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Abstract

Nine teams participated in the TREC-2002 cross-language information retrieval track, which focused
on retrieving Arabic language documents based on 50 topics that were originally prepared in English.
Arabic translations of the topic descriptions were also made available to facilitate monolingual Arabic
runs. Thiswas the second year in which alarge Arabic document collection was available. Three new
teams joined the evaluation, and the cross-language aspect of the evaluation received more attention
this year than in TREC-2001. A set of standard linguistic resources was made available to facilitate
cross-system comparisons, and their use as a contrastive condition was encouraged. Unique
contributions to the relevance pools were more typical of previous TREC evaluations then the results
of TREC-2001 had been for the same document collection, with no run uniquely contributing more
than 6% of the known relevant documents.

1 Introduction

The goa of the 2002 Text Retrieval Conference (TREC-2002) Cross-Language Information
Retrieval (CLIR) task was to develop evaduation methodologies and evaluation resources to
assess the effectiveness of ranked retrieval techniques that accept English queries and search
Arabic documents. Monolingual Arabic experiments, in which both the queries and the
documents were in Arabic, were also supported. Standard French tranglations were also provided
in TREC-2001, but that was not done this year because no team expressed interest in working
with French in preference to English. TREC-2002 was the ninth year in which non-English
document retrieval has been evaluated at TREC, and the sixth year in which cross-language
information retrieval has been the principal focus of that work. For a summary of prior
evaluations, readers are referred to [1]. In this paper we describe the task and the evaluation
collection, we summarize the techniques used by each participating team and briefly describe
their results, and we offer some guidelines for future use of the TREC Arabic collection.

2 Task Description

Asin past CLIR evauations, the principa task for each group was to automatically build queries
from topic descriptions written in one language (English, in this case) and then use those queries
as a basis for ranking documents written in another language (Arabic, in this case) in order of
decreasing degree (or probability) of topical relevance. Each participating team was allowed to
submit as many as five runs for official scoring. In order to foster comparability, teams
submitting cross-language runs were required to submit at least one run in which only the title
and description fields of the topic description were used. Evaluation then proceeded by pooling
the top 100 documents for each topic from each of the 41 submitted runs, manual examination
each document in the pool by a human judge (usually the creator of the topic), and recording



binary (yes/no) topica relevance judgments for each document in each topic's judgment pool.
Participating teams were also invited to perform additional “post-hoc” runs, scoring them locally
using relevance judgments provided by NIST, if they wished to investigate more conditions than
would be possible using only the five official runs. The top 1000 documents in the ranked list for
each topic was evaluated using a suite of measures. In this paper, we report the mean (over 50
topics) of the precision at 11 levels of recall and the mean (again, over 50 topics) of the
uninterpolated average precision. Additional statistics for each run can be found elsewherein this
proceedings.

2.1 Topics

For TREC-2002, fifty topic descriptions (numbered AR26-AR75) were created in English in a
collaborative process between the LDC and NIST (for TREC-2001, only 25 topics had been
created). An example from this year’ stopic set is:

<top>

<num>Number: AR26</num>

<title>Kurdistan Independence</title>

<desc> Description:

How does the National Council of Resistance relate to the potential
independence of Kurdistan? </desc>

<narr> Narrative:

Articles reporting activities of the National Council of Resistance
are considered on topic. Articles discussing Ocalan’s leadership
within the context of the Kurdish efforts toward independence are
also considered on topic.</narr>

</top>

The Linguistic Data Consortium also prepared an Arabic trandation of the topics, so participating
teams also had the option of doing monolingual (Arabic-Arabic) retrieval. The same topic in
Arabic was distributed as:

<top>

<num> Number: AR26 </num>

<title> (i )8 (b gl da gliall (ulaa </title>
<desc> Description:

31U Jaiaall PIELLY) ) Asih gl A glhall (ulaa laiy CisS

</desc>

<narr> Narrative:

DB 3 Y 39ga Craa (Pla g 3L (e Eaaati e ¢ Authgl) da glial) (ulaa CilS oty dblata (o gual (padahy £ g gall |

</narr>
</top>

2.2 Documents

As in the TREC-2001 CLIR track, the document collection contained 383,872 newswire stories
that appeared on the Agence Francaise de Presse (AFP) Arabic Newswire between 1994 and 2000.
The documents were represented in Unicode and encoded in UTF-8, resulting in an 896 MB
collection. A typical document is shown in Figure 1.



