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Abstract

Web information retrieval technology has
been widespread concerned by research-
ers. Web-based search of the OOV Trans-
lation Mining has also become hot spots.
In this paper, the re-ordering of OOV
translation candidates is studied, which is
the result of web mining. Automatic word
alignment technology is used to calculate
the weighted points for each candidate
then sort the results, with the closely right
candidate to be top ranking. The approach
can make good performance in such as-
pects like equal frequency or low fre-
guency circumstances. We take some
OQV phrases in different fields as test
corpora for web mining, and evaluate out
the method on it, and the result is encour-

aging.
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1. Motivation of the Study

OQV (out-of-vocabulary )refers to the
words and phrases that are not in the dic-
tionary, e.g. named-entities like person,
organization and location  names,
book/movie titles, technical terminology
(medical, scientific, technological, mili-

tary, etc.), and newly-coined words be-
cause of social development.

Although natural language understand-
ing (NLU) is far from the final goal, but
the relevant NLU techniques can be of
help in many applications. In machine
translation, cross-lingual information re-
trieval (CLIR), question-answering (QA)
etc, OOV can greatly influence the per-
formance and the translation is also time-
consuming and influential for quality.
Therefore to take advantage of mature
technology of word alignment must have
important practical meaningfulness for
improving the accuracy rate of OOV web
mining.

Exploring abundant web page with bi-
lingual or mixed languages then using
some certain algorithm to obtain OOV
term translation automatically is a hot
topic. Such web-based approach to re-
trieve OOV words translation is easy to
carry out and achieve the high accurate
rate. However, the web mined OOV
translations will always not be only one,
they are commonly sorted by frequency.
The order affects the correctness espe-
cially when the frequency of translation
candidate is same. The right result is
hardly discriminated or founded if the
number of candidates is enormous. Mak-
ing use of bilingual word alignment tech-
nology will alleviate the difficulty to im-
prove the correct rate.
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Related researches [5-7] are using web
search engines to return to the first 100
web snippets for statistics. Researches [8-
10] solve the issue how to obtain the ef-
fective pages that include both Chinese
and English. However, these studies are
basically using the frequency to sort the
translations, while we will study on other
effective features for in-depth study of
translation mining.

Paper [11] utilizes the frequency plus
the average semantic relevance to evalu-
ate and sort the candidate translations.
The four features are frequency, distribu-
tion in different pages, the distance be-
tween the source word and target candi-
dates, and the key words, symbols and
boundary information between the source
word and target candidates. However, this
method is more time-consuming for more
computation.

This paper applies the word alignment
technology to the web mining of transla-
tions. Experiments show that this ap-
proach can improve the accuracy of trans-
lation mining, especially when equal fre-
quency of the candidates or when the oc-
currence is quite rare.

The paper is organized as follows. In
section 2, a method based on the web
search engine is first introduced for web
mining of OOV translations. In section 3,
a way based on word alignment technol-
ogy is introduced for re-ordering of web
mined translation candidates. Section 4 is
the experiment evaluation, in which test
suite for evaluation of the translation
mining is constructed with technical
terms from different areas. Section 5 is an
analysis of the translation mining results,
which aims to reveal the good and bad
aspects of the algorithm. A conclusion is
given and further study is proposed.

2. Web Mining of OOV Translation
Based on Frequency Statistics

The approach is introduced in our previ-
ous work in [13], which in essence is to
search for mixed-language web pages
containing the OOV and its translation,
and then mine the translation via statisti-
cal measures. To get the mixed-language
web pages, we submit a query containing
both the OOV and translation to the long-
est-subsequence. From the returned snip-
pets we can find both the Chinese OOV
and the segment translation, which is a
strong hint for the OOV translation. Fre-
quency, mutual information and other
measures are used to mine the translation.
The process is as follows: 1) Take the
Chinese OQV as an initial query; 2) Ex-
pand the query with possible English
segments based on a bilingual dictionary;
3) Submit the Chinese OOV and the ex-
panded English words to the search en-
gine; 4) Process the return snippets based
on statistical measures and word align-
ment; 5) Output top k translation candi-
dates. The algorithm is described in more
details in the following sub-sections, and
then we propose our improvement to it in
section 3.

2.1. Query Expansion

This web-based translation mining proc-
ess is composed of query expansion be-
fore submitting to the search engine, and
translation mining after getting the infor-
mation retrieval results.

The query involves two parts: the Chi-
nese query (word, phrase or segment to
be translated.) and 2) translation of its
longest-possible sub-sequence. When a
query mixing Chinese and English is
submitted to the search engine, many of
the returned snippets contain the query or
its segments. Some may contain the
whole translation of the Chinese query,
but most of them are buried among many
other English words.

