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ABSTRACT

This paper applied “Sandglass” machine translation archi-
tecture to the task of translating Japanese functional ex-
pressions into English. We employ the semantic equivalence
classes of a recently compiled large scale hierarchical lexi-
con of Japanese functional expressions. We examine each
class whether it is monosemous or not. We realize this pro-
cedure by empirically studying whether functional expres-
sions within a class can be translated into a single canonical
English expression. Furthermore, in order to precisely iden-
tify the class of functional expressions to which our trans-
lation rule is directly applicable, we further introduce two
types of ambiguities of functional expressions and identify
monosemous functional expressions. We finally show that
the proposed framework outperforms commercial machine
translation software products.
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1. INTRODUCTION

The Japanese language has various types of functional ex-
pressions, which are very important for understanding their
semantic contents. Those functional expressions are also
problematic in further applications such as MT of Japanese
sentences into English. This problem can be partially rec-
ognized by the fact that the Japanese language has a large
number of variants of functional expressions, where their to-
tal number is recently counted as over 10,000 in [5]. Based on
those recent development in studies on lexicon for processing
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Japanese functional expressions [5], this paper studies issues
on MT of Japanese functional expressions into English.

More specifically, in order to solve the problem of a large
number of variants of Japanese functional expressions, in
this paper, we employ the “Sandglass” MT architecture [14].
In the “Sandglass” MT architecture, variant expressions in
the source language are first paraphrased into representative
expressions, and then, a small number of translation rules
are applied to the representative expressions. In this paper,
we apply this architecture to the task of translating Japanese
functional expressions into English, where we introduce a re-
cently compiled large scale hierarchical lexicon of Japanese
functional expressions [5]. We employ the semantic equiva-
lence classes of the lexicon and examine each class whether it
is monosemous or not. We realize this procedure by empiri-
cally studying whether functional expressions within a class
can be translated into a single canonical English expression.
Then, we create one translation rule for each of the monose-
mous semantic equivalence classes. Here, one of the most
important assumption of applying those translation rules is
that each functional expression to which those translation
rules are applied must be monosemous. We introduce two
types of ambiguities of functional expressions and further
identify monosemous functional expressions. The experi-
mental evaluation result shows that the proposed framework
outperforms commercial MT software products.

2. JAPANESE FUNCTIONAL EXPRESSIONS

Even before [5] recently compiled the almost complete list
of Japanese functional expressions, there had existed sev-
eral collections which list Japanese functional expressions
and examine their usages. For example, [6] examined 450
functional expressions and [1] also listed 965 expressions
and their example sentences. Compared with those two col-
lections, Gendaigo Hukugouji Youreishu [7] concentrated on

125 major functional expressions which have non-compositional

usages, as well as their variants (337 expressions in total)!,
and collected example sentences of those expressions. For

each of the 337 expressions, [12] developed an example database

of, which is used for training/testing a chunker of Japanese
(compound) functional expressions. The corpus from which
they collected example sentences is 1995 Mainichi news-

1For each of those 125 major expressions, the differences be-
tween it and its variants are summarized as below: i) inser-
tion/deletion/alternation of certain particles, ii) alternation
of synonymous words, iii) normal/honorific/conversational
forms, iv) base/adnominal/negative forms.
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Figure 1: A Part of the Hierarchical Lexicon of Japanese Functional Expressions

paper text corpus (1,294,794 sentences, 473,553,300 bytes,
236,776,650 characters). For each of the 337 expressions, 50
sentences were collected and labels for chunking were anno-
tated.

3. HIERARCHICAL LEXICON OF JAPANESE

FUNCTIONAL EXPRESSIONS
3.1 Morphological Hierarchy

In order to organize Japanese functional expressions with
various surface forms, [5] proposed a methodology for com-
piling a lexicon of Japanese functional expressions with hi-
erarchical organization®. [5] compiled the lexicon with 341
headwords and 16,801 surface forms. The hierarchy of the
lexicon has nine abstraction levels and Figure 1 shows a part
of the hierarchy®. In this hierarchy, the root node (in %
is a dummy node that governs all the entries in the lexi-
con. A node in L' is an entry (headword) in the lexicon;
the most generalized form of a functional expression. A
leaf node (in L°) corresponds to a surface form (completely-
instantiated form) of a functional expression. An interme-
diate node corresponds to a partially-abstracted (partially-
instantiated) form of a functional expression. The second
level L? distinguishes senses of Japanese functional expres-
sions. This level enables distinction of more than one senses
of one functional expression. For example, “00 0 00”7 (ni-
taishi-te)” has two different senses. The first sense is “to-
ward”; e.g., “000 00000 0000”7 (Heis kind toward
me). The second sense is “per”; e.g., “00 DO 00050077
(five per one person). This level is introduced to distinguish
such ambiguities. On the other hand, L* distinguishes gram-
matical functions, L* distinguishes alternations of function

