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1 Summary

In TREC2002the Berkeley groupparticipatecbnly in the English-Arabiccross-languageetrieval (CLIR) track. One
Arabic monolingualrun andthree English-Arabiccross-languageuns were submitted. Our approacho the cross-
languageretrieval wasto translatethe Englishtopicsinto Arabic using online English-Arabicmachinetranslation
systems.Thefour official runsarenamedasBKYMON, BKYCL1, BKYCL2, andBKYCL3. TheBKYMON is the

Arabic monolingualrun, andthe otherthreerunsare English-to-Arabiccross-languageuns. This paperreportson

theconstructiorof anArabic stoplistandtwo Arabic stemmersandthe experimentson Arabic monolingualretrieval,

English-to-Arabiccross-languageetrieval.

2 Background

Arabic hasmuchricher morphologythan English. Arabic hastwo gendersfeminine and masculine; threenumbers,
singular, dual, andplural; andthreegrammaticakasesnominative, genitive, andaccusative. A nounhasthe nom-
inative casewhenit is a subject;accusatie whenit is the objectof a verb; and genitive whenit is the objectof a
preposition.The form of an Arabic nounis determinedy its gender numbey andgrammaticakase. The definitive
nounsareformedby attachingthe Arabic article  }! to theimmediatefront of the nouns. As an example,the Arabic

word £JUs)} meansthe student (feminine). Sometimesa preposition,suchas > (by) and |} (to), is attachedo the

front of a noun, oftenin front of the definitive article. For example,the Arabic word WJUJJ meansto the students

(masculine).Besidegrefixes,a nouncanalsocarry a suffix which is often a possessie pronoun. For example,the
Arabic word dJUaJ (by my student)canbe analyzedasd + b + O, with oneprefix  (by) andone pronoun

suffix S (my). In Arabic, the conjunctionword s (and)is oftenattachedo thefollowing word. For example theword
Ly s meansand by her student (masculine) Arabic hastwo kindsof plurals:sound pluralsandbroken plurals. The
sound pluralsareformedby addingplural suffixesto singularnouns. The plural suffix is ! for femininenounsin
all threegrammaticakasesy) 4 for masculinenounsin nominatve caseand - for masculinenounsin genitive and
accusatie casesFor example theword () s-.5\s (teachersmasculinejs thepluralformof ;.. (teachermasculine)
in nominatve case and (w.js (teachersmasculine)s the plural form of .5 (teachermasculine)n genitive or
accusatie case. Thepluralform of i.;.s (teacherfeminine)is & L.y (teachersfeminine)in all threegrammatical

cases.The dual suffix is o | for the nominatie caseand ,; for the genitive or accusatie. Theword (L.71s means

two teachers. Theformationof broken pluralsis morecomplex andoftenirregular;it is, therefore difficult to predict.
Furthermoreproken pluralsare very commonin Arabic. For example,the plural form of the noun J.do (child) is



dL&.\;‘ (children),which is formedby attachingthe prefix Tand insertingtheinfix |. The plural form of thenounts”

(book)is _<S"(books) whichis formedby deletingtheinfix |. Theplural form of SLQ\ (woman)is <L (women).The

plural form andthe singularform arealmostcompletelydifferent. The examplespresentedn this secionshow that
an Arabic nouncould potentiallyhave a large numberof variants,andsomeof the variantscanbe complex because

of the prefixes,sufixes,andinfixes. As anexample,the word \@Uﬂa;\lj (andto herchildren)canbe analyzedas\a +

du.!;\ +J+ s It hastwo prefixesandonesufix.

Like nounsanArabic adjective canalsohave mary variants.Whenanadjectve modifiesa nounin anounphrase,
the adjectve agreeswith the nounin gendey number case,anddefiniteness An adjective hasa masculinesingular
form suchas . 2= (new), afemininesingularform suchas s a> (new), amasculineplural form suchas e (new),

anda feminineplural form suchas 4 (new). For example, a3 Jg,\l\ meanghe new teacher (masculine),
and 4 | Qj.‘.uj.\.“ meanghe new teachers (masculine).Theadjectve hasthefemininesingularform whenthe plural

noundenotesomethingnanimate As anexample theword 5. = (new) in sauad ] LK) (the new books)is the

femininesingularform.

