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Abstract

This paper proposes a method to resolve
the reference of deictic Japanese zero
pronouns which can be implemented in
a practical machine translation system.
This method focuses on semantic and
pragmatic constraints such as semantic
constraints on cases, modal expressions,
verbal semantic attributes and conjunc-
tions to determine the deictic reference
of Japanese zero pronouns. This method
is highly effective because the volume of
knowledge that must be prepared before-
hand is not very large and its precision
of resolution is good. This method was
implemented in the Japanese-to-English
machine translation system, ALT-J/E.
According to a window test for 175 zero
pronouns with deictic referent in a sen-
tence set for the evaluation of Japanese-
to-English machine translation systems,
all of zero pronouns could be resolved
consistently and correctly.

1 Introduction

In all natural language, elements that can be eas-
ily deduced by the reader are frequently omitted
from expressions in texts (Kuno, 1978). This phe-
nomenon causes considerable problems in natural
language processing systems. For example in a
machine translation system, the system needs to
recognize that elements which are not present in
the source language, may become mandatory el-
ements in the target language. In particular, the
subject and object are often omitted in Japanese;
whereas they are often mandatory in English.
Thus, in Japanese-to-English machine translation
systems, it is necessary to identify case elements
omitted from the original Japanese (these are re-
ferred to as “zero pronouns”) for their translation
into English expressions.

Several methods have been proposed with re-
gard to this problem (Kameyama, 1986) (Walker
ct al., 1990) (Yoshimoto, 1988) (Dousaka, 1994).
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When considering the application of these meth-
ods to a practical machine translation system for
which the translation target area can not be lim-
ited, it is not possible to apply them directly, both
because their precision of resolution is low as they
only use limited information, and because the vol-
ume of knowledge that must be prepared before-
hand 1s so large.

The zero pronouns that must be resolved by a
machine translation system can be classified into 3
types; (a) zero pronouns with antecedents within
the same sentence (intrasentential), (b) zero pro-
nouns with antecedents elsewhere in the text (in-
tersentential) and (c) zero pronouns with deictic
reference (extrasentential). Regarding type (b),
Nakaiwa and ITkehara (1992) proposed a method
to determine the intersentential antecedents us-
ing verbal semantic attributes. The rules used
in this method are independent of the field of
the source text. Therefore, anaphora resolution
may be conducted with a relatively small volume
of knowledge, making the proposed method very
suitable for machine translation systems. I'urther-
more, for type (a), Nakaiwa and Ikehara(1995)
proposed a method to determine the intrasenten-
tial antecedents of Japanese zero pronouns using
semantic constraints such as verbal semantic at-
tributes and pragmatic constraints such as types
of conjunctions and modal expressions.

In this paper, we propose a widely applica-
ble method to determine the deictic referents of
Japanese zero pronouns (type (c)) using not only
semantic constraints to the cases but also further
semantic constraints such as verbal semantic at-
tributes and pragmatic constraints such as modal
expressions and types of conjunctions.

2 Appearance of Zero Pronouns in
Japanese Texts

In order to understand the distribution of zero
pronouns with antecedents that do not appeat in
the text, in this section, we examine which zero
pronouns must be resolved and where their an-
tecedents appear, using a test set designed to eval-
uate the performance of Japanese-to-English ma-



chine translation systems (Ikehara ct al., 1994).
The results of the examination of zero pronouns
and their referential elements in the functional
test sentence set (3718 sentences) are shown in
T'able 1. There were a total of 512 zero pronouns
in 463 sentences. T'he location of referential cle-
ments can be divided into 2 kinds: those expressed
in the same sentence, and those not expressed in
the same sentence. The latter were further clagsi-
ficd into 6 kinds.
e The zero pronoun is not translated because the
passive voice 1s used.
e The referent is the writer or spcaker, I or a
gronp,we.
e The referent is the reader or hearer, you.

e The referent is human but it is not known who
the human is.

o 'I'he zero pronoun should be {ranslated as it.
e The referent is another specific element.

