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Integrating Multiple Dependency Corpora for Inducing
Wide-Coverage Japanese CCG Resources

SUMIRE UEMATSU, The University of Tokyo
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A novel method to induce wide-coverage Combinatory Categorial Grammar (CCG) resources for Japanese is
proposed in this article. For some languages including English, the availability of large annotated corpora
and the development of data-based induction of lexicalized grammar have enabled deep parsing, i.e., pars-
ing based on lexicalized grammars. However, deep parsing for Japanese has not been widely studied. This is
mainly because most Japanese syntactic resources are represented in chunk-based dependency structures,
while previous methods for inducing grammars are dependent on tree corpora. To translate syntactic infor-
mation presented in chunk-based dependencies to phrase structures as accurately as possible, integration
of annotation from multiple dependency-based corpora is proposed. Our method first integrates dependency
structures and predicate-argument information and converts them into phrase structure trees. The trees
are then transformed into CCG derivations in a similar way to previously proposed methods. The quality of
the conversion is empirically evaluated in terms of the coverage of the obtained CCG lexicon and the accu-
racy of the parsing with the grammar. While the transforming process used in this study is specialized for
Japanese, the framework of our method would be applicable to other languages for which dependency-based
analysis has been regarded as more appropriate than phrase structure-based analysis due to morphosyn-
tactic features.

Categories and Subject Descriptors: 1.2.7 [Artificial Intelligence]: Natural Language Processing—
Language parsing and understanding

General Terms: Algorithms, Experimentation, Languages, Theory

Additional Key Words and Phrases: Combinatory Categorial Grammar, dependency annotation, grammar
development, Japanese parsing
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1. INTRODUCTION

Syntactic parsing for Japanese has been dominated by a dependency-based pipeline
architecture in which chunk-based dependency parsing is applied and then semantic
role labeling is done on the dependencies [Hayashibe et al. 2011; Iida and Poesio 2011,

This article is an updated and extended version of Uematsu et al. [2013] published in Proceedings of the
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Kawahara and Kurohashi 2011; Kudo and Matsumoto 2002; Sasano and Kurohashi
2011]. This dominance is mainly because chunk-based dependency analysis appar-
ently seems most appropriate for Japanese syntax due to its morphosyntactic typol-
ogy, which includes agglutination and scrambling [Bekki 2010]. However, it is also
true that this type of analysis has prevented us from deeper analysis such as deep
parsing [Clark and Curran 2007; Miyao and Tsujii 2008] and logical inference [Bos
2007; Bos et al. 2004].

In this article, we present our work on inducing wide-coverage Japanese resources
based on Combinatory Categorial Grammar (CCG) [Steedman 2001]. Our work is basi-
cally an extension of a seminal work on CCGbank [Hockenmaier and Steedman 2007],
in which the phrase structure trees of the Penn Treebank (PTB) [Marcus et al. 1993]
are converted into CCG derivations and a wide-coverage CCG lexicon is extracted from
these derivations. Since CCGbank has enabled a variety of outstanding studies on
wide-coverage deep parsing for English, our resources are expected to significantly
contribute to Japanese deep parsing.

The application of the CCGbank method to Japanese, however, is not trivial, as
resources like PTB are not available in Japanese. In Japan, the widely used resources
for parsing research are the Kyoto corpus [Kawahara et al. 2002; Kurohashi and Nagao
2003] and the NAIST text corpus [lida et al. 2007], both of which are corpora with
annotations of dependency structures of chunks. An internal structure of a chunk is
dependent on the words comprising the chunk. Moreover, a dependency between two
chunks can be interpreted as a relation of one chunk to a certain part of the other, as
well as between two complete chunks. Therefore, the relation between a chunk-based
dependency structure and a CCG derivation is not obvious.

We propose a method for integrating multiple dependency-based corpora into phrase
structure trees augmented with predicate argument relations. We can then convert
the phrase structure trees into CCG derivations. In the following, we describe the
details of the integration method as well as Japanese-specific issues in the conversion.
We empirically evaluate the method in terms of the quality of the corpus conversion,
the coverage of the obtained lexicon, and the accuracy of parsing with the obtained
grammar. Additionally, we discuss problems that remain in Japanese resources from
the viewpoint of developing CCG derivations.

There are three primary contributions of this article: (1) we provide the first com-
prehensive results for Japanese CCG parsing, (2) we present a methodology for in-
tegrating multiple dependency-based resources to induce CCG derivations, and (3)
we investigate the possibility of further improving CCG analysis by using additional
resources.

