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1 Summary

In TREC2002theBerkeley groupparticipatedonly in theEnglish-Arabiccross-languageretrieval (CLIR) track.One
Arabic monolingualrun andthreeEnglish-Arabiccross-languagerunsweresubmitted.Our approachto the cross-
languageretrieval was to translatethe English topics into Arabic usingonline English-Arabicmachinetranslation
systems.Thefour official runsarenamedasBKYMON, BKYCL1, BKYCL2, andBKYCL3. TheBKYMON is the
Arabic monolingualrun, andthe otherthreerunsareEnglish-to-Arabiccross-languageruns. This paperreportson
theconstructionof anArabicstoplistandtwo Arabicstemmers,andtheexperimentsonArabicmonolingualretrieval,
English-to-Arabiccross-languageretrieval.

2 Background

Arabic hasmuchrichermorphologythanEnglish. Arabic hastwo genders,feminine andmasculine; threenumbers,
singular, dual, andplural; andthreegrammaticalcases,nominative, genitive, andaccusative. A nounhasthenom-
inative casewhenit is a subject;accusative whenit is the objectof a verb; andgenitive whenit is the objectof a
preposition.Theform of anArabic nounis determinedby its gender, number, andgrammaticalcase.Thedefinitive
nounsareformedby attachingtheArabic article

���
to the immediatefront of thenouns.As anexample,theArabic

word ���� � �
	 ��� � meansthe student (feminine). Sometimesa preposition,suchas  � (by) and
�

(to), is attachedto the

front of a noun,often in front of the definitive article. For example,the Arabic word ���� � � � ��	 ���� � meansto the students

(masculine).Besidesprefixes,a nouncanalsocarrya suffix which is oftena possessive pronoun.For example,the
Arabic word � ��� � ��	 ��� � (by my student)canbe analyzedas � � + � � �
	 � +  � , with oneprefix  � (by) andonepronoun

suffix � � (my). In Arabic,theconjunctionword � (and)is oftenattachedto thefollowing word. For example,theword
	  "! � �
	 ��� � � meansand by her student (masculine).Arabichastwo kindsof plurals:sound pluralsandbroken plurals.The

sound pluralsareformedby addingplural suffixesto singularnouns.Theplural suffix is � �
for femininenounsin

all threegrammaticalcases, �# � for masculinenounsin nominative case,and ���$ � for masculinenounsin genitive and

accusativecases.For example,theword �#&%(' �)&*,+ (teachers,masculine)is theplural form of - �).*/+ (teacher, masculine)

in nominative case,and ���� � ' �)&*/+ (teachers,masculine)is theplural form of - �).*,+ (teacher, masculine)in genitive or

accusativecase.Theplural form of �� ' �).*/+ (teacher, feminine)is � 	 ' �)0*/+ (teachers,feminine)in all threegrammatical

cases.Thedualsuffix is � �
for thenominative case,and ���$ � for thegenitive or accusative. Theword �# 	 ' �).*/+ means

two teachers. Theformationof brokenpluralsis morecomplex andoftenirregular;it is, therefore,difficult to predict.
Furthermore,broken pluralsarevery commonin Arabic. For example,the plural form of the noun 1 �2 � (child) is



� 	 �2 ��3 � (children),which is formedby attachingtheprefix 3 � andinsertingtheinfix
�
. Theplural form of thenoun  � 	 ��54

(book)is � � ��64 (books),which is formedby deletingtheinfix
�
. Theplural form of �7 3 �8 + � (woman)is 9 	 : �� (women).The

plural form andthesingularform arealmostcompletelydifferent. Theexamplespresentedin this secionshow that
anArabic nouncouldpotentiallyhave a largenumberof variants,andsomeof thevariantscanbecomplex because

of theprefixes,suffixes,andinfixes. As anexample,theword 	 ;"��	 �2 �<3= � (andto herchildren)canbeanalyzedas 	 > +� 	 �2 � 3 � + �
+ � . It hastwo prefixesandonesuffix.