Followed is an introduction to the query
expansion algorithm.

ALGORITHM:

Query expansion for translation mining
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INPUT: the Chinese query C_Query
OUTPUT: Expanded query composed of
the Chinese query and the English query
Exp_Query

BEGIN PROCEDURE

Sub_Seq = C_Query

LOOP UNTIL Sub_Seq is NULL

{

Sub_Seq = C_Query — first character of

the C_Query

IF (Sub_Seq is in the dictionary)

Exp_Query = C_Query + translation of

the Sub_Seq

RETURN Exp_Query

ENDIF

}

END PROCEDURE

Taking “%& & B ¥t as an example.

Sub_Seq is sequentially “FE&EE”, “&

¥, “B%e, the last of which is found

in the dictionary with a series of transla-

tion of “function... (if there exist oth-

ers) . The Exp_Query can be the

C_Query plus any one of the translations.

All the Exp_Query candidates are fed

into the search engine to get the returned

snippets. From the C_Query plus the

various translations, we get an array of

Exp_Query, and then an array of returned

snippets. The translation mining is carried

out on the snippets of the mixed lan-

guages.

2.2. Frequency-based Translation
Candidates Mining

There may be multiple English expansion
words, so we submit each expanded
query, which is composed of the Chinese
OOV and the expanded English item, to
the search engine. For our present exam-
ple, the pair is “Z& & p& % function”.
Co-occurrence frequency is utilized for
the translation mining from the returned
snippets. After filtering out the stop
words such as function words or some
non-linguistic strings, count the fre-
quency of all the English strings, and re-

turn the top N most frequent strings as the
translation candidates.
In this case, the result is as in the table 1.

Table 1. The candidate translations mined
from search engine snippets, sorted in order of
frequency , for the query of OOV phrase “%
TR
Candidate translations
by web mining
[ probefunc ]
[ functions ]
[ funcname ]
[ Func func ]
[ CSDNBIogfunc ]
[ Create or replace function
func ]
[ create function func ]
[ call user funcfunc ]
[ Aggregating Functions ]
[ fgetsphp fgetswhile fgetsc ]
[ echo fgets ]
[ aggregate functions ]

Frequency

RPIRINN RO

N

3. Word Alignment for Re-ordering of
Translation Candidates

Word alignment is a base technology for
machine translation, which involves
mapping of the segments in the source
language to those in the target language.
In this section, we make study on utiliza-
tion of word alignment to improve trans-
lation mining performance.

It, is, my; duty,, tos acoonplish this; tasks .o

A\

%E:Eil iZZ Iﬁf} 1]:%4 7\%5 ﬁaﬁ Ij<J7 ?j‘ﬂ g o9

Fig. 1 An example of word alignment results
3.1. Word Alignment Technology

Word alignment refers to the process of
discovering the correspondences between
the source and target language compo-
nents. Fig. 1 gives a graphical representa-
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tion of the English-Chinese bilingual
word alignment results. The right sub-
script of each word stand figures showing
that position of the serial number in the
sentence, the connection line between the
sentences of bilingual words indicate
alignment relations. Denote the English

sentence as ES:el,ez,...,em , and

CS=c,C,,-6 is the sentence for the
(1<i<

Chinese, where & (l_ I m) is ith word

or phrase adjacent of English sentence,

and Gl<i<n) is ith word in Chinese,
while m is the length of the sentence in
English, n is the length of sentence for the
Chinese. An aggregate can be used to ex-
press the ES and CS alignment results,

<i<
A (1_ 1= k) for each of these terms for
a right match, with the unit dou-

blet (Ae:AC) A is the serial number for
the aggregate of English words location,

Ac is location of the serial number of
Chinese words for the aggregate, express

that Ac the corresponding English words
and the Ac corresponding Chinese trans-
lation are the pairs to each other. A .

