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Abstract

Many studies have been reported in the domain of speech-to-speech machine translation systems for
travel conversation use. Therefore, a large number of travel domain corpora have become available
in recent years. From a wider viewpoint, speech-to-speech systems are required for many purposes
other than travel conversation. One of these is monologues (e.g., TV news, lectures, technical
presentations). However, in monologues, sentences tend to be long and complicated, which often
causes problems for parsing and translation. Therefore, we need a suitable translation unit, rather
than the sentence. We propose the clause as a unit for translation. To develop a speech-to-speech
machine translation system for monologues based on the clause as the translation unit, we need a
monologue parallel corpus with clause alignment. In this paper, we describe how to build a
Japanese-English monologue parallel corpus with clauses aligned, and discuss the features of this

corpus.

1 Introduction

Recently, much research into speech-to-speech
machine translation systems (SSMT systems) has
been reported. In most of this research, attention is
focused on dialogues (Takezawa, Sumita, Sugaya,
Yamamoto and Yamamoto, 2002). This is because
an SSMT system for handling travel arrangement
dialogues is a desired application system. However,
situations that require SSMT systems should handle
not only dialogues (like travel arrangements) but
also monologues (like lectures, broadcast news, and
talks). Actually, many simultaneous interpretations
can be found right in our own backyard. Therefore
an SSMT system for monologues is an important
issue. In addition, many corpora for monologues in
Japanese have become available in recent years
(Mackawa, Koiso, Furui and Isahara, 2000).

In considering an SSMT system for monologues,
we look at the differences between dialogues and
monologues. In a dialogue, each utterance unit is
usually a short, simple sentence. A system for
dialogues thus uses the sentence as the processing
unit for translation. In a monologue, however, the
speaker often produces long, complicated sentences,

which are sometimes even ungrammatical
(Takanashi, Maruyama, Uchimoto and Isahara,
2003). When a system handles monologues, the
sentence is not a suitable processing unit, since long
sentences often cause problems for parsing. The
longer a sentence becomes, the more ambiguity is
generated during parsing. Parsing errors naturally
lead to errors in translation. Thus, it is necessary to
define some shorter wunits for processing
monologues in place of sentences. We propose
“clauses™ as basic units for processing monologues.
In Japanese, clauses basically contain one verb
phrase, thus are syntactically sufficient and
semantically meaningful constituents. Therefore,
they can be considered to be useful units for parsing
and translation.

In this paper, we introduce a parallel corpus with
“clause alignment” in monologues and discuss the
features of the clause alignment of this parallel
corpus. In section 2, we discuss how to detect the
clause in Japanese. In section 3, we describe how to
build a parallel corpus with clause alignment. In
section 4, the features of the parallel corpus are
shown in relation to clause alignment. Then we



discuss the advantages for using the clause as a
translation unit in section 5.

2 Clause Boundary Annotation with
Target Data in Japanese

In this section, we describe a method for annotating
the clause boundary using the clause type in the
source language.

2.1 Target data

In this paper, we use the corpus of a transcription of
a TV commentary program called “asu-wo-yomu,”
which is broadcast by NHK (the Japan
Broadcasting Corporation). Each program consists
of a 10-minute presentation of a current event by a
commentator. The parallel corpus that we built
includes 250 programs. Each program contains
about 60-70 sentences, and each sentence has about
30 words on average. Most of the sentences are
complex or compound.

The average length of a sentence in a monologue
is much longer than that in a dialogue. Therefore,
translating a sentence that appears in a monologue
is much more difficult than that for a dialogue. It is
necessary to determine an effective, short unit for
processing monologues.

A sentence consists of several constituents ---
morphemes, phrases and clauses. A clause in
Japanese can be defined as a meaningful constituent
including one verb phrase. Thus we can consider it
to be an appropriate processing unit for translation.
Morphemes and phrases are too short for this
purpose.

