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Abstract. Numerous methods have been developed for generating a
machine translation (MT) bilingual dictionary from a parallel text cor-
pus. Such methods extract bilingual collocations from sentence pairs of
source and target lanpuage sentences. Then those collocations are regis-
tered in an MT bilingual dictionary. Bilingual collocations are lexically
corresponding pairs of parts extracted from sentence pairs. This paper
describes & new method for automatic extraction of bilingual colleca-
Hions from a parallel text corpus using no linguistic knowledge. We use
Recursive Chain-link-type Learning {RCL), which is a learning algo-
rithm, to extract bilingual collocations. Cur method offers two rmain
advantages. One benefit is that this ROL system requires no linguistic
knowledge. The other advantage is that it can extract many bilingual
collocations, even if the frequency of appearance of the bilingual collo-
cations is very low. Experimental results verify that our system exiracts
bilingual eoliocations efficiently. The extraction rate of bilingual colloca-
tions was 74.9% for all bilingnal collocations that corresponded to nouns
in the parallel corpus.

1 Imtroduction

Recent years have brought the ability to obtain much information that is written
in various languages using the Internet in real time. However, current machine
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transtation (MT) systems can be used only for a limited number of languages.
It is important for MT systems to build bilingual dictionaries. Therefore, many
methods have been studied for automatic generation of an MT bilingual dictioc-
nary. Such methods are able to produce an MT bilingual dictionary by extracting
bilingual collocations from a peraliel corpus. Bilingual collocations are lexically
corresponding pairs of parts extracted from sentence pairs of source and target
language sentences. These studies can be classified into three areas-of empha-
sis, Some use a linguistic-based approach [1]. In & linguistie-based approach, the
system requires static, large-scale linguistic knowledge to extract bilingual col-
locations e.g., & general bilingual dictionary or syntax information. Therefore, it
is difficult to apply such static large-scale lingiristic knowledge to other various
languages easily because developers must acquire linguistic knowledge for other

languages.

Other methods for extracting bilingual collocations include statistical ap-
proaches (2,3]. In these statistical approaches, it is difficult to extract bilingual
collocations when the frequency of appearance of the bilingual collocations is
very low, e.g., only one time. Therefore, the system requires a large bilingual
corpus, or many corpora, to extract bilingual collocations. Typically, a statis-
tical approach extracts only bilingual collocations that oceur more than three
times in the parallel corpus. A third type of method emphasizes the use of learn-
ing algorithms that extract bilingual collocations from sentence pairs of source
and target language sentences without requiring static linguistic knowledge. We
have proposed a method wsing Inductive Learning with Genetic Algorithms
(GA-IL) {4]. As shown in Fig. 1, this method uses a genetic algorithm to gener-
ate two sentence pairs automatically with one different part of two source lan-
guage sentences and with just one different part of two target language sentences.
Unfortunately, this method requires similar sentence pairs as the condition of
extraction of bilingual collocations. Therefore, these learning alporithm methods
require numerous similar sentence pairs o extract many bilingual collocations,
even though they require no ez ante static linguistic knowledge.

(1) Generation of sentence paire by applying genstic algoritims
{He fkes \ltea. #/ff } C TETRIETEITT  [Kare wa ocha ga stld desw.)
{Sha Jjﬁg){tennis.;ﬁkfﬁ (T AMVITEITY . {Kanojo wa tenisu ga suki desu])
(She likes tea.; TR/ IF/RAA ST, [Kanojo wa ocha ga suli desi.])

{He fikes fennis. ; BALFLAMBVFEI T [Kare wa fenfsy ga suki desw]y
{2} Exiraction of bilingua! collueations by Inductive Learning
Ganerated sentsncs pair
(He ikes tennis. . AT ER/HITE/TYT. [Kare wa fenisy ga suid desu]
Given sentence pair
(He likes tea. ; BT/ ER/AHVIFEICE. [Kare wa gcha ga suki dasu])
b (tonnis; 7= [tenisw}, tea; £ Jocha))

