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Extrasentential Resolution of Japanese Zero Pronouns in
Japanese-to-English Machine Translation Using
Pragmatic and Semantic Constraints

HIRoMI NAKAIWA,t SATOSHI SHIRAI' and SATORU IKEHARA'

This paper proposes a method to resolve extrasentential references of Japanese zero pro-
nouns suitable for application in generally applicable machine translation systems. This
method focuses on semantic and pragmatic constraints such as semantic constraints on the
cases, modal expressions, verbal semantic attributes and conjunctions to determine extrasen-
tential antecedents of Japanese zero pronouns. This method is highly effective because the
volume of knowledge that must be prepared beforehand is reasonable and its precision of reso-
lution is good. This method was implemented in the Japanese-to-English machine translation
system, ALT-J/E. To evaluate the performance of our method, we conducted a window test
for 5 types of zero pronouns with extrasentential antecedents (193 instances) in a sentence
set for the evaluation of the performance of Japanese to English machine translation systems
(3718 sentences). According to the evaluation, extrasentential antecedents could be resolved
correctly for all of the zero pronouns examined. By examining the accuracy for various condi-
tions, we found that the verbal semantic attributes were comparatively as effective as modal
expressions. By examining the accuracy for rule complexity, we found that this method can
achieve high accuracy using relatively simple rules. Furthermore, by testing on an unknown
text for all types of zero pronouns with extrasentential antecedents (371 instances) in the
sentence set, we found that 87.6% of zero pronouns could be correctly resolved.
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TRETHIE0H L. HEBMBRTE, ()0%
A7OXORLEFL, TOXIRBIHLTALZL
BEV, Fiz, TOXI)RERTIE, OB EHEITE
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TRNELZEETALERL L, RHKHzoTE, 3#
EMOEHEFICILLT, BEEOREHOHT,S
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FEOREBIEE %3 572010, ERAXHORIL
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Table 1 Distribution of zero pronouns and their referential elements (Source of
sample sentences: Test sentences to evaluate Japanese to English MT
system (3,718 sentences). Of the test sentences, 484 contained zero pro-
noun(s)).

o HORKR O BT
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Eokld [E 7 % I N at
ahiz 51H A | % [N 1 B you it fi ][]
HER pdsl pag) Es we i
53 1 0 0 0 0 0 0 4 0 2 0 0 0 7
A 110 2 9 2 0 2 8 144 | 82 24 28 | 51 0 462
HATH 3 0 1 0 0 0 0 6 2 0 1 0 0 13
5IH3XA 4 0 0 0 0 0 0 0 1 0 1 0 0 6
(3 3 0 0 0 5 1 0 0 o] 0 1 7 0 17
[E2xA 1 0 0 0 0 [0 o0 0 0 0 0 0 |0 1
[\ 1 0 0 0 0 0 0 2 3 8 0 0 1 15
) 0 0 0 0 1 0 0 0 1 0 0 2 0 4
ANEE (1] 154 371 525
F2 WESNEICYORLELECHIOBEROS
Table 2 Distribution of characteristics of simple sentence with zero pronouns
which refer to extrasentential antecedents.
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(72) BRI
% 2 B3 13 EE T 27 [5 16
L] 144 (T&5%) BEEE EX
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&t (T&5) S KEIE il
= 4 EE] 8 THREH 7 W E 3
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BAT—E I o/ b ZFIMELLL Thabhhorz] &
W, BF (45| o XU [ELv]
OHBPOREFAL HoTBY, TOXDOEFICL
Br, EHIC T PHRMRE LTHREN TS,
ZOXDBE, ITHEOEuREGFA* ELHEIRRA
[EERT—HITholze &3] 225, “BFE O
HER (72, 88 (22| ORSOERK “VHKORE
ML B XU CFER OBEE [ & &1k ] OBF#EN
Boh, REOPIREATELHEILERFI MBELLT
Zbhidrol] holE, SBE ORMEER I zb%
W] ok CBRE OBMERR (ol 8&F MELV]
OHEDER “TH (N) OBRIEIRE B LU “HEX
DOE OHEBBONSL. KRICL DL, BRANR
Zhdb b THRT 2 8ERBEORERR L L0
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BHEE 81 2, [BH] 0k REBEHELRT
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Bl L 2 2 ERBHICLS L CHEER L #ET 5Tk
FEZONL. LL, REZOBERNGFZBIEND
REOBENEL DY, FRETTE, BRNRIL
ETERW, e 2, B1IORT &) % HAGEEH
(73] T2 HERMRVATFLTHLNS
HEMEEREEOBZ R TAS. ZOBITIE, [N1
(EfRor O Wor BY) PITEFET] L) BHAERE
RBISHILT 5 8 2 KFEXRBHD “N1 go” THBH 2

NI (Ffkor N or #H) »° 17&E7.
=>N1 go.

H1  HEERARES

Fig.1 Japanese to English transfer pattern dictionary.