According to this study of the functional test
sentence set, in 373 out of 512 instances (73%)
the antecedent was not expressed in the sentence.
Zero pronouns could be left unexpressed by con-
verting the translation to the passive voice in 173
instances (34%). The other zero pronouns, 200
instances (39%), referred to antecedents that did
not appear in the sentence. [n 69 out of the 200
instances (13%) zero pronouns were the subject of
the sentence and referred to the writer or speaker
[ or a group we. Further cxamination revealed
that only in these 69 instances did the verb that
governed them express some modality such as -
shitai - want to " or -shiyou ‘Let us -’ or the
verbs were omoun ‘think’ and other such words in-
dicating “THINKING ACTION’. Purthermore, zero
pronouns that were the subjects and that referred
to the reader or hearer you, amounted to 28 out
of the 200 instances (5%). In these 28 instances,
the verbs that governed these zero pronouns ex-
pressed the modalitics of - subekide ‘should’ or
-sttehenarenal ‘must not’. Similarly, modalities
and verb types can be used to identify #f or the
‘unknown human’. ‘This type of zero pronoun
can be resolved by deducing their referents us-
ing modality or categorized verbal sernantic at-
tributes.

3 Deictic Resolution of Japanese
Zero Pronouns

Based on the results shown in section 2, we pro-
posc a method to resolve Japanese zero pronouns
whose antecedents do not appear in the texts.

3.1 Deictic Resolution using Semantic

Constraints on Cases

To resolve Japanese zero pronouns whose an-
tecedents do not appear within the texts, it is pos-
sible to use the semantic constraints on verbs’ case

‘Table 1: Distribution of zero pronouns and their
referential clements

Loc. of ‘referential elements’
Deictic

Loc.
of Intra-
“ero sent-
pron. ential

ga 128
0 3 0 | O 0
ni i 2 7 5 0
misc 1 0 1 1

l ha || | 5 Q 0 0
{ | ] [T

|

|

Total [| 139

clements to deduce likely referents. ‘T'he semantic
information used to estitmate supplementing cle-
ments is similar to the constraints on cases used
for selecting the traunsfer patterns in a machine
translation system. Figure 1 shows an cxample
of a transfer pattern in a Japanese-to-Fnglish ma-
chine translation system for the Japanese verb iki-
masu ‘go’. Figure 1 shows how, if the Japanese
verb is tkamasy ‘go’ and the noun phrase with a g
particle, which shows a subject, has the semantic
attribute SUBJECT, VEIICLES OR ANIMALS, then
the verh should be translated as ‘go’. [n this pat-
tern, if the subject N1 becomes a zero pronoun,
the system tries to estimate the referent using se-
mantic constraints. But, in this case, it i1s impos-
sible to estimate the referent as one type, because
there are three kinds of semantic constraints. in
the transfer pattern, the semantic constraints arc
left unfulfiied if they are not used in selecting
the appropriate translation. So, this method fre-
quently poses difficulties in pinpoiuting elements
to be estimated.

According to the results that were examined in
section 2, this type of sero pronoun can be
solved by deducing their referents not ouly
ing semantic constraints to the cases but also us-
ing modality or categorized verbal semantic at-
tributes. Vor example, in this case, it is effective
to determine the referents corresponding to ‘I’ us-
ing the verbal semantic attributes of the pattern,
N1’s PIIYSICAL TRANSIER and the polite expres-
slon -masu.

re-
us-

N 1(sUBIECTS, VEHICLES OR ANIMALS)-ga
N1-suBz
= N1 go.

F'igure 1: Japanese-to-Iinglish transfer dictionar
8

3.2 Deictic Resolution using Scmantic
and Pragmatic Constraints

According to the analysis of the results shown

in scction 2, we found that modal expressions

and verbal semantic attributes are useful in de-

termining the deictic referents of Japanese zero

pronouns. Also, we can estimate the types of con-

junctions that are effective in determining the rel-

813

tki-masu
£0-POLITE




crents in a complex sentence. In this section, we
examine three kinds of semantic and pragmatic
constraints, modal expressions, verbal semantic
atiributes and conjunctions.