Fig. 1. lixample of bilingual collocation extraction using GA-IL
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We propose a new method for automatic extraction of bilingual collocations
from a parallel corpus to overcome problems of existing approaches. Our method
uses the learning algorithm we call Recursive Chain-link-type Learning (RCL)
[5] to extract bilingual collocations efficiently using no linguistic knowledge. Tn
this RCL system, various bilingual collocations are extracted efficiently using
only character strings of previously-extracted bilingual collocations. This fea
ture engenders many benefits. This RCL system requires no static analytical
knowledge, in contrast to a linguistic-based approach. Purthermore, in contrast
to a statistical approach, it does not require a high frequency of appearance
for bilingual collocations in the parallel corpus. This means that this RCL sys-
tem can extract bilingual collocations from only a few sentence pairs. Numerous
similar senfence pairs are unneccessary, in stark contrast to requirements of g
learning-based approach. Evaluation experiment results demonstrate that this
RCL system can extract useful bilingual collocations. We achieved a 74.9% ex-
traction rate for bilingnal collocations which correspond to nouns. Moreover, the
extraction rate of bilingual collocations for which the frequency of appearance
was only one in the parallel text corpus was 58.1%.

2 Overview of OQur Method

Procesgs 1
entence pair of Engllsh and Japanese
(v Job is walking the deg.;
S R QI RIE B S BT

/Boku no shigoto wa inu o sanpo sa ser: kolo dsu))
Bllinguajtemplate kY

{My @0 is onthe table.;y

DI L@ T =T A LB VIES.
[Watashi no @0 wa teburu no ve ai arl masw))
Extraction of word iranslation
JWord transtation 4 _using bilingual tempiate

_{ob; {7 [shigoto])

)

e .,

Senience pairad! Englich ard "™ Japapese
{What's your job? ; B7=I0 GBI AT TN

[Anata no ghigolo wa nan desu ka7

l Acquisiion of bilinguat femplate
Bilingual template using word transtation
{What's your @07 ; Hisf/D/@ONIMTr e 1hve

[Anata no @0 wa nan desa ka?])

Process 2

Fig. 2. Disgram of the English-Japanese collocation extractlon process

The prominent feature of our method is that it does not require linguistic
knowledge. We intend to realize a system based only on learning ability from
the view of language acquisition of children. The RCL algorithm imitates part
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of that principle in language acquisition because it requires no ez ante static
linguistic kmowledge.

Figure 2 depicts the RCI: process, which extracts English-Japanese collo-
cations. This RCL system extracts two types of bilingual collocations. This is
an English-Japanese collocation: (job; f£& (shigoto]®). It can be registered in
an MT bilingual dictionary as a word-level bilingual translation. Hereafter, we
call this type of collocation & word translation. In contrast, phrases such as
(What’s your @07; 77z /D /Q0/E /M /T /17 [Anata ne @8 wa nan desu
Ea?) are representative of an English-Japanese collocations that are used as a
template for extraciion of word translations. This type of collocation is called a
bilingual template. In this paper, a word translation is a palr of source and
target parts; a bilingual template is also a pair of source and target parts. Figure
2 shows a process by which a word translation (job; f£%F [shigeto]} and a new
bilingual template (What’s your @07; &7 /0 /Q0/i& /6 /T T /7 [Anate no
@0 wa nan desu kaf]) are extracted reciprocally.

In process 1 of Fig. 2, this RCL system extracts (job; tLEE [shigoto]) as a
word translation. This (job; ftZ [shigoto]) corresponds to the variables “@0” in
the bilingual template (My @0 is ou the table.; 7L /D /@O /5 —T N /D }
£/ /B0 2T [Watashi ne @0 wa teburn no ue né ari masw.|). “My” and “is”
adjoin the variable “@0” in the source part of the bilingual template. They are
shared parts with the parts in the FEnglish sentence “My job is walking the dog.*
Moreover, “® [no}” and “& [wa)” adjoin the variable “@0” in the target part
of the bilingnal template; they are also shared parts with parts in the Japanese
sentence U3 < /D /I /R /& /BB E /8B /& /TF. [Boku no shigoto wa
i 0 sanpo so serw koto desu.|” Therefore, this RCL system extracts the (job;
HEE {shigoto]) by extracting “job” between the right of “My” and the left of
“is” in the English sentence, and extracting “fLH [shigoto]” between the right
of “@ [no])” and the left of “i& {wa|” in the Japanese sentence. ‘