We can detect the positions of clause boundaries
by parsing sentences. However, it is basically
difficult to parse a long sentence accurately. We
developed a program that detects clause boundaries
and annotates the labels without parsing the
sentences. Next, we describe how to detect the
clause boundary automatically.

2.2 Method of clause segmentation

First, we will list a classification of clauses from the
point of view of Japanese descriptive grammar.
Then we will introduce our clause boundary
annotation program, and examine its performance.

2.2.1 Classification of clauses

Generally, clauses can be classified into two types:
a main clause and a subordinate clause. Main
clauses are put at the end of a sentence. Subordinate

clauses are put in the middle of a sentence and
modify a main clause or other subordinate clauses.
Japanese subordinate clauses can be roughly
classified into four types according to their
functions (Masuoka and Takubo, 1992).

The classification of subordinate clauses is shown
below.

[A. Supplement clause:] Clauses working as
arguments of verb phrases in a main clause with
formal nouns (FM) and case marking particles.

fHx Hx R &% BvHLE
Ken-TOP Lynn-ACC saw fm-ACC remembered
“"Ken remembered that he saw Lynn."

[B. Adverbial clause:] Clauses modifying verb
phrases in a main clause or a whole sentence.

f#lx  TUEER AREL YRE )
Ken-TOP TV-ACC watching supper-ACC have
“"Ken has supper watching TV."

[C. Adnominal clause:] Clauses modifying the
following nouns.

R otz GHE
Ken-NOM took picture
*“the picture that Ken took"

[D. Compound clause:] Clauses connected to a
main clause on an equal footing.

I TR FETEI
Ken-TOP music-ACC likes  Lynn-TOP
R[] 78 72

Movies-ACC likes
“"Ken likes music, and Lynn likes movies."

As a whole, clauses can be classified into five
types: a main clause, and four sub-types of
subordinate clauses. Subordinate clauses can also
be classified by their relational meanings between
clauses.

Since Japanese is an SOV language, verb phrases
or conjunctive particles are commonly placed at the
end of clauses. Such a feature makes it possible to
detect the boundaries between each clause rather
precisely by considering part-of-speech (POS) tags,
especially conjugated forms of verbs or conjunctive
particles. Marking up all of the clause boundaries in



a sentence will be helpful for extracting clauses as
basic processing units.

2.2.2 Clause boundary annotation program

According to the grammatical classification above,
we developed an annotation program, called the
Clause Boundary Annotation Program (CBAP) that
detects and labels every clause boundary in a
sentence.

The substance of our program itself is a set of
clause boundary annotation rules, described
manually. Each clause boundary annotation rule
consists of “boundary patterns” to refer to the
Part-Of-Speech (POS) tags and find the clause
boundaries, and “annotation labels” to represent the
types of clause boundaries. The program requires a
string of morphemes as an input. Thus, the input
sentence must be analyzed morphologically in
advance. We used the Japanese morphological
analyzer “ChaSen (http://chasen.aist-nara.ac.jp/)”
(Matumoto et al., 2001), and formed each
morpheme by using the four tags of “Surface
form POS Conjugation form Conjugation type.”
When a particular string of less than three
morphemes is accepted as an input, CBAP
compares it with the boundary patterns. If the string
of the input matches some boundary pattern, a
corresponding annotation label is inserted after the
boundary. There are a total of 361 rules included in
CBAP. A few examples of the rules are shown as
follows:

1. s/(73_Bhi-#EkeBhan ) /$1 VIESIEI AV /g;

If GA_conjunctive-particle appeared in a text, insert
the clause boundary marker labelled “Compound clause
GA” following the conjunctive particle GA.

2. s/(x_BhE xR 75 BhEhE KRRk - & RGE
) /81 VE&EEi# 7V /g;

If concatenation of the infinitive form of any verb and
an auxiliary verb TARA appeared in a text, insert the
clause boundary marker labelled “Conditional TARA”
following the concatenation of words.