Ac not empty at the same time. If, each

of A . Ac is blank, then the match is
empty words alignment. Fig. 1 in (1:
NULL), (5: NULL), (NULL: 3) is empty
alignment. To facilitate that, the paper
assumes that only non-blank alignment is
given. Fig. 1 Word alignment set is as
follows:

It1 is2 my3 duty4 to5 accomplish6 this7
task8 .9
SERLLIX2 T3 %4 25 H6 7
HIE8. 9

{(2:5), (3:6,7), (4:8), (6:1), (7:2), (8:4),
(9:9)}

Word alignment systems usually derive
from either statistical approaches or lin-
guistic ones (usually based on a bilingual
dictionary), or a combination of both.
Statistical methods involve co-occurrence
measures and probability scores, and are
especially effective on large corpora with
high-frequency words but performance
decreases with low-frequency occur-
rences. Linguistic ones make use of in-
formation such as syntactic parsing. They
are less robust despite being able to deal
with low-frequency words. Hybrid ap-
proaches seem to be a good compromise.
Entirely based on bilingual dictionary,
non-blank alignment aggregate are
aligned with very high accuracy rate
(96.16%). However the real translation in
the context with the diversity and flexibil-
ity, according to the terms in dictionary,
the relative alignment coverage is lower
(55.37 percent). In order to increase the
coverage, draw into the similarity of the
vocabulary and semantic-based alignment
methods.

Bilingual dictionary provides a reliable
translation of information on vocabulary
and make full use of information from the
translation will help improve the preci-
sion of statistics. Put the known results
from alignment into the calculation of
statistical probability, and with word
alignment, finally comes out the word
alignment set in Fig. 1.

3.2. Re-order translation candidates

A pre-processing step is first imple-
mented. The queries are submitted to a
search engine. Then the key words are
processed with web mining, i.e. sort the
candidate translations by frequency. Then
a further processing of re-ordering of
translation candidates is implemented
based on word alignment technology.
Implement word alignment to the ex-
panded query and the candidate transla-
tions, then according to the number of
non-empty alignment pairs, coupled with
a certain weight (in this example, plus 30),
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re-ordering the candidate translations.
The results for the example in table 1 are
improved as in table 2.

Table 2. The candidate translations mined
from search engine snippets, sorted in order of
frequency plus word alignment results, for the
query of OOV phrase “¥& & 6 %

C1: Candidate translations by web mining

C2: Frequency

C3: Number of word alignment pairs

C4: Weight of the translation by combination

of frequency and word alignment

C5: Final ranking
C1

(@)
(@)

probefunc
functions
funcname
Func func
CSDNBIlogfunc
Create or
replace function
func

create function 1 1 31 5
func

B

[N

I NIENIESEIL Y
~lo|lo|lo|rk|ojw N
W[N] w| o]
Al |o|N|w|o|o

s

call user 1 0 1 9
funcfunc

Aggregating 1 2 61 2
Functions

fgetsphp 1 01 10
fgetswhile

fgetsc

echo fgets 1 0 1 12
aggregate 1 2 61 1
functions

From the table 2, we can see that the
ranking of the candidate translation is
more reasonable than pure frequency
method.

4. Experiment Design and Result
Analysis

To evaluate the algorithm performance,
we make experiments on large data sets.
The experiment setup is as follows: 1)
Phrases used in experiments are derive
from "The Chinese Translation Forum"

(http://lwww.chinatranslation.org) of the
"English Zone" under the "bilingual in-
formation™ section; and "the car bilingual
glossary" and "computer bilingual glos-
sary" in the first 10 and 20 terms as the
test suite. We also select the first 20
names of key universities listed on the
Ministry of Education of China as an-
other test set.

The examples of translation mining re-
sults are attached in the appendix. Based
on the experiments, a comparison of the
frequency-based method and the align-
ment-based method is given in the table 3.

Table 3. The precision statistics of the
frequency-based tranlsation mining vs. the

method combining word-alignment
technology
Precision
Sort
by
Technical Sort freque
domain of TOPn DY ncy
the OOV feq  and
uenc
word-
y align
ment
0, 0,
Vehicles TOP1 80% 90%

TOP2 80% 100%

TOP1 50% 75%
Computer  TOP2 50% 80%
TOP3  60% 85%
TOP1 75% 85%
TOP2 90% 95%
TOP3  95% 100%

University
names

From the table 3, we can see that in [13]
the approach in many fields are effective
and the precision is high, at the same time
after re-ordering by word alignment the
precision is improved. In table 2, we de-
fine the precision metrics below:

#correct translations

#all translations )
The precision in vehicles OOV transla-

tion mining result TOP 1 is improved
from 80% to 90%; in computer OOV

Precision =
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translation mining TOP 1 is improved
from 50% to 75%; in university name
TOP 1 is improved from 75% to 85%.

From the experiment result, word
alignment technology is very helpful to
improve the correctness for OOV auto-
matically translation of web mining.

Some research issues still exist for fu-
ture research. Firstly, since word align-
ment is based on a bilingual dictionary,
we need a high-quality dictionary which
should cover various domains and possi-
ble translations. Secondly, this method is
not applicable to abbreviation, translitera-
tion, or free translation words. We will
make further study on these issues.
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