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Abstract

This paper discusses the formalization of relative
clauses in Japanese based on JPSG framework. We
characterize them as adjuncis to nouns, and formal-
ize them in terms of constraints among grammatical
features. Furthermore, we claim that there is a con-
straint on the number of slash elements and show the
supporting facts.

1 Introduction

This paper discusses the formalization of relative
clauses in Japanese based on JPSG (Japanese Phrase
Structure Grammar)(l, 2], which is a constraint-
based grammar formalism like HPSG(Head-driven
Phrase Structure Grammar)[7, 8]. We have worked
on JPSG with Prof. Gunji, and also have developed
a parser based on an efficient mechanism for dealing
with constraints[3, 4, 10] to show that JPSG is effec-
tive even for the computational processing of natural
language.

In the next section, we briefly introduce JPSG the-
ory. Following a simple characterization of relative
clauses in Japanese language in section 3, we disscuss
the variety of acceptability in secton 4, and describe
its formalization in terms of constraints among the
grammatical features in section 5. And in section 6
we will claim that there is a constraint on the number
of slash elements and show the supporting facts.

2 Basics of JPSG

This section describes a brief introduction to JPSG,
which is a grammar formalism originally for the
Japanese language. As with HPSG, JPSG is feafure
based and constmint based grammar.

2.1 Features
Grammatical categories are represented as sets of fea-
tures. We list the features used in this paper.

(1) Features used in this paper
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pos (part of speech) same as in HPSG.

gr (grammatical relation) takes either subj, obj, or
iobj as the value.

subeat (subcategorization) designates the set of cat-
egories (complements) that a particular category
(head) requires. Though we have to distingush
two types of complements (ie., agglutinated or
not) in Japanese, for simplicity, we assume that
subcat designates the both types of comple-
ments.

dep (dependent) designates the category that a par-
ticular category (adjunct) modifies.

core roughly corresponds to CAT feature in HPSG
[8). The value is a set of features including sub-
cat feature and so-called head features such as
pos, gr and dep.

slash designates a syntactic gap within the gram-
matical category involved.

sem (semantics) designates the semantic representa-
tion of the grammatical category involved.

In this paper, categories are designated by a left
square bracket (“[’) followed by an indefinite num-
ber of feature specifications (a feature name followed
by its value) separated by commas(“,”) followed by
a right square bracket (“}”). When the value is null
or not relevant, the entire feature specification can be
omitted. The sharing structure is indicated by vari-
ables such as X, Y, ..., which is distinguished by an
initial capital letter as in programming language Pro-
log. Finally, a category of the form [core {pos ¢,
..}, ..., sem s} is often abbreviated as cf...]:s.

Because grammatical relations play no role in or-
dering complements in Japanese, we assume only a
binary-branching phrase structure schema as seen in
the next subsection.

2.2 The Phrase Structure Schema and Gram-
matical Principles

We are assuming three basic phrase structure schema

for Japanese: complementation, adjunction, and co-
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ordination:

(2) a. Complementalion M-CH
b. Adjunction M—AH
c. Coordination M- H, H,

where M stands for an arbitrary mother category, C
a complement, I a head category, and A an adjunct.
Each category is construed as complex symbols, or
features, with internal structures. The above struc-
tures are uniquely characterized by the features. For
example, the head in the complementation structure
should have subcat feature one of whose value is uni-
fied with the complement, C.

Furthermore, we assume the following grammarti-
cal principles, which are applied to every structures:

Head Yeature Principle: same as in IPSG. We
assume that pos, dep, and other several features
are head features.

Subcat Feature Principle: In the complementa-
tion structure shcema (2b), the value of subcat
of the mother category unifies with that obtained
by subtracting the left daughter category from
the value of subeat of the head category. In
the other strucrues, the value of subcat of the
mother category unifies with that one of the head
category.

Binding Feature Principle: The value of a bind-
ing feature of the mother category unifies with
the union of its value of the left daughter cat-
egory and its value of the head category minus
the category bound of this local branching!. We
agssurne that slash and some other features are
binding features.

Slash feature and Binding Feature Principle play
a crucial role in describing so-called long distance de-
pendency phenomena. We will discuss them in detail
in the following sections.

3 Relative Clauses in Japanese
Traditionally the relative clause in Japanese has been
considered as a kind of so-called ren-lai syusyoku setu
‘the clause for modifying noun’. Because it is char-
acterized as an embedded sentence for modifying the
head noun in the structure [5...]N, it can be consid-
ered as an adjunct to the head noun.

