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Zero Pronoun Resolution in a Japanese to English Machine
Translation System using Verbal Semantic Attributes

Hiromr Nakarwal® and SaToru IKEHARAT

A method of resolution of zero pronouns in Japanese language texts using the verbal
semantic attributes is suggested. This method examines the context from the relationship
between the semantic attributes of verbs governing zero pronouns and the semantic
attributes of verbs governing their referents. The semantic attributes of verbs are created
using two different viewpoints: dynamic characteristics of verbs and the relationship of
verbs to cases. It is shown that, using this method to translate newspaper articles, the
major portion (95%) of resolution of zero pronouns necessary for machine translation can
be achieved using only linguistic knowledge. Factors to be given special attention when
incorporating this method into a machine translation system are examined, together with
suggested conditions for the detection of zero pronouns and methods for their conversion.
This study considers four factors that are important when implementing this method in
a Japanese to English machine translation system : the difference in conception and the
difference in case frame patterns between Japanese and English expressions, restrictions
by voice and restrictions by translation structure. Implementation of the method leads to
a viable method for resolution of zero pronouns in a practical machine translation system.
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DT F+2 PEFREUBIRY X7 L CHAT 21
HohUOAET MBOBNIEREN T HE &2
D, TORBIFELRHETHS. £/, YufiH
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EHEPCEhN ¥ e REFIORISHET 2 L BE
OHRMBERZAVTT I FEA2RET 5. AFH
12, AESE SBEURNELEEZ OB L Kicdd
2EFBICERBLTHEL, Yo RE&EFAEXETHHA
EOBWEYEE 2 ORICKHEREXIAT S HE0EK
B 2EBRICE - T, FISCKREREBRT 260
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£-T, ¥uREAORISHEFHTE 5.
2. BEBERMNH-EnKEEH

HABREEICIZ RO o REFBEET 20, R
ISR RE L 132 ¥ o G, ZOTHEEOT
FAEMIC L > TEE-TL %, HIZE, HEREY R
FALDEIIT, BBEXEEBITL I LT —V OHR
KEZD LS UBHEDO# 27 TR, BEE¥RoXERC
HUTIE LA L S OBRDHkS C L2 BEL
OIS NY, XEROE e REFADIZIZT
NTEONTBIFTBREE LS. 2L T, #H
BRY R 7 2 2EZIEAIL, BREBENOERIC
Lo THISHITRER Yo REFARBEINS. A%
Tit, HEBEBR 2720227 TEuREFE
B3 2EICERL 3RS M0 A 20Tl
3. HEBEBFRY 27 4 TE¥ o REFOBREDKIC
BETNEER, 20BEKINCERETLELUTOLD
KEEDoNB.

2.1 HAFAERBLEERFOREOED

BEBR T Yo REFERH T 2EEICE, 20¥
o REFL, BUSEITSRER S DROMEHET 24
ERH D, ki3,

(1) AR 2B 1H, "—FFy 27 BEERTET

5.

“Company A will put on sale the hard

disk device from February 1.”

(¢subj gobj) H 4 EREET 5.

“gsubj produce 400 unit of gobj per month.”
LS, XEOE2XTIR, BE MEEST 3] 2
EULEELLD, FELHNELYeREFLsh
T3, LdL, KOHRKAREET, XEICHRTS
fedicid,

(2) RERAFEE.

“Monthly production is 400 units.”

EWVD K57, BFREX (FX) ORBRiCEZBL
BRENHE. COXDICHRTSE, [HEETS )
DEFELHNEDOY o REFADRISIEN 4 2 KBS
W1 B,. LK REREAOEEIT, HHRXOK
B, RBENREECERLCET? (-] &
#), YuaREFE2RRTDLC Eick-T, RISHER
WRENE DD DY 3T STREL 185,

2.2 AXEBELEFBOHNY—DEN

HAAZECRALBER LS IRERTS, HFCHRT
BELERKBLEEZXINAEIERET S, EXR,
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(3) A (W) TB (8% xEH5*
“At A,B are being kept.”
LD ERIZ, THS ] OXE (F) BEalEH
LINTVED, HAETEENETH, “A raise
B” EWHEBRBETHIRT 3 EMNFREENSE. DX
S ERTHRT 2 oicid, BIUERICEN 1%
—v#k, BEREOTECLICHEL, BAREEN
BHCEEEDR B ELREL TBC L BEHTH
L, Chitk-T, EETHWER LSRRV ERIIH
AETIRMER EHHL 2OOT, EufgRokE
DSIEREICITA 5.
2.3 MEICLDHHB
AAXZETR Yo REFMEINTHEIERTS, LD
BREIEECHFRA T 5 coicid, BEFERTICE
Kk->T, “aRERORUBAEL L 2HEAND
5. kA,
o DA BZHBILINTN B
CTOBA, EERREUTHFEEMTIC L
T&->T, RIGERLEREnRERERE S
3.
e HAETIIZEREL L 5REM, KETIIEDE
LB RHSNAENLILAX
&2,