Likenouns,anArabicadjectivecanalsohavemany variants.Whenanadjectivemodifiesanounin anounphrase,
the adjective agreeswith the nounin gender, number, case,anddefiniteness.An adjective hasa masculinesingular
form suchas * $ � */? � (new), a femininesingularform suchas �7 * $ � */? � (new), amasculineplural form suchas �* � ? � (new),

anda feminineplural form suchas � � * $ � */? � (new). For example, * $ � * @ � A � - �).* B C � meansthe new teacher (masculine),

and �* � @ � A � �#&% ' �)&* B C � meansthe new teachers (masculine).Theadjectivehasthefemininesingularform whentheplural

noundenotessomethinginanimate.As anexample,theword �7 * $ � */? � (new) in �7 * $ � * @ � A � � � �� D � � (thenew books)is the

femininesingularform.
Arabic verbshave two tenses:perfectandimperfect. Perfecttensedenotesactionscompleted,while imperfect

denotesincompletedactions.The imperfecttensehasfour mood: indicative, subjective, jussive, andimperative [4].
Arabic verbsin perfecttenseconsistof a stemanda subjectmarker. Thesubjectmarker indicatestheperson,gender,
andnumberof thesubject.Theform of a verbin perfecttensecanhavesubjectmarker andpronounsuffix. Theform
of a subject-marker is determinedtogetherby the person,gender, andnumberof the subject. Take - )�E (to study)

asanexample,theperfecttenseis �� ' )FE for the third person,feminine,singularsubject,
� %(' )�E for the third person,

masculine,plural subject.A verbwith subjectmarker andpronounsuffix canbea completesentence.For example,
theword � �� ' )FE hasa third-person,feminine,singularsubject-marker � (she)andapronounsuffix 7 (him), it is alsoa

completesentence,meaning“shestudiedhim.” Oftenthesubject-makersaresuffixes,but sometimesasubject-marker
canbea combinationof a prefix anda suffix. For example,theword studyin a negative sentenceis � � �HG )�* �$ (did not

study).For verbsin imperfecttense,in additionto thesubject-marker, a verbcanalsohaveamood-marker.

3 Test Collection

Thedocumentcollectionusedin TREC2002cross-languagetrackconsistsof 383,872Arabicarticlesfrom theAgence
FrancePress(AFP) Arabic Newswire during the period from 13 May, 1994 to 20 December, 2000. Thereare50
Englishtopicswith Arabictranslations.A topichasthreetaggedfields: title, description, andnarrative. Thenewswire
articlesareencodedin Unicode(UTF-8) format,while thetopicsareencodedin ASMO 708.

4 Preprocessing

Becausethetexts in thedocumentsandtopicsareencodedin differentschemes,weconvertedboththedocumentsand
topicsto Windows CP-1256encoding.Thesetof valid charactersincludetheArabic lettersandtheEnglishlettersin

both lower anduppercases.TheArabic punctuationmarks,I , J , and K , wereconsideredasdelimiters.A consecutive

sequenceof valid characterswasrecognizedasaword in thetokenizationprocess.Thewordsthatarestopwordswere

removedduringdocumentsandtopicsindexing. We saya word is minimally normalizedwhen L � , M � , �
L
, N � , O � , �N , and P � are

changedto
�
. A word is lightly normalizedwhenadditionallythe Shaddacharacter(the characterabove

�
in �1 � ) is

deleted,andthe charactersQ � , 3 � , and
�
3 arechangedto

�
, the final � is changedto � � , andthe final 7 is changedto �7 .

In theArabic documentcollection,theword �7 3 �8 + � (woman)is sometimesspelledas �7 3 �8 + 3 � or �7 3 �8 + �3 . TheArabic shadda

characteris sometimesdroppedin spelling.For example,for theword - �).*/+ (teacher)is sometimesspelledas - )F*/+ .



5 Construction of stopword list

At TREC 2001,we createdan Arabic stopword list consistingof Arabic pronouns,prepositions,and the 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 words found in the Arabic documentcollection. The numberof
uniqueArabic words found in the collectionafter minimal normalizationis 541,681. We then translatedthe Ara-
bic words,word-by-word, into Englishusingthe Ajeeb online English-Arabicmachinetranslationsystemavailable
at http://www.ajeeb.com. From this Arabic-Englishbilingual wordlist, we createdan Arabic stopword list consist-
ing of theArabic wordswhosetranslationsconsistsof only Englishstopwords. TheArabic stopword list has3,447
wordsafter minimal normalization,containingstopwordssuchas R D ��SD�� (you), ��6� � �T (in him), U  �!V� � $ � (betweenthem),

and 	 +W*,X $ � (after). TheEnglishstopword list has360words. Therearea coupleof reasonswhy theArabic stopword

list automaticallygeneratedis muchlarger thanthe Englishstopword list. First, pronounscanhave morethanone
form. For example,the Arabic word for these hasfour forms: �# 	 �$ 	 > (feminine,nominative), �� � � �$ 	 > (feminine,gen-

itive/accusative), �# � �* > (masculine,nominative), and ���$ � �* > (masculine,genitive/accusative). Second,pronounsand

prepositionsaresometimesjoinedtogether.