Moreover, this RCL systern acquires new bilingual templates using cnly char-
acter strings of the extracted (job; f£3E [shigoto]). In process 2 of Fig. 2, the
source part “job” of the word translation (job; {58 [shigoto]) has the same char-
acter strings as the part in the English sentence “What’s your job?® In addition,
the target part “/EEE [shigoto]” of the word translation (job; fEEE [shigoto]) has
the same character strings as the part in the Japanese sentence “B7%&7z /@ /H5/
/M8 /TF /#7 [Anata no shigoto wa nan desu kaf).” Therefore, this RCL sys-
ter acquires {What’s your @07, 727 /D /@0/i& /)T ¥ /707 [Anata no @0 wa
nan desy kaf]) as the bilingual template by replacing “job” and “fEE [shigoto]”
with the variables “@0” for the sentence pair (What’s your job?; &7 /D /L
B/ M/ CT/HT [Anate no shigoto wa nan desu ka?).

Extracted word translations and bilingsal templates are applied for other
sentence pairs of English and Japanese to extract new ones. Therefore, word

: tgalics express pronunciation in Japanese.
/" in Japanese sentences are inserted after each morpheme because Japanese is an
agglutinative language. This process is performed automatically according to this
systern’s learning method [6], without requiring any static linguistic knowledge.
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translations and bilingual $emplates are extracted reciprocally as a linked chain.
A characteristic of our method is that both word tramslations and bilingual
templates are extracted efficiently using only character strings of sentence pairs
of the source and target languape sentences. Thereby, our system can extract
bilingual collocations using no lingaistic knowledge, even in cases where such
collocations appear ouly a few times in the corpus. Figure 2 shows that (job;
{18 [shigoto]) was extractable even though it appears only one time.

3 OQutline

Figure 3 shows an outline of this RCL system’s extraction of bilingual colloca-
tions from sentence pairs of source and target langusge sentences, First, a user
inputs a sentence pair. In the feedback process, this RCL system evaluates ex-
tracted word translations and bilingual templates using the given sentence pairs.
The user does not evaluate word translations and bilingual templates directly.
In the learning process, word translations and bilingual templates are extracted
automatically using two learning algorithms: RCL and GA-IL. In this stady, this
ROCL gystem extracts English-Japanese collocations.

Sentence palr of source and
target languages

Feedback Process

I Learing Process

Dictionary for word
translafions and bilingual
{emplates

Fig, 3. Process flow

4 Process

4.1 Feedback Process

Our system extracts not only correct bilingual collocations, but also erroneous
bilingual collocations. Therefore, this RCL system evaluates bilingual colloca-
tions in the feedback process. In this paper, correct bilingual collocation denotes
a situation in which source parts and target parts correspond to each other; er-
roneous bilingual collocations are cases where source parts and target parts do
not correspond to one another. In the feedback process, this RCL system first
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generates sentence pairs in which source language sentences have the same char-
acter strings as source language sentences of the given sentence pairs. It does
so by combining bilingual templates with word translations. Consequently, this
ROL system can generate sentence pairs in which the English sentences have the
same character strings as the English sentences of given sentence Ppairs.
Subsequently, this RCL system compares Japanese sentences of the generated
sentence pairs with Japanese sentences of given sentence pairs. When Japanese
sentences of generated sentence pairs have the same character strings as the
Japanese sentences of given sentence pairs, word translations and bilingual tem-
plates used to generate sentence pairs are determined to be correct. In this
case, this RCL system adds one point to the correct frequency of the used word
translations and bilingual templates. On the other hand, word translations and
bilingual templates used to generate sentence pairs are designated as erroneous
when Japanese sentences of generated sentence pairs have different character
strings from Japanese sentences of given sentence pairs. In that case, this RCL
system adds ene point to the error frequency of used word translations and
bilingual ternplates. Using the correct frequency and error frequency, this RCL,
system calculates the Correct Rate (CR) for the word translations and bilin-
gual templates that were used. Following is a. definition of CR. This RCL system
evaluates word translations and bilingual templates automatically using CR.

Correct frequency

CR (%) = 100.0 (1)

Correct frequency + FError frequency

4.2 Learning Process

Word translations and bilingual templates are extracted reciprocally by this
RCL system. We first describe the extraction process of word translations using
bilingual templates as in process 1 of Fig. 2. Details of this process are:

(1) This RCL system selects sentence pairs that have the same parts as those
parts that adjoin variables in bilingual templates.

