Zero Pronouns and Conditionals

in Japanese Instruction Manuals

T atsunori Mori and Hiroshi Nak aga wa

Division of Electrical and Computer Engineering, F aculty of Engineering, Y okohama National University ,

T okiwa-dai 156, Ho dogaya-ku, Y okohama 240, JAP AN

E-mail: mori@forest.dnj.ynu.ac.jp, nakagawa@naklab.dnj.ynu.ac.jp

Abstract

This pap er prop oses a metho d of the

zero pronoun resolution, which is one

of the essential pro cesses in understand-

ing systems for Japanese manual sen-

tences. It is based on pragmatic prop er-

ties of Japanese conditionals. W e exam-

ined a number of sentences app earing in

Japanese manuals according to the clas-

si�cation based on the types of agent and

the types of verb phrase. As a result, we

obtained the following pattern of usage

in matrix clauses: 1) The connective par-

ticles TO and REBA hav e the same distri-

bution of usage. T

ARA and NARA have

the same distribution of usage. 2) The

distribution of usage of TO and REBA,

and that of T

ARA and NARA are com-

plementary to each other. W e show that

these distributions of usage can b e used

for resolution of zero sub jects.

1 Intro duction

F rom simple electrical appliances to complex com-

puter systems, almost all machines are accom-

panied by instruction manuals. Since recently

there are many machines whose op erating pro-

cedures are complicated, we have much trouble

in many cases including translating their manuals

into other languages, maintaining consistency b e-

tween the description in manuals and the actual

b ehavior of the machines. T o solve these prob-

lems, we have to have a computer assisted system

for pro cessing Japanese manual sentences, esp e-

cially for understanding manual sentences.

A large number of researchers hav e gotten to

grip with the metho d of understanding some types

of text including instruction manuals(Abe et al.,

1988; Nomura, 1992; Eugenio, 1992). One of the

most imp ortant matters of concern in these types

of system is how we can �x ambiguities in seman-

tic representations and �ll undersp eci�ed parts of

them. Generally sp eaking, almost all systems de-

scrib ed ab ove take the following scheme. Firstly ,

each sentence in a text is translated into a seman-

tic representation. In this pro cess, the system uses

only non-defeasible syntactic and semantic con-

straints. Most of pragmatic information and com-

monsense knowledge are not used here, b ecause

the result of these knowledge would b e overridden by some other information such as contex-

tual information. Therefore the semantic repre-

sentation would include some undetermined parts

which would b e �xed by other kind of information

including context. This way of analysis is known

as the Nondefeasibility Thesis(Kameyama, 1995).

Secondly

, all of undetermined parts of the seman-

tic representation are �lled or settled by some kind

of inferences based on the domain knowledge.

This type of metho d, which uses a large amount

of domain knowledge, seems to b e dominant from

the viewp oint of disambiguation. Moreover it

scarcely dep ends on the language in use b ecause

the way of disambiguation is based on the infer-

ence with a certain knowledge base. On the other

hand, in order to use this metho d, we have to pre-

pare the amount of knowledge b eing large enough

to cop e with various type of describ ed ob jects.

Unfortunately

, so far we have not had such a com-

monsense knowledge base.

One of ways to get rid of this situation is to

adopt some knowledge which hardly dep ends on

some particular domain. As such a kind of knowl-

edge, we pay our attention to pragmatic con-

straints, which have not b een used su�ciently in

the former metho ds. W e exp ect that by prag-

matic constraints the ambiguit y in manual sen-

tences would b e resolved to some extent not in

the pro cess of inference but in the pro cess of the

translation of manual sentences into semantic rep-

resentations.

W e do not commit ourselves to the domain sp e-

ci�c knowledge, but use some ontological knowl-

edge in general manuals. F or example, the cor-

resp ondence of ob jects in the manual sentences

to the ob jects in linguistic constraints, like the

sp eaker, the hearer, and so on. Note that the on-

tology in this pap er do es not refer to all of ob jects

in the world describ ed by manuals, like a certain

part of machine. Aiming at indep endence from

the domain knowledge of ob jects, we adopt one of

general ontologies which is applicable to almost all

manuals. In short, our scheme consists of the fol-

lowing three parts: 1) a parser based on the non-

defeasiblity thesis, 2) pragmatic constraints sp e-

ci�c to linguistic expressions, and 3) the general

ontology of the world describ ed by manuals.