6 Construction of stemmers

At TREC2001,webuilt a rathersimpleArabicstemmerto removefrom wordsthedefinitearticleprefix
���

, theplural

suffixes �# � , �# � , and � �
, andthesuffix �7 . At TREC2002,we createdtwo Arabic stemmers,a MT-based stemmer and

a light stemmer.

6.1 MT-based stemmer

We built a MT-basedArabic stemmerfrom theArabic wordsfoundin theArabic documentsandtheir Englishtrans-
lationsusingthe online Ajeeb machinetranslationsystem. We partitionedthe Arabic words into clustersbasedon
theEnglishtranslationsof theArabic words. TheArabic wordswhoseEnglishtranslations,after removing English
stopwords,areconflatedto thesameEnglishstemform onecluster. And all theArabic wordsin thesameclusterare
conflatedto thesameArabic word, theshortestArabic word in thecluster. For example,anEnglishstemmerusually
changesplural nounsinto singular, sochildren is changedto child. In orderto changethevariantsof theArabicword
for child or children to thesameArabicstem,wefirst groupedall theArabicwordswhoseEnglishtranslationscontain
the headword child or children. Then in stemming,all the Arabic words in this grouparechangedto the shortest
Arabic word in the group. The Arabic adjectivesandverbswerestemmedin the sameway. For English,we used
a morphologicalanalyzer[2] to mapplural nounsinto singularform, verbsinto the infinitive form, andadjectives
into thepositive form. This stemmerchangesthebroken plural formsof anArabic word into its singularform. The
broken plural forms arecommonandirregular, so it is generallydifficult to write a stemmerto changethe broken
plural forms to singularforms. For example,Table1 presentspart of the Arabic wordswhoseEnglishtranslations
containtheheadword child or children. All theArabic wordsshown in table1 belongto thesameclustersince,after
removing theEnglishstopwords,theEnglishtranslationsconsistof eithertheword child or children, bothbeingcon-
flatedto thesameword by theEnglishmorphologicalanalyzer. In stemming,theArabic wordsshown in table1 are
conflatedinto thesameword 1 �2 � . TheEnglishtranslationswereproducedusingtheonlineAjeebmachinetranslation

system.Onecanalsocreatean Arabic stemmerfrom English/Arabicparalleltexts or bilingual dictionaries.With a
largeEnglish/Arabicparallelcorpusavailable,onecanfirst align the texts at thesentencelevel, thenusea statistical
machinetranslationtoolkit suchasGIZA++ to createanArabic-to-Englishtranslationtable.If wekeeponly themost
likely Englishtranslationfor anArabicword, thenwehavea bilingualwordlist. Usingthisbilingualwordlist,we can
translateall theArabicwordsfoundin theArabicdocumentcollectioninto English.WecancreateanArabicstemmer
by partitioning the Arabic words into clusters,eachconsistingof the Arabic wordswhoseEnglish translationsare
conflatedto thesameword by theEnglishmorphologicalanalyzer. Stemmersfor otherlanguagescanalsobeauto-
maticallygeneratedusingthis methodaslong assometranslingualresources,suchasMT, paralleltexts,or bilingual
dictionaries,areavailable.



