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Abstract

We preseat in this dissertution our combination approach for rohust multilingual
information retrieval (MLIR). Many people. especially those living in industrialized
countries. are today exposed 10 an ever-increasing amount of (digital} information,
Increasing globalization. among other factors. implies that more and more of this
information is writlen in languages difierent from the ones preferred by the users of
an information access system. Tools that allow aceess across languages (“bridging
the language gap™) therefore seem essential.

The goal of our muliilingual information system is o make information
accessible regardless of language differences between the searcher and the
information. The system accepts queries in one language, and allows retrieval of
documents written in one of several languages. For our experiments. we have
adapted the sysiem 10 five widely spoken Western European languages.

Early research in cross-language information retrieval (CLIR), the subfield of
academia concerned with information access across languages. led to systems thai,
although using very different transtation methods, performed at around 50%-60% of
the effectiveness ef similar monolingual information retrieval systems. Qur first
main goal was therefore to advance retrieval effectiveness of our systemn beyond the
level reached by those early approaches. One of our observations was that different
approaches led 1o very different performances for individual queries, even if their
average performance was remarkably similar. We show that the use of a
combination of several “simple™ approaches can substantially increase retrieval
effectiveness, drawing on the strengths of the individual translation methods.
Besides the right approach to iranslation. gond monolingual retrieval is also essential
as a solid foundation for such a multilingual retrieval sysicm, and we have
investigated the issues encountered when adapting the system to new |languages. To
this end, we present an extensive study of German text retricval.

The effectiveness of our methods has been evalualed by parlicipating in a
number of evaluation campaigns, and results were consistently competitive with
those reporled for the best performing sysiems. As deiermined ai these evaluation
camnpaigas, the level of CLIR performance has now risen o more than 80% of the
best monolingual performanec for selected pairs of widely spoken languages, thus
systems such as ours have reached a high level of maturity in this respect.

Conscquently, retrieval effectiveness was nol our only goal and reason for
choosing a combination approach. Raiher, we wanted to develop robust methods
that generatize well beyond specific test scenarios. We have designed our system
with applications in operational settings in mind, avoiding over-tuning to lahoratory
settings during evaluation. We argue that while retrieval effcctiveness has increased
in reeent years, commercial uptake of CLIR echnology is still low. In operational
scitings, additional criteria come into prominent focus. and we demonstrate how we
have designed our system with these eriteria in mind. The stated goal is to achieve
equilibrium between retrieval effectiveness as measured hy laborarory experiments



and additional concerns, such as those encountered in operational settings. Among
the issues that we have investigated are lexical coverage and the avoidance of
negative outliers.
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1 1ntroduction

1.1 Maotivation

This dissertation describes efforts to advance the state-of-the-art with respect to
methodologies to access textual information “across languages”, ie. to access
information from a mulilingual “pool of texis™ regardless of which language is used
by the searcher for access.

The advent of the “information age”, and recently the success story of the
Internet, has brought exposure to an ever-increasing amount of {digital) information’
for many people, mostly those living in industrialized countries. The ease and speed
of transmission of digital data, and not least the continuing globalization, imply that
mare and more of this information is written in languages different from the ones
preferred by the potential consumers. Some sources ot global information, such as
the World Wide Web, are open to a vast numher of potential users. We postulate that
tools that are capable of handling multiple languages for information access,
bridging the language gap between a user and the content to be accessed, are
therefore essential. To stay with the example of the Web, we observe that while
initially most of the users came from English-speaking countries or from academic
circles, making English the “lingua franca®, the number of non-English-speaking
uscrs has risen dramatically from earlicr years®. The marketing communications
consultancy “Global Reach™ estimates the number of non-English speaking Internet
users to be around half a billion users for 2003, with more than 800 million
projected for 2005, In 1996, according to the estimates, only 5 million non-English
speaking users were online {Global Reach, 2004).

It is important to remember that the Web is just one factor in the increasing
information load that users face today, albeit one that is very much in the public’s
eyes, It seems safe to assume that increasing globalization of markets has led to
workers being confronted with more foreign-language information in general.
Globalized market places imply that the inability to access information on a global
scale is a serious distraction to commercial success. In particular, non-English

' An attempt to measure the amount of new information created every year has heen made by
rescarchers at the Schoel of Information Management and Systems at the University of
Caiifornia at Berkeley both in 2000 {Lyman and Varian, 2000) an¢ 2003 (Lyman and
Varian, 20033, They estimale Lhal the amount of newly stored information grew abour 30% a
year between 1999 and 2002.

2 Thexe is, however, no general agreement on whether the Web has continued to hecome more
multilingual in recent years, e.2. in ferms of the percentages of English-speaking users vs.
non-English-speaking users or of content written in English vs. content writien in other
lapguages. As ap indication to the comrary, the Web Charaeterization Project WCP
(ntp:/Aavep.ocle.orgf) found no change in the relative frequency of English pages on the Web
between 1999 and 2002 (72% of all pages were written in English for hoth years) (O"Neill et
al, 2003).


oclc.org/

speakers need to have access to the vast amount of information that is only available
in English,

Aside from pressure created hy an information Ilood that is incrcasingly
multilingual, there arc sites that have long lived with the necd to create, manage.
slore and retricve multilingual information. such as large international corporations
and organizations, and multilingual countries. In such environments. efficient and
¢ffcctive access to multilingual information is essential to guarantce cohesion,

1.2 Goal

The goal of the rescarch underlying this study is to advance the state-of-the-art in
electronically accessing multilingual information’. As will be demonstrated.
rcscarch in cross-language information retrieval (CLIR). the academic field
concerned with multilingual information access, had reached a point in 1997/98.
where the “simple” methods being widely in use were performing at an effectiveness
of around 50-60% of that of comparable monolingual systems. as determined by
experiments in thc context of evaluation campaigns®. This level was reached hy
several competing approaches. with nonc of the approaches clearly showing superior
performance. We thus argue that a “glass ceiling” of performance for “carly
generation™ approaches had been reached. and that the time was righl to move
forward to a new generation of more effective CLIR approaches.

Efforts to transfer CLIR technology that we have developed in the form of
research prototypes to operational settings bave led us to define additional criteria
that we believe arc important in order to be able to generalize beyond academic test
collections and in order to establish commercial viabilily in real-world applications.
We then set out to study how these additional criteria affect the design of our CLIR
methods.

We have tried to address both concerns prominently in our work. As an answer
to the challenges that faced us, we have staried work on combination approaches
that incorporate elements of several simpler CLIR methods. We feel that in this way
we are able to estahlish equilibrium hetween the need to improve on the level nf
performance obtained by any single method on its own (therelore “breaking the

* While we do nol specifically exclnde any particolar langoages. we have focused mostly on
frequently spoken Western European languages. namely English, French, German, Nalian,
and Spanish. The methods and conclusions do in principle often gencralize beyond this sct
of languages, although there are obviously additional tssues when e.g. adapting to East
Asian languages, such as character encading and segmentation,

' See Schauble and Sheridan (1998) for a discussion of results in ihe TREC-6 evaluation
campatgn held in 1997, where a broad range of “simple” approaches was tested in a
commaon cvaluation scenario. A similar observation specifically with regard to query
translation methods has been made by Qard (1998), who notes that “|...] simple query
translation approaches suffer a severe penalty in effectiveness, usually achieving about half
of the rewrieval effectiveness of corresponding monolingual technigues when typical
measures such as average precision are used”.



glass ¢eiling™) and the requirements of the additional criteria deemed essential for
operational use. We will comment on our cxperiences with respect {o these main
goals throughout this study.

1.3 Definitions

Let us first elearly define some essential technical terms used {recly throughout the
dissertation.

- Information Retrieval {IR)

The academic field of “information retrieval” is concemned with the
examination of methods to store and access large amounts of information. Access
vsually takes place in the form of formulating & “query™ for the system. which is
then used for scarching. In a larger context, the query reflects an information need
by the user. which the system answers by supplying items in a result set that are
expecied to contribute to the satisfaction of the user’s information necd. The term
“information retrieval™ is  frequently used interchangeably with “document
retrieval”, emphasizing the fact that IR systems are most oflen designed to work
with information stored in the form of documents, with the matching documents
returncd in the result set. Most research efforts so far have becn speni on “iext
retrieval”, i.e. information retrieval on textual information. If documents contain
long. complex text passapes using uncontrolled vocabulary, the term “full-text
retrieval™ or “full-text search” is also used. 11" nnthing is specified to the contrary, the
term “information retrieval”™ is used throughout this dissertation to describe full-text
retrieval on (textual) documents. Information retricval as an academic field today
also comprises of related research areas that do not strictly usc queries to aceess the
information, hut which are concerned with further questions of mformatien access,
such as (text) categorization, filtering, (text) summarization, and others.

- Document Relevance

By concentrating on full-text retrieval of textual documents, we have to deal
with the special properties of such “retrieval items”™. The retrieval system returns
result sets consisting of documents, and thus answers queries in an indirect way.
Documents should be included in the result set if they contribute to the satisfaction
of the information need that served as the basis of the user's query. It is important to
note that 2 query often constitutes only an imperfect representation of the underlying
information need: it would bc paradox 1o expect a user that lacks information on a
topic to formulate a comprehensive, targeted query. Furthermore. the unstructured
nature of typical full-text documents presents additional problems, as the same facts
can often bc stated in numcrous ways in natural language — different word
inflections, synonyms and diffetent paraphrases can, among others, lead to
mismatches between query and documents. Again, a user can normally not be
expected to supply cxamples of all possible formulations of the kind of information
that is sought. Comparing a user’s query to (the documents accessible by the retrieval
system is thus a complex task — based on the imperfect formulation of the
information nced that the query constitutes, the system has to select items that in



some, potentially paraphrased, form contain information that is “relevant™ to the
topic at hand. The imprecise nature of this process implies that not alt documents
that are returned are necessarily relevant in this sense. Even if a system were devised
which solved all problems invoived in matching the query perfectly to the
documents, the relevance of documents wauld still depend on the individual user’s
interpretation of the information that is contained in them. This interpretation is
usually dictated by personaf preferences. prior background knowicdge and other
considerations. As a consequence, when evaluated using accepted measures,
retrieval results score typically well below the theoretical optimum. Modcm
information retrieval systems typically react to the uncertainties involved in
determining document relcvance based on a query by calculating retrieval scores
that atiow ranking documents according to their probabilily of being relevant to a

query.
- Monolingual Information Retrieval

If an information retrieval method or system does not make any provisions for
handling potential language gaps between the language of the query {or, more
generally, of the users) and the one or more languages in which the retrievable
documents are written, we speak of “monolingual information retrieval” in this
dissertation. Note that according to this definition, a system that can handle
documents in many different languages is stifl a monolingual information retrigval
system if it does nol allow querying across languages. This is contrary to some
definitions where a system integrating documents from multiple languages is
referred to as a “multilingual information retrieval™ system, regardless of its ability
to cross any language barriers.

- Cross-Language Information Retrieval (also abbreviated as “CLIR™ in the
following)

Cross-Language  Information  Relrieval denotes the academic subfield
concemed with developing information retrieval methods and systems that allow
access 1o information across languages. e.g. retrieval of documents writlen in one or
more languages different from the query language. Synonyms also found- in the
literature include “translingual information retrieval™ and “cross-lingual information
retrigval™.

- Bilingual Information Retrieval

Bilingual information retrieval denotes a special case of cross-language
information retrieval, wherc only two languages are considcred, one as the language
of the queries (or the users), and the other as the fanguage all retrievable information
is formulated in.

- Muttilingual Information Retrieval (“MLIR™)

Multitingual information retrieval denotes the generic set-up for cross-language
retrieval, where, for a set of languages that the system can handie. the query and the



documents can be formutated in any of those languages, with the system retrieving
information regardlcss of the language combinations involved®,

- Combination Approaches

In Ihe follnwing, we make numerous references to comhination approaches for
CLIR and MLIR, as opposed 1o what is termed “simple” approachcs. The focus is nn
the resources and methods that are used 10 bridge the language gap. We consider a
system 1o use a combination approach if integrates at least two “simple”™ translation
approaches that can also be wsed independently. The motivation for wsing a
combination is (o simultaneously “add up™ the positive and dampen the negative
contributions from each method.

1.4 Achievements

in this dissertation, we examine multilingual information retrieval, the generic case
of cross-language retricval. The dissertation makes two main contribitions o the
devclopment of robust multilingual information retricval systems:

1. Firstly, wc observe that the main simple allernatives for cross-language
information retricval propesed in receni years yield limited performance when
compared 1o similar, monolingual scenarios. We present a combination
approach, using picces from all major CLIR altematives, that leads to superior
retricval effectiveness when evaluated on a large. standardized test collection,

2. Seeondly, we examine to what extent additional criteria come into play when
gencralizing beyond specific test collections, e.g. when operational use of a
multilingual information retrieval system is cansidered. In particular, we want
to avoid over-tuning in response 10 characieristics that are merely artifacts of
the collcction. To this end, we list some of the issues invelved in operational
settings, and show how we addressed them.

In addition to this core focus of the dissertation, wc explore the state-of-the-art
of CLIR systems, anatvzing common characteristics of succcssiul sysiems. We
helieve that a CLIR system is only as good as the monolingual methodology that
anderlies it. Therefore, we carefully examine the issucs involved in tuning an
information retrieval system to a language other than English (in our case. German).

Last bt not least, we have evaluated our approach extensively by participating
in two TREC CLIR tracks and three CLEF evaluation campaigns, and wc describe
some of the experiments that we submilted. The CLEF campaigns {and the TREC

* As we have already noled in our discussion of monolingual IR, 1his is not the only possible
definition of MLIR. An overview of differem definitions is given in lull and Grefenstette
(§996). Qur system and methods can support all five definilions they provide, afthough the
experiments in our work presented here opcralc mosily on definition (4) “IR on a
muliilingual docement collection, where queries can retrieve documents in multiple
languages™, due to the propertics of the test data that we have used.



CLIR tracks we participated n) conduct comparative cvaluation ol cross-language
1R systems for European languages, inctuding the set of languages (English, French,
German, ltalian and Spanish) that pur work was locused on.

1.5 Evaluation Methodology

The stated goal of our work to advance the state-of-the-art in multilingual
information access, or, more specificatly, to proposc and implement mechanisms
that improve the effectiveness of a multilingual information retrieval system, calls
for a careful methodology to evaluate the results. Evaluation of information retrieval
systems, and especially evaluation of retrieval cffectivencss of such systems. has a
long-standing tradition, The “Cranfield experiments” condueted by Cleverdon
{1967) have had a great impact on the set-up of such evaluations and form the basis
for what today is widely accepted as “best practice™ in the ficld. Clearly, evaluation
of information retrieval systems is not limited to assessing retricval performance, but
can also encompass other issues. such as studies of interaction between users and the
system. As we concentrate in our wnrk on the retrieval mechanism proper of the
system. and on how to improve its effectivencss and robustness. we limit ourselves
1o system evaluation. that is, we abstract the retrieval process from particular users
and equate good performance with the ability of the system to return “good”
document sets in answers to incoming queries. While there is obviously much
valuable insight to be gained from directly involving users in the evaluation of the
system, this abstraction allows us more control nver some of the variables that affect
retrieval effectiveness in the form we aim 10 measure. Furthermore. sueh “lahoratory
tests™ are less expensive and can. as we shall demonsirate, benefit from existing
evaluation data.

All of our evaluations of retrieval effectiveness of the mechanisms we propose
have been conducted either in the context of the TREC (Harman. 1993) and CLEF
(Peters and Braschler. 2001) evalumion campaigns or have been based on using test
data created by ithe organizers of these campaigns. Both campaigns are based on the
Cranfield paradigm, which emphasizes comparative cvaluation. A camipaign
channeling the evaluation effort of a large number of interested research teams is a
natural set-up 1o maximize the benefits of this paradigm. The basic building blocks
to receive comparable, reproducthle cvaluation results are a number of exemplary
information needs (called “topics™). a set of documents to retrieve from, and manual
assessments of relevance of these documents with respect to the topics. together
forming what is known as a “retricval test collection™ The suecess of a retricval
method or system is assessed by its ahility to select from the document set those that
are deemed relevant to a specific “topic”. Questions of different interpretations of
relevance of documentis with respect to the topic are usually abstracted from,
choosing one representative interpretation.

The two measures “recall” and “precision” are mast widely accepted for
assessing the retrieval effectivencss hased on the result set. Recall measures the
ability of the system to provide comprehensive results: it measures the ptoportion of
relevant documents that have been retricved by the system versus the actual number



of relevant documents available in the document set tor a topic. Precision measures
the propnrtion of relevant document contained in the resnlt set versus the overall
size of the result set, including unwanted. irrelevant documents that were
erroneously retrieved. Which of the two measures is the more appropriate depends
on the user need that is modeled. The two measures can be contradictory: a system
tuned to provide maximum recall often has to relax matching mechanisms to allow
extra matches between queries and documents, which ofien leads to additional
unwanted documents being retrieved as well. Similarly. a systen1 tuned for
maximum precision is usually.configured in a restrictive manner, resulting in some
relevant documents going undetected due to the faose relationship between them and
the query. Systems providing ranked lists of documents as retrieval results allow
users to determinc the degree of recall and precision that best fits their information
need: since documents with the highest probability of relevance, as determincd by
the retrieval mechanism, are ranked at the top, precision will be high il only few
documents arc inspected. Including more documents in the result set will likely
result in degraded precision, but should lead to higher recall, with new relevant
documents appearing at the low end of the resnlt list. Automatic evaluation
procedures calculate precision and recall at various levels, to cater for different
underlying user preferences. The measure of average precision provides a single
performance value based on an average of precision values taken at various levels of
recall. It therefore emhodics an average performance assessment of the system over
various possible user preferences. Exact procedures for calculating the different
measures can be found in Schiuble (1997). Recall and precision at different levels,
as well as average precision, are used prominently in our work to measare
performance increases due to our various modifications 1o our system,

Following the Cranficld paradigm, and using the test collections provided by
the TREC and CLEF evaluation campaigns allows us to benefit from the extensive
scrutiny that this methodology has been subject to over the years. A good article
further discussing aspects of the set-up. underlying assumptions and interpretation of
the resuits from such evaluations has been presented by Voorhees (2002),

1.6 Background Information

In the following. we attempt to pive an overview of carly develnpments in those
Tields of information retrieval and cross-language retrieval that arc imporiant for the
understanding of our work. Excellent general introductions into the history of
information retrieval can he found in Sparck Jones and Willett (1997) and Frakes
and Baeza-Yates (1992), and into the early work in CLIR in Grefenstetic (1998).
Related work to specilic research questions that we have worked on is dctailed in the
individual papers that constitute the core of this dissertation,

The academic field of information retrieval is relatively old, given its recent
rise to prominence in the Internet age. By necessity, we restrict our discussion of the
history of information retrieval to some of the most prominent carly milestones in IR
research. The beginnings date to the early 1950s. with the term “information
reirieval” coined hy Mooers in 1952 (Sparck Jones and Willett, 1997). Initially,



much of the focus was on working with controlled vocabulary used for tibrary
records in bibliographical datahases. Basic notions such as document relevance,
probabilistic retrieval, and relevance ranking were subsequently introduced (sce e.g.
Maron and Kubns (1960)). The late 1960s brought experiments with full-text and
queries formulated in natural language. and the introduction of such concepts as the
vector space model popularized by Salton and his associates (see e.g. Salton and
McGill (1983)). The basic procedures for evaluation of retricval effectiveness date
back to Cleverdon®s experiments in the same time period {Cleverdon, 1967). These
procedures form the basis for today’s IR evaluation campaigns. such as TREC® in
the United States (Marman, 1995), CLEF? in Europe (Peters and Braschler. 2001)
and NTCIR® in Asia (Kando, 2003). Finally. another milestone was the careful
analysis of the probability ranking principle hy Robertson {1977) in the 1970s,
which brought mathematical justification for new schemes for the weighting of
query terms.

First expcriments with cross-fanguage retrieval are also quite old. and date back
to the early 1970s. when Salton was experimenting with using multilingual thesauri
for controlled vocabulary retrieval (Salton. 1970). The field lay dormant for a while
before first experiments on full-text cross-language retrieval were conducted in the
early 1990s, notably experiments with latent scmantic indexing (Landauer and
Littman, 1990) and experiments in the course of the EMIR project (EMIR
Consortium, 1994; Fluhr et al., 1998)). It is likely that these early studies had an
essential influcnce on the direction of much early work that followed in the sccond
half of the decade. Landauer and Littman demonstrated that it is possible to build
CLIR systems that base their translatian process on training data. Evaluation was
based on assessing the system®s ability to corrcctly pick out translated documents
from a parallel corpus. The EMIR project consortium aimed to huild CLIR
mechanisms that can he incorporated in operational systems. and developed
mechanisms for dictionarv-based cross-language retrieval. One focus of the work
was on the (corpus-based) elimination of incorrect translation alternatives coming
from the dictionary. The resulting prototype was compared to state-of-the-art
machine translation, and was found supcrior®, assumedly due 1o the MT system
heing limited to providing just one, potentially wrong. iranstation alternative.

It is generally acknowledged that the recent rapidly growing interest in CLIR in
academic circles was initiated hy a workshop held in conjunction with the SIGIR
1996 conference in Zurich. Some of the most promising resuits emerging from this
warkshop were published in Grefensiette (1998). The next year, the “AAAI Spring

& hup:/Arce.nist.gov

? http:/iwww.clef-campaign.org

* http://rescarch.nii.ac. jp/ntcir/

* It must be noted, however, that the Cranfield test collection. which was used in Lhe tests, must
be considered as being of very timited size for today’s standards in IR evaluation.
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Symposium on Cross-Language Text and Speech Retrieval™ brought the formulation
of a “grand challenge” for CLIRY (AAAL 1997),

Methods and systems for cross-language retrieval can be categorized according
to how they cross the language barrier — whethier they use translation of queries,
translation o’ documents. or both (Braschler et al., 1999). In recent years, a small but
active subfield has sprung up that attempts CLIR without using any translation at
all™. Further division of methods is possible according o the type of translation
resources used. Different ways of subdividing CLIR methods are possible, such as
the attempt by Oard (1997), who uses a division into approaches using controlled vs.
free vocahulary. followed by a grouping according to translation resources.

Early work published in the years immediately after the 1996 SIGIR workshop
is characterized by the efforts of researchers to understand the behavior of the basic
types of translation resources that had heen identified for use in CLIR by that time:
machinc-readable dictionaries (MRDs). machine translation (MT) systems, and
corpus-bascd, automatically gencrated data structures. Researchers generally used
only onec of these different tvpes of resources, and measured the effectiveness of
their prototypical systems against a monolingual baseline that was obtained by
runaing a similar system without any translation steps. Systems were typically
limited to bilingual retrieval, and mosily to one or twe language pairs (usually
involving English).

Good examples for early work in dictionary-based CLIR include Ballesteros
and Croft (1997) and Hull and Grefenstctte (1996). Among the issues identified as
mnsi important are coverage of the dictionary {dealing with out-of-vocabulary
search terms), ambiguity of search terms (synonyms, homonyms), and the mapping
of scarch terms onlo hase forms listed in.the dictionaries. A first notable (and
influential) break-through was work hy Ballesteros and Croft (1997). who
imroduced pre-translation and post-translation feedback with the poat of hroadening
the query hefore and afler retrieval. thus reducing the risk of lexical coverage
probhlems, and producing more compleic translations.

Machine translation systcms have been targeted for CLIR mainly becaunse of
the casc of the CLIR system architecturce that they imply: they make it possible to
continue using a monolingual IR system while either translating the query or

™ “Given a query in any medium and any language. select relevant items from a multilinguat
multimedia colleetion which can be in any medium and any language, and present them in
the style or order mos1 likely 1o be usefitl (o the querier, with identical or near identical
objects in different media or languages appropriziely identified.” (AAAL 1997). This
ambitious definition goes beyond the scope of our work, in that il also addresses the
questiens of mullimedia and of presentation of results, which we exclude from our study.

" Experiments by Comell University on English/French bilingual retrieval using cognales were
an earty notahte attempt at CLIR without the use of any explicit transtation (Buckley at al.,
1998). Recently. a group at Johns Hopkins University has been reporting remarkable results
when using n-grams 10 match across languages (MeNamee and Maytield, 2002).



documents before retrieval. Translating the documenis has not heen attempted ofien,
due 10 problems with performance and stability of many MT systems when faced
with the amount of data typically used in IR system development and evaluation
campaigns. Examples of document translation using MT include Qard (1998), Chen
and Gey (2004) and Braschler et al. (2003). Query translation using M7 is more
popular today, even though it had been mainly used as a comparative baseline in
early experiments, such as those hy Fluhr et al. (1998), Oard (1998) and Maicey el
al (1998). The comparalively low interest in MT for CLIR in early work is
interesting, as MT output would seem like an obvious starting poim for
experimentation. The closed nature of most MT systems and the influence of
previously published reports stemmiing from the EMIR project, which indicated
relatively weak performance for MT-based CLIR (EMIR Consortiom, 1994), may
have influenced researchers in their choice of transiation resources. Major prohlems
identificd with respect to using MT for CLIR include the had handling of short,
ungrammatical queries by MT systems, and performance prohlems,

Cnrpus-based, automatically generated data structures were identified early on
as an altractive alternative to manually gencrated resources such as dictionaries.
Algorithms that derive translation resources based on bilingual or multilingual
training data have fhe advantage of potentially delivering retrieval-optimized
translations that are tailored to specific collections. The ability to build such data
structures avlomatically allows resources 10 he produced with very large coverage.
Early work on CLIR using such corpus-based data structares inclades work on latent
semantic indexing (Landauver and Littman. 1990), similarity thesauri (Sheridan and
Ballerini, 1996) and the generalized vector space model {GVSM) (Carbonell ¢t al.,
1997). Thc major problems are the acquisition of suitable training data,
computational complexity and the minimizing of errors in the slalistical process
used to derive translations. Availability of svitable fraining data is a corc issue,
especially for pairs of less widely spoken languages. There have heen attempts to
extract content from the Web (see ¢.g. Nie ef al. {1999)), but there are issues with
quality and size (Nie and Simard, 2002). Available parallel corpora ofien cover
content from specific domains or. as noted by Kwok et al. {2001), there may cven be
cultural issues if the data is acquircd from foreign sourees'>, which makes a transfer
of the resulting data structures to text from different domains or origins difficult,

The cross-language track at the TREC-6 conference presented the first real
opportunity to tcst the systems that resulted from the early work outlined above in a
well-defined setting allowing a direct comparison of approaches (Schiuble and
Sheridan, 1998). Much of the work up to that date was characterized by morc
limited evaluations based on whatever was available in terms of test data at the time.
While some promising numbers were reported, it remained unelear how to interpret
the monolingual haselines that were often used for comparison. The TREC-6

12 Kwok el al. (2001) comment on the difference of Chinese as writtenr in Mainland China
versus the form written in Hong Kong, hut similar problems can be expected for languages
such as English and Spanish, which have a wide global distribution.
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evaluation suffered from an unwicldy number of bilinguat language pairs that could
be chosen by participants for their experiments, but nonetheless a clearer picture
emerged for the two language combinations thal were most popular among the
participants: English—French and English—German. For English—French. no team
reached a CLIR performance that was within 50% of the best monolingual
performance reported”. For English—German, the top result was roughly 64% of
monolingual performance' (Voorhees and Harman, 1998). What makes (this
obscrvation particularly stand out is the fact that examples ol systems using all
dilTerent types of translation resources participated in the evalvation:

- Systems using machine-rcadable dictionaries (MRDs), e.g. (Gaussier et al.,
1998),

- Systems using machine translation (MT), e.g. (Oard and Hacket1, 1998).

- Sysiems using corpus-based approaches, e.g. (Mateev et al., 1998).

We therefore derive two major lessons from the TREC-6 resulis:

I. It appeared at the time that a “glass ceiling” of around 50%-60% of
monolingual performance had been hit, which was not casily breakable by any
of the principal early approaches to CLIR. TREC-6 was thus a good starting
point for the community to investigate how to move beyond these “simple”™
approaches.

2. Results from small-scale cvaluations with litile or no possibility of comparisons
with other systems, such as those reported prior to the TREC-6 CLIR track.
have to be interpreted very carefully. While they serve (o indicate promising
directions for further research, the conclusions that can be drawn are usually
limited to the “special seiting”™ that was used for cvaluation, and may not
gencralize to other situations.

The first of these two issues we address directly, as it was a stated goal of our
work (o investigate ways (o improve the effectiveness of CLIR systems heyond what
simple approaches can offer. However, we also view the second issue as being of
major importance, and have therefore evaluated the systems resulting from our
ciforts by participating in evaluation campaigns and using the corresponding large,
reliable test collections.

** The comparison is in terms of mean average precision (MAP), A group from Xerox
Research Centre Europe reported the best monolingnal French retrieval performance, with a
MAP of 0.4073 (Gaussicr c¢ al., 1998). The best CLIR performance was reported by the
Comell University group. with a MAP ol (.1982, using a comparatively simple cognate
matching sirategy (Buckley et al., 1998).

" “T'he hest monolingual German performance was reporied by the Swiss Federal institue of
Technology, with a MAP of 0.3349. The best CLIR performance ¢ame from the same group
{MAP of 0.2135), using machine translation {Maleev et al., 1998).



t.7 The Structure of this Dissertation

The strocture of the remainder of this dissertation is the following. In Section 2. we
present the published papers that form the core of the dissertation. We stant the
section by providing the necessary context to understand the role of the individnal
papers. The rest of the section is then divided into individual subsecctions for each
paper. In each of these suhsections. we will hriefly summarize the main aspects of
the paper, especially with respect to its importance to our goal of developing a
robust multilingual information retrieval system that generalizes to a large range of
settings. Section 3 summarizes the results of our studies, hefore examining more
closely the signilicance of our findings. and their relevance to the state-of-the-art in
CLIR. We comment on the applicability of our resubis in a broader sense, e.g. to
operational settings, which is one of our main concerns. Finally, we take a look into
the future, secking ways to improve CLIR effectiveness by looking at various
interesting issues that remain more or less unresolved. The dissertation finishes with
acknowledgments (Section 4) and a list of references.