In the rest of this pap er, we will fo cus on

the zero pronoun resolution. In Japanese, zero

pronouns frequently make a sentence ambiguous.

Zero pronouns are ellipsis of obligatory cases,

which very frequently app ear in Japanese sentences. Esp ecially

, sub jects are omitted very of-

ten. It is called \zero sub ject." In some sense, the

resolution of zero pronouns’ referents, esp ecially

the resolution of \zero sub ject", is the essential

part of the knowledge extraction from Japanese

manuals, b ecause once referents of zero pronouns

are identi�ed, we can use various metho ds already

b een prop osed to recognize the structure of sen-

tence and to map it into the suitable knowledge

representation. T o capture pragmatic constraints,

we have paid our attention to conditionals, which

o ccur very frequently in instruction manuals. In

this pap er, we will show that in instruction man-

uals, the constraint of conditionals can b e used to

identify the referents of zero sub jects. Although,

of course, not all the zero pronouns can b e solved

with the constraints shown in the pap er, our ex-

amination for a lot of manual sentences shows

that the constraints work very e�ectively and ac-

curately in sentences with conditionals.

Now we have to de�ne the term ‘sub ject’ we

used in this pap er. Generally

, the term ‘sub ject’

denotes a nominative from the grammatical p oint

of view. In this pap er, however, we will use the

term SUBJECT to denote a main participant of the

sentence. Roughly sp eaking, in the active voice,

the SUBJECT is the nominative, on the other hand,

in the passive voice, the SUBJECT is the nomina-

tive of the corresp onding sentence in the active

voice.

2 Zero pronouns in manual

sentences

Let’s consider the following Japanese sentence,

which shows a certain instruction.

(1) �

a kono-botan-o osu -to,

�

a

-nom this-button-acc push -TO

�

b der -are -mas -u.

�

b

-nom go out -can -pol -nonpast.

If �

a push(es) this button,then �

b can go out.

Native sp eakers of Japanese have the following in-

tuitive interpretation for (1) without any sp ecial

context.

(2) �

a

= �

b

= the hearer (= the user)

Here, ‘TO’ is a Japanese conjunctive particle

which represents a causal relation. ‘MASU’ shows

p oliteness, which is expressed by pol in (1). The

‘ARE’ shows ability or p ermission.

On the other hand, the following sentence,

which do es not have the verbal su�x of p ossi-

bility ‘ARE’ in the matrix clause, has a di�erent

interpretation.

(3) �

c kono-botan-o osu -to,

�

c

-nom this-button-acc push -TO,

�

d de -mas -u.

�

d

-nom come out -pol -nonpast.

1

If �

c push(es) this button, then �

d will come

out.

The zero pronoun �

d do es not refer to the

hearer(the user), even though �

c refers to the user

as well as (1). The intuition of native sp eakers of

Japanese for (3) is that �

d refers to a machine or a

certain part of the machine. Note that when only

the matrix clause of (3) is used as shown in (4),

�

e can b e interpreted as either the hearer or the

machine

2

.

(4) �

e de -mas -u.

�

e

-nom go out -pol -nonpast.

�

e will go out.

These examples show that the expressions TO and

ARE imp ose some constraints on the referents of

SUBJECTS of the sentences. As describ ed ab ove,

there are many cases that linguistic expressions

give us a key information to resolve some type of

ambiguity like the anaphora of a zero pronoun. In

the rest of this pap er, we will show several prag-

matic constraints, which can account for the in-

terpretations of these sentences describ ed ab ove.

Dohsaka(Dohsak a, 1994) prop oses a similar ap-

proach, in which pragmatic constraints are used

to determine referents of zero pronouns. While

his approach treats dialogue, our targets are man-

ual sentences. His approach utilizes honori�c ex-

pressions and the sp eaker’s p oint of view. Since

the constraints are e�ective in the di�erent target

from ours, the accuracy of identifying the referents

of zero pronouns would b e improved much more

by using b oth of his constraints and the constraint

we prop osed. As for the identifying metho d

av ailable in general discourses, the centering the-

ory(Brennan et al., 1987; W alker et al., 1990) and

the prop erty sharing theory(Kameyama, 1988) are

prop osed. Although this kind of theory has a

go o d p oint that it is indep endent of the type of

discourse, the linguistic constraints sp eci�c to ex-

pressions like the pragmatic constraints prop osed

by Dohsaka or us are more accurate than theirs

when the sp eci�c constraints are applicable.