Arabic English Arabic English Arabic English Arabic English
word translation word translation word translation word translationY[ZV\]
^`_ a children \bdcVe ZV\]"^�a their children f \]�g0h i by child jk�l \]mg e ZS\n thenthechildo Zp\]q^`_ a children r s t ZV\]q^�a my children jk5l \]mg0h i by child f \]�g \n thenchildZ \u e Z \]
^ _ a ourchildren

Y[Z \]
^ _o a children
Z \u ju l \]mg0h i by our child

Y[Z \]v^ _ Z w aschildren

k e ZV\]"^`_ a andhis children
Y[Zp\]
^ o a children k ju l \]mg0h i by his child f \]�g e Z w asthechild

k e ZV\]"^ _ a his children f \]�g e a thechild kSl \]qg0h i by his child
Y[ZV\]
^ _o to childrenZ cpe Zp\]"^`_ a herchildren

\x`y \]qg e a thechildren
Z c l \]�g0h i by herchild

Z c l \]�g e to herchild

z cVe ZV\]v^ _ a their children jk5l \]mg e a thechild
Z { c l \]|g0h i by their child jk�l \]mg~}l e to thechild

\bdcpe ZV\]"^`_ a their children
\x Z ju l \]mg e a thechildren

\b�� s l \]mg0h i by children
Z \u e Zp\]
^`_ a � andour children

r s t Zp\]q^ _ a my children
\bd� s ju l \]mg e a thechildren

Z �p� s l \]mg0h i by herchildren
Y[ZV\]
^ _o a � andthechildrenY[ZV\]
^�a children kSl \]qg e a thechild f \]q^ child f \]�g.h i6� andby childo Zp\]q^�a children

\bd� s l \]mg e a thechildren y \]|^ child
\bd� s l \]mg.h i6� andby children� e Zp\]v^�a yourchildren

Y[Zp\]
^&_ Z � i by children
\x`y \]|^ children jk5l \]m^�� andchild

� � e ZV\]
^�a yourchildren k e ZV\]"^ _ Z � i by his children
Z � y \]|^ herchildren

\x Z ju l \]m^�� andchildren

\b � e Zp\]v^�a yourchildren
Z cpe Zp\]�^&_ Z � i by herchildren jk5l \]m^ child

Z \u l \]m^�� andour childZ \u e ZV\]
^�a ourchildren
Y[ZV\]
^ _o Z � i by thechildren j� l \]m^ child

Z c l \]�^�� andherchild

k e ZV\]"^�a his children f \]qg e Z � i by thechild
\x Z ju l \]m^ children k u s l \]m^�� andhis childrenZ cpe Zp\]"^�a herchildren jk�l \]Hg e Z � i by thechild jk ju l \]m^ his child

Z �V� s l \]m^�� andherchildren

z cVe ZV\]v^�a their children
\b � s ju l \]Hg e Z � i by thechildren

Z \u ju l \]m^ our child
Z cVe Zp\]�^ _o � andto herchildrenZ { cpe Zp\]v^�a their children

\b � s l \]Hg e Z � i by thechildren k ju l \]m^ his child f \]�g }l e � andto thechild

Table1: ArabicwordswhoseEnglishtranslationscontaintheheadword child or children.

6.2 Light stemmer

WedevelopedasecondArabicstemmercalledlight stemmer thatremovesonly prefixesandsuffixes.Weidentifiedone
setof prefixesandonesetof suffixesthatshouldberemovedbasedon thegrammaticalfunctionsof theaffixes,their
occurrencefrequenciesamongtheArabic wordsfoundin theArabic documentcollection,theEnglishtranslationsof
the affixes,andempiricalevaluationusingthe testcollectionof the previous CLIR track. We generatedthreelists
consistingof the initial, thefirst two, or thefirst threecharacters,respectively, of theArabic wordsin thedocument
collection,andthreelists consistingof thefinal, the last two, or the last threecharacters,respectively, of theArabic
words.Wethensortedthesix listsof suffixesor prefixesin descendingorderby thenumberof uniquewordsin which
aprefixor suffix occurs.Table2 presentsthemostfrequentone-,two-, andthree-characterprefixesamongtheunique
Arabic wordsfound in the documentcollection. The frequency shown in the tableis the numberof uniqueArabic
words that begins with a specificprefix. Table3 shows the most frequentone-, two-, and three-charactersuffixes
amongthe uniqueArabic words. The frequency countfor a givensuffix is thenumberof uniqueArabic wordsthat
endwith that suffix. We identified9 three-character, 14 two-character, and3 one-characterprefixesthat shouldbe
removedin stemming,and18 two-character, and4 one-charactersuffixesthatshouldberemovedin stemming.The9
three-characterprefixesare

��� � (andthe),
� 	 $ � (by the),

� 	 �T (thenthe),
� 	 � (asthe), �1 � � (andto the),

� 	 + , ����� , � 	 ' ,
� =

.