2http://kotoba.nuee.nagoya-u.ac. jp/tsutsuji/

3In this lexicon, following [9], each functional expression is
regarded as a fixed expression, rather than a semi-fixed ex-
pression or a syntactically-flexible expression.

words, L? distinguishes phonetic variations, L° distinguishes
optional focus particles, L” distinguishes conjugation forms,
L® distinguishes normal/polite forms, and L° distinguishes
spelling variations.

3.2 Semantic Hierarchy

Along with the hierarchy of surface forms of functional ex-
pressions with nine abstraction levels, the lexicon compiled
by [5] also has a hierarchy of semantic equivalence classes
introduced from the viewpoint of paraphrasability. This se-
mantic hierarchy has three abstraction levels, where 435 en-
tries in L? (headwords with a unique sense) of the hierar-
chy of surface forms are organized into the top 45 semantic
equivalence classes, the middle 128 classes, and the 199 bot-
tom classes.

Figure 2 shows examples of the bottom 199 classes, where
each of the leaf labels “B13”, “B31”, “B32”, “C11”, ..., “d117,
“d12”, “d13”, ... represents a label of the bottom 199 classes.
In [4], the bottom 199 semantic equivalence classes of Japanese
functional expressions are designed so that functional ex-
pressions within a class are paraphrasable in most contexts
of Japanese texts.

4. |IDENTIFYING MONOSEMOUSSEMAN-
TIC EQUIVALENCE CLASSESOF FUNC-
TIONAL EXPRESSIONS IN TRANSLA-
TION

In this paper, in terms of translation in English, we identi-
fying monosemous semantic equivalence classes of Japanese
functional expressions. More specifically, we examine the ef-
fects of the bottom 199 semantic equivalence classes in MT,
where we empirically study whether functional expressions
within a class can be translated into a single canonical En-
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Figure 2: A Part of the Hierarchy of Semantic Equivalence Classes

glish expression. This section gives the description of the
procedure.

First, we use a Japanese corpus of about 8,000 sentences for
Japanese language grammar learners [1] as a repository for
collecting example sentences of Japanese functional expres-
sions. For each of the 199 semantic equivalence classes, we
collect example sentences from this corpus. Here, for each of
the 199 classes, we manually judge whether the sense of the
functional expression in each sentence corresponds to that
of the target class. Then, we keep 91 classes that are with at
least five example sentences and we use the total 455 (5 sen-
tences for each of the 91 classes) collected example sentences
in further examination for translation into English.

The 455 example sentences are next manually translated
into English. Here, if all of the five Japanese functional ex-
pressions can be translated into a single canonical English
expression, we classify the class as “single translation”, and
otherwise, as “multiple translations”. The “single transla-
tion” semantic equivalence classes are considered as monose-
mous. The result of the procedure is shown in Figure 3,
where 49 out of the 91 classes are classified as “single trans-
lation”; and the remaining 42 as “multiple translations”. Fur-
thermore, 11 classes out of the 49 “single translation” classes
can be merged into 5 classes, each of which can be regarded
as one “single translation” class. The 49 “single translation”
classes cover more than 6,000 functional expressions.

5. IDENTIFYING MONOSEMOUS
FUNCTIONAL EXPRESSIONS

One of the most important assumption of applying the trans-
lation rules invented in the previous section is that each func-
tional expression to which those translation rules are applied
must be monosemous. Unless each functional expression is
monosemous, it is necessary to apply certain disambigua-

tion techniques and then apply translation rules that are
appropriate for the actual usage of the target functional ex-
pression.

This section first overviews two types of ambiguities of func-
tional expressions (in a broad sense). Then, we give the
procedure of identifying monosemous functional expressions
which do not have either ambiguities of the two types.