3 General ontology in manuals and

primary constraints

In this section, we consider the general ontology

which can b e used in all typ es of manuals.

W e should consider two types of information as

the parts of ontology: the prop erties of the ob-

jects in manuals and the discourse situation that

is characterized by linguistic roles like a writer and

a reader.

Constraint 1 (Ob jects)

User has intention.

Manufacturer has intention.

Machine has no intention.

1

The English translation of ‘DERU’ in (3) is dif-

ferent from the translation in (1). It is due to the

di�erence of the viewp oint b etween Japanese and En-

glish. The di�erence has no e�ect on the selection of

zero pronoun’s referent.

2

It seems to b e more natural that �

e is interpreted

as the hearer.

Constraint 2 (Discourse Situation)

Sp eaker(Writer) = Manufacturer

Hearer(Re ader) = User

F rom these constraints of the ontology

, we can

obtain the constraint of p ersons as follows.

Constraint 3 (Persons)

First Person = Manufacturer

Second Person = User

Third Person = Machine

Before considering the constraints of Japanese

conditionals, we had b etter mention the more ba-

sic expressions in manuals. In Japanese, simple

op eration pro cedures, like those which do not in-

clude some conditions, are often describ ed as sim-

ple sentences with no sub jects whose verbs are of

one of the following types: the RU form, the re-

quest form or the solicitation form. The RU form is

the basic form of verbs and it denotes the non-past

tense. Since the RU form has a neutral meaning, it

do es not imp ose any restriction on the SUBJECT.

On the other hand, the request form and the

solicitation form have some constraints. The

sp eaker uses the sentences to prompt hearers to

do an action describ ed by the sentence. There-

fore, we have the following constraint.

Constraint 4 (SUBJECT of sentence in the

request form)

The SUBJECT of a sentence in either the re quest

form or the solicitation form is the hear er.

Manual sentences may have a kind of mo dal-

ity expressing the p ermission, the p ossibility

, the

obligation, and so on. Sentences which have the

expressions of ability or p ermission mean not only

that it is p ossible for the SUBJECT of the sentence

to do the action, but also that the SUBJECT has

their choice of whether to do the action or not to

do it. Therefore, we hav e the following.

Constraint 5 (SUBJECT of sentence with

ability expressions)

A SUBJECT of a sentence with the expressions of

ability or permission must have his/her intention

to make a choice about the action describe d by the

sentence.

4 Semantics of Japanese

Conditionals

Japanese has four conditional particles, TO, REBA,

T ARA and NARA, which are attached to the end of

sub ordinate clauses as describ ed in (1). The sub-

ordinate clause and the matrix clause conjoined

by one of these particles corresp ond to the an-

tecedent and the consequence, resp ectively

. Each

expression has its own meaning as shown in T a-

ble 1(Masuoka, 1993). T

ARA and NARA are very

rarely used in manual sentences as far as we exam-

ined. F or example, the rates of use of each condi-

tional in over a dozen of instruction manuals are as

follows

3

: TO is 77.6 % (385 sentences) of all condi-

tionals, REBA is 19.4 % (96 sentences), T

ARA is 2.6

3

As describ ed later, we have examined several

other manuals esp ecially for the consideration of the

% (13 sentences) and NARA is 0.4 % (2 sentences).

Roughly sp eaking, TO and REBA show causality

relations, namely some general rules, and T ARA

and NARA are used in the case that the the an-

tecedent is an assumption. The fact that not as-

sumptions but general rules are usually describ ed

in the context of instruction is the reason why

T ARA and NARA are used less frequently than TO

and REBA.

The di�erence of constraints of these expres-

sions are shown in the following sentences, which

are the variants of the sentence (3).

(5) �

i kono-b otan-o ose -ba,

�

i

-nom this-button-acc push -REBA,

�

j de -mas -u.

�

j

-nom come out -pol -nonp ast.

