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Bidirectional Japanese English machine translation system BIJET
—The processing part of Japanese and translation experiments—

Harumitsu YOSHITAKE, Seiji MIIKE and Tuneo TAMATI

The authors have recently constructed an experimental machine translation system
named BIJET (Bldirectional Japanese _}inglish Translation system). This system consists
of three parts: a Japanese processor, a English processor and a transfer processor. Both
Japanese and English processors are divided into a morphological analyser, a morpholo-

gical synthesizer and a syntactic processor.

A transfer processor is divided into a Japan-

ese-English transfer processor and a English-Japanese one. This system has the follow-

ing features.

(1) BIJET works in two modes: translation from Japanese to English and from English
to Japanese. The Japanese syntactic processor works as analyser in Japanese-English
translation mode and as a synthesizer in English-Japanese mode. The English syntactic

processor works in the same way.

(2) This system uses transfer method.

Its intermediate representations are English

D-tree and Japanese D-tree. Japanese D-tree and linguistic information in Japanese are
newly proposed. Japanese D-tree is constructed from dependency relation and RENSE-
TSU rule. In transfer processors, conversions, “transfer”, are made between Japanese

and English D-free.

This paper gives the details of the Japanese processor and the transfer processor in
BIJET, then discusses translation experiments and its results.

1. #®
HE 513 AN H AR © % 7 & BIJET (BI-

directional Japanese English Translation sys-
tem) OBF%ETI -7 BUET |ixic Prolog It
koTHEBENS L F VR T » HFRIC X D BBEBR >
ZFLTHY, BoEHREESHERENS> 2200
BEE— KA - T3, BIFY kBT BIJET @
W L ERERIC DN TR, AW TREAE
MBI, b7 YR 7 BELEOBRERICONTE

i

*RERYRT AEERELRE
R YR 7 A¥ERETRE (FEEGORE)
B P YR T AFEHE

~5.

2. HZEE D-tree T/ & BARFEERENE

AECEIHERICEY 2 AFRENODHERTH 2 A
AFE D-tree Lzhk £RT 3 REHFELCONTR
~N3B.

2.1. BZEE D-tree 7/

AE F UL, EERAPY KX > THAILT XX
ZR/INEXEAL L U TRERBEZHAILTTNS.
(JDM1) 8k 23 B T & BN XBEREELT
5.

(DM2) B/IMEXBAEXHITS.
(JDM3) X OME#EES D-tree TRT. T h i
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BUET oaHELEL BRER

BREEREHISR (node), BFEER (root), HHEE
R OREREFRER (branch) &7 3.
2.2. BAFFBEEE
+E D D-tree & RT3 KEXE Gr 2B
RDE S ICEHT 3.
G, =WVwmVr R C, A4 P, S
Vi ERIRES OB RES
BL Vy=VgUVxUVcUVp
22T Vi BADERES
Vi: BREEROGHRES
Ve: ERABOERES
Ve: BRAEOERES
Ve #ifi s (B5E) oFRES
R : REHUOERES
R=(Xi(Xp1, Xy, -, Xgm, D XpEVy)
Z T X;: governor
X, , Xy dependent
* ! governor DfLE
Ay ARD *« LS OERDOIFFIERTH 2.
4: BERAZUIOBRES
A= {X>x|X=(H-,Ci1, Fry,H;,Cy, FD),
H,eVy CieVe, FieV e, x&V 1)

¥, Hi,CL,F: 3 ZOHED bOTHY, Hi,
Ci, Fioy 3Z0HBEEBEO—DOHIOBEEDIDEHKT.
DV ZOHENERTE3DIR Hio,Cioy, Fio, %
OB ENS T EERLTNS.
C: EEHNOBEHRES
C={X-Y|X=(H1,Cs, F;-,,H,,C,, Fy),
Y=(H,Cy, Fi, His1, Cry1, Fri1),
H,&Vy CiEVe, FiEV )
1k, 7 BEEERYT. DXV OOHENERT
EBLLERLTNA.
P HEERILHNOGRES
P=(Y->y| YV, yEV5)
S: YIS OERES
2L, SeVg
T OERICH 5 HFFBEKEXE Gr BERT S D-
tree & HZAZE D-tree &UESS.
2.3. B#AEOSHEER
BAGEIC B3 fE & BEERO %% Table 1
& Table 2 joRd. BRFEOH/FiBNTIR, ASD

Table 1 Parts of speech in Japanese.