5.1 Ambiguitiesof Functional/Content Usages
The first type of ambiguity is for the case that one compound
expression may have both a literal (i.e. compositional) con-
tent word usage and a non-literal

(i.e. non-compositional) functional usage. This type of am-
biguity often happens when the surface form of a functional
expression can be decomposed into a sequence of at least
one content word and one or more function words. In such
a case, the surface form of the compound expression may
have both a literal (i.e. compositional) content word usage
where each of its constituents has its own literal usage, and a
non-literal (i.e. non-compositional) functional usage where
its constituents have no longer their literal usages.

For example, Table 1 (b) shows two example sentences of a
compound expression “0 (to) O (ha) OO (ie)”, which con-
sists of a post-positional particle “O (to0)”, a topic-marking
particle “0 (ha)“, and a conjugated form “0 0 (ie)” of a verb
“00 (iu)”. In the sentence (2), the compound expression
functions as an adversative conjunctive particle and has a
non-compositional functional meaning “although”. On the
other hand, in the sentence (3), the expression simply cor-
responds to a literal concatenation of the usages of the con-
stituents: the post-positional particle “0 (to)”, the topic-
marking particle “0 (ha)“, and the verb “00 (ie)”, and
has a content word meaning “can not say’. Compared to
Table 1 (b), Table 1 (a) shows an example of a functional
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Figure 3: Translation of Japanese Functional Expressions through Semantic Equivalence Classes

expression without ambiguity of functional/content usages.
In this case, the compound expression “0 0 (koto) U (ga)
00O (dekiru)” consists of a formal noun “00 (koto)”, a
post-positional particle “O (ga)”, and an auxiliary verb “0
00 (dekiru)”. In almost all the occurrences in a newspa-
per corpus, the surface form of this compound expression
functions as an auxiliary verb and has a non-compositional
functional meaning “can’.

This type of ambiguity has been well studied in [12], [11],
and [10]. [12] reported that, out of about 180 compound
expressions which are frequently observed in the newspa-
per text, one third (about 60 expressions) have this type
of ambiguity. Next, [11] 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 major draw-
back is in its scale. So far, the proposed technique has not
yet been applied to the whole list of over 10,000 Japanese
functional expressions. [10] also studied applying manually
created rules to the task of resolving functional/content am-
biguities, where their approach has limitation in that it re-
quires human cost to create manually and to maintain those
rules.

To summarize, any existing tool for resolving the ambigu-
ity of functional/content usages for the whole list of over
10,000 Japanese functional expressions is not yet publicly
available. Considering this situation, we conclude that we
should avoid expressions which have this type of ambiguity
when evaluating our translation rules.

5.2 Ambiguities of Functional Usages

The second type of ambiguity is for the case that the sur-
face form of a functional expression has more than one func-
tional usages. For example, Table 1 (c) shows two example
sentences of a compound expression “0 0 (tame) O (ni)”,

which consists of a noun “00 0 (tame)” and a post-positional
particle “O0 (ni)”. In the sentence (4), the compound ex-
pression functions as a case-marking particle and has a non-
compositional functional meaning “for the purpose of’. Also
in the sentence (5), the compound expression functions as
a case-marking particle, but in this case, has another non-
compositional functional meaning “because of’. Compared
to Table 1 (c), Table 1 (a) shows an example of a functional
expression without ambiguity of functional usages. In this
case, the functional expression “0 0 (koto) U (ga) 00O
(dekiru)” has only one non-compositional functional mean-
ing “can”.

This type of ambiguity includes issues on typical polysemies
and homographs, where the issues on sense disambiguation
of content words have been well studied in NLP commu-
nity (e.g, in SENSEVAL tasks [2, 3]). However, in the areas
of semantic analysis of Japanese sentences as well as ma-
chine translation of Japanese sentences, the issue of sense
disambiguation of functional expressions has not been paid
much attention so far, and any standard tool for sense disam-
biguation of Japanese functional expressions have not been
publicly available. Considering the current situation on this
type of ambiguity of functional usages, again we conclude
that we should avoid expressions which have this type of
ambiguity when evaluating our translation rules.

5.3 TheProcedureof Identifying M onosemous
Functional Expressions

Now, we present the procedure of identifying monosemous
functional expressions which do not have either ambiguities
of the two types. This procedure is applied to 166 L? entries
as well as 6379 L° entries which belong to the 49 “single
translation” semantic equivalence classes identified in sec-
tion 4.