If �

i push(es) this button, then �

j will come

out.

(6) �

k kono-botan-o osi -tara,

�

k

-nom this-button-acc push -T

ARA,

�

l de -mas -u.

�

l

-nom come out/go out -pol -nonp ast.

If �

k push(es) this button, then �

l will come

out/go out.

(7) �

m kono-botan-o osu -nara,

�

m

-nom this-button-acc push -NARA,

�

n de -mas -u.

�

n

-nom come out/go out -pol -nonp ast.

If �

m push(es) this button, then �

n will come

out/go out.

As well as the sentence (3), for Japanese native

sp eakers, the SUBJECT of the matrix clause of (5)

should b e a machine. On the other hand, in the

case of the sentences (6) and (7), the SUBJECTS

of the matrix clauses can b e either users or ma-

chines. These phenomena probably due to the na-

ture of each conditionals. Since a causal relation,

which is shown by TO or REBA, expresses a general

rule, the consequence cannot include sp eaker’s at-

titude, like volition and request. Therefore, the

SUBJECT of the matrix clause should b e a ma-

chine. In contrast, in the case of assumptions,

that is T

ARA and NARA , there are no such re-

strictions on the SUBJECT .

It dep ends on the volitionality of the verb

whether a sentence shows a sp eaker’s attitude, or

not. Therefore, we consider each Japanese condi-

tionals in terms of volitionality of the verb. Note

that the electronic dictinary IP

AL provides the in-

formation of volitionality for each Japanese verb

entry(IP A T echnology center, 1987). W e can use

it to analyze sentences based on our prop osal.

4.1 SUBJECTS of complex sentences with

the conditional TO

A matrix clause of the sentence with TO expresses

a consequence of a causal relation. Consequently ,

conditionals REBA , T

ARA and NARA , since they o c-

cur less frequently than TO in manuals and we have

to collect more examples to estimate their prop erty in

manuals.

T able 1: Characteristics of Japanese Conditionals

TO shows successiveness of two events observed in a real situation.

REBA shows a universal causal relation.

It b ecomes more assumptive when the sub ordinate clause shows a state.

T ARA shows 1) two individual events o ccur with the passing of the time, or

2) an event which is exp ected to o ccur on the uncertain assumption expressed

in the sub ordinate clause.

NARA shows that the anteceden t of the sentence is an assumption

and the consequence holds on that assumption.

in matrix clauses, we can use either the mo o d of

the description of facts or the mo o d of evidentials

like conjectures, judgment and so on. In contrast,

we may not use the expressions of volition, re-

quests and so on. W e consider only the mo o d

of the description of facts, b ecause manual sen-

tences should describ e only facts and must not

include sp eaker’s attitude. The sentences having

the mo o d are classi�ed into two types: the de-

scription of an action and the description of a state

like an expression for the ability of some action.

The former type is problematic, b ecause the RU-

form, which is the normal in ection form of verbs

and describ es an action, is ambiguous in its mean-

ing. The RU-form can show one of the followings:

sp eaker’s volition, sp eaker’s request to hearers, or

the action done by a third party .

In the analysis of the description of an action, it

is imp ortant to examine whether the verb phrase

expresses a volitional action or not. According

to the classi�cation by IP

A(IP A T ec hnology cen-

ter, 1987), all of Japanese verbs are classi�ed

into two typ es, volitional verbs, which usually ex-

press intentional actions, and non-volitional verbs,

which express non-intentional actions. Although

non-volitional verbs only express non-volitional

actions, volitional verbs are classi�ed into two

kind of verbs. One is the type of verbs which

can b e used for not only volitional actions but

also non-volitional actions. The other is the type

of verbs which are used only for volitional ac-

tions. F or example, IT

AMU(have a pain) is a

non-volitional verb, OTOSU(drop/lo ose) is a voli-

tional verb which has also the non-volitional use,

SAGASU(se ar ch) is a volitional verb which has only

the volitional use.