Symbol A part of speech

DET JE K

PRON R

NOUN % =

ADV Bl =

(%E@%ﬁﬁ

HEROBER

ADJ ( AR

CONJ weE (e

con ( REOBERA

BfiBhaR

COJ2 ( %ﬁi@%g’gz

PPRE BB O

NPRE BEEHOA [0]

JSUB ( #wea [0] [0l
BB [

JDO wERE [%]

JIO wwarE- i

KOTO % =

COMA = 5

Table 2 Word information in Japanese.

Symbol Word information
TAN ( ERELL
BREE[SA) %
FUKU ( BERE
(7] 5] [H] %
1 B R
2 R
3 i Fx
GENZAI B
KAKO #E (BHR D)
TEINEI TE=
KANRYO %27
HITEI TS
ISHI HE - BE
KYOKA ZFH]
SHINKOU BIED HEH
KINSHI ik
UKEMI =5
KANOQU B)-3
KIBOU HE
SUITEI HEE
DENBUN R - =8
GIMON BERA
KINSHI =k

55, XL LTHEME - EAEEDTEFE VERB &
L, HHE - RE% XdOT BAR ROESSHFEHLIC
AD] L LTHE L. X, BESXOBERERE
HEERERB T & D, KHE, ERBEARCEI
£9% CONJ, PPRE XiZ NPRE &5 Z5ics%EL
fe. Biz, BE M, Tikl, Told, T%2]) R MNic
X, #FicBlo &5 JSUB, JDO, JIO (4L 2 h
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Table 3 Relations between JYOSHI and
function in Japanese.

JYOSHI| Function Example |
2 o<,
| SUB (@) |#IE#EL
) ZENRXRLOBF AR TT.
e |10 (B8 nemctrrsis,
= |00 (B B) | mousckrszs,
i, ThSOHED, ThozgUXHMOBEERE:
RETEMNOTHS. LrLudio, BhsEESR

DFEFOERF—BTRBVOT, BEICIEERD
BT BRERE DO ANT, XOBEERZR
ETEHBENDS. LeLl, AFRTE, BRERX
2 ERIGESEMEOMAX E Licc Licky, AX
BAZEXC Table 3 DBhFE LHEEROFE T > &H
BRILE B LIRE L 2.
WICHABICE T3 BEER EAEREE Y4 — 0
NEEznED Table d~T 1R, 18, DESE
NE—vDIHL, TRESVIEBEEROWORTE
EPOMEBEHIUATE, BEEROHFIERTHS.
Thid, ARBEOUEL L TROBDERE Lichd
TH5.

(1) BERCRIALET 5.

Table 4 Obligatory function,

| Symbol Function

SUB Bl
P

REE

PIV  @B#HE

10 @&ﬁ%%(f@“kwéﬁﬁmLm )
DO Eggmﬁ(%giﬁm@%%,am%)
= (WTE - FEOF M, AP
ac mmwme (JF FR220 )
NO E%%I%?A%ﬁif &ig%& e
: LTo
Ne e (P )
CM  #A ()

Table 5 Optional function.

Symbol Function

SC TER OEMT - B
CcC LR OBRER - EhHB@
S-NM & T 1 8

P-PM IR FEE M6

S-PM IR FE1E 8 3C

(2) WEMEIEHREORICNETS.

® EZEQ, @ PERILTEMRY, FBETER
Th5b.

