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Abstract. This paper describes monolingual, bilingual, and multi-
lingual retrieval experiments using the CLEF 2003 test collection.
The paper compares query translation-based multilingual retrieval
with document translation-based multilingual retrieval where the
documents are translated into the query language by translating
the document words individually using machine translation sys-
tems or statistical translation lexicons derived from parallel texts.
The multilingual retrieval results show that document translation-
based retrieval is slightly better than the query translation-based
retrieval on the CLEF 2003 test collection. Furthermore, combin-
ing query translation and document translation in multilingual re-
trieval achieves even better performance.

1 Introduction

One focus of this paper is on the use of parallel texts for creating statistical
translation lexicons to support cross-language retrieval (bilingual or multilin-
gual) and for creating stemmers to support both monolingual and cross-language
retrieval. Another focus is on evaluating the effectiveness of translating doc-
uments by translating document words individually using translation lexicons
created from machine translation (MT) systems or from parallel texts, and the
effectiveness of combining query translation and document translation in cross-
language retrieval. At CLEF 2003, we participated in the monolingual, bilingual,
maultilingual-4, and multilingual-8 retrieval tasks. The retrieval system we used
at CLEF 2003 is described in detail in our CLEF 2002 paper [1].

2 New Resources

This section describes the new resources that we developed and were used in our
CLEF 2003 runs.



2.1 Stoplists

We gleaned 436 Swedish stopwords from a Swedish grammar book written in
English [2], and created a stoplist of 567 Finnish stopwords gathered from two
Finnish textbooks written in English [3,4]. A foreign language textbook written
in English usually gives the English translations of the foreign words mentioned
in the textbook. We included in a stoplist those foreign words whose English
translations are English stopwords. The stoplist used in indexing Finnish topics
includes additional stopwords found in the previous CLEF Finnish topics. The
stoplist used in indexing Swedish topics also includes additional stopwords found
in the previous CLEF Swedish topics. The CLEF 2003 topics were not used for
constructing stoplists.

2.2 Base Lexicons

We developed a Finnish and a Swedish base lexicons for splitting Finnish and
Swedish compounds. The base lexicons were largely automatically generated.
A base lexicon should include all and only the words and their variants that
are not compounds. Qur approach to creating a base lexicon is to start with
a wordlist and then remove compounds in the wordlist. The remaining words
make up the base lexicon. We first combined the Finnish words in the Finnish
document collection and the Finnish words found in the Finnish version of the
ispell spelling checker. We removed the words of 10 or more characters that
can be decomposed into two or more component words of at least 5 charac-
ters. The decompounding procedure used was described in [1]. To decompose
the long words in the initial Finnish wordlist using the decompounding proce-
dure, we need a base lexicon. The base lexicon for splitting compounds in the
initial Finnish wordlist consists of the words that are at least 7-character long,
the 6-character words that occur at least 50 times in the Finnish collection, and
the 5-character words that occur at least 100 times in the Finnish collection.
This base lexicon was used to split compounds in the initial wordlist, and the
words that can be decomposed were removed from the initial wordlist. We also
removed from the initial wordlist all the words that are one to four characters
long. Lastly we manually removed some of the remaining long words that look
like compounds to us who do not know Finnish or Swedish. Our Finnish base
lexicon consists of the remaining words on the wordlist. The Swedish base lex-
icon was created in the same way. Both the wordlist for the Finnish spelling
checker and the wordlist for the Swedish spelling checker were downloaded from
http://packages.debian.org/unstable/text /ispell.html.

2.3 Statistical Translation Lexicons

We downloaded the Official Journal of the European Union [5] for 1998, 1999,
the first four months of 2000, and 2002 minus July and August. The documents
are in PDF format and available in 11 languages, including all 8 languages in-
volved in the multilingual-8 retrieval task. The year 2002 version of the ps2ascii



conversion program on a Linux machine was used to convert the source PDF files
into text files. The converted texts are noisy in that many words were strung
together. For instance, sometimes the English articles (i.e, a, an, the), pronouns,
and prepositions are combined with the preceding or the following word. Some-
times two content words are concatenated, resulting in many compounds in all
eight languages. In an one-page English document, in the converted texts, we
found words like culturalmiz, andthe, zenophobiaand, inproclaiming, allhelped,
and more.