2 Presentation of papers

The core of this dissertation is fonmed by four published papers:

1. Martin Braschler, Carol Peters: Cross-Langnage Evaluation Forim:
Objectives, Results, Achievements. Information Retrieval, pages 7-31 (Paul B.
Kantor, Josiane Mothe, Justin Zohel {Eds.). Information Retrieval, Volume 7.
Issue /2, Kluwer Academic Publishcrs, [SSN 1386-4564) (Braschler and
Peters, 2004)

2. Marin Braschler, Biirhel Ripplinger: How Effective is Stemming and
Decompounding for German Text Retrieval?, Information Retricval. pages 291-
316 (Paul 3. Kantor. Josiane Mothe. Justin Zobel (Eds.). Information Retrieval,
Volume 7, Issue 3/4, Klower Academic Publishers, ISSN 1386-4564)
(Braschler and Ripplinger, 2004)

3. Martin Braschler: Combination Approaches for Multilingual Text Retrieval.
Information Retrieval, pages 183-204 (Paul B. Kantor, Josiane Mothe. Justin
Zobel {Eds.). Information Retrieval, Volume 7, Issue 12, Kluwer Academic
Publishers, ISSN 1386-4564) (Braschler, 2004}

4. Marin Braschler, Annc Géhring. Peter Schiuble: Ewrospider at CLEF 2002,
CLEF 2002, pages 164-174 (Carol Peters. Martin Braschler, Julio Gonzalo.
Michael Kluck (Eds.). Advances in Cross-Language Information Retrieval.
Third Workshop of the Cross-Language Evaluation Forum, CLEF 2002. Rome.
Italy. September 2002. Revised Papers. Leeture Notes in Computer Science,
Vol. 2783, Springer, 2003, [SBN 3-340-40830-4} (Braschter ct al.. 2003)



These papers answer different questions with regard to the goal of building an
effective, robust multilingual information retricval system. We will comment on
specific questions addressed hy the individual papers in the foilowing subsections.

The main motivatinn for chonsing our dircction of work was the relatively poor
performance of CLIR methods around 1997, when systems using a wide range of
different approaches all obtained a retrieval effectiveness of only around 50-60% of
the best morolingual systems. Onc of our ohservations was that different approaches
led to very different performances for individual queries. even if their average
performance was remarkably similar. We were therefore convinced that the best way
to reach the next tevel in terms of effectiveness was not to kecp tuning (and possibly
over-luning) the individual methods or translation resources, but instead to shift the
focus 1o a larger framewark that would allow the incorporation of multiple “'simple™
approaches, comhining and merging aspects from each of the methods.

From the beginning. we have evalvated our work in the context of evaluation
campaigns, first al the TREC conferences in the United States (TREC-7 cross-
language track in 1998 and TREC-8 cross-langrage track in 1999), then later at the
first threc CLEF campaigns (CLEF 2000, CLEF 2001, and CLEF 2002). Working in
the context of an cvaluation campaign allows comparisons across systems, and helps
(o avoid comparisons (o weak baselines. It became quickly apparent that high-
quality monolingual retricval is an essential basis for an effective CLIR system,
Indeed, we observe today that many participants in CLEF start out with monolingual
systems and then gradually procecd 1o bilingual and mulilingual tasks within
successive campaigns. We have therefore structured the exposition of our work in a
similar Tashion: while we start by cominenting on the state-of-the-art in moltilingual
information rewricval, we discuss the implications of tnning a system for non-English
monolingual retrieval before we torn o the description of our approach to
multilingual information retrieval,

The tandscape of CLIR sysicms and approaches has changed drasticatly during
the course of oor work, not least due (o the influence of evaluation campaigns such
as TREC, CLEF and NTCIR. We feel that combination systems have becomc an
important direction in CLIR research, and have found that some “blueprinis” for
snccessfn] cross-langnage retrieval seem to be emerging. For the most popnlar
language pairs, especially the widcly spoken Western European languages, CLIR
systems have clearly moved past the effectiveness level of 50-60%, today reaching
performance regions where we feel that other issucs gain increasing importance,
such as the considerations that come into play in operational settings. While we feel
that from the standpoint of lahoratory testing, the field has reached a high degree of
maturity in terms of retrieval performance for selected language pairs, it is ohvious
that much still remains to be done with respect to the uptake of CLIR technotogy in
the “real world™,



2.1 State-of-the-Art in Multilingual Information Retrieval: “Cross-
Langnage Evaluation Forum: Objectives, Results, Achievements”
(with Carol Peters)

Cross-Language Information Relrieval as an academic ficld has made substantial
progress during the course of our research that led 1o this dissertation, and we want
to start the exposition of our work with a paper that pursues two main goals: firstly.
to outline the stalc-of-tbe-art in CIIR systems and CLIR evaluation, and sccondly,
to search for a blueprint of an effective CLIR system.

The paper was co-authored hy Carol Peters. and both authors have been
directly involved in organizing the CLEF (“Cross-Language Evaluation Forum™)
campaigns, which gave valuablc insights into the workings of such an cvaluation
cxercise and the directions of rescarch that were pursued hy its participants.

CLEF is a successor of the cross-language track at the TREC (“Text Retricval
Conference”) series of conferences (Harman, 1995). The cross-language track was
first held in 1997, offering bilingual retrieval 1asks for Westetn Evropean languages
(English, French and German documents), and was very influential for our work in
that it demonstrated the limits of carly CLIR approaches (Schiiuble and Sheridan,
1998). We subsequently became involved both in thé organization of the two
following TREC CLIR tracks (Braschler et al.. 1999: Braschler et al.. 2000) and in
participating with our awn systems, based on combination approaches (Braschler el
al., 1999b; Braschler ct al., 2000b). An overview of work in the three cross-language
tracks from TREC-6 through TREC-8 can be found in Harmman et al. (2001).

While successful in their own right, it was felt afier TREEC-8 that the cross-
language tracks at TRIEC attracted too few participants from Europe, a region it was
believed would benefit enormously from more work on CLIR. The activities for
CLIR involving Western Evropean languages were therefore extended and moved to
Europe. with a new multi-national consorlium set up as organizers, and funding
provided by the European Commission.

The CLEF campaigns are structured into tracks. arcas for experiments on
different research questions. From the beginning. CLEF has offered tracks for
menolingual, bilingual and multilingual retricval on news texts. as well as a track for
retrieval on domain-specific content (Kluck and Gey, 2001). In later years, tracks for
interactive retrieval (Qard et al.. 2004), speech retrieval (Jones and Federico, 2003),
image retrieval (Clough and Sanderson, 2003), and question answering (Magnini et
al.. 2003) have been added. We comment on the structure of CLEF and the different
tracks in the paper.

The main tracks of CLEF (monolingual, bilingual. and especially muliilingual
retricval on news texts), like TRIEC, follow the Cranfield mcthodology (Cleverdon,
1967). We have discussed the set-up of an evaluation following this paradigm carlier
in this dissertation. The paper gives more details on how thc paradigm was adapted
for a multilingual sctting and for evaluation of cross-language retrieval.



For scoring systems. the main tracks at CLEF use a test collection consisting of
a set of retricvable documents {(*document collection™, up to 1.6 million documents
for CLEF 2003). a set of formulations of “information needs™ hy hypothetical
users™ (up to 60 for CLEF 2003) and measures for evaluating the effectiveness of
the system in answering these information nceds on the hasis of the document
collection. By 2003. CLEF supported nine document languages: Dutch, English,
Finnish, French, German, Malian, Russian, Spanish and Swedish. The detailed
characteristics of the corresponding dncument sets are given in the paper.

Calculation of the effectiveness measures is hased on the document relevance
with respect (o the corresponding information need. which is defined in terms of
topical similarity as determined by domain experts (“relevance assessors™). As main
measures, CLEF has adopted precision and recall. as iniroduced earlier in the
dissertation. Both measures are influenced heavily by the interpretation that is used
in determining the relevance of a document with respect to a specific query. For
reasons of practicality. a fixed interpretation of relevance is used, and closer
examination of the resulting implications can be found in the paper. The paper also
details the process of topic creation, i.c. the selection of exemplary information
needs used in the evaluation. Translation of the topics into multiple languages
allows evaluation of various language pairs in CLR systems, bui introduces
problems in topic consistency. |1 is important, especially in context of the limitations
of the underlying mecthodnlogy, to stress that CLEF emphasizes comparative
evaluation. Absolute seores of individual experiments derived in CLEF are not
meaningful in iselation, but serve for relative comparisons 1o other systems and
methods only,

The existcnce of a campaign concentraling on eross-language retrieval was
essential to our efforts, as it allowed us to benchmark the system against realistic
monolingual basclincs, and thus supported our goal of working toward more
effective multilingual text rctricval. We adopted the idea of using combination
approaches for CLIR carly (in TREC-7. see Braschler et al. (199%h)} hy using a
combinatinn of two (ranslution methods: query terms coming from cither a similarity
thesaurus or a hilingual wordlist comhined with terms derived from a pseudo
relevance feedback method using aligned documents (Braschler and Schiubte,
1998). In general, combination approaches have become increasingly popular at
recent campaigns. The question arises whether, after seven years of CLIR evaluation
campaigns. a hlueprint has emerged on how to build a system that is effective for
multilingual text retrieval. As we arguc in the paper, scveral participants have
obtained good results using combination approaches in recent campaigns. In the
CLEF 2002 campaign. for examiple. the three groups with the top performing
systems for the multilingual track all used combination approaches {Savoy, 2003;
Savoy, 2004; Chen. 2003; Chen and Gey, 2004; Braschler et al.. 2003). The paper
presents a potential “recipe” for success in the CLEF multilingual track. where

¥ Known as “topics™ in CLEF and TREC terminology. They form the basis for the formulation
of queries, which are then run against the document collection,
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systems are based on effective monolingual retrieval. a combination of multiple
types of translation resources or methods. and the merging of intermediate resulis
generated by query translation for bilingnal retrieval. We see this conclusion, which
is consistent with our own research cfforts. as a validation of the solidity of our
approach.

2.2 Monolingual Information Retrieval as the Base: “How Effective is
Stemming and Decompannding for German Text Retrieval?” (with
Biirbel Ripplinger)

Our work that went into this paper, which is co-anthored by Birhet Ripplinger, is
hascd on two convictions:

1. Firstly, that non-English monolingual text retrieval is not necessarily equivalent
1o English-language text retricval. and that some of the conventional wisdom
that went into designing systems for English text rctrieval needs to he re-
examined when working on other languages. and

2. Secondly. that effective monolingual texi retrieval is an essential basis for
cffective multilingual text retrieval.

Two main areas for investigation of the implications of adapting retrieval
mechanisms to a new language seem ohvious starting points: handling of word
forms (¢.g. morphology) during the indexing phase, and weighting of fcatures during
snbsequent retrieval. While we feel that these two areas are prohahly the most
promising, there are of course many other issues that also deserve attention, some of
which hecome prominent in certain language familics only. such as issues of text
segmentation in Eastern Asian langnages. We have chosen fo fix the weighting
scheme in our system to the popular Lnu.ltn scheme (Singhal ¢t al., 1996). Lou.ltn is
very similar to Lnu.ltc. which in turn is reported o give good results in all the
languages surveyed (Savoy, 2003). This weighting scheme also gave us competitive
performance in our monolingual retrieval experiments for the CLEF campaigns.

Concentrating on the stemming issue. we have conducted a detailed study of
sternming and decompounding for text retricval in German, the language we were
most actively working on. Stemming is prohahly the most prominent issue to be re-
examined when adapting a system from one language 1o the next. A system using
stemming conflates derived word forms to a common stem (for example. but not
necessarity, through applying morphological analysis). There are several reasons for
using a stemming procedure in a retrieval system. including the effects on the
efficiency of the svstem. By conflating several forms to the same stem. the numher
of entries and therefore the size of the search index is reduced. More importantly
from our viewpoint, stemming is potentially helplul to increase the effectiveness of
frce-lext retrieval, where search tcrms can occur in various difTerent forms in the
document collection. Stemming makes retrieval of such documents independent of
the specific word form used in the query.



The value of stemming for English-language text retrieval systems is
controversial. There are some claims of performance improvements, but any sueh
impravement is modest (see e.g. Frakes (1992) and Hull (1996)). Harman failed to
find any henefit from using stemming in her experiments (Harman, 1991). In recent
years, a oumnber of studies on stemming behavior for languages other than English
have been published. In these studies, performance improvements in terms of
cffectiveness arz often reported that far surpass those observed for English. Often
this effect is attributed to the larger deelensional richness of the languages that have
been studied. The paper lists a number of relevant publications for various
languages.

An additional issue in German is the possibitity of concatenating words to form
new, more complex terms (“Compounding process™)'®. Concepts that are expressed
as multi-word terms in languages such as English can then be eaptured by a single
compound word. In German, this eompounding process is very productive, with
speakers producing new terms on the fly, making it impossible to compile an
exhaustive list of all possible eompounds. Since the same concepts can often also be
expressed by a phrase. serious implications for retrieval arise. If a seareher enters
only parts of a eompound, or if a doeument confains a query concept only in phrasal
form. mismatch will result during retrieval. The solution is to split eompounds into
their constituents, a process we will refer to as “decompounding™.

Not much was published in terms of German stemming and deeompounding
before the TREC CLIR and CLEF eampaigns started, probably due to the lack of
test colleetions. Most notable were the PADOK studies (Womser-Hacker 1989,
Krause and Womser-Hacker 1990), earried out in the latc 1980s, which eompared
several approaches to automatie indexing on patent data, These studies observed
beneficial effeets from morphological analysis when using titles and abstraets as
retrieval items, but not when using full texts.

Participants in CLEF have occasionally reported on their results when applying
stemming and decompounding; but their experiments have been typically limited to
a single approach, usually compared to the haseline of not using stemming at all.
Sometimes the effect of stemming is obscured by other components that were
deployed simultanecusly, such as blind relevance feedback. making the analysis of
those results harder. Examples from reeent CLEF campaigns include work by
Moulinier et al. {2001), who reported a performance gain of 20% using linguistic
analysis (stemming plus compound analysis), work hy Monz and de Rijke (2002),
who show a gain of 25% using blind relevance feedback in addition fo a linguistic
processing, and work by Tomlinson (2002), who applied linguistic stemming
including decompounding, and obtained a performance improvement of 43% in
terms of retrieval effectiveness.

¥ The same phenomenon can be observed in other Germanic languages (e.2. Swedish). and

some other. selected European languages, such as Finnish,
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The defining characteristic and main contribution of our paper is thal we were
able to conduct a large-scale evalvation of the effect of stemming on the German
language, comparing a whole range of different stemming approaches. which gave
us valuable additional insights inte the propertics of German text retrieval. While the
experiments conducted within CLEF cited above all hinted at the benefits of
applving stemming and decompounding to German-language texis. it remained
unclear which stemming method maximizes the benefits, and how much language-
specific linguistic knowledge is necessary for eflective retricval.

In the paper, we examine five basically diffcrent stemming methods. ranging
from approaches with no linguistic knowledge to a complex morphological analyzer,
on the CLEF test collection. The core result is that most of thesc approaches give a
sizeable boost to retrieval effectiveness when applying stemming {though still not
always to a degree that is statistically significant), and that decompounding is ¢ven
more helpful, but more difficult to implement correctly. For decompounding, we
found that the correct balance must be established between splitting the right
compounds for hetter matching. and keeping somc compounds imtact to reduce
noise. When using stemming and decompounding in comhination. we obscrved
gains in effectiveness in ierms of mean average precision of up to 60% (these gains
are statistically significant).

These findings, plus the fact that other participants that ohtained top
performance in the multilingual track at CLEF also adapted thcir systems for
retrieval in the individual tanguages. convince us that careful re-cxamination of
monolingual retrieval for the languages involved in a CLIR system leads to a solid
base for successful multilingual retrieval. The challenge remains to dn this in a way
that addresses the characteristics of the language itsell, and not of the test collection.

2.3 Robust Multilingnal Information Retrieval: “Combination
Approaches for Mpltilingual Text Retrievai”

As mentioned. our reaction to limitations in terms of retrieval cffectiveness of early
CLIR approaches has been the use of comhination approaches that incorporate
muitiple simpler methods.

Our early efforts in producing such combination methods datc hack to 1998
{Braschler and Schiuble, 1998; Braschler et al.. 1999b). The main issue in using
combination approaches is how to weigh the cantribution hy each of the simpler
approaches that are incorporaled. This problem is analogous to problems
cncountered earlier by [R researchers attempting 1o combine muttiple sources of
evidence for document relevance. In these studies, the corresponding problems are
also referred to as "data fusion” {(merging of multiple result lists calculated on the
same document collection), "collection fusion™ (merging of multiple result lists
calculated on disjoint document collections), and "query combination™ {merging of
multiple query representations before retrieval). Experiments in thosc areas are
based on the observation that the estimation of refevance of documents improves
when multiple sources of evidence are available (see e.g. Saracevic and Kantor
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{(1988) and Belkin et al. (1993)). Larly experiments in TREC conferences generally
gave good results (sec e.g. Belkin ct al. (1994): Fox and Shaw (1994)).

We use such combinalion mechanisms {o incorporate multiple types of
translation resources in our system, and also (o be able to handle multiple languages
one bilingual pair at a time, and then later combine back into mualtilingual result
lists. The latter is most similar 1o collection fusion, as defined above. Earlier work
on the monolingual prablem af merging the ontput from separale dncument
collections can be found e.g. in Callan et al. (1995) and Voorhees ct al. (19935), both
ol which also provide good intioductions to the problem.

While retrieval cffectiveness as evaluated uosing fest collections in lahoratory
settlings was a primary focus of our work, we were also keenly interested in what
considerations are needed when adapting a CLIR system to gencralize heyond the
context of popular test collections, ¢.g. what happens when a sysiem is deployed for
operational use. In this context, we have identified a number of additianal issues.
The combination of multiple translation methods directly addresses one of the key
issnes in this list: user acceptance of an IR system suffers greatiy from the presence
ol “negative outliers™ in terms of rctrieval quality — ic. queries that lead to
unsatisfactory results. In the CLIR context, such results are often cansed by missing
or incorrect translations. 11" we combine morc than one translation method, the risk
ol retricval failure is decreased. Furthermore, the lexical coverage of the system is
greatly enhanced, which is essential in order to process a wide range of possible
queries. including technical terminology. fashionable terms and names.

More generally speaking. we believe combination systems give us:

1. Increased lexical coverage, e.g. through the combination of several translation
resources of the same type.

2. Robustness with regard 1o negative outliers, e.g. through the cambination of
multiple types of transhation resources, each capable of handling different types
of gueries.

3. Braader applicability of the system to a range of situatinns, such as operational
settings, e.g. through the comhination of different damain-specific translation
resqurces. We also ensure broad applicability by the avoidance of tuning that
requires resources that are only available in specific situations.

We camment on ¢ach of these aspects in the paper. We demonstralc our
combination approach, which can incarporate transfation resources of scveral types
(machinc-readahle dictionaries. machine translation output, and corpus-based
approaches, such as the similarity thesaurus), hath document and query translation,
as well as moltiple languages which are handled in the form of individual bilingoal
pairs.

We have used translation rcsources of all three above-mentioned types in the
CLEF campaigns. but have recently ahandoned dictionaries for our CLEF
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experiments, having not been able o detect any improvements in rctrieval
cffectiveness in an earlier evaluation campaign. We assume that the translation
information provided by the general-purpose dictinnaries we had available was too
similar to the information provided by machine translation systems, which also
incorporate such dictionaries as a core component in their translation process.
Domain-specific dictionaries, however, remain essential when a CLIR system has to
he adapted to domain-specific terminology by providing exact translations of the
most critical terms, and our system rcmains preparcd for their inclusion, when
appropriatc.

As a corpus-based technoiogy. we use bilingual similarity thesauri, an
automatically generated data structure that for every term in the source language
links all terims in the target language that are statistically similar as determined from
suitable training data. The monolingual version of this data structure ean be used for
query expansion and has been described in Qiu and Frei (1993). We build the data
structure using bilingnal data previously aligned on the document level (Braschler
and Schiuble, 1998). Semi-autnmatically constructing such a “comparable corpus”,
which contains pairs of documenits that treat roughly the same topic, is much easier
than obtaining scarce parallel corpora that contain real translations of every item.
especially if less frequently spoken languages are involved.

We use machine translation output for hoth query and document translation.
During document translation, more contextual information is available for each
term. which makes this an interesting alternative if translating the document
collection is feasible.

In the paper. we present multiple approaches to merge the output from these
different translation resources and from the individual bilingual rctrieval results.
among them a new method based on estimating the query coverage (“feedback
merging™). We compare these merging approaches to the theoretical optimum and
nofe that there is still ample potential to improve the effectiveness of the merging
process. An important characteristic of our merging experiments is the avoidance of
the nse of auxiliary information that we do not ¢cxpect to he available in many
operational settings. Specifically, we avoid the use of large sets of training data and
relevance assessments, such as are sometimes available for evaluation eampaign
experiments.

Qur experiments in the paper are conducted using the CLEF 2000-2002 test
collections. and we give specific results on how many topics (queries) were affected
by the individoal comhinations.

2.4 Concrete Experiments with Multilingnal Information Retrieval:
“Enrospider at CLEF 2002” (with Anne Gohring and Peter
Schiuble)

The CLEF campaign has accompanied and influenced much of our work in this
dissertation, and we have used the CLEF (est collections to ohtain many of the
results in the other papers.

20



We have, however, also participated direetly in CLEF, in order to validate our
twin goals of building an cffective and robust multilingual text retrieval system. The
measurement of retrieval effectiveness is one of the main concerns of CLEF, and by
participating we were able to directly compare our system with the systems built by
many other capable researchers in the field. However, especially in 2002, we did not
put our sole emphasis on tuning the system for maximum effectiveness sach as
measurcd by CLEF, but instead tried to build the system with additional criteria that
we deemed cssential for operational usc in mind. while not overly compromising
CLEF-style retricval performance.

We report on our experiences in this regard in the final published paper that is
included with this dissertation, which is co-authored by Anne Géhring and Peter
Schéuble. The paper describes our third participation in CLEF, while the two earlier
efforts are reported in Braschler and Schauble (2001} and Braschler et al. (2002).

The experiments used either a combination of document translation and two
forms of query transtation (Q71) - machine translation (M)} and similarity thesaurus
(ST) - or document transiation only,

The system we used produces several intermediate search results, cither due (o
using different translation methods, or due to handling only a subsct of the five
languages at a time. These intermediate search results are then "merged” info the
multilingual result list necessary for submission to CLEF. For this we experimented
with several merging methods, some of which we developed in the course of our
CLEF participation. The system buiids on the resulis we obtained from our
experiment in monolingual retrieval. and consequently employs stemming for all
languages invelved (and decompounding for German). The weighting scheme was
fixed ta Lau.ltn (Singhal et al., 1996).

The results of our participation were very encouraging. We were able to
conclude that our combination approach is robust, with 80-90% of all queries
performing on or above median performance of all sysiems in CLEF. This good
performance was achieved even though we used no collections-specific fine-tuning
for individual languages to avnid potential over-luning to characteristics of the
CLEF collection. We also did not use any collection-specific training of the merging
algorithms, which we felt was not applicable to nperational settings and therefore
not compatible with our overall goals. 1t is worthy of note that, despite these
restrictions, our system was third in the list of the top performing groups for the
multilingual track.

3 Conclusions and Qutlook

3.1 Summary

In this disscrtation, we present our combination system for multilingual information
retrieval, which allows users 10 state information needs in their preferred language,
while retricving Irom a document pool that contains texts in multiple languages. The
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result is displayed as a unified list, containing items from all languages where
appropriate.

The choice to cxamine combination methods was made on the basis of the
observation that at the time of the start of our work, simplc approaches shawed
limited potential for increased retricval effectiveness. Building on cur ohservation
that different methods and translation resources produce pood results for different
qucries, we speculated that a comhination of multiple appreaches should be
beneficial, analogously to the earlier observation in information retrieval that
multiple sources of cvidence help in determining document relevance.

We have built a system that combines output fram different types of translation
resources (machine-readable dictionaries, output fram machine translation svsiems,
corpus-based data structures), different bilingual language pairs. and different forms
of bridging the language gap (document translation and query translation). The
question of how 1o best merge these “building blocks™ remains without clear
solution, and we proposc and analyze several different methods.

Our methods and prototypical systems were confinuously cvaluated through
participations in the TREC CLIR tracks and CLEF evaluation campaigns from 1998
to 2002. Qur combination approach was shown to be cffective. and cur systems
ohtained results that were competitive with the top performing systems for all of our
CLEF participations.

Retrieval effectiveness was not our only goal and reason for choosing a
combination approach. Rather. we wanted ta develop methods that generalize well
bevond specific test collections. We have therefore designed our sysiem with
applications in aperational settings in mind. considering additional criteria of such
environments and avoiding over-tuning to specific test collections. We argue that
our combination approach generalizes well. specifically hy greatly increasing lexical
coverage of the system, reducing the number of negative cutlicrs, and hetter
incorporating the necessary technical terminology. The limitations in the type of
information that can he used to tune the system become especially evident when
investigating the merging prohlem. We descrihe the implications that arise for our
system design in our studies.

3.2 Conclusions, Comments & Conftributions

Combination systcms have heen used in the recemt CLEF eampaigns with nolahle
success, not just by us, but also by ather groups. The combination of muliiple
methods has clearly stabilized the performance of CLIR systems and helps to
provide gnod retrieval results for a wide range of queries. [n (his sense. one can
argue that for pairs of widely spoken Western European languages. such as those
covered al CLEF, cross-language retrieval has matured, and retricval effectiveness
in terms of recall and precision as measured in lahoratory settings is satisfactory.
Where at TREC-6, we observed for hilingual retrieval that “simple™ approaches
resulted in an effectiveness of only about 50-60% of that of comparahie monolingual
svslems. the same figure is more than 80% for systems using well-tuned
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combination methads in the latest CLEF campaign'’. Most of the groups with top
performing bitingual sysiems apply the same methods in the larger multitingual
track. where our system consistently places among the best performers. We therefore
feel that, while room for improvements remain, we have made substantial progress
in our elTorts o build an c¢ffective multilingual retrieval system.

We are aware that this success does nol necessarily translale to any language
pair, especially for languages that have characteristics that are very different from
those of the languages we have been working on. New languages introduce new
prohlems, and systems tend to score lower on recenily added languages in the CLEF
campaign'®, Fewer iranslation tools, very different morphotogics. and character
coding problems are among issues thal emerge when working with Janguages from
other regions of the world. Moreover. 1he Jack of evaluation resources, such as
adequalely sized test collections, hinders progress in designing effective CLIR
systems for soch languages. Some of the most widely spoken Janguages worldwide
have so far reccived little attention by CLIR researchers {for example, languages
from the Indian subcontinent). We have countercd this issue by choosing methods
and @ framework that are open to adaptations to further Janguages hy dynamically
altering the combination depending on the resources that are available for a specific
language pair. The ability 1o include corpus-based resources, machine-rcadable
dictionaries and machine translalion output into our set-up should provide a sound
basis for good retrieval resulls. Resources of similar type (such as e.g. thesauri) can
usually also be integrated, if it is possible to “faiten” and convert their contents to
what is cssenlially a dictionary with associated similarity or probahility values.
While extensions will he necessary for new languages or very dissimilar types of
translation resources. many of the care principles used for overall design should
remain valid.

Cross-Language Information Retrieval remains a very aclive field loday, as is
attested by |he confinuously high interest in the CLEF, TREC and NTCIR
campaigns, While we were more focused in our work in the combination of multiple
“simple” approaches, investigaling the individual approaches in the coniexi of this
overall goal, work on the individual use of the dilTerent types of translation
resourees, and their best application in retrieval systems continues. This can eilher
be work that is focused on fine-luning and improving existing mcchanisins, or

'" CLEF 2003 offercd bilingual retrieval for selected language pairs only, which makes
comparisons somewhat difficult. For the German targe1 collection, only Finnish was allowed
a5 4 query language, which was a language 1thar was added only recently 1o the CLIEF
campaigns, and is not yel well understood in the CLIR contexl, Also, Russian was only
added at the last minute in CLEF 2003, We disregard those two targel languages. For the
remaining three target fangnnges offered in 2003, we observe a CLIR performance in terms
of mean average precision of 83% of monolingual for Spanish, of §1% of monolingual for
lialian and of 82% of monolingual for Duich, when we compare the best performing sysiem
lor bilingual retricval with the best performing monolingual sysiem {(not necessarily both
from the same group) (Cross-Language Evaluation Forum. 2003)

™ See our comments above on Finnish and Russian.
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experimental wark on new directions. There has been evidence of hoth trends in
recent CLEF campaigns.

A promising development of the former is the increased research into using
language models for CLIR. Language models have atiracted considerable attention
in the IR community recently as a very effective alternative to established retrieval
models. The basic idea is to view the query as a “corrupted” version of a relevant
document, and to view the retrieval system as a “decoder” which tries to reproduce
the initial message, i.c. to find the document that is relevant to the query (Hiemstra,
2000). While initially proposed for monolingual retrieval (Ponte and Croft, 1998),
this madel is atiractive for CLIR due to its inclusion ol a query reformulation model,
which can be used to incorporate translation prubabilities. such as those coming
from suitable machine-readable dictionaries (Hiemstra et al.. 2001). Language
models therefore provide the basis for a direct, “natural” integration of the
information retrieval model and the translation model. something that is not the case
for the weighting mechunisms that we use in our work.,

The good performance that statc-of-the-art CLIR now obtains for Western
European languages, and the fact that we were able to build a competitive system
while also considering additional issues that we deem essential in operational
settings. is importani. Because while we argue for maturity of CLIR systems in
terms of retrieval effectiveness for some popular language pairs, we observe that the
uptake of this technology in the commerciat world is still very limited. None of the
large web scarch engines use CLIR technology. nor does any search technology
vendor aggressively market CLIR features. This runs counier to our ohservation that
pressure to adapt CLIR technology should he increasing, with users heing
increasingly exposed to multilingoal information. We could speculate that the right
solution for the right price is still missing. Specifically, much remains 1o he done in
terms of better understanding how the cross-language aspect influences the more
complex information needs that we cncounter in many operational settings, where
search technology is embedded in larger solutions and has to support core work
processes hy accessing husiness-critical data. Furthermore. presentation of
multitingual search results is largely an open issue. which is not actively addressed
through the porsuit of better retrieval effectiveness and corresponding laboratory
testing. The CLEF campaign has started to encourage research in interactive cross-
language retricval, hut our understanding of how these issues are interlinked with
the requirements of complex husiness applications remains incomplete.