HAZEOHFE, BEFOER% Table 8 o FHEH
EoRYT. BEBMRERE BEIEREERDLT. &
A OHE% Table 9 Rd. COFAEERED

Table 6 Verb pattern type Pl.
Pattern No. Verb pattern Exapmle
P1-1 SUB+PIV+P ZHhEARTH.
P1-2 SUB+P (ﬁﬁs
BARE.
P1-3 SUB+DO+P- RRAZHEL.
P1-4 SUB+I0-+DO+P BB EEP .
P1-5 SUB+AC+P ARHEA~TL.
Pi-6 SUB+DO+4PIV+P AREREELVERS.
Table 7 Verb pattern type P2.
Pattern No. Verb pattern Example
P2-1 SUB+NC+P A& SoEPD B,
P2-2 SUB+I0+4NC4-P RRBEiciEELE43.
P2-3 SUB+NO+P ARREpEkLOES /.
P2-4 SUB+IO+NO+P AEBICESPRELLE /.
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Table 8 A part of conjugation dictionary
FORM| My, M1, ML ML ML YOU. YOU.YOU. YOU. YOU. qqy TA] KA MEI
TYPE NAI U YOU SERU ZU MASU TA DA NARU NAI

KA5 » X X X ES n X X X < < o o
GA5 i U X X X El X 3 X X < < F F
1DAN X X X X X X 3 ) n 5
KAHEN z X [ X X X E] X X X {35 K3 < W
DOU X 5 X X X X 7o X ic T b 73 e X
KEI X »5 X X X X »o X X < W [} gh X
DESU X X Lz X X X L X X X 4 ED X X
TA X &5 X X X X X X X X - bod 725 X
DA X 5 X X X X X X X X .l 1z 7z X

X indicates that conjugation does not occur.

Table 9 How to use of conjection. 3.1.1. AHDRHEE

Conjugation form How to use
MI. NAI RKRIELT, F4RHMHL
MI. U ” v ”
MI, YOU ” ay
MI. SERU ” N w
MI., ZU ” z ”
YOU., MASU ERET, <RICML
YOU. TA ” % ”
YOU. DA ” Fa ”
YOU.NARU ” FN o#
YOU. NAI ” F4
SHU I
TAI HEET, FFMAL
KA REFT, gLl
MEI aeSRE

EEHEAlCBONTHERENS.
3. BXREMHT - £RE

AETR, ANBIEXCHERBTVE - BX#E
B ZKE LT HAFE D-tree 2183 AAEMITE
2, MTHAZE D-tree ICHUERME - ERERARK
MEEHE LT HAEEART 5 BAEERBEDOW
BRICONWTHRNE. K LEAVAF LATIRZOEX
RN ILER & B R R —D D FHE & TITIE » TV
BDTLNEHNEIRE LTE LDTHBET .

3.1. HEEEERLER

FHEEEBTMETIE, ~BXOEFERLEDOD
ANBEEXEHECHEL, 202 NERICTEER
R (REEEERR 2AMLEECESOETH
He4 5. BREERLETR, BEOESLLEEE
WYL, ZDOREREBRICIECTERE(LET-T
—DDXELTARMAYTE. G, 2HRT 5 SR
BlIC 2O TRAMBIRICE N TRABRAZTE > T
3.

HARERERBHOUEO AN RO HARERLERER
MBOWRTIZIEEDEFTFERLEVIXTHS. H
AEVRERFETWED K RO B ARELRERERLE
DODANNE, KEOHALEROROERTHS.

(ASSERT (TANGO BRMARGIE #TAE (BREER
(Hi-,Cia, Fioy, Hy, Cy, F) (BEREERD))
7z#2L TANGO: PROLOG/KR miksE4
H,efis, CeFfE, FielEik

3.1.2. BFREHERFEITNE

FMEIIARE S E/D 2Step MOFK B«

Stepl: XFREILL 358

Step 2: HE—KLiC & 5 BEERE & EEEAIEA
LIT%& Step it 2\ TET 5.