The original texts in PDF format are presented in two-column format. When
a word is broken into two parts, a dash character is appended to the first part
at the end of a line, and the second part starts on a new line. After the PDF
files are converted into texts, there are many words with a dash inserted in the
middle. For instance, the German word Be-ampfung (the first part Be- appears
at the end of a line, while the second part @mpfung starts on the following line)
was converted into Be- a”mpfung. We did not, but should have, removed the
dash and the additional space after the dash character.

Later we found another PDF to texts conversion program named pdftotext,
also available on a Linux machine. The texts converted from PDF files using
pdftotext look much cleaner. The same word Be-dmpfung was converted into
Bekdmpfung using pdftotext. Not only the diacritic mark was retained in its
original form, but also the dash character inserted into the word was taken out
by pdftotext.

After the diacritic marks were restored in the converted texts, the text files
were aligned at the line level (a line may contain a long paragraph), then at
the sentence level, after splitting a line into sentences, using a length-based
alignment program [6]. Because many words in the converted texts were joined
together after conversion, we used our decompounding procedure to split com-
pounds (including the ones created by joining two or more consecutive words
in the conversion process) into their component words. About 316,000 unique
compounds in the English texts were split into their component words. Our de-
compounding procedure does not split compounds into words that are three or
fewer characters long, so we had to write special programs to split compounds
that contain short words like the English article an or preposition of.

From the sentence-aligned parallel texts, we created six statistical transla-
tion lexicons using the GIZA++ toolkit [7]: 1) English to Dutch; 2) English
to Finnish; 3) English to Swedish; 4) Dutch to English; 5) Finnish to English;
and 6) Swedish to English. We were unable to use the toolkit to create sta-
tistical translation lexicons between Italian and Spanish, German and Italian,
French and Dutch, and Finish and German because of the large vocabulary
sizes in these languages and limited memory on our machine. To support bilin-
gual retrieval, we created three translation dictionaries from the sentence-aligned
parallel texts based on statistical association, the maximum likelihood ratio test
statistic [8]. The three dictionaries are the Italian to Spanish, German to Italian,
and Finnish to German translation lexicons. We did not have adequate time to
create a French to Dutch dictionary from the French/Dutch parallel texts be-



fore the results were due. The procedure for creating translation lexicons from
sentence-aligned parallel texts using statistical association measures is described
in detail in [9].

2.4 Stemmers

In [10] we present an algorithm for automatically generating an Arabic stemmer
from an Arabic to English machine translation system and an English stemmer.
The words in the Arabic documents are translated individually into English, then
the English translations are conflated using an English stemmer. All the Ara-
bic words whose English translations share the same English stem are grouped
together to form one cluster. In stemming, all the Arabic words in the same clus-
ter are conflated to the same word. The words in a cluster are generally either
morphologically or semantically related.

We developed one Finnish stemmer and one Swedish stemmer from the En-
glish/Finnish and English/Swedish parallel texts based on the same idea. As
mentioned in Section 2.3, we generated one Finnish to English and one Swedish
to English translation lexicons from the parallel texts. For a Finnish word, we
chose the English translation of the highest translation probability, i.e., the most
likely English translation, as its translation. So every Finnish word in the paral-
lel texts has just one English translation. The Finnish words in the parallel texts
that have the same English translation were grouped together to form a cluster.
The English texts were stemmed using an English morphological analyzer [11]
before the Finnish/English texts were fed into GIZA++ for creating statistical
translation lexicon. The English morphological stemmer maps plural nouns into
the singular form, verbs into the infinitive form, and adjectives in comparative or
superlative into the positive form. The Finnish words in the same cluster were
conflated into the same stem in stemming. The Swedish stemmer was gener-
ated in the same way. For example, the Swedish words diamanten, diamanterna,
diamanteroch, diamanthande, diamantrika, diamantsek, diamanter and diamant
were grouped into the same cluster, which also includes some other words, since
the most likely English translations of these words have the same English stem
diamond according to the Swedish to English statistical translation lexicon au-
tomatically generated from the Swedish/English parallel texts. In stemming,
these Swedish words were conflated into the same stem. The cluster of Finnish
words whose most likely English translations, according to the Finnish to English
statistical translation lexicon created from the Finnish/English parallel texts,
share the same English stem diamond includes timantit, timanteista, timant-
tialan, timanttien, timantteja, timantti, timanttierd, timantin, timanttialanyri-
tysten, timanttiteol, veritimanteistd, and more. All these words were conflated to
the same Finnish stem in stemming.

