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Abstract

This paper describes an automatic acquisition method of bilingual translations (bilin-
gual pairs of words or phrases) based on the learning algorithm that we call Recursive
Chain-link-type Learning. The system with Recursive Chain-link-type Learning automati-
cally acquires many bilingual translations from various bilingual sentences without requir-
ing any analytical knowledge or a large number of similar bilingual sentences. In this
learning method, bilingual translations and bilingual templates are reciprocally acquired
like a linked chain. A bilingual template is a bilingual pair of generalized sentences that
the system acquires by replacing bilingual translations with variables. By using colloca-
tions based on variables and their adjoining words in acquired bilingual templates, the
system automatically acquires new bilingual translations from various bilingual sentences.
In the experimental results, the correct acquisition rate for all nouns and noun phrases in
a parallel corpus was 74.9%. Moreover, the acquisition rate of the correct equivalent for
unknown words in the commercial English-to-Japanese machine translation system was 78.
49%. These results show that the learning ability of the system with Recursive Chain-link-
type Learning is high and the automatic acquisition method for bilingual translations using

Recursive Chain-link-type Learning is effective.
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1. Introduction

In the field of machine trahslation, there are several studies based on corpus-based
methods. The advantage of corpus-based approaches is that it is possible to deal with
various linguistic phenomena by using corpora. Areas of studies using corpora are

grouped as follows:

- Automatic sentence alignment[1, 2]

- Word-sense disambiguation[3, 4, 5]

- Automatic acquisition of bilingual translations[6, 7, 8, 9, 10]

- Finding bilingual collocations[11, 12]

- Estimating parameters for statistics-based machine translation[13]

- Automatic acquisition of translation knowledge in learning-based machine translation

[14, 15, 16]]

For a machine translation system, it is important to develop a system that can flexibly
improve bilingual dictionaries because the machine translation system often faces linguis-
tic phenomena that appear for the first time like unknown words. In this paper, we
describe a new method to acquire bilingual translations (bilingual pairs of words or
phrases) from bilingual sentences, that are pairs of source language (SL) sentences and
target language (TL) sentences.

Most studies for the acquisition of bilingual translations use static linguistic knowl-
edge or large amounts of corporal6, 7, 8, 9, 10]. However, in the case of using static
linguistic knowledge, the system becomes adhoc because it is difficult for developers to
give complete linguistic knowledge to the system beforehand. Moreover, the system
cannot acquire bilingual translations using the other language because it depends on
specific language. Even in the case of using large amounts of corpora, the system requires

some linguistic knowledge, e.g., information of parts-of-speech. Therefore, the system
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which uses large amounts of corpora also becomes adhoc and cannot also acquire bilingual
translations from bilingual sentences using other language. On the other hand, there are
several studies based on learning algorithms that do not depend on static linguistic
knowledge[14, 15, 16]. However, these methods require a large number of similar bilin-
gual sentences.

To overcome these problems of the existing works, it is necessary to develop a
learning-based method that can automatically acquire bilingual translations without using
any linguistic knoWledge beforehand and can efficiently acquire many bilingual transla-
tions from sparse bilingual sentences without requiring a large number of similar bilingual
sentences. Therefore, we propose an automatic acquisition method for bilingual transla-
tions using Recursive Chain-link-type Learning[17] [18] as a new method. In the system
with Recursive Chain-link-type Learning, bilingual translations and bilingual templates are
reciprocally acquired from various bilingual sentences without requiring any linguistic
knowledge. In this paper, a bilingual translation is a bilingual pair of words or phrases
that are extracted from the SL parts and the TL parts of bilingual sentences. A bilingual
template is a bilingual pair of sentences generalized by replacing bilingual translations with
variables. All bilingual templates have position information to extract bilingual transla-
tions from various bilingual sentences. By using collocations based on variables and their
adjoining words in bilingual templates, the system decides the parts that it extracts from
the SL parts and the TL parts of bilingual sentences. Moreover, all bilingual translations
have information to acquire bilingual templates. The system acquires bilingual templates
by replacing the same parts as bilingual translations with variables.

Based on this process, the system reciprocally acquires bilingual translations and
bilingual templates. This means that the system can efficiently acquire bilingual transla-
tions and bilingual templates from various bilingual sentences without any linguistic
knowledge and without a large number of similar bilingual sentences. For example, when
the bilingual translation A exists in the dictionary, the system can automatically acquire
the bilingual template B by using the bilingual translation A from a bilingual sentence.
Moreover, by using the acquired bilingual template B, the system can automatically
acquire the bilingual translation C from the other bilingual sentence. Such a process of
acquisition of bilingual translations and bilingual templates is like a chain where each ring
is linked. Therefore, we call this mechanism Recursive Chain-link-type Learning (RCL).

The details of this process are described in Section 3 and Section 5.2.2. As a result of
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evaluation experiments using the system with RCL, the correct acquisition rate of all nouns
and noun phrases in the parallel corpus used as evaluation data was 74.99. Moreover, we
confirmed that the system with RCL is effective to solve the problem of unknown words
in a machine translation system. In our evaluation experiments, the system with RCL
could acquire 29 correct equivalents for 37 unknown words in the translation results
outputted from a commercial English-to-Japanese machine translation system. Therefore,
the acquisition rate of the correct equivalents for unknown words was 78.4%. From these
results, we confirmed that the system with RCL can efficiently many bilingual translations

because the learning ability of it is high.

2. Related Works in Acquisition of Bilingual Translations

Kupiec[6] proposes an algorithm for finding noun phrases from bilingual corpora. In
this algorithm, noun phrase candidates are extracted from tagged and aligned parallel
texts using a noun phrase recognizer. As a result, the accuracy of about 909 has been
attained for the hundred highest ranking correspondences. However, this algorithm
requires a large number of parallel texts to obtain high accuracies. Moreover, the system
requires tagger and NP recognizer as large-scale linguistic knowledge. Kumano and
Hirakawal[7] propose a method for finding compound nouns and unknown words from
parallel texts. This method utilizes both statistical information and linguistic information
to obtain corresponding words or phrases in parallel texts. As a result, over 709% of
accurate translations of compound nouns and over 50% of unknown words have been
attained from small Japanese-English parallel texts. However, this method also requires
various static linguistic knowledge, e.g., machine translation bilingual dictionary and NP
recognizer.