(4) A(x)H»B (B wEBkshs~
ENWSERI, TA% BItlE#dT 2| OZUBRET
Hv, MBET ] OFE (TR BS¥afREFLIH
T35, TETHE, HEETOEEN LTS, “A
appear in B” &I RBETHRTEEIBEAED
=2 T VRIGEVRPERTE %, COLHIRBAK
i, HESUBIRICAV B 2 — v R, TEORKEIC
BEL, BRERITHIC, ZUSORHEENE- KBS
DONEREHR A EREOER CHUER LU IERDOHK
HRT 2 &ICk->T, RISHENTBLBELEE¥a
ZFAEBRET 5.

2.4 REBEICLDIHH
(56) AN N—FF4R7EEEZRFETS.
(psubj) v 7 +& OS T ARL T & THRE
EBHeEPo Uk,
LWAERBETE, BFE Mt M#8Pd9] ozh
ZNOEEBEuREFLLTVE, D)5, (5
Ats) o, BARETR FC &) 2E85T 28EDA
HAXOREETHHDICHL, FECHRT BT

1!

* FEIAE, ASCE2BRANOBRBFRERL, K3
BRSO C L ERT.

HEBRYZFLACBY2HAEREREBREZA VLY o REFRIGET 1707

TJ # “by incorporating software into OS” &i»
SFBRIELD, BERADELTORRICES. O
&2, HABTOEDALX %, BgRmEEIw
BRAMLTZ L5, HRETEL > CEERERT
ZEAICIE, BAERITHICEENTBBICERL
LT, ¥ofRERERET .

BEBRBEF Y R 74 TR, ZhooREEERL
e ET¥ o REFOBEALT 5 LEND 5.
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3.1 RSEROLEMS
2ETRUEHEEEL 7 LT, HMTEMRT

BB s ¥ uREF L2 ORICERDOHBRMEEH

Nz, B, FHEERETRAIR T ABANS
{, FAEEREROEMRIC X% HEZ7ALHEEICE
B, BFROBRRPIE, IRFFOBEDAT
BEoREFADORSERLIRET LI LMTELIVE
EBEZN. &AW,

(6) NTT 3 #EZ##E % TALL
“NTT will introduce a new model switch-
board.”

(gsubj) BOZHBEE % B

“The new model switchboard is equipped

with a self checking function and

(psubj) 200 ¥ =X 7 & % FETS FTE

7z,

NTT is planning to install 200 systems.”
OFITIE, B1XOEESFEILINTEYD, F2X
i, FIREOXEDTREEBEOXEOEENSE A
FEB->THE., ChdDZ20€¥aREHDS b,
FIZRRXOBENETSH S “FESHE” 25, %E
HIXDOFETH S “NTT” BRIGEFLKENLSE. ZO&
S, FELSNICERSEEL, XEhicihicEE
LINTCERMBEVEETD, FREIhCERNE
o REFDOHIEER LN S RSV, 2oXkH%
BAIE, FELIN 2 0TLOEFERIET TRIEL,
o CEHRNSHEBAT A EBPRELLS.
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7o, B—XRICEREH >+ o REFDHSLMED
804 (86%) IcbDIFD, chid, FHETHFTIIEL
XSEFLROMELRTIERE S ID, ZORE
RPE o REFORISER & L2 EADEN T E4R
LTWa., 20T, B2XPBEOEaREFADR
ISEZELE 1 T H BWHTLE: (T6%) bdH 3 EHDS
b, BIXOEERENO»S. T, ¥FalgFisE
EBTHBM, TORCERBEECEETRIVIBAN
154 (16%) bH 5T &b, FEILINIKESRED
O RISEREBIRT 2F L, BFEOBEHICL- TR
ISEROEEIENARETIFELI TR, BoESR
HBRTHIDOEREL TRARTHTHB T &b
3. &K, cOIBHDOREZEMICRTAZE, B
INEREXET 2013 R3], TR542),
FT DL TBRT ] 0D k7%, HNEOERER
LBHICEAT R 24 7OHETHY, YoRER
OFER, TLAN /2] O & 5 ZEREP, [HET
2] DEIBBHERTHE LTS, Lichi-
T, TOXIE54 FOE v REFDRISERTICHE L
Thcoiid, AEBSKE O BRHLZSHEL, ¥ ofER
ORISR ERE HERREHOMELSHHIT 2 C &
WEELHHTE 3.

