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Abstract

In this paper we present an adaptation of multi-lingual information retrieval for the production of an
aligned bilingual corpus from noisy parallel English-Japanese newswire articles. We implement the
standard vector space model and show though simulation the effectiveness of six variations for the
alignment task. The methods are computationally efficient, easy to evaluate and generalizable to other
genres and language pairs - an important factor if we are to use the aligned articles for knowledge
acquisition in unrestricted domains. Our results indicate that while stemming, inverse document
frequency and lexical filtering all improve the performance, the best overall improvement was due to
simple normalization of article length.
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1 Introduction

Our goal in this paper is to show how the
term vector translation model in multi-lingual
information retrieval (MLIR) can be adapted
to match bilingual texts for the production of
aligned parallel corpora. Our investigation uses
newswire texts in English and Japanese. The
methods are intended to be computationally ef-
ficient and re-usable, making minimum use of ex-
ternal knowledge sources. The purpose of our re-
search is to use the resulting noisy-parallel cor-
pus for bilingual knowledge acquisition to sup-
plement a general-purpose machine translation
system. It is important therefore that the meth-
ods can be applied to unrestricted text.

It is becoming increasingly apparent that
clean-parallel corpora such as the Cana-
dian/Hong Kong Hansards are very rare, and
this limits the applicability of the techniques
developed for knowledge extraction from them.
Recently, papers (e.g. [Fung and McKeown,
1997]) have appeared on the subject of noisy-
parallel corpora where alignment does not often
occur on a one-to-one sentence basis. As in-
ternet resources become more plentiful we are
likely to discover many sources of noisy-parallel
texts. However, the task of aligning correspond-
ing units of text is more challenging.

In our work with Reuter bilingual English-
Japanese newswire articles we have found that
text units correspond poorly at the sentence level
due to the heavy reformatting that occurs during
translation which includes large omissions, re-
ordering and concatenation of sentences. Conse-
quently, the most appropriate and reliable units
of alignment appear to be at the article level.
The approach we present in this paper is par-
ticularly applicable when there is an absence of
language independent annotations with which to
establish a bilingual relation.

We have chosen to explore IR techniques for
text matching which use the vector space model
where the two texts are converted into word fre-
quency vectors. After presenting a summary of
the multi-lingual information retrieval task we
introduce several standard models for this prob-
lem and show their effectiveness through simula-
tions.

2 Task Description

A standard task in information retrieval (IR) is
to retrieve documents from a large collection in
response to a user’s query. These documents are
typically scored according to relevance and pre-
sented to the user in ranked order. A related task
which was first investigated in [Salton, 1970] and
more recently under the title multi-lingual infor-
mation retrieval is to enter the query in a differ-
ent language to the document collection.

In recent MLIR studies using broader lan-
guage coverage, e.g. [Davis and Dunning, 1995]
on the Spanish TREC corpus, a significant dif-
ference has been found between the results for
monolingual document retrieval and retrieval
when the query has been translated from an-
other language. This performance penalty has
been linked to the degree of transfer ambiguity,
i.e. the number of polysemes and homonyms in
the query vector.

The central issue for MLIR, as identified by
[Davis, 1996] is whether vector matching meth-
ods can succeed given that they essentially ex-
ploit linear relations in the query and target doc-
ument. In other words they rely on term-for-
term translations.

3 Implementation

Given a corpus of English source texts and an-
other corpus of Japanese summary translations it
was natural to consider the Japanese texts, which
are typically only four or five sentences long, as
IR queries. The goal of article alignment can be
reformulated as an IR task by trying to find the
English document(s) in the collection (corpus) of
news articles which most closely corresponded to
the Japanese query. The overall system is out-
lined in Figure 1 and discussed below.

3.1 Newswire articles

One of the richest sources of bilingual informa-
tion for knowledge acquisition may be newswire
sources. In particular international news stories,
even though produced by different agencies, may
be expected to correspond because of the com-
mon interest in the events covered.

Our English document collection consists of
Reuter daily news articles taken from the inter-
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Figure 1: System Overview

net for the 7th December 1996 to the 21st of
March 1997. In total we have 4689 English arti-
cles with an average of about 45 articles per day.
Once pre-processing has taken place to remove
hypertext and formatting characters we are left
with approximately 26000 paragraphs of English
text. .

In contrast to the English news articles, the
Japanese articles, which are also produced daily
by Reuter’s, are very short. The Japanese is a
translated summary of an English article, but
as we mentioned earlier, considerable reformat-
ting has taken place. The 1071 Japanese articles
cover the period from the 12th December 1996 to
the 14th of March 1997. From this collection we
selected a sample for our query set. We discuss
the composition of the query and judgement set
later.