Arabic verbshave two tenses:perfectandimperfect. Perfecttensedenotesactionscompletedwhile imperfect
denotesncompletedactions. The imperfecttensehasfour mood: indicative, subjectve, jussive, andimperative [4].
Arabic verbsin perfecttenseconsistof a stemanda subjectmarker. The subjectmarkerindicatesthe persongender
andnumberof the subject. The form of averbin perfecttensecanhave subjectmarker andpronounsuffix. Theform
of a subject-markr is determinedogetherby the person,gendey and numberof the subject. Take > (to study)
asanexample,the perfecttenseis .., for the third person,feminine,singularsubject,\j_ga for thethird person,

masculine plural subject. A verbwith subjectmarker andpronounsuffix canbe a completesentenceFor example,
theword «..,> hasathird-personfeminine,singularsubject-markr -, (she)anda pronounsufiix ¢ (him), it is alsoa

completesentencemeaning‘'shestudiedhim.” Oftenthesubject-makrsaresuffixes,but sometimes subject-martr
canbe a combinationof a prefix anda sufix. For example,theword studyin a negative sentencés _q ;.5 (did not

study). For verbsin imperfecttensejn additionto the subject-markr, averbcanalsohave a mood-marker.

3 Test Collection

Thedocumentollectionusedn TREC2002cross-languagigackconsistof 383,872Arabicarticlesfrom theAgence
FrancePress(AFP) Arabic Newswire during the period from 13 May, 1994to 20 December2000. Thereare 50
Englishtopicswith ArabictranslationsA topic hasthreetaggedields: title, description, andnarrative. Thenewswire
articlesareencodedn Unicode(UTF-8) format,while thetopicsareencodedn ASMO 708.

4 Preprocessing

Becauséhetextsin thedocumentsndtopicsareencodedn differentschemesye corvertedboththedocumentsand
topicsto Windows CP-1256encoding.The setof valid characteréncludethe Arabic lettersandthe Englishlettersin

bothlower anduppercases.The Arabic punctuatiomrmarks, ¢, and’, wereconsideredasdelimiters. A consecutie
sequencef valid charactersvasrecognizedhsaword in thetokenizationprocess Thewordsthatarestopwordswere
removed during documentsandtopicsindexing. We sayaword is minimally normalizedwhen, |, ) i, ), andlare
changedo . A word is lightly normalizedwhenadditionallythe Shaddacharactef(the charactembove () in J)) is
deleted,andthe characters, ;I, andj arechangedo |, thefinal ¢ is changedo s, andthefinal o is changedo &.
In the Arabic documentcollection,the word SF\JQ\ (woman)is sometimespelledas o\j,\ or o\Jc\ The Arabic shadda

characteis sometimesiroppedn spelling. For example for theword _j* (teacher)s sometimespelledas .



5 Construction of stopword list

At TREC 2001, we createdan Arabic stopword list consistingof Arabic pronouns prepositionsandthe like that
are found in an elementaryArabic textbook [4] and the Arabic words translatedfrom an English stopword list.
For TREC 2002, we first collectedall the Arabic wordsfound in the Arabic documentcollection. The numberof
unique Arabic words found in the collection after minimal normalizationis 541,681. We thentranslatecdthe Ara-
bic words, word-by-word, into Englishusingthe Ajeeb online English-Arabicmachinetranslationsystemavailable
at http://www.ajeebcom. From this Arabic-Englishbilingual wordlist, we createdan Arabic stopword list consist-
ing of the Arabic wordswhosetranslationsconsistsof only Englishstopwords. The Arabic stopword list has3,447
words after minimal normalization,containingstopwords suchas (S&J (you), L& (in him), o (betweenthem),

and L (after). The Englishstopword list has360words. Therearea coupleof reasonsvhy the Arabic stopword

list automaticallygenerateds muchlarger thanthe Englishstopword list. First, pronounscanhave morethanone
form. For example,the Arabic word for these hasfour forms: il (feminine, nominatize), ;sla (feminine, gen-

itive/accusatie), !ia (masculine nominatve), and ceAa (masculine genitve/accusatie). Second pronounsand
prepositionsaresometimegoinedtogether