2.5 English Spelling Normalizer

The CLEF 2003 English collection contains newspaper articles published in the
U.S. and Britain. The British English spellings were changed into the American



English spellings in indexing the English documents and English topics. We used
a set of rules to extract the words that have both spellings in the collection and
built a table that maps the British spellings to the American spellings. The
table has about 2,700 entries, each one mapping one British English word into
the corresponding American English word. For example, the word watercolour is
changed into watercolor, finalised into finalized, paediatrician into pediatrician,
and o ences into o enses.

st ocu ent r ns tion

To translate a large collection of documents from a source language to a target
language using a machine translation system can be computationally intensive
and may take a long time. In this section we present an approximate but fast
approach to translating source documents into a target language using bilin-
gual lexicons derived from machine translation systems or parallel texts. We
first collect all the unique words in the source documents, then translate the
source words individually into the target language using a machine translation
system. Once we have the translations of all the source words, we can trans-
late a source document into the target language by replacing the words in the
source document with their translations in the target language. The translation
is only approximate, but very fast. It is approximate since the same source word
is always translated into the same target word. When a source word has multi-
ple meanings under different contexts in the source documents, the translations
of the source word may not be the same in the target language. For example,
in translating English into French, the English word race is translated into the
French word race. owever, the English word race is polysemous, it could mean
human race or race in sports. When it means race in sports, the appropriate
French translation is not race, but course. For multilingual retrieval, one can
translate the document collections into the topic language using this method if
one can find a MT system capable of translating documents into the topic lan-
guage. When MT systems are not available but parallel texts are, one can derive
a bilingual lexicon from the parallel texts, and then use the bilingual lexicon to
translate the source documents into the target language by translating the docu-
ments words individually. If neither MT systems nor parallel texts are available,
one can still translate documents word-by-word using bilingual dictionaries as
was done in [12]. When a multilingual document collection is translated into the
topic language, one can index the translated documents together and search the
queries directly against the translated document collection. This approach to
multilingual retrieval does not require any merging of individual ranked lists of
retrieved documents as noted in [13].

est o ection

The document collection for the multilingual-8 I task consists of 190,604 Dutch,
169,477 English, 55,344 Finnish, 129,806 French, 294,809 German, 157,558 Ital-



ian, 454,045 Spanish, and 142,819 Swedish newswire and newspaper articles pub-
lished in 1994 and 1995. There are 60 test topics available in many languages.
The multilingual-4 1 task uses the English, French, German, and Spanish docu-
ments. See Peters and Braschler (in this volume) for details on the test collection,
the tasks, and evaluation of CLEF 2003.

eri ent Resuts

All retrieval runs reported in this paper used only the title and description
fields in the topics. The IDs and average precision values of the official runs are
presented in bold face, other runs are unofficial ones.