3. s/C*_(FhaABhEhE)_* JATE (& O)_BhEi-k&Bh
FA-51H_ ) /$1 VEIHEV /g;

If concatenation of the basic form of any verb or an
auxiliary verb and the case particle of TO or TTE
appeared in a text, insert the clause boundary marker
labelled  “Quotational  clause”  following  the
concatenation of words.

2.3 Accuracy of clause boundary

We compared the result of annotations by CBAP
with manual annotations to examine the
performance of CBAP. We chose 500 sentences
from each corpus and compared them with the
result of manual annotation to calculate the
precision and recall. The result shown in Table 1
verifies that CBAP can consistently detect the
clause boundaries in a sentence and annotate them
with very high accuracy.

Table 1 Precision and Recall
Precision Recall
97.49% 97.07%

Nevertheless, there are a few boundaries that
CBAP cannot detect from the local concatenation of
morphemes. For example, it is impossible to detect
the boundary of “noun-final clauses,” irregular
clauses that finish with a noun phrase. The
“noun-final clause” is formally outside our
definition of a clause. However, notionally it would
be better to detect the boundary for the following
process. “||” in the following example marks the
boundary of a noun-final clause.

Jlz o FreE2AADH R || EEXA+Z
R CT,

[E:]_The Continental breakfast is ten dollars, || and
an English breakfast is twelve dollars.

Since the boundary of the noun-final clause lies
between two nouns - K/L" and ' JE[E " there
is no clue to detect the boundary from the surface
concatenation of the morphemes. In order to handle
these kinds of irregular clauses, we have to consider
the syntactic structure of the sentence or the context
in which it appears.

The average length of a sentence in a monologue
is about 30 words. We examined the average length
of each clause divided by CBAP. A detailed
distribution of sentence/clause length is shown in
Figure 1.
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Figure 1 Distribution of sentence/clause length

3 Alignment of Translated Data

In this section, we show the process that was used to
build a parallel corpus for monologues with “clause
alignment.” We constructed the parallel corpus
using the following steps:

1. Prepare a transcription that has already been
morphologically analyzed by ChaSen.

2. Find the clause boundaries by CBAP in the
Japanese transcription, reformat the file with one
clause in each line, and assign a line number.

3. Have people translate each sentence (paying
attention to clause boundaries).

4. Divide the English translated sentence into
pieces according to the Japanese clause boundaries
by a person who is not a translator.

5. Annotate the corresponding line number for
the English piece with the Japanese clause.

In step 2, we use the CBAP that is mentioned in
the previous section. Therefore, some lines do not
indicate the correct boundaries. Then, a human
translator reads the text as shown in Figure 2.

These steps are taken with at least two persons: a
translator and a segmentation annotator. Thus, the
translator pays a bit of attention to clause
boundaries, but not very serious attention.

1, AL, /3CKR/
(KON BAN WA .)
2, FLT= B NFMRE 1R/
(WATASI TACHI NINNGEN)
3, O F V) /EREEIERR
(TUMARI)
4, N\OBBT MG T 5 &9 MdRE h A v/
(HITO NO IDENSI WO KAIDOKU SURU TO YUU)
5, WP REEE LS L T/T i/
(KENKYUU GA MINNKANN KIGYOU
MO SANKA SITE)
6, WM LW EBEFOH TAED I TWET, /SUR/
(HAGESII KYOUSOU NO NAKA DE
IMA SUSUME RARETE IMASU.)
7, NBIoF EfgEae & W 9 b DR KR E RIS
FEOM < e ST/
(HITO IDENSHI TO KAIDOKU TOIUMONO GA
OOKINA RIEKI NI MUSUBI TUKU)
8, DFE V) [AREHIE R/
(TUMARI)
9, EDILITH B & /5| HE
(TAKARA NO YAMA DE ARU TO)
10, Z2 b TWE N S/HAE D Z/
(KANGAE RARETE IRU KARA)
11, TF, /30K/
(DESU.)

Figure 2 Sample of the text that the translator read.