There have been many studies that acquire bilingual translations from non-parallel
texts in recent years. Rapp[8] proposes a method based on the assumption that there is
a correlation between the patterns of word co-occurrences in texts of different languages.
Fung[9] proposes a pattern matching method based on a statistical algorithm for coupling
a bilingual translation of nouns and proper nouns from non-aligned, noisy parallel texts.
However, the outputs in these methods are just word-word correspondences. Moreover,
these studies require large amounts of corpora to obtain high accuracies and information

of parts-of-speech as linguistic knowledge to identify nouns or words. Tanaka[10] pro-
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(1) (Malavazos and Piperidis, 2000)
(1a)Alignments:
Customizing application settings
®Npoocaxppoynpudbpuicewv epapuoyic
Customizing network settings
eNpoocouppoynpuvbpuicewnyv 31 xtvou

(1b)Acquisition of bilingual lexicons:
application® € ¢ ¢ p £ 0 NG

network ® d LK TUO UL

(2) (Glivenir and Cicekli, 1998)
(2a)Alignments:
I gave the book ¢kitab+yH ver+DH+m
You gave the pen “kalem+yH ver+DH+n
(2b)Acquisition of bilingual lexicons:
if i$>+m and you$>+n then
book & kitab, pen+kalem

(3)GA-IL (Echizen-ya et al.,, 1996)
(3a)Generation of bilingual sentences by applying genetic algorithms

(He fikes \/ tea. ;18//L \/&F/HV/1FE/TT.)
(She_likes/\ tennis.; %/ [/ \/T=R/H/1F&E/TT.)

(He likes tennis.; #/1&/T=RX/H/8F&/TT.)
Il> (She likes tea.: %K /I%/ B/ M/ 13&E/TF.)

(3b)Acquisition of bilingual lexicons by Inductive Learning
Generated bilingual sentence

(He likes tennis.; /I/T=R/h/13&/TF.)
Given bilingual sentence
(He likes tea.; {8/13/HF/HV/17E/TF.)
C=> (tennis; T=R), (tea; B%)
(3c)Phased acquisition of bilingual lexicons by Inductive Learning
(He likes @0.; fi#/1&/@0/h%/93&/TT. )
(She likes @0.; %/ 1&/@0/H%/3%E/TT. )
= (He; 1), (She; %)

Figure1l Related works based on learning algorithms.

poses a method for extracting compound noun translations from non-parallel corpora by
using a bilingual dictionary and thesaurus. As a result, the accuracy of about 589 has
been attained for compound noun translations. In that case, this method requires large-
scale static linguistic knowledge like the other methods. Existing works have been
proposed on the premise of using some static linguistic knowledge. However, it is difficult
to give complete linguistic knowledge to the system beforehand. Therefore, the system is
very adhoc because the developers must add new linguistic knowledge whenever the system
faces linguistic phenomena that appear for the first time. Moreover, the system cannot
acquire bilingual translations from hilingual sentences using the other language because it
depends on specific language.

On the other hand, there are several studies using learning algorithms that acquire
bilingual translations only from bilingual sentences without requiring static linguistic

knowledge. Malavazos and Piperidis[14] propose a method based on analogical reason-
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ing. In two bilingual sentences, this method can acquire bilingual translations only when
the number of different parts between two SL sentences is just one and the number of
different parts between two TL sentences is also just one as shown in (1) of Fig. 1. This
means that the condition of acquisition of bilingual translations is very strict. Giivenir and
Cicekli[15] propose a method that can acquire bilingual translations even when the number
of different parts between two SL sentences is more than two and the number of different
parts between two TL sentences is also more than two as shown in (2) of Fig. 1. However,
the number of different pérts between two SL sentences must be the same as the number
of different parts between two TL sentences. Therefore, this method also means that the
condition of acquisition of bilingual translations is strict. We propose a method using
Inductive Learning with Genetic Algorithms (GA-IL)[16]. This method automatically
generates two bilingual sentences in which the number of different parts between two SL
sentences is just one and the number of different parts between two TL sentences is also
just one by applying genetic algorithms as shown in (3) of Fig. 1. However, after all, this
method also requires similar bilingual sentences as the condition of acquisition of bilingual
translations. Therefore, these methods based on learning algorithms require a large
number of similar bilingual sentences to acquire many bilingual translations although they
do not need any static linguistic knowledge beforehand. The system with RCL can solve
the problems of the existing works because it uses the method based only on learning
ability, not like the methods based on static linguistic knowledge, and it efficiently acquires
bilingual translations from each bilingual sentence without comparing two bilingual sen-

tences, not like the other methods based on learning algorithms.

3. Basic Idea

RCL has an ability to extract corresponding parts from corresponding pairs of objects.
In this paper, we applied RCL to bilingual sentences. Therefore, by using RCL, many
bilingual translations are efficiently acquired from various bilingual sentences without any
linguistic knowledge. Figure 2' shows the schema in the process of acquisition of bilingual
translations and bilingual templates using RCL.

Figure 2 shows the process where the bilingual template B, the bilingual translation C,

In Fig. 2, the use of a Greek character means that all language characters correspond to unknown character
strinhs for a computer when any linguistic knowledge is not given at all.
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Bilingual lexicon

Bilingual template } (Source part; Target part)

Process 1 Bilingual lexicon A (Z: &)

Bilingual sentence No.1
(ABTAEZH.;ab8&ned it r.)

Bilingual template B
ABMAE@*H.;ab@*xnedty.

Process 2

Bilingual sentence No.2

(KAMENQH..k8vwnuy.)

Process 3 Bilingual lexicon C (NQ; v w

Bilingual sentence No.3

(ZOYNQH;é0vwnvorm.)
Bilingual template D

(ZO0VYax*H,f6@*nyor.)

Figure 2 Schema in process of acquisition of bilingual lexicons
and bilingual templates using RCL.

and the bilingual template D are acquired one after another by using RCL when the
bilingual translation A exists in the dictionary. In the system with RCL, bilingual transla-
tions and bilingual templates are reciprocally acquired. This means that the chain reac-
tion is caused in the acquisition of bilingual translations and bilingual templates. In this
paper, a bilingual translation is a pair of source part and target part, and a bilingual
template is also a pair of source part and target part. The source parts are the parts
acquired from the SL parts of bilingual sentences, and the target parts are the parts
acquired from the TL parts of bilingual sentences. In process 1 of Fig. 2, the bilingual
translation A has information to acquire bilingual templates. By using the bilingual
translation A, the system extracts “Z” from the SL parts of bilingual sentences and “&”
from the TL parts of bilingual sentences. Thereforé, in process 1, the system can automat-
ically acquire the bilingual template B by replacing “Z” and “&” with the variables “@*”.