6 Construction of ssemmers

At TREC2001,we built arathersimpleArabic stemmeto remove from wordsthe definitearticle prefix  }}, the plural

suffixes !, &y s, and |, andthe suffix 5. At TREC 2002,we createdwo Arabic stemmersa MT-based stemmer and
alight stemmer.

6.1 MT-based stemmer

We built a MT-basedArabic stemmeifrom the Arabic wordsfoundin the Arabic documentsandtheir Englishtrans-
lations using the online Ajeeb machinetranslationsystem. We partitionedthe Arabic wordsinto clustersbasedon
the Englishtranslationsof the Arabic words. The Arabic wordswhoseEnglishtranslationsafter removing English
stopwords,areconflatedto the sameEnglishstemform onecluster And all the Arabic wordsin the sameclusterare
conflatedto the sameArabic word, the shortestArabic word in the cluster For example,an Englishstemmetusually
changeplural nounsinto singular sochildren is changedo child. In orderto changehe variantsof the Arabic word
for child or children to the sameArabic stem we first groupedall the Arabic wordswhoseEnglishtranslationgontain
the headvord child or children. Thenin stemming,all the Arabic wordsin this group are changedo the shortest
Arabic word in the group. The Arabic adjectvesandverbswere stemmedn the sameway. For English,we used
a morphologicalanalyzer[2] to map plural nounsinto singularform, verbsinto the infinitive form, and adjectves
into the positive form. This stemmerchangeghe broken plural forms of an Arabic word into its singularform. The
broken plural forms are commonandirregular, soit is generallydifficult to write a stemmerto changethe broken
plural formsto singularforms. For example,Table 1 presentgart of the Arabic wordswhoseEnglishtranslations
containthe headverd child or children. All the Arabic wordsshawn in table1 belongto the sameclustersince,after
removing the Englishstopwords,the Englishtranslationsonsistof eithertheword child or children, bothbeingcon-
flatedto the sameword by the Englishmorphologicalanalyzer In stemmingthe Arabic wordsshowvn in table1 are
conflatednto thesameword ib. TheEnglishtranslationsvereproducedisingtheonline Ajpebmachingranslation

system.Onecanalsocreatean Arabic stemmerfrom English/Arabicparalleltexts or bilingual dictionaries.With a

large English/Arabicparallelcorpusavailable,onecanfirst align the texts at the sentencédevel, thenusea statistical
machinetranslatiortoolkit suchasGIZA++ to createan Arabic-to-Englishtranslatiortable. If we keeponly themost
likely Englishtranslationfor an Arabic word, thenwe have a bilingual wordlist. Usingthis bilingual wordlist, we can
translateall the Arabic wordsfoundin the Arabic documentollectioninto English.We cancreatean Arabic stemmer
by partitioning the Arabic wordsinto clusters,eachconsistingof the Arabic wordswhoseEnglishtranslationsare
conflatedto the sameword by the Englishmorphologicalanalyzer Stemmerdor otherlanguagesanalsobe auto-
matically generatedisingthis methodaslong assometranslingualresourcessuchasMT, paralleltexts, or bilingual

dictionariesareavailable.