(2) This RCL system obtains word translations by extracting parts that adjoin
common parts, which are the same parts as those in bilingual termplates,
from sentence pairs. This means that parts extracted from sentence pairs
correspond to variables in bilinguel ternplates. 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:. When common parts exist on both the right and left sides of
variables in source or target parts of bilingual templates, this RCL sys-
tem extracts parts between two common parts from source language
sentences or target language sentences.

Pattern 2: When common parts exist only on the right side of variables
in source parts or target parts of bilingual templates, this RCL system
extracts parts from words at the beginnitg of the senfence to words of
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the left sides of common parts in source language sentences or farget
language sentences.

Pattern 3: When common parts exist only on the left side of variables in
source parts or target parts of bilingual templates, this RCI, system
extracts parts from words of the right sides of common parts to words

- at the end in source language sentences or target language sentences.
(3) This RCL system yields CR that are identical to those bilingual templates
used o extract word translations.

In addition, we describe the acquisition process of bilingual templates using
word transtations as in process 2 of Fig. 2. Details of this process are:

{1) This RCL system selects word translations in which source parts have iden-
tical character strings to those parfs in source language sentences of sentence
pairs, and in which target parts have the same character strings as parts in
the target language sentences of sentence pairs.

(2) This RCL system acquires bilingual templates by replacing common parts,
which are identical to word translations, with variables.

(3) This RCL system yields CR that are identical to those word translations
used to acquire bilingual templates.

On the other hand, word translations or bilingual templates that are used as
starfing points in the extraction process of new ones are extracted using GA-IL.,
The reason for using GA-IL is that our system can extract bilingual coliocations
using only a learning algorithm with no static linguistic knowledge. In this study,
our system uses both RCL and GA-II.

5 Experiments for Performance Evaluation

5.1 Experimental Procedure

To evaluate this RCL system, 2,856 English and Japanese sentence pairs were
used as experimental data. These sentence pairs were taken from five textbooks
for first and second grade junior high school students. The total number of
characters of the 2,856 sentence pairs is 142,592, The average number of words
in English sentences in the 2,856 sentence pairs is 6.0. All sentence pairs are
pracessed by our system based on the outline described in Section 3 and based
on the process described in Section 4. The dictionary is initiaily empty.

5.2 Ewvaluation Standards

We evaluated all extracted word translasions that corresponded to neuns. Ex-
tracted word transiations are ranked when several different target parts are ob-
tained for the same source parts. In that case, word translations are sorted so
that word translations which have the highest CR described in Seetion 4.1 are
ranked at the top. Among ranked word translations, three word-translations,
ranked from No. 1 to No. 3, are evaluated by the user as o whether word trans-
lations where source parts and target parts correspond to each other are included
in those three ranked translations or not.
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5.3 Experimeniat Resulis

Table 1. Extraction rate of this RCL system

Extraction Detail
rate nouns |compound nouns
74.9% (347){75.5% (330)] 65.4% (17)

There are 463 kinds of nouns and compound nouns in the evaluation data:
437 varieties of nouns and 26 varieties of compound nouns. Teble 1 shows the
extraction rate of this RCL system in the evaluation data. In Table 1, values in
parentheses indicate the number of correct word translations extracted by this
RCL system. Moreover, in this paper, a system using only GA-IL is used for com-
parison to this RCL system. It is difficult to make comparisons among methods
[1~8] whick extract bilingual collocation beeause they typically use various static
inguistic knowledge. In the system using ondy GA-IL, the extraction rate for the
word translations which corresponded to nouns and eompound nouns was 58.7%.
Therefore, using RCL, the extraction rate improved from 58.7% to 74.9%. The
extraction rate of word translations for which the frequency of appearance is
only one time in the parallel text corpus improved from 32.6% to 58.1% through
use of RCL. Table 2 shows examples of the extracted correct word translations.