In this paper, we adopt this idea. Thus, the struc-
ture of relative clause-head noun construction can
be described as shown in Figure 1, where the left
daughter category is a relative clause, and the right
daughter category is a head noun. The fact that the
left daughter category has dep feature whose value

! For example, when the left daughter and the head daugliter
have { A } and { B } as their slash feature value respectively,
the value of slash of the mother will be { A, B } in most cases.
However, in case that A can be unifiable with B, the result can
be { A }. Furthermore, in case that A (or B) is bound in the
local branching structure (as in Figure 4), the result will be {

B} (or{A}).
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where I = {pos n}

Figure 1. Relative Clause as Adjunct

is unifiable with the right daughter category, charac-
terizes the left daughter (ie. relative clause) as an
adjunct.

However, we have to explain where this dep fea-
ture comes fromi. In Japanse, a relative clause has
a tense form at its end. Thus we assume that tense
form is categorized as a verb which takes a verb cat-
egory as its complement. Yurthermore, we assume
that for every tense form (e.g. -ta and -ru), there are
two different lexical entries with the same phonetic
form, which we call the prenominal tense form and
the assertive tense form 2. The former type is as-
sumed to be the ending form of relative clauses, and
has a non-null value in dep feature. This value is
bound with the head noun of the relative clause 3.

4 Types of Relative Clauses

Relative clauses can be classified into the following
three types in terms of their structural characteristics
(where ¢ marks a gap):

1. SS: Simple Sentence
"The relative clause consists of a simple sentence,
aud the gap plays a role in that sentence, e.g.
(3) [ Naomi-ga ¢  yom -da] hon
NOM ACC read PAST book
‘the book which Naomi read’
2. 'ES: Embedded Sentence
The relative clause includes an embedded sen-
tence in which the gap plays a role, e.g.
(4) [ Naomi-ga [Taro-ga ¢  yom -da)
NOM NOM ACC read PAST
-to sinzitei -ru ] hon
CMPL believe PRES book
‘the book which Naomi belicves Taro read’
3. RC: Relative Clause
The relative clause includes a relative clause in
which the gap plays a role, e.g.
By[le ¢ kak -ta] hou -ga
NOM ACC write PAST book NOM
yoku ure -ta ] sakka
well sell PAST writer
‘the writer whose book sold well’

2There are several reasons wly we can assume there are two
different lexical entries for tense with the same phonetic form
(9.
3The assertive tense form is assumed to be the ending form
of assertive clauses, and has a null value in dep feature.
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Table 1: Acceptance of Relative Clause
Grammatical Role [ §S [ ES | RC

Subject o ) o
Object ° ° ?
Adjunct 1 o o ?
Adjunct 2 * * *

Table 2: Simplification of Judgement
Grammatical Role | SS | ES [ RC

Subject o o o
Object o o o
Adjunct 1 o o o
Adjunct 2 * * *

As Inouef5, 6] pointed out, the acceptability of the
relative clauses varies depending on their types shown
above and what roles are played by the gaps.

The grammatical roles other than subject and ob-
ject can be classified into the following two types de-
pending on the acceptability of relative clauses shown
in Tablel, where, o, 7 and * represent our subjects’
judgements are acceptable, marginal, and unaccept-
able, respectively. :

Adjunct 1 : This includes ‘locative’(marked by ni,
wo and de), ‘goal’(marked by ni and he) and
‘source’(marked by kara).

Adjunct 2 : This includes ‘instrumental’(marked
by de), ‘reason’(marked by kara) and ‘compar-
ative’(marked by yori).

In order to simplify the formalization, we will re-
gard the marginal cases as acceptable, and the re-
sult is shown in Table 2. This simplification, how-
ever, may be too permissive, because usually in the
RC clauses are acceptable only when the gap’s role is
subject.

5 Formalization

In this section we will formalize the syntactic struc-
ture of the relative clause in Japanese. First we will
formalize the SS type relative clause. Then we formal-
ize the distribution of the slash feature. And finally,
we examine the other cases, that is, those in which
the gap 1s derived in either an embedded sentence or
a relative clause.

5.1 Simple Relative Clause

As discussed in section 3, a relative clause is regarded
as an adjunct. Thus, the gap should be bound with
the dep feature value of the prenominal tense cate-
gory.