(Step1): ASTBERENN/IEBEDEFRERAEOX
TH5ENHEREEPLT, TTDIC, ADAE
EXELRLHOEFEANEDZ A TRY » THEO»
DOXFINCH T 5. L ONEBEFREIC L 2 HE0E
ZOHREL 2 W BTN O X FI)EMRBAL LIS R
B ORYYY BHNBEOEDYHENL S T EMHN?
£5Th3.

(Step 2): ki Step 1 TBizzhEhOMRBA%E
REXFF| & L TRE~HRETHENE (Table 10)
2R%ETS. BHUBCERRS2BAICR, 20
ARELTER L TREXFIIEHATNE. 45,
HEHEDORM UERRITBNT, RO 2 HE2EICE
BLTN3.

(1) BEEARIEEZONOEFECONVTCERERE
# (Table 8) BRI 5 &ick b EEEAIEZER
LEREANTS.

(2 RHULESEFERLBOOETHIEHEIC
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Table 10 A part of word dictionary in Japanese.
CCaD ¢? ? % PRON () () () 4 TAND
((Fx) ¢(? 2 % NOUN () ()) () (TAN)
(Cgh) ¢(? 2 2 PRON () () () G TAN)
F=s) (? ¢ ¢ ADJ DOU GOKAN) () (»
(€] (? ¢ ? VERB SA5 GOKAN) (JP2JP3) ()
(€] (? ? ? ADJ KEI GOKAN) (D) ()
W) (VERB ? YOU, MASU AUX MASU GOKAN) () (TEINEDL)
(€] (AUX ? 1DEN YOU.MASU AUX MASU GOKAN) () (TEINED))
(72D (VERB ¢ YOU.MASU AUX KEI GOKAN) () (KIBOU))
(3D (AUX 1DAN YOU.MASU AUX KEI GOKAN) () (XIBOU))

2, ROBRBMETEDLIDEREIFEFNELT
MEB% fT12 T3, Thld Step 1 itk »T BB
DR TRETICHB SNBSS EER LI DTD
3.
2%, AYRFLATROES BARFBICIBEHLHE
SEETISRBICRD K D S AeEF T 7.

() EFOFEABFERATRNHEZEICONTE, 1
B ETRERTS.

@1 FEhgh, HEEML
(2) AFRERHECBGETS.

Bl2) BEER DEROEE
B BEBRAREECEETS.

@3 HBIFhERELEY, B, kKi-T
Table 10 0 B AZHERBFICEFIZHAEOBE &
ROESWCREATES.

(G Hi-y,Cioy, Fi, Hy C,F) (VP) (T
feiZL

G: RHLE E®)

ERALBWER, Z0EZ00%2525%. FAT

ZEBRTOEREG RS,

H.egm, C.eEfE F.euik

VP: BERRE 2 — v

BEREE 2 -2 ) X PR TERBES L5 L

NTE3.

T: BERR

EBERE YR PERNTERESAS T ENTES.

3.1.3. BAEFERERILE

ZZTRADENIBEOEShICH 3 BEDEE
HElick v Table 8 OFHEEBM L LN OKBEE
DERZREL, RYUEEOEREE,IDEMNL—D
DOXELTHALTTHAT 5.

3.2. HFEHENER®

LOETIE, BAEAFED BHEOET X BXENE
1775 » T HAZE D-tree 219 5 AAEH IR

BE, BICHAE D-tree ICHXXERETE->THEA
EOHBOEERMAIT 3 AAEH AR BARICOWN
TR~ 3.
3.2.1. AHHmEE
HAZEHSURITRBOAN &, BASHBXAERARE

OHHIRS LI HETRRABAZEDBED EET H
3. BAZBHUEFBRONN & B RS XAERBE
DAHNRE2ETEH L AERE D-tree ThH 3.
ZDEBEFNILE D-tree & FFRABETH 3D,
FEEHARRO LS KRE LT 3.
g Y X Xy - XD

Y

!

