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Abstract
The Japanese language has various types of functional expressions. In order to organize Japanese functional expressions with various
surface forms, a lexicon of Japanese functional expressions with hierarchical organization was compiled. This paper proposes how to
design the framework of identifying more than 16,000 functional expressions in Japanese texts by utilizing hierarchica organization
of the lexicon. In our framework, more than 16,000 functional expressions are roughly divided into canonical / derived functional
expressions. Each derived functional expression is intended to be identified by referring to the most similar occurrence of its canonical
expression. In our framework, contextual occurrence information of much fewer canonical expressions are expanded into the whole
forms of derived expressions, to be utilized when identifying those derived expressions. We also empirically show that the proposed
method can correctly identify more than 80% of the functional / content usages only with less than 38,000 training instances of manually

identified canonical expressions.
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1. Introduction

The Japanese language has many compound functional ex-
pressions which consist of more than one word includ-
ing both content words and function words. Recognition
and semantic interpretation of compound functional expres-
sions are especialy difficult because it often happens that
one compound expression may have both aliteral (in other
words, compositional) content word usage and a non-literal
(in other words, non-compositional) functional usage.

For example, Table 1 shows two example sentences with
a compound expression “ T (te) X\ (yoi)”, which con-
sists of aconjunctive particle* T (te)”, and abaseform*“ &
U (yoi)” of an adjective “ X\ (yoi)”. In the sentence (1),
the compound expression functions as an auxiliary verb and
has anon-compositional functional meaning “may”. Onthe
other hand, in the sentence (2), the expression simply cor-
respondsto aliteral concatenation of the usages of the con-
stituents: the conjunctive particle” T (te)” and the adjective
“& W (yoi)”, and has a content word meaning “good (~)
because ~”. Therefore, when considering machine trans-
lation of those Japanese sentences into English, it is neces-
sary to precisely judge the usage of the compound expres-
sion“C (te) &\ (yoi)”, asshowninthe Englishtrandation
of the two sentencesin Table 1.

Considering such a situation, it is necessary to develop a
tool which properly recognizes and semantically interprets
Japanese compound functional expressions. Tsuchiya et
a. (2006) formalized the task of identifying Japanese com-
pound functional expressions in atext as a machine learn-
ing based chunking problem. The proposed technique per-
formed reasonably well, while its mgjor drawback isin its
scale. Asrecently reported in Matsuyoshi et al. (2006), the
Japanese language has a large number of variants of func-
tional expressions, where their total number is counted as

over 16,000. So far, it has not been proved that the tech-
nigue of Tsuchiyaet al. (2006) can be applied to the whole
list of over 16,000 Japanese functional expressions.

Based on the argument above, this paper proposes how
to design the framework of identifying more than 16,000
functional expressions in Japanese texts by utilizing the re-
cently compiled large scale hierarchical lexicon of Japanese
functional expressions (Matsuyoshi et a., 2006). In our
framework, more than 16,000 functional expressions are
roughly divided into about 1,300 canonical functional ex-
pressions and the remaining derived functional expressions.
Based on avariant of example-based architectures, each de-
rived functional expression is to be identified by referring
to the most similar occurrence of its canonical expression
included in the example database of manually identified
canonical expressions. Contextual occurrence information
of much fewer canonica expressions are expanded into the
whole forms of derived expressions. We empirically show
that the proposed method can correctly identify more than
80% of the functional/content usages only with less than
38,000 instances of manualy identified canonical expres-
sions.

2. Hierarchical Lexicon of Japanese
Functional Expressions

In order to organize Japanese functional expressions with
various surface forms, Matsuyoshi et a. (2006) proposed
a methodology for compiling a lexicon of Japanese func-
tional expressions with hierarchical organization'. Mat-
suyoshi et a. (2006) compiled the lexicon with 341 head-
words and 16,801 surface forms. As shown in Table 2,

http://kotoba.nuee.nagoya-u.ac.jp/
tsutsuji/



Table 1: Examples of Ambiguity of Functional/Content Usages

| | Expression | Example sentence (English translation) | Usage |
@ T&w HLIABDDIEND T, ik Mﬂ TV functional
(te-yoi) (You may discount the price because we have a small number of (~ T&XW\ (teyoi)
y applicants.) = may ~)
%) T T OEIFZE | TXW FREE. content
. . . . . (~ T&V) (te-yoi))
(te-yoi) (This store has agood reputation because it sells at low prices.) - good (~) becauise ~)
LO (root)
L o 0008(I==L\LT ) -
|_2 000801(IZf=L\LT “toward”) 000802(IZf=L\LT “per’)
|_3 000801P(IZ#=L LT ) 000801D(I=f=L\LT D)
|_4 000801P1(IZf=L\L X)) 000801P2(I=f=L L )