<D0
<DOCHNO=20000321_AFP_ARB.0001 </DOCKND>
<HEADER > Ugaidsadls / Judl ol 03553-081/ o5 8920 L 4 01001, </HEADER >
- <BODY>
CHEADLINE > @y ,a)l ddunll 58 pomd o8 6o ppin ol sl ol ol @03l &, < /HEADLINE >
- <TEXT=
<Pzl lbiic S, pgmd B8 il pusl sluws o o ool ol €606 Ol el owl pinsel) $0 @lias oal8l - (o 8l) 3-12 gl
Al iy Jdsdl bys 50 duogdsi w8 epla ulS sl Sl & luwdl O el E)low e Lsledl ppdde, < /P>
<Py oyl el danll sulbgiiue o 988wl i Culs el § Ll 3w Wl el il Ginedl el & aseis)] pussls
&l gl ol &g "o " gl s Ul el il Al asgs cAaale < P
<Pxasy oanlly eaddlmw il e g 8580 cosdands LAl 021 buws sl ol Giiosdl Sl S odegius 004 ety Soo Ll [Si0s
usjbwl A Sl sl 88 0E St ters ol ils Aiiell ois e 2008 e 7991 b/ sl ugils s Ll mw] oz
P
<P o0l Lol Sagy sl Auegd i bil w8 sl Sl &low e U Billel Lgas 1ils el &)Luudl i e eaie S0l wgu Ll il 2
Sl slAL e se Awamll Al wgizg &8 G dou s S el /P
<P w8 Lwlir sduivius sJl &g ms i Slawl 6)lowy Ul ol Ja 38g. < /P
“Proldlnll sle j>lg> olls Lol oo v wldas Lzl Tus, </P>
<Pragfie slo yainl Joled pompll Oluwiles Suidadd)l dlal ol cmlilg. < /P>
<Proldll dxdlEs ol (58 dudandall el gl go weledl 6 ul &l s Wl Ul gladell sLblg. < /P
<D>5JI LU sl sl il el )l u.u..u; ngu.: sl el dawluw sde zleirl uly ol g sl o)l Ol dldogiue duul O s
) Sl e, ilegiedl 0" aspis”. < /P>
<P>;|.\.4.|::§JI s wati 48 (Lwle>) m!l.wUI anglan)l 45,5 dn)li s ul adsl Ol o el il Ginsdl Ji8g, < /P>
<Proldieil aulle (e lpidsgue culel 185 3991 ole dowll udowdall sulil esmdl Jaor glwsl OBl dauin pwles a5 o l=iy

el 2ls e Judl el Csapiwl il < /P
<STEXT =
<FOOTER>w8l 00lga Il /e </FOOTER>
</BODY =
<TRAILER>405012 00 ;o o< /TRAILER>
</DOC>

Figure 1. A sample Arabic document from the AFP collection.