Moreover, the acquired bilingual template B has position information to extract
bilingual translations from bilingual sentences. By using collocations based on “E @ _*H”
in the source part and “4@*%” in the target part of the bilingual template B, the system
extracts the parts from the right of “E” to the left of “H” in the SL parts of bilingual
sentences, and extracts the parts from the right of “4” to the left of “#” in the TL parts
of bilingual sentences. Therefore, in process 2, by using the bilingual template B, the
system can automatically acquire the bilingual translation C (NQ ; vw) as the correspond-
ing parts to the variables in the bilingual template B from the bilingual sentence No.2. In

process 3, by using the bilingual translation C, the system can acquire the bilingual
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template D from the bilingual sentence No.3. In summary, the system with RCL can
automatically acquire bilingual translations from various bilingual sentences by focusing
not only on the whole of bilingual sentences but also on the parts of bilingual sentences, not
like GA-IL or the other learning-based methods. Moreover, the system with RCL has the
ability to decide . common parts and’ differ‘vent parts in character strings as a primitive
ability like Inductive Learning[19] that the performs phased extraction of different parts
and common parts. In this paper, a common part and a different part mean a word or a
part that is composed of more than one word.

On the o:the'rl hand, bilinguél translations or bilingual templates that are used as
starting pointsﬁ in the ‘acquisition process of new bilingual translations and new bilingual
templates, like the bilingual translation A in Fig. 2, are acquired by using GA-IL which is
the method based on learning ability. The reason for using GA-IL is that our system can
acquire bilingual translations based only on learning ability without any static linguistic
knowledge. In this paper, the system with RCL means the system that uses both RCL and
GA-IL. The system with RCL can efficiently acquire many bilingual translations based

only on learning ability from various bilingual sentences as shown in Fig. 2.

4. Outline

Figure 3 shows the outline of the system with RCL to acquire bilingual translations
from bilingual sentences. First, a user inputs a bilingual sentence. In the feedback
process, the system evaluates bilingual translations and bilingual templates in the diction-
ary. In that case, the system automatically decides by using given bilingual sentences
whether bilingual translations and bilingual templates are correct or not. This means that

it is unnecessary for the user to directly

evaluate bilingual translations and bilingual l

Bilingual sentence

templates. In this paper, correct bilingual

translations and correct bilingual templates

Feedback process Dictionary for

mean that the source parts and the target

parts correspond to each other. In the learn-
i . . . ILearning process l
ing process, bilingual translations and bilin-

bilingual lexicons
and bilingual
templates

gual templates are automatically acquired by

using two learning algorithms, i.e., RCL and Figure 3 Process flow.
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GA-IL. In this paper, the system with RCL acquires English-Japanese bilingual transla-

tions from bilingual sentences that are pairs of English sentences and Japanese sentences.

5. Process

5.1 Feedback Process

In the feedback process, first, the system generates the bilingual sentencés, in which
the English parts have the same character strings as the English parts of the given bilingual
sentences, by combining bilingual templates with bilingual translations. Figure 4 shows an
example of this process. In Fig. 4, (He is my friend. ; #/i3/ b7 L/ D/ KiE/ TT .2 [Kare
wa watashi no tomodachi desu.®]). The system selects the bilingual translations and the
bilingual templates from the dictionary. The selected bilingual translations and bilingual
templates are the ones in which the source parts, except the variables, have the same
character strings as the parts in the English parts of the given bilingual sentences. In Fig.
4, three bilingual templates and one bilingual translation are selected. Moreover, the
system chooses (He is my @0. ; #%/13/»72L/D/ @0/ TT. [ Kare wa watashi no @0 desu.])
because the source part of this bilingual template is the closest to the English part of the

given bilingual sentence in three selected bilingual templates. As a result, the system can

Given bilingual sentence: (He is my friend.; #/I&/Hf-L/ D/ K5/ T
[Kare wa watashi no tomodachi desu.])
(1)Selection of bilingual templates and bilingual lexicons

Bilingual templates
(He is @0.; 1§/1%/@0/TY. [Kare wa @0 desu.])

(He is my @0.; fi/1&/4>1-L/ 0 /@0/ T . [Kare wa watashi no @0 desu.])
(@0 is my @1.;@0/(%/1=L/D/@1/TF. [@0 wa watashi no @I desu.])

Bilingual lexicon

(friend; B 126 [tomodachil)

(2)Generation of bilingual sentence
(friend; K15 [tomodachi])

¥,
(He is my @0 .; f/1&/4>1=L/D/@0/ T . [Kare wa watashi no @0 desu.])

ags

Generated bilingual sentence
(He is my friend.; 8/1%/P1-L/D/ K6/ TT.

[Kare wa watashi no tomodachi desu.])

Figure4 Example of generation of bilingual sentence.

2“/"in Japanese sentences are inserted after each morpheme because Japanese is an agglutinative language. This
process is automatically performed by using the system based only on its learning method[19] without requiring any
static linguistic knowledge.

$Italics express the pronunciation in Japanese.
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generate the bilingual sentence, in which the English part has the same character strings
as the English part of the given bilingual sentence, by combining the chosen bilingual
template (He is my @0. ; #/13/ 72 L/N/@0/ T . [ Kare wa watashi no @0 desu.]) with
the bilingual translation (friend; X725 [fomodachi]).

Next, the system compares the Japanese parts of the generated bilingual sentences
with the Japanese parts of the given bilingual sentences. The bilingual translations and
the bilingual templates used to generate the bilingual sentences are decided as correct when
the Japanese parts of the generated bilingual sentences have the same character strings as
the Japanese parts of the given bilingual sentences. As a result, the system adds one point
to the correct frequency of the used bilingual translations and the used bilingual templates.
On the other hand, the bilinguaf translations and the bilingual templates used to generate
the bilingual sentences are decided to be an error when the Japanese parts of the generated
bilingual sentences have different character strings from the Japanese parts of the given
bilingual sentences. As a result, the system adds one point to the erroneous frequency of
the used bilingual translations and the used bilingual templates. In the case of Fig. 4, the
system adds one point to the correct frequency of (He is my @0. ; #/ix/b72L/D/@0/T
9. [ Kare wa watashi no @0 desu.]) and (friend ; K725 [tomodachi]) because the Japanese
part of the generated bilingual sentence has the same character strings as the Japanese part
of the given bilingual sentence. By using correct frequency and erroneous frequency, the
system calculates Correct Rate (CR) for the used bilingual translations and the used

bilingual templates. CR is defined as follows:

CR(%)=

Correct frequency %100.0
Correct frequency +Erroneous frequency )

The system automatically evaluates bilingual translations and bilingual templates
using CR. However, this evaluation method for bilingual translations and bilingual tem-
plates is not enough because there is sometimes the case that correct bilingual sentences
are generated by combining erroneous bilingual translations and erroneous bilingual
templates. As a result, the system adds one point to the correct frequency of the used
erroneous bilingual translations and the used erroneous bilingual templates. For example,
(friend ; 72 L/D/K7ZH [watashi no tomodachi]) and (He is my @O0. ; {%/i3/@0/ 7.
[Kare wa @0 desu.]) are the erroneous bilingual translation and the erroneous bilingual

template respectively because the source parts and the target parts do not correspond to
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each other. In this case, “friend” in English means “k&75% [fomodachi]” in Japanese, not
“b7z2L/D/KIZY [watashi no tomodachi]”, and “He is my @0.” in English means “#/i%/
brzL/n/@0/F. [Kare wa watashi no @0 desu.]” in Japanese, not “4/13/@0/T7.
[Kare wa @0 desu.]”. However, by combining this bilingual translation and this bilingual
template, the bilingual sentence (He is my friend. ; #/i%/ b 72 L/ D/ K125/ T3 . [ Kare wa
watashi no tomodachi desu.]), in which the Japanese part has the same character strings as
the Japanese part of the given bilingual sentence, is generated. As a result, the system
adds one point to the correct frequency of the erroneous bilingual translation (friend ; 4
72L/D/K7ZH [watashi no tomodachi]) and the erroneous bilingual template (He is my
@0. ; #%/12/@0/ T . [Kare wa @0 desu.]) respectively. This means that the evaluation
method based on the result of combinations of bilingual translations and bilingual tem-
plates is not enough. Therefore, the system should focus on the process of combinations
of bilingual translations and bilingual templates. From this point of view, we propose an
evaluation method based on the process of combinations of bilingual translations and

bilingual templates. We reserve the detail of this evaluation method in another paper[20].

5.2 Learning Process
5.2.1 Inductive Learning with Genetic Algorithms (GA-IL)

In this paper, GA-IL described in Section 2 is utilized for acquiring the bilingual
translations and the bilingual templates that are used as starting points in RCL. By using
GA-IL, the system with RCL can acquire bilingual translations based only on learning
ability from bilingual sentences. In GA-IL, similar bilingual sentences are automatically
generated by applying a crossover process of genetic algorithm[21]. In that case, the
crossover positions are common parts between two bilingual sentences.

In (3a) of Fig. 1, "likes” is the crossover position in the English sentences and “i3” [wa]
is the crossover position in the Japanese sentences. Therefore, one-point crossover is
performed by using these crossover positions. The system replaces the word following
“likes” in the English sentences, and replaces the words following “i3” [wa] in the
Japanese sentences. As a result, (He likes tennis. ; #/i13/7 =2 /»3/1F% /T¥. [ Kare wa
tenisu ga suki desu.]) and (She likes tea. ; #i4c/13/ B2/ 5 /17 & /TF. [Kanojo wa ocha ga
suki desu.]) are generated as new bilingual sentences.b By this process, two bilingual
sentences, in which the number of different parts between two SL sentences is just one and

the number of different parts between two TL sentences is also just one, are automatically
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generated. Moreover, by using Inductive Learning, from the generated bilingual sentences
and the given bilingual sentences, the system acquires bili_ngual translations by extracting
different parts between two bilingual sentences, and it acquires bilingual templates by
replacing different parts with variables. In (3b) of Fig. 1, from the generated bilingual
sentence (He likes tennis. ; #/13/7 = & /%/1F% /T . [Kare wa tenisu ga suki desu.]) and
the given bilingual sentence (He likes tea. ; #/13/B%/»/1F%/T¥. [Kare wa ocha ga
suki desu.]), (tennis ; 7 = A [tenisu]) and (tea ; B7% [ocha]) are acquired as the bilingual
translations because they are the different parts between the two bilingual sentences. (He
likes @0. ; f/13/@0/7/1F%/T¥. [Kare wa @O0 ga suki desu.]) is acquired as the
bilingual template by replacing the different parts with the variables “@0”. Moreover, from
two acquired bilingual templates, new bilingual translations are acquired by performing
phased extraction of different parts using Inductive Learning. In (3c) of Fig. 1, from (He
likes @0. ; #%/13/@0/»%/1F % /T¥. [Kare wa @0 ga suki desu.]) and (She likes @0. ; %/
13/@0/55/5F% /¥, [Kanojo wa @0 ga suki desu.]), (He ; # [kare]) and (She ; %

[kanojo]) are acquired as the new bilingual translations.

5.2.2 Recursive Chain-link-type Learning (RCL)
In RCL, bilingual translations and bilingual templates are reciprocally acquired. We
first describe the process of acquisition of bilingual translations using bilingual templates.

The details are as follows :

(1) The system selects bilingual sentences that have the same parts as the parts which
adjoin variables in bilingual templates.

(2) The system acquires bilingual translations by extracting the parts that adjoin the
common parts, which are the same parts as the parts in bilingual templates, from
bilingual sentences. This means that the parts extracted from bilingual sentences
correspond to variables in bilingual templates. In the extraction process, there are
three patterns from the view of the position of variables and their adjoining words in

bilingual templates:

- Pattern 1: In the case that the common parts exist both on the right side and the
left side of variables in the source parts or the target parts of bilingual templates,

the system extracts the parts between two common parts from the SL parts or the
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TL parts of bilingual sentences.

- Pattern 2: In the case that the common parts exist only on the right side of
variables in the source parts or the target parts of bilingual templates, the system
extracts the parts between the words at the beginning and the words to the left of

the common parts in the SL parts or the TL parts of bilingual sentences.

- Pattern 3: In the case that the common parts exist only on the left side of
variables in the source parts or the target parts of bilingual templates, the system
extracts the parts between the words to the right of the common parts and the

words at the end in the SL parts or the TL parts of bilingual sentences.

(3) The system gives CR that is the same as the used bilingual templates to the acquired
bilingual translations. This means that the bilingual translations acquired by using

the bilingual templates that have high CR also have high CR.

