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Summary

To improve the quality of machine translation systems, we should step toward the deeper analysis
at the conceptual level, Developing the machine translation systems with deeper analysis requires the
dictionaries including following information . the set of conceptual items, the mapping relation between
the surface words and the conceptual items, and the mapping relation between the conceptual items
of the source language and that of the target language.

There are several researches to compile such dictionaries, Japan Electronic Dictionary Research
Institute (EDR) is now compiling such dictionaries on a large scale, Nirenburg, ef al. at Carnegie
Mellon University has proposed a systematic method to construct a conceptual dictionary. These
attempts try to compile the dictionary by hand with the help of software tools, However this approach
suffers from the problems such as huge amount of manual labor, the unstable result and so forth,

Unlike this approach, the paper proposes a method to extract the information about the conce-
ptual items from a pair of machine readable bilingual dictionaries in an automatic way. It is very
difficult to compile the complete dictionary in a fully automatic way. The results of the method may
require some refinement and modifications by human, Our goal is rather to automate the compilation
process as much as possible and to decrease manual labor,

In the paper, we make an approximation in that each word sense defined in the bilingual
dictionary is considered as a conceptual item, Since each word sense has the proper translations in the
bilingual dictionary, the above approximation is reasonable in terms of word choice in the translation,
and we can easily get both the set of conceptual items and the mapping relation between the surface
words and the conceptual items, The most difficult thing is to get the mapping relation between the
conceptual items of the source language and that of the target language., The paper focuses on this
issue,

We introduce three types of translation circuits, The translation circuit is a tuple which consists
of four elements, that is, a headword of both the languages and one of the word sense of both the
headwords, with the condition that the word sense of one language should have the headword of the
other language as a translation, We assume that the word senses in a translation circuit represent the
same concept, that is, there is a mapping relation between the conceptual items (word sense) in a
translation circuit, The paper describes the outline of a preliminary experiment conducted to verify this
assumption, The results of the experiment are promising and some remarks are also given,

We conclude the paper with pointing out the possibility by extending our method to construct the
set of conceptual items which can be shared by more than two languages.
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D, BFRBCEVLEFEROFEM EV S TON
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E235. %5, Di-o DRHLBa.EL* B mBOEE
ai/l, -, ai/m EFSL, D DRELEE bEL D5 0
ADEEE bi/1, -, bi/n 2FO>bDET S, LT,
DEE a./20REMb; THoT: L &S (Fig.
D.::T, DOEEVEHRORETCHRaNS Z
tbH30T, —RIC, REHEH» S I3, HFEROHE
BORELECE - ARA»ERS NS, Fig. 1 OF
Tidy, Da-s DRHELEE a: DEE a:/2 DEREEH b; T
HBIEBRENTVS, ZOLE, RFE bk nfBO
BEEFONMN F0350EN0D a./2 CXHGT 258
THihizbh o, Zhid, SREEEL, BHEL
REE (RELEE) LoMoMEERLTWAEIEITT,
BHEMEOMEERL TRV L EBLTWS, &
OX I EBRAICHE T 208BLOBENTH 5.

2-2 B R @ B

B3, NRBEE—DDE@AIS 57 AEL
(Fig. 1), ZOZ777%8R7 7 7 LR, Bigoxt
R, BERLOGEF/L® (ILHL, a®b) ~OF
RT57% TGa» LB, BF ab T FAKEMRDH 3
ZLHE, TGuw 3MoH< Ha Seay Tey, Ean>T
WEiEh3, 22T, Hoy Say ToRREIRDES, Eo
uﬂw%ATba H.CL%3 TGaw DR LEEDE

B, Sa 13 Ha DR OFBEDHES, ToCL® ik TGas DR
moﬁé%i¢.n®¢uu,HM®ﬁ&L%ué
ENLZVLLDLFEET 3.