Human translators translate using sentences with
the transcription containing annotated clause
boundaries. The human translators were instructed
with regard to the following points:



| 1, SHelE. IXK }*

[ 2, s RS

|&O§W%%%‘F—————s\\\\

| 4, ADiBETERIT BENSHEHEI

| 5. s EmegtsmLTTEH

[ 6 #LLBE OB TSEOLNTUET /XK |-

jl 1, good evening./ |

5, research on

2, human beings, |

3, that is,

4, the human gene decoding, |

| 7, NEGFEBREVSDDNKRELGRFITHEUI R

| 8, cxvumsmn

| 0. zoWTH B3 A

[ 10, x0T opsmaEnS |

|
i

6, is now being pursued in a severe competitive environment,

5, involving private companies as well./

10, this is because |

7, the decoding of human genome |

10, is considered |

\

7, to bring about huge profit, |

9, to be a goldmine./ |

Figure 3

Basically, one sentence should be translated
into one sentence.

The translated sentence should correspond
to the Japanese clauses.

However, the parts of clauses that do not
have a very important meaning in the story
can be ignored or paraphrased.

The pronoun in Japanese should be
translated with a pronoun or a referential
expression rather than a concrete
expression.

A concrete expression in Japanese can be
translated with a pronoun or a referential
expression.

The period that appears at the end of a
sentence is expressed with “/”.

In the translated text, “/” is not used to
indicate anything but the end of a sentence.
In step 4, where the segmentation processing

person divides the English sentences into units that
correspond  to
corresponding Japanese clause boundary is strange

the Japanese clauses, if the

Sample of aligned parallel corpus

because of a morphological analysis error and the

translated English parts

cannot be divided

according to the Japanese boundary, the mark “@”
is assigned following the corresponding line
number by him/her, as in the following examples
(Figure 4):

ChaSen + CBAP result:
338, HETE EHA LALHIHEHI T/
(HITEI DEKI MASEN SHI)
339, 22 LD RFE TS & /5T
(KASHI FUTSUU NO KIGYOU DESUTO)
Correct:
338, HETE LA
(HITEI DEKIMASEN)
339, LM LE@DOEFETT &
(SHIKASHI FUTSUU NO KIGYOU DESUTO)
Translated corpus:
339,@ but in case of ordinary companies,

Figure 4 Sample of “@” sign in the translation



The translator knows that the translated text will
be aligned with the original Japanese clause. To the
best of their ability, they should thus include the
terms in the translated text. Therefore, as in the
following case, the translator would translate the
sample alignment corpus as shown in Figure 2.

4  Data Analysis

In this section, we describe the characteristics of the
clause alignment corpus.

4.1 Length of sentence and clause/piece

The Japanese transcriptions of 250 programs as
mentioned in section 2 included 15,313 sentences in
which 70,989 clause boundaries were detected. The
English translation was divided into 73,755 pieces
from 15,275 translated sentences. The distribution
of the length with translated sentences and pieces in
English is shown in Figure 5. The relationship
between the English sentences and the pieces is
similar to that between the Japanese sentences and
the clauses in Figure 1.

‘—Sentence -—-— Piece‘

12000
]
10000 %
i
8000 [
g
8 1
% 6000 1
= 4000 '
!
i
2000 v
0 ‘lm'sbv--_
0 10 20 30 40 50 60 70 80 90 10
0
Length
Figure 5  Distribution of lengths for translated
sentences/pieces

Figure 6 shows the distribution of the lengths for
Japanese clauses and English pieces. The
distribution of the clause length is similar to that of
the piece length. From the similarity between these
two distributions, it is likely that one Japanese

clause is almost always translated into one piece
and each corresponding pair has almost the same
information.
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Figure 6 Distribution of lengths for Japanese
clauses/English pieces

4.2 Clauses that have no corresponding piece

Some 6,280 Japanese clauses have no
corresponding piece in the English translation. This
means that 8.8% of the Japanese clauses have no
corresponding piece. Table 2 shows the Japanese
clauses that have no corresponding piece.