The14two-characterprefixesto beremovedarethemostfrequentonesasshown in table2. Our light stemmershares
many of theprefixesandsuffixesthatshouldberemovedwith the light stemmerdevelopedby Larkey et al. [5] and
thelight stemmerdevelopedby Darwish[3].

Thestemmernon-recursively removestheprefixesin thepre-definedsetof prefixes,andrecursively removesthe
suffixesin thepre-definedsetof suffixesin thefollowing sequence.

1. If theword is at leastfive-characterlong, remove thefirst threecharactersif they areoneof thefollowing:
��� � ,



Rank Initial Frequency Initial two Frequency Initial three Frequency
character characters characters

1 � 117324
Y a 55364

Y a � 19411

2 a 94043 a � 32787 � e a 12711

3 � i 49319
Z � i 16789

Y[Z � i 9079

4
Y

48862 }f e 10912
o a 6666

5 � 33776 � � 10124 j� e a 3907

6 j� 25649 j� � 9196 � i e a 2813

7 � 23385 � i � 8865
Z � i�� 2760

8
\� 21828

o
7482 j��� a 2559

9 � 19794 r s ��� 7447 r s ��� � 2372

10 � s 19004 � � 7155 � e a 2260

11
\x 10905 � s � 6772

Y[Z�\n 2213

12 � 8445
Y � 6527 � e a 1973

13 � 8345
Z w

6083 � }� e 1919

14 �� 7058
ZS\n 5648

� e a 1915

15
\� 6680 ��a 4933

\� e a 1783

16   6435
Z ¡

4877
Y[Z w

1751

17 ¢ i 6383 r s t 4749 y6} e 1736

18 _ a 5394 £ � i 4702 \bde a 1665

19 � 5207 £¥¤ 4583 � a � 1613

20 ¢ 4450
\x.a 4415 ¦ § a 1610

28 }f e � 1391

168
Y[Z ¡

412

203
Y a¨a 365

262
Y[Z � 312

268
Y o

306

Table2: Most frequentinitial characterstrings.

� 	 $ � , � 	 �T , � 	 � , �1 � � , � 	 + , ����� , � 	 ' ,
� =

.

2. If theword is at leastfour-characterlong,remove thefirst two charactersif they areoneof thefollowing:
���

,
� � ,

	 $ � , �1 � , ©ª� , �«� ,  � � ,
=

, � � �HG , -¬� , � � � ,
� � , 	 � , 	 �T .

3. If theword is at leastfour-characterlongandbeginswith � , remove theinitial letter � .
4. If theword is at leastfour-characterlong andbeginswith either  � or

�
, remove  � or

�
only if, afterremoving

theinitial character, theresultantword is presentin theArabicdocumentcollection.

5. Recursively stripsthe following two-charactersuffixesin theorderof presentationif theword is at leastfour-
characterlong beforeremoving asuffix: 	 > , �� $ � , U > , 	 �$ , 	 + , � � , 	 $ � , � � � , 	 $ � , �� > , R 4 , �� 4 , R ® � , �� �$ , ���$ � , �# � , � �

, �# � .

6. Recursively strips the following one-charactersuffixes in the orderof presentationif the characteris at least
three-characterlong beforeremoving asuffix: �7 , 7 , � � , � .



Rank Final Frequency Lasttwo Frequency Lastthree Frequency
character characters characters

1 a 91571
Z �

26412
Z � j¯ 6544

2
\x 69574 \b � s 24601

Z {��
6286

3 � s 52418
\x.a 19089

\b � s j� 4591

4 j  44683 j� a 17612
\b }� s e 4262

5   34288
\x`� 15724 z � j¯ 3836

6 j� 33351 jk � s 13877
\x Z � s 2960

7 � 27346 z � 13570 ��°j± � s 2747

8 � 25748
Z \�

11794
\x Z j� 2722

9 � 21123
Z ¡

8811 r s \² a 2534

10
Y

18531 a � 8276
\x £ � s 2443

11 � 14668
Z � s 7702 j� a� 2250

12 � 13352 r s \² 7553
\x Z ¡ 2056

13 � 12037 k j� 7379 k j� a 2050

14
\� 11265 � s � 5187

Z \u j� 1953

15 � 9278 r s t 5090 \b � s � 1918

16 � i 8863 � a 5027 jk u s \� 1833

17 \� 6973 ³ � s 4869
Z � � 1805

18 �� 6777 k � s 4611
Z � \¯ 1801

19 �� 6777 r s j² 4377
Z \u � s 1775

20 � 5987 f � s 4268
Z cpe 1759

Table3: Most frequentlastcharacterstrings.