Our proposed method is not limited to Japanese. It should be possible to apply a sim-
ilar method to other languages for which chunk-based dependency analysis is widely
regarded as more appropriate than word-based phrase structure analysis due to mor-
phosyntactic features similar to Japanese.

In Section 2, we introduce a CCG-based theory of Japanese syntax and related works
on the induction of CCG resources. In Section 3, we explain the details of our method
for developing Japanese CCG resources. In Section 4, we present the experimental
results on evaluating the obtained resources and conclude the article in Section 5 with
a brief summary and a mention of future work.

2. BACKGROUND

2.1. Combinatory Categorial Grammar

Combinatory Categorial Grammar is a syntactic theory widely accepted in the NLP
field [Steedman 2001]. A grammar based on CCG theory consists of categories, which

ACM Trans. Asian Low-Resour. Lang. Inf. Process., Vol. 14, No. 1, Article 1, Publication date: January 2015.

137



Integrating Multiple Dependency Corpora to Induce Wide-Coverage Japanese CCG Resources 1:3

I give them money
NP: T S\NP/NP/NP :  "NP :them' NP :money’
AL AYAz.give yzz
S\NP /NP :AyAz.give'y them'z
S\NP :\z.give'money'them’z

Fig. 1. A CCG derivation. An example from Hockenmaier and Steedman [2007].

XY:f Yia — X:fa (>)
Y:a X\Y:a — X:fa (<)
XY:f Y/Z:g — X/Z:ixf(gx) (> B)
Y\Z:g X\Y:f — X\Z:xxf(gx) (<B)

Fig. 2. Combinatory rules (used in the current implementation).

KA 7 iy = e L 7
ambassador NOM negotiation DAT participation do-CONT PAST-BASE
NPnc Npga\NPnc < anc ani\NPnc Sstcm \Npga\NPni Scom \Sstem B Sbase\scont
NPga NPni < Scont\NPga\NPni

<B

Sbase\NPga\NPni <
S base \Npga
<

Sbnsc

Fig. 3. A simplified CCG analysis of the sentence “The ambassador participated in the negotiation”.

represent syntactic categories of words and phrases, and combinatory rules, which are
rules to combine the categories. Categories are either ground categories such as S and
NP or complex categories in the form of X/Y or X\Y, where X and Y are the categories.
Category X/Y intuitively means that it becomes category X when it is combined with
another category Y to its right, and X\Y means it takes a category Y to its left. Cat-
egories are combined by applying combinatory rules (Figure 2) to form categories for
larger phrases. Figure 1 shows a CCG analysis of a simple English sentence, which is
called a derivation. The verb give is assigned category S\NP/NP/NP, which indicates
that it takes two NPs to its right, one NP to its left, and finally becomes S. Start-
ing from lexical categories assigned to words, we can obtain categories for phrases by
applying the rules recursively.

An important property of CCG is a clear interface between syntax and semantics.
As shown in Figure 1, each category is associated with a lambda term of semantic
representations, and each combinatory rule is associated with rules for semantic com-
position. For example, the first rule in Figure 2 states that the left phrase has semantic
representation f, the right phrase has a, and the result of rule application creates se-
mantic representation fa. Since the rules in the figure are universal, we can obtain dif-
ferent semantic representations by switching the semantic representations of lexical
categories. This means that we can plug in a variety of semantic theories with CCG-
based syntactic parsing [Bos et al. 2004]. For example, Bos et al. [2004] proposed a
system that computes formal semantic representations based on Discourse Represen-
tation Theory (DRT) [Kamp and Reyle 1993] by replacing semantic representations of
the original CCG parser with discourse representation structures.
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Table I. Features for Japanese Syntax (Those Used in the Examples
in this Article)

Category | Feature | Value | Interpretation
NP case ga nominative

o accusative
ni dative
to comitative, complementizer, etc.
ne none

S form stem stem
base base
neg imperfect or negative
cont continuative
vo.S causative

Table Il. Typical Categories for Japanese Syntax. $ stands for Zero
or More of NP with a Backslash Between Them

Sentence S Predicate S\$ (e.g. S\NPgq)
Noun phrase NP Post position  NPgqo/nijzo \NPne
Auxiliary S\S
E AN
Speak-NEG not-CONT #
Sneg\\NPga  Scont \Sneg PAST-BASE
<B
Scont \NPga Sbase \Scont 8
<
Sbase \NPga

Fig. 4. Agglutination of auxiliaries.