LERY. SOBE (78] O NLIEB I
WAL, BRI TH S EEK, “EDY, ‘B
W OHFIVS LA REREL L) LT 5.
L L ZOBl0BEE, THTHE NLICEROERK
B OHEET 5720, R —EIRET S Z
EIRTELRN,

B1 D87 -0k % EEERREEICBY
BREIIHTT BRI ME, HLE T FRDERGER
BARERBICERTABEOR LT ICAVWO RS
O, BERLZEOERICL > THSOFRENZE
PLERT 2EE1CE, RERIOY L CEHEELERE
HEAEIE LTHE SN TWAED, #0458 IR
LERBHEIAES SN THE, L7251, Biohyd
AERNLFEHELEERWT, YufgFEOERIC
B iR 2T 2541001, 20BEEN—
BIZHES ZWIEANE W, T, L ZEREHIG
WL DIBTRNROBERS—BICHRTE BHETYH, BF
B RRRF—BEILRE S 2WVIEELH S, 1282
i, BABEENOBERGHHE N OB, R
WHROBRII—FIHRT 505, BRI
ER%E () ZOPHEECHEE (you) 20 £
W N B DODHRE S,

ZITC, 2ETOREEEERFAT L L, BNOF
BRIEIE 2T TR, BEOERSEMEEKR, BiRE
D¥ 476 ¥ aREADLEBINRHRERICH N
W, SVERICHEERLZHENTELLTFEEINS.
fze 2, M1 OERBERBCBNTY, HE [17&
5| OFSOEKRBMIZ ‘N1 OBEY 2R L, 8FH
MraFd) @&E (7<) oTERBTHBI LD
b, @mED LEEEMTL I L2 ENPIUER &9
ETAHRBTHAH LIRS, ¥ufE&FANLO
FTRHRIIFEE D LARERTH S “I" LB TE 5.
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2 EORATHEOIMICEL B L, BHERBRPLHEE
BEM, BEEEO Y A7 aRGFO BN
BEPETHIDICHNTH A EDPHETE S, R
T, 2 BETRE L FERICRETAZ LICL
DN, BRERECHSEWEY, B0 3E
B X 2 XBIMNETRRR L IET 5 72O OB W -
EHRHWH IOV THRARS .
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3.2.1 HMERBICLBHIK
HHEOBAERZ & 474 )T, HHEEENE
OB E O LESNERNRERET S ) 2 TRLEH
R B LI END. 72 21T, T (RBE
HE LD RIBER) PEOREANLLTVABEIC
i, BHEE [~ L7z (¢ want to~) ] (HYE) #
[~LTELY (¢ want ¢ to~) | (EAKFE - &
%) bRk, BRI DTSR, BEER
[~LTiZwir v (¢ must not ~) | (Fik) 2 [~
TBH5RE7 (pshould)] (FH) 2L dRH L, R
HBIE “you” ISR B EVE A, TDOX I, RIS K
) XBEHOEEDIIRAER & % 55 E LS CHARES
REHOXTIR, TNLOFXOREFIFIICL >T—
BIRAASPHEETE S,

3.2.2 HEEMBMEICL 3HIK
HAEERBHICLAFWITARECUTO 2 8E IS
Ay (-
(1) BEOREIC L5511
AE 359 (get) | [R5 (give) | DX I RZHE
W, [47< (go)] R [#5 (come)] O & ) LBEHIEH
&3, Puf&ErFET 256 IIREREA L D
L% CTOXEIMBTI R RE S, 728 20, #
¥ uREFILENZHECIL 559 (get)| @
BARRIE T 2% ), (%% (come) ] DIFRIFRIT
“RAL (728 20E Yyou”) BB EVZDE. TR
B, EERHE L AL % HEFE L OMHBIR
(72 & ZATHBEES 2 EE OBR ) OPIE M)
REORLTEBY, TR OMWEIC X ) TESETR
SOWETES.

(2) HEDEH EHERRICL 2HIK
S OO ACHHEROEEO A TR R Y
RELRLSTY, HEOHEELBMHERROR S » 5 ¥
TRARDVREBHEN DD, 12 2, [REFHAL]
EVIIRFATIE, TRV RELFLL TV5EA, §8
TR —XAI SO IFEEL ZVET S
r, ZORBIFEI -3EEORBERRD O
EEZOLNBHDT, HARAMEE LTI D 2588 TH
5. ZOXHCEEERTEFESY [~/ (BF)] @
HREF X OREFLEN5E, FORRERIET T
LHEESNDG, FERAC, BIERTRIEE S [~
%9 (WiE+#E) | orgrtafaiftsnizg
BCl, g/ S80S/ REOTEYERT AFEH
THHEEZOLNBDT, FOERHRIT “you” L

*XHBRIBIHT) 35 & OB IRISEATO) 8 T R O HRR A AT
XM LBPOMOILMICDFIEL 2V EAFHBAL TV
BERl COXLEHNBICHT 2 E L TV 5.
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FEEIND. ZOLHC, BEOEE L BHEROES
WX o TH XBIRTRERDPRDO SN L HEDVDH 5.
3.2.3 EMEEICLBEIM
HREOEEIC L o Ty, YuEHRoXEIIR
WRAPRT BHEDDH D, T OBRKEOTEEIZ X A
HWIERECDTO2BEIIO PR S,