TGar ZBWILHRIZ, H.OBFR e, L T—>D
DFEE a:/k #RIRL, # 2 WLNIEREE b; 28R
T35 70vRICR2, ZOFRTo AR,
ai—ai,/ k—b; EWIBRLNMIGT 3. I EHRE
B & T3,

T, ZOoDBRT 5 7 TGas & TGea ®
TGab+ba (: TGabU TGba) ’i’%i, Cn%ﬂﬁﬁﬁﬁ
757 LR, TGapssa (BT, B ha(EHL)—
$a(E€8Sa) = he (€ Ho) = 5, (€ Sb) — ha % BHIR[EIBE & FF
B, IIT, RHELE ha€H, & ho€EH, 28T ERED
FET L&, RELEE ha & he ORI ERBSHFET
HEWD,

HREROFI* Fig. 2 T, BREKCSENS
FBEOMC L - T, BREIREXRRT 2. Hl2d, Fig,
2DPREBIZ<a/2, b/1>ELRRT 3,

Kz, RELEREEELCE &, ZORMLE
Ofic T & 2 BIRERE % 3EEICHET 3.
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Fig.1 The structure of a bilingual dictionary.
®EL

SE L

)
@ a;[?2

bj/n
Fig.2 An example of the translation circuit.
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Fig.3 An example of the type B word sense pair.

B2 iX, Fig, 2128WT, BHLE a; & b, DRI
He—DERERE < a:/2, bi/1>BFET D, Lizhio
T, Chid ABOBIIREETH 5.

E#¥ . BEOBiREE

[AEFEDRE LEE hay he DREICHEBOBRERHS

FEL, ThoDPRERCEEINIBEROESY

FNENDERBICOVWTEZILE, —ADEROD

BROESHIE—DERLIFLwESIE, Th

5DEE* BREOBREREE VS, ]

B2, Fig, 3SORMLEE a: & b O3, =2
DEFREE <ai/k, bi/p> k. <adk, bilq>BEEL,
ANDOERLEB L OFERE>VTR a/k L&
ghw, Licdi>T,<ailk, bi/p>E<ailk, bi/qg>
&, BREOBRERTHS.

E# . C BOBIRERE

[MEBORLLE hm/uwﬁua&@ﬁﬁﬁ%ﬁ

FEL, Tho0HREBICEEINIBROES

ZThThOERBCO>WITEZL L &, nnonm

BEOESLEABOEREF > o, ZhsnE

B C BOFRERE L S, |

Fig. 4 DFITix, RHLE a: & b, DEZHSODE
RERE, <ai/k, bi/p>,<alk, bi/lq>,<all, b;/
p>,<al/l, bi/q>FEL, ThoDOERITERE
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Fig.4 An example of the type C word sense pair.

DBEELX DT OEATWVS, LIsoT, shidC
BHOMRERTH 3.
BLARBREABPCEEINIERRIEVICER)E
LWERELTWS, ZD&DCEROFELWEED
XNEFBENICETFE, REOERICL > TIOERED
RUMERITT S,

3.7 B X B&

HIEE TOEMFETE, EFEOT—FICDO0T,
FHEREETo/. XETR, ZOFHERICOWVT
REAL, XETR, COERERER A, FXFE0D
RIS, BRICOWTEET 3,

KBRADTF—2 L LTI, HRHEDIA b RE
OISO L 54 PNV AREFREOEZAWL, b
DHBWEBEAIZDIR, UTOEHICL 3,

 ZODHEOREMNELC T, EUREHSHcED

WTHEEL T3,
- BREOEEVHEET, ERXOTFERLBMRACH
HLPTOBERR->TW3,

3-1 # it
27, 2ETRNRLBEENICOERE KB ORE
WOERAT -0, BELOEHEE2T 5.
(1) EROER
HBOXRFELERT 2 &, £, DAL
DWTH,BREUTOL ) AHEBEET > T3,
c FHIFM TR, AU ) CRE2ERYFRTE
BADEHLELZ>Tw3, HlAH, bank (£
F) & bank (8817) & ¥. —F, FOEFHM T,
—2DV oM RREDORE LEBCHBO#EFRE
BEYBTONTHBIEENH B,
cRA—RELBOFIERDOEBDICE T, WD
DOFHBATON, BEVEIDUTONTV S,
ChEXKEH LS,
c KEBOFIZ, EROEBVOIZ LT, WO2HD