2.2. CCG-Based Syntactic Theory for Japanese

Bekki [2010] proposed a comprehensive theory for Japanese syntax based on CCG.
While the theory is based on Steedman [2001], it provides concrete explanations for a
variety of morphological and syntactic constructions of Japanese, such as agglutina-
tion, scrambling, and long-distance dependencies (Figure 3).

The ground categories in his theory are S, NP, and CONJ (for conjunctions). Syntac-
tic features are assigned to categories NP and S (Table I). The feature case represents
a syntactic case of a noun phrase. The feature form denotes an inflection form. Table II
lists typical lexical categories. Predicates, i.e., verbs, adjectives, and verbal nouns, are
represented as S\NPga, S\NP,;\NPga or S\NP{,\NPga\NPy, etc., depending on their
arguments. For example, S\NPga denotes intransitive predicates and S\NPga\NPy is
a transitive one. Postpositions are NPga\NPnc and NP, ;\NPnc, etc. For example “)®
NOM ga” is represented as NPga\NPnc as it takes the left NP to form a nominative
NP. Categories for auxiliary verbs require an explanation. In Japanese, auxiliary verbs
are extensively used to express semantic information such as tense and modality. The
auxiliaries and the main verb are combined in sequential order. For example, a verb
“Ghi /speak-NEG” and auxiliaries “72 %> -/mot-CONT” and “/~/PAST-BASE” form a VP
““T X 7 hr o 72”7, which means “did not speak”. This is explained in Bekki’s theory by the
category S\S, and the category is combined with a main verb via the function compo-
sition rule (<B in Figure 2) as shown in Figure 4. As stated above, the feature form
of category S denotes an inflection form. Since the agglutination of auxiliary verbs is
restricted by inflection forms, this form feature is necessary for constraining the gram-
maticality of agglutination.
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S — NP/NP (RelExt)
S\NP; — NP;/NP; (Relln)
S —» Sl / Sl (Con)

S\$1\NP1 — (Sl\$1\NP1)/(Sl\$1\NP1) (COIICOOI'd)

Fig. 5. Type changing rules. The upper two are for relative clauses and the others are for continuous
clauses.

S

///\

VP
/\ ProperNoun PostPcm VP VP
i 1
Verb Noun Uay A /\ /\

l I John NOM PP Verb Verb Aux
d EﬁiTTR {:ﬂ? Noun PostPem X o 7=
ance-Al? ° . [ play-CONT  sing-CONTta PAST-BASE
. e/ %

a relative clause piane ACC
~ acontinuous clause
Fig. 6. A noun phrase with a relative clause (left) and a sentence with a continuous clause (right). In the
left NP “a doll that dances,” the underlined phrase is the relative clause. For the right tree “John played
the piano and sang,” the underlined phrase is the continuous clause with a shared argument, which means
“played the piano”.

Our implementation of the grammar basically follows Bekki’s theory [Bekki 2010].
However, as a first step in implementing a wide-coverage Japanese parser, we focused
on the frequent syntactic constructions that are necessary for computing predicate ar-
gument relations, including agglutination, inflection, scrambling, and case alternation.
Other details of the theory are largely simplified (Figure 3), coordination and semantic
representation in particular. The current implementation recognizes coordinated verbs
in continuous clauses (see Figure 6), but the treatment of other types of coordination
is largely simplified. For semantic representation, we define predicate argument struc-
tures (PASs) rather than the theory’s formal representation based on dynamic logic.
A PAS consists of a predicate word, set of argument types, and argument phrases.
An argument type is represented by a deep syntactic case, ga for nominative, o for
accusative, ni for dative, and fo for comitative, etc., all of which are from Japanese
postpositions used as case markers. For the example in Figure 3, the PAS for the pred-
icate “&j/participation” has arguments of ga and ni, where the ga-argument refers
to the phrase “i{#fi#3/ambassador-NOM” and the ni-argument is “z3 #|zZ /negotiation-
DAT”. As a result of defining simple semantics, some of the grammatical distinctions
that are required for semantic representations in the theory of Bekki [2010] are ex-
cluded from our implementation. Sophisticating our semantic representation is left for
future work.