3 Relevance Judgments

The nine participating teams shown in Table 1 together produced 23 automatic cross-language
runs, 17 automatic monolingual runs with Arabic queries, and one manua monolingua run. The
total number of relevant documents found over 50 topics was 5,909 with a mean of 118 relevant
documents per topic, a maximum of 523, and minimum of 10. In TREC-2001, such a large
number of relevant documents were uniquely found by individua runs that there was some
concern about the comparability of post-hoc and official runs. In the pooled relevance judgment
methodology, most documents remain unjudged, and the usual procedure is to treat unjudged
documents as if they are not relevant. Voorhees has shown that the preference order between
automatic runs in the TREC ad hoc retrieva task would rarely be reversed by the addition of
missing judgments, and that the relative reduction in mean uninterpolated average precision that
would result from removing “uniques’ (relevant documents found by only a single system) from
the judgment pools is typically less than 5% [2]. In TREC-2001 CLIR collection, 9 of 28 judged
automatic runs experienced a relative reduction in mean uninterpolated average precision
exceeding 10% relative when “uniques’ contributed by that run were removed from the judgment
pool. As Figure 2 shows, for the TREC-2002 CLIR collection, only one of 41 judged runs would
experience more than 5% reduction. Figure 3 shows the unique relevant documents contributed
to the final relevance pool by each group; no team uniquely contributed more than 6% of the
known relevant documents (with the largest contribution coming from the one team that
submitted a manual run). These results suggest that post-hoc use of the TREC-2002 collection
will result in meaningful comparisons with the set of judged runs reported in this proceedings.
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Figure 2. Effect of removing relevant documents found uniquely by each of 41 official runs.
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Figure 3. Unique contributionsto known relevant documents, by participating team.

4 Standard Resources

Cross-language retrieval effectiveness depends on both the design of the retrieval system and the
quality of the linguistic resources that are used. In order to begin to tease apart these factors, each
participating team that performed the CLIR task was invited to submit one title+description runin
which standard linguistic resources were used to the extent practical given their design. For
example, a team using dictionary-based query tranglation could submit one run in which a
standard bilingual dictionary was the only dictionary used. The following standard resources
were made available:

e An Arabic “light” stemmer that used truncation rules to removed a small set of prefixes
and suffixes. The light stemmer was developed through collaboration between Kareem



Darwish a the University of Maryland and Leah Larkey at the University of
Massachusetts.

e A bidirectional Arabic-English bilingual dictionary, rekeyed from Salmone’'s Advanced
Learner’s Arabic-English Dictionary. The dictionary was provided by David Smith, of
Tufts University.

e Two tables of trandation probabilities, one for English-to-Arabic and the other for
Arabic-to-English. These tables were developed using the Gizat++ implementation of
IBM Model 1 to aign Arabic stems produced the track’s standard light stemmer with
English stems produced using the Porter stemmer. The documents on which this
alignment was performed were obtained from the United Nations by Jinxi Xu at BBN and
the aignments were produced by Alex Fraser of USC-1SI while working at BBN.

o A Web-based bidirectional Arabic-English machine translation system. We designated
the system available at http://tarjim.ajeeb.com as the standard resource for the track.

Comparing the standard resource runs with the best runs by site (for the same query length)

suggests that these resources were generally near, but not at, the state-of-the-art.

5 Retrieval Approaches

The nine groups have written papers about their methods and experiments. Three themes emerge
across the reported work: (1) A greater focus on exploring innovative CLIR techniques than was
evident in TREC-2001, (2) continued investigation of Arabic-specific issues, such as stemming
and stopword removal, and (3) increasing reliance on multiple sources of evidence to overcome
the limitation of any single source.

5.1BBN

BBN made use of its probabilistic trandation and retrieval model used in TREC-9 (for Chinese)
and TREC-2002 (for Arabic) as well as the United Nations corpus. They employed the method
of Hiemstra and de Jong to compute English probabilities by projecting Arabic terms to English
(a weighted sum of corpus probabilities of Arabic terms where the weights are trandation
probahilities). To process the UN corpus and generate a new bilingual translation lexicon, BBN
utilized the IBM model 4 dstatistical trandation approach, rather than IBM model 1. For
stemming they made use of the University of Massachusetts (Light8) stemmer in addition to the
Buckwalter stemmer used in TREC-2001. In the area of query expansion they performed English
and Arabic query expansions independently rather than sequentially (English query expansion
followed by Arabic query expansion) asin TREC-2001.