REH 1, TRYSN TS, ZD5 5,
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DRI BEEROBOUBKELVIELERLTS
D, BEEAERBTRLEBEOEROR VL %
RLTWw3, 1, CRYIshTbDEEFENF
nEE, /NEE LS,
NEEOVARNVCENZRBRIZLALAZELEZ
SNB5DT, FEERTIR, PHEHEOVARLE—DDE
HLELTEHETS. Likd-T, —D0BHCHEEO
REBBEIOUTONEIELH B, £, [AhORE
KBWTY, SRBPT, ABAMELEXRGE ()
T, ABEXI[ I'CHIRTVwE, hoRSE
WOWTHEAJREERIT, L bD L, KL
BObDERFBELLEL, £k, REERCOWVLTIE,
MEFIC OV TE, ABFERE2BERILIRTO
BEARREBL Loy, ENFHROBE IR, ABES
FRICKERBEL:, Ihid, ERFEHTRE, RE (BF
F) NAHLLBEEINTVRELOT, YORIHER
HRLEXBL200BBICHFICE 26 TH
3,
REOPICRI—DOOETIE R, TP, RBKER
XHRfFOALFETCHERENTVw2 800D 5, SEHC
DHLTRMAROFEEIIS I L2EX2LE, ZD&
IRAPERMTEDOENRELEBLLTRENS i
EEAEDD 20w, REBIHNT 2RI, BHEOBK
HeEZoha3DTRELL, BEOHARBEELK
AMIBIEWCE->TRBEND D LRET 3,
HABOVZEAFI, EMFE TR, RE P, B
#F+) YERF+ [T3] OETERS Z LH8H 03,
FMESRMORBHLBCRYELAOETCLORAY
Vv, BRNBORELY 7075 a0k o THIT 288
2, (BifE+) yELfA+ [72] o, YERFR
L, ZOMOEEEL & L2 5RF|ICOWTH,
CDEIBRRBUBENLSSVDEETCEET 2 0%2H
REDHEBROEHD—DRDT, #DF FEKBRTF—
FLLTEDT.
(2) EROXRR
FHEERTIX, FEE, KEEHES, &8, EEE
BOZOMTRIRT 3. KEEES I, HEPTKE
BRiRoNnTWwWasREX*ZTOIEHEAT 2. PHEEER
5it, KEEYCOYHEEOHBEECES2005#
hUT3, EBRONMNKE LGHER, &7, B5, B
&, BFEAOM>T, FnENONET Tablel D &
SREBEFV YU TR, KFcOoVTIY, EMLf%
TETFROVBEL->TED, MEFHTR, TXRTO
RBOSKFASEBACHETE 2bITREY, 0
IO J{EIL, XS EFERKALLTEI YT,
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Table1 The correspondence of part of speech between
dictionaries.
REEFA FomEaEs
n
e n c (%)
u (F"oIH)
v
ghadl vi (8 &) vi (B8
vt (finEhid) vt (f8535)
WE# adj adj
UES] adv adv
188 - . X

3:2 EBAEEIUER

BEkdS, T4 by AFFES, FFFFHRIIFA
NLYBRIRAETIC R > Ty, LiMn-T, £7,
FHETHEHEBCAALL., BENCIEAD
HBEMANT B I LHFE L, BFN, KR
PIRBEOFMILE, ThIFTETH-:. 22T,
RAFTZDEBOTy A EREDS X XD 95 64
DxLyv4 Y, 2ORCENZBIUBICOVWTE
BEEE*ANLE:., BEFOBHER, 8EOL0HE
ENLETHEM, ThLFEETIToL. IDxy
A BEANDIZ, —DODL A H300FEEDLL
BHEZLEETEOLNTWVLEDT, —BHRLENS

Table 2 The statistics of the Englith-Japanese dictionary.
ERELENM . 562
BIREX (HRERK) 17824

ShIE A

e LF | 8lE
n vi vt adj adv

3145 949 1993 | 1061 680

RELEBEYD OBERMOHEE

BEs | 1| 2|3 |4|5]6([7|8]9]10

<Y 3 60 | 72| 54| 60| 39|31 [32]32]24]18

1112|1314 |15]|16| 17181920 21|22

121 12| 14 1311 9] 6} 5| 3| 5| 6

w

2312412526127 (2812913031 ]32[33]3h

3 2 V) 3 3 S5 1) 5| 2¢ 2| 31

WTHBIETFRLI»S6TH L, BIKONC, FTNFF
B1IZ DL T 562 R LEE, FIEFHIIC DL T, 779
BHELEBR2ASNLL, ADEBLTER, XKEE# 11T
ELTANT 2RBEDOMIIZ T o008, EFRMNCEHS
DFEEZTDEEANLL. L, ALBOFE:E
2, PIIFEBE LT, RCIhoDRELEBICDWT,
figx 7077 L%k L, RELE, FR RIEO
MEgRacHE L, 2hig, 2 BTHRACERER
WCHEY T . RN, FIIC DLW T ERF R, 7824, 4995
DEFRERERMETEIENTEL, 20FNLOHE
BT 2 REARMEE, RELEYIOEEY, BEY
D DIRFBEH* Table 2, Table 3 ZRT.