3.2 Query translation

In order to match English and Japanese doc-
uments it was first necessary to translate the
Japanese text into English. Query translation
using term vector translation is possibly the most
simple option available. Full machine translation
would undoubtedly reduce the level of transfer
ambiguity but it is not a very viable option for
general language at this time.

The disadvantage of term vector translation
using a bilingual lexicon arises from the shallow

level of analysis. This leads to the incorpora-
tion of a range of polysemes and homographs
which act to reduce the level of matching be-
tween the query and its corresponding English
document(s). In fact we find that the greater
the depth of coverage in the bilingual lexicon,
the greater this problem will become. For exam-
ple, terms with many translations could make the
query vector too general, leading to a loss of pre-
cision in document retrieval. Furthermore, the
most precisely defining terms for a news article
are often proper nouns, for which the coverage
in our bilingual lexicon is very low.

Another problem is the issue of how we weight
the terms in the translated query vector. As we
know from statistical machine translation, dif-
ferent terms will not have the same likelihood of
translation, therefore how should we incorporate
such information in the query vector? Moreover,
the weighting of alternative homonyms should
also be considered. In this study to assign each
homonym term its full weight.

3.3 High frequency words

In most previous work the common practice is to
use a stop list of function words which are then
used to prevent such words entering the docu-
ment index. In our simulations we noticed that
some common words and even proper nouns had
very high frequencies and that they were statis-
tically irrelevant as document discriminators.

We chose not to use a hand built stop list
but instead calculated word frequencies and re-
moved the top 0.05% most frequent words from
consideration. This resulted in the exclusion
of 107 words which included most of the func-
tion words. Frequency thresholding also removed
common nouns such as ‘government’, ‘cabinet’
and ‘chief” which appeared in this top 0.05%
group due to their scope of usage. Clearly these
words would have greater specificity if they were
used in phrasal form for example ‘chief execu-
tive’, ‘chief secretary’ or ‘police chief’. The issue
of phrase formation is discussed below.

3.4 Term formation

An important issue in indexing a document is
term selection. We must decide for example
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whether to use phrases or single words, stemmed
words or surface forms in the index.

There is considerable evidence that the use of
phrases in the index gives superior precision com-
pared with the use of single words (see for exam-
ple the discussion in [Salton, 1989] and [Hull and
Grefenstette, 1996]). However, we decided not to
use phrases in the index at this stage for several
reasons outlined below.

Firstly we wanted to establish a base case for
article alignment using single terms. Secondly,
the reusability consideration led us to avoid as
far as possible the use of external knowledge
sources for phrase identification, although this
will change as the performance characteristics
of tools such as taggers become known. More
important was the methodological consideration
that we must be able to accurately find trans-
lations of phrases, many of which are proper
nouns, in the Japanese article using a rather sim-
ple bilingual lexicon. We therefore chose to use
single word terms rather than phrases.

Our bilingual dictionary which contained
65,000 Japanese words in base form with their
English translations returned quite a mixed-bag
in the morphological sense. In this situation it
seems intuitive that we should normalise words
to improve term matching. In the simulations
described below we measure the effectiveness of
English stemming using the Porter algorithm
[Porter, 1980] as one refinement of the basic
model.

The result is a balanced compromise between
a purely statistical approach and the need to
introduce some bilingual knowledge in order to
establish a correspondence between English and
Japanese articles.

4 Models

Below we present several models which calculate
similarity between an English and Japanese news
article with increasing sophistication.

Terminology

An index of ¢ terms is generated from the doc-
ument collection (English corpus) and the query
set (Japanese articles). Each document has a de-
scription vector D = (w1, W4z, .., W4t) Where wgy
represents the relevance of term k in document

D. There are N documents in the collection,
and ny represents the number of documents in
which term k appears. t¢f;; denotes the term
frequency of term k in document D. A query
Q is formulated as a query description vector

Q - (waywq21 oy wqt)-

4.1 Model 1: tf

Our base model calculates the similarity between
Q and D using a simple inner product correlation
of term frequencies f.

t
IP(Q,D) = Y wowak (1)
k=1
where
Wek = tfzk (2)

4.2 Model 2: if with document
length normalisation

Model 1 produces a score which is in theory un-
bounded, and in practice only bounded by the
size of a document. This is unsatisfactory be-
cause longer documents will have an unfair ad-
vantage as they (a) have more terms, and (b)
the terms have higher frequencies of occurrence.
Model 2 uses the cosine coefficient to normalise
the score by taking into account the number of
terms in the query @ and document D.