Table 2. Examples of extracted correct word translations

English Japanese

museum MR [hekubutsuken)

machine TR [kikad)

sumo 15 D [suma|
T ) means a Japanese traditional sport.
Statue of Liberty "EH/D /X [jiyk no megamij .
Alice in Wonderland | DE&R/D/B/D /7 Y A [fushigi no kuni no erisul
eleciric guitar Ll F [ R — [ereki gita]

.4 Discussion

We confirmed that this RCL system can extract word translations without re-
Quiring & high frequency of appearances of word translations. Figare 4 shows
':fh? change in extraction rates engendered by this RCL system and the system
Using only GA-IL for every 100 word translations that correspond to nowns and
Compound nouns in the 2,856 sentence pairs used as evaluation data. Figure 4
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shows 463 word translations that correspond to nouns and compound nouns.
The translations are arranged by appearance sequence in 2,856 sentence pairs,

E —8— Extraction rate of this system using ROL

k] :!,’; 100 —E— Extraction rate of the system using only GA~IL

2

g E =0t » =k = Averege of frequency of sppearance of word translations

80 -

- ‘§ @ I

5 "ﬂ- a'o F -

=)

o E 50

E 5 40 r

£8 gt

= g- .

g5 O

§ z 10 r e SCLTT A rereuo. Arrrecmannren e
g gL . - AR mrrccArecrispiaaas ry
@
3 1114 200 308 400 453
‘g Mumber of word translations that correspond to nouns

znd cofrpound neuns in a paralle! carpus

Fig. 4. Change of extraction rates and the average frequency of appearance of extracted
word franslations in the paraflel corpus

In Fig. 4, the dotted line shows average frequencies of appearance of word
translations for every 100 word translations that correspond to nouns and com-
pound noung in evaluation data. The average frequencies of appearance of word
translations between Nos. 1 and 100 are high because such word translations
appear in many other sentence pairs. The average frequency of appearance of
word tranalations between Nos. 1 and 100 is 13.0. In general, the system extracts
word translations easily when their frequency of appearance is high because the
probability that the system can exfract them is relatively high. Consequently,
the extraction rate of word translations between Nos. 1 and 180 is higher than
for those in other parts of Fig. 4. On the other hand, the average frequency of
appearance of word translations between Nos. 401 and 4863 is low because such
word translations do not appear in any other sentence pairs. The average ire-
quency of appesrance of word translations between Nos. 401 and 463 is 2.4. In
general, it is difficult for the system to extract word translations when their fre-
quency of appearance is low because the probability that the systera can extract
them is relatively low.

Figure 4 depicts the extraction rate of the system using only GA-IL. The rate
decreases rapidly as the frequency of appearance of word translations decreases.
In contrast, the extraction rate of this RCL system Is almost flat except hetween
Nos. 1 and 100. Tn this RCL system, the decrement of the extraction rate is
only nine points between Nos. 101 and 463. In the system using only GA-IL,
the decrement of the extraction rate is 23 points between Nos. 107 and 463
These results imply that this RCL system can extract many word translations
efficiently without requiring 2 high frequency of appearance of word translations:
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On the other hand, erroneous word translations are also extracted in this RCL
system. The precision of extracted word translations was 47.8%. This precision
is insufficient. However, in the feedback process described in Section 4.1, this
RCL system can evaluate these word translations as erroneous word translations.
The rate at which the system could determine erroneous word translations for
extracted erroneous word translations was 69.2%. In that case, erroneous word
translations mean word translations whose CR. is under 50.0%.

6 Conclusion

This paper proposed a new method for automatic extraction of bilingual eollo-
cations using Reeursive Chain-link-type Learning (RCL). In this RCL system,
various bilingual collocations are extracted efficiently using only character strings
of previously-extracted bilingual collocations. Moreover, word translations and
bilingual templates are extracted reciprocally, as with a linked chain. Therefore,
this RCL system can extract many word translations efficiently from sentence
pairs without requiring any static linguistic knowledge or when confronting cor-
pus which contain words with very low frequency of appearance. This study
demonstrates that our method is very effective for extracting word translations
and thereby building an MT bilingual dictionary. ‘

Future studies will undertake more evaluation experiments using practical
data. We also intend to confirm that this RCIL system can extract bilingual
collocations from sentence pairs using other languages. We infer that this RCL
system is a learning ajgorithm that is independent of a specific language. More-
over, we will apply RCL to other natural language processing systems, e.4., a
dialog system, to confirm RCL effectiveness.
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