In terms of work on the translation methods and reiricval methods such as we
use in our system, in our opinion the challenge will be to proceed with
improvements that are sustainahle and not artifacts of over-tuning the systems fo the
test colleclions. As we are approaching monolingual performance, the effort te tune
the algorithms will increase in relation to the resuiting benefit. We arc far from
optimal retrieval performance, as anyone will attest that works regulatly with state-
of-the-art scarch cngines. but the question now shifts to how we can derive
additional information about the information need of the user. be it from the user
itsclf or from other sources, which will help us to produce more appropriaie result
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sets. By optimizing retrieval effectivencss without sacrificing upplicability to many
scttings, we hope to have contributed 10 a better understanding of what are the
promising options for tuning.

3.3 Future Work

When we look into the future, we see an even more ambitious sct of challenges.
While transtation methods have matured recenily as measured by evalvation
campaigns such as CLEF, we see potential for looking heyond the main issues
reflected in CLEF topics as a way of improving CLIR systems. The fact 1hat
evaluation campaigns have to base their analysis on a limited sct of topics makes it
inherently hard to investigate rescarch questions that reflect in only few or none of
the specific topics at hand. We see the transliteration of person names from different
writing systems as a good example of this dilemma: if only a handful of topics
mention person names, and an even smaller subset of these names is transliterated. a
different treatment of such features will tikely lead to small effects in average
performanee. Furthermore. the small number of topics affected makes it also hard fo
derive conelusive information from a query-by-query analysis. Other examples of
issues that are only reflecied in few CLEF topics, but that we deem worthy of future
work are issues ol different formulations, different metaphors, and different
regulations when documents from separate cuftural arcas arg considered.

It remains one of our main goals 10 adapt our system to meet a wide range of
information needs from many different application areas. This means that the issues
that are “leveled out™ by the measures employed at evaluation campaigns become
more important. Especially names are critical entities in business processes, and
search technology that aspires to suppart such processes needs provisions for
handling them. Names hy nature are often not connected to any “literal” meaning,
they do not adhere to spelling rules, and thus are ofien not translated across
languages, while they are transliterated if necessary,

Better handling of names in the CLIR context presents two main problems:
firstly. how to detect names, and avoid accidental translation where applicable, and
secondly. how to match names across languages, cspecially where iranslitcration
occurs. The first problem is investigated in the research ficld of “named entity
recognition” (NER), with much of the work dealing with English-language text.
Lately, however, there has been increasing work on how to adapt NER systems 1o
multilingual data collections, and how 1o extraci hilingual lists of potential names
(see ¢.g. Cucerzan and Yarowsky (1999) and Saito and Nagata (2003)). Work on the
transtiteration prohfem has been recently presented hy Pirkola et al. (2003) and Qu
et al. (2003). We are currently working on the second issue, investigating to what
degree phonelie information about likely pronunciation of names in a target
language helps in matching transliterated names. The basie idea is based on the
ohservation that all the individual transtiterations of a name in different languages
aim tn capture the “original sound™ of the name. Thus, if compared phoneticatly,
they should be similar even if their spelling is comparatively dissimilar due 1o
differing pronunciation rules across languages. First trials indicate that it the
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weighting of the phonetic information versus spelling similarity 1s a main problem in
this line of rescarch.

Looking further. many other business-critical entities probahly need to be
evaluated in the CLIR context on our way to an even more robust. versatile
multilingual retricval system. Numbhers, dates. and numerous other entities all have
their own smalt and large issues when crossing language barriers that can become
critical in eperational settings. Dates are written in different formats. swapping the
order in which day, month and year are given, Likcwise, times are given eitherin 12
hour or 24 hour format, and numbers use different characters for the thousands
separator and the decimal point. A language-specific normalization is necessary if
such entities are to be used as integral retrieval features.

With regards to work on the issue of stemming and decompounding. issucs we
have left 10 be addressed in later investigations iaclude the weighting of components
after decompounding and compound splitting based on corpus statistics. The most
successful stemming components used in our study work independently of the
specific documents that are indexed. Altematively. decisions on applying stemiming
and decompounding to individual terms could be made based on their vse in the
corpus of documents being indexed. Linguistica (Goldsmith, 2001) is an example of
such an approach, hut it did not produce competitive results in our experiments. An
alternative approach has heen proposed by Agosti et al. {2003). A main motivation
for these proposals was the provision of an alternative in cases where no suitahle
manual stemmer was available. But potential may also be found in following a
slightly different line of work. where manual stemmers are enhanced hy a
component that modifies the stemming rules based on corpus statistics. Such a
stemming approach has been presented by Xu and Croft (1998). For
decompounding. there are indieations that it may he beneficial to leave compounds
intact that have a special meaning in the context of specific domains. Our work on
the NIST decompounding component is an initial step in that direction, in that it
only splits compounds that actively co-occur with their individual components. In
the case of domain-specific 1exi, such eo-oceurrence statistics can be expected to
show different patterns.

A further area where we still see considerahle potential in the development of
mechanisms for CLIR and multilingual retrieval is merging. where we have
demonstrated that simple methods give far from optimum performance. and more
complex methods often use information that is unlikely to generalize beyond the test
collections that are investigated. The incomparahility of retricval scores across
separale document collections, and the different vocabularies of the individual
languages handled by the system coniribute to the difficulty of the merging problem.
One way (o address the issue is determining a mapping between the different
doeument collcetions to he merged, thus allowing the comparison of retrieval scores
of “similar™ documents. Qur earlier attempts at this showed promising results
(Braschler and Schiiuble, 1998). but the resulting mechanisms were ultimately too
complicated. More work in this direction would have to concenirate on simplifving
the approach, and specifically minimizing the amount of training daia that is
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necessary. A ncw merging alternative called “two-step RSV™ was recently presented
by Martinez-Santiago et al. (2003). They propose re-indexing some of the
documents that are retrieved from the individual suhcollections, vsing word-level
alignments of query terms between the differcnt languages.

Looking further ahead, inclusion of all intermediate retrieval results during
merging is not necessarily the only option. Merging mechanisms couid also he used
to dynamically influence the combination settings themsclves. e.g. excluding results
derived from same types from translation resources for certain types of queries. This
can he viewed as an “aggressive” merging approach, where very different weights
are assigned 1o the individnal result lists. Onr feedback merging method (Braschler,
2004} is a step in this direction. as it assigns different weights for individual queries.
Additionally, a query cateporization mechanism could be envistoned. which could
assist in this task.

We feel that a combination architecturc is wcll suited as a sound base to
incorporate new bailding blocks such as outlined above.
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Abstract. The Cross-Language Zvalvation Forum (CLEF) is now in its fourth year
of activity. We summarize the main lessons learned during this period. outline the
state-of-the-art of the rescarch reported in the CLEI experiments and discuss the
contribution that this initiative has made to research and development in the
maltilingual information access domain. We also make proposals for future
direetions in sysiem cvaluation aimed at meeting emerging necds.

Keywords: cvaluation campaign, cross-fanguage information retricval, evaluation
methodology, CLIR state-of-the-art

I Introduction

The Cross-Language Evaluation Forum is in #ts fourth year of activity — the results
of the CLEF 2003 campaign have now heen judged and will be presenied in the
annoal workshop in August. However, the history of CLEF can be traced back to
1997 with the first track for the cvaluation of cross-language systems at the Text
REirieval Conference (TREC) (Schiubte and Sheridan 1998). We are thus now in
the position 10 anemp an assessment of the results achieved in nearly seven vears of
activity.
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The declarcd high-level objectives of CLEF are threefold:

1. to provide an infrastructure for the testing and evaluation of information
retrieval systems operating on European Janguages in hath monolingual and
cross-language coniexts.

2. to construct tesi-suites of rcusable data that ean he cmployed by system
developers for benchmarking purposes.

3. to create an R&D community in the cross-language information retricval
(CLIR) sector.

The aim of this paper will be to describe how CLEF has worked towards
realizing these objectives, what has been achieved so far. and what lessons we feet
have becn lcarnt from this expericnce. Il is often claimed (see e.g. Smeaton and
Harman 1997) that evaluation campaigns really do play an active part in advancing
system development. A question we will thus he-asking is what has been the impact
of CLEF on cross-language system development in this period. However, beforc we
begin to assess this impact. we start by examining the staius of R&D in this scctor
and the relationship beiween the research world and the application communities.

Although first experiments with cross-language information retrieval date back
to the early 70s (Salton 1970), rccognition of CLIR as a separate arca of research
probably hegan at SIGIR 1996 with the organisation of a Workshop on “Cross-
Linguistic Information Retrieval™ (Grefensteite 1998): several other activities and
events followed on closely — showing that there was much interest in the research
communily in this “new” area. The growing popularity of the Intemct and the
consequent wide availability of (free) networked information sources for an
increasingly vast public have elearly fuelled academic interest in CLIR, The World
Wide Weh phenomenon, coupled with increasing globatization of corporations and
organizations, has led to strong demand for tools that permit the wser to find
information wherever and however it is stored. regardless of language boundaries.
The demand has also been stimulated by mare non-English-speaking end users
going online and corporations finding themsclves competing in a world-wide
marketplace driven by foreign language information. There would thus appear to be
a strong potential for effective and efficient svstems ihat allow users to search
document collections in multiple languages and retrieve relevant information in a
form that is useful to them. even when they have little or no linguistic competence in
the target languages. However. such systems are not casy to develop and although
there has been much work on system devclopment since 1996. as evidenced by the
papers in this special issue, as yet there has been no strong commercial take-up. The
intention of this paper is to summarize the lcssons learnt from the first three CLEF
evaluation campaigns (CLEF 2000 — CLEF 2002). the results of the fourth still
under analysis at the time of writing. and to address the question of what remains to
be done in order to bridge the gap between research and application. i.e. between
sysiem developer and system user. The paper also provides thc necessary
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background information for a lull understanding of the experiments reported in the
other papers included in this special issuc dedieated to CLEF.

The rest of this paper is organised as follows. Section 2 deseribes the
hackground to CLEF. from its origins 1o the present, whereas Section 3 presenls
details on the evaluation methodclogy, the test collections, and the 1echniques used
for results ealenlation and analysis. In Section 4, we analyse the main findings from
this serics of campaigns and investigate whether CLEF has a direct impact on the
development of the systems of the groups that participate. In the final section, we
summarise our achievements so far and nutline our ideas for future dircctions,

2 Seven Years of Activity

2.1 CLIR at TREC - 1997-1999

The surge of intercst in the CLIR research arca afler 1996 led (o the organization of
a first wrack for CLIR system evaluation in 1997 at thc TREC-6 conference
(Schiinble & Sheridan, 1998). The following year, the NTCIR Workshop began
cross-language evaluation lor systems working on Asian languages (Kando 2003).

In the first year of the CLIR track at TREC, the participating groups performed
a bilingual task — searching target document collections in French, German or
English with querics formulated in a difTerent Janguage. Resulis were 1o be retumed
in the forin of lists of doeument identifiers, ranked by deereasing probability of their
relevance o the query. Thirteen groups took part, using all possible combinations of
source and target languages, with the consequence that it was very difficult 1o
compare results over different systems. The track took a big step forward in the
folowing year with the introduetion nf a new iask in which the systems had to
search a multilingual collection of documents in four languages — the new language
was ltalian — for relevant items, using a single query language. Of the nine groups
participating in the CLIR track in TREC-7. five groups tried this task. lts
introduction forced developers to study the most appropriate indexing, transfer and
retrieval strategies when handling eollections in multiple languages simultancously,
ranking results across collections and languages in a single list —- a complex exercise
{Brasehler et al. 1999). The multilingual task was repeated in 1999 with eight groups
attempting it. Bilingual 1asks continued to be offercd as sceondary exereises. An
overview ol the CLIR tracks at TREC is given in Harman et al. (2001).

The experience at TREC shawed that an activity of this type, which involved
handling. processing and understanding text in many languages. needed the
collabaration of native speakers of the languages involved. For this reason, from
1998 on. the CLIR track at TREC was organised on a distributed hasis, with sites in
different countries being responsihle for handling the work on the document
collcetions in each language. At the end of 1999, it was decided thai it would be
morc appropriate to centre the coordination nf the evaluation aetivity for Eurapean
languages in Europe while TREC would shift its attention to other language groups
{Chinese in 2000, Arabic in 2001 and 2002). TREC, CLEF and NTCIR agreed to
coordinate their activities and their schedule to avoid. as far as possihle, overlapping

39



of dates. in order 10 facilitate groups that wished to participale in more than one of
the cross-language campaigns.

2.2 Cross-Language System Evaluation moves to Europe

The move ta Europe and the launching of an independent project, known as the
Cross-Langueage Evaluation Forum (CLEF). has made it possible to huild on and
extend the results achicved within TREC. The multilingual environment provided by
Europe has facilitated the addition of mew languages and has stimulated
participation. European businesses and institutions are accustomed to working in a
multilingual context and need tools that help them to do this. The European Union
currently recognises 13 official languages — this number is expected 1o become 23 in
2004 with the addition of ten new member states (Pieters 2002). It is one of the
guiding policies of the EU that linguistic and cultural diversity should be
safeguarded and access to knowledge should be guaranteed in all the languages of
the Unien. Support for CLEF was thus sought from the European Commission on
the grounds that an initiative that involves an increasing number of European
languagcs should be organised on the European rather than the national level'.

The first campaigns of CLEF had the main goals:
- to accommodate as many European languages as possible;

- to encourage the participation of European groups {disappointingly low during
the three years of activity coordinated in the US);

- 1o provide facilities for manolingual system testing and tuning in European
languages other than English, which was already well covercd by TREC;

- lo stimnlate systems 1o move lrom monolingual searching 10 the
implementation of a full multilingual retrieval service

- 1o study the needs of hoth system developers and system users in order to
promote the introduction of new tasks, designed to meet newly identificd
requirements.

The results have been encouraging froin the start. Separate tracks to tcst
monolingual, hilingual and multilingual systems were provided with the aim of
allowing groups to work thecir way up gradually from mono- to multitingual
retrieval. Additionat tracks bave been added to supplement the core tracks. The test
cnllection has continued to grow. Participation of both academic and industrial
groups. and especially of Eurapean groups. has increased rapidly (see Table 1). In

" CLEF 2000 and CLEF 2001 were sponsored by the European Commission under the
Information Society Technologics programme and within the framework of the DELOS
Network of Excellence for Digital Libraries (§5T-1999-12262); CLET 2002 and 2003 have
heen funded as an independent project (IST-2000-31002). The consortiom members are
ISTI-.CNR, MNaly (coordinalors). ELDA. France, Ewrospider Information Technology.
Switzerland; |Z-Bonn, Germany; LSI-UNIEED, Spain: NIST. USA.
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the folfowing section, we deseribe the organization of these evaluation campaigns
and explain the underlying motivations for certain choices and decisions.

Table . Growth in number of participants and experiments over the years.

Year # Participants # Participants # Experiments
(for all tracks) (core tracks only) (core tracks only)

TREC-6 (1997) i3 i3 95y
TREC-7 (1998) 9 9 27
TREC-8 (1999) i2 12 45

CLEF 2000 20 20 95

CLEF 200t 34 31 198

CLEF 2002 37 34 282

CLEF 2003 42 33 415

3 Organisation of the CLEF Evaluation Campaign

CLEF aims at providing a forum that is not so much a competition. but rather a
place where people can abjectively evaluate their systems and ideas. 1t is Icfi open 1o
the participanis whether lthey want to perfect a tried-and-true approach, or iry
“revolutionary™ new ideas, cven though some of these may quickly disappear. In this
sense, the intentions of participants, and the amount of eifort they invest in their
CLEF experiments differ vastly. The campaign as a whole benefils from this fact, as
newcomers and creative, “daring” groups find as much a place for their work as
veteran parlicipanis that have built elaborate, finely tuned systems.

3.1 Comparative Evaluation and the Cranfieid Paradigm

For the core activities, CLLEF adopts a corpus-based, automatic scoring method,
based on ideas first introduced in the Cranfield experiments (Cleverdon 1997} in the
tate 1960s. This methodology is widely used and accepled in the information
refrieval communily. lis properties have been thoroughty investigated and are well
understood. This approach is also used by the popular series of TREC conferences
(Harman 1995). which arc the "gold standard" for this form of ecvaluation
campaigns. “End-users™ are nol directly involved in the evatuation when lollowing
this “Cranfield” paradigm. While user-based evaluation aims to directly measure the
user’s salisfaction with a particular system, the CLEF core activities have begn
limited tn system evaluation. One of the reasons for adopting system evaluation lies

* In TRECG. only bilingual retrieval was offered. which resulicd in a large number of runs
combining different pairs of languages (Schiluble and Sheridan 1998). Starting with TREC?,
multilingual runs were introdeced (Braschler et al. 1999), whieh usually consist ol multiple
runs for the individual fanguages that are merged. The number of experiments lor TRECSE is
therefore not directly comparable 10 later years.
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in the costs and complexities incurred by conducting user-based evaluations. While
much is to be said for involving cnd users in the cvaluation of svstems (and the
“interactive track™ of CLEF indeed tries to work in this direction). besides
significantly lowering the cost of conducting the cvaluation. abstracting the
evaluation process can help to conirol some of the parameters that affect retrieval
performance. and thus may increase the power of comparative experiments. in
CLEF, following the Cranfield paradigm. good system performance is equated with
good retrieval effectiveness (in terms of returning lists of documents), There are a
host of assumptions underlying the “laboratory setting™ used for system gvaluation
in CLEF, and we will briefly discuss some of their implications. For a more detailed
discussion of the Cranficld paradigm see (Voorhees 2002).

The CLEF campaigns use a combination of a set of retrievahle documents. a
set of formulations of “information needs”™ and measures for evaluating the
effectivencss of the system in answering these information needs on the basis of the
set of documents. The measures used by CLEF, mainly recall and precision’. are
based on the “relevance™ of a documcent to the corresponding information need,
which is defined on topical similarity as determined by expert rclevance assessors.
For the sake of practicality. CLEF must make multiple assumptions with regard to
the concept of relevance it adopts: first. that all “relevant docomients™ contrihute
equally to the performance measures, second, the relevance of a document is
independent of the relevance of other documents, and third, that all potential users
agree on the rclevance ol a document with respect to an information need. For some
performance measurcs. such as recall. it is further assumed that all relevant
documents in the colicction are known, Relevance assessments were chosen (o be
binary: a document is either relevant or irrelevant. CLEF emphasizes comparative
evaluation, An important consequence of the abstractions used in its methodology is
that absolute scores of individual experiments are nnt meaningful in isolation,

Of course, the distinguishing feature of CLEF is that it applies this evaluation
paradigm in a moltilingual setting. This means that the criteria normally adopted to
creale a test collection consisting of suitable documents, sample queries and
relevance assessments must be adapted to satisfy the particular requirements of this
context. In the rest of this section, we will thus discuss how the CLEF evaluation
campaigns have been designed and set up to meet the spectal needs of multilingual
information retrieval, In Section 3.2 we describe how the cvaluation tasks have heen
studied to meet the needs of the multilingual system developers community. and in
Section 3.3 we describe the measures taken to create a test collection that can he
used in a multilingual. multicultural cnntext and ¢an he trusted to give consistent.
unhiased results. This is particularly important with respect to the relevance
assessments whose ohjectivity must he poarantecd. Finally, in Scction 3.4, we
comment on the completeness of the relevance assessments as used in CLEF,

* Recall measures the properlion of relevant documents retrieved with respeet to the total
numher of relevant documents in the entire document collcction. Precision measures the
proportion of relevant documents retricved with respeet (o 1he total number of documents
rericved from the coflection.
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3.2 Evaluation Tracks

Over the years, the range of activities offered to participants of tbe initial TREC
CLIR and subsequent CLEF campaigns has expanded and been modified in order 10
meel the needs of the research community. Consequently, the campaigas are
structured into several distinet tracks. Some of these tracks are in turn structured into
multiple tasks, Almost from the very beginuings in TREC, the main focus of the
campaigns has hecen the multilingual rctrieval track, in which systems must usc
querics in one language to retricve items from a test collection that contains
documents written in a number of difterent languages (four in CLEF 2000, five for
CLEF 2001 and 2002, and either four or eight in CLEF 2003). Paricipanis are
actively encouraged 1o work on this, the hardest 1ask offered. A stated goal of the
CLEYF campaign is to allow groups to gradually move from “easier” tracks/tasks in
their first participation to eventually work with as many languages as possible,
joining tbe multilingual track. To this end, bilinpual and monolingual tracks are also
offered. These smaller tracks serve additional important purposes, for exampte in
terms of helping to betler understand the characteristics of individual languages, and
to fing-tune procedures,

In CLEF, we distinguish between the core tracks, which are those that are
offercd regularly each vear {the monolingual, bilingual, multilingual and domain-
specific iracks) and additional tracks, which tend to be organized on a more
expetimenial basis and bave tbe objective of identifying new requirements and
appropriate methodology for their testing. The core tracks are coordinated by the
members of the CLEF consortium, whereas the additional tracks are organized by
interested associated groups, under the CLEF umbrella, on a voluntary hasis. Here
below we describe tbe tracks and tasks offered by tbe campaigns from CLEF 2000
through CLEF 2003. For each of the core tracks, the parlicipating sysicms construct
their queries (automatically or manually) from a common set of statements of
informatian needs {(known as topics) and scarch for relevant documents in the
collections provided. listing the results in a ranked list. With the exception of the
paper by Oard ¢t al which discusses work done in the Interactive CLEF track, the
articles in this special issue descrihe experiments on the core tracks.

CORE TRACKS

Multilingual Information Retrieval. This is the main task in CLEF. It requires
searching a multilingual coltection of documents for relevant items, using a selected
query language. Mulitilingual information retrieval is a complex task, testing the
capability of a system to handle a number of different languages simultancously,
ordering them according to relevance. In CLEF 2000. the multilingual collection for
this track contained English, German, French, and Halian documents. In CLEF 2001
and 2002, it also contained Spanish texts. For CLEF 2003, two distinct multilingual
tasks were offered: multilinguat-4 and multilingual-8.  The collection for
muitilingual-4 contained English, French, German and Spanish documents.
Multilingual-8 involved searching a collection containing documents in eight
languages: Dutch. English. Finnish. French, German, lialian. Spanish and Swedish.
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For cach campaign, a common set of topics (i.e. structared statements of information
needs from which queries are extracted) has been prepared in up to twelve
languages: Duich, English, Finnish. French. German. Nalian, Spanish, Swedish.
Russian. Portuguese. Japanese and Chinese. Topics have been offered in other
languages on demand.

Bilingual Information Retrieval. In this track. any query language can be used
to search a single target document coltlection. Many newcomers to CLIR systein
evaluation prefer to begin with the simpler bilingual track before moving on lo
tackle the more complex issues involved in truly multilingual retrieval. CLEF 2000
offered the possibility for a bilingual search on an English target coliection. using
any other language for the queries. CLEF 2001 offered two distinct bilingual tracks
with cither English or Dutch target coilections. in respense to considerable pressure
from the participants. in CLEF 2002 we decided to extend the choice to all of the
target documnent collections. with the single limitation that anly newcomers to a
CLEF cross-language evaluation task could use the English target document
collection. This decision had the advantage of encouraging experienced groups to
experiment with “different” target cotlections. rather than concentrating on English.
but it had the strong disadvantage that the results were harder to assess in a
comparative evaluation framework. There were simply too many topic-target
language comhinations, only receiving a few experiments each. Consequenily, for
CLEF 2003, we offered a very different choice. The main ohjective in the 2003
hilingual track was to encourage the tuning of systems running on challenging
language pairs that do not include English, bul also to ensure comparahility of
results. For this reason. runs were only accepted for one or more of the following
source — larget languages pairs: lalian — Spanish. German — ltalian, French —
Dutch. Finnish — German. Newcomers only (i.e. groups that have not previously
participated in a CLEF cross-language task) could choose to search the English
document coltection using a European tapic language. At the last moment. we
acquired a Russian collection and thus also included Russian as a target collection in
the bilingual 1ask, permitting any language to be used for the querics.

Monelingual (non-English) IR. Until recently. most IR svstem evaluation
focused on English. However, many of the issues involved in IR are language
dependent. CLEF provides the opportunity for manolingual system testing and
tuning, and for building test suites in ather European languages apart from English.
Each of the CLEF campaigns has thus provided the opportunity for monolingual
systemn testing and tuning on any of the target collcctions availahle. with the
exception of the English collection.

Domain-Specific Mono- and Cross-Language Information Retrieval. The
rationale for this task is to study CLIR on other types of collections. serving a
different Kind of information neced. The information that is provided by domain-
specific scientific documents is far more targeted than news storics and contains
much terminology. It is claimed that the users of this (ype of collection are typically
interested in the completeness of results. This means that they are generalty not
satisfied with finding just some relevant documents in a collection that may contain
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many more. Developers of domain-specific cross-language retrieval systems need to
he able to tune their systems (o meet this requirement. See (Kluck and Gey 2001) for
a discussion of this point.

ADDITIONAL TRACKS

Interactive CLIR (iCLEF). The aim of the tracks listed so far is to measure
system performance mainly in terms of its effectiveness in document ranking.
However. this is not the only issue that interests the user. User satistaction with an
IR syster is based on a number of factors, depending on the functionality of the
particular system. For example, the ways in which a system can help the user when
formulating a query or the ways in which the results of a search are presented arc of
great importanec in CLIR systems where it is common to have users retrieving
documents in languages with which they are not familiar. An interactive track that
has focused on both user-assisted query forimulation and document selection has
been implemented with success sinee CLEF 2001 (sce Oard et al. 2004).

Multifingual Question Answering (Q4 at CLEF). This is a completely new
track introduced for the first time at CLEF 2003. It consists of several tasks and
offers the possibility to test monolingual question answering systems running on
Spanish, Dutch and lalian texts, and cross-language systems using guestions in
Dutch, French, German. ltalian and Spanish to search an English document
collection. This track is an important inpovation for CLEF as successful question
answering systems need to integrate IR technology together with sophisticated
natural language processing (NLP) procedures. The aim of this track is both to
stimulate monolingual work in the question answering area on languages other than
English and to encourage the development of the first experimental systems for
cross-language QA.

Cross-Langnage Spoken Document Retrieval (CL-SDR}. The current growth of
multilingual digital material in a combination of different media {e.g. image, speech,
video) means that there is an increasing interest in systems eapable of automatically
aceessing the inforimation available in these archives. For this reason, the DELOS
Network of Excellence for Digital Librarics® supported a preliminary investigation
aimed at evaluating systems for cross-language spoken document retrieval in 2002,
The aim was to establish baseline performance levels and to identify those arcas
where future research was needed. The resulis of this pilot investigation were first
presented at the CLEF 2002 Workshop and are reported in Joncs and Federico
(2003). Cross-language spoken document retrieval has been offered as a pilot
experiment in CLEF 2003,

Cross-Language Retrieval in fmage Collections (Image CLEF}. This track was
offered for the first time in CLEF 2003 as a pilot experiment, The aim is to test the
clfcetiveness of systems to retrieve as many relevant images as possible on the basis
of an information need expressed in a language dilTerent from that of the document
collection. Qucries were made availahle in five languages (Duteh, French, Gernman,

* More information on DELOS can be found at http:/delos-noe.iei. pi.cor.it/
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ltalian and Spanish) to search a British-English image coliection. Searches could
make use of the image content, the text captions or hoth.

These last iwo tracks show the effort that is now being made by CLEF to
progress from text retrieval tasks to 1asks that embrace multimedia.

3.3 The Test Collections

The CLEF test collection for the core tracks is formed of sets of documents in
different European languages but with common features (same genre and time
period, comparable content): a single set of topics rendered in a number of
languages; relevance judgments determining the set of relevant documents for each
topic. A separate test collection has been created for systems tuned for domain-
specific 1asks.

3.3.1 Document collections. The main document collection now consists of well
over 1.5 million documenis in nine languages — Duich. English. Finnish. French,
German, italian, Russian, Spanish and Swedish, This collection has heen expanded
gradually over the years. The 2000 collection consisted of newspaper, news
magazine and news agency articles mainly from 1994 in four languages: English,
French, German and ltalian. Two languages were added in 2001: Spanish because of
its global importance, and Duich, partly to meet the demands of a considerable
numher of Dutch participants — a very aclive community in early CLEF. bui also
becausc it provided a challenge for those who wantcd to test the adaptability of their
systems 1o a ncw. less widespread language. Swedish and Finnish were introduced
for the first time in CLEF 2002 for different reasons. Swedish was chosen as a
representative of the Nordic languages, whereas Finnish was included both because
it was a represetative of a different language group (the Uralic languages) and also
because its complex morphology makes it a particularly challenging language from
the text processing viewpoint. Russian was an important addition in 2003 as it is the
first colfection in the CLEF corpus that does not use the Latin-1 (1S0-8859-1)
encoding system.