Constraints Based on Modal
Expressions

3.2.1

Modal expressions in Japanese are expected to
be the most powerful constraints for estimating
deictic reference. For example, in the case of zero
pronouns in ga-cases ‘subject’, the referent be-
comes the writer or speaker, I or a group, we if the
sentence has the modal expressions, -sitai ‘¢ want
to -" HOPE or -silchosii ‘¢ want ¢ to - CAUSATIVE
HOPE; the referent becomes the reader or hearer,
you if the sentence has the modal expressions, -
stteha-tkenai ‘¢ must not -’ PROUIBIT or -subekida
‘¢ should - onLigaTION. If there are no refer-
ent candidates found within the surrounding text,
the referents can be determined using the previous
constraints bascd on modal expressions.

3.2.2 Constraints based on Verbal
Semantic Attributes
Constraints based on verbal semantic attributes
can be divided into the following two types:

(1) Constraints based on the types of verbs
‘Give and take’ expressions such as the verbs
moraeu ‘get’ and yaru ‘give’ and transfer expres-
sions such as the verbs tku ‘go’ and kuru 'come’
can determine the referents of zero pronouns with-
oul modal expressions. Ior example, if the ga-case
{subject) of the sentence whose verh is morau ‘get’
becomes a zero pronoun, the referent becomes 1.
In the case of verb kuru ‘come’, the referent be-
comes an clement other than I, for example you.
These kinds of verbs implicitly indicate the rela-
tionship between the writer/speaker and the ref-
erent of the ga-case (for example, the empathy
{Kuno, 1978) or the side of the territory of in-
formation (Kamio, 1985)). Based on these prop-
erties, the deictic referents of Japanese zcro pro-
nouns can be estimated.
(2) Constraints based on the types of verbs
and modal expressions
liven if the referents of zero pronouns can not be
determined using modal expressions or the types
of verbs, the referents can sometimes be deter-
mined using a combination of modal expressions
and the types of verbs. Tor example, in the fol-
lowing Japanese expression, the ga-case becomes
a zero pronoun.
(1) hon-wo yon-da
¢-5UBJ  book-0BJ read-PAST
I rcad a book.
In  this sentence the experience of the
writer/speaker, I is suitable for the reference of
the zero pronoun. As shown in this sentence, if
the ga-case in an expression with a verb whose
semantic attribute is ACTION and modal expres-
sion 1s -ta PAST, becomes a zero pronoun, it will

be translated by a human translator as I In a
similar way, il the ga-casc in an expression with
a verb whose semantic attribute is ACTION and
modal expression is ~darou ‘will” RSTIMATION, be-
comes a zero pronoun, the referent is you. Such
constraints using both verbal semantic attributes
and modal expressions can be used to determine
the deictic reference of Japanese zero pronouns.
To write constraints based on types of verbs ceffec-
tively, we used the 97 verbal semantic attributes
(VSA) proposed by Nakaiwa (1994).

3.2.3 Constraints based on Conjunctions
Sometimes the deictic referents of Japanese zero
pronouns can be determined depending on the
types of conjunctions. ‘I’he constraints based on
the Japanese conjunctions can be divided info the
following two types.
(1) The constraints on casc sharing depend-
ing on the types of conjunctions
Minami (1974) and Takubo (1987) proposed that
different Japanese conjunctions cover or share
different cases. PFor cxample Minami divided
Japanese conjunctions into three kinds, A, B and
C. A complex sentence which includes A type
Japanese conjunctions, such as {suisu ‘while’ and
nagare ‘while’, shares one ha-case ('l'opic) and one
ga-casc (Subject). In the case of B type Japancse
conjunctions, such as node ‘because’ or tara if’,
onc ha-case is shared but not the ga-case, In
the case of C type Japanesc conjunctions, such as
keredo ‘but’ or kedo ‘but’, neither the ha-case nor
the ga-case are necessarily shared. According to
this classification, iIf two ga-cases in a complex sen-
tence joined by an A type Japanese conjunction
were to become zero pronouns and the referent
of one of the two zero pronouns was determined
by the constraints proposed previously, then the
referent of the other zero pronoun is the same ref-
erent. These characteristics of Japanese conjunc-
tions can be used to determine the referents of
ZCro pronouns,
(2) Constraints basced on conjunctions,
modal expressions and verbal semantic at-
tributes
Sometimes co-occurrence of conjunctions, verbal
semantic attributes and modal expressions in a
complex sentence determines the meaning of the
sentence, and sometimes they determine the deic-
tic reference of zero pronouns in the sentence. For
example, in the following Japanese expression, the
subject of the verb tka-nai ‘go-not’ hecomes a zero
pronoun but the referent can be determined as the
writer or speaker, you.