Arabic  English Arabic  English Arabic  English Arabic  English
Worq translation word  translation word translation word translation
Jwbl  children o#lib!  theirchildren Jades by child dallls  thenthechild
Yubi children Skl mychildren dales by child Jaes  thenchild
WGk]  ourchildren JLZJ;\H children Ldaley by ourchild dmk aschildren
Jub]  andhischildren JikN1  children «dales by hischild Jakl§™  asthechild
Jubl  hischildren Jakll  thechild il by hischild JuLY  tochildren
wuﬂ herchildren OMale)l  thechildren gty by herchild ldale)  to herchild
M)LLL\ their children dab)l  thechild Lgeles by theirchild ekl  tothechild
w,,lLd:\ theirchildren ollakll  thechildren olale; by children U&L‘\j andour children
Jm,\ my children oedadell  thechildren Laaly by herchildren JuLy Iy andthechildren
Jwbkl  children dalall  thechild Jab  child il 3 andby child
Nkl children onladall thechildren ik child (il g andby children
<Ulebl  yourchildren JLLLLI by children oMal  children daby andchild
‘,<Ju.b\ your children um,\, by hischildren || WMal  herchildren oWaby  andchildren
Q.(JL&.L\ your children Wbl by herchildren dab  child tlaby andourchild
Wbl ourchildren dL&.\ailb. by thechildren || «Jdab  child by andherchild
dlab!  hischildren Jakll by thechild otdel  children adaby andhischildren
Wbl herchildren dabll  bythechild &b hischild LAaby andherchildren
HALLL\ their children ovdalaly by thechildren el ourchild Wby  andto herchildren
Lglab!  theirchildren odalell  bythechildren «<lal  hischild Jaklly  andto thechild

Tablel: Arabic wordswhoseEnglishtranslationsontainthe headverd child or children.

6.2 Light stemmer

We developedasecondArabic stemmexalledlight stemmer thatremovesonly prefixesandsuffixes. We identifiedone
setof prefixesandonesetof sufixesthatshouldbe remored basedon the grammaticafunctionsof the affixes, their
occurrencdrequenciemamongthe Arabic wordsfoundin the Arabic documentollection,the Englishtranslationsof
the affixes, and empirical evaluationusing the testcollection of the previous CLIR track. We generatedhreelists
consistingof theinitial, the first two, or thefirst threecharacterstespectiely, of the Arabic wordsin the document
collection,andthreelists consistingof the final, the lasttwo, or the lastthreecharacterstespectiely, of the Arabic
words.Wethensortedthesix lists of sufixesor prefixesin descendin@rderby the numberof uniquewordsin which
aprefixor sufiix occurs.Table2 presentshe mostfrequentone-,two-, andthree-charactgurefixesamongthe unique
Arabic wordsfound in the documentcollection. The frequeng shawvn in the tableis the numberof uniqueArabic
wordsthat begins with a specificprefix. Table 3 shavs the mostfrequentone-, two-, andthree-charactesufiixes
amongthe uniqueArabic words. The frequeng countfor a given suffix is the numberof uniqueArabic wordsthat
endwith thatsuffix. We identified9 three-characterl4 two-charactgrand 3 one-characteprefixesthat shouldbe
removedin stemmingand18two-characterand4 one-charactesufixesthatshouldberemovedin stemming.The 9
three-characteprefixesare s (andthe), Jb (by the), J& (thenthe), J§ (asthe), JJJ (andto the), Jls, )} Jl, Y.
The 14 two-characteprefixesto beremovedarethe mostfrequentonesasshaown in table2. Ourlight stemmeishares
mary of the prefixesandsuffixesthat shouldbe removed with the light stemmerdevelopedby Larkey etal. [5] and
thelight stemmeidevelopedby Darwish[3].

The stemmemon-recursiely removesthe prefixesin the pre-definedsetof prefixes,andrecursvely removesthe
suffixesin the pre-definedsetof suffixesin thefollowing sequence.