The domain-specific collection consists of the GIRT datahasc of German social
science documents. with a controlled vocabularics for English-German and German-
Russian. The GIRT texts were first used in the TREC CLIR tracks and have been
expanded for CLEF. [n 2003 a third, even morc extensive version of the GIRT
database was infroduced, consisting of more than 130,000 documents in an English-
German parallel corpus, 1o CLEF 2002, this track afso used the Amaryllis scientific
database of approximately 150,000 French bibliographic documents, and a
controlled vocabulary in English and French.
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Table 2. Sourccs and dimensions of the main CLEF 2003 document collection

Collection Added Size No.of Median Median Median

in (MB) docs size of  size of size of
docs. docs. docs.
{Bytes) (Tokens") (Features)

Dutch: Algemeen 2000 241 106483 1282 166 112

Daghlad 94/95

Duich: NRC 2001 299 84121 2153 354 203

Handelsbiad 94/93

English: 2000 425 1713005 2204 421 246

LA Times 94

English: Glasgow 2003 154 56472 2219 343 202

Herald 95

Finnish: 2002 137 55344 1712 217 150

Aammulehti late

94/95

French: 2000 158 44013 1994 36l 213

Le Monde 94

French; ATS 94 2001 86 43178 1683 227 137

French: ATS 95 2003 88 42615 1715 234 140

German: 2000 320 139715 1598 225 161

Frankiurter

Rundschan 94

German: 2000 63 13979 1324 213 160

Der Spiegel 94/95

German: SDA 94 2001 144 71677 1672 186 131

German: SDA 95 2003 144 69438 1693 188 132

ltalian: 2000 193 58051 1915 435 268

L.a Stampa 94

ltatian: AGZ 94 2001 86 30527 1454 187 129

halian: AGZ 95 2003 85 48980 1474 192 132

Russian: 2003 68 16761

Izvesiia 95°

Spanish: EFE 94 2001 511 215738 2172 290 171

Spanish; EFE 95 2003 577 238307 2221 299 175

Swedish: TT94/95 2002 352 142819 2171 183 121

SDA/ATS/AGZ = Schweizerische Depeschenagentur (Swiss News Agency)
EFE = Agencia LFE §.A (Spanish News Agency)
TT = Tidningamnas Telegrambyra {Swedish newspaper)

! The number of tokens extracted from each document can vary slightly across systems,

depending on the respective definition of what constitutes a token. Consequently, the
number of tokens and featnres given in this table are approximations and may differ from
actual implemented systems.

¢ Figures for Russian are not comparable due o different encoding system.
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Tahle 2 gives details of the source and dimensions of the main multilingual
document collection used in CLEF. Most papers in this special issue make reference
to the collection as of 2002, The table gives the overall size of cach subcellection,
the vear of its addition, number of documents contained, and threc key figures
indicating some 1ypical characteristics of the individual documents: the median
length in byics, tokens and features. Tokens are "word" occurrences, extracled by
removing all formatting, tagging and punctuation, and the length in terms of features
is defined as the number of distinct tokens occurring in a document.

3.3.2 Topics. For the core tasks, the participating gronps derive their queries in their
preferrcd language from a set of topics that were created to simulate user
information nceds. Following the TREC philosnphy, cach topic consists of three
parts: a brief title statement: a ane-sentence description; a more complex narrative
specifying the relevance assessment eriteria. The title contains the main keywords,
the description is a “natural language™ expression of thc concept conveved by the
keywords, and the narrative adds additional syntax and semantics. stipulating the
conditions for relevance assessment. Queries can be constructed from one or more
fields. Here below we give the English version of a typical topic from CLEF 2002,

<t0p>
<pum> CO91 </num>
<EN-title> Al in Latin America </EN-tille>

<EN-desc> Amnesty International reports on human rights in Latin America.
</EN-dcsc>

<EN-parr> Relevant documents should inform readers about Amnesty
International reports regarding human rights in Latin America. or on reactions
to these reports, </EN-narr>

</top>

The moativation behind using structured topies is to simulate query “input” for a
range of diffcrent IR applications, ranging from very short to elaborate query
formulations, and representing keyword-style input as well as natural language
formulations. The latter polentially allows sophisticated systems to make use of
marphologieal analysis, parsing, query expansion and similar features. In the cross-
language contexl. the transfer component must also be considered. whether
dictionary or corpus-based. a fully-fledged MT system or other. Different query
structures may be more apprapriate for testing one or the other methodology.

The creation of a topic set in a multilingual context necessitates a very rigorous
procedure in order o ensure consistency and coherency of the topic sets in the
different languages. CLEV topics are developed on the basis of the contents of the
multilingual document collection. For each language. native speakers propose a set
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of topies covering events of local, European and general importance. The topics are
then compared over the different sites 1o cnsure thal a high percentage of them witl
find some relevant documents in all collections, although the ratio can vary
considerably. The fact that the same topics are used for the mono-, bi-. and
muhilingual tracks is a significant constraint’. While in the multilingual task it is of
litide imporiance if a given topic does not find relevam documents in all of the
collections, in both the hitingual and monolingual tracks, where there is a single
target collection, a signilicant number nf the queries must retricve relevant
documents.

Other criteria must be met 1o provide a full range of cross-language testing
possibilities for the participating systems. For example, it is important 1o inchide
names of locations (iranslatable or not), of people (where some kind of robnst
matching may be necessary, e.g. Elisin, leltsin, or Yeltsin), imponiant acronyms,
some ferminalogy (testing lexical coverage), syntactic and semantic equivalents. The
goal is 10 achieve a natural, balanced iopic set accumtely reflecting real world user
needs while at the same 1ime testing a system’s processing capabilities to the full,

Once the topics have becn selected, they are prepared in ali the collection
languages hy skilled translators translating into their native language. They can then
be translated into additional languages, depending on the demand from the
participating systems. in all cases, the aim is to produce patural language renderings
of the concepts expressed rather than literal translations.

The main CLEF topic set currently consists of 200 topics for eight different
languages (Duich. English. Finnish. French. German, Italian, Spanish, Swedish), and
a subset of them for additinnal topic languages (Chinese, Japanese, Portuguese,
Russian, Thai). 40 topics were created for CLIEF 2000, 50 topics each for 2001 and
2002, and 60 for CLEF 2003. Separate topic sets have been developed for the GIRT
task in German, English and Russian and in French and Englisti for Amaryllis, The
CLEF topic generation process and the issucs invoived are described in detail in
Womser-Hacker (2002) and Mandl and Womser-Hacker (2003).

The size of the topic sct in ecach campaign is diclated by limited evaluation
resources. With the kind of cffort that is possible within the CLEF campaigns, it is
impractical to produce exhaustive relevance assessments for larger topic sets. Using
such a topic set as a (small} sample of all potential information needs that end vsers
might have has implications on the interpretation of the experimental results. Indeed,
statistical analysis of the results in the multilingual tracks of the 2001 and 2002
campaigns has shown that performance changes need to be rather large to find
statistically significanl differences herween experiments (Braschler 2002, 2003). The
hest remedy is to use a larger topic set for experiments, which CLEF facilitates by
keeping portians of the doeument collection unchanged from campaign to campaign,

" This is essentiat for economic reasons and imiportant in order to create a reliable test
collection. Relevanee assessment is a very resouree consuming task, By using the same
topics, the retevance assessment lor the three tracks can he done simultaneously and ihe
document pools per topic for each language collection are sulficiently large.
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effectively allowing post-campaign experiments 1o use multiple topic sets from
several campaigns. A recent discussion of the influences of different topic set sizes
can he found in Voorhees and Buckley (2002),

3.3.3 Relevance Judgments. The relevance assessments are produced in the same
distributed setting and by the same groups that work on the topic creation. CLEF
uses methods adapted from TREC 1o ensure a high degree of consistency in the
retevance judgments. All asscssors follow the same criteria when judging the
documents. An accurate assessment of relevance of retrieved documents for a given
topic implies a good understanding of the topic. This is much harder to achieve in
the distribuicd scenario of CLEF where understanding is influenced by language and
cultura! factors. Rules are established to ensure, as far as possible, that the decisions
taken as ta relevance are consistent over sites, and over languages.

The practice of asscssing the results on the basis of the “Narrative™ means that
only using the “Title™ and/or “Description™ parts of the tapic implicitly assumes a
particular interpretation of the user’s information need that is not (explicitly)
contained in the actual query run in the expetiment. The fact that the information
contained in the title and description fields could have additional possible
interpretations has influence enly on the ahsolute values of the evaluation measures,
which in general are inherently difficult to interpret. However, comparative results
across systems are usually stable when considering different interpretations. These
considerations are important when using the topics to consiruct very short queries to
evaluale a system in a web-stvle scenario.

The number of documents in large test collections such as CLEF makes it
impractical to judge every document for relevance. Instead. approximate recall
figures are calcilated by wsing pooling lechniques. The results submitted by the
participating groups are used to form a "pool" of docoments for each topic and for
each langnage by collecting the highly ranked documents from ali the submissions,
The implications of using this pooling procedure on the validity of the results
published by CLEF arc discussed in the lollowing section. Tahle 3 gives an
overview of the number of topics and documents used in the campaigns for the core
tracks, and of the sizc of the carresponding document pools.

Table 3. Number of documents assessed for the CLEF campaigns {core tracks).

Collection # Lang. #Docs. Sizein  #Docs. # Topic. # Assessed/

MB assessed topic
CLEF 2003 9 [.611,§78 4124  ~[88,000 60 ~3100
CLEF 2002 8 1,138,650 30t 140.043 50" ~2900
CLEF 2001 6 940487 2522 97,398 50 1948
CLEF 2000 4 368.763 1138 43.566 40 1089

*only 30 topics assessed for Finnish in 2002 and only 37 topics assessed for Russian
in 2003.
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3.4 Results Analysis

As was mentioncd when introducing the Cranfield paradigm used by the CLEF
campaigns in Section 3.2, performance ineasures reported for the CLEF experiments
depend hcavily on relevance assessments. Using a pooling methodology, i.e. only
judging documents for relevance that have been highly ranked in at least one of the
experiments considered. while essential 1o make relevance assessment feasible for
targe collections, incurs the risk that a substantial portion of relevant documents
goes undetected, i.e. that the relevance assessments arc not sufficiently complete.
Since such a situation would cast serious doubts on the validity of the conclusions
derived on the basis of the CLEF results, tests investigating pool quality have been
run since the first CLEF campaign in 2000. The situation is particularly eritical with
respect to the reusability of the test collections produced by CLEF: an incomplete
pool may put experimenters whose systems did not coniribute to the pool during the
campaigns at a disadvantage.

We have adopted an idea originally put forward by Zobel (1998): to get an
indication of the completeness of the pool, individual participants are in ium
removed from the pool. each time re-evaluating results. If results remain stable
throughout this process, evidence is gained that the pool is sufficiently complete so
that new participants would add little in terms of morc relevant documents to the
pool. That is, the pool contains the vast majority of relevant documents. We have
caleulated the mean and maximum difference observed when using reduced
retevance assessments for the multilingual document pool for all three campaigns
held to date. For 2002, we have also calculated the respective numbers for the
subcollections formed by the individual languages. In all cases. we have found that
the CLEF collections compare favourably to other lest collections produced by
similar campaigns, with a maximum difference for the multilingual experiments of’
5.99% observed for the 2000 campaign. which has been steadily lowered 10 1.76%
in 2002 thanks to even larger pools based on mote different systems and
experiments being nsed (Tuhle 4). The mean differences are in the order of 1% or
less, meaning that conclusions with respect to one system outperforming another
system are only affected in cases where differences are too small to be of any likely
statistical significance. For the subcollections formed hy individual languages,
somewhat larger differences are observed. mainly for the newer languages that have
heen introduced in the later campaigns (see Table 5). This is to be expected due to
fewer participants and systems contributing to the rcspective pools. Siill, the
numbers arc sufficicntly favourable to make it unlikely that conclusions based on the
test collections are invalidated. provided that care is taken in considering the
inherent limitations of system evaluations such as those conducted by CLEF.
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Table 4. Multilingual track of the CLEF 2000, CLEF 2001 and CLEF 2002
campaigns. Key values of the pool quality analysis: mean and maximum change in
average precision when removing the pool contribution of onc participant, and
associated standard deviation.

Campaign Mean difference  Max, difference Std. dev. difference
CLEF 2000 0.0013{0.80%)  0.0059 (5.99%) 0.0012 {1.15%)
CLEF 200! 0.0023(1.02%)  0.0076 (4.50%} 0.0051 (2.379%)
CLEF 2002 0.0008 (0.48%)  0.0030 (1.76%) 0.0018 {1.01%)

Table 5. CLEF 2002: subcollections for individual languages. Key values of the
pool quality analysis: mean and maximum change in average precision when
removing the poel contribution of one participant. and assaciated standard deviation.

Track Mean Difference  Max. Difference Std. Dev. Difference
DE German 0.0025(0.71%)  0.0095 (5.78%) 0.0054 (1.71%)
EN English 0.0023 (1.14%)  0.0075 (3.60%) 0.0051 (2.60%)
ES Spanish 0.0035(0.87%)  0.0103 (2.52%) 0.0075 (1.86%)
F1 I¥innish 0.0021 (0.82%)  0.0100 (4.99%) 0.0049 (2.05%)
FR French 0.0019 (0.54%)  0.0050 (1.86%) 0.0038 (£.08%)
IT lialian 0.0008 (0.22%)  0.0045 (0.93%) 0.0016 (0.46%)
NL Dutch® 0.0045 (1.26%)  0.0409 (9.15%) 0.0116 (3.09%)
SV Swedish 0.0082 (3.32%)  0.0306 (10.19%%) 0.0182 (7.51%)

3.5 Workshops

Each CLEF evaluation campaign culminates in a two-day workshop. The objective
of the workshops is ta bring together the groups that have participated in that year’s
campaign sn that they can report on the results of their experiments. These
workshops are an cssential pan of the CLEF experience: they provide the
opportunity for researchers working on common problemns to get together and
exchange ideas and opinions which not only regard current approaches and
technigues but also future directions for research in this ficld. Parlicipants also have
the chance to make proposals for new tasks to be introduced in future campaigns.
The workshops play a strong role in the creation of a CLIR rescarch community
around the CLEF activity. it is casy 1o witness their impact on successive campaigns
as we see groups experimenting with approaches they have seen presented in
previous years and afso sharing toals and resources. Copies of the Working Notes
and the presentations given at the workshop are made publicly available on the
CLEF website.

* One experiment that was an extreme outlier in terms of performance was remaved before
calculation of the Duteh figures 1o avoid a non-representative skew in the numbers.
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4 Current State of CLEF systems

In the three CLEF campaigns that have been completed to date (and in the three
CLIR tracks held at the TREC conference hefore that), numerous ideas and methods
have been used by the participants. Some of these methods have quickly faded away
aficr one campaign, whereas others have been cagerly adopted and expanded on by
other participants. This sharing of ideas is a very importani aspect of the CLEF
activities, which we will expand on later in this seciion, We start with the perhaps
rather amhitious goal of descrihing the blucprint for “a successful CLEF system™ -
of course any such attempt is by necessily limiled hy what has been learnt hy the
participants in the campaigns thai have taken place so far. Even so, the sharing of
ideas implies a certain amount of convergence toward systems that use one of the (or
the only) blueprints that have proven snceessful so far. Clearly, such convergence
cauld lead to the risk of a “monocuiture” of CLIR systems; this evidences the value
of participants that dare to “think outside the box™ and try new approaches. Luckily,
the CLEF campaign has seen a number of experiments by such participants. We
think this may be helped by the fact that CLEF is sct up net to be a purely
competitive farum, but rather as a place for both introducing and fine-tuning ideas.

4.1 A Successful Blueprint for a Multilingual Retrieval System

When analyzing the results of the CLEF 2002 campaign (the CLEF 2003 campaign
has not yet concluded), it hecomes apparent that there are strong similarities between
the systems of the three participants that submitted the top performing experiments
for the multilingual retricval task. Our interpretation of this faet is that through
participation in earlier campaigns and learning from the experiences repotted from
them, these three groups have found a “blueprint™ for what conslitutes — in terms of
the state-of-the-art — a type of CLIR system that is successful for the CLEF task. We
will now try to outling our understanding of this blueprint. These three systems have
been built hy Université de Neuchdtel (Savoy 2004). University of California at
Berkeley Group 2 (Chen and Gey 2004) and Eurospider (Braschicr 2004) and are
each descrihed in articles included in this special issue. All three systems are based
on a strong foundation in monolingual retrieval for some or all of the languages in
the multilingual track in CLEF 2002 (English, French, German, ltalian, Spanish).
This does not nccessarily mean that an extraordinary amount of lingaistic
knowledge or language-specific processing is used, but that the methods employed
for monolingual retrieval are robust and well-tuned, leading to performance in the
monolingual retrieval tracks by these groups which either outperfnrms other
partieipants ar is very close to top performance. All three groups used stemming for
all five langnages and decompounding for German words, However, they did not
use sophisticated morphological analyzers or tools such as part-of-speech taggers.
For term weighting. well-known weighting schemes that have previously been
shown to be successtul in English language evaluations such as TREC were applicd
(3M25. Lnu.ltn, Berkeley ranking). Blind feedback (i.c. automatic query expansion
by terms collected from the documents ranked at the top after initia) retrieval) was
used by all three groups. This “formula™ for monolingual retrieval (rohust stemming,
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well-known weighting schemes. and hlind feedback} was only outperformed for
ltalian by two ltalian groups (Amati ct al. 2003, Bertoldi and Federico 2003). which
may hint at potential for some more language-specific fine-tuning.

In terms of strategics used to cross the language harrier, the approaches of these
three groups also show parallels. All use the combination of more than one type of
translation resourec, and in some cases also more than one translation resource of
the same type. Université de Neuchdétel uses a range of machine trans(ation systems,
supplemented by an electronic dictionary. UC Berkeley also uses a dictionary. plus
some of the same machine translation systems, but comhines these resources with a
corpus-based transtation vesource built from parallel texts. Eurospider combines
machine translation using different svstems with a “similarity thesaurus™ derived
from suitable training data. All three systems usc query translation, although
Eurospider also combines this with document translation through machine
translation.

For muitilingual retrieval, scveral alternatives for the handling of all the
langnages exist. They can he handled simultaneously, or they can be handled one at
a time, through a succession of bilingual retrieval steps, and then subsequently
merged inte one, multilingual result. Al three groups have used the latter approach
for query translation (when using document translation. this problem does not arise.
since retrieval on the translated document cellection is monolingual). However, the
effective merging of the various bilingual results has proven to be a difficult
challenge for all participants in the last two campaigns. and it appears that no robust,
well-performing methods have been found. While all use several (mostly simple)
methods for merging, the merging performance of these three groups appears to he
still far helow the theoretical optimum.

In summary, and looking at these three systemns, we conclude that one possible
bueprint for building a system that is successful for the CLEF 2002 muttilingual
track could well consist of:

- effeetive monolingual retrievat for most or all of the languages invelved. This
is achieved through use of robust stemming. well-known weighting schemes
and blind feedback.

- a combination of translation information derived from multiple types of
translation resources. The right parameterization and combination of these
elements leads to effective retrieval results on the CLEF test collection.

- using query translation for a series of bilingual retricval steps for individual
language pairs. The results arc then merged into ene, multilingual result set,

A total of eleven groups submitted experiments to the multilingual track in
CLEF 2002, and many alternative idecas to the ones outlined above were proposed.,
some radically different, and also successful. We will address some of these
approaches in the following sections. Even so. elements of the same hlueprint can be
detected in some further experiments by other participants in hoth the moltilingual
and bilingual tracks. such as Océ (Brand and Britnner 2003). University of Exeter
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{Lam-Adcsina and Jones 2003} and others. The challenge remains to prove that the
success of this specilic blueprint is generalizable to other test collections and
operational seitings.

4.2 Other Approaches

In 2000, combination systems, i.e. systems combining more than one type of
translation resource, were already uscd 1o some extent by groups from Eurospider
(Braschler and Schiiuble 2001}, from Johns Hopkins University (JHU-APL)
(McNamee et al. 2001), the Twenty-One group at TNO-TPD and University of
Twente (Hienistra ¢l al. 2001) and the Laboratoire RALI at Université de Montreal
{Nig et al. 2001). However, in general, comhination approaches were not widely
used during the first CLEF campaign in 2000, indicating that participants have
adopied them over the years on the basis of experiences reported on in earlier
campaigns. The typical CLEF 2000 system was based on only one type of
translation resource, most likely machine-readable dictionaries (MRD). There was
considerable work on using corpus-based techniques for disambiguating different
translation alternatives, but less effort on using such corpus-based techniques
directly for translation. Then. as now. gquery translation was by far the preferred
approach. In 2001. a massive increase in interest in corpus-based approaches for
translatinn could be observed (This, and other fluctuations in the type of resourees
used hy participants for their experiments, is documented in Section 4.5 of this
paper). The number of groups using some 1ype of corpus-based resource, either
exclusively or in combination with other alternatives, douhled. Even so, machine-
readahle dictionaries remained the most popular choice, which we believe has a lot
to do with newcomers ofien adopting them as their first choice when starting out.
Indeed. the fluctuation of groups using dictionary-based approaches is unusually
high compared to the alternatives of corpus-based resources and machine translation.
The 2001 campaign seems to have heen the campaign where participants
experimented with the largest overall number of different resources. while scaling
back somewhal for 2002, keeping the resources and methods that worked well for
them in 2001. A possible interpretation is that for many groups, 2000 was a starting
point for theie work in CLIR within an evaluation setting, meaning that they started
out with rather simple systems, In 2001, these groups frequently adopted many of
the idcas proposed by other groups, trying a large range of alternatives. Based on
their experiences in that campaign, they then kept the pieces that worked well for
them, and concentrated on making them work cven better in 2002, The cmergence of
well-performing systcins with strong parallels for the multilingual track would seem
to be consistent with this possible pattern.

4.3 Learning Curve

Apart from adapting and enhancing other group’s ideas, over the years participants
have also moved from simpler to more complex sysltems. and from easier
{monolingual) to harder (bilingual. or even multilingual) tasks. There are a number
of groups that have progressed from only participating in monolingual retrieval in
CLEF 2000 to producing full-hlown multilingual experiments in 2002, We are very
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happy to see this effect, as it is an indication that participation in CLEF can
stimulate groups to expand or enhance their systems. Examples of groups thal have
progressed likc this are the graups from istituto Trenting di Cultura (1TC-irst)
(Bertoldi and Federico 2004). from University of Amsterdam (Hollink et al. 2004)
and from University of Tampere (bilingual to multilingual) (Hediund ¢t al. 2004).
which are all represented by papers in this special issue.

4.4 Thinking outside the Box - Some More Unusual Approaches

As previously stated. the CLEF campaigns are not sc{ up to be a competition. While
many participants seck to perfect their svstems with respect to the effectiveness they
attain in CLEF tracks and tasks. this is by no means the only valuahle use of the
evaluation resources provided by the CLEF consortium. A subslamiial mumber of
groups want to try new, unproven ideas. regardless of ihe possibility that these
methods may not be successful on the CLEF task. Not only are such contributions
invaluable in stimulating new strands of research and avoiding a “monoculture™ of
look-alike CLIR systems, they also tend to help to increase the quality of the
cvaluation resources produced hy the campaign, as they increase the breadth of
resulls that get judged. We cannot in this restricted space do justice to all the
creative ideas that have been proposed so far in the first three years of CLEF
campaigns, bul nevertheless we try to give a suggestion of the diversity of CLEF
experiments by highlighting some ol the work that fell outside of the norm for the
respective year.

1. no translation. It scems a [air assumption that for successful cross-language
retrieval, the system must translate cither the query. the documents. or both to
bridge the language gap. Contrary to this, the group at Johns Hopkins
University (JHU-APL} has produecd CLIR experiments that use no translation
at all, instead matching on character n-grams shared between words in the
respeclive languages. The method works hest when the two languages are
closely related etymologically. and when the query can he massively expanded
prior 1o retrieval. in order to obtain as many n-gram matches as possible. For
more details sec McNamee and Mayfield (2004).

2. random indexing. The Swedish Institute for Computer Science (SICS) has
demonstrated a new corpus-based approach that uses bit vectors of
comparatively small length to represent relations between terms. They have
used this technique both ta calculate term-term similaritics across languages on
multilingual training data (Sahigren and Karlgren 2002) and for query
expansion in monolingual retrieval (Sahlgren et al. 2003).

3. lexical triangulation. When no translation resources are availahle for direct
translation between two languages, one alternative is the use of a “pivat”
intermediary language. translating from the source language to the pivot (often
English), and then translating from the pivot to the target language. The
drawhack of this method is the amplification of translation ambiguities due to
the multiple transtation steps. A group from the University of Sheffield (Gollins
and Sanderson 2001) demonstrated a technique that tries to minimize this
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4.5

additional ambiguity by using multiple pivot languages, and comhining the
information derived from them,

franslation selection {interactive). Most panicipants view the main tracks of the
CLEF campaign as a “batch processing sctting™. deriving queries entirely
automatically from the topics, and then using no manua! intervention during the
retricval process. The introduction of the intcractive track has atlowed
interested groups to investipate some of the additional problems that arise when
humans enter the “equation”™, such as how to facilitatc document sclection for
users that have little or'no knowledge of the language the documcents are
written in. Even before the interactive track started. a group from New Mexico
State University (Ogden and Du 2000) investigaied the question of whether a
monolingual user can aid the query translation phase of cross-language
retrieval. by disambiguating the query terms during interaction with the sysiem,
thus allowing more precise translation

automorphology. One of the obstacles for scaling multilingual retrieval systems
is the complexity involved in adding more languages to the system. Even
systems that do not use elaborate linguistic knowledge and language-specific
processing usually need at [cast some resourccs for new languages, such as a
stemmcr. or stopword lists. A group from University of Chicago (Goldsmith et
al, 2001) investigated the question of how to auiomatically derive
morphological information from a document corpus, without human
supervision. They used their method as a stemming component for monolingual
retrieval in CLEF.

Summarizing the Use of Different Translation Resource Types in
CLEF

Se tar, we have discussed the different approaches used in CLEF, the hlueprints
derived from them, and the learning curves demonstrated by some groups as wc can
derive them from the reports published during the past campaigns. In the following,
we will attempt to summarize our discussion by analyzing the adoption of different
types of translation resonrces in CLEF.

For this purpose, we have divided the translation rcsources in four rough

catcgories:

(Manually produced) Machine-readable dictionaries (MRD). All translation
resources that consist of (manually asscmhled) lists of words and phrases and
their associated translations. Manually produced thesauri are also included in
this category.

Corpus-hased  approaches. All translation resources that have been
automatically derived from suitahle multilingual training data, such as parallel
or comparable corpora. This includes methods such as latent scmantic indexing.
similarity thcsauri, statistical translation modcls, translation probabilities. cic.



3.  Machine Translation (MT). Full machine translation, i.e. the (attempt at)
grammaiically correct translation of entire senienees and documents.

4. No Translation at all. Approaches that use no direct translation resources. such
as n-gram matching or cognate matehing.

Not all methods and approaches can easily he classified according to this
scheme. Some methods use a primary resource, such as a manually generated
bilingual dictionary, coupled with a secondary resource. such as corpus-based
translation probabilities. In these cases. when a type of translation resource is used
onby in a very limited fashion, we will note these secondary resources separaicly.
Groups may use multiple types of primary and sccondary resources in each
campaign. cither in a single cxperiment or in different experiments.

In an informal scuse, we have for long time observed that participants learn
from each other’s experiences and adopt successful ideas. In addition to tallying the
uses of different resource types, our poal was thus to investigate whether we can
find evidence of “flows™ between these four types of translation resources, i.e. if
participants abandon one type of translalion resource in order to move to a different
type in the following campaign.

When looking al the sumbers in Table 6, we can sec that machine-readable
dictionaries were the most used type of translation resource in all three campaigns
covercd by the analvsis. A more in-depth analysis of this fact reveals that a large
number of newcomers tend 1o adapt MRDs every year, hoosting this number {Table
7). This may well be duc to the fact that newcomers find it casiest to start out with
dictionaries for their initial CLIR work (MT possibly being 100 much a “black box”
to be inlegrated into their experiments). Even so, groups using (only) MRDs are also
the most likely not to return for further campaigns. possibly indicating that these
groups had limited agendas with regard to CLIR research.

Corpus-based apprnaches have seen an extraordinary surge hetween 2000 and
2001. doubling the number of participants using thcm. This is a good example of
participants taking up (successful) ideas from the earlier campaign. and trving to
expand on them. The rise in the number of groups using such approaches was also
facilitated by the emergence of comhination approaches as an attractive option of
CLIR.

It is interesting to note that in 2001 the highest total number of differcnt types
of resources was used by the participants. Apparently. afler the initial 2000
campaign participanis started investigating as many translation resource types as
possible, determining in 2001 what works well for them. The 2002 campaign then
seems 10 have brought some consolidation.
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Tabte 6. Use of different types of translation resources over the years (all
participants). The table shows the number of participants using a specific type of
resource either as primary resource or as a secondary resource (figure in hrackets).

Resource type CLEF 2000 CLEF 2001 CLEF 2002
Machinc-readablc dictionary (MRD) 13(1) 15(1) 11{0)
Corpus-based 42 §(4) 6(2)
Machine translation 5(0) D) 6(0)
No translation 00 0(0) LM

Table 7. Use of different types of translation rcsonrces over the years (newly
adopted resources). The 1able shows the number of newly adopting a specific type of
resource ¢ither as primary resource (first ligure) or as a secondary resource (figure
in brackets).

Resonrce type CLEF 2000 CLEF 2001 CLEF 2002
Machine-readable dictionary (MRD) - 9(1) 4(0)
Corpus-based - 42) 1(1)
Machine translation - 4(0) 2(0)
No translation - 0) 1(0)

As mentioned, wc have also attempted to detect flows between different types
of translation resources, i.¢. cvidence of participants switching between translation
technolngies. The conclusion after our analysis has to he that there is in fact very
little “flow™ between translation resources from one campaign to the next. This may
scem contrary to our informal observation that there is substantial uptake of ideas
between groups. We attribute this phenomenon however to a trend we distinguish
towards the use of combination systems: participants tend to add new types of
translation resources to their systems rather than replacing them. This is not dircctly
captured by tallying the use of individual resources. Furthermore, participants may
sbift the focus of their effort to different types of translation resources hetween
years, cven if they do not completely abandon them. Again, simply counting the
numher of proups using the different types of resources cannot nncover such subtle
shifis. in fact, it is very hard to accurately derive the information necessary to track
such minor shifis for as large a pool of participants as have participated in all the
CLEF campaigns. Thus, while acknowledging the shortcomings of our analysis, we
believe to have found evidence that participants tend to shifi the focus of their work
instead of abandoning selected translation resources. Apart from possibly being a
result of more robust and flexible combination approaches being used, this may also
be an indication of the difficulty in acquiring more and betier suited translation
resources: resources are oo vatuahle 1o throw away.