4. AEEKRBREOSH

BIETHRAEBD, fEkOFHTIIRHBTERLD
BEHEOYoREFRIGD, BRERATERTAC &I
XODROBRTEZ LH/BING, £ TAET
i, ERNBRY 27 L TROKA B EEOmESE
WTEw REFORISHEN %3 2 7c0ic, AEOHD
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FHREBUHASEL, COBEMOBEE,S, Yol
RORICERERET 5.

AFETHRAT 2HAEZEORESHR, SHO0H
EAEYELLICLT, UTo208E058ET
5,

RS

o HE BE DB
HE DR & L REBEICES X 2ERIC K 24
b
FAEBMSRE NI LickD, Eokdi

BEOITAMNEEIN, ZOREORREDLS

REWICILZ 0 EVHEETHE.

Ex. [##D ]—Possession

[BA% 3 % |—»Production

[H>l] &5 HEIR, Possession DfT&E%ETS

T EAENRORIOFUCIER T 0153 L, TBE

B35 EOHSHER, Ah%E Produce 33154

217D LV SBFEEEROREOFICHERT 5.
* FE ORicx 3 5 B%

REOXET 2BBHAZICHL THOBEIC L B

55

CRERDVILINIASOLLTREINDSE

A, ZORERPREONTE DX 5 e %5

e T OBETHHE.

Ex. [%HKd 3]

—SUBJ #3 %EBX9 % : SUBJ be produced
TBEZ3 5 |
—SUBJ 73 OBJ % BE%d 5
: SUBJ produce OBJ

£ 1 PofREFAEZOREERD HEHE
(BREE S BRREEEEM, B& - AL ) — N3, 198842 A4Y, 30%®E (1023), 1%
FEhich 283, FAENSFHTETTYaREFL£ETUE, 102 Xh 56 )

Table 1 Frequency of appearance of zero pronouns and their referents.
(Source of sample sentences : Nikkei Sangyo Newspaper, Information and AI column,
lead sentences during February, 1988. 30 articles (102 sentences) 2-8 sentences per
article. Of the newspaper articles tested, the number of sentences with zero pronoun(s)

contained was 56 out of 102.)
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#1x oy . 0f1 1|0 0 10
. L 0/0 (0 ]0 |- 0
EZX |SUB] . 4614 |15]0 16 Jo o6 3 Jolo o ol 3
|08y ofofe [o]o]o o o oo o 0 83
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et (] 80 0 2 93




Vol. 34 No. 8

[588%4 %), [BER$ %] & $IC Production O
BERTHETH B, RT3 i3 SUBJ #
Produce ¢ 2 DizxtL, TBEFT 21 i3 SUBJ 38
OBJ % Produce 9 5C &%R7.
ZOFEETHEL ILAEOBSERER 1ITRT.
COXHSBRETHEINLFEEOBH 2 AEEKRE
#& (Verbal Semantic ‘Attributes: VSA) EFE3s, &
NoFEEREER, AEARMULUELTS 2EED
s p — EE (BRI A <5 — v EEEE, B
REEBRE) 5L TS, chbOEHER, H
AERE (BRERE#EFEFCBLTR, [HERS ]

BHEPBRYZTF LB 3AEEREBREZH VY v RE ARSI 1709

DOk HBEREHEO2 TS LZOBRERNOEK
HIH0 B 152 AABR % — v &, Z O BHAE
FRBEITHSTARERBTHEEE/ 2 — v OID D
3%, BAFBEELEECTRIRERENRELIDT, 20O
XS 2 EEMCHELERERTERANTRET
2EickD, MANSBEREOBRITREE 857
», FMTERIBRECMNENTEEILS. BE,
#7 15,000 D¢ & — vEEDOME L ITHL T VSA %
FEL TS, Hx Dz —vOiT3ERD VSA
O ERFRTH BN, FORIEIZ 1D VSA
DRETEATHNEZ E0h5, B TSBRERYE DB