As shown in the last section, gaps are not restricted
to subjects or objects. Optional Adjunct 1 categories
(‘locative’,‘goal’ and ‘source’) can be a gap. Thus, for
simplicity, we here assume that Adjunct 1 type roles
are also designated in the value of subcat feature.
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pos v
core subcat {}

dep {n[]:X}

[core C] pos v
core subcat {[core C]}
dep {n[):X}

pos
subcat

where ¢ = { w0 |

Figure 2: Binding of Dep with Subcat

Furthermore, we assume that a gap is directly
bound with dep feature, instead of being bound with
an element of slash which is in turn bound with dep.
We call this hypothesis the Direct Binding Hypothe-
sis (that is, subcat element can be directly bound
with dep). We will discuss the correctness of this
assumption in section 6.

‘This relationship is expressed in the lexical entry
for premominal tense category, eg. -la, -ru, and -1
The structure is shown in Figure 2, where the head
daughter is a prenominal tense category. For exam-
ple, kak ‘write’ is assumed to take both subject and
object complements and have the following lexical en-
try as follows:

(6) v[core {subcat {p[gr subj}:X, p{gr obj]:Y}}]

Then, a relative clause kak-ta ‘wrote’ corresponds to
the following categories:

(7) a. v[core {subcat { }, dep { nfgr subj] }}]
b. v[core {subcat { }, dep { nfgr obj] }}]

Thus for kak-ta X (where X is a noun), there are at
least two possibilities in the interpretation of the role
of X, that is, either subject or object.

5.2 Distribution of Slash

As sentence (5) shows, there is a so-called long-
distance dependency phenomenon in Japanese. This
phenomenon is described by using the slash feature
as in HPSG. We will characterize the distribution of
slash in the following three sections.

5.2.1 SLASH INTRODUCTION
Lexical entries with non-null value in slash feature
are introduced by the following lexical rule:*

Subcat-Slash Lexical Rule:
[subcat {p[]:X }US]
=> [subcat S, slash { n[]:X }]

The number of slash elements introduced by this rule
can be at most one, a fact which we explain more
precisely in the next section.

4There are some restrictions on the application of this rule.

For example, an agglutinated complement cannot become a
slash value.
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For example, kak ‘write’ will have the following lex-
ical entries other than {6) by this lexcial rule:
(8) a. v[core {subcat {p[gr subj]:X}},
slash {n[gr obj]:Y}]
b. v[core {subcat {p[gr obj]:Y}},
slash {n[gr subj]:X}]

5.2.2 SLASH INHERITANCE
Each slash inheritance is constrained by means of
Binding Feature Principle. Here, again, we assume
that the number of slash elements of each category
can be at most one.

In the RC type relative clause, the gap is inherited
from the innermost embedded clause to the outermost
relative clause shown in Figure 3.

v[slash X]

\>

T
p[slash X] v[subeat {p[]}]

n[slash X] p{subcat {n[]}]

slash X n .ga yoku ure
V{ dep {n[]} ] I NOM sell well
hon
book
kak -ta
write PAST

Tigure 3: Example of Slash Inheritance

5.2.3 SrLAsH BINDING

A long-distance inherited gap can be bound with the
dep of the prenominal tense category, and finally
bound with the head noun of the relative clause as
shown in Iigure 4 (where only core features of the
mother and the head are shown). For example, if
the left daughter category corresponds to kak-ia hon-
ga yoku ure ‘book which ¢ wrote sells well’), and the
right daughter (i.e. the head) to the prenominal tense
form -ta, then the mother, kak-ta hon-ga yoku ure-ia,
will be described as follows:

v[core {dep { n[] }}]
1t should be noted that we do not necessarily need
a specific phrase structure rule for the slash binding
with the dep [9], though it may be natural that we
assume to have such a phrase structure rule as shown
in Figure 4.

5.3 Complex Relative Clause

In both ES and RC type relative clauses, the Bind-
ing Feature Principle specifies that a slash element
which is introduced by the Subcat-Slash Lexical Rule
is inherited and finally bound with the dep value of
the prenominal tense category in the outermost rel-
ative clause. Figure 5 shows an example of such a
structure.
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pos v
subcat {}
dep {X}
/\\\
core C pos v
slash {X} subcat [core C]
dep {X}
Figure 4: Slash Binding
nf]
///7./
v{core {dep {X}}] n[}
‘/ ——
v[slash {X}]  v[core { dep {X} }] hito
//
kak-ta hon-ga yoku ure da

where X = n[]

Figure 5: Complex Relative Clause

6 Constraints on the Number of Slash
Elements

As the consequence of the constraints on slash shown

above, an Adjunct 2 type role cannot construct any

acceptable relativization, because it cannot introduce

an element of subcat in any lexical entries.