S Directions for the Future

In this paper, we have described the organization of the CLEF evaluation campaigns
and the main results achieved so far. It is now the moment to ask whether we have
gone far enough and whelher our initial nbjectives as stated in the Introduction have
been achieved:

- The infrastructure for the testing of multilingual infarmation retricval systems
has been set up and has been shown to be operating well, scaling up to the morc
thar 400 experiments submitted for the 2003 campaign.

- Test-suites of reusahle data for a large number of Europcan languages have
been created and assessed for reliability: the end product of the EC-funded
CLEF activity is cnvisaged to he test-stites that are publicly available rather
than being restricted to CLEF participants as in the present,

- A strong CLIR research community. involving both academic and industrial
participants, which recognizes CLEF as a forum for cross-language rescarch
and development activitics, has been created.

- Research into improving the performance af systems for monolingual
information retrieval for European languages other than English has been
stimulated.

- A successful hlueprint for the building of effective multilingual text retricval
systems appears to be in existence.

The questian is thus whether there is any real need to continue with the CLEF
campaigns,

To some extent, it is fair to say that research in the cross-language information
retrieval sector is currently at a crossroads. In a recent workshop at SIGIR 20027 the
question asked was whether the CLIR problem can nnw be considered as solved.
The answers given were mixed: the basic technology for cross-language text
retrieval systems is now in place as is clearly evidenced by the papers in this special
issue. But if this is so, why has this technclogy not becn adopted by any of the large
Web search engines and why do most commercial information services not offer
CLIR as a standard service? Although there is a strong market potential, the actual
systems are still not ready to meet the needs of the generic uscr. For a commercial
CLIR sysiem to he successful, it necds to be versatile, cfficient when working on-
line, accommeodate many (“all™) tanguages. present its results in a sufficiently user-
friendly fashion. and possibly handle multimedia. It is clear that much work remains
to be done to address these points and bridge the present gap between the CLIR
R&D community and the application world.

¥ See hitp://ucdata.berkeley.edwsigir-2002/ for details on the workshop and. in particular, the
position paper by Douglas W. Oard.
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What role should CLEF play in this seenario? It scems evident that in the
future, we must go further in the extension and enhancement of CLEF evaluation
tasks, moving gradually from a focus on cross-language text retrieval and the
measurement of document rankings to the provision of a comprehensive set of tasks
covering all major aspects of multilingual. multimedia system perforinance with
particular attention to lhe needs of the end-user. This is not unlike what has
happened in recent years with the TREC confercnces,

Some of the further challenges left to address hy CLEF include:

- What kind of evaluation methodologies should be developed 10 address more
advanced information requirements?

- How can we cover the needs of all Evropean languages — including minority
ones?

- What type of coordination and funding model should he adopted — centralized
or distributed?

- How can we best reduce the gap between research and application
communities?

The most recent campaign, CLEF 2003, has attempted to move in the direction
autlined above. [t offered four additional tracks on top of the traditional core tracks
for mono-, bi- multilingual and domain-speeific svstems. The aim has not only heen
to diversify the tasks offered but also to stimulate system developers to work in
those arcas that should find take-up by the application world. For this reason, in
addition to continuing with the very successful interactive track, CLEF 2003 also
included an activity for multilingual question answering (QA). The development of
a successful question answering system implies not only a finely tuned 1R engine
hut also sophisticated NLP functionality. Considerable work on QA syslem
development has already been underaken for English (with evaluation tracks at
TREC)} and has recently begun for Asian tanguages (with evaluation for systems
running on Japanese at NTCIR), CLEF is atiempting to encourage similar
experiments for other European languages and also the development of QA systems
that search across languages. Such sysiems recognise that users frequently want 1o
retrieve cerfain specific picces of information. and only that information. without
having to wade through a large number documents (o lind it.

We are also beginning to take the first steps towards the evaluation ol systems
that run on collections of documents in more than one medium. Two pilot
experiinents were thus set up 1o test cross-language spoken docwment retrieval
syslems and cross-language retrieval on an image collection in the CLEF 2003
campaign. Both activilies aclually test the performance of particular types of text
retrieval systems: automatic specch transcriptions in the first case, image captions in
the second. Our aim is to stimulate system developers inlo examining and handling
the prohlems involved in searching over multilingual, multimedia collections where
language dependent and language independent factors interplay. These new tracks
were organised as a resuit of proposals made at the CLLEF 2002 workshop and
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consequent to the inferest expressed in the ensuing discussion. Preliminary findings
have heen presenied at the CLEF 2003 workshop.

We believe that if CLEF is to continue in the future it will be necessary to
continue in this direction — being increasingly aware of and adapting 10 the needs of
commercial svstem developers and offering a variety of tasks designed to mect these
needs.

For inare information on the CLEF evaluation campaigns, see hitp:/Avww.clef-
campaign.org.
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Ahstract. Information retrieval systems operating on free text face difficulties when
word forins used in the query and documents do not maich. The usual solutien is the
use of a "stemming component” that reduces related word forms to a common siem.
Extensive studies of such components exist for English. but considerably less is
known for other languages. Previously, it has been claimed that stemming is
essential for highly declensional languages. We report on nur experiments on
stemming for German. where an additional issue is the handling of compounds.
which are formed by concatenating several words. The major contribution of our
work that goes beyond its focus on German lies in the investigation of a complele
spcetrum of approachcs. ranging from language-independent to elaborate linguistic
niethods. The main findings are that stemming is beneficial even when using a
simple approach, and that carefully designed decompounding, the splitting of
compound words, reinarkably boosts performance. All findings are based on a
thorough analysis using a large reliable test collection.

Keywords: steniming, decompounding, German, evaluation, morphological analysis

1 Introduction

Most modern information retrieval (IR) systems implcment some sort of what is
commonly known as "siemming”. A system using stermming conflates derived word
forms to a common stem. The benefits of such a procedure is two-fold: by conflating
scveral forms 1o the same stem, the number of entries and the size of the scarch
index is reduced. Morc importantly, stemming is potentially helpful for free text
retrieval. where search terms can occur in various different forms in the document
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collection. Stemming makes retrieval of such documents independent from the
specific word form used in the query. In our experiments, we will concenirate on
this second aspeet, the impact of stemming on retrieval effectiveness.

The main reason for the use of stemining is the hope that through the increased
number of matches hetween scarch terms and documents, the quality of search
results is improved. In terms of the mast popular measures for determining retrieval
effectiveness, precision (amount of relevant documents retrieved compared to al
documents retrieved) and recall (amount of relevant documents retrieved compared
1o tolal number of relevant documents in the collection), stemmed terms retrieve
additional relevant documcnts that would have otherwise gone undetected. i.e. they
improve recall. There is also potential for improved precision, since additional term
matches can contribute 1o a better weighting for a query/document pair.

Viewing stemming as a vchicle to enhance retrieval eflectiveness necessitates
an analysis of the produeed stems with rcgard to oversternming or understemming,
If a stommer conflates terms 1oo aggressively, thercby conflating unrelated or
looscly related words, many cxtrancous maiches between the query and irrelevant
documents are produced; we talk ol "overstemming”. Even though some of these
stems may be carrect from a lingnistic viewpoint, they are not helpful for retrievai.
In contrast, if crucial relevant documents are missed because of a conservative
stcmming strategy. we speak of "understemming”. A good stemmer has to find the
right balance of conflation for effective retrieval.

Where many previous studies compare their stemming method only to no
stemming or to simple affix siripping methods such as proposed by Lovins (1968)
and Porter {1980), the experiments descrihed here compare a complete spectrum of
methods, ranging from language-independent to sophisticated linguistic analysis.
We consider this an important step forward. since whilc smaller studies may
demonstrate the benefit of siemming for a certain language in principle, they cannot
answer the important question of how to build 2 component that maximizes the
patential of stemming for that language. Oaly an exhaustive comparison can give an
indication of the right amount of linguistic knowledge and the right balance of
conflation that is necessary.

The paper deals with the German language. where. besides stemming.
decompounding seems to be an additional issue in retrieval. In most Germanic
languages {(e.g. German, Dutch, Swedish). but also in some other languages (e.g.
Finnish). it is possible to build compounds by concatenating several words.
Performance, especially recall, may he negatively affected if this word formation
process is not taken into account. I the user enters only parts of compound words or
replaces the compound with a phrasal construction, relevant documents may not be
found.

Stmilar to stemming. there are different approaches to analyze and split
compounds ("decompounding”). We concentrate on the usefulness of compound
sphitting for information retrieval. and not as a linguistic exercise. The splitting of
some compounds words can causc a shift of meaning. Such compounds should be
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lelt intact ("conservative decompounding”). On the other hand, the productive nature
of German compound formation. which allows for ad-hoc huilding of new
compounds. makes it impossible to enumerate all potential compound words,
"Aggressive decompounding” attempts to produce a maximum numbher of splittings
by using heuristics. In our experiments, we investigated different approaches 10
decomponnding, ranging from surface-based te well-developed linguistic methods,

As a consequence of limited resources for some languages, many studies on
stemmer and decompounding behavior have been conducted using smali test
collections, containing short documents. Both the size of the collection and the
fength of the documents can influence observations on stemming. Especially the
length of the retrieval items is important, since short documents {e.g. only titles, or
titles and abstracts) increase the likelihood for word mismatch if no stemming is
used. It is therefore not immediately obvious if a performance improvement
measured on collections with short documents, such as widely used before 1990,
translates into an improvement on larger collections with long documents.
Furthermore, large test collections may be needed 1o draw mare reliahle conclusions.
In our work we used a part of the large German collection from the CLEF corpus to
get appropriate statistical data. The collection contains lengthy newspaper and news
magazine articles,

Similarly, the characteristics of the queries can impact the conclusions of the
stemming experiments. Again. longer queries will have more likelihood of having
multiple forms of search terms included. which may affect the amount of new
information that a stemming component can contribute. As a conscquence, we have
used two different query lengths in all our experiments.

The remainder of the paper is structured as follows: we will first give an
overview of related work (Section 2) and a summary of some relevant key
characieristics of the German language {Section 3). belore detailing the experimental
setup in Scetion 4 (iest collection), Section 5 {stemming and decompounding
approaches) and Section 6 (retrieval system). The experiments themsclves are then
discussed. along with a careful statistical analysis and a query-by-query analysis
{Section 7 through Section 9). The paper closes with conclusions and an outlook.

2 Related Work

The role of stemming is well explored for English, even though results are
controversial. Where Harman (1991) reported that stemming gives no henefit,
Frakes (1992) and Hull (1996} claim at least a small benefit. Especially notable is
the study hy Hull (1996), which describes a very careful analysis of different
slemmers and provides an amhitious attempt to compare a wide range of different
approaches to stemming. Furthermore. in this study, data from the popular TREC
test collections (Harman 1997) is used. which are much larger than carlier
colleclions and centain lengthy documents. Because English has no productive
compounding process, we are not aware of siudics into the effects of
decompounding for this language.
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In recent years, more studies on stemming behavior for tanguages other than
English have hecen published. While simple stemmers are considercd sufficient for
languages such as English, it is claimed that rich declensional languages require
more sophisticated stemming approaches. Studies exist on Slovene (Popovic and
Willet 1992), Hebrew (Choueka 1992). Dutch (Kraaij and Pohlmann 1996b),
German (Womser-Hacker 1989, Moudinier et al. 2001), ltalian (Sheridan and
Ballerini 1996). French (Savoy 1999), and others. For most of these languages,
significant benefits (from 10% 1o 130%) can be observed. Decompounding has been
investigated, at least for German {(Moulinter et al. 2001) and Duich (Kraaij and
Pohlmann 1996a). The improvements reported are about 17% 10 54%.

Previons work on what could be lermed as "German stemming” was mainly
conducted in the context of studics comparing manual and autamatic indexing in
databases. The PADOK studies (Womser-Hacker 1989, Kranse and Wamscr-Hacker
1990). carried out in the late cighties. compared several approaches (o automatic
indexing on patent data. The baseline system indexed every token in the original
form as it appears in the document. However. queries could make use of string
truncation and wildeards. This bascline system was compared to the two systems
"PASSAT", comprising morphological analysis. including decompounding (used in
PADOK | & PADOK II), and "CTX" which additionally applied a syntactical
analysis (used in PADOK [ only). In PADOK | (Womser-Hacker 1989). documents
consisting of titles and abslracts only were used. H was found that PASSAT
achicved higher recall and CTX achieved higher precision compared to the baseline
syslem. In PADOK 1 (Krause and Womser-Hacker 1990), the full text of the
documents was used. In this new setting. no significant gain from using the
morphological analysis employed by PASSAT could be detected.

The later GIRT pretest nsed texis {rom the field of social sciences (Frisch and
Kluck 1997). Two sysiems were compared: "fresWAISsf" and "Messenger”,
differing in morc areas than just in the stemming approaches employed (freeWAISsf
uses weak morphological analysis, Messenger apparcntly no stemming). This makes
it hard to draw conclusions on the effectiveness of the stemming component bascd
on the publishcd results.

Recent work by Moulinier ¢t al. (2001) reported a performance gain of 20%
using linguistic analysis (stemming plus compound analysis) for German. A gain of
89% in recall togcther with a loss of 24% in precision are the resufts obtained by
Ripplinger (2002} in a small experiment within a domain specific cnvironment. The
experiments by Monz and de Rijke (2002} show a gain of 25% to 69% for German
and Dutch respectively using blind relevance fcedback in addition to a linguistic
processing.  Tomlinsan  (2002)  applied linguistic  stemming  including
decompounding, and ohtained a performance improvement of 43% for German, and
30% for Dutch. He also conducted experiments for English and Romance languages
(French, 1talian, and Spanish) with a performance gain of 5% to 18%.

Most of this recent work came in the context of the TREC CLIR task and the
CLET campaigns. The experiments are usually confined to a comparison between
one pariicular stemming or decompounding approach and not using any form of
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stemming at all. It is thercfore uoclear how the findings can assist in the choice of a
particuiar stemming approach or how to assess the absolule potential of stemming
for performance improvement in the German language.

3 Characteristies of the German Language

German, in cantrast to English, is a highly declensional language, a fact expressed
by a rich system of inflections and cases. Depending on the word class. i.e. noun,
verh, or adjective, there is a set of possible inflections for each particular word (e.g.
144 forms for verbs). For instance, "informiert”, "informiere”, “informiecrte".
"informierten” are forms of the verb “informieren” (fo inform). Furthermore, words
can be formed by ailaching multiple derivational inflections to a stem in order 1o
build new forms. For instance, the lexeme "inform" is the stem for "informicren”,
“informiercnd”, "Information”, "Informant”, "informative”, "informatorisch”, but noi
"informal”. To ensure efficient retrieval all these forms should be conflated to the

same stem.

Additionally, in most Germanic languages (e.g. German, Duich, Swedish), as
well as in some other languages (e.g. Finnish). compounds can be huilt hy
concatenating several words, such as c.g., "Haus{tiir" (house door), "Wind|energic”
(wind energy), "Frihjstilck" (breakfast}) or "Ungliicks|fall” (accident). Such
compound formation occurs in almost all languages, such as "hairldresser”,
"specdhoat™ in English, and "porte|feuille™ (walle1), "honjhomme” (fellow) in
French. In English and in Romance languages, however, these words arc lexicalized,
i.c. they cannot he expressed by a nominal phrase the way compounds in Germanie
languages could he ("Haustdc" vs. "Tr des Hauses"). Because Germanie languages
also know lexicalized compounds {(e.g. "Wettbewerb®, "Frithstiick™), the correct
treatment of such words is quite complicated. Therefore, we expect that compound
analysis requires more linguistic knowledge to be of benefit than stemming does.

In principle. only words with certain types of part-of-speech can he coupled. for
instance noun/noun, adjective/noun, ar verb/Mmoun. Some analyzers split only those
compounds where the constituents have the same part-of-specch (noun/noun,
adjective/adjective), and could be thus classified as "conservative”. Others split the
compounds into all possible word forms (often by means of a lexicon lookup).
Because these methods do not consider the part of speech of the constitucnts, i.c.
also splitting into pronouns, prepositions or articies, this approach can be deserihed
as "aggressive™. Linguistic compound analyzers lie in belween. splitting compounds
only into valid word forms, i.c. nouns, verbs, adjectives.

4 The Test Collection

Many of the studies on stemming hehavior for languages other than English sufier
from searce availability of suitable test collections. Whereas for English the well-
known TREC coltections exist, comparablc test data became available only recentty
for important Furopean and Asian languages {(through the CLEF and NTCIR
campaigns). For their 2001 evaluatinn campaign, the CLEF consortium distribuied a
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multilingual document collection of roughly 1,000,000 documents written in onc of
six languages (Dutch, English, French, German. ltalian and Spanish). For the
German part of this data. CLEF 2000 used articles from the daily newspaper
"Frankfurter Rundschau” and the weekly news magazine "Der Spiegel”. CLEF 2001
used a superset of this, adding newswire articles taken from the "Schweizerische
Depeschenagentur SDA”. To go with this data, there is a total of 90 1opies' (40 for
2000, 50 for 2001) with corresponding relevanee assessments. By eliminating the
SDA articles, we were able to form a unified German test collection, using the topics
from hoth years. Of the 90 topics. 85 have matches in the German data that we used.
This comparatively high numher of topics (many studics usc only 30 queries or less)
facilitates the detection of significant differences in stemming and decompounding
hehavior (see also Table T for more details of the test collection).

5 Stemming and Decompounding Approaches

One of the main objectives of this study is to compare approaches from a spectruin
as wide as possible. This spectrum covers methods ranging from comgletely
language-independent methods to components that usc elaborate linguistic
knowledge. In our experiments, apart from using different stemming and
decompounding methods, all other indexing parameters remain constant
{tokenization, stopword list, ete.).

To keep things readable, the names of the dilfcrent approaches are abbreviated
in some places using a letter-based abbreviation scheine. The respective "codes" are
given in the following subheadings. Approaches applying stemming only are
denoted by lower casc letier codes, while those deploying decompeunding are
marked by capitalizing the initial letter.

The approaches used in this study are:
3.1, No stemming ("n” "nostem” run)

As a baseline, we indexed all documents without using any form of stemming
or decompounding.

! Topies are "statements of user needs”. They form the basis for the formulation of queries.
which are then run againsi the document collection. In all our experiments, we constructed
the queries without manual intervention ("automatic experiments"), by indexing alf or parl
of the topic text.
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Table 1. Key characteristics of the test collection

Document source Frankfurter Rundschau 1994,
Der Spiegel 1994, 1995

Number of documents 153,694

Size (MByie) 383

Number of topics 852

Number of indexing 10kens per document
{tokens minus stopwords)

Maximum 2.885
Minimum |
Mean 156.09
Median 128
Relevance assessments:

Number of assessments: 20,980
Number of relevan! doecuments 1.790
Maximum relevant (onc topic) 109
Minimum relevant (one topic) i
Mean relevant (one topic) 21.06
Median relevant (one lopic) 12

5.2. Combination of word-based and n-gram based retrieval (6" "6gram+word”
run)

The use of combined character r-gram and word-based indexing was reported
as a successful approach to German text retrieval by Mayfield et al. (1999) and
Savoy (2003). Based on their findings, we chosc to combinc 6-grams and
unstemmed  words, The individual 6-grams, built on the unstemmed words,
potentially span word boundaries. A main benefit of this approach is its complete
language independence - no specific linguistic knowledge is needed 1o form the n-
grams, and the word-based indexing is done without attempting conflation. On the
other hand, the method is storage-intensive: the large number of differcnt r-grams
leads to a massively increased index size (roughly three times that of an unstemmed
word-based index).

5.3, Linguistica: Awomatic machine learning ("1" "limguistica” run)

Linguistica (Geldsmith 2001} performs a morphotogical segmentation based on
unsupervised learning. The aim is to find the correct morphological splits for
individual words, in a language-independent way. The program first establishes for
all words a "best splitling" ino two parts of two or more lciters (not 1o be contused
with splitting compounds). These are then ireated as a "siem” and a "suffix", even

2 90 from CLEF multilingual topic sets, minus 5 topics withoul any relevant documents in the
subsel of the German data we used
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though they may in realily represent other units, such as a prefix and a stem. tf
multiple candidates for such a splitting exist, heuristics hased on word frequency
and the number of possible parses are applied. In a second step, the program
determines a list of suffixes that can occur with each stem, called the "signature" of
a stem. Each stem is associated with exactly one signature. For example, in our
experiments, the stems "erzeug", "verpack”, "hefrag” and "heschaff" were associated
with the signature “en.er.tte.ung”, meaning that Linguistica learnt splittings such as
"verpack-en" and "befrag-ung” from the test collection.

As a result. Linguistica outputs a lists of signatures, possible affixes, and the
list of words contained in the processed corpus together with their possible splits
(the "lexicon"). For the test collections (consisting of roughly 1.4 million unique
terms) the lexicon contains about 123.000 entries, for instance "machbar” (feasible),
"machbar-en” (feasible), "machhar-es" (feasihle). "machbar-keit" (feasibility). For
our experiment we used these entries, which ofien do not really denote a proper stem
from a linguistic viewpoint,

Decompounding is not a feature in Linguistica. however, the program is
sensilive o words used frequently in compounds such as "bank" (bank), "partei”
(party) and “teil” (part), These are categorized as affixes, leading lo signatures such
as:

NULL. bank bild. dienste. hans. pariei plan.raf. staal teil viertel

(NULL. bank picture service house party.plan.conncil state. part.quarter)
P pariy.p part.qg

All values are vatid lexemes (i.e. nouns) in German. Such signatures result in
accidental decompounding: since suffixes are discarded afier stemming. compounds
such as "Datenbank” (data base), "Anklagebank" {dock). "Handelsbank" (merchant
bank) are conflated to "Daten” (data), "Anklage” (charge) and "Handel" (trade). The
second component of the compound noun is lost and cannot be used for subsequent
retrieval.,

o,

5.4. NIST stemmer: Rule-based approach ("t" "nist_stem" run, """ "nist_dec" run)

The NIST German rule-based stemmer has been consiructed through analysis
af the frequency of German suffixes in large wordlists. Tts approach is similar to the
Porter English stemmer (Porter 1980). The rules were hand-crafted to produce as
many valid conflations of high-frequency word forms as possible, while keeping the
rate of incotrect conflations low. Rules operate hased on the suffix 1o be replaced,
the new suffix used as the replacement. the length of the word, and additional,
special criteria. The lengih of the word is calculated vsing a special measure
introduced by Porter that counis the number of consonant/vowel sequences
(informally connected to the number of syllables a word contains). Additional
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crileria include among athers whether the word contains at least one vowel, or if the
word ends in special characler combinations. The stemmer atiempts {o iteratively
strip suffixes from a word, applying the rules cyclically. The resulting stems are
often nat correct from a linguistic viewpaint. For instance the word "gliick-lich-er-
weis-e" (luckily) is reduced to "gluck" (same stem as far "luck"). The stemmer is
available as a part af the NIST ZPrise 2 retrieval sysiem.

The stemmer can be combined with a corpus-based decompounding component
hased on co-occurrence analysis. After collecting a list of candidate nouns, the
componert tries to find valid sphittings by looking for potential constituerds that ¢o-
occur in the same documents. In case more than one potential splitting is identified,
a heuristic is used for selection. Highest preference is given ta splittings that result
in a maximum number of constituents. This purely carpus-hased approach produces
a number of errors, but is overall rather canservative in the number of splittings
generaied.

For our experiments, we used both the pure stemming approach ("
"nist_stem” run) and the combination with decompounding ("T" "nist_dec" run).
This siudy represents the first careful evaluation of the NIST German sieminer.

3.5, Spider stennmer: Commercially motivated (rufe -based and lexicon) approach
("sn" "spider NS, "Sf" "spider_FS7, "Sc" "spider_CS", "Ss" "spider_SS" runs)

For our experiments we had access 10 1he stemming component used in the
commercial "relevaney” retrieval system by Euraspider, the "Spider stemmer". The
approach is based on a comhination of a lexicon and a sei of rules that are used for
suffix stripping and unknown words (Wechsler et al. 1997).

The Spider stemmer has been used for aver five vears in all commercial
installations of the system, and bas therefore been constantly adapted according to
customer feedback, Exiensive performance figures for this stemmer are published
publicly for the first ime in this study.

The component includes optienal decompounding, which can be applied in one
of three modes, from conservative to aggressive splitting. For our runs we used the
version without decempounding (run "sn" spider_NS8) as well as three forms of
decompounding: a conservative option (splits words only if all the ecamponents have
the same part-of-speech as the overall compound, run "Ss® "spider_SS"), a morc
relaxed oplion (at least one component has to maich the overall compound with
regard to part-of-speech. run "Sc" "spider_CS") and an aggressive version (split
whenever possible. run "Sf" "spider_FS").

For example. "Umweltaspekte” (envirommental aspeets) is reduced to
"umweltaspeki" (run "sn") and split to "um-wel-aspekl” (run "S™),



5.6. MPRO: Morpho-syntactic analvsis ("mn" "MPRO " run, "ms" "MPRQ Is"
run. "Mu" "MPRQ _Iu_dec” run, "Ms" "MPRO Is_dec” run)

MPRO, a development by the |Al (Maas 1996), performs a morpho-syntactic
analysis consisting of [emmatization. part-of-speech tagging. and, for German. a
compound analysis. To lemmatize and tag words with their part-of-speech(s).
MPRO uses general morphological rules in form of small subroutines that co-
operate with a marphological dictionary, As a result, for cach word a set of attribute-
value pairs describing inflcctional attributes (c.g. gender. number. tense. mood. etc.).
word structurc and semantics (lexical base form. derivational root form. compound
constituents. semantic class. etc.) 1s produced. For instance, the analvsis of the wotd
"Kollisionen™ (collisions) results in

{string=kollisionen,c=noun lu=kollision.nb=pl.g=ft=kollision,

is=hollidieren.s=ation,...}

and produces the lexical umit "kollision” and the rool form "kollidieren”
(collide). For the compound "Umweltaspekie” {environmenial aspects) MPRO
generates a splitting based on lexical base forms. "umwelt-aspekt” (t feature). and
one based on dcrivational root forms of the compound constituents, (Is feature; in
this example identical).

{string=umweltaspekte.c=noun,in=umweltaspekt,nb=pl.g=f,

i=umwelt_aspekt ls=nmwelt_aspekt,...}

With this tool. the corpus has heen analyzed and for each word, information
about the lexical hasc form {lu), and the derivational root (Is) is used to generate two
lexical resources. The derivational root form presents a kind of "aggressive”
stemming and splitting hecause the morphological derivation is more general than
the lexical base form. For a morc detailed deseription how to deploy MPRO for IR
purposes see Ripplinger (2002).

We have used either the lexical base forms or the root forms and no
decompounding information for the stcmming only runs, "mu” "MPRO_lu" and
"ms” "MPRO_Is", and the splitting bascd on lexical base forms or on derivational
information for the decompnunding runs, "Mu" "MRPO_lu_dec” and "Ms"
"MPRO_Is_dec”. '
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6 The Retrieval System

For retrieval, the commercial "relevancy” system from ECurospider is used. Since the
system uses a modular approach, the lexical resources generated from the individoal
approaches descrined above can easily be uscd for indexing. "refevancy” also offers
the possibility of indexing n-grams as described ahove. For weighting of hoth
documents and queries, we chose the Lnulin weighting scheme (Singhal et al.
1996). with the "slope" parameter set to 0.15 (determined empirically to be the
optimal value). Lnu.ltn is widely used and has given competitive performance on the
CLEF collection (sce e.g. Braschler and Schiuhle 2001). The scheme includes
document length normalization, a factor influenced hy stemming, and some caution
may be appropriate when generalizing the results to approaches that use vastly
different collection statistics for weighting. There is no different weight for
compound constituents as proposed by Hull et al. (1996).

7 Experiments

For each of the approaches described above. we produced several results sets
("runs"), using different sections of the CLEF topics. The topics are stroctured into
title, description and narrative fields, which express a vser's information need in
difTerent length. The title section (T) typically consists of onc to three keywords, the
description section (D) typically consists of anc sentence, and the narrative section
(N} usually is several semlences long, giving detailed instructions on how io
determine the relevance of retrieved documents. Using these fields, seven different
combinations are possible (TDN, TD. TN, DN, N, I3, T). In this paper, we report on
the resnlts obtained using the longest possible queries TDN and the shortest possible
qucries T, two popular choices for retrieval experiments.

To clearty present $he results in the following tables and graphs the runs have
heen divided into several groups. In tables, runs of the two query lengths TDN and T
ure distinguished. Tahles are also divided into approaches using decompounding
(top half) and those using stcmming only (lower half), separated by a dotted line.
The baseline of no stemming is given at the bottom of the table. The runs have hcen
structured further for the graphs. We give graphical results for both query lengths.
onc overview graph each for runs with and without decompounding. In these
overview graphs. the representation of the Spider and MPRO stemmers is limited to
one variant each. We have chosen the best performing options: "S" "spider_FS™ for
Spider/decompounding, "sn" "spider NS" for Spider/stemming only, "Ms"
"MPRO _Is _dee” for MPRO/decompounding, and "mu" "MPRO_l" for
MPRO/stemming only. A graphical presentation of the results of the other variants
is given in separate graphs. In all graphs, "no stemming" is represented as the
haseline for reference.
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Table 2. Retrieval resulis (mean average precision). Runs using decompounding are
given in the upper half, whereas the runs in the lower half use stemming only.