|

Alfli Xt Xt -0 X,
ZDREZMH - EBOFETAZRICRT.
B 4) Bz zoREFREL.
gl
JP 3 (SUB (PRON (1) JSUB (2))
DO (DET (3) NOUN (4) JDO (5))
(VERB (6)))
(ASSERT (TANGO 1 2 (L)
(? 2 2 PRON O (O) (1 TAN))
(ASSERT (TANGO 2 3 (i)
(PRON O O JSUB O O) O)
(ASSERT (TANGO 3 4 (D)
(?? DET O () (8 TAN))
(ASSERT (TANGO 4 5 (£)
(? 2 ? NOUN O O) (TAN))
(ASSERT (TANGO 56 (%)
(NOUN O O JDO O O) O
(ASSERT (TANGO 6 7 (%)
(?7?7? JP 3 MAS SHU) O)
REDOA
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BIET o A&ZELE L BRER

— |

JP3
SUB DO
|
| o
PRON:JSUB  PRON:NOUN:J00
] | ]
|

P
UEIR

[
| i 1
| I !
|

o

| [}
7 /N 5 ¢ TN X % aLds
Fig. 1 The dependency tree of
example 4,
3.2.2. BZFEEHELE

AR, FEEEOIERE & NT, AHX
DOMIEHEAH left-to-right » & right-to-left i
725 m & BFERRE 2 — v ORE P A OBEEER
ONEPERTHIAZBRNTRRAILTH 2. 2T
B AAEEEXE G OFIME EXXERAERT.

L PHPLESOBEMESEZROLIICED 5.

S= (P}

() BHEEZEMIPAIIC Table 11 © X 31260
ZRNTNS.

) KEHMRIIKD Table 12 & Table 13
20PN BG.

4. FSRTPE

AETIZ, 3E D-tree 5 HAFE D-tree 1t
TEHEEALE 5 VR 7 7 LEBE, RUBAZE D-
tree » H3EFE D-tree WEHIZEFLM 5 VR
7 r RERBEOWBBICOVWTERNE., COmBREL
b Lisp itk »>TERL T 3. Z20%, WAL D
MeDFB S5 8ER>TNG.

4.1. AHEHEHE

RIS VRT7 P EBOANNIZIHGE D-tree, HHi
BAZE D-tree ThH 5. i, HEX IS VR 7 7D
ABIE BAZE D-tree, H77i133E5E D-tree TH 3.

4.2. MSURT 7HER

PSR 7 MBI, HO D-tree HOREE
i B leaf @ MFEL HEBHO BERETLD
heuristic XMETH 5. CORBRAI KO 2E
Hicarohs.

() »3—EOHRMUWCH->TEBRTE 3EH
(@) FANCH TR T SHOENZILEDRS

Table 11 A part of function assign rule
in Japanese.

SUS—PRON PIV-PRON I0 -»NOUN
SUB—-NOUN PIV-NOUN DO—PRON
P —>VERB PIV—AD] DO—-NOUN
P —SADJ I0 -PRON AC-PPRE

Table 12 A part of dependency rule

R1 in Japanese.

pattern 1 P (SUB, PIV, *)

pattern 2 P (SUB, *)

pattern 3 P (SUB, DO, *)

pattern 4 P (SUB, 10, DO, *

Table 13 A part of dependency rule
R2 in Japanese,

SUB (P-NM, *)
P-PM (P-NM, *)
NO (P, ®
NC (P, ®)

Table 14 A part of verb pattern conversion
dictionary between English and

Japanese.

Verb pattern Verb pattern
in English in Japanese
(EP1-1 JP1-1)
(EP1-1 JP1-2)
(EP1-2 JP1-2)
(EP1-8 JP1-2)
(EP1-4 JP1-4)

D) ELTRDED HHEAERF TS,

® BEPEERTIBFAOBEH & - BE
% KEY &L Table 14 pRE#E <42 — v EE
SHEREIC L OIS EEORERE 4 — v BEEE2E
3. TONE—-VRELIRESRARL, R2itL-T
BHEEROL O ZE 3.

