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Abstract. We propose a learning method for solving the sparse data
problem in automatic extraction of bilingual word pairs from parallel
corpora. In general, methods based on similarity measures are insuffi-
cient because of the sparse data problem. The essence of our method is
the use of this inference: in local parts of bilingual sentence pairs (e.g.,
phrases, not sentences), the equivalents of words that adjoin the source
language words of bilingual word pairs also adjoin the target language
words of bilingual word pairs. Our learning method automatically ac-
quires such adjacent information. The acquired adjacent information is
used to extract bilingual word pairs. As a result, our system can limit
the search scope for the decision of equivalents in bilingual sentence pairs
by extracting only word pairs that adjoin the acquired adjacent infor-
mation. We applied our method to two systems based on Yates’ x? and
AIC. Results of evaluation experiments indicate that the extraction rates
respectively improved 6.1 and 6.0 percentage points using our method.

1 Introduction

Manual extraction by humans of bilingual word pairs of various languages is
costly. For that reason, automatic extraction of bilingual word pairs from parallel
corpora is effective. Many similarity measures [1] are used to extract bilingual
word pairs automatically from parallel corpora with various languages because
they are language independent. However, they are insufficient. That is, when
several bilingual word pairs with close similarity values candidates exist, the
system based on similarity measures falls into the sparse data problem. This
problem is common among the methods based on similarity measures.

To overcome the sparse data problem, we use the hypothesis that, in local
parts of bilingual sentence pairs (e.g., phrases, not sentences), the equivalents of
words that adjoin the source language (SL) words of bilingual word pairs also
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adjoin the target language (TL) words of bilingual word pairs. Such adjacent
information is effective to solve the sparse data problem. That is, the system can
limit the search scope for the decision of equivalents in bilingual sentence pajrg
by extracting only those word pairs that adjoin the adjacent information.

Moreover, the adjacent information is acquired automatically for learning
[2]. These features allow the application of our method to parallel corpora with
various languages. We call this learning method Adjacent Information Learning
(AIL). In this paper, we applied AIL to two systems based on Yates’ y?2 [3]
and Akaike’s Information Criterion (AIC) [4] to extract bilingual word pairs
from parallel corpora. Evaluation experiments using parallel corpora with five
different languages indicated that the extraction rates respectively improved 6.1
and 6.0 percentage points through the use of AIL. Therefore, we confirmed that
ATL is effective to solve the sparse data problem in extraction of bilingual word
pairs from parallel corpora.

2 Acquisition of Adjacent Information

The system obtains bilingual word pairs and templates using two bilingual sen-
tence pairs. In this paper, the templates are rules that possess the adjacent
information for extracting new bilingual word pairs. The system determines the
templates using common parts between two bilingual sentence pairs. Moreover,
the system assigns similarity values between SL words and TL words using the
Dice coefficient for the obtained bilingual word pairs and templates. Figure 1
shows an acquisition example of adjacent information.

Input word: smoked haddock
Bifingual sentence pair 1: (I iike the fiavor of smoked haddock.
XN B/ HYIEITY. [kunsei tara no fumi ga suki desu.])

Bilingual sentence pair 2: (What is the name ofthe fish?
1 DR/ DB BINEHR/ T /D ? [sono sakana po namae wa nan desu ka?])

Noun bilingual word pair : (smoked haddock; B3I/ [kunsei fara])  0.67

(L like the flavor of @.; @/D/RMR/HYIFE/TCT. [@ no fumi ga suki desu.]))

. 2

Template : (of @; @/D [@ o))  Similarity value: 0.42

Fig. 1. An example of acquisition of adjacent information.

First, the system selects bilingual sentence pair 1, for which the SL word
“smoked haddock” exists. Furthermore, the system selects bilingual sentence pair
2, for which “of” that adjoins “smoked haddock” exists and for which “® [no]”
and “T7 [desy]” exist as common parts between two TL sentences. The system

extracts ‘S8 / e [kunsei tara]”, which exists on the left side of the common part
“@ [no]”, from the TL sentence of bilingual sentence pair 1. On the other hand,
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“EBR/ R /5F & [fumi ga suki]”, which exists between “0) [no]” and “TF [desy]”,
is also extracted. However, it does not correspond to a noun, verb, adjective,
adverb, or conjunction. Consequently, only (smoked haddock; Bal/E [kunsei
taral) is obtained as a correct noun bilingual word pair. Moreover, the system
acquires the template (of @;@/() [@ nol) by replacing “smoked haddock” and

JBH /8 [kunsei tara)” with the variable “@” in bilingual sentence pair 1. Simi-

larity values in (smoked haddock; fBB/# [kunsei tard)) and (of @;@/0) [@ nd])
are calculated using the Dice coefficient. The system chooses the most suitable
bilingual word pairs and templates using their similarity values when several
candidates of bilingual word pairs and templates exist.