= . ok T
B 43 0 M b Rs
. SUBIJ exist
r— Existence ""[
SUBYJ not exist
___ Abstract___}— Attribute
Relation .
— Possession Relation between
- Relat;ve — SUBJ and DIR-OBJ
r— STATE — Relation Relation between
SUBJ and IND-OBJ
L Relation of 1 SUBJ cause IND-OBJ
Cause and Effect SUBJ cause DIR-OBJ
| Mental Perce?tual Relfauon
State | Emotive Relation
—— Thinking State
. . — Nature from SUBJ to IND-OBJ
EVENT —
— Physical Transfer — SUBJ transfer OBJ
. P 1 —1 T e
Alé)('is(;:al SUBJ be accepted
— Possessive Transfer-] SUBIJ provides IND-OBJ
—— Attribute Transfer --E
— Bodily Transfer —-—E
— ACTION — -
— Result -H
— Bodily Acton |
—— Use -
— Connective Action—{—
- — SUBJ be produced
—— Product — P!
duction 1 suss produce OBJ
| Extinction-
Destruction "'E
r— Mental Transfer ~
| __ Mental _ |
Transfer
— Become | Perceptual __ |
L — Cause Transfer
— Enable — Emotive Action ——E
— Start-End—{: ;t:: — Thinking Action

1 AERRBEER

Fig. 1 System of verbal semantic attributes.
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MEHTETNEDDEELILNS.

Ric, YulEgH (HBBER) BbsXE, €0
FICHERNS 52X (fisem) LOBKRNEREZ, €
o REFDOXHZ ORISKREZEOICHLTED LS
ISR FHICERT 20 LV SBETELS. 0D
BRI, FMICKEREZXETIHE LEoREFEX
BT 2HELORERRBROBERICL>T, £20
EOICFEDBENTES, COBEBRERVONE,
FAEERBED 2HERIC L -~ THEBROHR &,
Yo REFAOHEERDORENTHENLSE. COHE
BEURBHOBERREDI DOV —NT, BFEREL
TOBPIERNTERL T3, koT, BED
W= NPFNTOREEREREL T 3bY TR
V. Lal, 20—, ZOBRMH &8 L5
THRTIEBNIHEEREREL L OTHY,
V=V EERDGFRERRIDIINEEL B, BFRESR
DXEZERL 1B, REERLBV—EBINT
PREDDBD, TTRERINTO B V—VEIRE
BURSDTHY, v—rEEGFISERBEYED 21E
BRIV HIBD Ty —VER & 8-TW 3 1
b, A7 07 EFRICERT 2502 OfioFHkic
B e — B D1 DEF R L D BB T X
3.

SETHRNIEBY, FHEIEY — FEFE 1
LELSRONEREWH T X ERE A>T BT L
BEL, BIXANOUMIBTFE LI THEC &5
B LITR T O & S 73 BT A REHEAT L IF
U, COFEBMNXOREERBRICK-T, gD
X D€ RERDORISEEEBERL THL.

0, AEBGRERET ZV—VBICIIE

Aug. 1993
% 2 FAEEREMC X3 RIBEGRRENY -V

Table 2 Rules for determining resolution
elements by verbal semantic

attributes.
ELiE A5 B R ORT ] Me R | e = 717
VSA % VSa RICER
POSS SUBJ |POSS-TRANSZ || s¥#liz3 | OBJ
& START
THINK-ACT| SUBJ |POSS-TRANS2|| F3tkE| SUBJ
& START

RESRHRAT, HOCRRIT, EORRITOTDR LB EL,
% OREAIRENT O HIAD & 13 5. XIRERHTC
B, RO XS RN TE B REFORISHRIT T bR
5.

(27w 7 1)
EeREHEERET 5.
HLEETIE, B—XRIKZOREKRERIEE
LIRS 5.

BEL, BISHENTPKRTINER T v 774,
F—X ORISR ERDOBRHIZ

1) #ERFCEEICLE, ¥oRE&FAORISHEN
2) HEEWEMICLB, WHISHER
D2BEARAL T 3.

DRIODOEXILBEREIN L (EXPEXD)
BN, BFEOEHEE, BHEORBIcL-T,
RISERSEIICREST 5 & 5 REE A0z
DTHBY. EREOEEICL 2 BISERREN—
NO—E AR S ICIRT .