Let us consider the interpretations of the ma-

trix clauses of the sentences with TO. The �rst

case is that verbs in the matrix clauses are in voli-

tional use. If the SUBJECT is the sp eaker, the verb

in volitional use expresses sp eaker’s volition. If

the SUBJECT is the hearer, the sp eaker expresses

his/her exp ectation that the hearer makes a vo-

litional action shown by the sentence. This is

the case of requests. Consequently

, the SUBJECT

should b e neither the sp eaker nor the hearer due

to the constraint that we cannot express some vo-

lition or request in a matrix clause of the TO sen-

tence. On the other hand, a third party can b e

the SUBJECT, b ecause a sentence whose SUBJECT

is a third party do es not express any volition, invitations, requests or injunctions. Since the man-

ufacture is the sp eaker and the user is the hearer

according to the constraint of the discourse sit-

uation, the manufacture and the user cannot b e

the SUBJECT of the matrix clause. Therefore, the

only p ossible interpretation is that the SUBJECT

of the matrix clause is the machine.

The second case is that verbs in the matrix

clauses are in non-volitional use. If a verb of the

matrix clause has a non-volitional use, that is, if

it is p ossible for the action of the clause to b e

done unconsciously

, the constraint is not applied,

b ecause the verb in non-volitional use do es not

express any volition, invitations, requests and in-

junctions. F or example, the SUBJECT of the ma-

trix clause of the following sentence refers to the

users.

(8) �

f

�

g fureru-to,

�

f

-nom �

g

-acc touch-TO,

�

h kandenshi-mas-u.

�

h

-nom get an electric sho ck-pol-nonp ast.

If �

f touch(es) �

g

, then �

h will get an electric

sho ck.

T o examine the accuracy of interpretations

based on our estimation we hav e collected ab out

400 sentences, which include TO and some of

which also include p ossibility expressions, from

several types of manuals. By these sentences,

we check Constraint 5 and our estimation of TO.

Then, it is con�rmed that there are no exception

to them, at least in the collected sentences.

4.2 SUBJECTS of complex sentences with

the conditionals REBA,T

ARA and NARA

Because of the characteristics of each conditionals

describ ed in T able 1, we exp ect that a) the con-

junctive REBA, which shows a causal relation, has

the same constraint as TO has, which also express

causality

, b) since b oth of T

ARA and NARA ex-

press an assumption, they have the same type of

constraint, which is di�erent from the constraint

of TO and REBA. As the �rst step to con�rm this

exp ectation, let us examine whether the matrix

clause may have a request form, or not, in the

cases of REBA,T

ARA and NARA. At �rst, note that

the hearer, namely the user, is the agent of the re-

quested action if the matrix clause is a request

form. In the case that the conjunctive shows

causality

, the matrix clause should show some

inevitable result of the event expressed by the sub ordinate clause. Therefore, the matrix clause

should not express the judgement and attitude of

the sp eaker. As for the conjunctive REBA, the

fact that the conjunctive represents some causal-

ity means that the matrix clause do es not hav e

a request form. Note that the exception is the

case that the sub ordinate clause is stative, or a

non-volitional action. As describ ed in T able 1,

in those cases, the sub ordinate clause shows an

assumption rather than a cause, and the matrix

clause may b e a request as shown in the following

example.

(9) hitsuyou-ga nake -reba,

Necessity-nom there-is-no -REBA,

�

o

�

p sutete -kudasa -i.

�

o

-nom �

p

-acc discard -reqpol -nonp ast.

If there is no need of �

p

, please discard �

p

.

The usages of the conjunctives T

ARA and NARA,

which express assumptions, are explained as fol-

lows. Since the assumptions are introduced by the

sp eaker, the matrix clause is to describ e sp eaker’s

exp ectation or desire. Therefore, it is quite prob-

able that not only the normal form but also some

request form, which is considered as a kind of

wish, app ears in the matrix clause.

In order to ascertain our estimation, we have

examined a bunch of real sentences, which app ear

in real instruction manuals. First of all, in ab out

400 TO sentences, all of the matrix clauses have no

request form. In the REBA case, few request form

app ear in the matrix clauses. The exceptions are

the same type of sentences as (9).

Next, we consider the usage of T

ARA and NARA.

Even if the conjunctive REBA in the sentence (9)

is changed for T

ARA or NARA, the sentences are

still acceptable. As we exep cted, it shows that the

matrix clause of the sentence with T

ARA or NARA

may have a request form, that is , the SUBJECT

of the matrix clause may b e a user. Then, can

the SUBJECT of the matrix clause b e a machine?

