

SHOBELLTUL, kOLIRbDVH 5.

o AMld, &b LFWMETHEA O —R{bDEE
EROKRBRIC L7248, B 0 EEE OB ORF
eI bR TWwb X 512, 5 F L~k
BETHEI L L ATEZLLENDS.

o FEPI1DOERICHLLEBY, BFF— 25T
BHRAUMOBH HEERD 20% & HBRIKE W, Lz
BoT, EELOPFTFoTVD LI REBILD
HAUOE/RPVLETH 5.

o FEBIL DL HIEMLMETIX, BBhELRE
DOEFEOZREITRKE W, LA > T, open 7 —
ST HARUNOBHEL T 50101, 40
o7z, &6 LERENICRAIO—fKILDiEr
12, MR 3 o—ikk, o0, KBFEETIL
& LT, JXH & SCH L OB ERET B BIFEIC
BT BRILbERBTILENDHS.

6. bYW I

REILTIE, BHEHRS A7 2BV TRELTY
LSHFBEFAE,rOERTAI L2 HIEL, AEER
BROBRDPOHRELBHLT 57-00HE], v
BAHE ] OFBFHEEREL:. XFELHVLE
ik, YAFLICHMEGEEL TSR LW T L
ERAZECER ST, B2 EE T LA TE
b, $iZ, FIBBVRREELHNT 2 &0840% HRHIC
RTLERZ V., BELLFETFNIT)XLIZET
BoNI2E VI ZHEAI% open 7 — %, closed ¥ — %,
AB7— 5 IEH LR, RUM0H 5 HEIEEE
TELTENGh ot

SHOBEE LT, A L-ZMECHEA, B
O, XHiE XEi & DB RET HBEIICHET 5%
b, BEL» L ORMOBHBILETH L Z LI Ghro
72, AFRETEHINHERE, HENLEREES T
T% <, HIRERT L RERGLFHEEICRRT 5
ZLIAFHETES. ThEA VST 49 M IIEHE
T, EROMRESREARESBRT 2L
TE, F7z, FORFERIE, B LAEREO—
e flHl T 2BOEELFERIIRL EZEZ TV,
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(CER 94 2 A 4 B%M)
(ER 9 % 11 B 5 BiRER)

o B (#44H)

1968 4. 1994 ERFER T K
TEMERELRESRRET. BE,
FRERELHRECEES. B
REEMHE O IZHEE. SE0E

2 A
Fa=mR.

g it (E2E)

1963 4E4. 1987 EFEHBR T KF
KRERTEMIERET. 1991 £ X
D RKETESFE. ATHE B
REENFEDOMZIHEE.

g BT (EREB)

1949 E4. 1971 FRFTRFELEE
Mt TR, 1977 EFRKF
RELREET, AELIVERRL
KEECENEs. BAERKETETHF
(BT ERTERERTEEE). A
THree, MR, HASHELE, HHES 77—
VAT L, V7 b7 T, HELFOMRICHEE.
BT ERBESES, ATHRERSAKE, avda—
YRGB AEE. BATHE, $BF— 750 OMHRE
BICHEREZ > T\ 5,

E BE (EXE)

1935 4E4. BifE, BT KRB THMEIE. 1%
Bt S0 3I 7 55 BEEN, BEEIROMN
FEICHEE.