As shown in Table 2, first, 166 L? entries as well as 6379 L°



Table 1: Example of Functional Expressions in 49 Monosemous Semantic Equivalence Classes
(a) w/o ambiguity of functional usages AND w/o ambiguity of functional/content usages

| |  Expression |

()| oooooo

(koto-ga-dekiru) | (He can speak English.)

oobooooojoooobog @

Example sentence (English translation) | Usage |
functional,
semantic class = possible
(000000
(koto-ga-dekiru) = can)

(b) w/o ambiguity of functional usages AND with ambiguity of functional/content usages

| |  Expression | Example sentence (English translation) | Usage |
functional,
(2) gogoo gooobooooo|jobob poobooboooboooo semantic class — adversative
(to-ha-ie) (Although it has become better, we can not feel (~0 00D (to-hade)
casy.) = although ~
3 gogoo goboboog|jbobo poo content
(
(~0000 (0D)
(to-ha-ie) (We can not say that it has become better.) (to-ha-ie(-nai)))
= cat not say ~)
(¢) with ambiguity of functional usages
| |  Expression | Example sentence (English translation) | Usage
functional,
(4) ooo 00000[000pooooooooo semantic elass - purpose
(tame-ni) (An international conference is held for the purpose (OO0 (tame-ni)
of world peace.) = for the purpose of
functional,
(5) Qoo 0o D Hobbbobo semantic class = reason
(tame-ni) (He arrived late because of rain.) (BOD (tame-ni)
= because of

entries in the 49 “single translation” classes are divided into
those with the ambiguity of functional usages and without
the ambiguity of functional usages. Here, if the surface form
of a functional expression of an entry X (i.e., ID) in the lex-
icon is identical to that of a functional expression of another
entry Y (i.e., ID) in the lexicon, then we regard both of the
entries X and Y as with the ambiguity of functional usages.
Next, for each of the surface forms of functional expressions
without the ambiguity of functional usages, we collect ex-
ample sentences from 1995 Mainichi newspaper text corpus
and blog text (about 130,000,000 characters, which includes
colloquial forms of functional expressions more often than in
the newspaper text). Then, we keep surface forms with more
than or equal to 20 occurrences in either of the newspaper
text or the blog text. Finally, for each of the surface forms
of the remaining functional expressions, we observe the col-
lected example sentences and judge whether their usages
have the ambiguity of functional/content usages. The dis-
tribution of the numbers of functional expressions in terms
of that of entries (i.e., ID) in the lexicon is shown in Table 2.
As shown in the table, 42 L? entries as well as 2756 L° entries
are identified as monosemous functional expressions.

6. EVALUATIONOF TRANSLATIONRULES

For each of the 49 “single translation” classes identified in
section 4, we evaluate the rule of translation into a sin-
gle canonical English expression with 272 held-out example
sentences collected from the 8,000 sentences of [1] as well

as newspaper text and blog text. We evaluate the English
translation of Japanese functional expression into the three
levels: “correct”, “partially correct”, and “error”. Here, we
achieved 96.3% “correct” rate.

Next, in order to compare this correct rate with commercial
MT software products®, we divide the 272 sentences for eval-
uation into 121 sentences which include monosemous func-
tional expressions identified in section 5.3 and the remaining
151 sentences. To the monosemous functional expressions in
the 121 sentences, our translation rule can be directly ap-
plied without any disambiguation techniques. As we show
in Figure 4, in the evaluation against the monosemous func-
tional expressions in the 121 sentences, we outperformed the
commercial MT product, although the scale of the evalua-
tion is small. This result partially supports the effects of the
proposed approach.

Also in the evaluation against the ambiguous functional ex-
pressions in the remaining 151 sentences, we outperformed
the commercial MT product. This is simply because in the
151 sentences we selected, functional expressions have ex-
actly the same usage/sense as assumed in the translation
rule we use in this comparison. In actual situation of trans-
lating those ambiguous functional expressions, however, it

“We compared 7 commercial J/E MT softwares and selected
one of them with the best correct rate in translation of
Japanese functional expressions.