Figure -5 shows an example of acquisition of a bilingual translation using a bilingual
template. In Fig. 5, "My” and “is” adjoin the variable “@0” in the source part of the
bilingual template, and they are the common parts with the parts in the English part “My
job is walking the dog.” of the bilingual sentence. Moreover, “® [%no]” and “iZ [wa]”
adjoin the variable “@0” in the target part of the bilingual template, and they are the
common parts with the parts in the Japanese part “I¥< /D/:FE/13/ K/ % /8L/& /¢ 5/
Z &/ TY. [Boku no shigoto wa inu o sanpo sa seru koto desu.]” of the bilingual sentence.
Therefore, the system acquires (job ; f1:Z& [shigoto]) as the bilingual translation by extract-
ing “job” from the right of “My” to the left of “is” in the English part of the bilingual

Bilingual sentence
(My job is walking the dog.;
: F/ D/ [/ R/ %/ 8B/ S/ B/2E/TF.
| [Boku no shigoto "‘ wa inu o sanpo sa seru koto desu.])
Bilingualgtemplate \
(My @0 js on the table.; ¥
ht-L//@0/ /7T I/ D/ E/N1Z/HY/FET.
[Watashi no @0 wa t&buru no ue ni ari masu.])
Acquisition of bilingual lexicon using
bilingual template
Bilingual lexicon (job; f+E [shigoto])

Figure5 Example of acquisition of bilingual lexicons using
bilingual templates.
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sentence, and extracting “t+Z [shigoto]” from the right of “? [#no]” to the left of “i
[wa]” in the Japanese part of the bilingual sentence.
Moreover, we describe the process of acquisition of bilingual templates using bilingual

translations. The details are as follows:

(1) The system selects bilingual translations in which the source parts have the same
character strings as parts in the SL parts of bilingual sentences, and in which the target

parts have the same character strings as parts in the TL parts of bilingual sentences.

(2) The system acquires bilingual templates by replacing the common parts which are the
same parts as bilingual translations with variables, with the SL parts and the TL parts

of bilingual sentences.

(3) The system gives CR that is the same as the used bilingual translations to the acquired
bilingual templates. This means that the bilingual templates acquired by using the

bilingual translations that have high CR also have high CR.

Figure 6 shows an example of the acquisition of a bilingual template using a bilingual
translation. In Fig. 6, the source part “job” of the bilingual translation (job ; f£Z& [shigoto])
has the same character strings as the part in the English part “What’s your job?” of the
bilingual sentence, and the target part “t1Z& [shigofo]” of the bilingual translation (Gob ; {t
= [shigoto]) has the same character strings as the part in the Japanese part “&7%c72/0/
HEZFE/ 13/ TF/? [Anata no shigoto wa nan desu ka?]” of the bilingual sentence.
Therefore, the system acquires (What’s your @0? ; & 7%c72/n/@0/ix/M/ T3 /52 [Anata
no @0 wa nan desu ka?]) as the bilingual template by replacing “job” and “ft:Z [shigoto]”
with the variables “@(”, with the bilingual sentence (What’s your job? ; & % 72/® /:ZE/ 13/

Bilingual lexicon (ob:; 5 [shigoto))
Given bilingual senterlqg——"/ \

(What' s your job? ;&7%1=/D/ {£F/1X/61/TF/Hh?

{Anata no shigoto wa nan desu ka?))
l Acquisition of bilingual template using
bilingual lexicon
(What’ s your @0? ; 37%Tf=/D/@0/1X/fR/TH/0v?
[4nata no @0 wa nan desu ka?))

Figure 6 Example of acquisition of bilingual templates using
bilingual lexicons.
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i/ T§/H? [Anata no shigoto wa nan desu ka?)).

6. Experiments for Performance Evaluation

6.1 Experimental Procedure

In order to evaluate the system with RCL, 2,856 bilingual sentences that are pairs of
English sentences and Japanese sentences were used as experimental data. These bilin-
gual sentences were taken from textbooks for first[22] and second[23, 24, 25, 26] grade
junior high school students. The total number of characters of the 2,856 bilingual sen-
tences is 142,592. The average number of words in English sentences in the 2,856 bilingual
sentences is 6.0. All bilingual sentences are processed by the system based on the outline
described in Section 4 and on the process described in Section 5. Initial condition of the

dictionary is empty.

6.2 Evaluation Standard

In this paper, we evaluated all acquired bilingual translations that correspond to nouns
and noun phrases. The reason that we evaluated only nouns and noun phrases is because
it is possible to correctly evaluate them. In nouns and noun phrases, the relation between
English and Japanese are much clearer than other parts-of-speech like verbs that have
complicated conjugation. The acquired bilingual translations are ranked when several
different equivalents are gotten for the same source parts. In that case, the bilingual
.translations are sorted so that the bilingual translations which have the highest CR

described in Section 5.1 are ranked at the top. Among the ranked bilingual translations,

three bilingual translations ranked from No.l to No.3 are evaluated.

6.3 Experimental Results

In the evaluation data, there are 463 kinds of nouns and noun phrases. The number
of all nouns is 437 kinds and the number of all noun phrases is 26 kinds. Table 1 shows
the correct acquisition rate of the system with RCL in the evaluation data. In Table 1, the
values in () mean the number of the correct bilingual translations acquired by the system
with RCL. Moreover, we performed the evaluation experiment using the system with only
GA-IL. Table 2 shows the correct acquisition rate of the system with only GA-IL.

In Table 1 and Table 2, the correct acquisition rate improved from 58.7% to 74.99% by
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using RCL. On the other hand, the correct acquisition rate of the system with RCL was
66.19 when only one bilingual translation ranked as No.l was evaluated. The correct
acquisition rate of the system with only GA-IL was 50.3% when only one bilingual transla-

tion ranked as No.l was evaluated. Table 3 shows examples of the acquired correct

bilingual translations.

Table1 Correct acquisition rate of the system with RCL.

. Detail
Correct acquisition rate
nouns noun phrases
74.9%(347) 75.5%(330) 65.49%(17)

Table 2 Correct acquisition rate of the system with only

GA-IL.
Correct acquisition rate Detail
nouns noun phrases
58.7%(272) 60.4%(264) 308%(®)

Table 3 Examples of acquired correct bilingual lexicons.