As discussed in section 3, we assume the relative
clause of Japanese language is an adjunct. Thus in
the relative clause, the value of the dep feature is
bound with the gap. And according to the Direct
Binding Hypothests which we proposed in section 5,
a subcat element can be directly bound with the dep.
lere, we will discuss why this hypothesis is correct.
Furthermore, we will show that if we adopt the Direct
Binding Hypolhests, the number of slash elements can
be at most one.

If we don’t accept this hypothesis, the only alter-
native is to assume that the gap is bound only with
an element of slash. That is, if an element of subcat
cannot be bound directly with the value of the dep,
the gap should be initially in the value of slash, and
should then be bound with the element of dep. We
will call this hypothesis the Indirect Binding Hypoth-
esis (that is, subcat element can be indirectly bound
with the dep through a lexical rule).

First consider the following sentence:

(9) [[kak -ta] hon -wo syuppan-si-ta ]
write PAST book ACC publish PAST

syuppansya -ga  yuumei-ni  nar
publisher NOM famous GOAL become
-ta] gakusya
PAST scholar
‘the scholar such that the publisher that
published his book became famous’
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This is acceptable to everyone. If we accept the In-
direct Binding Hypothesis, the number of slash ele-
ments would be at least two, because in the above,
every relative clause other than outermost one has at
least two slash elements.

However, consider the following structures (where
i and j are either 1 or 2, and ¢, and ¢ are assumed
to be bound with Ny and Ny, respectively):

(10) a. Double Relative Clause
lls o fsoredbion N [gern s INLL NG LN,

b. Double Gap in one Relative Clause
[sls-- di 8. IN...INz... INy

c. Embedded Sentence in Relative Clause
[sls- 1. g oo o INg LU ING

The following are example sentences with the above
structures:

(11) a. Double Relative Clause (10.a)

([[#1 kak -ta] e -ga  [¢2 mae-ni
paint PAST picture NOM before
tor -ta} syasin-ni nitet -ta]

take PAST photo DAT resemble PAST
syasin-ka,  -ga sin -da] gaka,
photographer NOM die PAST painter

‘the painter such that the photographer died
whose photo taken before resembled the
picture that he painted’

b. Double Gap in one Relative Clause (10.b)

[l[¢1d2¢3 kaka -se -ta] gakusya, -ga
write make PAST scholar NOM

sin -da] honz -ga  yuumei -ni
die PAST book NOM famous DAT
nar -ta] hensyusya,
become PAST editor
‘the editor who made the scholar who died
write a book that became famous’

c. Embedded Sentence in Relative Clause (10.c)
[[#1[#2 syuwai-si -ta] -to  kak -ta)
take-bribe PAST CMPL write PAST
seizikay -ga zisatu-si -ta] kisya,
politician NOM kill-himself PAST journalist
‘the journalist who wrote a report that the
politician, who killed himself, took a bribe’

Though the sentence (11.c) is better than the oth-
ers, these are all unacceptable. Taking Indirect Bind-
ing Hypothesis, the number of slash elements for the
above is 3, 3, and 2, respectively. It follows that in
terms of the number of slash elements, we cannot ex-
plain the difference of the acceptability of the above
structures.

However, we accept the Direct Binding Hypothe-
sis, sentence (9) needs only one slash element, and
sentences (11) all need at least two. Thus the Direct
Binding Hypothesis is better than the Indirect Bind-
ing Hypothesis. And adopting this hypothesis leads
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to the concusion that the number of slash elements
should be at most one.

7 Concluding Remarks

We have described a grammatical formalization of
the relative clause in Japanese. Based on the JPSG
framework, this formalization is characterized in
terms of constraints, that is, relationships among the
grammatical features in a phrase structure and in-
formation in the lexical entries. In this paper we
proposed the Direct Binding Hypothesis, and showed
that the number of slash elements should be at most
one in Japanese.
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ABCHE. IPSG MR IS W, HAREDR
FREHLIc s 3 AR D Vo< b ¢
b5,

JPSG pgCr, HPSG Bk HRi, v
W5 H 5 R ORI S h T
BLEX D, BIAEMNMERS pos, Y509
MERL D D2 X9 subcat, XX 5 LK
W3 BAHINAE & A 3 52 R T deps HHOTF
ALk #F slash A X DRPLC X - ¢, Eh¥h
ORRGHHE 5 T AT Do