For parsing efficiency, we modified the treatment of some constructions so that
empty elements are excluded from the implementation. First, we define type chang-
ing rules to produce relative and continuous clauses (shown in Figure 5). A relative
clause in Japanese does not have a relativizer. Figure 7 exemplifies a relative and a
continuous clause in Japanese. In the original theory, the two types of clauses are ex-
plained by using empty elements: pro, operators rel and ¢ (see Figure 7). The newly
defined rules produce almost the same results as the theory’s treatment but without
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)
pro dance-ATTR
. rel
T/(I\NPgajoni) _ Sattr\NPga N7
S NP,/ NP\ Sattr . doll
NP_/NP NP
NP g

“a doll that dances”

E7/ %
piano ACC A X
NPnc NPo\\NPnc play-CONT
NPo ) Scont \NPga \\NPo ¢
Scont \NPga C NS (S3NBINE2)N
(Scont ™\ $1)

S3\NPga\ $2.(S3\NPga\ $2)

“play(ed) the piano”

Fig. 7. Derivation for a relative clause and a continuous clause in the original theory.

NAIST Corpus
ARG-ga
| ARG-ni l
KE RN Rz Zh L 7= o
ambassador NOM negotiation DAT participation do PAST SENT-END

POS Noun PostP Noun PostP VerbalN VerbSuffix Aux Punct
Chunk AA

Dep.

Kyoto Corpus

Fig. 8. The Kyoto and NAIST annotations for “the ambassador participated in the negotiation”.

using the empty elements. Second, we treat pro-drop and scrambling by simply adding
lexical entries to the lexicon. For the sentence in Figure 3, the deletion of the nomina-
tive (Kffini/ambassador-NOM), the dative (3312 /negotiation-DAT), or both, results
in valid sentences, and shuffling the two phrases does so as well. Lexical entries with
the scrambled or dropped arguments are produced using simple methods, which per-
mutate or delete arguments in categories.

2.3. Linguistic Resources for Japanese Parsing

As described in Section 1, chunk-based dependency analysis has been considered as a
standard in Japanese syntactic parsing. Research on Japanese parsing also relies on
dependency-based corpora. We used the following resources in this work as they have
annotations for the same set of texts and can be used in a complementary way.
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NAIST Corpus
Causer
ARG-ga
IARG-ni l
BUE B ke & RB L B X X3 7

government NOM ambassador ACC negotiation DAT participation do cause  PAST
POS Noun PostP Noun PostP Noun PostP VerbalN VerbSuffix VerbSuffix Aux
Chunk y
Dep.
Kyoto Corpus

Fig. 9. The Kyoto and NAIST annotations for “The government had the ambassador participate in the
negotiation.” Punctuation is omitted in this figure. Accusatives are labeled as ARG-ga in causative sentences
(see Section 3.2).

Kyoto corpus. This is a news text corpus annotated with morphological information,
chunk boundaries, and dependency relations among chunks (Figure 8). The text con-
sists of approximately 40,000 sentences from articles appearing in The Mainichi News-
paper: all news articles from January 1st to 17th 1995 and all editorials from January
to December 1995 [Kurohashi and Nagao 2003; Kawahara et al. 2002]. The morpholog-
ical information is annotated basically based on a Japanese grammar book [Masuoka
and Takubo 1989]. The dependencies are classified into four types: Para (coordination),
A (apposition), I (argument cluster), and Dep (default). Most of the dependencies are
annotated as Dep, so the dependencies in the corpus can be regarded as unlabeled
relations.

NAIST text corpus. This is a corpus annotated with predicate argument relations for
verbs, adjectives, and nouns referring to events [lida et al. 2007]. It also contains voice
information of the predicates and annotations of anaphora and coreference relations.
The same set as the Kyoto corpus is annotated.! The labels used for predicate argu-
ment annotation are deep syntactic cases. In Japanese, arguments of a predicate are
typically marked by a postposition, which functions as a case marker. As a result, the
label for an argument is basically the same as the postposition following the argument
if the sentence has no case alternation. In the example shown in Figure 8, “Xf#/ am-
bassador” and “i2 ¥/ negotiation” are arguments of the predicate “£Jill// participate”
and are followed by postpositions “4% / NOM / ga” and “z / DAT / ni”, respectively.
Therefore, their labels are ARG-ga and ARG-ni. Figure 9 shows an example involving
case alternations. Since the sentence “The government had the ambassador participate
in the negotiation.” is a causative sentence, arguments of the event noun £l partici-
pation have altered case markers. As a result, “AX{# / ambassador”, superficially with
the postposition “% / ACC/ 0”, is labeled with ARG-ga. Note that the label is the same
as that in Figure 8. The corpus now focuses on three cases: “ga” (subject), “0” (direct
object), and “ni” (indirect object).