5.2  University of California at Berkeley

The main focus of Berkeley’'s work was to develop several approaches to Arabic stemming and
stopword list generation. Berkeley used the Ajeeb machine trandation system to trandate every
word in the AFP collection after minimal word normalization. A 3,447-entry Arabic stopword
list was created as the set of all Arabic terms that translated to an English stopword. A similar
approach was used to generate a stemmer — Arabic words were partitioned into clusters based on
their English trandations, with Arabic words whose English trandations were conflated to the
same English stem forming a cluster. A second stemmer in which common one, two, and three
character prefixes and suffixes (identified in the AFP corpus) were removed was also tried.
These resources were then used in various combinations to perform dictionary-based retrieval
using an extension of the logistic regression technique from previous TREC evauations that
incorporated blind relevance feedback. Berkeley also submitted a merged run in which two
machine trandation systems (Ajeeb and Al-Misbar) were used to perform query translation
directly and the Salmone dictionary was used to perform dictionary-based query trandation.
Each was Score-based merging was then used to produce the final ranking.



5.3 Hummingbird Technologies

Hummingbird Technologies chose to focus on monolingual Arabic retrieval again this year.
Hummingbird used a minimalist approach, with the same set of stemming rules as last year.
Hummingbird makes a unique contribution to the CLIR track by evauating commercially
available technology that has been integrated into a comprehensive document management
system.

5.4 lllinois Institute of Technology

In their TREC-2002 experiments with Arabic CLIR, Illinois Institute of Technology (I1T)
continued their investigations of improvement of monolingual Arabic retrieval using different
stemming approaches. For TREC-2001 I1T developed a'light stemming' approach that performed
well. For TREC-2002, they developed two new stemmers, one rule-based and one based on
pattern matching. Both stemmers used an external training corpus from 1999-2001 editions of
two Saudi Arabian newspapers to identify frequent prefixes and suffixes. Both stemmers
performed comparably in monolingual Arabic retrieval, and the paper contains detailed examples
of how each approach to stemming can affect word meaning. For CLIR, IIT used the Ajeeb
machine trans ation package to translate the English queriesinto Arabic, and they aso tried a
second approach based on the translation probability tables provided as part of the standard
resource set. Inthiscase, MT produced better results, perhaps because the [T stemmers differed
from those used to produce the tranglation probability tables.

5.5 IBM Research

IBM's cross-language experiments were based entirely upon statistical machine translation using
the IBM model 1 approach. IBM used the UN parallel corpus provided by BBN with a newly
developed Arabic morphological analyzer. Two statistical machine trandation systems were built.
The first, an Arabic-to-English sentence translation model, was used to translate the documents
into English, followed by monolingual English retrieval. The second, a probabilistic convolution
model in which the probability of generating an English query stem was modeled based on the
probabilities of generating that stem from an Arabic word or morpheme observed in the document.
The convolution modd substantially outperformed the sentence translation model, perhaps
because it made use of document-wide translation probabilities.

5.6 Johns Hopkins University — Applied Physics Laboratory (JHU-APL)

JHU-APL continued its investigation of the use of overlapping character n-grams for monolingual
Arabic retrieval. In TREC-2001 they used 4-grams; for TREC-2002 they investigated the use of
3-grams, 4-grams and 5-grams, and their official monolingual runs used combinations of those n-
gram lengths. They used the same two machine trandlation systems as the Berkeley team,
performing query trandation from English to Arabic. The use of stemming in the standard
tranglation probability tables made that resource unsuitable for straightforward use with n-gram-
based techniques. They did, however, try mapping al English words that share a common stem
to all Arabic words that share acommon stem.

5.7  University of Maryland

The main focus of this year's experiments a& Maryland was on combination-of-evidence
techniques for cross-language retrieval. Translation knowledge was obtained from the same two
machine trandation systems that Berkeley used, the Saimone bilingua dictionary, and both
directions of the BBN trandation probability tables. Trandation probabilities were estimated
based on al of this evidence and then used with five CLIR techniques, one of which was a
previousdy developed baseline (Pirkola s method). Some side experiments were also done to
investigate the potential of document expansion and variants of light stemming.