Examples of acquired correct nouns

English Japanese
boomerang T— 25> [bumeran]
science ® [ kagaku)
monorail £ /) V—)V [monoreru]
reservation ¥as2/JE /M [shitei kyoju chil
Yoo8 /e /¥ shitei kyoju chi] means a place where the aborigines live.
watch wrEt [toker]
museum tE [ hakubutsukan]
Shakespeare Y24 7RAET [sheikusupial .
Saturn + & [dosei]
machine et [kikai]
sumo T3 9 [sumo]
43 9 [sumo] means Japanese traditional sport.
fool I /2 /N [oroka na hito]

&b/ / N [oroka na hito] means a foolish person.
Examples of acquired correct noun phrases
gift shop AR/ S/ NE [mivage hin ten]
Statue of Liberty BHE/ /% [jivu no megami])
REH/O/E/ /T A
[fushigi no kuni wno avisu)
electric guitar TVvX/ /X — [ereki gita]
ball point pen R—~2> [boru pen)

Alice in Wonderland
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6.4 Discussions
6.4.1 Correct Acquisition Rate and Learning Ability of Recursive Chain-link-type
Learning (RCL)

From the experimental results, we confirmed that the system with RCL can acquire
many bilingual translations based only on learning ability without requiring static linguistic
knowledge. The correct acquisition rate of 74.99% shows that the learning ability of the
system with RCL is very high.

Moreover, we confifmed that the system with RCL can acquire bilingual translations
without requiring a large number of the frequency of appearances of bilingual translations.
Figure 7 shows the change of the correct acquisition rates of the system with RCL and the
system with only GA-IL for every one hundred bilingual translations that correspond to
nouns and noun phrases in the 2,856 bilingual sentences used as evaluation d-ata. 463
bilingual translations that correspond to noun and noun phrases are sorted in the sequence
of appearances in Fig. 7.

In Fig. 7, the dotted line shows the average of the frequency of appearances of bilingual
translations for every one hundred bilingual translations that correspond to nouns and noun
phrases in the evaluation data. The average of the frequency of appearances of bilingual
translations between No.1 and No.100 is high because such bilingual translations appear in
many other bilingual sentences. The average of the frequency of appearances of bilingual
translations between No.l and No.100 is 13. For example, the sequence of appearances of
(basketball ; X2 4 v b R— )V [basukettoboru]) is No.10, and (basketball ; /X2 4+ b K— )L

—@— Correct acquisition rate of the system using RCL
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Figure7 Change of correct acquisition rates and average appearance frequency
of acquired bilingual lexicons.
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[ basukettoboru]) appears in No.19 bilingual sentences for the first time. This means that
the frequency of appearances of (basketball ; »XZ %« } R— )L [ basukettoboru]) can be high
because 2,837 bilingual sentences, except 19 bilingual sentences from the 2,856 bilingual
sentences, are given to the system after (basketball ; /<X %4 v b K—)v [basukettoboru])
appears in the evaluation data for the first time. The total frequency of appearances of
(basketball ; 724 + R— )V [basukettoboru]) is 14. It is easy for the system to acquire
the bilingual translations when the frequency of appearances of them is high because the
chances that the system can acquire them increase. As a result, the correct acquisition
rate of bilingual translations between No.l and No.100 is higher than the ones in the other
parts in Fig. 7. '

On the other hand, the average of the frequency of appearances of bilingual transla-
tions between No.401 and No.463 is low because such bilingual translations do not appear
in any other bilingual sentences. The average of the frequency of appearances of bilingual
translations between No0.401 and No.463 is 2.43. For example, the sequence of appear-
ances of (ball point pen ; K— /2> [boru pen]) is No.442, and (ball point pen ; R—/L~
> [boru pen]) appears in No.2,583 bilingual sentences for the first time. This means that
the frequency of appearances of (ball point pen ; K—/L~X> [boru pen]) is low because only
273 bilingual sentences, except 2,583 bilingual sentences from the 2,856 bilingual sentences,
are given to the system after (ball point pen ; K—N-X> [boru pen]) appears in the
evaluation data for the first time. The total frequency of appearances of (ball point pen
: IR— L~ [boru pen]) is only one. It is difficult for the system to acquire the bilingual
translations when the frequency of appearances of them is low because the chances that the
system can acquire them decrease.

In Fig. 7, the correct acquisition rate of the system with only GA-IL decreases rapidly
as the frequency of appearances of bilingual translations gets lower. In contrast, the
correct acquisition rate of the system with RCL is almost flat except between No.1 and No.
100. In the system with RCL, the decrement of the correct acquisition rate is only 9 points
between No.101 and No.463. In the system with only GA-IL, the decrement of the correct
acquisition rate is 23 points between No0.101 and No.463. This result shows that the
system with RCL can efficiently acquire many bilingual translations without requiring a
large number of the frequency of appearances of bilingual translations because it possesses
a high learning ability. In Table 2, the correct acquisition rate of 30.8% of noun phrases

is very low in the system with only GA-IL. The reasons is that the frequency of appear-
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ances of most noun phrases is low. The average of the frequency of appearances of noun
phrases is 2.35. In the system with RCL, the correct acquisition rate of noun phrases is 65.
49 in Table 1. This result also shows that the system with RCL can efficiently acquire
many bilingual translations without requiring a large number of the frequency of appear-

ances of bilingual translations.

6.4.2 Acquired Bilingual Translations and Acquired Bilingual Templates

By using RCL, both the number of the acquired bilingual translations and the number
of the acquired bilingual templates increased. Therefore, the correct acquisition rate of
the system with RCL improved more than the correct acquisition rate of the system with
only GA-IL. In the 2,856 bilingual sentences used as evaluation data, by using RCL, the
number of the acquired bilingual translations increased 2,449 more, the number of the
acquired bilingual templates increased 20,541 more than the ones in the system with only
GA-IL. Figure 8 shows that the change of the increased number of the acquired bilingual
translations and the acquired bilingual templates for every one hundred bilingual sentences
in the evaluation data.

In Fig. 8, we can confirm that the increase in number of the acquired bilingual
translations and the acquired bilingual templates expands as the number of the bilingual
sentences increases. In the 2,856 bilingual sentences used as evaluation data, any similar

bilingual sentences do not exist. This means that the system with only GA-IL cannot

—8—Increased number of bilingual templates
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Figure 8 Change of increased number of acquired bilingual lexicons and
acquired bilingual templates.
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acquire any bilingual translations and bilingual templates as the number of the bilingual
sentences increases because it requires a large number of similar bilingual sentences to
acquire many bilingual translations and bilingual templates. In contrast, the system with
RCL can efficiently acquire bilingual translations and bilingual templates from sparse
bilingual sentences without requiring a large number of similar bilingual sentences.
Therefore, in Fig. 8, the margin in the increased number of the acquired bilingual transla-
tions and the acquired bilingual templates expands between the system with RCL and the
system with only GA-IL.