5%}”5&753ﬁ‘53ﬂ130, Ex D —nit ‘, HART
¢ DESIBMIRCE S h 5 - o VT
< . M- X
LREICRT &S, AEERBROSE EHBAI [ mjﬁﬁm 1
BROBHEACERL 24 1 REF DS RRN - l Wy |
BROWELV—-LVERNBLEICEST, \\\\ [
RRERDBO AR CRBRITLERY T |
EBHTE 50T, EAMNICAEDORESE A l
BT BRBT A ORI E 155, A2 \ ——
TS HRR: - %ﬁﬁf
5. RIGEHTH R T~ -—
™M ot 7
5.1 PITURAL JaEm aaxg:gf’rs% ] E&Q?ﬁ :
LTROFEBRKREH®AEAR W, Yo
\_____/

FDORISEITZIT O 1o D ¥ X 5 L RER A
B 2R, BATRNROBEAXIZ T TICH

2 RYRF ADRER
Fig. 2 Structure of this system.
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Table 3 Constraints to zero pronouns and their
referent with connecting words.

RN [P OREnORT | e ER E O]
b, L, & A% T=F% |
o o] g PEL—EX
¥ ‘ N, TR REX—~EX
=h, T N, AR PEX——EX
3 NE, TR PEX—~FEX
00, RRLM N, A, T PEX—EX

* Z DR, BEEEOSLX D, chERIEWiE
nEaREREELXANOFHERT

e S e OEBA, THIRE OBERBERL T3
BHE] OBADHRBERRLIS.

ARFA—THRO, BEEICL->T, RSERPRE
THILVES, BILIE, 3EEM OB A1 H
WEET? LS NES) AEEREEEAVT B
ISR AT O BDTH 5.

(RFvT72)
BE—XRIEEL LT, RERERBICRE
ThTVAEERNXOKREREN D, RISHEERR
WABRYT 5. BRI o REFMSIET 5 H
EOREERBE L TERN XOFE RKBEOH
#T, E20REBRRRENV-VET S,

HEw ksl rE el RISERMSERZL, R
Ty T4,

(AFv78)
JSRERSRH T E R VIEES, BERTESL
T, BEME e REFCETREARKICLD, ”
TEEREA AR,

(5 w7 4)
YIRAEEEHAEE N — 2D 5, BTRSFOXE
IR L CRE L Fe EEBA X REN — IV %
LT, EEMAXARERL, RIEREREICR

7.

IRDILEN,

5.2 B

(6) DRI EFOTAERIC & %2 0 REFDKIG
BT OBE (T)ICRT.

(7) (1] NTT 3 HEsHE 2 HATS.

* FEREOB AT RLEDH 1 IBEEBN L
3. 81 XHEROBNH LR BB, BERED
BEIC - T, TEBNSUCBERMEMNETS. B
KRICE, EX0BARFIXELBESEEIEONV -V
ZR0A5.
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“NTT will introduce a new model switch-
board.”
FRERAIX ¢
(introduce (VSA (POSS-TRANSZ2 & START))
(SUBJ “NTT”)
(OBJ “new model switchboard”))
[# 23] gsubj HCBHiKE = &
“psubj is equip with a self checking function
and
UEWTHERY (equip (VSA (POSS))
(SUBJ ¢SUBJ)
(OBJ “a self checking function”))
¢SUBJ=“new model switchboard”
gsubj 200 ¥ x5 K FETE TEL.
gsubj is planning to install 200 systems.”
ENTHERD (be-planning-to (VSA (THINK-
ACT))
(SUBJ ¢SUBJ) (OBJ--+))
¢SUBJ=“NTT”
B :
(introduce (VSA (POSS-TRANS 2 & START))
(SUBJ “NTT”)
(OBJ “new model switchboard”))
B 1 OB, BT & FEBAAHE X
N3, COFXTE, B1XBEMXTHEINSOD
T, ZOXEOENHERBSEERM I E U TRER
BEPICERING. RIT, H2XOBFRBRLY,
T##T 5 & [FEL] OEBSE¥aREFLINT
WBZENGHDB. B—XRICEZN D ORISHER
BELLEOOT, EEBXhOBRERSRIGHEE
FERMENS. [HBillds) & [FEL O VSARZ
nEn “POSS”, “THINK-ACT” Thbh, FEHN
XDOEED VSA 13 “POSS-TRANS2 & START”
THBDT, £20N—MCX ) HEERBERIZ I
iR | (et DSERALL, EREBAN O HEEE,
FEBZTNThORISERENLS.