(1) ERENOR 1T ICL3ROEFICL 341K
BIOPHEW LIRELTVALEBY, BREOHE
FREBICIE, BRELTRAZHBOEICBWT, 12
DHEFREWHORILORELZ L LTHETLIZ LR
BEIT A0S B, ok 2T, Bid, HAERRE
%A, B, CO3MEIHHEL, FENELBATE
SEETELI% [20] R [L2H85 ] O X)) Rk
iRy A, NMERSEET A, FRSIEIEE
LEWEI R [OT] R[] X)) itz RT
HheET B, "EATRIEELZVES R L]
R TT] DL REFEY CHEWFAL., ZO5HEIC
L2 ABOBREY LR IBELLBVT, 20
BRETZ I SAZ 2EHOB O Il L b
ZEMESNTWRHEITIE, 3.2.1 1 % 3.2.2 H Dff
L o TR DA RO RHRT o 72354, il
FORFAARLFNEF—THALIEETEL. 2O
L%, BEREOBEICI AREZOBRYE, R
SOREIERTHIENTES,

(2) EkREE L HERKREM, HAERBICL 38K
Yof&s e &b hoEREOEH - HSEWENS,
BHEBEOEEIC L - T, XK T A ERIEET
&, ZIU L > TRIFNRDPRD LN BB EVH 5.
Te bl A TRBICH P LW EENIZIITI IR E] ©
BHE [Mfirkw] oFgrEofegiftsntns
A, CPASCHBBISERAT T th TR R ASTR — LA
DLEHOMOLANIDHFEL 2V EDMHBHAL T
BN T, HRHEIE “you? B, ZHIE, [H
BB LRWED DRI 5 | LEH/EEFLE
THEYATORBETHS., 0¥ A T7ORBIL, Bk
Bk le] THro L, XTI RLFLS
h, BfEgEChREREY L ) Tk, ENRENS
ERTERBCRERCERIBARRE N0k b] 2L
bl ) I EREMICHEETH I ENTE, RSN
WETEXA,

3.3 7ITOUZL

3.1 8 % 3.2 ff T/RUERT I, B
TR EFOLUREHAOHN 7 VT X222 T
RETL., 720, 22TIE, BEZERRFT L 2
TUHERL 52X uREFAOAET TR ET L. UHE
ThAIT)ALE, LTy Ths, UTIRLE
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Fig.2 System of verbal semantic attirbutes.
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Table 4 Resolution accuracy for conditions of resolution in rules created by human.

Rl =Eav ] FBRAR AT St
BT BAOERES + BB + 5 B E +ERER
B I or we 2% 50% (+29%) | 88% (+38%) | 100% (+12%)
(17) (41 (+24)) (72 (+31)) (82 (+10))
you 0% 50% (+50%) | 67% (+17%) | 100% (+33%)
(0) (12 (+12)) (16 (+4)) (24 (+8))
i 0% 0% 67% (+67%) | 100% (+33%)
(0) (0) (8 (+8)) (12 (+4))
you 0% 0% 16% (+46%) | 100% (+54%)
A (0) (0) (6 (+6)) (18 (+7))
one 0% 0% 0% 100% (+100%)
(0) (0) (0) (3 (+3))
R 0% 0% 50% (+50%) | 100% (+50%)
st (0) (0) (14 (+14)) (28 (+14))
it 100% T00% (+0%) | 100% (+0%) 100% (+0%)
(51) (51 (+0)) (51 (+0)) (51 (40))
o you 0% 62% (+62%) | 62% (+0%) 100% (+38%)
) (5 (+5)) (5 (+0)) (8 (+3))
=t 35% 56% (+21%) | 82% (+26%) | 100% (+18%)
(68) (109 (+41)) | (158 (+49)) (193 (+35))
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Table 5 Resolution accuracy for complexities of rules created by human.
ikiE N V=D V=V FRATHIEL
BIES | MEEWEYE | s il
0 0 0 0 (A&~ 0 35% (68)
Hl#DH)
1 0 0 1 11 (+11) | 56% (+21%) (109 (+41))
0 1 0 1 13 (+2) 58% (+2%) (111 (+2))
1 1 0 2 30 (+17) | 82% (+24%) (158 (+47))
0 0 1 2 31 (+1) 82% (+0%) (159 (+1))
1 0 1 3 32 (+1) 83% (+1%) (161 (+2))
0 1 1 3 37 (+5) 88% (+5%) (170 (+9))
1 1 1 4 38 (+1) 00% (+2%) (174 (+4))
0 2 1 4 43 (+5) 94% (+4%) (182 (+8))
2 1 1 5 44 (+1) 95% (+1%) (183 (+1))
1 2 1 5 51 (+7) 99% (+4%) (191 (+8))
2 2 1 6 53 (+2) 100% (+1%) (193 (+2))
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Table 6 Resolution accuracy for conditions of resolution
in automatically created rules.
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