Wiz, U BERER % Prolog DEAMEICER
L, Prolog 4 » ¥ 7V 2 &> THIREBO K H X
7o, #EH % Table 4 ITRT.

Table 3 The statistics of the Japanese-Englith dictionary.

BRELBER L7719
RRER (BEFRERL 1 49%

ShEEIRISARE
E23 5 | UG FeEE | Bl | 2off | 78
n c u | vi| vt adj adv - X
487 ) 594 | 159 378 | 952 | 471 232 186 1082
RHLES) OBEROAE
BEN 1123456789110
SAFE | 121(149|102) 92 | 80 | 54 ( 37| 28 | 25 [ 12
11) 1213|1415} 16| 17|18} 19201} 21| 22
9(13| 610 5| 7| 3¢ 2| 4 3 1| 2
24 [ 25126 (2728|311 36 Fiy
1] 1| 2] 1| 1| 3| 5| 5.16
EBRUNOREROHEE
REE 1 2 34516816 Fiy
B 3266 623 |80 (43| 3 (4| 2|1 1.24
REUNDOEENORE
HBER 1 2 3 4 5 |67 ¥i3
HE 3302 | 347 | 448 | 270 | 107 | 17| 4| 1.62

36| 37|40 41|43 [ 54| 66| 69 Py
YRR 1 1] 1 8.33 Table 4 The number of the extracted translation circuits.
B IE H 54 EXHE(%)
BEL)OREXRORE A% 237 7 244 97
REX 1 2 3 41567 ® B® 65 42 113 58
HE 2243 | 1844 496 (87| 6| 4| 1| 1.67 cy 18 64 82 22
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4, £ =

4.1 T EBF— %

Table 2, Table I SEFIFFADIZ S 43, FIEFEse
EDHLEBEOE, RBLOLICHSWI Eb23, 20
Eﬁtbf,nnwﬁtbaxﬁéﬂ%tTaA@w

DHBWTHIrEVIILBEZOND, FIESHRL L
T%ﬁ%ﬂ%t?%Aﬂﬁ@ﬁ§%ﬁ5t%§ﬁE&
BUEESDH D, ZORBTIE, REIHKDOE
2 AB/E, BENLCELS S tﬁ%xtw&w ﬁ
BORHLFEVSEROBE IO LI I LRIBEALERL
DT, ZOLI2FER, RE»OMAEICTEE %5
Ck, BEAEKKT S, LrLiuds, Table 3
Sbhd ki, MEFHICONTIE, 73 BDRE
—DDHEBIL->THWBIOT, 1 BEORBL T2 E
BLTLEIEMLL TR, T2 THEeE2L6N 3,
ENFHAOFBIAL LB EEINTELODT, &
1 (Table 2) kDWW Tid, REBYU D OBFEHRDHEE |
PR THRY, 1, —BOCHEFICOWT [8#
Bl REEETIILRES TR, ZOEETI,
BAROBEEL S L IREBEAXECERCOVWTREREL
TwuixwoT, BFRBREEZFIEL THREMCE
SN 3EBEMCOBICIIEBEL 2L,

4.2 ABOBREDR

A BOFRER 1 244 BRI T 72, 244 B, 7@
WKDOWTH, ERPICEEIZFRCHTERFRII 2 H»
o7, B @237 /ix, AbELWHIERERTS
ot LichioT, 97 BDIEL & TEENEI LT
Gl iz, ABOFERERRCDWTIE, B
KL 00220 s BEMGE LTHERATE 2
tEZOND, BYOOERFEEE, MET2HFEE
OIRFL L CEVIZRBSFD L ToNTLRWD
TH3, 1, MEBRHTIREOSFEMRAICE
ETEROHEHDH S, ERTIIRFTHADOEE M
NORAL VBEETEB LRELLY, ThsBEIO
RE:Z-TWEHLHo7:,

4.3 BEROBIRER

B BO#REM T 113 @\ T &7, 113 @4, IEL
WHDHE5ME (58 %), BolbDHs 481H (42 %)
THot:, ZOERICBL T, BEOBREED S
b, B¥EHBENICLERL I EBbnb, —DODFE
ENOLOOBHEREHEL TV 2 0DHE % Table 5
RT, EYFEHNL 50 % LEWO T, BREOFRER
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Table § The number of word senses in type B word sense

pairs.
Hee 1x42 133 1514 135 1318
5E 72 15 8 10 8
‘write’ DIEH ‘B DE

1) XF - XEXHL
(2) 47549 T&L
Q) EMLEEEEL
@) FHETES

5) $HobT-- L &L

(1) FPXEHEL

Fig.5 The word sense pairs between ‘write’ and ‘KAKU".