6. MEBBRVXFANDAVYTYAY
bll).lZ)

AU TRBEULFEEA 7Y AV PUCHER
o5 s ALT-J/E ORBOFEEZHHATZ (R
3). BN, AJTRAXIHERETO%, XERHM
DOH%D R BEROFEN TS, HEOHOKRDZTHE
ROBEEOHERICE SO THEXEZRBL, Zoick
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Dhh 5B A H 3 2% BICIRE L
DEAE, B2 & O AR TS A Ml
U, 205 EKRER - 12 EicE#T 3.
COENRE4IRT LS ICHERRHL
mET S 2B s — VR (BEER
BHameE, BRI A 5 — v EHEE)
LIFICRA IR, B2 —roling
BICRPLE % — v EHBR OB %220
5. CHICLD, HEEBTHEREINGT
BN —vhdsEd s, 5B, 280D(3)
P(4)D LS BAITIR, ME TP af
ZRERBEINS. COBETEEMN
BABAICTEL L~V TDI — ekt
T 3R OBRICE SO TRKIC—D0

HROMBEZELSRH/IGE Aug. 1993
(1) TERBRIBHT vvenerereeennns SFhb#E, HEEN 7T ORE
(2) BROZBU BT ooveveeeenns XEZEOBROYE
(3) J/T ZEfeeerremcrreeceenns AASRNTOEELER
(4) BUTHHoveerveeseenenns ORI BITHR > 5 B SO XM 4 UE
(5) BLXHT
(6) REBERHT - o-eeemeeeeee BESEHMHL, LT3
(7) ZEHRAT- e eeeee LA, HABEOEREEDOE
(8) BDAL IR+ oveeeevee R EMHEOBREEL D 5
(9) FXFGFEEHvenreveneens rF - R TERANRE A LR
(10) FEGIRIT v ovreeeveeercres FSHEOBRAD 3
(11) BTERERBIT - vovevenerens XERDOSHEKR VAL
(12) B BERARIE v eeeeeees HES N IREREIRERC L D ERT S
(13) FHSEEEREH - oovereveene RSN BROEMFLEZIET 3
(14) BiprscAERR
(15) BARBEAR - EXLEROBELIET B
(16) BIFHTLERR - oveoe B, FEl, BESH 0 8IFaRE
(17) BFHDHERR oo voeee AL HATEREOER, EALAA
(18) SEREHBIELERR o veeeeee e EREd, TEOFESCE UTHEAX TR

BRARET 5. gf, 2ZD(1)%(5)
D&, HABOWSE L IEOBEIL
RICERZZ2BER, BFEREORAS

BEEFEORBIGEOA RS ESCE T
B2 LICLkD, EEFFBCRUREL Yo REFADR
ST EX U 5. EREOBEFORE, BExthiceaf
BEDEETIEAICR, 5BTRLEED, XK
EHIC L OBERMELTT . COMET, BAE
RTHERINZLE 2 — v ZkE > T B0, &
&3, ThE2EAL, REOBRNERTSIETE:
HERL, B, B, ERRS oRSEHINT 5. £
DERICIE, HISHITBOY o REFADF K ELTE
RBICUTIE SN & S I ERP R AL, ERFubs
AL, BELCREST S,

7. FF i

SETHOFHTE Y — FI 30 25 102 XE 40
g, ARE2EALZBAO¥ nREFOH
BEMETOBTRD R 2R NCRT. cD 102X
2, HISER OO —NEBELTED (ERIC
BIMEE Ll —niz, REESHRES: A2 H o r—
W16 W=D XN —I B —iv, X — 6
V=V DHT, RO R ov—n (2381 —
W) 3, CONBHRREX DI DI BB L TS
V), CORRREFROBNRAART o1 v F
UTAMORREEZ .

ZETRUIZERD, AREWRIICENT, FR
L, AFERTHEANRERZEoRER (F+X X

* BN RS L ORI BE Ucks, & AT
DYV TORENBE—DOXTH D, BDALLEL
LT EbH5. chitd UCBXRBEAXEH—D
JAE Uit L VI HRL e b DS 5.