® FREHAIR 3icky, BESEEERLBRT 3
BEEOIHLE, TBEEREBRT 3 EEFOKE
BB L OEMETS. DR, Table 3 |cHtE—
B OB&IRBEOEN B->XOBARBADHKE
3.

© FHEBIOHIGT 3 BEE Table 15 0 BEL
BEICLDEBL.

(2) LLTRUTOL S wpEE FRHAPICHE
K CTHEBAATN S,

@ H-o>EOPFS YRT7 7 RBOTRMBBEIISET
BAfRM45 RPRN [WHICH] A>T\ 5.
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Table 15 A part of word conversion dic-
tionary between English and
Japanese.

(Word) A part of
speech in English

(Word) A part of
speech in Japanese

((A) DET
((AN) DET

((ABOUT) DET
((ABOUT) PRE

(—>o) DET)
(=>®) DET)
(&%) DET)
(> To) PRE)

((AFRICA)NOUN (779 #) NOUN
((THINK) VERB (&) VERB)
® BREEEE L — Y TREEEENRE S

i, MOEEREERTIBEORFASEEST 24
EHB 0.

© BEEROBBRSMLELSO

A, EEHo I0 Xid DO BEAFEHFDO NO
DD SUB 155 b0

@ EHOEFEOBNICKDABENELS (O
s ZEOBIFEEE

MR BEA

28, Q) ORBITBNT, +FUR7 7 DORBTH
EORMEDLE HDIONTIE, HEEFROERET
oTNS.

5 8 R £ B

FIIRERBR I AERHEEREFEERK HITAC M-240
H @ TSS FTiT o7, EERCBAEOEULEER
DFress AEEJL‘ET%EHL Prolog, fhio LEERD 7 1
75 nEEREEE Lisp TH 5. Lisp 12 UTILISP,
Prolog {3 #d» UTILISP ko PROLOG/KR 4 v
2—=7) 2 %[EREL I :

ERODANIGEX B ERIGEHEN EREDEX T
EHEDTEREE 2 — v 2B 5 L5 BRERHEX

Z2RATHEAL. ATTEBEBXIZ, AHFEEEA
FREDALILSDEINNG, & HAREDERE 2
— v EMRRT AREBNLXEFEAL .

ZUF, %9, KEHA%Z Prolog TZDLHiKi
BT BRIDNTBR, RICERICHNIZEFICOL
TRNE. BBRICERAERT.

5.1. 1k%E#HEI@D Prolog (k& Bi5h

PROLOG/KR Tt &— v 2 RO L ST i8R
5.

unit clause : (ASSERT Q)
non-unit clause: (ASSERT @, Q; -+ On)

: (AND Q; - Qn)
72721 ASSERT, AND: PROLOG/KR OF#yihsE
01,0z, , Qn: goal

X goal GIRD XS ILET.

GRgE 5l&%1 51&¥2 ... 5&¥n)
BIJET iz B Tid, KRBEOHHD 235[%% 3.1.1
HOBEDOHBME, RTHNEBIHIESETED, C
D 25| e REMTIET C Lick > TATIXDME
WEAERE L, AN left-to-right iICEL T
3. 3SHELBOFIBOERFERRIECE D T I
V. DIT, k%8R0 PROLOG/KR itk % oiaR#l
BRY.

1 5) HKEHAR 1 DiEdF

P (SUB, *, 10, DO)

\
(AS (SENTENCE >START >END #*PATNO

(*SUB *P *I0 *DO))
(SUB >START *N 1 *SUB
(*NUMBER *PERSON))
(P #*N'1 *N 2 *P *PATNO
(*NUMBER *PERSON))
(10 *N 2 *N 3 *10)
(DO *N 3 >END *D0))
LOBMERS EDPB LI, KEEEERTYR T
ENAKECESCLICED 3.2.1 THE 4.2.1 §
TR IR A AT T 5.
ZOREHAOEROBRICHE &2 2 FHIC, HA
DOBS EMEREOBEZENH P, AVR T ATH,
7 & 5 S HABEE L 5 2BACRUDBEEZETH
MIEEEE FIF T3, 27120, #0B481KE, HA
DA DD, KkEHEAE Prolog DFEE & oD st
BAEENE B >TS.
5.2. HEB#HEE
KYAF LD s 5 s94 X % Table 16 T 7R
F. X, HEZNEE 7 VR 7 METHO RS
#4 X% Table 17 iT;Rd.