2 5 ERBENE 2 ER T B iz, AMOHETCES
X528 wh, Table 5»5 bbbz ki, FE
AEDHE, BEFIXN2H2031530BFETH
305, BYIRA 972 —A2RAETNIEAMOE
HIZEIFERE LW ETFHETE D,
EBROMTEEL 1 HIcn 2R EBHIZ, —HD
HEOE#IMUFOHBOMBOEELSUEAH
3:0TH5. BELOBEEF >EHLER, &
DB L EREFOBEONIC, ThoE2IRTEY
IO —RAREEEROBANHS. FleLT, B
H LB write’ & BL ORI THETELRADO B
DFEHBXE# Fig, 5RT. ZOBITE, ‘write’ DFE
(1) i'write’ D—RERI L EBRZE L, ‘write’ DL
BBELEATWRLEZONS, ZhikHLT, ‘B
DEHE(i1)T—BYs B 2EHEEERL, ‘write'
DEE() EXIGT 2. B DIES iF'write' D &
SIS VEBEOEEN LD, BHE(I)LEE
(2), - (4)DOREEFEL TnEnBEENATLE S,

4-4 CROBERMEE

CHoOERER I 82 @Mt Ta . 82+, EL W
OB 18ME (22%), BolbDH64{8 (18%) T
Hol:, CHOBRERTIR, RHLEOEHOEE L
SLHBMIGEL TWwaH, BETIRBEHROHEEE %
Table 6 R T . IEHZEHEV S, CHOEFERER
SEEAICEE T 2580, BELAEKRCAMOHY
BICHS X3 2B, &6k, BEOMCHFE,SS
MBI dE, HETREMRLASEHCE( RS
e, AMOEE BRELVE RS,

Table 6 The number of word senses in type C word sense
pairs.

HEE 252 2x$3 23%16

B 8 30 12 32

SREE> > OMSHEOBHHE 233
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‘think’ DFE& ‘EALD DE
(MBI, i3 1) E5 BEY3
(2) % ¢AET (ii)--

B LBuT
(3) 5 BELELIC :

Fig.6 The word sense pairs between ‘think’' and
‘KANGAERU'".

1 X% OEHBAFRODICIZ, FEMNICIZENSEF
Th3H, BEWBYLREHFID LU TSN TwERL
TeHICERSTEY, INSEARERZ>TWEHOH
H3, EROBIFZLICED, X 0E@ELHBE2ITZ
i, Z0k>% 18%0FE %%ﬁb%ﬁ%k&é?
H»H 5, FlaiE, RHLE think’ & &2 3’
<Uﬁ%%ﬁgGK%T.%ﬁﬂiﬁﬁiDﬁ&T%ﬁ
BEMNEERT. Z0fTiR, BE(2) LEEH)H
ﬁﬁ?é:awbmém,mihwwﬁ eLT
‘think’ 28D ¥TohTwiwi®, GEH(2), 58
ﬁn)twéﬁmwmmfétm,umb&we,&
R roB®REE-> T, ZoMCMEsfmETcEs L
S5, ThoDBEHIISTHMFRICK S,

45 EBRBEBOMHE
KBRER»obd» 3 L H 1, BREIREEH#EL L
PRREROBMFEE S, OXRTE, HEOR

HLEBO—BLHE->TwiEWI E S FERED—DTH

305, FOMIZHbVLL DLDEHINE L SN 3, Byrd

i, COEHR:LTUTOMEDEHIT TR, fo02

L, Byrd DBIZRFE-4 ¥V 7ETH 3.

@ ‘ﬁ&thEﬁiﬁ?ﬁbné%A

@ BHLBORBLLT—RURTLXHTCTND
B/eE

@ —RRTBORBLLTIVEHERELHTT
WAEE

@ HERELORhCYZBE

SEOEKRICEL THEDTIIE, RDL>2HD

BH5, REOXFROAA*ERT.

dirt > b O XE @Dl
fox > & DhODELE (£ETHS%2ET) Q0
machine ~BEIE (LA TTM21ET) Oyl
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