1. If thewordis at leastfive-charactetong, remove thefirst threecharactersf they areoneof thefollowing: (Jis,



Rank Initial  Frequeng || Initial two Frequenyg || Initial three Frequeng
character characters characters
1 3 117324 JI 55364 Jls 19411
2 | 94043 ly 32787 (J\ 12711
3 < 49319 L 16789 Ju 9079
4 J 48862 J) 10912 Yl 6666
5 ¢ 33776 ?5 10124 o 3907
6 o 25649 oy 9196 I 2813
7 o 23385 oy 8865 Ly 2760
8 b 21828 N 7482 ol 2559
9 s 19794 w1447 w9 2372
10 & 19004 vy 7155 L 2260
11 O 10905 Sy 6772 Je 2213
12 > 8445 d 3 6527 d\ 1973
13 , 8345 K 6083 @0 1919
14 s 7058 L 5648 & 1915
15 & 6680 ) 4933 )l 1783
16 o 6435 L 4877 J& 1751
17 C 6383 ‘) 4749 U 1736
18 1 5394 5 4702 S 1665
19 ¢ 5207 oS 4583 J,\j 1613
20 C 4450 ol 4415 é\ 1610
28 Js 1301
168 JL 412
203 JV 365
262 Juw 312
268 JY 306

Table2: Most frequentinitial charactestrings.

Ju J6, J8T By Jber I Il Y-

. If theword s atleastfour-charactetong, remove thefirst two charactersf they areoneof thefollowing: J}, s,

Ll rsososY s ssds b6

. If thewordis atleastfour-charactetong andbeginswith s, remove theinitial letter .

. If theword s atleastfour-charactetong andbeginswith either_ or J, remove _ or Jonly if, afterremaving

theinitial charactertheresultantword is presenin the Arabic documentollection.

. Recursvely stripsthe following two-charactesufixesin the orderof presentatiorif theword is at leastfour-
charactetong beforeremoving asufiix: , &, e, U, L, Is, 4, 4, b, oa, ({ o PAVANT oh ol O,

. Recursiely stripsthe following one-charactesufixesin the orderof presentationf the characteis at least

three-charactdong beforeremoving asufiix: 3, o, ¢, .




Rank Final Frequeng Lasttwo Frequeny || Lastthree Frequeng
character characters characters
1 | 91571 26412 L: 6544
2 O 69574 e 24601 la 6286
3 & 52418 ol 19089 go 4591
4 5 44683 ol 17612 o 4262
5 o 34288 Oy 15724 o 3836
6 & 33351 L 13877 ol 2960
7 ;27346 e 13570 S 2747
8 , 25748 L 11794 ob 2722
9 y 21123 L 8811 4! 2534
10 J 18531 ly 8276 O 2443
11 o 14668 L 7702 ol 2250
12 > 13352 4 7553 ol 2056
13 < 12037 S 7379 <! 2050
14 < 11265 s, 5187 Ly 1953
15 4 9278 ul 5090 ey 1918
16 < 8863 ;\ 5027 i, 1833
17 ; 6973 4869 la, 1805
18 S 6777 ¢ 4611 L~ 1801
19 S 6777 d 4377 L 1775
20 ¢ 5987 J 4268 ¢ 1759

Table3: Mostfrequentlastcharactestrings.

In ourimplementationthe suffix § is removedonly if theword is atleastfour-charactetong andthe resultantword
after removing the suffix is presentin the Arabic documentcollection. The prefix J\ 4 is often the combinationof
threeprefixes 4 (and), & (by), and Jl(the),andshouldbe remaved. The light stemmemwe usedfor the TREC 2002

experimentgdid notremove this prefix combination We decidedio remove theinitial letterWAW (s) sinceit themost

frequentinitial letter and oftenis the conjunctionword attachedo the following word. The othertwo initial letters
thatwereremovredareBEH () andLAM (). Theprefix  is sometimesa prepositionprefix, meaningby, andthe

prefix ) is alsosometimesa prepositionprefix, meaningto. Our light stemmeremoves _ and J only when, after

removing the prefix, theresultantstemis alsoaword in the collection.
Among the two-letter sufixesto be removed, six are pronounsufiixes (La, o2 U, o (( uf) four are plural

suffixes( z, oh o, O ) andthreearesubjectmarlers(tj, ( o). Thesuffix & is anisbaending. The single-letter
suffix 3 is thefeminineending,e a pronounsuffix, ¢ apronounsufiix, and» a subjectmarker. Sometimeghe suffix
3 is inseparablesince,if removed, the resultantword is completelya differentword. As anexample,theword KU |

meanghe queen, afterremoving the suffix 3, theresultanword <l | meanshe king.