However, the system with RCL acquires not only correct bilingual translations and
correct bilingual templates but also erroneous bilingual translations and erroneous bilin-
gual templates. As it was mentioned in Section 5.1, erroneous bilingual translations and
erroneous bilingual templates mean that the source parts and the target parts do not
correspond to each other. We investigated the precision of the acquired bilingual transla-
tions and the acquired bilingual ternplates. As a result, we confirmed that the precision of
the acquired bilingual translations was 47.3%. This precision is not enough because 52.7%
of the erroneous bilingual translations were acquired at the same time. The acquisition of
erroneous bilingual translations is, in most cases, caused by the difference of structure
between bilingual templates and bilingual sentences. For example, from the bilingual
template (He is @0. ; f%/13/@0/ 7. [Kare wa @O0 desu.]) which is the affirmative
sentence and the bilingual sentence (Who is this boy? ; Z /44 /i3/##/T¥ /%2 [Kono
shonen wa darve desu ka?]) which is the interrogative sentence, (this boy ; 7741 [dare]) is
acquired as the erroneous bilingual translation because “this boy” corresponds to the
variable “@0” by the collocations between “is @0” in the source part of the bilingual
template and “is this boy” in the English part of the bilingual sentence, and “7Z#1 [dare]”
corresponds to the variable “@0” by the collocations between “i3/ @0/ T [wa @0 desu]”
in the target part of the bilingual template and “|%/72 ﬂ/_’C_T (wa dave desu]” in the
Japanese part of the bilingual sentence. However, this acquired bilingual translation (this
boy ; 7Z#1L [dare]) is the erroneous bilingual translation because “this boy” in English means
“Z /N [kono shomen]” in Japanese, not “7Z#L [dare]”. On the other hand, the
precision of the acquired bilingual templates was 54.6%. This precision is also not enough
because 45.4% of the erroneous bilingual templates were acquired at the same time.
However, in the feedback process described in Section 5.1, the system with RCL can

evaluate these bilingual translations as erroneous bilingual translations. The rate that the
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system could decide as the erroneous bilingual translations for the acquired erroneous
bilingual translations was 69.295. In that case, the erroneous bilingual translations decided

by the system mean the acquired bilingual translations whose CR is under 50.09%.

6.4.3 Acquisition of Correct Equivalents for Unknown Words

We confirmed that the system with RCL is effective to solve the problem of unknown
words in a commercial machine translation system. We gave the English parts of the 2,
856 bilingual sentences used as evaluation data to the commercial English-to-Japanese
machine translation system. As a result, 37 unknown words were inclﬁded in the Japanese
translation results generated by the commercial machine translation system. In that case,
their unknown words appear as alphabets in the Japanese translation results because the
commercial machine translation system cannot translate them at all. The system with
RCL acquired 29 correct equivalents for the 37 unknown words. Therefore, the acquisi-
tion rate of the correct equivalents for unknown words is 78.4%. On the other hand, the
system with only GA-IL acquired 23 correct equivalents for the 37 unknown words.
Therefore, the acquisition rate of the correct equivalents for unknown words is 62.2% in
the system with only GA-IL.. The acquisition rate of the correct equivalents for unknown
words improved from 62.29 to 78.4% by using RCL. These results show that the system
with RCL is effective to solve the problem of unknown words in the machine translation
system. Table 4 shows examples of the acquired correct equivalents for unknown words.

All unknown words in 2,856 English sentences were proper nouns.

Table 4 Examples of acquired correct equivalents for unknown words.

English Japanese
Rika N 2> [ 7ika)
1) #*[7ika] means a Japanese name.
Shinkansen | i [shinkansen)
4 [shinkansen] means a Japanese transportation like train.
Lake Biwa ‘ BEW [ biwa ko]
FEEM [biwa ko] means a famous lake in Japan.
Ishikari River | FX)| Lishikari gawa]
FA¥FIN [ishikari gawa] means a famous river in Japan.
Mt. Asama l &M [asama yamal]

%M1l [asama yama] means a famous mountain in Japan.
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6.4.4 Advantage of Recursive Chain-link-type Learning (RCL)

By using RCL, a lot of bilingual translations and a lot of bilingual templates can be
efficiently acquired from various bilingual sentences. This reason is that the system with
RCL causes the chain reaction in acquisition of new bilingual translations and new bilingual
templates. Figure 9 shows an example of the chain reaction in the acquisition of bilingual
translations and bilingual templates using RCL.

In Fig. 9, (Statue of Liberty ; B/ /ZcHf [jivu no megami]) is eventually acquired as
the bilingual translation. First, the bilingual translation (boy ; Z4>4E [shonen]) that is used
as starting point in RCL is acquired by GA-IL in (1) of Fig. 9. The acquired bilingual
translation (boy ; Z*4E [shonen]) has information that the system can extract “boy” from
the SL parts of bilingual sentences and can extract “4E [shonen]” from the TL parts of
bilingual sentences. Therefore, by using the bilingual translation (boy ; Z*4F [ shonen]), the
system can acquire (The @0 is shouting. ; @0/ /M-A/T//EF. [@0 ga saken de i
masu.]) as the bilingual template from the bilingual sentence (The boy is shouting. ; 24/
D/WA )T/ EF. [Shonen ga saken de @ masu.]) in (2) of Fig. 9. The acquired bilingual