Run (T)

Avg prec (T)

Rrun (TDN)

Avg prec (TDN)

"Sf" spider_F$
"Ss” spider_S§

"Ms" MRPO_ls_dec

"Sc" spider_CS

"Mu” MPRO_lu_dee

"™ nist_dec

"t" nist_stem

"sn" spider NS
"mu" MPRO lu
"ms" MPRO_Is

"!”

()

n" nostem

0.3650 (+60.4%)
0.3586 (+57.6%)
0.3547 (+55.9%)
0.3546 (+55.9%)
0.3385 (+48.8%%)
0.3240 (+42.4%)

0.2792 (+22.7%)
0.2722 (+19.6%)
0.2682 (+17.9%)
0.2353 (+3.4%)

"Sf" spider_FS

"Ss" spider_SS
"Sc" spider_CS

"T" nist_dec
"" nist_stem
"sn" spider NS
"mu" MPRO _lu
"I" linguistica
"ms" MPRO s

Ty

n" nostem

"Ms™ MPRO_ls_dec

"Mu" MPRO_lu_dec

0.4471 (+34.6%)
0.4440 (+33.7%)
0.4431 (+33.4%)
0.4415 (+32.9%)
0.4234 (+27.5%)
0.4022 (+21.1%)
0.3219 (-3.1%)

03682 (+10.9%)
0.3616 (+8.9%)
0.3461 (+4.2%)
0.3435 (+3.4%)

In Table 2. we give the mean average precision numbers for all runs. This is the
most popular single-valued measure for TREC-style retricval experiments, and is
defined as non-interpolated average precision over all relevant documents.
According to these numbers, methods that use decompounding (lower half of Table
2) perform better than methods that do not split compound wards {upper half of
Table 2). An cxception is the combined 6-gram/word-based indexing run, which we
treal as a "decompounding Tun", since the 6-grams allow matching of compound
paris. This is the only tun that for tong queries (TDN) performs worse than the
baseline of no stemming. The best variants of the two top methods, "Sf" "spider_FS"
and "Msg" "MPRO_Is dec", show almost identical performance, while "T"
"nist_dec" performs slightly worse (see also figures 2 and 4). They obtain
performance gains of belween 33% and 60% depending on query length when
compared 1o no stemming

The gap 10 the best method without decompounding ("t” "nist_stem") is fairly
large — "S" "spider_FS" outperforms ™" "nist_stem” by 30.7% (T queries) and
21.4% (TN queries), respectively. The individual varianis of the Spider and MPRO
stemmers show very little difference. For both query lengths, the most aggressive
"Full Split" variant of the Spider stemmmer slightly outperforms the other two
decompounding variants {see alsn figures 5 and 6). For MPRO. the difference
between the "Ms" "MPRO_Is dec” and "Mu" "MPRO_lu_de¢" decompounding
variants is somewhat larger (see alsn figures 7 and 8). Again, the "Ms"
"MPRO_[s_dec" variant using the roat forms can he regarded as the more
"aggressive” variant, and has the upper hand. The reverse, however, is frue for the
runs that use stemming only: the "mu" "MPRO_lu" run using the lexical units
autperforms the "ms" "MRPO_Is" run for both query lengths.
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Figure 1. Recall/precision curve for "stemming only" runs (short T queries). The top
three methods show very similar performance
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Figure 2. Recall/precision curve for runs using stemming and decompounding
(short T querics). The choice of decompounding method produces much larger
performance differences than those abserved for "stemming only” experiments
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Figure 3. Recall/precision curve for "stemming only™ runs (long TDN queries). As
for short queries, the performance of the top methods is very similar
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Figure 4, Recall/precision curve for runs using stemming and decompounding (long

TDN queries). As for short queries, the performance differences are more evident
than for the "stermming only" experiments
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Figure 5. Varianis of Spider stemming (short T queries). Given are the three
decompounding varianis, the stemming only variant, and the bascline (no stemming)
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Figure 6. Variants of Spider stemming {long TDN queries). Given are the three
decompounding variants, the stemming only variant, and the baseline (no stermming)
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Figure 7. Variants of MPRO stemming (short T queries). Given are the two

decompounding variams, the two stemming only variants, and the baseling (no
slemming)
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Figure 8. Variants of MPRO stemming {long TDN queries). Given are the two
decompounding variants. the two stemming only variants. and the baseline {no
stemming)
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The top three non-deeompounding methods, "t "nist_stem”, "sn” "spider_NS”,
and "mu" "MPRO_lu", have similar performanee for both query lengths, as does the
6-gram/word-based run, but for T queries only (sec also figures 1 and 3). The latter
performs clearly worse for TDN queries.

Looking at the total number of relevant dneuments retrieved (Tahle 3), all
methods  outperform no  stemming for hoth query lengths. Again, the
decompounding methods, such as the Spider and MPRO variants and "T" "nist_dec"
(upper half of Table 3) perform hest, with Spider and MPRO being very close. In
this statistic, the combined 6-gram/word-based run favorahly compares to the
stemming methods that do not use decompounding (lower half of Table 3). Of the
latter methods, "sn" "spider_NS" performs best.

Table 3. Number of relevant documenis retrieved (total number of relevant
documents: 1790)

Run (T) Recall (T) Run (TDN) Recall (TDN)
"Sf" spider_FS 1669 (+30.3%) ['Ms” MRPO_ls_dec 1704 (+11.0%)
"Sc" spider_CS 1665 (+30.0%) ['Mu" MPRO_lu_dec 1696 (+10.5%)
"$s" spider_SS 1657 (+29.4%) ['Ss" spider_SS 1694 (+10.4%)
"Ms" MPRO_Is dec 1623 (+26.9%) ['Sc” spider_CS 1693 (+10.3%)
"Mu" MPRO Iu_dec 1624 (+26.8%) ['SP" spider FS 1690 (+10.1%)
"T" nist_dec 1577 (+23.1%) ['T" nist_dec 1632 {+6.3%)
6" bgramtword | 1551 (+21.1%) 1'6" 6gram¥word 1394 (13.8%)
"sn" spider_NS 1434 (+11.9%) ['sn" spider_NS 1595 (+3.9%)
"mm" MPRO lu 1433 (+11.9%) ['t" nist_stem 1593 (+3.9%)
™" nist_stcm 1427 (+11.4%) ['ms” MPRO s 1568 (+2.1%)
"ms" MPRO_Is 1398 (+9.1%)} ['mu" MPRO_lu 1547 (+0.8%)
Tl linguistica 1300 (+1.5%)_['I” linguistica 1538 (+0.2%)
"n" nostem 1281 'n" nostem 1535

Recently, "high precision measures”, i.e. indications of how well retrieval
systems perform if only a smali number of highly ranked documents are returned,
have become increasingly popular, One main reason for this popularity is the claim
that typical weh uscrs rarely look past the initial 10 or 20 retrieved items. We usc the
"Precision @ 10 Documents” measure to investigate if stemming helps in such
scenarios. As we indicated in the introduction, stemming is traditionally ofien seen
as a vchicle to increase recall. However, recall plays no important role in a scenario
restricted to such few retrieved ilems. By adopting this precision-centered mceasure
we gan observe if stememing approaches help to obtain a better weighting of search
terms and therefore a hetter ranking for the top retrieved items. When using the
"Precision (@ 10 Documents” measure, differences will become most prominent if
queries have more than 10 relevant documents. In ease there are very few relevant
documents for a query, two systems may obtain the same score even though they
retrieve those documents at difterent ranks, We feel that this is not necessarily a
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drawhack of the measure when only 10 documents are used, as long as these
implications are kept in mind. These considerations may become more important,
however, when similar scorcs for larger document sets (c.g. "Preeision @ 100
documents") arc calculated.

When we look at the results (sec Tahle 4). it becomes clear that a positive effect
is most easily seen for the short T querics. There, stemming seems to provide a large
numher of extra term matches that indeed positively influences ranking. As for
average precision. decompounding approaches exhibit the best performance. with
the Spider and MPRO variants producing almost identical scores. The effect is less
pronounced for Tfong TDN queries, where no stemming outperforms a numher of
stemming only approaches (plus the NIST dccompounding run and the 6-
gram/sword-based run). The fact that the longer queries often aiready contain various
diffcrent forms of the key search terms means that stemming adds less novel
information to be used by the weighting algorithm. Only the more sophisticated
Spider and MPRO decompounding can apparently provide good extra matches.

Table 4. Precision @ 10

Run {T) Prec@i0 (T) Run (TDN) Prec@10 (TDN)
"Sf" spider_FS 0.3835 (+30.9%) ['Ss" spider_SS 0.4435 (+13.9%)
"Ss" spider_S§ 0.3824 (+30.6%) ['ST" spider _FS 0.4388 (+12.7%)
"Sc” spider_CS§ 0.3824 (+30.6%) ['Sc” spider_CS 0.4341 (+11.5%)

"Ms" MPRO_Is_dec  0.3800 (+29.7%) 'Ms" MPRO_Is dec 0.4306 (+10.6%)
"Mu" MPRO_lu_dec 0.3706 (+26.5%) ['Mu” MPRO lu_dec 0.4247 (+9.1%)

"T" nist_dec 0.3553 (+21.3%) {'T" nist_dec 0.3800 (-2.4%)
"6" 6gramtword 03047 (+4.0%) 6" bgramiword  0.3412 (:12.4%)
"sn" spider_NS 0.3400 (+16.1%) ['sn" spider_NS 0.3965 (+1.8%)
"mu" MPRO_lu 0.3271 (+11.7%) ["I" linguistica 0.3847 (-1.2%)}
"t" nist_stem 0.3259 (+11.3%) ["mu" MPRO lu 0.3835 (-1.5%)
"I" linguistica 0.2929 (+0.0%) ['1" nist_stem 0.3835 (-1.5%)
"ms" MPRO I, 0.29061:0.7%) I'ms'MPRQ Is 03777 (3.0%)
"n" nostem 0.2929 'n" nostem 0.3894

In the following. we will investigate how well the observations we made in this
section hold up when we perform a careful statistical analysis.

8 Statistical Analysis

We used the IR-STAT-PAK taol by Blustein {1998) for a statistical analysis of the
results in terms of average precision, which has heen tailored for evaluating multiple
"I'REC-style" experimental results, supporting a wide range of different popular
effectiveness measures. This tool provides an Analysis of Variance (ANOVA),
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which is the parametric test of choiee in such situations but requires cheeking some
assumgrions eoncerning the data. Hull (1993) provides details of these; in particular,
the seores in question should be approximately normally distributed and their
variance has to be approximalely the same for all tuns. IR-STAT-PAK uvses the
Hartley test 10 verify the equality of variances, and in our ease. indieates that the
assumption is satisfied. whieh prompted us to continue with applying the ANOVA
test for our data, The program also offers an aresine transformation,

f(x)=arcsin(\/;), which Tague-Suteliffe (1997) suggests for use with

Precision/Recall measures to better meet the demand for normally distributed data,
We used both raw and transformed scores to assure the suitability of our data for an
ANOVA test (sce Tahle 6). Alternatively, non-parametric tests, such as the
Friedman test, can be used in case the equality of variance assumption is not
satisfied. IR-STAT-PAK does not support non-parametric tests.

investigating the average preeision scores we ohtain for T queries, the
lallowing results for average precision (after Tukey T test grouping, sce Table 5 for
ANOV A deiails) are obtained:

Raw data:
"Sf". "SS.I, "1\15“, nsen >_ "t“! "6", "Sn", "mu", "mS"_. "I“. nnn
!IMuIU >~ Il6|l’ I‘ISH!I. "n]u"_ limsl‘l“ UIII‘I: ilnil

n-rr- >_. "mS". IIIII- nnrr

Arcsine-transformed data:
IIStﬂ". ‘ISSII! “SC", "MS“ >_ "6".' "t". "S['I"_. “mu“T IPI]]SIIT rl]lr! !l"'l
llMuri >_ "Sl]"._ "m“". "n'lS", IIIN‘ llnl_r

n-r» >_ "ISII_. u]ll1 ll"ll

Table 5. ANOVA of average precision (T querics).

Experiment T-raw T-arcsine

Source DF Mean sq F Mean sq F | Critical
Runs 12 0.232 17.577 0.433 17.393{ 1.7618
Query 84 0.857 64.880 1.428 57.382| 1.2818
Error 1008 0.013 0.025

Total 1104




The " > " symbol denoles a statistically significant difference between two runs with
probability p=0.95,

The anatysis thus indicaics that the all Spider decompounding variants and the
respeetive "Ms" "MPRO_Is dec” variant significantly outperform all methnds
without decompounding. They also outperform "Mu” "MPRO_lu_dec” and "T"
"nist_dec”, but that difference is not statistically significant.

For TDN queries, the findings remain constant. There is a slight shift in ranking
of the individual methods, but essentially the same significant differences are found
(see also Table 6 for ANOVA details):

TDN queries. raw:
Ilspl! PIMS"! "SS"_ ‘ISCN >_

"MU" >_ llmuu’ llIII‘ "mS". "n". |l6lr

"l" Mo ™ 1

C"sn”, mll", "l"r "lTIS", "n". l|6ru

w‘rn >_ lrnll: ||6r|

TDN queries, arcsine:
"MS", "Sf“_. "SS", HSC" >_
"Mu" > "mLI", "mS", Ilitlr "ptore"

nTrl >_ "]". unu‘ l06u

u[n, usn X mu", umsu, IIIII! "ﬂ.", ll6n

Table 6. ANOVA of average precision (TN qucries).

Experiment TDN-raw TDN-arcsine

Source DF Mean sq F Mean sq F Critical
Runs 12 0.202 12,801 0.365 13.749| 1.7618
Query 84 0.895 56.628 .454 54.852( 1.2818
Error 1008 0.016 0,027

Total 1104

The results for the high-precision scores are very interesting. since we detected
less pronounced performance differcnecs than for the average precision scores.

For short T querics, the Spider and MPRO variants using decompounding
outperform mast stemming only variants (and the baseline of not using stemming at
all) to a degree thal is statistically significant (see also Table 7 for ANOVA details).
This is an important finding. given that stemming is still often seen mainly as a
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recall-enhancing device for languages such as English. Stemming can thus be
valuable ¢ven in cases where recall is of sccondary importance, such as ofien
encountered by Web-based search services.

Raw data:

"S- Mmw”, M, 6, "™ Y, ms”
"Sc", "Ss" M6, "n”, MM "ms”
"Ms", "Mu" > "6","n", "I", "ms"

nTll >_ "n", "l". lln.lsll

Arcsine-transformed data;
“SS“_ "SC" >_ "‘", "IT]IJ,": "6"' "l"! "mslle llnll
PISf‘I' "MS"! ItMuII >_ "6II: "Ill-‘ IPmSII: Plnll

"T" >_ nllr’ nlnslu’ llnll

Table 7. ANOVA of Precision @ 10 (T queries).

Experiment T-raw T-arcsine

Source DF Mean sq I Mean sq F Critical
Runs 12 0.119 10.168 0.281 10.640] 1.7618
Query 84 1.308 112.200 2515 952281 1.2818
Error 1008 0012 0.026

Total 1104

For long TDN queries, the benefit of stemming and decompounding is less

pronounced due to the "richer” representation of the original, unstemmed query
when compared to its shorter counterpart (sce also Table 8 Tor ANOVA details).
Consequently, fewer significant differences are detected, and no approach or variant
outperforms the baseling of not using stemming at all in this scenario.

Raw data:

"SS" >_ "mS", |l6n
"Sf“. HSCMl "MS"q llMurl >_ n()u
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Arcsine-transformed data:

”SS". I'MS"! "Sf", "SC“, ||Mu" >_ r‘6ll

Table 8. ANOVA of Precision @ 10 (TDN queries).

Experiment TDN-raw TDN-arcsine

Source DF Mean Sq F Mcan Sq F | Critical
Runs 12 0.081 5.209 0.161 5343 | 1.7618
Query 84 1.215 78.563 2.268 75.044 | 1.2818
Error 1008 0.015 0.030

Total 1104

9  Query-by-Query Analysis

In addition to the overall analysis presented in Sections 7 and 8, we also analyzed
the performance of individual queries in more detail. A set of nine queries (10% of
the overall query set) were selected for showing conspicuous behavior, either in
terms of averall performance or because of outliers hy individual methods, Various
measures, such as mean average precision, high precision measures (mean of
precision at 5, 10, 15 documents retricved, mean of precision at 10, 20, 30
documents retrieved. and precision at 100 documents retrieved) and wniquely
tetricved relevant documents, as well as their respective standard deviations, were
used to identify this sct of interesting queries. For each query in this set. we
determined the most important keywords, and examined all methods with regard to
the stemns that they produce, and the constiluents of the compounds as identified by
the various decompounding approaches.

We continue by giving a short analysis of each of the nine selected queries. The
title fields of the nine queries are given as heading 10 each subsection. Kev search
terms mentioned in the analysis can be contained in any of the ficlds of the query
(title, description, narrative).

9.1, CLEF 2000 Campaign. Topic I:

"Architekiur in Berlin (Architectire in Berfin}”

Approaches performing well: "Sf'. "Sc”. "Ss”, "Ms", "I"

The key scarch terms in this qucry are "Architektur” {architecture) and
"Berlin". The best results regarding average precision, early precision. and number
of relevanl documents retricved come from the Spider decompounding runs ("Sf".
"S¢”, "8s"), the "Ms" "MPRO_Is_dec” decompounding run, and Linguistica.
Common characteristic of these runs is that they conflate "Architektur”
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(architccture) and "Architekt” (architect), which pulls in approximately 10% more
relevant documenis than the methods that omit this conflation.

9.2. CLEF 2000 Campaign, Topic 5:
"Mitgliedschafi in der Europdischen Union (European Union Membership)"
Approaches performing well: "n", "I". "t", "sn", "mu", "Mu"

Key scarch terms in this query are "Mitgliedschaft/Miigliedstaaten/-
Mitglicdssiaaten” {membership/member state} and "Européischen” (European).

A peculiarity of 1this query is the twa dilferent spellings for
"Mitglicd(s)staaten", nnce with binding-s (in the "description" part). and once
without (in the "narrative" part). While probably not iniended by the iopic creator,
this is not strictly speaking a typo, since hoth forms are valid. The "Sf", "Sc", "Ss",
"ms", "Ms" and "Mu" methods conflate the two variations, whereas the other
methods produce fwo distinct indexing features, Howewver, conflation of the two
different spellings Tor "Mitglied(s)staaten" does not scem to be essential for good
retricval,

Generally speaking. decomponnding seems fo be counierproductive for this
query. Apart from the exception of "Mu", all decompounding methods produce
results that are substantially worse (in the case of the Spider stemmer, betwecn 48%
and 66%) than the ones returned by methods without decompounding {or cven
without stemming at all). It seems thai the core concept of "member state” gets
diluted too much when its constituents are added as independent search terms. From
a linguistic point of vicw. "Mitglicdschaft” should not be split, contrary to the
behavior of some of the approaches. since "schaft" is in this case a derivational
suffix.

9.3. CLEF 2000 Campaign, Topic 26:
"Nutzung von Windenergie (Use of Wind Power)”
Approaches performing well: all decompounding approaches.
Key search term is "Windenergic” (wind power),

Methads using decompounding outperform other methods substantially.
Decompaosition of "Windenergic" into "Wind" and "Encrgie” results in the retrieval
of nearly twice as many relevant documents. Stemming proper makes little
difference, since the keywords occur in their base forms in the query statcment and
in the relevant documents.
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9.4 CLEF 2000 Campaign, Topic 34.
"Alkohofkonsum in Europa (Alcohol Consmmption in Evrope)”
Approaches performing well: all decompounding approaches.

Key  search  terms are “"Alkoholkonsum/Alkoholmisshrauch”  (alcohol
consumption/alechol ahuse) and "Europa” (Europe). This is another query where
decompounding is crucial. Mcthods with decompounding (most important to find
other compounds consisting of "alkohol" as constituent) retrieve 50% additional
relevant documents on average,

9.5, CLEF 2000 Campaign, Topic 35:
"WWolfe in Italien (Wolves in Italv)"
Approaches performing well: no clear picture

Keywords are "Wakfe" (wolves) and "[talien/ltaliens” {ltaly, of ltaly). This
query is a special case: it has only onc rclevamt document in the collection.
Stenmming differences across methods are minor, mainly in terms of some less
frequent word forms being conflated or nol. All methods find the one relevant
document. but average precision numbers fluctuate wildly depending on the rank at
which the document is retrieved. These large fluctuations are mainly due to the
properties of the average precision measure, and we believe them to obscure the
performance of the different stemming methods in this case.

9.6. CLEF 2001 Canmpaign, Topic 6:
"Embargo gegen den Irak (Embargo on Irag)”
Approaches performing well: "n". "["

Key search terms ar¢ "Embarga” (embargo). "Irak/irakischen” (Iraq, Iraqi} and
"Bevélkerung” {papulation). The best two methods for this query arc "no stemming™
and "Linguistica”, which hoth do no or very little stemming. This is apparently due
to the fact that all keywords are present in their base forms in the query statement as
well as in the docoments. with stemming only introducing further naise.

9.7. CLEF 2001 Campaign, Topic 21:
"Olkatastrophe in Sibirien (Siberian Oil Catastrople)”
Approaches performing well: "Sf", "Se", "Ss"

Keywords arc "Olkatastrophe/Olpipeline/Olleitung”  (oil  catastrophe/ail
pipeline/oil pipeline). "Umweltaspekte” (enviranmental aspects), "Okasystem”
{ccological system) and “Sihiren/Sihiriens” (Siberiafof Siheria). The Spider
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decompounding methods are the most aggressive in producing conflations: they are
the only methods that decompound all the compound keywords except
"Okosystem". which is nol decompounded by any method. MPRO splits
"Qelleitung” but nat "Olleilung” because of the umlain treatment in the version we
used.

In general, this query demonstrates how decompounding helps to absorb
differences in writing styles. For instance, the query uses "Olpipeline” in the
description part and "Ollcitung” in the narrative parl of the query, which are
essentially synonyms.

9.8 CLEF 2002 Campaign, Topic 25:
"Schatzsucher (Treasure Hunting)"
Approaches performing well: decompounding methods and "t"

Key search terms are "Sehatzsucher/Schatzsuche” (lreasure hunter/treasure
hunting), "Reliquien” (relics), "Schiffen" (ships).

To achieve high performance, it seems to be essential 10 establish a relation
between "Schatzsucher” and "Schatzsuche”. The decompounding methods do this
via the component "Schatz” (ireasure). whereas "t" "NIST _stem” conflates the two
words to a common stem ("Schatzsu™). All ather methods that fail 10 estahlish such a
relation perform substantially worse. Ancther nicety of this query is the accidental
conflatinn of "finde” (look for) and "Fund" {a find) te "find" by the Spider variations
which positively aftects the result.

29 CLEF 2001 Campaign, Topic 27:
"Schiffskollisionen (Ship Collisions)"
Approaches performing wcll: "Sf". "S¢", "§s"

Kcey search terms are "Schiffskollisionen” (ship collisions). together with its
conslituents "Kollisionen" (collisions), "Schiffen" (ships) and "ZusammecnstBen™
{collisions) in the narrative part of the query. The best results come from the Spider
variatinns that use decompounding. These are the only methods that split
"Schiffskollisionen”. which seems to be essential for good retrieval performance for
the short T version of this query. In the TDN run the constitucnts occur as separate
words resulting in much hetter perfarmance for all systems exeept for no stemming
and Linguistica,

In summary. we found that stemming is in most cases beneficial independent of
the method applied. Approaches conducting a halanced conflation, i.e. avoiding both
understemming and overstemming as best as possible, seem to be superior.
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Cases where no stemming ontperforms most or all of the stemming methods
exist when all the keywords are already present in their hase forms (and oceur racely
in tnflected forms) and represent simple concepts (no compound nouns) (e.g. Topic
6, 2001 Campaign). Furthermore. queries consisting of’ proper names show such
effects, especially in short queries. For long queries, in these cases. the noise
introduced by stemming cancels out the benefits from matching additional word
forms.

Not surprisingly, we found a number of querics where the key to successful
retrieval is clearly the ability to split compounds. since the constituents are
important to the respective topic statements, and the compound commonly is
transcribed in phrasal form in the documents.

However, there are also cases where decompounding is counterproductive
(such as topic 5, 2000 campaign). Thus, it is important 10 avoid the decompaosition
of "false” compounds such as "Mitglicdschaft” (memhership) and of compounds for
which the splitting causes a shifi of meaning such as "Frithstiick™ (breakfast),
composed of "Frih"” {early) and "Sttick” (piece). Also, decompounding of words that
arc rarely written in phrasal form c.g. "Mitgliedstaaten” (member states) may
negatively impact weighting.,

There may be potential in development of corpus-based decompounding
methods in this regard, as it may well depend on the document collection itself if a
key concept of the query gets diluted by compound splitting. or if additional. good
matches are found. An interesting line of research may be to consider how to
automatically infer from corpus statisties how well compounds are represented by
their constituents, and use this as a factor in the decision of whether to apply
compound splitting or not. Similar considerations apply for stemming proper, where
especially the effect of handling derivational suffixes may differ depending on the
terms or even the query and collection used for searching.

Lastly. we found some oddities, which were either due to the evaluation
measure used {e.g. mean averape precision in case that there are very few relevant
documents for a query) or to some erron¢ous conflations, which tumed out to
produce good matches by chance.

10 Conclusions

In onr experiments. we demonstrated that stemming is useful for German text
retrieval in most cases. Compared to a system without stemming, we ohtained
performance gains measured in mean average precision of up te 23% for short (T)
and up to 11% for long queries (TDN). For recall we observed improvements of
12% for T, and 4% for TDN. Exceptions where stemming is detrimental are queries
comprising proper names or other invariant words (where no inflection exists. or the
inflection is rarely used). The different stemming methods show only weak
significant differences. mainly in the high recall range.
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An important finding of this study is that decompounding contributes more to
performance improvement than stemming, 16% (o 34% for short and 9% to 28% for
long queries. In contrast to stemming, we observed larger differences between
individual methods implying that it is important to carefully choose the right degree
of decompounding. There are two main goals with respect to decompounding:
Firstly to produce as many extra matches for retrieval as possible, and secondly to
avoid inappropriate splittings. The 1wo best runs, "Sf" "spider_FS" and "Ms"
"MPRO_Is_dec”, put different emphasis on these goals, "Sf "spider_FS" splits
aggressively, and "Ms" "MPRO Is dec" avoids linguistically incorrect splittings.
However, they show almost the same performance.

Looking beyond the popular average precision measure, we have investigated
the impact of stemming in a "high precision scenario”, such as often assumed in
Web settings. Traditionally, stemming is ofien seen mainiy as a vehicle 10 enhance
recall. However, our experiments indicate the best stemming and decompounding
approaches lead to better precision at 10 documents rctrieved than using no
stemiming. Some of the differences are statistically significant.

This report makes a major contribution to the discussion on the benefits of
steraming that goes beyond the focus on the German language by employing a
complete spectrum of stemming and decompounding approaches on a large reliablc
corpus, which allowed us to conduct a thorough analysis of the results. One outcome
of such a broad analysis is that stemming can be done using comparatively simple
approaches such as the NIST German stemmer, which showed competitive
performance, In contrast. decompounding requires a more sophisticated approach,
either providing a sufficient lexical coverage for agpressive splitling or linguistic
knowledge 10 achieve correct handling of compounds.

Furthermore, we found that for German as a morphological rich language,
purely language independent methods do not give competitive performance. The
exception is the 6-gram/word-based run, but only for short queries. Even so, the
results are still significantly worse than for other methods using decompounding,
and the increased index size from using »-granis is a substantial drawback.

Future work could vatidate these findings that we obtained for unrestricted text
for settings where domain spectfic terminology is frequent. Such terminology can
have properties that may necessitate adaptations especially related to
decompounding (e.g. medical terms of Latin origin, or names of chemical
substances).
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Abstract. We describe the Curospider component for Cross-Language Information
Retrieval (CLIR) that has been cmployed for experiments at all three CLEF
campaigns to date. The central aspect of our efforts is the use of combination
approaches, effectively combining multiple Janguage pairs, translation resources and
translation mcthods into one multitingual retrieval system. We discuss the
implications of building a sysicm that allows flexible combination, give details of
the various translation resources and methods, and investigate the impact of merging
infermediate results generated by the individual steps. An analysis of the resulting
comhination system is given which also takes into account additional requircments
when deploying the system as a component in an operational, conumercial setting.

Keywords: Cross-Language Information Retrieval, combination methods. merging,
operational systems

1 Introduction

The Eurospider components for Cross-Language Information Retricval (CLIR) rely
heavily on the combination of multiple simpler CLIR approaches, We discuss the
implications of combining difTerent translation methods, and present the suppornting
framework that we have implemented. Eurospider has participated with considerable
success in all three CLEF campaigns held to date, and we analyze the results that
have heen obtained.

97


mailto:martin.braschler@eurospider.com

Definitions

The CLEF campaign offers hoth multilingual and bilingual cross-language
information retrieval (CLIR) evaluation. Multilingual retrievai in CLEF is defined as
the task of tetrieving documents from a multilingual collection containing articles
from newspapers, newsmagazines and news agencies written in any of four
{English. French. German, ltalian in CLEF 2000) or five (as before, plus Spanish in
CLEF 2001 and CLEF 2002) languages. Bilingual rctrieval is a “simpler” task.
retrieving documents from a monelingual collection written in a language different
from the one used for query formulation.

Overview

While initial experiments are much older (see e.g. Salton 1970), interest in
CLIR has substantially increased after 1996. The CLIR approaches that have
subsequentty been proposed can be classified in different ways. Braschler e al.
(1998a) suggested a classification in terms of what information is translated to
“bridge the language gap™ in CLIR: the queries (query translation: QT). the
documents (document transtation; DT). or both'. Qard (1997) divided approaches
into those using conirolled vocabulary vs. those working on free text, then further
refining this classification hy the type of resources used for classification: corpus-
based or knowledge-based.