7 Experimental Results

7.1 Retrieval system

Theretrieval systemwe usedfor the experimentds animplementatiorof theretrieval algorithmpresentedn [1]. For
termselectionwe assumehetop-ranlkedm documentsn theinitial searcharerelevant,andtherestof thedocuments



in thecollectionareirrelevant. For thetermsin thedocumentghatarepresumedelevant,we computetermrelevance
weighting[6] asfollows:

me(n — ng — m + my)
(m —my)(ne — me)

wy = log 1)
wheren is the numberof documentsn the collection,m the numberof top-ranled documentsftertheinitial search
thatarepresumedelevant, m; the numberof documentamongthe m top-rankeddocumentshatcontainthetermt,
andn; the numberof documentsn the collectionthatcontainthetermt¢. Thenall thetermsfoundin the top-ranled
m documentsarerankedin decreasingrderby relevanceweightw;. Thetop-ranked k termsareweightedandthen
meigedwith theinitial querytermsto createa new query Someof the selectedermsmaybein theinitial query For
the selectedop-ranledtermsthatarenotin theinitial query the weightis setto 0.5. For thosetop-ranledtermsthat
arein theinitial query theweightis setto 0.5*¢;, wheret; is the occurrencdrequeng of termt in theinitial query
The selectedermsaremeigedwith theinitial queryto formulateanexpandedquery Whena selectedermis oneof
thequerytermsin theinitial query its weightin the expandedjueryis the sumof its weightin theinitial queryandits
weightassignedn theterm selectionprocessFor a selectedermthatis notin theinitial query its weightin thefinal
gueryis the sameasthe weightassignedn thetermselectionprocesswhichis 0.5. The weightsfor theinitial query
termsthatarenotin thelist of selectedermsremainunchanged.

A query like a documentjs normally representeéh our retrieval systemby a setof uniquewordsin the query
with within-querytermfrequeng. For the experimentsreportedin this paper aword occurringn timesin a queryis
representeddy n occurrencesf the sameword with within-queryfrequeny of one.

7.2 Monolingual Retrieval Results

The BKYMON run is our only official Arabic monolingualrun in which only thetitle and desc fieldsin the topics
wereindexed. After remaoving stopwordsfrom both documentsandtopics,the remainingwordswerestemmedising
Berkeley light stemmerasdescribedn section6.2. The stopword list usedin this run wasthe one createdfrom the
translationsof Arabic documentwordsusingthe online Ajeeb machinetranslation. The developmentof the Arabic
stoplistwasdescribedn section5. The stopword list has2,942wordsafterlight normalization.Table4 presentghe
evaluationresultsfor additionalretrieval runs.

The monolingualrun mon0 wasproducedwithout stemming. The wordswerelightly normalizedandstopwords
removed. Two runswereperformedusingoverlappingtrigramindexing, onewithout word boundarycrossing(mon1)
andthe otherwith word boundarycrossing(mon2). For example,without word boundarycrossing,the following
trigramsareproducedrom thephrasels sl Gls: Lo, b, &, ok, CJJ L&4. But with word boundarycrossing two

additionaltrigrams, & and }:3, areproduced.Thewordswerelightly normalizedandthe stopwordswereremoved

beforetrigramsweregeneratedrom the normalizedwords.