5.8 University of Massachusetts

University of Massachusetts tried the most extensive set of techniques. Generally, acronyms
found in the query were expanded using the U Mass Acrophile system. A bilingual lexicon built
from a proper name dictionary from New Mexico State University and the same two M T systems
that Berkeley used was then used to translate expanded English query terms and add them to the
lexicon. Query expansion was performed both before and after trandlation. Arabic stopword
remova was performed after morphological normalization using a 168-term stopword list from
University of Lancaster, and severa alternative forms of morphological normalization were tried.
A number of variants on the processing path and the retrieval model were tried, and score-based
merging among these variants was then used to create the final submissions.

5.9 University of Neuchatel

University of Neuchatel only submitted monolingua Arabic runs to the TREC-2002 CLIR Track
evaluation. Neuchatel took the interesting approach of independently indexing Arabic words and
of indexing tri-grams as aternative indexing and retrieval scheme, following the approach of
Darwish and Oard in their SIGIR-2002 paper. Prior to al indexing and retrieval, Neuchatel
converted and normalized the Arabic document text into Latin letters (“In Malta, the Arabic
language is written using the Latin alphabet”). The Neuchatel word approach developed two
stemmers which fall into the same area of ‘light stemming’ of the standard resource. They then
dropped al stopwords which appeared in their 347 Arabic stopword list. From the paper it
appears that their tri-gram approach utilized words as a basis (rather than including white space as
other n-gram approaches usualy do) and removed frequent tri-grams from a tri-gram stoplist
generated from the stopword list above. Following independent retrieval of word-based indexed
documents and tri-gram-based indexed documents, a “data fusion” summing approach to
independently generated RSV rankings was applied to generate the final ranked list. They
utilized the Rocchio approach to blind feedback and performed multiple relevance-expansion
experiments on both stems and tri-grams.

6 Results

Monolingual runs establish a useful baseline to which cross-language results can be compared,
and they help to enrich the relevance judgment pools. No standard query length was required for
monolingua runs, but seven of the eight teams submitting monolingual runs elected to use
title+description queries for at least one monolingual run. Figure 4 shows the best
title+description monolingua run for those seven teams. The best of these results is somewhat
below the best that was achieved last year. Since the document collection is the same, this
suggests that the topics this year may be somewhat harder on average than last year’ s topics were.



1.0 ~

—o— Neuchatel
—>X— Berkeley
—&— U Mass
——IIT
——JHU APL
—— Hummingbird
—%— UMD

Mean Precision

Recall

Figure 4. Best automatic monolingual runs, title+description queries.

Figure 5 shows the best automatic cross-language run for the required title+description condition
for the seven teams that submitted a least one cross-language run. Five teams ran
title+description queries for both the monolingual and the cross-language conditions, with the
cross-language retrieval exhibiting a relative effectiveness ranging from 29% relative below
monolingual to 6% relative above monolingual. It is difficult to draw any conclusions in the face
of such large variability; interpretation of these results will require close attention to the
implementation details of individua systems.
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Figure 5. Best automatic cr oss-language runs, title+description queries.

Five teams submitted standard resource runs. As Figure 6 shows, three teams demonstrated
improved performance (ranging from 4% to 11% relative) through the use of additional linguistic
resources. Only five runs could be scored officidly for each participating team, so post-hoc
analysis may reveal greater potential for improvement from the use of additional linguistic
resources than can be seen in the official results.