Table 2: # of Functional Expressions in 49 Monosemous Semantic Equivalence Classes (L? entries / L° entries,

both in # of IDs in the hierarchical lexicon)

w/o0 ambiguity of functional usages
w/o ambiguity of with ambiguity of less than 20 ; L
functional/content functional /content occurrences in with émblgulty of
functional usages
usages usages newspaper/blog corpora
42 ] 2752 [ 22 / 749 [ 33 / 2188
97 / 5689 69 / 690
166 / 6379

is of course necessary to apply certain disambiguation tech-
niques before applying any translation rule. Since the com-
parison through this 151 sentences is too advantageous to
our rule, we show the result of evaluating the commercial
MT product against the ambiguous 151 sentences, not for
comparing to our rule, but just for comparing to that against
the 121 sentences with monosemous functional expressions.

Table 3 shows example sentences used for creating the trans-
lation rules and those used for evaluation. With the sen-
tences for evaluating the translation rules, we also show
English translation returned by both the proposed trans-
lation rule and the commercial MT product. The first se-
mantic equivalence class “M11” includes functional expres-
sions which express the sense of “unnecessary” such as “0 0
0000 (nai-de-mo-yoi)” and “00 000 (made-mo-nai)”.
For this class, a translation rule with an English translation
“not have to” is created. As shown in the table, in the re-
sults of evaluating the translation rule for this class as well
as that for the second class “021”, the proposed method out-
performed the commercial MT product. However, in the
result of evaluating the translation rule for the third class
“b11”, the judgements both for the proposed method and for
the commercial MT product were “error”.

7. RELATED WORKS

[14] proposed the “Sandglass” machine translation architec-
ture in which variant expressions in the source language are
first paraphrased into representative expressions, and then, a
small number of translation rules are applied to the represen-
tative expressions. In this paper, we apply the “Sandglass”
architecture to the task of translating Japanese functional
expressions into English, where we introduce a recently com-
piled large scale hierarchical lexicon of Japanese functional
expressions [5, 4].

[13] and [8] studied syntactic analysis of functional expres-
sions in sentences. [13] studied how to incorporate the pro-
cess of analyzing compound non-compositional functional
expressions into the framework of Japanese statistical de-
pendency parsing. [8] also reported improvement of Swedish
parsing when multi word units are manually annotated.

8. CONCLUDING REMARKS

This paper applied “Sandglass” MT architecture [14] to the
task of translating Japanese functional expressions into En-
glish. We employed the semantic equivalence classes of a re-
cently compiled large scale hierarchical lexicon of Japanese

functional expressions. We examined each class whether it is
monosemous or not. by empirically studying whether func-
tional expressions within a class can be translated into a
single canonical English expression. Furthermore, in order
to precisely identify the class of functional expressions to
which our translation rule is directly applicable, we further
introduced two types of ambiguities of functional expressions
and identified monosemous functional expressions. We then
showed that the proposed framework outperformed commer-
cial MT software products. Future work includes scaling up
the procedure of empirical examination on discovering “sin-
gle translation” semantic equivalence classes into the whole
199 classes.
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Table 3: Example Sentences for Creating Translation Rules and their Evaluation

Semantic Example Sentences
Equivalence
Class
for creating the translation rule (6) DOODODDOODOO [I| oooooo o
M11 (7y OOOOOUOOODOOUODOOO|ODOUDO[oO
(unnecessary) O0o0ooo '
for evaluation (8) ooooooooooonoooooooooooo
00000oOo|0oooo poooo
proposed method: translation = “not | (9) Now, we do not have to criticize emergent rescue
have to”, judgement = “correct” immediately after the strike did not work well.
translation by MT, judgement = “er- | (10) The emergency relief assistance immediately after
ror” suffering a calamity not having worked is now not
discussing.
for creating the translation rule (11) oOo DDDDD|DDDDDD |EIDEIEIEIDEIDD
021 (12) DOOOO|ooOC0O[pooDOOOOOO0
(simultaneous) "¢ "o aluation (13) DODDOOO0OOO|DDO000000 [poDOo
oooooo
proposed method: translation = “ust | (14)  Just after cold rain started to fall, it changed into
after”, judgement = “correct” SNOw.
translation by MT, judgement = “er- | (15) Also while thinking that it has rained coldly, there
ror” is nothing, and it changed to snow.
for creating the translation rule (16) DOOO|DOOO pOOOOOOOOOO
b1l (1) ODOODOUOO|00DDO0O poOOoUoO
(about) for evaluation (18) 000000000000 0000|0000 @00
goooooo
proposed method: translation = | (19) For every label input, the score about each word is
“about”, judgement = “error” updated.
translation by MT, judgement = “er- | (20) an input label — obtaining — O — OO — every —

ror”

the score about each word is updated.
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