(1) Acquisition of bilingual lexicons using GA-ILMT
(Who is that girl?; BD/ZDF/12/12/TF/Hv? [4dno onna ne ke wa dare desu ka?]) (girl; LD F[onna no kol)
(Who is that boy?; 3@/ E/1X/12N/TF /52 [dno shénen wa dare desu ka?)) ™ (boy; % shonen))
(2) Acquisition of bilingual template using the bilingual lexicon
(boy; B [shonen])
(The boy is shouting, ; 2 4E/A8/ WA,/ C/UN/E S [Shonen ga saken de i masu.])
— (The @Q is shouting.; @0/h%/M A/ T/\LN/ET . [@0 ga saken de i masu.])
(3) Acquisition of bilingual lexicon using the bilingual template
(The @0 is shouting.; @0/HY/ WA,/ T/LN/ET . (@0 ga saken de i masu.])
(The wind is very strong.; B/H/ETH/38LN. [Kaze ga totemo tsuyoi.])
(4) Acquisition of bilingual template using the bilingual lexicon
(wind; Ellkaze])
(The wind is always blowing.; Bl/1&/Ly2%/BRLN/ T/WNET. [Kaze wa itsumo fui te i masu.])
—>(The @0 is always blowing.; @0/13/LV\2&/BRULN/ T/ ET . [@0 wa itsumo fui te i masu.])
(5) Acquisition of bilingual lexicon using the bilingual template
(The @0 is always blowing.; @0/1&/L D%/BRUN/ T/WN/ET . [Kaze wa itsumo fui te i masu.])
( The moon is smaller than the earth.; A /IZ/#Ek/ &Y //hN&Uy. [Tsuki wa chikyt yori chisai])
(6) Acquisition of bilingual template using the bilingual lexicon
(moon; A [tsukil) Tsuki wa senkythyakurokujtky nen ni saisho ni otozure rare mashi ta.])
(The moon was first visited in 1969.: B/1&/1969/&/I1Z/B#/I1Z/Fn/bh/EL/T-.
—> (The @0 was first visited in 1969.; @0/13/1969/%&/IZ/B¥)/IZ/Bih/bh/EL/T=
' (@0 wa senkythyakurokujaky nen ni saisho ni otozure rare masih ta.])
(N Acquisition of bilingual lexicon using the bilingual template
(The @0 was first visited in 1969.;@0/13/1969/5&/IZ/B&#)/IZ/shh/bh/EL/T-
[@0 wa senkythyakurokujikyt nen ni saisho ni otozure rare mashi ta.])

( The Statue of Liberty was given to the United States in 1884.;
BH/Q/&ZM/(3/1884/F/IZ/FA)HEREN/EZ/50/EL/T=.

Jiya no megami wa senhappyakuhachijayo nen ni amerika gasshikoku ni atae rare mashi ta.])
—> (Statue of Liberty; B B/ ®D/Z i [Jiyano megamil)

—> (wind; B[kaze])

—» (moon; A [tsuki])

Figure 9 Example of process of acquisition of bilingual lexicons using RCL.
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template (The @0 is shouting. ; @0/»/W-A/T/\/£7. [@0 ga saken de i masu.]) has
position information to extract bilingual translations from bilingual sentences. By using
collocations based on “The @0 is” in the source part and “@0/4% [@0 ga]” in the target
part of the bilingual template (The @0 is shouting. ; @0/4%/WA/T/\v»/ % F. [ @0 ga saken
de i masu.]), the system can extract the part from the right of “The” to the left of “is” in
the SL parts of bilingual sentences, and can extract the part between the words at the
beginning and the words to the left of “#%” in the TL parts of bilingual sentences.
Therefore, in (3) of Fig. 9, by using the bilingual template (The @0 is shouting. ; @0/#%/
WA/ T//EF. (@O0 ga saken de i masu.]), the system automatically acquires (wind ; J&
[kaze]) as the bilingual translation from (The wind is very strong. ; JE/A5/ & T /i,
[Kaze ga totemo tsuyoi.]). This means that “wind” and “J& [kaze]” in the bilingual
sentence (The wind is very strong. ; J&/%%/ & T3 /5&\v~. [Kaze ga totemo tsuyoi.]) corre-
spond to the variables “@0” in the bilingual template (The @0 is shouting. ; @0/A%/M-A /
T/\W/%F. @0 ga saken de ¢ masu.]). Moreover, (The @0 is always blowing. ; @0/1%/
WL /IRW/T/W/ETF. [@0 wa itsumo fui te ¢ masu.]) as the bilingual template in (4) of
Fig. 9, (moon; A [#suki]) as the bilingual translation in (5) of Fig. 9, (The @0 was first
visited in 1969. ; @0/13/1969/4E /12 /BA0/i12/354/ b0/ F L/72. [@0 wa senkyiahyakuroku-
Jiakyii men ni saisho ni otozure vave mashi fa.]) as the bilingual template in (6) of Fig. 9, and

(Statue of Liberty ; HE1/ /% [jivit no megami]) as the bilingual translation in (7) of Fig.

9 are acquired one after another. Figure 9 shows that the chain reaction is caused in the
acquisition of bilingual translations and bilingual templates. In the system with RCL, the
acquired bilingual translations and the acquired bilingual templates have information to
extract new bilingual translations and new bilingual templates from various bilingual
sentences. Therefore, the system with RCL causes the chain reaction in the acquisition of

bilingual translations and bilingual templates.

7. Conclusion

In this paper, we proposed the automatic acquisition method of bilingual translations
using Recursive Chain-link-type Learning (RCL). In the system with RCL, bilingual
translations and bilingual templates are reciprocally acquired like a linked chain. The
system with RCL automatically acquires bilingual translations by using collocations based

on variables and their adjoining words in bilingual templates. Moreover, the system with
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RCL automatically acquires new bilingual templates by replacing the parts that have the
same character strings as the acquired bilingual translations with variables, with bilingual
sentences. Therefore, the system with RCL can reciprocally acquire bilingual translations
and bilingual templates like a linked chain. This means that the system with RCL can
efficiently acquire many bilingual translations from sparse bilingual sentences based only
on learning ability without requiring any static linguistic knowledge or a large number of
similar bilingual sentences, not like existing approaches.

From evaluation experiments, the correct acquisition rate of all nouns and noun
phrases in the parallel corpus used as evaluation data was 74.99%. The correct acquisition
rate of all nouns and noun phrases of the system with only GA-IL was 58.79%. Therefore,
by using RCL, the correct acquisition rate of all nouns and noun phrases improved from 58.
7% to 74.99%. Moreover, the acquisition rate of the correct equivalents for unknown
words in the commercial English-to-Japanese machine translation system was 78.4%. The
acquisition rate of the correct equivalents for unknown words of the system with only
GA-IL was 62.2%. Therefore, by using RCL, the acquisition rate of the correct equivalents
for unknown words improved from 62.2% to 78.495. These results show that RCL is very
effective to acquire bilingual translations.

In the future, we will go on with the evaluation experiments using practical data, and
will confirm that the system with RCL can acquire bilingual translations from bilingual
sentences using the other languages. This means that the system with RCL is a learning
method that does not depend on specific language. Moreover, we will apply RCL to the
other natural language processing systems, i.e., a dialog system, to confirm the effective-
ness of RCL.
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