5.1 onoling al etrie al Experiments

This section presents the results of our monolingual retrieval runs on eight lan-
guages. Stopwords were removed from both documents and topics, the remain-
ing words were stemmed using either the Snowball stemmers [14] developed by
Martin Porter or the automatically generated stemmers from parallel texts. For
Dutch, Finnish, German and Swedish monolingual runs, the compounds were
split, whenever possible, into their component words before stemming, and only
their component words were retained in document and topic indexes. A com-
pound is split into its component words only when all the component words are
present in the base lexicon, otherwise it is not split and is retained as a com-
pound in the indexes. The same decompounding procedure was applied in all
four languages, using language-specific base lexicons. For automatic query ex-
pansion, 10 terms from the top-ranked 10 documents after the initial search were
combined with the original query. All the monolingual runs included automatic
query expansion via blind relevance feedback. Table 1 presents the monolingual
retrieval results for eight languages. Column 3 gives the number of topics for each
language that have at least one relevant document. The average precision values
presented in the table were computed with respect to only the topics having at
least one relevant document. For all monolingual runs, only the title and desc
fields in the topics were used as shown in column 4. Columns 5 and 7 present
the overall recall values without and with query expansion, respectively; and
columns 6 and 8 present the average precision values without and with query
expansion, respectively. The last column labeled change shows the improvement
of average precision with query expansion over without it. As Table 1 shows,
query expansion increased the average precision of the monolingual runs for all
eight languages, the improvement ranging from 6.76 for French to 16.76 for
Italian. The Finnish monolingual run mono 2 used the Finnish statistical
stemmer generated from the English-Finnish parallel texts, and the Swedish
monolingual run  monos 2 used the Swedish statistical stemmer generated
from the English-Swedish parallel texts. All other runs presented in Table 1 used
the Snowball stemmers, including the Muscat stemmers.



ab . Monoling alI  erformance

n m er|to ic| itho te ansion ith e ansion
r nid lang age| to ics | elds| recall recision| recall recision| change
kmonoen1 nglish | 54 |(TD |9 0 1006 | 05011 | 992 1006 | 05496 | 96
b D tch 56 |TD (14 4 1577| 04955 (1519 1577| . 704
b innish | 45 |TD | 462 4 04972 | 476 4 . 1 29
b innish 45 |TD | 457 4 04626 | 472 4 . 7 26
b r rench 52 |TD | 917 946 | 049 6 | 92 946 | . 676
b erman| 56 |TD (1712 1 25| 05111 |1767 1 25| . 11 09
b t Ttalian 51 |TD | 770 09 | 04 09 01 09 | . 16 76
b s |S anish 57 |TD |2214 2 6 | 04556 |2 01 2 6 . 1174
b S edish| 54 |TD |959 1006 | 04727 |9 7 1006 | . 15 61
b S edish 54 |TD 94 1006 | 04404 |95 1006 | . 1 12

Table 2 presents the performances of Dutch, Finnish, German, and Swedish
monolingual retrieval with different indexing features, which are decompounding,
stemming, and wuery expansion. The column labeled stoplist gives the average
precision values of the monolingual runs when only the stopwords were removed.
The last seven columns present the average precision values of the monolingual
retrieval with additional indexing features. Stopwords were removed in all mono-
lingual runs presented in Table 2. Without stemming and query expansion, de-
compounding alone improved the average precision from 7.10 for Finnish to
30.59 for German in comparison to the average precision when only stopwords
were removed. With decompounding, stemming, and query expansion, the aver-
age precision increased from 22.16 for Dutch to 52.35 for German. Note that
decompounding substantially increased the German monolingual retrieval per-
formance, so did stemming to Finnish monolingual retrieval performance. The
Snowball stemmers were used, when stemming was applied, in the monolingual
runs presented in Table 2. Without decompounding and query expansion, the
statistical Finnish stemmer increased the average precision of the Finnish mono-
lingual retrieval from 0.3801 to 0.4304, an 13.21 increase; and the statistical
Swedish stemmer increased the Swedish monolingual retrieval average precision
from 0.3630 to 0.3844, an 5.90 increase. Both statistical stemmers were not as
effective as the manually constructed Snowball stemmers. The precision of the
German topic 174 with the title Bayerischer ruzifixstreit (Bavarian Crucifix

uarrel) increased from 0.0937 without decompounding to 0.7553 with decom-
pounding. The compound kruzifizstreit does not occur in the German document
collection, while its component words, kruzifix and streit, occur 147 and 7,768
times, respectively, in the German document collection.