(2) tokoya-ni ika-nai o,

¢$-SUBJ barber-IND-0BJ go-not  if
If you don’t go to the barber,
kami-ga boubou-ni-naru
hair begin to look untidy

your hair will begin to look untidy.
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This sentence has the meaning that the-writer
or speaker advises that if you do not do some-
thing, a situation will arise. The meaning type of
a complex sentence can be determined using the
rules that the conjunction is o ‘if” and in the sub
clause ga-case becomes a zero pronoun and the
meaning of the verb is A¢TION with negation and
in the main clause the meaning of the verb is AT-
TRIBUTE with modal expression ni-naru ‘hecome’
ATTRIBUTE TRANSFER.

The meaning type of a complex sentence can
be determined using the folowing rules: when the
conjunction is ’if” and the sub clause ga-case be-
comes a zero pronoun, and the meaning of the verb
18 ACTION with negation, and in the main clause
the meaning of the verl is ATTRIBUTE with modal
expression, then ne-narw ‘become’ is an example
of ATTRIBUTE TRANSFER. Using these kinds of
rules, the meaning types of complex sentences can
be determined, and the reference of zero pronouns
can be determined.

3.3  Algorithm

In this subscction, we propose an algorithm for
the deictic resolution of Japanese zero pronouns
using the constraints proposed in this section.
This algorithm was implemented in a Japanese-
to-Iinglish machine translation system, so the only
zero pronouns that must be resolved are those that
become mandatory clements in Fnglish, To real-
ize the previously proposed conditions in an al-
gorithm, we must consider cases when these an-
tecedents exist in the same sentence as well as
when these antecedents exist in another sentences
in the text, and we must design the algorithm to
increase the overall accuracy of the resolution of
4CIO Pronouns,

Anaphora resolution of zcro pronouns is con-
ducted as follows. In ecach step in the algorithm,
when the referential element within or without the
text s determined, the system checks not only the
conditions that are written in the following algo-
rithm, but also the semantic conditions that verbs
impose on zero pronouns in the case clements iu
cach pattern of the Japancse-to-English transfer
dictionaries.

1) Detection of %ero pronouns.
If they exist, proceed to step 2.

2) Examine whether there are antecedents within
the same sentences.  (Ior example, anaphora
resolution is performed using Nakaiwa’s method
(Nakaiwa and Ikehara, 1995)).

[f their antecedents can be found, finish the res-
olution process. Else, proceed to step 3.

3) Bxaminc whether there are antecedents within
other sentences in the text. (For exam-
ple, anaplora resolution is performed using
Nakaiwa’s mcthod (Nakaiwa and Tkehara, 1992))
If their antecedents can be found, finish the res-
olution process. Else, procecd to step 4.
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4) Deictic resolution of Japanese sero pronouns us-
ing verbal semautic attributes, modal expressions
and the types of conjunctious are conducted. The
conditions to determine the referents are summa-
rized in Table 2.

If their referents can be found, finish the resolu-
tion process. Illse, proceed to step 5.

[f referential elements can nol be fonud and the
text can be trauslated successfully in the passive
voice, translate in the passive voice.

Illse, based on the semantic restrictions imposed
on the zero pronoun by the verbs, deductively
generate anaphora clements.