Themonolingualrun mon3 usedthelight stemmemnamedAl-Sem, developedby Darwish[3]. The numericdigits
from’0’ t0’'9’ aretreatedaspartof atokenin Darwish's stemmemvhich alsoreduce$16 unnormalizedvordsfound
in the Arabic documentso emptystring, effectively treatingthemasstopwords. The stemmeialsonormalizesvords.
For therun mon3, wordswereaggressiely normalizedwithin the stemmerFor all otherruns,thenumericdigits were
treatedasword delimiters,andthewordswerenormalizedusingour own light normalizer

For therun mon4, thewordswerestemmedisingtheautomaticallygenerated/T-basedstemmerThewordswere
first normalizedandthenthe stopwordsremoved.

For theruns,mon0,mon3,mon4,andBKYMON, 20 wordswereselectedrom thetop-ranked 10 documentgor
gueryexpansion;andfor the runs,monlandmon2,40 trigramswereselectedrom the top-ranled 10 documentgor
gueryexpansion.

Theincreasdan performancewvithout queryexpansionis substantialhowever, the differenceremainssmall after
gueryexpansion.

7.3 Cross-language Retrieval Results

Ourapproactto cross-languageetrieval wasto translatehe Englishtopicsinto Arabic, andthensearchthetranslated
Arabic topicsagainstthe Arabic documentsThe sourceEnglishtopicsweretranslatednto Arabic usingtwo online
English-ArabicmachinetranslationsystemsAjeeb andAlmisbar, availableat http://www.almisbarcom!/.



withoutexpansion| with expansion
runid stemmer index unit recall | precision | recall | precision
mon0 NONE word 4035 | 0.2365 | 4583 | 0.2872
monl NONE trigram (withoutcrossing)| 3914 | 0.2398 | 4632 | 0.3239
mon2 NONE trigram (with crossing) 4018 | 0.2479 | 4681 | 0.3178
mon3 Al-Stemstemmer word 4500 | 0.2858 | 4864 | 0.3482
mon4 MT-basedstemmer word 4402 | 0.2948 | 4885 | 0.3348
BKYMON | Berkeley light stemmer| word 4543 | 0.3099 | 4952 | 0.3666

Table4: Monolingualretrieval performancesThe numberof relevantdocumentdor all 50 topicsis 5909. Only the
title anddescription fieldswereindexed.

We submittedthreeofficial cross-languageuns: BKYCL1, BKYCL2, andBKYCL3. The BKYCL1 run was
producedby meging the resultsof two English-to-Arabicretrieval runs: cl1 andcl2. The first run usedthe Ajeeb
English-to-Arabictranslationsandthe secondrun usedthe Almisbar English-to-Arabictranslations.For bothinter
mediateuns,thewordswerestemmedisingBerkeley’slight stemmerfterremoving stopwords. For queryexpansion,
20termswereselectedrom thetop-ranked 10 documentsWhentwo runswerememgedtopic by topic, the estimated
probabilitiesof relevancewere summedfor the samedocuments.The memgedlist of documentsvas sortedby the
combinedestimatedscoreof relevance andthetop-ranked 1000documentpertopic werekeptto producethe official
run BKYCLL1. Only thetitle anddesc fieldsin thetopicswereusedto producethe BKYCL1 run. The averagepreci-
sionfor run cl2 is 0.2782with overall recall of 4823/5909.The averageprecisionfor run cll is 0.2962with overall
recallof 4441/5909.