In our implementation,thesuffix � � � is removedonly if theword is at leastfour-characterlong andtheresultantword

after removing the suffix is presentin the Arabic documentcollection. The prefix
� 	 $ � � is often the combinationof

threeprefixes � (and),  � (by), and
���

(the),andshouldberemoved. Thelight stemmerwe usedfor theTREC2002

experimentsdid not removethisprefixcombination.Wedecidedto removetheinitial letterWAW (� ) sinceit themost

frequentinitial letter andoften is the conjunctionword attachedto the following word. Theothertwo initial letters
thatwereremovedareBEH (  � ) andLAM (

�
). Theprefix  � is sometimesa prepositionprefix,meaningby, andthe

prefix
�

is alsosometimesa prepositionprefix, meaningto. Our light stemmerremoves  � and
�

only when,after

removing theprefix, theresultantstemis alsoa word in thecollection.
Among the two-letter suffixes to be removed, six arepronounsuffixes ( 	 > , U > , 	 �$ , �� > , R 4 , �� 4 ); four areplural

suffixes( ���$ � , �# � , � �
, �# � ); andthreearesubjectmarkers(

� � , R ® � , �� �$ ). Thesuffix �� $ � is a nisbaending.Thesingle-letter

suffix �7 is thefeminineending, 7 a pronounsuffix, � � a pronounsuffix, and � a subjectmarker. Sometimesthesuffix

�7 is inseparablesince,if removed, the resultantword is completelya differentword. As anexample,theword ��6D � B C �
meansthe queen, afterremoving thesuffix �7 , theresultantword ´ � B C � meansthe king.

7 Experimental Results

7.1 Retrieval system

Theretrieval systemweusedfor theexperimentsis animplementationof theretrieval algorithmpresentedin [1]. For
termselection,weassumethetop-ranked µ documentsin theinitial searcharerelevant,andtherestof thedocuments



in thecollectionareirrelevant.For thetermsin thedocumentsthatarepresumedrelevant,wecomputetermrelevance
weighting[6] asfollows:

¶�·¹¸ ºp»½¼ µ ·m¾V¿«À°¿F·.À µÂÁÃµ ·vÄ
¾ µ À µ ·
Äm¾V¿F·0À µ ·
Ä (1)

where ¿ is thenumberof documentsin thecollection, µ thenumberof top-rankeddocumentsaftertheinitial search
thatarepresumedrelevant, µ · thenumberof documentsamongthe µ top-rankeddocumentsthatcontaintheterm Å ,
and ¿F· thenumberof documentsin thecollectionthatcontaintheterm Å . Thenall thetermsfoundin thetop-rankedµ documentsareranked in decreasingorderby relevanceweight ¶�· . Thetop-ranked Æ termsareweightedandthen
mergedwith theinitial querytermsto createa new query. Someof theselectedtermsmaybein theinitial query. For
theselectedtop-rankedtermsthatarenot in theinitial query, theweight is setto 0.5. For thosetop-rankedtermsthat
arein the initial query, theweight is setto 0.5*ÅvÇ , where ÅvÇ is theoccurrencefrequency of term Å in the initial query.
Theselectedtermsaremergedwith theinitial queryto formulateanexpandedquery. Whena selectedtermis oneof
thequerytermsin theinitial query, its weightin theexpandedqueryis thesumof its weightin theinitial queryandits
weightassignedin thetermselectionprocess.For a selectedtermthatis not in theinitial query, its weightin thefinal
queryis thesameastheweightassignedin thetermselectionprocess,which is 0.5. Theweightsfor theinitial query
termsthatarenot in thelist of selectedtermsremainunchanged.

A query, like a document,is normally representedin our retrieval systemby a setof uniquewordsin the query
with within-querytermfrequency. For theexperimentsreportedin this paper, a word occurring ¿ timesin a queryis
representedby ¿ occurrencesof thesamewordwith within-queryfrequency of one.