Finish the resolution process.

a1
—

Table 2: Resolution conditions of deictic referents

Loca- Ref-
tion of Condition ere- Comment
Zero nts
Pron.
ga- maodal:hope(-sitaz) i speaker/writer hopes
case | modalicausal hope or speaker/writer iopes |
(subj) (-sitehosii) we to hearer/reader
[ modalinvite speaker/writer |
(-simashou) invites
VSA under action depending on the
+modal:polite social relationship
(-simasu) between
speaker/writer and
hearer/reader
modal:prohibit you speaker /writer
(-sitcha-tkenar) prohibits hearer/
reader’s action
VSA:under action [ “speaker/writer T
+4-modal:obligation make hearer/reader’s
(-bek) action obligation
VSA: hu- When the verb that
bodily action man | show the action or
thinking action (1, cemotion that only
emotive action we, human can do
cmotive state you, appears in the sent-
bodily transfer ence and when there
are noother referent
candidates, the ref-
ercnts of zero pron-
| ouns is human
VS A copula sent- it Pronoun of absiract
ence and the niean- noun should be it
g is abstract
VSA:attribute and verbs that mdicates
perceptual state weather such as atsui
‘hot', -samui ‘cold’
[ nr- modal: you speaker/writer hopes
case causal hope to hearer/reader
(ind. (-sitehosii)
objy | 0T T )

4 Evaluation
4.1 Evaluation Method

Inn this section, we show the results of evaluation
of the method that was proposed above. The
method to resolve zero pronouns with deictic ref-
ercnce was tested using the Japanese-to-linglish
machine translation system ALL-J/E (Ikehara et
al., 1991). "T'he criteria for the cvaluation and pro-
cedures used were as follows.



4.1.1 Resolution Target

The target was to resolve successfully the five
types of zero pronouns (ga-case «— “I” or “we”, ga-
case «— “you” | ga-case «— HUMAN, ga-case «— “it”
, ni-case «— “you”; 175 instances). Thesc are the
zero pronouns with deictic reference found within
the 512 zero pronouns in the 3718 sentence set
for the evaluation of Japanese-to-English machine
translation systems.

4.1.2 Rules to Resolve Zero Pronouns

The rules to resolve 175 zero pronouns were cre-
ated by examining these zero pronouns using the
constraints discussed in section 3 (46 rules).

4.1.3 Tests for the Evaluation

"o examine the relationship between conditions
of resolution and accuracy of resolution, we con-
ducted the following two tests.

(1) Resolution accuracy for conditions of
resolution

We examined the accuracy of resolution depend-
ing on the types of conditions in anaphora reso-
lution such as semantic constraints to the cases,
modal expression, verbal semantic attributes and
conjunctive expressions. We evaluated the accu-
racy depending on the types of constraints used.

(2) Resolution accuracy for rule complexity
We examined the accuracy of the resolutions to
sce how they were affected by the complexities of
the rules that were used in the resolution. In this
test we evaluated the accuracy using simple, easily
created and universal rules.

4.2 Resolution Accuracy for Conditions
of Resolution

To examine the resolution accuracy under differ-
ent conditions, we examined the accuracy of the
method proposed in this paper with the following
4 kinds of conditions:

e using conditions of semantic constraints on cases
only

¢ using conditions of semantic constraints on cases
and modal expression

e using conditions of semantic constratnts on cases,
modal expression and verbal semantic attributes

¢ using conditions of semantic constraints on cases,
modal cxpression, verbal semantic attributes and
conjunctions

Table 3 shows the results of the resolution de-
pending on the types of the rules. As shown in

YAt the moment, it is difficult to use sentences
which were not successfully syntactically and semanti-
cally analyzed for the evaluation of our method. So, to
cvaluate the technical limitation of proposed method,
we evaluated the resolution accuracy in the sentences
which were examined to make the 46 rules (window
test). We will conduct blind tests after we have fin-
ished debugging the whole system.

this table, all 175 zero pronouns can be resolved
using the rules that were proposed in section 3.
The introduction of verbal semantic attributes has
achieved the same accuracy of resolution as the in-
troduction of modal expressions (41 entries, 24%).
From this result, we can say that the verbal sc-
mantic attributes are comparatively as effective
as modal expressions. The results also show that
, without using the constraints of conjunctions,
the accuracy achicved is as high as 85%.