The BKYCL2 runwasproducedby memging theresultsof threeEnglish-to-Arabicretrieval runs. Thefirst two in-
termediateuns,cll andcl2, werethesameawo runsthatweremeigedto produceBKYCL1 run. Thethird intermediate
run, namedcl3, wasproducedusingthe English-to-Arabichilingual dictionarycreatedrom the U.N. English/Arabic
paralleltexts. Thebilingualdictionarywasprovidedaspartof thestandardranslatiorresource$or thecross-language
track. Readersarereferredto [7] for detailson the constructionof the bilingual dictionary The Englishtexts of the
parallelcorpuswasstemmedisingPorterstemmerwhile the Arabic texts wasstemmedusingthe Al-Stem stemmer
whichis partof the standardesourcesreatedor thecross-languageack. Eachentryin the English-to-Arabidbilin-
gualdictionary consistsof onestemmedenglishword anda list of stemmedArabic wordswith the probabilitiesof
translatingthe Englishword into the Arabic words. We translatedhe Englishtopicsinto Arabic by looking up each
Englishword afterstemmingusingthe sameEnglishporterstemmein the English-to-Arabidilingual dictionary and
keepingthe two Arabic wordsof the highesttranslationprobabilities. Thatis, thetwo mostlikely Arabic translations
for eachEnglishword. Sinceonly two Arabic translationsvereretained the sumof their translationprobabilitiesis
atmostone.In the casewherethe sumis lessthanone,theword translationprobabilitieswerenormalizedsothatthe
sumof the translationprobabilitiesof the retainedtwo Arabic wordsis one. The within-queryterm frequeng of an
Englishword is distributedto the retainedArabic words proportionallyaccordingtheir translationprobabilities. For
the cl3 run, we indexed the Arabic documentsusingthe Al-Stem stemmer The intermediaterun cl3 was produced
using the bilingual dictionary-translatedopics. The averageprecisionfor run cl3 is 0.3072with overall recall of
4826/5909 The official run BKYCL2 wasproduceddy meiging cll, cl2, andcl3 runs. The estimatecprobabilitiesof
relevanceweresummedduringmemging.

The official run BKYCL3 wasproducedagain by meging two intermediateruns, cl3 andcl4. The cl3 run was
describedn the previous paragraphTheintermediateun cl4 wasproducedisingthe Ajeeb-translatedopicslik e the
cll run. Theonly differenceis thatthe standardight stemmerAl-Stem, wasusedin cl4. The averageprecisionfor
run cl4 is 0.2710with overall recallof 4350/5909.

The unoficial run, bkycl4, was producedike the official run BKYCL1 exceptthatthe MT-basedstemmermwas
usedhere.Therun bkycl4 wasproducedoy memging cl5 andcl6. Thecl5 run usedthe Ajeebtopic translationsyhile
thecl6 runusedthe Almisbartopic translationsFor bothruns,the MT-basedstemmeautomaticallyconstructedrom
Ajeeb-translateadvordswasused. The averageprecisionfor run cl5 is 0.2733with overall recall of 4118/5909and
the averageprecisionfor runcl6é is 0.2751with overallrecallof 4735/5909.

Table5 shavstheoverall precisionfor thefive runs. Thereareatotal of 5,909relevantdocumentgor all 50topics.
TherunBKYCL3 usedstandardesourcesnly. Likethemonolingualkun,all cross-languageinswereproducedvith
gueryexpansionin which 20 termswereselectedrom thetop-ranked 10 documentsftertheinitial search.Our best



RunlID Type Topic Fields | Recall | Precision| % of MONO
BKYMON | MONO | T,D 4952 | 0.3666

BKYCL1 | CLIR T,D 4614 | 0.3000 | 81.83%
BKYCL2 | CLIR T,D 4874 | 0.3224 | 87.94%
BKYCL3 | CLIR T,D 4856 | 0.3089 | 84.26%
brkcl4 CLIR T,D 4553 | 0.2857 77.93%

Table5: Performancesf the CLIR runs.

cross-languagperformances 87.94%of the monolingualperformance.

8 Conclusions

In summary we performedone Arabic monolingualrun andthree English-Arabiccross-languageetrieval runs, all

beingautomatic.We took the approactof translatingqueriesinto documenianguageusingtwo machinetranslation
systemsOur bestcross-languageetrieval run achiezed 87.94%of the monolingualretrieval performanceWe devel-

opedone MT-basedArabic stemmerandonelight Arabic stemmer The Berkeley light stemmeworked betterthan
theautomaticallycreatedViT-basedstemmer The experimentakesultsshaov queryexpansionsubstantiallyimproved
theretrieval performance.
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