W e exp ect that there are few cases that the SUB-

JECT of the matrix clause is a machine, b ecause

the highly context sp eci�c assumption, which is

expressed by T

ARA or NARA, is not suitable for

the description of general rules. Moreover, from

the fact that the matrix clause of TO and REBA

cannot express the sp eaker’s attitude, we prag-

matically infer that T

ARA and NARA are exp ected

to b e used only for expressing the sp eaker’s atti-

tude. Our exp ectation is summarized in T able 2.

Note that a SUBJECT should b e either a user or a

machine b ecause manufacturers have �nished all

the actions app eared in the context of instruction

b efore shipment.

Our estimation ab out TO has b een already con-

�rmed in Section 4.1. In order to con�rm our

estimation ab out REBA,T

ARA and NARA, let us

examine real examples. Since the constraints we

pursue here are those which restrict the types of

SUBJECTS, we examined the correlation among

the typ es of conjunctives, the types of verbs and

the SUBJECT. As for the typ es of SUBJECTS, a

SUBJECT should b e either a user or a machine.

T able 2: Our estimate of the usage of the matrix

clause

Sp eaker’s attitude = Others

User’s V olitional Act.

TO,REBA Not av ailable Available

T ARA,NARA Available Not av ailable

As for the typ es of verbs, each clause is classi�ed

into two classes according to volitionality of verb.

One of them is the class of verbs in volitional use,

the other is the class of other non-volitional predi-

cates. Therefore each clause b elongs to one of the

followings:

� SUBJECT = user and Predicate = verb in vo-

litional use (U/V, hereafter)

� SUBJECT = user and Predicate = others

(U/O)

� SUBJECT = machine and Predicate = verb in

volitional use (M/V)

� SUBJECT = machine and Predicate = others

(M/O)

T able 3, 4 and 5 show the distribution of usage

of each conjunctive. Each number shows the fre-

quency of use in the examples we examined. Note

that to create T able 3,4 and 5, several Japanese

native sp eakers determine referents of zero SUB-

JECTS according to contexts.

T able 3: Distribution of use of REBA

Matrix Clause

S

u

b

U/V U/O M/V M/O T otal

U/V

1

0.4%

65

26.9%

52

23.1%

14

6.2%

132

58.7%

U/O

4

1.8%

12

5.3%

1

0.4%

0

0.0%

17

7.6%

M/V

0

0.0%

0

0.0%

1

0.4%

4

1.8%

5

2.2%

M/O

6

2.7%

20

9.0%

38

16.9%

7

3.1%

71

31.9%

T otal

11

4.9%

97

43.1%

92

40.9%

25

11.1%

225

100%

First of all, as we exp ected b efore, the distri-

bution of the use of REBA is di�erent from those

of T

ARA and NARA. While we can see several dif-

ferences of use, the most remark able one is the

di�erence of use of the matrix clause. The matrix

clauses of REBA are hardly any user’s volitional

action. The exceptions are only ab out 5% of all

examples. The distribution of use of the matrix

clauses of T

ARA and NARA is complementary to

the distribution of REBA, that is, the ma jority of

the matrix clause of T

ARA(about 90% of all exam-

ples) and NARA(100% of all examples) are user’s

volitional actions, although the number of the to-

tal examples of NARA is not so numerous. The

empirical result supp orts the our estimation.

T able 4: Distribution of use of T ARA

Matrix Clause

S

u

b

U/V U/O M/V M/O T otal

U/V

25

42.4%

0

0.0%

0

0.0%

0

0.0%

25

42.4%

U/O

7

11.9%

1

1.7%

0

0.0%

0

0.0%

8

13.6%

M/V

8

13.6%

2

3.4%

0

0.0%

1

1.7%

11

18.6%

M/O

13

22.0%

0

0.0%

2

3.4%

0

0.0%

15

25.4%

T otal

53

89.8%

3

5.1%

2

3.4%

1

1.7%

59

100%

T able 5: Distribution of use of NARA

Matrix Clause

S

u

b

U/V U/O M/V M/O T otal

U/V

0

0.0%

0

0.0%

0

0.0%

0

0.0%

0

0.0%

U/O

8

88.9%

0

0.0%

0

0.0%

0

0.0%

8

88.9%

M/V

0

0.0%

0

0.0%

0

0.0%

0

0.0%

0

0.0%

M/O

1

11.1%

0

0.0%

0

0.0%

0

0.0%

1

11.1%

T otal

9

100%

0

0.0%

0

0.0%

0

0.0%

9

100%

4.3 Default rules of usage of REBA, T ARA

and NARA

The tendency of use of the conjunctives gives us a

couple of strong defaults to resolve the zero pro-

noun in the matrix clauses. W e prop ose the fol-

lowing defaults.