question

5.3. EAERM

ESHOBERMA Fig. 2 It, H-%ED HFRHl %
Fig. 3 KR

6. &

BIJET t‘i, Prolog % jiﬁ:k: L—C‘.‘/zﬁ" A%%Em

Lich, YAT sBREMEZERIECEHNT 2 EHT
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Lkppkkxkkkrnkkk START OF TRANSLATION J-DE kkxksokkkdd>>
Table 16 Program size. INPUT SENTENCE = CRARIEIZZ dARES X 72)
++treettriree++4+++ RESULT OF J-PARSING ++++++++tstttttss
program- JP4
processor ming size (SUB (PRON (1) JSUB (2)) 10 (PRON (3) JIO (4))
language 06 (DET (5) NOUN (6) JOO (7)) (VERB (8) AUX ()
Fological (ASSERT (TANGO 12 CBY (2 2 2 PRON O O) (1 TANY)
Morphological | ;4 260 lines (ASSERT (TANGO 2 3 (1) (PRON O O JSUB O O) O))
analysis (ASSERT (TANGO 3 4 () (2 2 2 PRON O O) 3 TANY)
. Morphological . . (ASSERT (TANGO 4 S (12) (PRON O O JI0 O ) O)
English | Synthesis Lisp 100lines (ASSERT (TANGO 5 6 (£ ) (2 2 7 DET O O) O»
i 154 (ASSERT (TANGD 6 7 () (2 2 2 NOUN O O) (TANY))
Si'nt::tig Prolog | "lauses (ASSERT (TANGD 7 8 (%) (NOUN O O J00 O O O))
processing (ASSERT (TANGD 8 9 (4-x) (2 7 2 (JP4 JPS) 10AN YOU.TAY O))
from English | ;.. 127 lines (ASSERT (TANGG 9 10 ) (VERB 2 YOU.TA AUX TA SHU) (KAKD)))
Transfer to Japanese +++4++tttra b ebt+++ J-TREE CONVERSION ++++++++4+44ttt+t
from Japanese : : P4
to Engl?sh Lisp 173 lines (SUB (PRON (1)) (VERB (8)) 10 (PRON (3)) DO (NOUN (DET (5) (6))))
Morohological - (ASSERT (WORD 6 (BOOK) NOUN (SIN)))
orpnotogical | yiqp ‘ 330 lines (ASSERT (WORD 1 (D) PRON (1 SIN))
K/Inalyﬁlsl = (ASSERT (WORD 3 (HIM) PRON (3 SIN)))
orphologica : : (ASSERT  (WORD 5 (THE) DET )
Japanese | oo thesis Lisp 150 lines (ASSERT (WORD 8 (BAVE) (P1-4 P1-5) (PAST)))
ntactis 81 ++++++ttr+e+4++++ RESULT OF GENERATING +4+++++44434++44+
1535;0 cessing Prolog | jauses QUTPUT SENTENCE = ¢ I GAVE HIM THE BOOK )
TIME CONSUMED FOR THIS TRANSLATION = 2505 MSEC
L. . <Lapppprenopaoek START OF TRANSLATION J-DE kkkkrrininid)>
Table 17 Dictionary size INPUT SENTENCE = (RAlX % AR HL~5 X 3)
QUTPUT SENTENCE = ( I GIVE THE BOOK TO HER )
o ’ : TIME CONSUMED FOR THIS TRANSLATION = 4274 MSEC
dictionary name sizé CCCrERRRsRRRRREkRE START OF TRANSLATION J-DF $kekktrtrasd>>
- INPUT SENTENCE = (AlzzhEELWEED)
English word 216 words OUTPUT SENTENCE = ( I THINK IT BEAUTIFUL )
English morphological 61 rul TIME CONSUMED FOR THIS TRANSLATIDN = 2102 MSEC
transformation rule rules CCprrkrakkeksss START OF TRANSLATION Jo>E skkrrkkadd>
Word conversion 20 words UTRUT SEUTERGE = -1 T0LD At AT R W 16 JAHE )
Verb pattern conversion 22 patterns = T :
Japanese word 94 words TIME CONSUMED FOR THIS TRANSLATION = 4907 MSEC
Japanese conjugation . 27 types