7.2 Monolingual Retrieval Results

The BKYMON run is our only official Arabic monolingualrun in which only the title anddesc fields in the topics
wereindexed. After removing stopwordsfrom bothdocumentsandtopics,theremainingwordswerestemmedusing
Berkeley light stemmerasdescribedin section6.2. Thestopword list usedin this run wastheonecreatedfrom the
translationsof Arabic documentwordsusingthe online Ajeeb machinetranslation.The developmentof the Arabic
stoplistwasdescribedin section5. Thestopword list has2,942wordsafter light normalization.Table4 presentsthe
evaluationresultsfor additionalretrieval runs.

Themonolingualrun mon0 wasproducedwithout stemming.Thewordswerelightly normalizedandstopwords
removed.Two runswereperformedusingoverlappingtrigramindexing, onewithoutwordboundarycrossing(mon1)
andthe otherwith word boundarycrossing(mon2). For example,without word boundarycrossing,the following
trigramsareproducedfrom thephrase	 �È % � $ � �� �$ 	 � � É : 	 � �¨É , �# 	 $ � , �� �$ � , % � $ � , �Ê % � , 	 �È � . But with word boundarycrossing,two

additionaltrigrams,  � �� �$ and 1 $ � �7 , areproduced.Thewordswerelightly normalizedandthestopwordswereremoved

beforetrigramsweregeneratedfrom thenormalizedwords.
Themonolingualrun mon3 usedthelight stemmernamedAl-Stem, developedby Darwish[3]. Thenumericdigits

from ’0’ to ’9’ aretreatedaspartof a tokenin Darwish’sstemmerwhichalsoreduces616unnormalizedwordsfound
in theArabicdocumentsto emptystring,effectively treatingthemasstopwords.Thestemmeralsonormalizeswords.
For therunmon3, wordswereaggressively normalizedwithin thestemmer. For all otherruns,thenumericdigitswere
treatedasworddelimiters,andthewordswerenormalizedusingourown light normalizer.

For therunmon4, thewordswerestemmedusingtheautomaticallygeneratedMT-basedstemmer. Thewordswere
first normalizedandthenthestopwordsremoved.

For theruns,mon0,mon3,mon4,andBKYMON, 20 wordswereselectedfrom thetop-ranked10 documentsfor
queryexpansion;andfor theruns,mon1andmon2,40 trigramswereselectedfrom thetop-ranked10 documentsfor
queryexpansion.

The increasein performancewithout queryexpansionis substantial,however, thedifferenceremainssmall after
queryexpansion.

7.3 Cross-language Retrieval Results

Ourapproachto cross-languageretrieval wasto translatetheEnglishtopicsinto Arabic,andthensearchthetranslated
Arabic topicsagainsttheArabic documents.ThesourceEnglishtopicsweretranslatedinto Arabic usingtwo online
English-Arabicmachinetranslationsystems:Ajeeb andAlmisbar, availableat http://www.almisbar.com/.



withoutexpansion with expansion
run id stemmer index unit recall precision recall precision
mon0 NONE word 4035 0.2365 4583 0.2872
mon1 NONE trigram(without crossing) 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 performances.Thenumberof relevantdocumentsfor all 50 topicsis 5909. Only the
title anddescription fieldswereindexed.

We submittedthreeofficial cross-languageruns: BKYCL1, BKYCL2, andBKYCL3. The BKYCL1 run was
producedby merging the resultsof two English-to-Arabicretrieval runs: cl1 andcl2. The first run usedthe Ajeeb
English-to-Arabictranslations,andthesecondrun usedtheAlmisbar English-to-Arabictranslations.For both inter-
mediateruns,thewordswerestemmedusingBerkeley’slight stemmerafterremovingstopwords.Forqueryexpansion,
20 termswereselectedfrom thetop-ranked10 documents.Whentwo runsweremergedtopic by topic, theestimated
probabilitiesof relevanceweresummedfor the samedocuments.The mergedlist of documentswassortedby the
combinedestimatedscoreof relevance,andthetop-ranked1000documentspertopicwerekeptto producetheofficial
run BKYCL1. Only the title anddesc fieldsin thetopicswereusedto producetheBKYCL1 run. Theaveragepreci-
sion for run cl2 is 0.2782with overall recall of 4823/5909.Theaverageprecisionfor run cl1 is 0.2962with overall
recallof 4441/5909.