The Swedish topic 177 with the title Mjolkkonsumtion i Europa (Milk
Consumption in Europe) has 9 relevant documents, but none was retrieved
when compounds were not split. The precision for this topic increased from 0.0
to 0.2396 when compounds were decomposed. The compound myjélkkonsumtion



ab . val ation of decom o nding, stemming, and ery e ansion

additional feat res

lang age|to ic|sto list|decom |stem |e an |decom |decom [stem |decom
elds stem |e an |e an [stem
e an

D tch |TD |04 42 |0467 |044 0 |04744 (04955 |05126 |0 4962 | .
7 62 1 926 (1412 |1 06 (142 (2216
erman (TD |0 727 |04 67 |04220 (04294 |0 5111 |0547 |04 04 | .
059 |1 2 (1521 |71 46 5 (2 90 |52 5
innish |TD [0 01 |04071 |04974 |04204 [04972 |0 4469 |05541 | .
710 0 6 (1060 |0 1 (1757 (457 |4 20
S edish [TD |0 6 0 (04224 (04121 |04 1|04727 |04 0 |04 .
16 6 (1 5 (19 1 | 022 444 2 5055

occurs only once in the Swedish document collection. Another example is the
Swedish topic 199 with the title Ebolaepidemi i Zaire (Ebola Epidemic in
Zaire) that has 38 relevant documents in total, but the compound ebolaepidemi
occurs only 4 times in total, once in four Swedish documents. The precision
for this topic was increased from 0.2360 before decompounding to 0.6437 af-
ter decompounding. The compound mjélkkonsumtion was split into mjolk and
konsumtion, and ebolaepidemi into ebola and epidemi after decompounding.

The precision for Dutch topic 171 with the title Ijshockeyfinale in Lille-
hammer (Lillehammer Ice ockey Finals) increased from 0.0215 before decom-
pounding to 0.3982 after decompounding. This topic has 18 relevant documents
in the Dutch collection, but the compound ijshockeyfinale occurs only twice
in total, once in two documents. After decompounding, the Dutch compound
ijshockeyfinale was split into ijshockey and finale.

The Finnish topic 159 with the title of Pohjanmeri, oljy ja ymparisto
(North Sea Oil Environment) has 6 relevant documents. After splitting the com-
pound ympristnsuojelun into ympristn and suojelun, and the compound oh-
janmerell into  ohjan and merell, the precision increased from 0.0698 without
decompounding to 0.4660 with decompounding. Both of the decomposed com-
pounds occur in the desc field. Note that the English translations of the Dutch,
Finnish, German and Swedish titles in the examples presented above are the
English titles in the corresponding CLEF 2003 English topics.

5.2 Biling al etrie al Experiments

We submitted 1 Finnish to German, 1 French to Dutch, 2 German to Italian,
and 2 Italian to Spanish bilingual runs. The average precision values for the six
official bilingual runs (in bold face) with additional bilingual runs are presented
in Table 3. For i eitl, i el and iites1l runs, the query words
in the title and desc fields, after removing stopwords, were translated into the
document language using bilingual translation lexicons created from the Official



Journal parallel texts. The bilingual translation lexicons used in these three
runs were developed using the maximum likelihood ratio test statistic as the
association measure. Only the top-ranked translation was retained for each query
word. For the i eit2 run, the German topics were translated into English,
then into Italian using the L MT system. For the iites2 run, the Italian
topics were translated into English, then into Spanish also using the L MT
system. By the time when the results were due, we still did not have a French
to Dutch translation lexicon, so we translated the French topics into English
using the L MT system, then translated the English topic words into Dutch
using the English to Dutch statistical translation lexicon built from the English-
Dutch parallel texts. The version of L MT system that we used does not
translate English to Dutch. The English query words translated from French were
individually translated into Dutch, and only the top-ranked Dutch translation
for each translated English word was retained. The last seven bilingual runs

ab . erformance of iling al retrieval r ns
rn to ic|to ic doc ment|translation average
id elds|lang age|lang age |reso rces recision
b b TD | innish | erman | arallel te ts
bbr TD | rench |D tch & arallel te ts
b b t |TD erman |Italian arallel te ts
b b t |TD erman |Italian &
b b ts |TD |Italian |[S anish | arallel te ts
b b ts |TD |Italian |S anish & .
k iennll |TD | nglish |D tch arallel te ts 0 4045
k ien 1 |TD nglish | innish arallel te ts 0 011
k ienfr1 |TD | nglish | rench & 0 4156
k iendel |TD | nglish | erman | & 04694
k ienitl |TD | nglish |Italian & 04175
k ienesl |TD | nglish |S anish | & 040
k iensvl |TD | nglish [S edish | arallel te ts 0 56