The template (of @;@/® [@ no]) has the information that the equivalents of
words that adjoin the right side of “of” exist on the left side “® [no]” in TL
sentences. This fact indicates that the system using AIL can limit the search
scope for the decision of equivalents in bilingual sentence pairs by extracting
ONLY word pairs that adjoin the acquired templates. In contrast, the system
without AIL must select correct bilingual word pairs from ALL bilingual word
pairs that are nouns, verbs, adjectives, adverbs, and conjunctions in bilingual
sentence pairs.

3 Performance Evaluation and Conclusions

Five kinds of parallel corpora were used in this paper as experimental data.
These parallel corpora. are for English ~ Japanese, French —~ Japanese, German —
Japanese, Shanghai-Chinese — Japanese and Ainu — Japanese. They were taken
from textbooks containing conversation sentences. The number of bilingual sen-
tence pairs was 1,794. We inputted all 1,081 SL words of nouns, verbs, adjectives,
adverbs, and conjunctions into the system based on Yates’ x2, the system based
on Yates’ x2 in which AIL is applied (herein, we call it the system based on
Yates+AIL), the system based on AIC and the system based on AIC+AIL. Ini-
tially, the dictionary for bilingual word pairs and the template dictionary are
empty. We repeated the experiments for each parallel corpus using respective
systems. In addition, we evaluated whether or not correct bilingual word pairs
exist in the dictionary and calculated the extraction rate for all SL: words.
Table 1 shows experimental results. The respective extraction rates of the
systems based on Yates+AIL and AIC+AIL were more than 6.1 and 6.0 per-
centage points higher than those of the systems based on Yates’ x2 and AIC.
These results indicate that AIL is effective for both Yates’ x? and AIC.
Moreover, in the systems based on Yates-+AIL and AIC+AIL, the respec-
tive extraction rates of the bilingual word pairs for which the frequencies are 1
were more than 9.7 and 9.9 percentage points higher than those of the systems
based on Yates’ x? and AIC. This fact indicates that AIL is effective to solve
the sparse data problem. In some erroneous bilingual word pairs extracted by
systems without ATL, their frequencies are 1. The system without AIL extracted
such erroneous bilingual word pairs because of the data sparseness problems.
Therefore, improvement of the extraction rates of bilingual word pairs for which
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Table 1. Results of evaluation experiments.

Yates AIC Number of

SL Yates’ x*| | a1y, | AIC | 4 ATL |bilingual word pairs
English 53.8% |59.8% [53.3%]| 58.6% 169
French 55.4% {60.4% i{55.4%| 60.4% 240
German 53.3% |58.5% [53.8%] 59.0% 195
Shanghai-Chinese| 57.6% |62.5% [58.3%|62.9% 264
Ainu 52.1% |62.0% |52.6%! 62.4% 213
Total . 54.7% 160.8%(54.9%160.9% 1,081

the frequencies are 1 indicates that AIL is effective to solve the sparse data
problem.

Among related works, one study [5] has acquired low-frequency bilingual
terms using a bilingual dictionary and MT systems for measuring similarity.
It is difficult to deal with various languages because of the use of large-scale
translation knowledge. On the other hand, one study [6] used co-occurrence of
words depending on the number of co-occurrence words and their frequency. That
method is insufficient in terms of efficient extraction of bilingual word pairs. In
contrast, AIL requires only a one-word string as the co-occurrence word, 4.e. only
“of.” Moreover, AIL: can extract bilingual word pairs even when the frequencies
of the pairs of the co-occurrence words and the bilingual word pairs are only 1.
Regarding methods [2, 7] for acquisition templates, such methods require similar
bilingual sentence pairs to extract effective templates.

Future studies will apply our method to a multilingual machine translation
system. -
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