Soh—1 WokWak
Cos(Q,D) = 3
( ) (Zi:l wgk + Zi::l w?[k)l,2 ( )

4.3 Model 3: Lexical normal-
isation with English stem-
ming

We now supplement model 2 with an English

stemmer to remove the suffix variations between

surface words in the English documents and the
translation of the query. We decided to use the

Porter algorithm [Porter, 1980], whose opera-

tional characteristics are well documented, e.g.

the investigation by Hull and Grefenstette.

We found that stemming resulted in a reduc-

tion in the size of the lexicon generated from the
document collection from 34574 surface words to
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20438 word tokens, a reduction of approximately
40%. After stemming an average Japanese query
had a cardinality of 245 English tokens and an
average English document a cardinality of 156
word tokens.

4.4 Model 4: Refining weights
with idf

Rather than simply using weights which are lim-
ited to the frequency of the term in a single doc-
ument or query we would like to take account of
the frequency within the document collection as
a whole.

Model 4 combines the term weight in the doc-
ument or query with a measure of the impor-
tance of the term in the document collection as
a whole. This gives us the well-known inverse
document frequency idf.

Wep = tfok X log(N/ny) (4)

We note that since log(N/ny) favors rarer
terms, idf is known to improve precision.

4.5 Model 5: Query expansion
with relevance feedback

Relevance feedback aims at refining the weights
in the query vector by incorporating informa-
tion from previously discovered relevant docu-
ments. The query is then rerun and hopefully re-
call will be improved. In theory terms which are
present in the retrieved documents have implic-
itly been identified as relevant to the query. Pre-
vious authors in IR have usually reported dra-
matic improvements of upto 50% as a result of
relevance feedback and the early results in MLIR,
e.g. [Sheridan and Ballerini, 1996], seem to share
this trend.

We use local feedback to refine the query
description vector @ by finding the most rel-
evant document D in the collection, D™ =
(Wm1y W2y s Wime). If Cos(Q, D™) exceeds some
threshold and D™ is the best matching document
then we mix @ and D™, i.e. we refine the query.
The assumption is that D™ contains more infor-
mation about the document set we are looking
for that Q by itself.

o = awgy + Pumlog(BEEZ 1)) (5)

k(1 = pr)
where
pk =rde/R (6)
and
- N — T‘dk
e (M

where rdy, denotes the number of relevant doc-
uments in which term &k appears and R is the
number of relevant documents found. In our sim-
ulations we set « to 0.5 and § to 0.5.

4.6 Model 6: Lexical filtering

In the final model we remove the influence of
terms in the query description vector @ which are
not present in the document collection through
a process of lexical filtering. This prevents un-
known terms in @ from reducing the matching
score.

5 Evaluation

In order to automatically evaluate fractional re-
call and precision it was necessary to construct a
representative set of Japanese articles with their
correct English article alignments. We call this
a judgement set.

The judgement set consists of 60 Japanese
queries with 227 relevant English documents.
Some 17 Japanese queries (approximately 30%)
had no corresponding English document at all.
This large percentage of irrelevant queries can
be thought of as ‘distractors’ and is a particular
feature of this alignment task, emphasizing the
necessity for the matching method to have fine
precision as well as good recall.

Following inspection of matching articles we
used the heuristic that the search space for each
Japanese query was three days of English arti-
cles, which was on average 135 articles. This is
small by the standards of conventional IR tasks,
but given the large number of distractor queries
and the low level of analysis in translating the
query from Japanese to English, the task is chal-
lenging.
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Figure 2: Recall and precision for English-
Japanese article alignment: 60 Japanese queries
over 4689 English documents, with a mean
search range of 135 documents per query. +:
model 1, x: model 2, *: model 3, open square:
model 4, close square: model 5, o: model 6.

6 Results and Discussion

We define recall and precision in the usual way
as follows:

no. of relevant items retrieved
recall = - - : (8)
no. of relevant items in collection

no. of relevant items retrieved

(9

precision =

no. of items retrieved

Model Mean precision
0.20
0.45
0.47
0.52
0.53
0.57

DU W N

Table 1: Mean precision for all methods. The
figures are calculated over the 0.2 to 0.6 recall
range from curve interpolation on the simulation
results.

Figure 2 shows the recall-precision curves for
the six methods. The area of most interest to us
for our application of knowledge acquisition is in
the 0.2 to 0.6 recall range. Mean precision levels
are summarized for this range in Table 1.