4.3 Resolution Accuracy against Rule
Complexity
To examine how the resolution accuracy varied
according to the complexity of rules, we tested the
accuracy of the method proposed in this paper at
different levels of complexity. The complexities C
were evaluated using the following formula, and
depended on the number of constraints used.
C = # of modal const.* 1 4 # of VSA const.* 1
+ # of conjunctions const.* 2

In this formula, 1 in the modal and VSA and
2 in the conjunction indicate the weights. Be-
cause conjunction constraints aflect both sides of
the unil sentence, we gave the conjunctions con-
straints a weight of 2. According to this formula,
the complexity of a rule that has a constraint for
conjunctions and for VSA in the main clause and
for modal and VSA in the sub clause, becomes 5(=
I(modal)*1 + L(VSA)*2 + 2(conjunction)*1).

Table 4 shows the accuracy of the resolution de-
pending on the complexitics of the rules. 46 kinds
of rules were used in the deictic resolution of 175
zero pronouns as shown in table 4. T'he accuracy
of resolution using rules with complexities of 3 or
less, is 90%, and the accuracy of resolution us-
ing rules with complexities of 4 or less, is 95%.
This result shows that the use of the constraints
based on modal expressions, VSA and conjunc-
tions can achieve high accuracy using relatively
simple rules.

5 Conclusion

This paper proposes a powerful method for the
resolution of Japanese zero pronouns with deic-
tic reference. It was found possible to resolve all
of the sentences in the window test wherce the
referential elements were not in the sentence re-
solved. This was achieved by the introduction of
rules based on four kinds of constraints: seman-
tic constraints on cases, modal expressions, verbal
semantic attributes and conjunctions. In the fu-
ture, we will examine the universality of the rules
that have been discussed in this paper by applying
them to other texts and examine a method for au-
tomatically acquiring the rules needed to resolve
zero pronouns with deictic references.
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providing valuable comments and suggestions.

816



Table 3: Resolution accuracy f for conditions of resolution

[ Tocation T - T Resolution Condition - N j
of Zero Referents Semtic Constraints | - Modal Tixpression 4+ VSA T  Conjunction
Pronouns_| on Cases ] i
ga-case Icn We 23% (16) 58%(-+35%) — (40) JS%(+J&’V (64; 100%(+7%) (mﬁ
(subj) you 0% () 4.3‘V(+4J‘V) (12) | OTA(¥18%)  (17) [ T00%(+39%) (28] |
T 0% (0) 0% {0) 67‘7(?57‘7T73)— TT00%(+33%) T (9)
hu- you 0% T Oy % Ty ""Vﬁ (6) 0% (4-45%) (11
man [ one || 0% f 0% oy T (0) T T00%(F100%)” (s) B
[ Sum 0% RO 40%(4-4()“/([ 7%_} *‘mo%pﬂl%}

IR wo% 100% 50 100% |~ T00% W
Tnicase | you || 0% MkZ(—ITAA'AWJ%W— (5 | 100% 0% 7(”57
(ind.obj.) I

o ‘mm ’ '38% (60_) 1 (5'1%(}”247%’5;”(1?/)*] %( iR 24%) (1483‘[ mn‘Vﬁ-lr%) (|7T]]
Table 4: Resolution accuracy for complexities of rules
Resolution Condition " Complexitics Number Accuracy -
”VM@E}'OSS’KHI I VS/}__LCOI)JUHCFI(‘)TIS‘{ _of Rules MJ‘ﬁt'_l},\Llcs o “
B 0 0 |0 7 0(Only semantic const- 0 38% B 66y
raints to cases)
T O TEI%GE2A%)  Q07(441)) ||
0D 62%(+ W/T (108(+1)) |
20(417) | 86%(124%)  (148(+40))
30(+1) | &B%(1% (149(-+1)
3U(41) B86%(4- 1% (151(3-2)
34(43) [ 90%(+3%)  (157(4-6))
36(42) | 93%(- ﬁ’/‘)_ (i63(46)) |
G N J‘,%z AN EEN I
AT [ 96%(F1%) (168(+ 1))
G LR €2
| a6(+2) | 1()0%( ET"Q K
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