[ 5  000801P1x(IZfL)L T) 000801P1N(IfLL o)

[®  000801P1XX(IZtL LT )
L7 000801P1xx01(IfL\LT )

|8 000801P1xx01n(IZtL LT )

000801P1xx01s(I=f=L)L L T)

L9 000801P1xx01n01 000801P1xx01n02 000801P1xx01s01 000801P1xx01s02

2= LT IZ®LT

2L LFELT IZ¥LFHELT

Figure 1: A Part of the Hierarchical Lexicon of Japanese Functional Expressions

the hierarchy of the lexicon has nine abstraction levels and
Figure 1 shows a part of the hierarchy?. In this hierar-
chy, the root node (in L°) is a dummy node that governs
al the entries in the lexicon. A node in L' is an entry
(headword) in the lexicon; the most generalized form of
afunctional expression. A leaf node (in L°) corresponds
to a surface form (completely-instantiated form) of a func-
tional expression. An intermediate node corresponds to a
partially-abstracted (partially-instantiated) form of a func-
tional expression. The second level L2 distinguishes senses
of Japanese functional expressions. L? distinguishes gram-
matical functions, L* distinguishes aternations of func-
tion words, L® distinguishes phonetic variations, L° dis-
tinguishes optional focus particles, L7 distinguishes conju-
gation forms, L? distinguishes normal/polite forms, and L°
distinguishes spelling variations.

%In this lexicon, following Sag et a. (2002), each functional
expression is regarded as a fixed expression, rather than a semi-
fixed expression or a syntactically-flexible expression.

3. Disambiguation of Functional/Content
Usages

3.1. Canonical/Derived Expressions

The underlying motivation of the proposed framework isto
dividethewholelist of morethan 16,000 functional expres-
sionsinto about 1,300 canonical functional expressionsand
the remaining derived functional expressions. When auto-
matically identifying an occurrence of derived functional
expressions, we refer to the most similar occurrence of its
canonical expression included in the example database of
manually identified canonical expressions.

Inthe process of dividing thewholelist of morethan 16,000
functional expressions into canonical and derived expres-
sions, based on our preliminary analysis, we first select 774
expressions at the level L* as the canonical expressions. In
thisanalysis, we discovered that expressionswhich sharean
identical L* level 1D have mostly similar contextual occur-
rences and distinction of functional/content usages, while
those which do not share an identical L* level ID have rel-
atively dissimilar contextual occurrences and distinction of
functional/content usages. We then further distinguish ex-
pressions which havedistinct phonetic variationsat L level
and spelling variations between hiragana and kanji charac-
tersat L° level as having distinct canonical expressions, re-



Table 2: Nine Abstraction Levels of the Morphological Hierarchy

Abstraction Levels

# of entries

L' | Headword

L? | Headword with unique meaning
L3 | Grammatical functions

L* | Alternations of function words
L5 | Phonetic variations

LS | Insertion of particles

L7 | Conjugation forms

I8 | Normal or desu/masu forms

L° | Spelling variations

341
435
555
774
1,187
1,810
6,870
9,722
16,801

I Sentences with Derived Expressions |

-form

Fraavmoromme] w0 (e || T)  yeage=
d hajime || te-mo-yoi functional Example Database of
(u;fgf) (You may start (M) (expr) (M) Canonical E?(pressmns
777 | discussion after you verb symbol annotated with Usages
hear the chime.) conj. period (functional | content)