0.5

o
IS

NN

o
w

N — BBest
O standard

o
IN)

Mean Average Precision

o
[

BBN Berkeley Maryland JHU APL T
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Asis common in information retrieval evaluations, substantial variation was observed in retrieval
effectiveness on a topic-by-topic basis. Figure 7, which plots the median and maximum average
precision over the 23 cross-language runs illustrates this (note, however, that this plot includes
gueries of different lengths). For example, half of the runs did poorly on topics 34 and 55, but at
least one run exceeded the median average precision for those topics by 800% relative. Applying
this type of anaysis on a run-by-run basis can help to identify effects that would be masked by
averages across topics.
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Figure 7. Average precision by topic (bottom=median, top=maximum), cr oss-language.

6 Looking to the Future

The TREC evaluations produce three things of enduring value: (1) research results, (2) standard
test collections on which new techniques can be evaluated, and (3) a research community with
shared interests. Over the past nine years, TREC has produced eight non-English test collections
in six languages (Arabic, Chinese, French, German, Italian, and Spanish), and the demonstrated
utility of these collections has inspired the creation of similar collections for many other
languages (including Dutch, Japanese, Korean and Finnish). The results obtained this year
indicate that topics AR26-AR75 are suitable for post-hoc use of the collection by automatic



systems that did not contribute to the relevance pools. Topics AR1-AR25 have proven to be of
some use for system tuning, but the relatively long title fields and the markedly elevated
“uniques’ effect make use of that collection for comparative studies less advisable. We therefore
recommend that researchers working with this collection in the future report results for the 50
topics developed this year rather than treating all 75 topics as a single collection.

Our community now includes hundreds of researchers working on CLIR in dozens of countries,
and research results regularly appear in a broad array of venues. Although thisis the last year of
the CLIR track at TREC, similar evaluations will continue in Europe at CLEF [3] and Japan at
NTCIR [4], and work on searching Arabic will continue in the Topic Detection and Tracking
evaluations (TDT) [5]. The idea of providing standard resources was first tried at TDT, and we
have found it to be useful in amoretraditional CLIR evaluation design as well.

Some of the questions that we have explored in the CLIR track may ultimately migrate into other
tracks a TREC. CLIR is, after all, just one capability among the many that are needed to build
effective systems to access globally distributed information. Perhaps the future will see the
creation of a multilingual Web track, a track for searching multilingual speech, or an interactive
multilingual track. When that happens, the baseline technology from which those specialized
applications will be built will have been first developed here, in the TREC CLIR track.

Acknowledgments

The authors are grateful to Ellen VVoorhees for handling al of the logistics for this track at NIST
and for providing the data that was the basis for our analysis, to the LDC for their work on topic
development and relevance assessment, to the contributors of the standard resources for making
that comparison possible, and to the participating research teams for their advice and insights
aong the way. This work was supported in part by DARPA cooperative agreements
N660010028910 and N660010018911.

References

[1] Fredric C. Gey and Douglas W. Oard. The TREC-2001 cross-language information retrieval
track. In: Proceedings of the 2001 Text Retrieval Conference, NIST, 2001.

[2] Ellen M. Voorhees. Variations in relevance judgments and the measurement of retrieva
effectiveness. In C.J. Van Rijsbergen W. Bruce Croft, Alistair Moffat, editor, Proceedings of the
21% Annual International ACM SIGIR Conference on Research and Development in Information
Retrieval, pages 315-323. ACM Press, August 1998.

[3] Carol Peters, Martin Braschler, Julio Gonzalo and Michadl Kluck, editors. Evaluation of 002
Cross-Language System Information systems: Third Workshop of the Cross-Language
Evauation Forum, CLEF-2002, Rome, Italy, Springer Computer Science Lecture Notes,
forthcoming.

[4] Keizo Oyama, Emi Ishida and Noriko Kando, editors. NTCIR Workshop 3: Proceedings of
the Third NTCIR Workshop on Research Information Retrieval, Automatic Text Summarization
and Question Answering  (September2001-October2002), National Institute of Informatics,
Tokyo, January, 2003.

[5] James Allen, ed., Topic Detection and Tracking: Event-based Information Organization,
Kluwer Academic Publishers, Boston, 2002.