Current state-of-the-art translation approaches to free-text CLIR. such as those
used by the vast majority of CLEF participants. fall broadly speaking inte three
categorics: approaches using machinc transtation (MT) systems, approaches using
machine-readable dictionarics (MRD) and approaches using corpus-based resources
derived from suitable training data. Lurospider has vscd methods from all three
fields in the TREC and CI.EF campaigns.

Currently, query translation (QT) seems to be morc popular than document
translation (DT), mainly because of perceived limitations in scalability in the latter
approach, Wc have attempted the comhination of hoth methods.

Combination of Multiple Simpler Approaches

Much of the carly work on CLIR aftcr 1996 ohtained an effectiveness thal was
far below what was observed for monotingual retrieval (for an overview of this type
of work, see e.g. Grefenstette 1998). This substantial drop-off in effectiveness was
found to be fairly consistent across different approaches. such as vsing MT or
MRDs. As a consequence. we started early on to secarch for combination translation
approaches in the hope of being able to substantially narrow the gap between CLIR

! Incidentially, a small suhfield of CLIR has since sprung up that tries to build systems that usc
no translation at all. adding a fourth dimension to this kind of classification, see ep.
McNamee and Mayficld (2002a).
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and monolingual retrieval (Braschier and Schéiuble 1998, Braschler ¢t al. 1998b).
Using a combination approach is analogous to efforts in monolingual IR 1o eomhine
multiple sources of cvidence (Belkin ct al. 1993b, Fox and Shaw 1993).

The combination of multiple franslation methods also decrcascs the risk of
retrieval failure due to missing or incarrect translations. A substantial part of the
diffcrence in average retrieval cffectivencss between meonolingual and cross-
language IR can be atiributed to a few (ncgative) outlicrs. Such outliers are less
bikely if multiple sources of iranslations are used, and rctrieval performance
becomes more rohust. A combination of muliple translation resources makes it
possible 1o greatly increase the lexical coverage of a CLIR system, which is essential
if a wide range of queries are te he processed. including technical terminology,
fashicnable terms and names.

Merging of Different Langnages

When going from bitingual CLIR to truly multilingual CLIR, involving morc
than one target language, the additional question arises of whether to handle the
multiple target languages simulfancously or each language separately and then later
merge the individual results. Systems that handle all languages simultaneously ofien
have to translate all items into some form of common interlingua in order to buitd an
unified index. By handling the languages in pairs this added difficalty can he
avoided al the expense of having to deal with a number of intermediate results.
However, combination appioaches lend themselves naturally to this type of
architecture, as they typically already require merging of intermediate resuits
coming out of the difTerent types of translation resources.

In both cascs, scrious issucs arisc with respeet to weighting between the
different languages, an aspect that is as such absent in the monolingual casc,
although there are parallels to the monolingual problem of merging databases
indexed by different, autonomous systems (see e.g. Do and Callan 1998). I
attempting to merge resulis from several bilingual retrieval runs on documents in
different languages, the estimates of relevance obtained through the weighting
scherme will typically not he comparable, since the different vocahularies of the
languages vield different term frequencies. Similarly, when using a single. unified
index to permit parallel retrieval, different numbers of ducuments across the
languages will preduce incompatihle frequency counts.

Key Requirements

In summary. a combination approach to multilingual CLIR in CLEF has to
address
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1. how to combine different translation approachcs. and which tvpes of resources
to nse (MRD. MT. corpus-based)

2. what to translate (query. documents. both. none)

3. how to handle the multiple langnages (simultancously or separately)

Related work

Overviews ou different approaches to cross-language information setrieval can
be found e.g. in Braschler et al. (1998) and Oard (1997). Good examples of the use
of all three main types of translation resources commonly used for CLIR (machine
translation. machine-readable dictionaries and corpus-based data structures) can be
found in experiments by CLEF participants. For machine translation, see e.g. Joncs
and Lam-Adesina (2002) aud Figuerola ¢t al. (2001), for machine-readable
dictionaries and thesauri. see e.g. Hedlund et al. (2001) and Gey et al. {2002).. and
for corpus-based CLIR see e.g. Hiemstra et al. (2001) and Nie and Simard (2002).

Combination approaches. such as those used in our system. make vse of two or
mere of these types of translation resources. University ol California at Berkeley has
also used combination approaches since CLEF 2000 with considerable success (Gey
et ab. 2001, Chen 2002a). Further experimenis with combination approaches were
also carried out by Université de Neuchétel (Savoy 2002a. 2002b) and Thomson
Legal {Moulinier and Molina-Salgado 2002). All these papers also address the
question of how to merge the intermediate resulls obtained by the individual
components of the respective systems. Today. a majority of participants in the
multilingual ¢rack of CLEF use combination approaches. inctuding the groups
scoring in the top three in terms of effectiveness. Our work difTers from the work of
most other CLEF participants in that we have vsed translation resources of all three
types: MT. MRD and corpus-based, aud that we have combived hoth query
translation and document translation, resulting in a broad understanding of the
properlies of such combinations and in a system and a framework that can handle
the widest possible range of trauslation resourecs. While Chen (2002a) reports on
the combhined use of bilingual dictionaries, parallel corpora and mining of search
eungine results for query translation, he does not usc document translation. Other
CLEF participants 1o try a combination of document and query translation are
McNamee and Mayvfietd (2002b). hut this was in unefTicial experiments. They used
a bilingual dictionary derived Irom a parallel corpus for translation,

Furthermore. our system is built with applications in operational. commercial
settings in mind, therefore cmphasizing some issucs that we identificd as heing
important in such situations, such as good lexical coverage. the avoidauce of
negative outliers aud applicability to a hroad range ot domains. These criteria arc
usually not in the main focus of the CLEF evaluation.

In monolingual information retrieval, there is also earlier work which has
relevance 1o our experiments on combination of approaches and on merging of
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languages. In these studies, the corresponding problems are also referred to as "data
fusion" (merging of multiple result lists calculated on the same document
collection), "collection fusion" (merging ol multiple result lists calculated on disjoint
document collections), and "query combination" (merging of multiple query
representations before retrieval). Much of the work on cembining multiple result
lists coming from the same document collection stems from the observation that the
estimation of relevance of documents improves when muttiple sources of evidenee
are available. Saracevic and Kantor (1988) observed in their studies with muitiple
manually generated query formulations that "[..] the more often an item was
retrieved the more the odds shified in favor of relevance”. Similar work by Belkin et
al. {1993a) with muftiple Boolean query formulations showed that "progressive
combination of query formulations leads to progressively improving retrieval
performance”. The same report also gives a good overview of early rescarch on this
phenomenon (see also Belkin et al. 1993b, Bartell et al. 1994). Early experiments on
combining the output of different weighting schemes in different ways were
conducted by Fox et. al (1992), Fox and Shaw (1993) and Lee (1995), generalty
with encouraging results. The problem of merging result lists from disjoirt
document collections, namely those formed hy the different target languages, is
closely related to the problem of merging output from multiple. separate document
collections in the monolingual case, Earlicr work on the monolingual problem can
be found e.g. in Callan et al. (1995) and Veorhees et al. {1995}, both ol which also
provide good infroductions to the problem.

2 Individnal Translation Resources and Approaches

2.1 Machine Translation (MT)

Machine translation systems, i.e. systems that altempt to avtomatically translate
texts from one language to another, secm like an obvious choice for CLIR.
However, there are several obstacles to using MT for CLIR, Firstly, MT systems
attempt to detcrmine the correet word sense for translation by using context analysis.
If an MT system is applied to query translation, there may be little or no context
available that the can be exploited. Furthermore, MT systems depend on correct,
grammatical input. Queries arc often only a string of search terms enumerated by the
pser. Lastly, the diversity of voncepts entered by a user is nearly endless — users
search for names, current affairs, rarc items, “fashionable™ terminology. etc. — all
things that are hard to translate for an MT system that usually uses some form of
dictionary as resource. MT weuld appear 1o be a more attractive choice for
document translation — there is more context available to be exploited in a
document, and grammar is typically cleaner. However, the main problem with
document translation remains — if the MT system cannol translale a certain term,
later searches will come up without result.

Eurospider has vsed MT systems both for document translation (DT) and query
translation (Q7T) in CLEF experiments. For DT, all documents were processed
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offline. and then inserted in their translated form into the system. QT would require
a direct integration of the MT and retrieval svstems. We have opted for a tooser
coupling by externally transhating the query and then feeding the result to the
retrieval system. No manual modifications to the query were made of any kind,

MT sysiems are only available for a limited number of “popular™ language
pairs. For our CLEF cxperiments, we were not able 1o locate a snitablc
German/Spanish MT system, so German/Spanish M1 was simulated hy first using
MT 1o translate 1o English, and then having the system translate the resulting
English output to Spanish. We feel this itlusirates well the kind of dilTicnltics that
will be faced when attempting to deploy a CLIR system for lesser used fanguage
pairs. Clearly, MT has deficits in such sitnations.

2.2 Similarity Thesaurus (ST)

We have used corpus-based approaches with considerable success for CLIR.
Corpus-based resources are automatically derived from suitable training data. Our
experiments with corpus-based methods in CLEF use a so-called “similarity
thesaurus™ (ST (Qiu and Frei 1993).

To build a multilingual similarity thesaurus, the training data is constructed to
consist of pairs of documents with related coment in the desired languages. For
example, one pair of documents may consist of on¢ document each for both
languages about election results (Braschler and Schiuble 1998). Such document
pairs can he found by ohtaining collections of similar type, e.g. news aricles in
several languages. and then “aligning™ individual documents. The alignment process
works by picking ont “indicators™, i.e. special characteristics of a document, and
comparing them with the indicators of documents in the other language. Indicators
can be of different type. c.g.

1. Date. author. source of a document
2. Ctlassifiers assigned to a document, if available

3. Proper names in documents that are spelled (nearly) identically across
languages

4.  Numbers and acronyms

5. Words comained in a small core vocabulary for which a dictionary is available
hefore the alignment process (“seed dictionary™).

We have shown that it is possible to align documents from independent sources
hased onlty on indicalors such as those descrihed above (see figure 1) as long as the
documents are from the same domain (Braschler and Schiiuble 1998). The similarity
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thesaurus construction process that relies on the training data produced through this
form of document alignment is relatively robust with regard 1o the quality of the
alignments. There is no need for alignment on paragraph or even sentenee level. 1t is
suffieient if documents that are paircd freat loosely the same subject. This is an
essential advanlage compared 1o some other corpus-based approaches that rcly on
training on so-called “parallel corpora™,. which contain every dlem in all languages
that are to be cnvered. White it is hard and vusually cxpensive to obtain this form of
parallel training collection, it is substantialty easier to find related collections in the
necessary languages, and convert them to training data through the alignment
process. Interesting developments that may help increase the availability of suvitable
parallel corpora for training comes from work on mining the World Wide Weh for
suitahle documents {Hiemstra et al. 2001, Nie and Simard 2002). We will explore
training the similarity tliesaurus en such corpora in the futore.

<DOCUMENT> <DOCUMENT=>

<ClA ERS> <t ERS>
europe, france Yranspont
Bt w o v RS> < RS>

E> >
@: 970131
<~ E> 7 E>

v

A 4

VA NAVA%YA TRV VWA N VAV.Y AN
Figure 1. Alignment of documents. The two documents are aligned based on

matching classifiers, dates, numhers, names, and a focw terms coming from a secd
dictionary.

The simiiarity thesaurus is eonstructed by caleulating the similarity of every
term in one language with all terms in the other language bascd on their oceurrences
in pairs of aligned documents. This process is similar 1o classical document retrieval.
Wherc for document retrieval terms are used to find the documents they are
contained in, we find those terms that are represented by the same doeuments,
essentially using the documents to retricve the terms. Indecd. it is possihle 1o use the
concept of a “dual space™, where the roles of documents and terms are reversed for
retricval, and then use classical IR weighling schemes in their adapted form for
similarity calculation. We usc the standard ¢.idf" weighting adapted for the dual
space ("f7.iif") 10 calculatc the similaritics between terms (sec Formula 1), For every
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term. the top thirty most similar terms in the larget language are then saved to the
resulting thesaurus.

*
Z a_f.h aj..l’

d e,

Sa,H* (Y@,

d;epy d,eq;

sim(@,.p;) =

o, = fd, o) if(d), if(d)=log >
1+ |d J.I

Formula 1. The ffif weighting used for similarity thesaurus calculation. The
similarity between two terms is the angle between two vectors composed of i/
weights, i.e. the product of the feature frequency and of a value that is analogous to
the idf used in classical information retrieval.

Since these “similaritics™ are derived on a purely statistical hasis. there is no
guarantec that actual translations are found. Typically, however, terms are found that
describe a meaning identical or very closely related to that of the original term, but
in the target language. Clearly, such terms can then be used to search for the concept
cxpressed by the query. An added benefit of the statistieal approach underlying
similarity thesaurus construction is that it is not only possible ta calculate
similarities on a term/term basis, but also for mnltiple tcrms in one go — capturing
the “concept™ of the entire query as a wholc. In this way, some of the amhiguities of
individual terms can be avoided when the query contains more than one search term.

Probably the most exciting aspect of corpus-based resources is that when
deriving suitably powerful resources. such as the similarity thesaarus. the coverage
is only limited by the scope of the training data. By feeding large amounts of
appropriate training data, the resource can cover vocahulary that goes far beyond the
core vocabulary usually covered by even the largest manoally constructed
translation resources. Even more interesting, this extra voeabulary can cantain items
such as names, technical terminology and “fashionahle expressions™, which are
usually very important lor operational search systems.

2.3 Machine-readable dictionaries (MRD)

Machine-readahle dictionaries (MRDs} are close relatives to the usual. well-known
printed bilingual dictionaries. They contain for each entry in the source language one
or nmore possible translations, Before use in retrieval systems, extra annotations
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present in printed dietionaries. such as casc or gender information, must he removed.
and abbreviations have to be expanded.

The main problem in using machine-readahle dictionaries for CLIR is the
ambiguity of many search terms, A CLIR system using MRDs can either use all
possible translations, relying on a robust weighting mcechanism during suhsequent
retrieval, or attempi to chose the most suitable translation. cither by using frequency
information if available, or by employing word-sense disambiguation. Resulis
regarding the performance of these alternatives are inconelusive, and scem 10
heavily depend on the subsequent retrieval process.

We have used MRDs only in CLEF 2001, where we found no additional benefit
with respect to using a combination of machine translation and similarity thesauri.
This is probably due to the fact that an MT system tends to provide a similar lexical
coverage to that of a typical MRD covering general terminology. We will not
investigate MRDs in-depth in this paper. However, the integration of MRDs is
essential for operational settings, where customer-specific translation resources in
the form of dictionaries and thesauri have to he employed.

3 Combination Approaches

The Eurospider CLIR components allow tlexible combination of multiple translation
resources and retrieval approaches. By allowing such eombinations, we aim to

1. Maximize lexical coverage for translation

Lexical coverage remains a central problem in CLIR systems, since a query that
cannot be translated results in what is essentially worthless retrieval results (if
retrieval results are returned at all). Not only will average performance of the
system suffer in CLEF-style evaluations, but the acceptance of real-world users
for systems that cannot handlc a substantial portion of queries is low — users are
very sensilive to the worst expericnces they have with a system (espectally
those made early in their use of the system). Furthermore, a free-text retrievat
system is typically faced with a wide range of differcnt search requests, from
well-formed grammatical sentences to a few hastily entered terms mixed from
nammes and popular expressions. Not all forms of translation resources are
equally suited to handle these different requests.

2. Use multiple translation approaches/resources to avoid negative outliers

Lexical coverage is central to avoiding negative outliers. However, such
outliers can also stem from inappropriate translation, Translating the query
using multiple different translation resources and approaches minimizes the
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chance of very pronounced outliers. There is a danger. however. of also
minimizing the effect of positive outliers.

3.  Maximize the usc of all available resources, allowing hroad applicability to a
range of operational setiings

Bevond some of the most popular languages pairs, usnally involving English,
resources are siill typically scarce. A system should he able to work with
whatever is available. Similarly, there are few resourccs covering special
tcrminology and fashionahle terms. Again, a system should be ready to use
whatever is available.

The last point is especially chatlenging, in that it rcquires a system that can
potentially work with only a fraction of the resources that arc available for popular
language pairs.

The Eurospider system allows flcxible combination of translation resources and
approaches either through direct combination of transtation resources. or through the
merging of intermediate retrieval results.

Combination approaches have shown to be effective for multilingual retrievai
in the past CLEF campaigns, with the best entries for the 2002 multilingual track
coming from groups using such approaches (Savoy 2002h, Chen 2002b, Braschler et
al. 2002b).

3.1 Direct Combination of Translation Resources

Two or morc translation resources are directly combined into one #meta-resource”
that comprises the union of the information contained in the individual resources. To
make a combination in this sense possiblc. the resources must he “compatible™. i.e.
they should use matching types ol input and output. Secondly. the resources must be
available in a format that allows combination.

We have so far experimented with the direct combinatien of multiple machine-
readahle dictionaries. of multiple similarity thesauri, and a combination of machine-
readable dictionaries and similarity thesauri, Only the combined MRDs were used in
our CLEF experiments.

The direct combination is aftractive, because it climinates duplicate
information. and therefore duplicate translation steps, and il avoids the need for later
merging of intermediate results. When directly combining dissimilar translation
resources, such as similarity thesauri and MRDs, weighting of the individual parts is
a problem. This weighting problem is not dissimitar from the problem incurred
when using the translation rcsources separalely. and merging their individual
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outputs —in  bath cases the weighting should reflect the potential of the
corresponding translation resources 1o contribute 1o & good overall result. We
therefore avoid the direct combination of incompatible translation resources. using
the merging of their individual cutpuls insiead.

In order to allow direct combinatian of resources, Eurospider has developed a
framework that operates on a common XML format. We uvse ISO Latin-1 for
encoding. A good framework for dircct combination is especially helpful in
operational settings, where customer-specific translation resources are available and
must be integrated into the systemy’s larger, general-purpose rcsources.

3.2 Combination of Intermediate Resnlts

Alternatively to building one large muliilingual search index, a multilingual fext
retrieval system may handle languages in pairs, where the inlermediate results from
cach language pair are laler merged into one unified result. This is the approach
chosen by most participants in the CLEF multilingual track.

In an analogous way, it is also possible to use the different translation resources
individually, and then later merge the resulting intermediale resulis into one
combined result that contains the results obtained by using all of the resources. The
resources proper need not he combined directly in this approach, making it possible
to use resources of very different types that are nol compatible for direct
combination.

Eurospider has combined outpuls from machine translation, fram similarity
thesaurus translation and from MRDs in this way. The merging approaches used for
such combinalions are the same as for the combination of different language pairs .
and are detailed in Section 4.

3.3 Architecture of a Combination Approach

The Eurospider CLIR component allows the following combinations:

- Muliple language pairs
- Document translation and query translation

- Muliiple query translation approaches and resources

The systems we used for CLEF experiments work by first running each
individual query iranslation method for each individual language pait. Al this siage,
the system mirrors a cotlection of classical bilingual CLIR sysiems using different
translation resources. 1t is therefore possible to use all rcfinements developed for
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such bilingual CLIR, an important advantage of this form of combination approach.
Specifically, we use post-translation blind relevance feedback, which was shown to
be effective in Ballesteros and Croft (1996). Based on our experience in all CLEF
campaigns, we cutrently use the 10 best terms from the 10 top-ranked documents
and Smart Itc weights for expansion. For the actual retrieval, we use the Smart
Lnultn weighting scheme, which has repeatedly been shown as effective for this
type of document collections (Singhal et al. 1996).

When the intermediate results for all language pair/query translation method
combinations are available, the first merging step is executed. We have
experimented with two options at this stage: merging all outputs of one translation
method into a multilingual result (see figure 2), or merging afl outputs for one target
language into a monolingual result combining the different translation approaches
(see figure 3).

| QueryD

l lOuery Translation l l

D>F D>F D>E >E
F ST MT ST MT

Megeof | O°FE D>FE
Languages ST M Document
\ / Translation

Merge of ) i

D>FE | Resources D>FE EE
ST+MT Transl,

Merge of
D>FE |  Methods

Result

Figure 2. Combination system for CLIR. in this eXample for a system translating
from German (D) to Freneh (F) and English (E). combining different language pairs
(merge of languages), different translation resources {(merge of resources: machine
translation "MT" and similarity thesauri "ST") and lastty different translation
methods (merge of methods; query translation "QT" and document translation "DT")
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In a second operation, the system then either merges the multitingual
intermediate results into one multilingual result that covers all translation methods,
or it merges the different monolingual results into a multilingual result. In both
cases, the result covers all guery translation methods and all language pairs.

We have found only small performance differences in our experiments with
both alternatives, with first merging all languages, and then the methods in a second
step being slightly beneficial for CLEF 2002.

Tn a final merging step, the result from query translation is then merged with a
result obtained from document translation. The document translation result is
produced by inserting all translated documents into the system and then dning
simply monolingual retrieval on this index.

I QueryD

I

T
DoF D>F D>E D>E
F ST MT MT

S st Sl

DsF Resourtes DsE
ST+HT STHMT
Document
\ / Translation
Merge of ) o,
D>FE | Languages b-FE FE'
ST+MT Transl.
o Merge of
D=FE Methods
Result

Figore 3. Combination system for CLIR, in this example for a system translating
from German (D) to French (F) and English (E). combining different translation
resources {merge of resources; machine translation "MT" and similarity thesauri
"ST"), different language pairs (merge of languages) and lastly different translation
methods (merge of methods; query translation "QT" and document iranslation "DT")
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4 Merging

Clearly, merging is an integral part in our combination approach to CLIR. In earlier
CLEF participations, we have used two simple merging strategies: rank-based
merging and interleaving.

For merging, we essentially distinguish 1wo scenarios:

. Both retrieval results were calculated on the same search space. The two result
lists will essentially be a reordering of each other (with some extra items
appearing at thc bottom of the lists). This is the case if the output from
experiments using the same language pair and differcnt translation resources is
merged (analogous to "data fusion" in monolingual retricval, see e.g. Belkin et
al. 1993a, Fox and Shaw, 1993).

2. The sets of documents in the result lists are disjoint. This is the case if the runs
were produced through retrieval on disjoint search spaces. e.g. one scarch on
the English part of the multitingual CLLEF collection, and another scarch on the
French part {(analogous to "collection fusion” in monalinguoal retrieval. see e.p.
Callan ¢t al. 1995, Vaorhees et al. 1995).

Some merging strategies apply to both scenarios. whereas some strategies can
only be used for the first scenario. Rank-based merging can only be applied if the
search spaces are shared among the lists t¢ be merged. Interleaving is a more general
strategy and can he used for both scenarios.

The main difficulty in merging is the lack of comparability of scorcs across
different resuli lists. Result lists obtained from different collections, or through
different weightings, are commonly not directly comparable. The retrigval status
value RSV that the weighting scheme attaches to every document is only used for
sorting the list. and is only valid in the context of the query, weighting and
collection used.

4.1 Simple Merging Strategies

The two merging strategies described below address the prohlem of incompatible
RSVs by not using the original RSV scares at all in determining the new rank of a
document in the merged result list,

Rank-based Merging

For rank-bascd merging. calculation of a new RSV value for the merged list is
based on the ranks of the documents in the original result lists. To calculate the new
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RSV of a document, its ranks in all the result lists are added. There are variations in
this way ol doing rank-based merging, such as the proposal hy Belkin et al. (1993b)
to use the median of all the ranks that a document obtained in the various result tists.

Ciearly, the stratcgy only applies if the search space of all runs is shared. and
therefore a substantial "overlap” in the documents retrieved for the individual runs
exists. Sincc we feel that there is more importance in a rank difference between
highly ranked documcnts than in a similar difference among lower ranked
documents, we introduced 2 logarithmic dampening of the rank value. thus boosting
the influence of highly ranked documents.

As mentioned previously (Section 3), we want (0 minimize the number of
negative outliers. By using the dampening function, a document that reeeives one
very good and onc very poor rank will be ranked higher in the merged result list than
a document receiving two mediocre ranks. Good documents are therefors not
excessively penalized if one of the two retrieval runs performs very poorly. OfF
course, this effect has two sides: on the other hand. highly ranked documents from
the poor run are also not downweighted drastically. In consequence. positive outliers
are also blunted.

Interleaving

As an alicrnative that applies in both merging scenarins (same search space and
disjoint search spaee), we have in (he pasi used interleaving (also known as "ronnd
robin™): the merged result list is produced by taking on¢ document in tumn from all
individual lists. If the collections are not disjoint, duplicates will have to be
eliminated after merging, for cxampic by keeping the most highly ranked instance of
a document. Interleaving is a fairly old strategy, and has frequently been used as a
bascline for comparison with newer schemes before {(see e.g. Callan et al. 1995.
Yoorhees et al. 1995),

4.2 Improved Merging Strategies

We started to investigate improved mcrging strategies for the CLEF 2002 campaign.
Two new methods were investigated. The first is a slight updale of the interlcaving
strategy. The second is mare elahorate, and presents an atiempt to guess how well a
query "hit" a language-specific subcollection.

Collection Size Based Interleaving

One main deficicncy of interleaving as described above is that all result lists are
handied equally, taking the same number of documents from cach. It is extremely
difficult to determine the number of relevant documents to be expected i the
individual subcollections, but we have observed large collections in CLEF
eontribute on average more relevant documents per query than the smaller ones.
Consequently. we have used a simple update to the straight interleaving method: we
set the portion of doeuments taken from any one result list to be proportional to the
size of the corresponding subeollection.
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Feedback Merging

The second new strategy aims to prediet the amount of relevant information
eontributed hy each subeolleetion for a specific search request. It docs this by
carrying out an initial retrieval step, and then analyzing the top ranked documents
from the result set, building an "ideal” query to retrieve that set of documents. This
query is then eompared to the original query, determining the overlap as an
indication of the degree to which the concepts of the original query are represented
in the retrieval result. The better such representation. the higher is the estimate of
relevant documents (see figure 4). The result lists are then finally merged in
proportion to these estimates. The biggest advantage of this method is its query
dependence: whereas all the other methods deseribed above use fixed ratios for
merging the different result sets, this method determines an "optimal” ratio per

query.
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Figure 4. Simplified diagram of the feedhack merging method. The query is used to
obtain a list of highly ranked documents. from whieh representative terms are
seleeted. High overlap of thesc terms with query terms indicates a high density of
relevant items in the retrieval resuit.
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5 Analysis

Eurospider has participated with combination systems in all three CLEF campaigns
to date. The results in all cases compare favorably to other participants, with the
systems placing among the top groups in all cases, and delivering the top
performance far CLLEF 2000.

Since the componcnts are developed with integration into Eurospider’s
commercial retricval preducts in mind, there are some design decisions that may
contradict the objective of getting optimal performance on the CLEF corpus. In
particular, we did not want to tune the system specifically with regard 1o the CLEF
test cotlections in the following aspects:

. Training oi translation resources on the corpus itself. 1t was considered to be
unrealistic for most operational cases thal the collection itself can be used as
training data.

2. Asymmetric handiing of language pairs. There is a potential henefit in fing-
tuning the system for every tanguage pair. However, it is aften unclear whether
such tuning actoally addresses peculiaritics of a language pair or rather those ol
the underlying training cotlection. Again, il was considered unrealistic that
extensive corpus-specific language tuning would be possible in operational
settings.

3. Training on a previous ycar's relevance assessments. It is possible (and within
the scope of CLEF permitted) to use the previous year's relevance assessments
for fine-tuning of the system. However, by daoing so, a situation is simulatcd
where a lot of evaluation data is availahle for a corpus. We consider it to be
unrcatistic that corpus-specific evaluation data of characteristics similar 1o a sct
of CLEF rclevance assessments would be available in most operational
scttings.

All these three optimizations were reported (o be potentially beneficial for
evaluation at the last CLEF workshops (Rogati and Yang 2002, Brand and Briinner
2002, Savoy 2002b).

By taking thc former three considerations into account. it follows that atl our
CLEF experimental systems were handling languages symmectrically io the extent
passible, translation rcsources were trained on similar but disjoint training data, and
relevance assessments from the previows ycars were not taken into account. We
think the good performance of our systems in CLEF is all the more remarkable
under these circumstances.

Besides the objective inherent to the CLEF evalvation of getting good
performance with respect to the measures calculated from the relevance assessments,
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such as precision and recatl, we were also interested in additional eriteria which we
consider essential for suceess in operational scttings. such as:

1. Lexical coverage
2. Robustness with regard to negative outliers

3. Broad applicability of the system to a range of operational settings

By respecting these criteria. it may become necessary to add components 1o the
combined approach that do not positively influenee recall/precision measures or
potentially even have a slightly negative impact.

In the next sections, we will comment on these three eriteria with regard to the
resnlts abserved at the three CLEF eanpaigns. Analysis of the individual resuits
with respect to a single vear’s CLEF evaloation and their comparative performance
with those of that year’s panticipants is not the feeus of this paper, and is treated in
detail in previously published werk (Braschler and Schiiuble 2001, Braschler et al.
2002a, 2002b).

5.1 Lexical Coverage

Typically, for CLEF topics, modern MT systems work well. This is especially true
for long querics. which are essentially complete sentences, allowing MT systems to
make use of their facilities for word sense disambiguation. The sitvation is a bit
trickier for shom queries. but these also waork reasonably well as long as the 1erms
come either from general vocabulary, or contain names that are not mistakenly
translated. In the remaining cases, a eorpus-based approach that, if appropriately
trained, covers domain-specific terminology and fashienahle ferms, can help.