Japanese particle corpus (JP). This is a corpus annotated with distinct grammati-
cal functions of the Japanese postposition “¢ to” [Hanaoka et al. 2010]. The same set
as the Kyoto corpus is annotated. In Japanese, the postposition “t0o” has many func-
tions, including a complementizer (similar to “that”), a subordinate conjunction (simi-
lar to “then”), a coordinating conjunction (similar to “and”), and a case marker (similar
to “with”). In our work, the case marker information is used to construct to-labeled

1In fact, the NAIST text corpus includes additional texts, but in this work we only use the news text section.

ACM Trans. Asian Low-Resour. Lang. Inf. Process., Vol. 14, No. 1, Article 1, Publication date: January 2015.

142



1:8 S. Uematsu et al.

arguments for predicate argument relations, while other annotations are used for the
detection of constructions such as coordination.

2.4. Related Work

Research on Japanese deep parsing is fairly limited. Formal theories of Japanese syn-
tax were presented by Gunji [1987] based on Head-Driven Phrase Structure Grammar
(HPSG) [Sag et al. 2003] and by Komagata [1999] based on CCG. Komagata [1999] has
also presented implemented work, although the implementation has not been very suc-
cessful in terms of parsing real-world texts. JACY [Siegel and Bender 2002] is a large-
scale Japanese grammar based on HPSG that has been used for wide-coverage deep
parsing of Japanese. While JACY has been successful in producing precise and detailed
semantic representations for realistic sentences, our focus is more on developing deep
parsing systems capable of processing a large amount of real-word text. Yoshida [2005],
who led the previous studies most similar to our present work, proposed methods
for extracting a wide-coverage lexicon based on HPSG from a phrase structure tree-
bank of Japanese. We largely extended his work by exploiting the standard chunk-
based Japanese corpora based on dependency structures and obtained the first results
for Japanese deep parsing with grammar induced from large corpora. In addition, we
demonstrated the first results for Japanese CCG parsing of real-world news texts.

Corpus-based acquisition of wide-coverage CCG resources has enjoyed great success
for English [Hockenmaier and Steedman 2007]. In that method, PTB is converted into
CCG-based derivations from which a wide-coverage CCG lexicon is extracted. CCG-
bank has been used for the development of wide-coverage CCG parsers [Clark and
Curran 2007]. The same methodology has been applied to German [Hockenmaier
2006], Italian [Bos et al. 2009], Turkish [Cakic1 2005], and Hindi [Ambati et al. 2013].
These works also suffered from a lack of PTB-like resources and used dependency tree-
banks as source resources. Their treebanks are annotated with dependencies of words,
the conversion of which into phrase structures is not a big concern. A notable contri-
bution of the present work is to propose a method for inducing CCG grammars from
chunk-based dependency structures, which is not obvious, as we discuss later in this
article.

CCG parsing provides not only predicate argument relations but also CCG deriva-
tions, which can be used for various semantic processing tasks. Bos et al. [2004], Bos
[2007] proposed a method for computing DRT-based semantic representations from
CCG derivations for English, and their system has been applied to NLP tasks such as
textual entailment recognition [Bos 2007]. Our work constitutes a starting point for
such deep linguistic processing for languages similar to Japanese.

3. CORPUS INTEGRATION AND CONVERSION

For wide-coverage CCG parsing, we need, (a) a wide-coverage CCG lexicon, (b) combi-
natory rules, (¢) training data for parse disambiguation, and (d) a parser (e.g., a CKY
parser). Since d) is grammar- and language-independent, all we have to develop for a
new language is (a)—(c).

We adopt the methodology of Hockenmaier and Steedman [2007]. In that work, ex-
isting linguistic resources (Penn Treebank) are converted into CCG derivations (CCG-
bank), which are then used for extracting a wide-coverage CCG lexicon, as well as for
training parse disambiguation models [Clark and Curran 2007]. Combinatory rules
can be hand-coded because the number of rules and their language dependence are
limited. In our case, the number of combinatory rules is nine: four general rules in
Figure 2, four type changing rules in Figure 5, and a type changing rule to handle a
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