(19) BRifl - BERURSREAE AR - BB, AEROEA, BR/BXERRL
(20) ZETERBE - ovoneererereeens fik, SAERY, HRfth, coft

Bl 3 HIEBERY X7 a4 ALT-J/E OLEEE

Fig. 3 Process outline of Japanese-English machine

translation system, ALT-J/E.

UEAEBOH]
(1) BAfG 2 —v 05
N1 (F&) RESED =) N1 be tall
(2) BEsRHBEOH
N1 (E4) 28 N2 (FK) OF#LRVS.

(> N1 28 N2 »5HEESNE) HAZNTO

(> N2 2 N1 23835 (+28) LK

(=) N2 claim N1 (+32F))-eeerr HA B —
=) N1 be claimed by N2 ccoooeeereeeees HELT

[ % — > Of)]
N1 (FE#&) ¢ N2 b/ ARIES) £REET 5.
=) N1 learn N2 by heart
N8 (fizk) T N2 (8%) %#£1>. =) N8 raise N2
N1 (E#) 2 N2 (&) #&~5. =) Nleat N2
{tbh&b) {chicken)

(1) Beeerenns hen
(2) &k chicken

Bl 4 BIEEHex - HEOBR
Fig. 4 Example of application of Japanese-English
conversion pattern dictionaries.

HICZ DRISERNEN D) OHE T 2EK 0% 9%6%
THY, FFEOBHBHDOILNC E8bh b, Z2D
BRANB O o REFD 5 BRIBFEITICRT LBl &
1355 99%, BRANGAOELuREFAEZEAXELE TS
#95% LB TENELRL .

AF RIS ICEKL B2 TicRd. T
DEBYD, TNHEEFDS bD 4 #E Xz ICEN
WOEREREHERICH ¥ REFTH 7. ok
ZiZ, (BT, A7av(AF 74 2a v Ea—
%2) RO YR T AORGEHEOXIROBTHNS
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x4 ATETHBEINCRI LYo REFOHE (V1Y FUFI )
GEENSX : £ 1 LRk RSBy - VvEHES)

Table 4 The frequency of successful resolution of zero pronouns by this

method. (window test)

(Source of sample sentences: same as Table 1. Rules for anaphora resolution

are already tuned.)

R ERD LYBER BILH
< IR ®wIX ZnLIpE £ h AR XES]
o4 FoREHL AR nfERLR-oY < | E
O HRBHT BEEERE RN R EREA I 1
7 T 0
suBr /|0 /|0 /
7 1 1
_ 1 9
%13 OBJ. 0olo0 |/ 1o0]- 0 /
1 10
ETC. 0j]0(0]| 0 0 o0%
SURT 46 | 4 15 6 2 0
Il 1o}y 0 0
%2 46| 4 |15 6 g 010 é
6 79
» OBJ o| o éo 0 ojofojojo o] o |/
Tnb 95t
ETC. o] ojojolfo ojlojolojo|o} o
0 8 [4] 83
JNEHE / / 0 / /
80 9 4 93
100% 89% 0% 195%

* FhOAMHI ¥ v REAFO HBHE, STRRIEFRICRDL Lo REFOARERT.

N, TA73 VBTl 185 OFEMBEaRE
UL TS, COXER, ZOYRFLTHNGH
TBAVE2—ZDERBA 73V THBEIX
BCTHLID, COEnERORIGERIIERIC
BENGY TEROBRE] L85, £7210)icsNT
12, HAEPOER O LR O MIHER £ RyHE
oORT, THEEsETT05S] OEEN ¥ afEgF1L
LT3, COFEFEGXERMCIENT, EHRE
R BZOREISERZELS. IO EFROFES-BHIC
13, HRMEBELAOEOHRETITEIKEST,

WISERE RS 2 & 5 ICBEIEYT 2 LEHD 5.

TR O 14T, RISERIIXEPICERN 3 055BE
FETRRIVEATH 5. B, ADRT &
BO, T~Db0] OEFENE¥rRELFLLTHD,

ZORIGERPRIXOBENE (F8)I[~Y 27 L0
#Z] O [~YRF 4] LB ICHESEITICRKRL
fo. COBE, J-] Eic kb, EHEBEAXO “~v
AT LD ODXEMHEL “~I~V R T LERELUE
D37 EVINEOLICBREHRTS LT, X
FHETOELBRT I EMNFHEELS.

o FFMPELEE (V4 Y FIFR L) 5 ¢

(2) XBRCENBOEREY o REFORISER

&85, 44

Bl (9)“(FEROBEI)* A7Vl ->T, ~7
(10) “AxtoF tDBERSEIcX &, ~&
(BRRERM* FRERITI TS

(b)&Fic To) TEMT 2 E2FANE e REFOR
IGER LS. 14

Bl: (11) “~Z~Y R T ADRTEEED B,

U~ AT LR)F ~DHD.”