Table 2 : Clauses that have no translation

BN ES I think ... SR
(omoi masu)

e This is ... TR
(korewa)

HiFcT. The reasonis ... | 3TE
(wake desu)

LT, Itis ... R
(koto desu)

<1, Itis ... SR
(desu)

- eIk
(koto)

AESD It became ... SUR
(nari masu)




H DT, Itis ... SR
(mono desu)

ZzL< And ... AR A AT
(sosite)

EY Also ... S A AR ARk
(mata)

Almost half of these clauses (2,973 clauses)
have a “3CK” label. This result shows that about
20% of all sentence end clauses have no piece in the
translation. Also, the content words of these clauses
consist of only one verb or one verb and a formal
noun (e.g., koto, mono, wake), so the clauses are
short.

4.3 Construction of translated pairs

Each Japanese clause is almost always translated
into one piece. A total of 7,872 clauses are
translated into two pieces, 511 clauses into three
pieces, 15 clauses into four pieces, and 1 clause into
five pieces. The clauses that are translated into
multiple pieces are almost all long clauses and we
were able to find the clause boundaries in them.

4.4 Order of the piece sequence

From another point of view, the sequence of the
piece is not in the same order in the Japanese
clauses as in Figure 2. The line between the
Japanese clause and the English piece indicates the
relationship of the translation pair. If the line does
not cross with other lines, the system can output the
translated piece without waiting for other translated
pieces around the Japanese clause translation. In
other words, when the system outputs the translated
piece in correct order, the system waits for the
output of the clause whose line does not cross
previous lines. In Figure 2, the first clause can
translate with no waiting. The system waits for the
output from the second clause to the sixth clause.
Therefore, the clauses in Figure 2 are segmented
into three parts for correctly ordered translation.
The first part is 1 clause, the second part includes 5
clauses, and the third part includes 5 clauses (or 4
clauses because the last clause has no
corresponding piece). The number of clauses like
this in all of the data is shown in Figure 5. Figure 5
shows the distribution of the number of pieces that
constructed the parts of crossing lines.
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Figure 7 Number of clauses for ordered translation

Consequently, these two distributions are almost
the same. It should be noted that more than half of
them are pairs of one Japanese clause and one
English piece and about 22% of them are pairs
constructed with two Japanese clauses. Therefore,
we are able to incrementally translate clause by
clause.

5 Discussion and Conclusion

In Japanese, the clause boundary can be detected
using the local information of word and POS tag
sequences with very high accuracy. Therefore, if we
had a system that could translate a clause into the
appropriate forms corresponding to the role shown
by the clause label in the sentence, we would be
able to achieve simultaneous translation. This is
indicated by the observation that half of the clauses
are translated into one piece in the previous section.
From this point of view, we need a translation
system that can output the appropriate form as the
role in the sentence.

It is likely that simple and short sentence
translations with SSMT systems for dialogues or
with MT systems for text, would achieve sufficient



accuracy. The Japanese clauses that can be defined
as a meaningful constituent including one verb
phrase would be considered as simple and short
sentences. Therefore, we would be translating the
clause as a sentence. A technique for paraphrasing
from a simple sentence to a clause or phrase form
that would express the role in the full long sentence
is lacking. The parallel corpus that is described in
this paper is useful for developing this technique
because, using this parallel corpus, we can check
the relationship between the role of the clause and
the form of the constituent in the sentence. We are
now trying to analyze these relationships.

We described three main points in this paper. The
first is clause boundary detection and the clause
label. The second is how to build a parallel corpus
with clause alignment. And the third is the
characteristics of the parallel corpus with regard to
clause alignment. However, we have not completed
the development of the SSMT system for
monologues. We need to discuss the timing for
output, and a translation mechanism for using the
clause to construct the full sentence.

In the future, we will further study the
relationship between the Japanese clause and the
English piece.
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