EELAREN, RBELETAIE| % - \ _ (usage)
RELALD, BBETHUE] 7o e fusage)
(usage) ) BHLRAHDDENDT, litg% | FIf || T
2999 E hough th K i m, (expr) (M) . sage || te-yoi
7777 | (v o ek | e (vou 1 ascunt e
you d‘o not need it) conyj. period price because we have (M) || (expn) (m.)
g -form asmall pumber verb symbol
of applicants.) conj. period
-form
COEFEA | B TH&LY || BE | £
es3 huruku | | te-mo-yoi || nenpi e,-2 (usatge;
conten
(usage) | (This car has good | (m,.) (expr) (M) — -
???? | gas mileage even a(pij noun imilarity = 2 coEE | & T |1
though itis an cony. yasuku | | te-yoi || hyouban
old model.) -form (This store has
a good reputation (':9’?) (expr) flms”;)l
CHOR—VIERA | 2K = \ = because it sells v ou
4 Pt E =5 T&L MR |#525%. _ at low prices.) conyj.
e, yasuku || ta-tte-yoi || inshou usage = . -form /
content
( l{ffgf) (That suit gives good | (m,,,) (expr) (Med
7977 impression even adj noun
though they sell it conj.
ata low price.) —form _)

Figure 2: Example-based Disambiguation of Functional/Content Usages using Canonical/Derivational Relation

sulting in 1,302 canonical expressionsin total.

For example, in the case of the canonical expression” C (te)
K\ (yai)” in Figure 2, it has derived expressions such as “
T (te) & (mo) K\ (yoi)” having insertion of a particle at
LS level and “ 7z (ta) o T (tte) L\ (yoi)” having phonetic
variations at L° level. Intotal, “ T (te) &\ (yoi)” has 36
derived expressions.

3.2. Example-based Disambiguation

j In the proposed framework, we employ an example-based
architecture for disambiguation of functional/content us-
ages. In the example-based architecture, an occurrence
eq Of a derived expression expr, is denoted as a tuple
<mgre,e:cp7"d,mfuf> where m?,. and mguf denote the
morpheme preceding the expression expr 4 and the one sub-
sequent to expry. Similarly, an occurrence e of a canon-
ical expression expr. in the example database of manu-
aly identified canonical expressions is denoted as a tuple
(Mipyes €TPTe, MY, ¢, usage) Wheremy, . and mg,, . denote

the morpheme preceding the expression expr . and the one

subsequent to expr., and usage denotes the manually an-
notated usage as “ functional” or “ content” . Similarity of
e. and ey is defined only when the canonical expression
expr. and the derived expression expr, satisfy the canon-
ical/derivationa relation. Their similarity is defined as 2
when m¢,. and m¢,. share fine-grained parts-of-speech
(e.g., case-marking particle) and conjugated forms of the
morpheme lexicon | PAdic® annotated by the Japanese mor-
phological analyzer MeCab*, and ms, ; and m¢,, aso
share fine-grained parts-of-speech and conjugated forms.
Otherwise, their similarity is defined as 1 when m,.. and
mg,.e share coarse-grained parts-of-speech (e.g., particle)
of IPAdic annotated by the Japanese morphologica an-
alyzer MeCab, and m¢,, and m?,, aso share coarse-
grained parts-of-speech.

Finally, if examples of both functional and content usages
with the same similarity value are found in the database, we

judge the output to be an error. Also, if any example with

*http://sourceforge.jp/projects/ipadic/
4http ://mecab.sourceforge.net/



Table 3: Evaluation Results (%)

(a) correct / error rate of the proposed method

correct rate

[ 820 |

error rate

correct if an oracle example isin the example database of canonical expressions

12.7118.0

not correct even with an oracle example in the example database of canonical expressions 53

(b) correct rate of the baseline

| preferring the longest morpheme sequence and judging as functional usage |

772 |

the similarity value 1 or 2 is not found in the database, we
judge the output to be content usage®.