using English topics were used in our multilingual retrieval runs. For the English
to French, German, Italian and Spanish bilingual runs, the English topics were
translated into French, German, Italian and Spanish using the L MT system,
while for the English to Dutch, Finnish and Swedish bilingual runs, the English
topic words were translated into Dutch, Finnish and Swedish using the statistical
translation lexicons built from the parallel texts. Again, only the top-ranked
translation in a target language was retained for each English query word. The
version 7.0 of L Power translator supports bi-directional translation between
English and French, English and German, English and Italian, and English and
Spanish. Our copy of the L Power translator does not support translation
from English to Dutch, Finnish or Swedish, or vice versa. All the bilingual runs



applied blind relevance feedback. The top-ranked 10 terms from the top-ranked
10 documents after the initial search were combined with the initial query.
Overall, the performances of our bilingual runs are much lower than those of

monolingual runs. The English to Finnish bilingual performance is only 53.45
of our best Finnish monolingual performance. French topic 192 has 19 relevant
documents, all in the ATS French collection. The French title of topic 192 is

Assassinat d un directeur de la television russe , its English equivalents being

ussian T Director Murder in the corresponding English topic 192. When

the English title was translated into French using the L MT system, its
French translation became tele russe Directeur Murder . The word television
occurs 39 times, and televisions once in the 19 relevant documents in the TI,
LD, T , or ST fields, but the translated French word tele does not occur in the
relevant documents. The word assassinat occurs 40 times, and assassinats once
in the relevant documents, but the word murder does not occur in the relevant
documents. The precision of the English to French bilingual run for this topic is
0.0162, while the French monolingual run precision of the same topic is 0.8844.
Another example is the English topic 186 where the English to French bilingual
performance is far below the French monolingual performance for the same topic.
The English title of topic 186 is Dutch Coalition Government and its equivalent
French title is Gouvernement de coalition neerlandais . The English title word

utch was translated into hollandais and the word etherlands in the description
into ollande. Neither ollande nor hollandais occurs in the 13 relevant French
documents for this topic. The English to French bilingual performance for this
topic is 0.0162, while the French monolingual performance of the same topic is
0.6490.

5.3 Itiling al etrie al Experiments

Itiling al 4 Experiments In this section, we describe our multilingual re-
trieval experiments using the English topics. As mentioned in section 5.2, the En-
glish topics were translated into Dutch, Finnish, French, German, Italian, Span-
ish and Swedish using either the L MT system or the statistical translation
lexicons built from the parallel texts. Table 4 presents the results of three mul-

ab . M ltiling al-4 retrieval erformances

r nid to ic lang age|to ic elds|merging strategy |recall recision
b nglish TD ra score 466 6145
b nglish TD none 4605 6145
b nglish TD s m of ra scores|5017 6145

tilingual runs using English topics to search against the collection of documents
in English, French, German and Spanish. The m l4enl run was produced
by combining the English monolingual run bkmonoen and three bilingual runs,



bkbienfr , bkbiende and bkbienes . The performances of the individual bilingual
runs were presented in Table 3. When the results of the four individual runs were
combined, the raw scores were not normalized before merging.

The m l4en2 run was produced by searching the English queries against
the combined collection consisting of the English documents in the English col-
lection and the English documents translated from French, German and Spanish
collections. The French, German and Spanish documents were translated into
English in three steps. First, we collected all the words in the French, German
and Spanish documents. Second, we translated the French, German and Spanish
document words individually into English using the L. ~ MT system. Finally, we
translated the French, German and Spanish documents into English by replacing
the French, German and Spanish document words with their English translations
produced in the previous step. The English documents and the translated En-
glish documents from French, German and Spanish were indexed together. This
run included query expansion for which 10 terms were selected from the top-
ranked 10 documents after the initial search. Note that this approach does not
need to merge individual results.

The m l4end run was produced by combining the query translation-
based run m l4enl and the document translation-based run m 14en2.
The relevance scores were not normalized, but summed when the same document
was on both ranked lists of documents.