Model 2 improves greatly over model 1. Our
results reflect the belief in IR (e.g. [Singhal et al.,
1996]) that cosine normalisation benefits the re-
trieval of shorter documents. A detailed inspec-
tion of the results showed that this was generally
true, but a significant fraction of very short En-
glish documents of 7 sentences or less in length
could not be recalled. Almost 10% of the English
articles in our sample were of very short length,
of which only 4% were found with model 2. We
also see in Figure 2 that length normalisation is
of less benefit as recall increases past 0.6. This
shows that model 2 cannot compensate for low
term overlap.

In line with results for monolingual IR (e.g.
[Hull and Grefenstette, 1995]) we see that stem-
ming in model 3 improves recall by upto 5%.
The overall effect on mean precision in the Table
1 though is only +2%. This is surprising given
the wide morphological variation we found in the
bilingual lexicon which was then introduced in
lexical transfer. One explanation is that stem-
ming improves matching of cognate terms, but
also increases the generality of terms so that we
have improved recall at the expense of reduced
precision. For higher precision levels we see
that stemming actually appears to be counter-
productive, showing that well-matching queries
are becoming more general.

Incorporating idfin model 4 led to another sig-
nificant improvement in mean precision of +5%.
This confirms that term relevance should be
considered in MLIR. The idf method does not
however capture all the relevance information,
and we would like to incorporate term frequency
within documents in future implementations.

The results from model 5 are quite mixed. Rel-
evance feedback as we have defined it should
enhance the chance of finding a correct doc-
ument by reducing the weighting of irrele-
vant homonyms and increasing that of relevant
homonyms. This works well when the query is
much more general than the document, but ac-
tually reduces precision when the query and the
document were a good match before relevance
feedback. The overall effect in the key recall
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range is zero on mean precision. Further investi-
gation is needed to find better methods of query
refinement.

Model 6 provides another improvement in
recall-precision. Clearly lexical filtering is ben-
eficial as it removes terms from the query vec-
tor about which we have no knowledge in the
document collection. However, it is unknown
whether this improvement in performance will be
sustained as the document collection, and there-
fore the lexicon, grows and increases coverage.

7 Future Research

We have presented preliminary results for the ap-
plication of MLIR to article alignment for knowl-
edge acquisition. Clearly an extension in the
scope of the simulations is needed to test how
generalizable our conclusions are. We therefore
plan on repeating the simulations with larger
document and query sets for six and twelve
months. An increase in the size of the judgement
set is also needed to guarantee accuracy.

It is important to remember that our results
have not shown general article alignment using
MLIR techniques. We have shown how the meth-
ods perform on a particular genre (international
news stories) and a particular language pair (En-
glish and Japanese). In order to gain a better
understanding of the processes which influence
article alignment we need to extend the simula-
tions to cover other document collections.

The approach presented here is deliberately
very general and we have not used linguistic anal-
ysis in lexical transfer. Improvements in perfor-
mance could be made if the user had access to
more sophisticated analysis algorithms to remove
or reduce the level of transfer ambiguity, e.g. to
reduce the number of homonyms generated for
each Japanese term.

8 Conclusion

In this paper we have shown the application of
MLIR to bilingual corpus alignment where we
cannot rely on language-independent alignment
clues. We have shown through simulations that
automatic alignment of noisy parallel English-
Japanese texts is practical using only the most
basic linguistic resources.

Given the small search space for news article
matching we would expect a very high level of
precision. Clearly though the results show that
the task of MLIR is not so simple. Lexical trans-
fer of news articles makes the problem challeng-
ing, especially as we have very few proper nouns
in our bilingual lexicon. Another factor is our
use of contextually related article pairs in the
judgement set. Our results may show that this
category needs a tighter definition as very loosely
related articles fail to match.

Among the major influencing factors are the
degree of polysemy in the bilingual lexicon. As
our lexical coverage for matching increases, our
algorithm must improve in sophistication to im-
prove precision. One such method would be to
improve the analysis of the Japanese article and
to reduce ambiguity. Another method would be
to identify phrases for indexing the news articles.

The size of the news articles has largely been
compensated for with length normalisation, but
very short articles of less than 7 sentences are
still difficult to match. This is a problem be-
cause a large proportion of articles in our col-
lection are very short. Stemming, inverse docu-
ment frequency and lexical filtering all improved
recall-precision marginally.

The methods we have used are all easily gener-
alizable to other text collections and languages.
This will be needed if we are to acquire a broad
range of bilingual knowledge in our next task
which is knowledge acquisition.
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