RIT, BIEED 102 XDz 0ICBFEL fov—EFHn
T, 102X LR D EEBICHB U oFHE
9B XICDNT, RIS 2T » kiR %2E 5 ITRT.
ARBICBNT, XERCRICERSHET 540
REF ORI 8% TH-oTc. v—wEINSD
RICBHEETICT 54 v F 7 2 F ORETEAFET
RBIGENT 21T » T8, RISERSXERICENS ¥
aREFD S by 83% MBRISHATICRIIL, RIGE
KHEXEOCENROE e REAZEALBETHH
73% DORRIIRAZERL 7c.

0%, RISERMSXEDEET S 59 FhTHRIE
WEIIC R LTz 10 D5 b 6 i, RISEITv—
BT 3CEicL->T, T 1#3, EEFICH

*ENTHINBERR, ThnenfREFALLTE
Y, ehBEnREFERIETIERTHS T AR
ER



1714

HROEE SR GE

Aug. 1993

X5 AFECRIGETICRI LY a REFADHE (7514 FFX})
(REXFC: REENHH, Bl ALM, ) - FX 19842145, 3BRF (98X), 1T
FpHich 1-5 X, RENFFHEFD T oRERALELIUL, B XH 46 X RIS@IFL —

VAR )

Table 5 The frequency of successful resolution of zero pronouns by this

method. (blind test)

(Source of sample sentences: Nikkei Sangyo Newspaper, Information and Al
column, lead sentences during February, 1988, 33 articles (98 sentences) 1-5
sentences per article. Of the newspaper articles tested, the number of sentences
with zero pronoun(s) contained was 45 out of 98, Rules for anaphora resolution

aren’t tuned for these sentences.)

RICERD
H BT
Yo fkE

F1X

%2

Zh R
A3 L IR —3ePy

E2 x>
Fh LB
v oA & F

X
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XEH

[

[2F:i % S 53

b

ER ENEREEET E1% 13

SUBJ 0

S o~ i

E1xX OBJ. 0

11

ETC.

10074

SUBJ
H23X

o o~ B

» OBJ

38
/
56

T Q)
© =~

i P

Tl
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69%

(=]
(=}

ANEH

3

3
/

67

73%)

/
6
3%

=4
$m\c

WICEBRKIRE A 2 — v OE 4 — v REDSER
THEAOTER 2 -V DEINCT R LIk ->THR
B3 5. zORE, ELLREERETERVLIOR
ST EEE D, BEIC 6% OREABRTE 3,

D&, BEOEAEFFICEB L fov—n%
ZDMOEARCHER L 1eBATH, XERICRIGESR
BHET 3o REFD 8EIRICIIZ DT THETE
5T Em5, VoVORRESENT Ebh B, &
7o, BFONV—NBIICE >T 95% ORE41B3C
EMTEDEDOEDN—NEBEDIDDY I
{CBLBEEZ 3.

8. % & »

AMX TIE, HABRFEPCEN S ¥ nRERIc
UTHERKBEZ HORISBITO F 2B EL
7. AFER, AEVRHOBRNEREZOBHIC K
DAL, ZOREED 2HBKTL~VERRL I
7cd, B0 R < o AT O RIS & BT
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DYREFHME AT » 7oFE R, BN CRISHEITANE
LRBERREFADHI L, RISV - VEREL
BAERTRIAED 95% 3, T, COERTHEE
Ulenv—ni2 203 38R L HOEAER TIZAHK
D 183% 2 DRISEREZFEL BN TE 3T &b
Y, FFEOFMMEISEIFT & .
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LROXEOEIERITIC & 2 ERXOERD, F1X
DXEFOHEOERBEICER L LEBORASH
WEBEZ NS,

SEIO|METE, REHEXAEHHMLEY — Fx &
HBWEOEAR R E LD, 4%, ZOEbLVA
P, REREN L OEREBXECONT R BRE
Thsd. i, 4BV —nienseicgaicil,
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VETHD.

WE AMELEDZICHIZD B RO Y
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