LCrprpxxkxkrkek START OF TRANSLATION E->J kkxrrsexssd))
INPUT SENTENCE = (I GAVE HIM THE BOOK)
------------------- RESULT OF E-PARSING ---------====s-w~
P4
(SUB (PRON (1)) (VERB €2)> I0 (PRON (3>) DO (NOUN (DET (4> (5)3))
(ASSERT (WORD 1 2 (I) PRON (1 SIN NOM)))
(ASSERT (WORD 2 3 (GAVE) (P1-4 P1-5) (1 SIN PAST)))
(ASSERT (WORD 3 4 (HIM) PRON (3 SIN GBJ)))
(ASSERT (WORD 4 5 (THE) DET O))
CASSERT CWORD 5 & (BOOK) NOUN (SIN)))
ettt o D-TREE CONVERSION ~---~-v=rwsm=smuam
JP4
(SUB (PRON (1) JSUB (6)) I0 (PRON (3) JIO (7))

DO (PRON (4) NOUN (5) JDO (B)) (VERB (2) AUX ()
(ASSERT (TANGD 6 (A% (PRON () O JSUB (3 ) O
(ASSERT (TANGD 7 (3Z) (PRON O O JI10 O ) ON
C(ASSERT (TANGO 8 (%) (NOUN O O J00 O O) O
C(ASSERT (TANGD 5 () (2 2 2 NOUN O Q) (TAN)))
(ASSERT (TANGD 1 CFA) (2 2 2 PRON O () (1 TAN NOM)))
(ASSERT (TANGO 3 ({8 (2 2 2 PRON O ) (3 TAN 0BJ)))
(ASSERT (TANGO 4 () (2 2 2 DET O () ON
(ASSERT (TANGO 2 (5-R) (7 2 2 (JP4 JP5) 1DAN YOU.TAY O))
(ASSERT (TANGO 9 (O (VERB ? YOU.TA AUX TA SHU) (KAKD)))
------------------ RESULT OF GENERATING -=--~---==--=----
QUTPUT SENTENCE = (RA % 1 12 %o K % 52R)
TIME CONSUMED FOR THIS TRANSLATION = 714 MSEC
LCprerprikrrkksk START OF TRANSLATION E-DJ dkfbrkbssd>>)
INPUT SENTENCE = (I GIVE THE BOOK TD HER)
QUTPUT SENTENCE = (RA #% %o & % Bk ~ H¥3%)
TIME CONSUMED FOR THIS TRANSLATION = 1427 MSEC
<LLxkxpxkkxrkrsx START OF TRANSLATION E-DJ krskksxrsd)>
INPUT SENTENCE = (I THINK IT BEAUTIFUL)
OUTPUT SENTENCE = (RA % #h % HRLw & &)
TIME CONSUMED FOR THIS TRANSLATION = 541 MSEC
LKLLrkprkxkrekbrk START OF TRANSLATION E-DJ akkakkkidsi>d>
INPUT SENTENCE = (I TOLD HIM THAT HER NAME IS JANE)
OUTPUT SENTENCE = (RA A% # Iz & o & & Y=2—=v TF &

2712)
TIME CONSUMED FOR THIS TRANSLATION = 1217 MSEC

Fig. 2 Translation examples from English
to Japanese.

Fig. 3 Translation examples from
Japanese to English.
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