Default 1 (SUBJECT of sentence with TO or

REBA)

In a complex sentence with the conne ctive parti-

cle TO or REBA, the matrix clause does not express

user’s volitional action. Therefor e, the SUBJECT

of the matrix clause should be a machine, if the

verb of the matrix clause does not have the non-

volitional use.

Default 2 (SUBJECT of sentence with T ARA

or NARA)

In a complex sentence with the conne ctive par-

ticle T

ARA or NARA, the matrix clause expresses

only user’s volitional action. Therefor e, the SUB-

JECT of the matrix clause should be a user.

The accuracy of the default rules of

TO,REBA,T

ARA and NARA is 100%, 95.1%, 89.8%

and 100%, resp ectively

, as far as we examined.

5 Conclusion

In this pap er, we prop osed a scheme which closely

dep ends not on domain knowledge of ob jects de-

scrib ed in manual but on pragmatic constraints

which linguistic expressions innately have. This

metho d uses only the linguistic constraints and

the general ontology of the world describ ed by manuals. Esp ecially

, we have shown that we can

determine the referents of zero pronouns to some

extent with our linguistic constraints, like the con-

straint of the Japanese Conditionals. However,

we do not have enough knowledge ab out the fol-

lowing p oints. They are imp ortant p ortions of our

future work.

� Utilization of discourse structure.

� Analysis for the other types of manual sen-

tences, like de�nitions.

References

Norihiro Ab e, T omohiro Ishikawa, and Tsuji

Saburo. 1988. Generating an assembly pro-

cedure from assembly instruction. Journal

of Japanese Society for Arti�cial Intel ligence,

3(5):590{598, September. (in Japanese).

Susan E. Brennan, Marilyn W alk er F riedman, and

Carl J. Pollard. 1987. A centering approach

to pronouns. In Pro c e e dings of the 25th Annual

Meeting of the Americ an Association of Compu-

tational Linguistics (ACL 87), pages 155{162.

Kohji Dohsaka. 1994. Identifying the referents

of Japanese zero pronouns based on pragmatic

condition interpretation. T r ansactions of Infor-

mation Pr o c essing Society of Jap an, 35(5):768{

778. (in Japanese).

Barbara Di Eugenio. 1992. Understanding natu-

ral language instructions: The case of purp ose

clause. In Pro c e e dings of 30th Annual Meeting

of ACL, pages 120{127.

IP A T echnology center, 1987. The lexi-

con of the Japanese basic verbs for Com-

puters. Information-technology Promotion

Agency(IP

A), Japan, March. (in Japanese).

Megumi Kameyama. 1988. Japanese zero

pronominal binding: Where syntax and dis-

course meet. In W. Poser, editor, Jap anese Syn-

tax, pages 351{369. CSLI,Stanford.

Megumi Kameyama. 1995. The syntax and se-

mantics of the Japanese language engine. In

R. Mazuka and N. Nagai, editors, Japanese

Syntactic Pro c essing. Lawrence Erlbaum Asso-

ciates.

T ak ashi Masuoka, editor. 1993. Nihongo-

no Joken-Hyogen (Conditional Expressions in

Japanese). Kurosio Publishers, T okyo. (in

Japanese).

Hirosato Nomura. 1992. Linguistic analysis of law

sentences. In Pro c e e dings of the 6th Interna-

tional Symposium: Le gal Know ledge and Le gal

Re asoning Systems, pages 10{18. Legal Exp ert

System Asso ciation, Octob er.

Marilyn W alker, Masayo Iida, and Sharon Cote.

1990. Centering in Japanese discourse. In Pr o-

ce e dings of COLING 90.