We have boosted lexical coverage of our experiments hy using the corpus-
based similarity thesaurus in conjunction with maching translation. As training data,
we used additional news wire data that did not overtap with the newspaper and news
wire data in the CLEF collections. Clearly, 1o be ahle to beneficially use a similarity
thesaurus for our combinalion system, the training data mwst be sufficiently
eomparable in terms of terminology to the target document collection. 1n the optimal
case. we could use the target collection for training data. As we mentioned above
{Section 5}, we think this is normally not possihle in operational settings. We
consider the requirement of obtaining additional training documents from the same
domain a much smaller chstacle and mueh easier 10 satisfy in operational settings,
When looking at the results presented in Tables T and 2. a mixed picture emerges.
Only in CLEF 2000 have we secn a benefit in terms of average precision when
merging the output from the similarity thesaurus, However. this is mainly due to
incansistent quality of the thesauri we have used for the individual language pairs.
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We have not had access 10 saitable training data for English and Spanish, which led
1o similarity thesauri that did not perform as well as desired. A detailed analysis we
performed for CLEF 2000 (Braschier and Schiuble 2001) shows that additionally to
praviding broader lexical coverage, a combination of machine translation and
similarity thesauri can also hoost average precision, when good-quality thesauri arce
availahle, as was the case {or German/French and German/ltalian.

Table 1. Comparison of experiments using machine translation (MT), similarity
thesauri (ST) and a combination of both. Shown are average precision figures. We
oniy observed a clear benefit Irom combination for CLEF 2000,

CLEF 2000 CLEF 2001 CLEF 2002
MT 0.2557 0.2929 0.3220
sr 0.1656 0.1778 0.1689
MT+ST 0.2622 0.2903 0.2876

Table 2. Direct per-query comparison of machine iranslation (MT), similarity
thesauri (ST) and a combination ol both,

CLEF 2000 CLEF 2001 CLEF 2002
MT+ST vs. MT 23:17 19:31 18:32
MT+ST vs. ST © 3901 49:1 49:1]
MT vs. ST 36:3 43.7 45:5

3.2 Robustness with respect to negative outliers

Measures such as average precision, while very valuable for objective evaluation of
systems in a setting such as CLEF, emphasize a goal of tuning the system for
optimal performance on an average over a number of queries. 1n operational
settings, even single negative outliers can impact the wser's perception of a system
substantiallv. We have observed that combination approaches very cffectively
address the desire to avoid negative outliers. This is especially true for the
combination of query translation (QT) and document translation (DT), which helps
to boost queries that perform paorly when only using onc method alone. Tables 3
and 4 show an analysis of the henefits gained by combining DT+QT as opposed to
using either method alone. 1n all three campaigns, the combination experiment
outperforms both DT and QT cxperiments. In CLEF 2002, however, we have
obscrved that the run using only DT via MT performed practically identically when
consideting average precision to the more complicated run combination run.
However. tooking at the recall, the combined run retrieves nearly 10% more relevani
items, While not superior in terms of the popular average precision measure, the
combined DTHQT run seems therefore preferable in operational situations.
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In both CLEF 2000 and CLEF 2001, the picture is even more favarable for the
combined run, which clearly autperforms both DT and QT alone. When looking at
individual queries. ane can see that comhination is almaost always beneficial. with
the vast majority of querics showing improvement. Even mare important, practically
all thase queries that show decreased performance sufier only slightly.

As a side note. the document translation runs consistently outperformed query
translation runs for all three campaigns. However, when the merging process used
for fusing the outputs from the different language pairs in query translation is
investigated, it becomes apparent that much of this difference siems from merging.
We will return to this aspect at the end of this section.

One of the measures published by CLEF is the performance compared to a
thearctical median of all participants for every individual query. Our goal is
therefore to outperform at least this median for as many cases as possible. This again
allows us to conclude that we avoid producing negative outliers. In CLEF 2001, we
abserved that the number of gueries with perfarmance helow the median decreased
by as much as hall' when comparing a system comhining both QT and DT with a
sysicm emploving either of the two translation options alone (see Table 5).

Table 3. Average precision results for document transtation {(DT), query translation
(QT) and a combination of hath, Combination outperfarms the simpler methods in
all cases.

CLEF 2000 CLEF 2001 CLEF 2002
DT 0.2816 0.3099 0.3539
QT 0.2500 0.2773 0.2876
DT+QT 0.3107 0.3416 0.3554

Table 4. Direct per-query comparison of document translation (IDT). query
translation {QT) and a combhination of both. Shewn is the numher of quertes
performing hetter in terms of average precision for the given alternatives. TFor
example. the combined run for the 2002 campaign outperforms the respective
document translation run for 28 out of 50 queries.

CLEF 2060 CLEF 2001 CLEF 2002
DT+QT vs. DT 32:8 41:9 28:22
DT+QT vs. QT 31:9 36:14 41:9
DT vs. QT 24:16 25:25 30:20
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Table 5. Comparison of the number of querics above and below the median
performance of all CLEF participants in terms of average precision, shown for
systems using document translation (DT). query translation (QT) and a combination
of both. For example, our document translation run for the 2000 campaign
outperformed the median performance for 30 out of 40 queries.

CLEF 2000 CLEF 2001 CLEF 2002
DT vs. median 30:10 24:26 3810
QT vs. median 23:15 22:22 39:11
DT+QT vs. med. 30:9 37:12 39:8

5.3 Broad applicability of the system to a range of operational settings

We try to ensure the applicability of the system to different settings by avoiding any
undue “overtuning” to the collection. The choice of a symmetrical handling of all
language pairs stems from this desire. We have ohserved in several cases that il
would have been beneficial to chose a different approach for individual language
pairs when focusing strictly on performance within the CLEF campaign. In CLEF
2000, for example. we used a dictionary-type word list to combine with machine
translation for the German/English language pair. This additional resource hurt the
overall result by 25% when compared to machine transfation alone. Other examples
include the English similarity thesaurns we used in both CLEF 2001 and CLEF
2002, This component hurt overall performance duc to noisy training data, but still
provided valuable improvements for some individual queries.

Whilc we were therefore "ill-served” by the choice of including some of these
resources for within-CLEF evalvation, we fecl that we can conclude that the
comhination system was robust to such design. We experienced only slight
performance degradation while still henefiting from the expanded lexical coverage
that additional resourees provide.

5.4 Evaluation of Merging

The process of merging intermediate resalts is central 10 our combination approach.
and merits evaluation outside the scope of the criteria outlined above. As observed
in our discussion of negative outliers, document translation consistently outperforms
query translation in all three campaigns (Table 3). However, when the performance
of the query translation run is subdivided into individual retrieval performance and
subsequent merging. we can in retrospeet investigate through the use of the
relevance assessments provided by CLEF the performance loss incurred by
imperfect merging, The knowledge of which items are relevant to a query allows ns
10 produce a “perfect”™ merging result by taking the optimal ratio of tems from all
intenmediate results. By doing this, we can see that there remains a lot of potential in
developing better merging stratcgics.
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TFable 6. Performance of actual and theoretical merging strategies.

Merging strategy CLEF 2002 MT query transintion
Interleaving 0.3249
Collection size-based interleaving 0.3369
Feedback merging 0.3220
Relevance ratio 0.4067
Optimal 0.4876

An optimally merged query translation run (average precision of 0.4876, sce
Table 6) clearly outperforms document translation (0.3539. see Tahle 3). However,
all our merging strategies miss the optimal performance by a wide iargin. Thus. the
avoidance of the merging problem by the document translation run turns out 1o be a
real advantage.

When looking at the individual methods. we see that 1aking collection sizes into
account when interleaving gives a small benefit comparcd to straight-forward
interleaving. This rcsult is consistent for (he various query lcngths we have tried.

The merging strategy based on feedback shows little improvement compared to
the simpler interleaving methods, even though it allows different merging ratios for
different queries. This is disappointing, since the use of variable merging ratios
makes it possible to Hft one of the main restrictions of the simpler merging methods.
When Inoking af the rattos which were actually used for merging. we sce that this
methoed does indeed chose fairly different ratios for individual queries. However, we
believe that these differences were ohscured by the relatively large number of
relevant ftems in the CLEF collections, and by problems with the estimation of the
ratios from the feedhack terms. While we saw encouraging improvements for some
queries, feedback merging thercforc did nol bring any sustained improvement in
retrieval effectiveness. even being slightly disadvantageous in several cases. We are
working on improvements to this method.

The last two methads listed in Table 6 give thcoretical upper bounds for
merging performance. The “relevance ratio" experiment was obfained by
determining the correct merging ratio per query based on the relovance assessments.
This run shows the theorgtical optimum which could be obtained by a method such
as the feedback merging strategy. An even betier performance is obtainable if
different merging ratios are adopted not only per query. but also for different levels
of recal]l within a query {the nccessary merging strategy was demanstrated hy Chen
(2002b) during a presentation at the CLEF 2002 workshop). This upper bound is
listed under the label "optimal” in ‘l'able 6. the huge performance difference
between the actual merging strategics available and this optimum validates our
belief that merging remains one of the hig challenges in the design of better
combination systems.
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6 Conclusions

Eurospider has participated in all three CLEF evaluation campaigns to date. Qur
main ohjective was 1o iest our CLIR component developed on the basis of a
combination approach to CLIR. Our focus was on keeping the experiments
applicable to operational seitings. The goals of the combination approach in this
respect were twolold: improved retrieval effectiveness, and improved system
robustness with regard to negative outliers, lexical coverage and applicability o a
broad range of domains. However, the second goal bas not been explored
extensively inside the CLEF campaign.

We have demonstrated how our component can combine a wide range of
different aspects: different language pairs, different types of translation resources,
and different levels of translation (document translation vs, query translation). While
problems remain with merging, we have found definite benelits from a combination
of multiple simpler approaches.

The combination of document translation and query translation improves
performance for all three campaigns, in two cases substantially. The combined runs
also perform better when compared query-by-query ¢ the individual runs or the
median CLEF performance.

Combination of multiple translation resources improves lexical coverage, and
in some cases also retricval performance. It also helps to avoid negative outliers,
which is very important with respect to operational settings.

We have observed in all three campaigns that our experiments using only
document translation outperform those using guery translation alone. However,
when investigating more closely, we find that this bebavior is mainly due to a big
drop in performarice attrihutable to imperfect merging. Since merging is a central
aspect of a combination system such as ours, with intermediate results merged
across languages, translation resources and translation methods, this indicates that
more work is needed on the merging problem, and that the combination approach
has a lot af potential remaining for future improvements.
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Abstract, For the CLEF 2002 campaign, Eurospider participated in the multilingual
and German monolingual tasks. COur main focus was on trying new merging
strategies for ouwr multilingual experiments. In this paper, we describe the setup of
our system, the characteristics of our experiments, and give an analysis of the
results.

1 Introduction

In the following. we describe our experiments carried out for CLEF 2002. Much of
the work for this year's campaign huilds again on the foundation laid in the previous
two CLEF campaigns [2] [3]. Eurospider participated both in the main multilingual
track and in the Germman monolingual track. The main focus of the work was on the
multilingual experiments. continuing our successful practice of combining multiple
approaclies to cross-language retrieval into one system. Using a combination
approach makes our system more robust against deficiencies of any single CLIR
approach. The main cifort for this ycar was spent on the problem of merging
multiple result lists, such as oblained either from searches on different
subcollections (representing the different languages of the multilingual collection) or
from scarches using different translation resourees and reiricval methods. We fect
that merging remains an unsolved problem after the first two CLEF campaigns. We
introduced a new merging method based on term selection after retricval, and we
also implemented a slightly updated version ef vur simple interleaving merging
strategy.

The remainder of this paper is structured as follows: we first discuss the system
setup that we used for all experiments. This is followed by a closer look at the
multilingual experiments, including details of this year's new merging strategies.
The next section describes our subinissions for the German monolingual track. The
paper closes with conclusions and an outlook.

* also affiliated with Université de Neuchétel, Institul Interfacultaire d'Informatiquce, Pierre-a-
Mazel 7, CH-2001 Neuchitel, Switzerland.
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2 System Setup

2.1 Retrieval System

All experiments used a system consisting of a version of the core software that is
included in the "relevancy” system developed by Eurospider Information
Technology AG. This core sofiware is used in all commercial products of
Eurospider. Prototypical enhancements included in the CLEF system are mainly in
the components for multilingual information access (MLIA).

As an additional experiment, we collaborated this year with Université de
Neuchétel in order to produce a special multilingual run. The results for this run are
based both on output from the Eurospider system and on output produced by the
Neuchétel group. More details will be given later in this paper.

Indexing: Tahle 1 gives an overview of indexing methods used for the respective
languages:

Table t. Overview of indcxing setup for all languages

Language Stopword  Stemming Convert
removal diacritical chars

English ves English "Porter-like" -
stemmer

French yes French Spider stemmer no

German ¥es German Spider sicmmer, incl. vES
decompounding

lialian ves ltalian Spider stemmer no

Spanish Ves Spanish Spider stemmer yes

Raaking: The system was configured to use straight Lnu.ltn weighting. as descrihed
in [16]). An exception was made for some of the monolingual runs, which cither used
BM25 wceighting [12] or a mix of both Lnu.ltn and BM235. All runs used a blind
feedback loop. expanding the query hy the top 10 terms from the 10 hest ranked
documents.

Individual Laagaage Haadling: We decided to make indexing and weighting of all
languages as symmetric as possiblc. We did not use different weighting schemes for
differenf tanguages, or different policies with regard to query cxpansion. By
choosing this approach. we wanted to both mirror a rcalistic. scalahle approach as
well as avoid overtraining to characteristics of the CLEF multilingual collection,

2.2 Submitted Ruas:

Table 2 summarizes the main characieristics of our official experiments:
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Table 2, Main characteristics of official experiments.

Run tag Track Transla-  Merging Expan- Weight-
Topic lang tion strategy  sion ing
Topic fields
Run type

EIT2ZMNUI  Multilingual Documents - Blind Lnu.ltn
DE {MT) Feedback
TN 10/10
Aulo

EIT2MNF3  Multilingual Queries Term Blind Lnu.ltn
DE (ST+MT), sciection  Feedback
TDN Documents 16710
Auto (MT)

EITZMDF3  Muliilingual  Queries Term Blind Lnultn
DE (ST+MT). sclection  Feedback
TD Documents 10/10
Auto (MT)

EIT2MDC3  Muhilingual  Queries Interlcave  Blind Lou.ltn
DE {ST+MT), collection Fecedback
TD Documents 1O/10
Auto (MT)

EAN2MDF4  Multilingual  Querics Logrank  Blind Lnu.itn +
EN (MT+Uni Feedback Uni NE
TD Neuchitel) 10/10+
Auto Uni

Neuchdicl

EIT2GDB]  Ger. Monol.. - - Blind BM25
DE Feedback
™ 10/10
Auto

EIT2GDLI Ger. Monot. - - Blind Lou.ltn
DE Feedback
TD HO/EO
Auto

EITGDMI Ger. Monol. - Logrank  Blind Lnwltn+
DE Feedback BM25
™D 10/10
Aulo

EITGNMI Ger, Monol, - Logrank  Blind Lnu.ltn +
DE Feedback BM25
TDN 10/10
Aulo
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3 Multilingual Retrieval

3.1 Approach

As for last year. we again spent onr main effort on the multilingual track. The goal
of this track in CLEF is to select a topic language, and use thc queries in that
language to retrieve documents in five different languages from a multilingual
collection. A single result list has to be returned. potentially containing documents in
all languages. For details on the track definition see [1].

A system working on such a task nceds to bridge the gap between the language
of thc search requests and the languages used in the multilingual document
collection. For translation. we have successfutly used combination approaches,
integrating more than one translation method. in the past two camipaigns. In 2001,
we altempted our most ambitions combination yet [2], combining three forms of
query transtation (similarity thesauri [11] [15], machine translation and machine-
readable dictionaries) with document translation (threugh machine transtation). This
year, we shified the focus of our experiments somewhat, and nsed a slightly simpler
combinalion approach, concentrating on the pieces that performed well in 2001 and
discarding the machine-rcadable dictionaries from the system. The experiments used
cither a comhination of document translation (DT} and twe forms of query
translation {QT) - machine translation (MT) and similarity thesaurus (ST) - or
document translation only.

Morc than last vear, we concentrated on the problem of producing the final,
multitingual result list to be returned by the system in answer to a search request,
Our combination approach, as indeed most successful approaches to multilinguai
retricval used in the CLEF 2001 campaign. produces scveral intcrmediatc search
results, either due to using different translation methods, or due to handling only a
subset of the five languages at a time. These intermediatc search resuits need then be
"merged” to produce the multilingual result list necessary for submission to CLEF.

It seems to be gencrally agreed ameng the eommunity of active participants in
CLEF that merging is an important problem in designing truly multilingual retrieval
systcms. It was puointed ont in the discussions at the CLEF 2001 workshop that not
much progress had been made on this topic up to that campaign. This year, several
groups have put emphasis cither on this issuc (e.g. [4]. [6]. [7]. [9], [14]) or
alternatively on how to avoid merging altogether (e.g. [8], [10]). The simple
merging approaches employed in our experiments are very similar to some of the
work descrihed by these groups.
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3.2 Merging

In our previous participations in CLETF, we have used two simple merging strategics:
rank-bascd merging. and interleaving. There are two fundamentally different
merging seenarios, depending on whether the runs to he merged share the same
search space or not In the case thut we merge runs ohtained from dil¥erent
translation methods, translation resources or weighting schemes, but using the same
target language, there will usually be a substantial overlap in the sets of documents
in the respective result lists (this problem is also referred to as "data fusion”). This is
not the case when we merge runs that use disjoint search spaces (sometimes referred
to as "database merging”), e.g. different target languages. Some merging stralegies
apply to both thesc scenarios (e.g. interleaving), while others only opcrate on one of
the two alternatives (e.g. rank-based merging).

The main difficulty in merging is the lack of comparahility of scores across
different result lists. Result lists obtained from different collections, or through
different weightings, are normally not directly camparable. The retrieval status value
RSV is only meaningful for sorting the list. and is ofien only valid in the context of
the query. weighting and collection used.

Some merging straicgies make use of training data, typically hased on
relevance assessments for some prior queries. We have decided to avoid reliance on
availahility of relevanee assessments, since we envision many scenarios where il is
unfeasible fo tune the system to such an extent. We have however used the relevance
assessments of this year's collection to evaloate our results against "optimal”
merging strafegies.

3.3 Simple Merging Strategies

One way of avaiding the problem of non-comparable RSVs is by using a merging
strategy that does not make direct use of retrieval scores. The following two simple
merging strategies use the position of documents ju the result lists to determine a
new, merged score,

3.3.1 Rank-based Merging

For rank-based merging. calculation of a new RSV value for the merged list is bascd
on the ranks of the documents in the original result lists, Tao calculate the new RSV,
the document's ranks in all the result lists are added up. Clearly. the strategy is
limited 1o situations with a shared search space. since a substantial "overlap” in the
documents rctrieved is necessary to obtain meaninglul new scores. We fecl that a
rank differcnce between highly ranked documents should be emphasized more than
a similar differencc among lower ranked documents. AS a consequence. we
introduced a logarithmic dampening of the rank value that hoosts the influence of
highly ranked documents. The underlying assumption of this strategy is based on
observations made a while back. e.g. by Saracevic and Kantor [13], who report that
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the probability of relevance of a document increases if that document is found by
multiple query representations.

3.3.2 Interleaving

As an aliernative that applies for merging scenarios with both a shared scarch space
or disjoint search spaces. we have in the past used interleaving. The merged result
list is produced hy taking onc document in tum from all individual lists. If the
collections are not disjoint, duplicates will have to be eliminated after merging. for
example by keeping thc most highly ranked instance of a document. This very
simple strategy, and variants of it. also go by the name of "round-robin” or "uniform
merging” (see ¢.g. [17]).

3.4 New Merging Strategies

We introduced two new merging strategies for this year's experiments. The first onc
is a slight update of the interfeaving strategy. The sccond one is more claborate, and
prescnts an attempt at guessing how well the concept of the query is represented in a
speeific subcollection,

3.4.1  Collection Size-Based Interleaving

Onc main limitation of interleaving as described ahove is that all result lists are
given equal weight. taking the same number of documents from each. There are
many situations, especially in case of disjoint search spaces. wherc it is
unsatisfactory to assume that all result lists will contribute an equal number of
relevant items. Clearly, it is extremely difficult to determine the amount of
contribution to be expected in the individual subcolleetions covered hy the runs. We
have however observed that the average ratio of relevant ilems is quite stable across
the different languages in CLEF when averaged over all queries for a given year.
Consequently, we have used a simple update to the straight interleaving method.
making use of the faet that the subcollectinns of the CLEF multilingual collection
vary constderably in size, and setting the portion of documents taken from any one
result list to be proportional to the size of the corresponding subcollection,

3.42  Feedback Merging

The second new strategy aims to predict the amount of rclevant informatian
contributed by cach subcoliection speeifically for a given search request. The
* amount of relevant infarmation contributed by a subcollection can vary widely from
query to query. Lifting the limit of using the samc merging ratios for every query
should help to avoid picking documents from poar retricval runs too early. In order
to achieve this ohjective, resulis from an initial retrieval step for every subcollectinn
are collected, and the respective top-ranked documents are then "analyzed” by the
systcm, sclecting the best terms to huild an “ideal” query 1o retrieve that set of
documents. The system then compares this query to the original query. determining
the overlap as an estimate of the degree to which the concepts of the original query
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are represenied in the retricval result. The underlying assumption is that the better
such representation, the higher the likelihood that retevant documents are found. The
result lists are then finally merged io proportion to these estimates. No manual
intervention with respect to any of the intermediate results takes place. This is the
only method we applied that is query-dependent,

3.5 Optimal Retrospective Merging Strategies

We evalualed the effectiveness of our merging strategies by comparing their
performance to "basclines” obtained from merging stratcgies that make retrospective
use of the relevance asscssments that hecame available afler the evaluation
campaign.

3.5.1  Relevance-Ratio Merging

The feedback merging strategy atfcmpts to estimate for a given query how many
relevant items are contributed by each of the suhcollections. This information can be
retrospectively extracted {rom the relevance assessments, and the merging can be
repeated analogous to the interleaving strategy, but with the exact ratios in place of
the estimates. While this strategy is query-dependent, it merges using equal ratios
for all recall levels.

3.5.2  Optimal Merging

It is possible to improve even on the relevance-ratio merging strategy hy lifiing the
limitation that merging ratios are equal for all recall levels. The idea for optimal
merging was presented by Chen at the CLEF 2002 workshop [3]. The strategy works
by taking in tum items from those result lists that provide the most relevant items
while keeping the number of irrelevant items taken at a minimum. l.e., in every step,
the strategy looks in the remainders of the lisis to be merged for the shortest
uninterrupted sequences of zero or more irrelevant items followed by the longest
unintetrupted sequences of relevant items. This sequence is then attached fo the
merged list, and the corresponding result list is shartened. The resulting finat list has
different merging ratios both for each query and each recall level.

3.6 Resnlts

The results for our officially submitted multilingual experiments arc shown below.
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Table 3. Key performance figures for the multilingual experiments

Run tag Average Precision@ 10 Relevant
Precision docs refrieved
EIT2MNUI 0.3539 0.6560 5188
EIT2MNF3 0.3554 0.6520 5620
EIT2MDC3 0.3400 0.5860 53368
EI'T2MDF3 0.3409 0.6040 5411
EAN2MDF4 0.3480 0.6260 5698

Total number of relevant documents: 8068
"Virtual best performance™: 0.4834
"Virlual median performance": 0.2193

Tahle 4. Comparison of performance against median for multilingnal experiments

Run Tag Best Above Median Below Worst
Median Median
EIT2MNUI 4 34 2 9 |
EIT2MNF3 5 34 3 8 0
EIT2MDC3 1 36 3 o 0
EIT2MDF3 2 Ry 1 10 0
EANZMDF4 | 45 0 4 0

As can be scen from Table 3, there is very littic diffcrence between runs
EIT2MDC3 and EIT2MDF3, which differ only in the merging sirategy ecmployed
for the combination of the individual language pairs. Additicnally to having
essentially equivalent average precision values, the two runs also differ enly very
slightly when compared on a query-by-query basis. Clearly, the merging strategy
based on feedback, which we newly introduced for this vear. had little impaci, even
though it allows different merging ratios for different querics. When looking at the
ratios which were actually used for merging. we see thal the new method indeed
chooses fairly different ratios for individual queries. However, we believe that these
differences were obscured by later merging steps that combined the various query
translation and document trenslation methods. These further combinations blunted
the effect of negative, but unfortunately also of positive "outliers”. When
concentrating the analysis on merging of a single. specific translation method. larger
differences between the simple merging strategies and the fecdback method become
apparent. Even so. fecdback merging did not bring any sustained improvement in
retrieval effectiveness, instead even being slightly disadvantageous in several cases.
The fact that feedhack merging allows different merging ratios for individual queries
scems to have resulted in a slight improvement in recall, however.

The run based exclusively on document translation (EIT2ZMNUI) compares
favorably when compared 1o the eguivalent combined DT and QT run (EIT2MNF3).
This is analogous to what we ohserved in earlier campaigns. where D'I-based runs
outperformed QT-based runs. Indeed. a run based solely on guery translation {not
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nffictally submitted) performs considerably worse than either the DT-only or the
combined run (0.2876 vs. 0.3539 and 0.3554 for TDN queries), However, we think
this is prohably more due to the imperfect merging strategies we vsed than due (o
any superiority of DT over QT. When using the retrospective merging stralegies
described earlier tnn the paper it becomes apparent 1hat our best merging results are
approximately 20% helow whai is ohtained with the "relevance ratio” method and a
sobering 45%-55% below what an optimal merging strategy making {ull use of the
relevance assessments would produce. Since our DT run needs no merging, if is not
affected by the substantial loss of performance incutred in this step. There remains
clearly much 10 do with regard to the merging problem.

Ever though EIT2MNU1 and EIT2ZMNF3 show little variation in performance
as measured by average precision. closer analysis shows some striking differences.
EIT2MNF3, which is based on 2 combination of query transiation and document
translation. outperforms EIT2ZMNUI in terms of average precision by more than
20% for 14 queries, whereas the reverse is only irue for 4 of the queries. Also,
EIT2MNF3 retrieves roughly 8% more relevan! documents than run EIT2ZMNUI.
We helieve that this shows that the combination approach boosts reliability of the
system by retrieving extra fems, but that we have not found the ideal combination
strategy this year that would have maximized this potential.

The poiential to retrieve more relevant ilems by using combination approaches
is also demonstraied by our final multilingual entry. EAN2MDF4. which was
produced by merging owtpmt from the Eurospider system with results kindly
provided to us by Université de Neuchditel (J. Savoy). This run gave the best
performance of all our multilingual experiments.

Compared 10 median performance, all five multilingual runs perform very well.
All runs have around 80% of the queries performing on or above the median, with
the Furospider/Neuchdtel combined run outperforming the median in more than
90% of cases {Table 4). The "virtual median performance”. obtained by an artificial
run that mirrors the median performance among all submissions for every query, is
outperformed by more than 50% for all experiments. The best run obiains slightly
below 75% of the "virtwal best performance”, which is obtained hy an artificial run
combining the best entries for every query.

In absolute terms. our resuits are among the best reported for the multilingual
track in this year's campaign, within 8-10% of the top result submitted hy Universiié
de Neuchétel. Given the sample size of 50 queries. this difference is too small to be
statistically significant.
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4 Monolingual Retrieval

For monolingual retricval. we restricted ourselves to the German document
collcction. We fine-tuncd our suhmissions campared to last year. and experimented
with two different weighting schemes.

In contrast to last year, we used blind feedback. which was found to he
beneficial in CLEF 2001 by several groups. Our German runs used the Spider
German stemmer which includes the splitting of German compound nouns
{decompounding). We chose the most aggressive splitting methed availahle in the
system, in order to split @ maximum namher of compound nouns.

Table 5. Key performance figures for the monolingual experiments

Run tag Average Precision @ 10 Relevant
preécision retrieved
EIT2GDBI 0.4482 0.5160 1692
EiT2GDLI 0.4561 0.5420 1704
EIT2GDMI 0.4577 0.5320 1708
EIT2GNMI 0.5148 0.5940 1843

Total number of relevant documents: 1938
Virtual hest performance: 0.6587
Virtual median performance: 0.4244

Table 6, Comparison of performance against median for monolingual experiments

Run Tag Best Above Median Below Worst
Median Median

EIT2GDBI1 1 28 2 15 0

EIT2GDL] 3 27 5 15 0

EIT2GDM]1 ! 30 5 14 0

EIT2GNM] 6 32 4 8 0

The results show very little difference between EIT2GDB! and EIT2GDLI,
which used the BM25 and Lnu.ltn weighting scheme, respectively {Table 5). Query-
by-query analysis confirms little impact from choosing between ihe two altcrnatives.
Not surprisingly, merging the two rans (into EIT2GDM1) leads again to very similar
performance.

On an absolute basis, the runs all perform well. with all runs having around
60%-75% of queries with performance above the median (Tahle 6). All runs also
outperform the “virtual median performance”. For German monolingual, this seems
to be a harder benchmark than for multilingual, since "virtual median performance”
is around 65% of "virtnal best performance", compared to roughly 45% for
multilingual.
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5 Conclusions and Outlook

Our main focus this year was on experiments on the problem of merging multiple
result lists coming from different translation resonrces, weighting schemes, and the
different language-specific subcollections in the multilingual task. We introduced a
new method based on feedback merging. which however showed little impact in
practice. Post-hoc experiments with merging strategics that make use of the
relevance assessments show that our merging mcthods still perform far below what
is theoretically possible. We will try to use our new cxperiences to improve on our
merging strategies for next year.

As last ycar, we again used a combination transiation approach for the
multilingual experiments. The results condirm last year's good performance. We can
again conclude that combination approaches are robust; 80-90% of all queries
performed on or above median performance in our systems. This good performance
was achieved even though we used no special configuration for individual
languages, in order to maore accurately reflect situations where only few details about
the collections to be searched are known in advance. and to avoid potentizl
overtuning to characteristics of the CLEF collection.

For the monolingual experiments, we compared the impact of choosing
between two of the most popular high-performance weighting schemes: BM235 and
Lnuw.ltn. We could not detect a meaningful difference, either in overall performance
or when comparing individual queries. Conscquently. combining the two weightings
gives no clear advaniage over using either one individually.
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