Fho. OABEIC ., WALME. Cmagegd.
S{riio 3 MOARERHEH S L EL D,
2L ¢ 2 Ehobiclici i 58
R L, Yo kb Y th ThoifRor
HX 5 Cnddhtn) o tdhb, XEXEhE
BB TPHIL L S LT 5,

ARRCCHYINIC, BERGY ARAUICHT D
A e LoD 5o Ttk BEGRIRTICH
W3 5 WIS, dep Rioffl & L THIMg &I
—{tL 5 BRIEE b o T D LT IHCIFS
Jbhde £LT, T dep R¥kid. BELT
Bk s @A oRlECH 6 M)+ 5
DEREE R X R CNE 253 (XL,
B oI B SREGRE L R OFERATE
LELD) T, ¥OLSEERNCD dep
FREM—bT 2 LB TEIRNMNEE X D,

I{bhows X9, Uhiict, s
LRMREE TR < (ER BB, B
WA L b HIREHE R 2. oA, C D
X5 ABEL, BF o subeat B0l LT
foREhd b®EL D, L, BIEMCRHRKS.
HEH R s kv, Chb i sub-
cat BERICHED R T 5,

coe, MERiEKo X 5k RS T C
it 5,

SS B () PARMIAIIITH 5 68

i RHDED AR

ES & (38:A%) RisCitEk M2 bfEs il
ABICRICET D B HE

B RREDKBESBEA LB LT B A

RC & (BARM) BRI ICBE0RII2 D b | %
it oA 3 A BIREIC D 586

Bl Wk X { R e
BERETA SS RO S bR BV A BGREG
DOREA] ( [FRMEIRA LR Chhid 5
XA | ) @ subcat DBRD—> A
ek TE) ) dep BEREH—{ET 22
Ex b, CRPHEEHREDR LML,

Ehicxt L, ES K% RC B o MERECH.
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bW B IRHATFBIR S H & ¥, HPSG (]

B, slash ¥ AlwCidlfd 5.

slash @®MA: Subcat-Slash §ifEHHIC X b
subent ©---2OREEH slash OWEE & %
UEC 3%

slash O4rtl: SPERELEHICR S, HIb, ¢
OIFPF (T5Y) Kt b, SR slash
LWL, ZEA OB RGO slash KL
O EFEhY b Deb, b L slash &
FED Bt o RO & BT 5 PP ik
X ORI b OB L Y 5,

slash OFM: PURIGCH, slash BERO(H
FEH#ED dep BIE L 4L 5 5, EHKE
HAE OBE 1L, AR MR P oo
2057 53 QU D BRI O REIBED dep TR
LWL, R I A R
FTHLELRS,

e T—-ofiMlE ok B ot 5SS MoMMHM
IKsf LT % BS By RC BoRIGREN & FlE i slash
FRHWABREZOMETH 5, s lTh i,
R RIS & P8 SR KR, K
B O subcat BT - e b OB Subceat-
Slash 3868l X 0 slash B L A D, £h
DGR dep WK E AT DBk D, DF
Y. subcat $EK2S dep B3R & W ICHRET
5o

LabL, ©CTROX S AEHMEENSrON
5o L,

(1) [[#) v re ) A% LN L & ] INIsREDS 4,
(- 2F Sk
RAFARERCTH s olckf L,
(2) a. [[[¢1 Wivaie ] Kbz (@ BUKC I - %2 ] 550
AL C i ) G o DSYEA | I
E g
b. [[[#142¢ Wt 7c | 528 2 PPEA K|
&K BHFIC o ke | MLE
c. [[$1lgs WKL 2 | &7 | BABH 2
PEB LA | #EH
BT LI CE e 5 b Sl
RThBo (1) b (2) 6 ¥ bo 4, MBTHMK
i TARFICHEREAE T 5, L voiHleTd
50

C OB, MEERRER X - TrbiEC
Ehvo Ll EEAMEBI LN, 3 (1)
251 o slash BERELE LI EDICH L, X
(2) B b 2 {HLLED slash BLR % AE L
T 52 L OWHTRECH S (2ob R 3. 2.
B2 EAETCH D), X b, FHEAMEDLE
WDivE, HARCRIFX 15 slash BROEEK
HEie 1EChz L HlEMND.
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