TheBKYCL2 runwasproducedby merging theresultsof threeEnglish-to-Arabicretrieval runs.Thefirst two in-
termediateruns,cl1andcl2,werethesametwo runsthatweremergedto produceBKYCL1 run. Thethird intermediate
run,namedcl3, wasproducedusingtheEnglish-to-Arabicbilingual dictionarycreatedfrom theU.N. English/Arabic
paralleltexts. Thebilingualdictionarywasprovidedaspartof thestandardtranslationresourcesfor thecross-language
track. Readersarereferredto [7] for detailson theconstructionof thebilingual dictionary. TheEnglishtexts of the
parallelcorpuswasstemmedusingPorterstemmer, while theArabic texts wasstemmedusingtheAl-Stemstemmer
which is partof thestandardresourcescreatedfor thecross-languagetrack.Eachentryin theEnglish-to-Arabicbilin-
gual dictionaryconsistsof onestemmedEnglishword anda list of stemmedArabic wordswith the probabilitiesof
translatingtheEnglishword into theArabic words. We translatedtheEnglishtopicsinto Arabic by looking up each
EnglishwordafterstemmingusingthesameEnglishporterstemmerin theEnglish-to-Arabicbilingualdictionary, and
keepingthetwo Arabic wordsof thehighesttranslationprobabilities.That is, thetwo mostlikely Arabic translations
for eachEnglishword. Sinceonly two Arabic translationswereretained,thesumof their translationprobabilitiesis
at mostone.In thecasewherethesumis lessthanone,theword translationprobabilitieswerenormalizedsothatthe
sumof the translationprobabilitiesof the retainedtwo Arabic wordsis one. Thewithin-querytermfrequency of an
Englishword is distributedto the retainedArabic wordsproportionallyaccordingtheir translationprobabilities.For
the cl3 run, we indexed the Arabic documentsusingthe Al-Stem stemmer. The intermediaterun cl3 wasproduced
using the bilingual dictionary-translatedtopics. The averageprecisionfor run cl3 is 0.3072with overall recall of
4826/5909.Theofficial run BKYCL2 wasproducedby merging cl1, cl2, andcl3 runs.Theestimatedprobabilitiesof
relevanceweresummedduringmerging.

The official run BKYCL3 wasproducedagain by merging two intermediateruns,cl3 andcl4. The cl3 run was
describedin thepreviousparagraph.Theintermediateruncl4 wasproducedusingtheAjeeb-translatedtopicslike the
cl1 run. Theonly differenceis that thestandardlight stemmer, Al-Stem,wasusedin cl4. Theaverageprecisionfor
runcl4 is 0.2710with overall recallof 4350/5909.

The unofficial run, bkycl4, wasproducedlike the official run BKYCL1 exceptthat the MT-basedstemmerwas
usedhere.Therunbkycl4 wasproducedby merging cl5 andcl6. Thecl5 run usedtheAjeebtopic translations,while
thecl6 runusedtheAlmisbartopic translations.For bothruns,theMT-basedstemmerautomaticallyconstructedfrom
Ajeeb-translatedwordswasused.Theaverageprecisionfor run cl5 is 0.2733with overall recall of 4118/5909,and
theaverageprecisionfor runcl6 is 0.2751with overall recallof 4735/5909.

Table5 showstheoverallprecisionfor thefiveruns.Thereareatotalof 5,909relevantdocumentsfor all 50topics.
TherunBKYCL3 usedstandardresourcesonly. Likethemonolingualrun,all cross-languagerunswereproducedwith
queryexpansionin which 20 termswereselectedfrom thetop-ranked10 documentsafter theinitial search.Our best



RunID Type TopicFields 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: Performancesof theCLIR runs.

cross-languageperformanceis 87.94%of themonolingualperformance.

8 Conclusions

In summary, we performedoneArabic monolingualrun andthreeEnglish-Arabiccross-languageretrieval runs,all
beingautomatic.We took theapproachof translatingqueriesinto documentlanguageusingtwo machinetranslation
systems.Our bestcross-languageretrieval run achieved87.94%of themonolingualretrieval performance.We devel-
opedoneMT-basedArabic stemmerandonelight Arabic stemmer. TheBerkeley light stemmerworkedbetterthan
theautomaticallycreatedMT-basedstemmer. Theexperimentalresultsshow queryexpansionsubstantiallyimproved
theretrieval performance.
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