Therun m l4en2 performed better than the run m 14enl on 36 top-
ics, but worse on 23 topics. For most of topics, the precision difference on the
same topic between these two different approaches are less than 0.20. owever,
there are 5 topics for which the precision difference is over 0.30. The precision of
topic 161 is 0.0003 in the query translation-based run m 14enl, but 0.6750
in the document translation-based run m 14en2. Topic 161 with the English
title of Diets for Celiacs has 6 relevant documents in total in the multilingual-
4 document collection, 5 being Spanish documents and 1 German document.
The title word eliacs, which also occurs once in the description field, was not
translated into Spanish by the L MT system, neither into German. The pre-
cision for topic 161 is only 0.0008 using the Spanish topic translated from the
English topic to search the Spanish collection. The failure of retrieving the rel-
evant documents in the English to Spanish bilingual run ultimately led to the
poor performance of the multilingual run m 14enl on topic 161. Although
the English topic word celiacs was left untranslated by the L MT system, its
Spanish equivalent celiacos in the documents was correctly translated into the
English word celiac. This is the reason why the document translation-based run
substantially outperformed the query translation-based run on this topic.

As mentioned above, the L MT system translated the English words
utch into hollandais and etherlands into ollande in topic 186, neither actu-
ally occurring in the French documents. owever, the L MT system trans-
lated correctly the word neerlandais in the French documents into the English
word  utch. The precision for topic 186 is 0.2213 in the m l4enl run, but
0.6167 in the m 14en2 run.



ab . M ltiling al- retrieval erformances

r nid to ic lang age|to ic elds|merging strategy |recall recision
b nglish TD ra score 6 42 10020
b nglish TD none 5 64 10020
b nglish TD s m of ra scores|6677 10020

Itiling al Experiments Table 5 presents the performances of three mul-
tilingual retrieval runs involving eight languages. The English topics were used
in all three runs.

The m 1 enl run was produced by combining the English monolingual
run bkmonoen and seven bilingual runs from English to the other seven doc-
ument languages. The seven bilingual runs are bkbiennl , bkbienfi , bkbienfr ,
bkbiende , bkbienit , bkbienes and bkbiensv , whose performances were pre-
sented in Table 3. The raw scores of the individual runs were not normalized
before merging.

The m 1 en2 run was produced by searching the English queries against
the combined collection consisting of the English documents in the English col-
lection and the English documents translated from the other seven document
languages. The translation of French, German and Spanish documents into En-
glish was described in section 5.3. The Italian documents were translated into
English in the same way as were the French, German and Spanish documents.
The Dutch, Finnish and Swedish documents were translated, word-by-word, into
English using the statistical translation lexicons built from the parallel texts.
For instance, a Finnish document was translated into English by replacing each
Finnish word in the document with its most probably English translation found
in the statistical Finnish to English lexicon developed from the Finnish-English
parallel texts. The English documents and the translated English documents
from the other seven document languages were indexed together. For query ex-
pansion, 10 terms were selected from the top-ranked 10 documents after the
initial search.

The m 1 en3 run was the result of merging the query translation-based
run  m 1 enl and the document translation-based run m 1 en2. The rel-
evance scores were not normalized but summed when the two runs were merged.
The m 1 en2 run performed better than the m 1 enl run on 34 topics,
but worse on 25 topics.

The documents in our multilingual retrieval runs were translated out-of-
context, since the words were individually translated into English from other
document languages. We conjecture that using documents translated in-context
would produce better results. For lack of computational resources, we did not
translate the multilingual-4 document collection into English using MT systems
and perform retrieval from the translated documents.



onc usions

Decompounding, stemming, and query expansion have been shown effective in
both monolingual and cross-language retrieval. The automatically generated sta-
tistical stemmers improve retrieval performances; they are, however, not as ef-
fective as the manually created stemmers. The document translation-based mul-
tilingual retrieval is slightly better than query translation-based multilingual re-
trieval. Combining document translation and query translation in multilingual
retrieval achieves even better performance. In the document translation-based
multilingual retrieval, the documents are translated into the topic language by
translating the document words individually using either MT systems or trans-
lation lexicons derived from parallel texts.
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