For example, Figure 2, shows an example of a canonical
expression “ C (te) &\ (yoi)” and its derived expressions
“T (te) & (Mmo) L\ (yoi)” and “7z (ta) o T (tte) L\
(yoi)". Asshown in Figure 2, in the example e.-1 of the
canonical expression“ T (te) &\ (yoi)”, the canonical ex-
pression has the functional usage, and functions as an aux-
iliary verb and has a non-compositional functional mean-
ing “may”. On the other hand, in the example e .-2 of the
canonical expression “ T (te) &\ (yoi)”, it hasthe content
usage, and literally means as “good (~) because ~". Then,
both of the examples e4-1 and e4-2 of derived expressions
“T (te) & (Mmo) K\ (yoi)” and “7z (ta) - T (tte) KW
(yoi)" have similarity values as 2 with the example e .-1 of
the canonical expression“ T (te) &\ (yoi)”, whilethey do
not have similarity values defined against the example e .-2.
Thus, they are judged as having the functional usage. Next,
in the case of both the examples e4-3 and e4-4 of derived
expressions “ T (te) & (mo) L\ (yoi)” and“7z (ta) o T
(tte) &\ (yai)”, on the other hand, they have similarity
values as 2 with the example e.-2 while they do not have
similarity values defined against the example e.-1. Thus,
they are judged as having the content usage.

4. Evaluation

For evaluation, we collect 37,761 example sentences of 496
canonical expressions from the 1995 Mainichi newspaper
text corpus and manually annotate the usages of canoni-
cal expressions as functional or content. From the 1995
Mainichi newspaper text corpus, we also collect 2,832 ex-
amples of 248 derived expressions for evaluation. Out of
the evaluation instances, about 80% are annotated as func-
tional usage.

AsinTable 3 (a), the proposed method achieved 82.0% cor-
rect rate. As with the case of usua example-based meth-
ods, the performance of the proposed method depends on
the scale of the example database of canonical expressions.
If we assume that we add an oracle example of the canon-
ical expression to the database for each of the evaluation

SMore specifically, the task of identifying Japanese compound
functional expressionsis actually formalized as the task of chunk-
ing a morpheme sequence into a functional chunk or a content
chunk. In this formalization, we prefer the longest morpheme
sequence which represents a derived expression and satisfies the
similarity value 1 or 2 against an example of canonical expression
in the example database.

instances of derived expressions, we improve 12.7% of the
whole evaluation instances, which amount to almost 95%
correct rate in total. For the remaining 5.3% of the eval-
uation instances, examples of canonical expressions with
the usage other than the reference one have the similarity
value larger than those with reference usage. Table 3 (b)
also shows the correct rate of a baseline as 77.2%, where
it prefers the longest morpheme segquence and judges the
usage of the evaluation instance as functional .

5. Related Works

Ambiguities of functional/content usages has been well
studied in Tsuchiya et al. (2005), Tsuchiya et a. (2006),
and (Shudo et al., 2004). Tsuchiya et a. (2005) reported
that, out of about 180 compound expressions which are fre-
guently observed in the newspaper text, one third (about 60
expressions) have this type of ambiguity. Next, Tsuchiya
et al. (2006) formalized the task of identifying Japanese
compound functional expressions in a text as a machine
learning based chunking problem. The proposed technique
performed reasonably well, while its mgjor drawback isin
its scale. So far, the proposed technique has not yet been
applied to the whole list of over 10,000 Japanese func-
tional expressions. (Shudo et al., 2004) aso studied ap-
plying manually created rulesto the task of resolving func-
tional/content ambiguities, where their approach has limi-
tation in that it requires human cost to create manually and
to maintain those rules.

Utsuro et a. (2007) and (Nivre and Nilsson, 2004) studied
syntactic analysis of functional expressions in sentences.
Utsuro et al. (2007) studied how to incorporate the pro-
cess of analyzing compound non-compositional functional
expressions into the framework of Japanese statistical de-
pendency parsing. (Nivre and Nilsson, 2004) also reported
improvement of Swedish parsing when multi word unitsare
manually annotated.

In the area of machine translation, Sakamoto et al. (2009)
and Nagasaka et a. (2010) applied the “ Sandglass’ ma-
chinetrandlation architecture (Yamamoto, 2002) to the task
of translating Japanese functional expressionsinto English.
Unlike Sakamoto et a. (2009) and Nagasaka et a. (2010),
in order to address the issue of resolving various ambigu-
ities of a compound expression in machine trandation of
Japanese functional expressions, Abeet al. (2011) took the
approach of example-based machine translation (Sommers,
2003).



6. Concluding Remarks

We design the framework of identifying more than 16,000
functional expressions in Japanese texts by utilizing the
large scale hierarchical lexicon of Japanese functiona ex-
pressions. In our framework, each derived functional ex-
pression is to be identified by referring to the most similar
occurrence of its canonical expression.
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