Trangdation Term Weighting and Combining Translation Resourcesin
Cross-Language Retrieval

Aitao CheryandFredricGey'
*Schoolof InformationManagemenandSystems
fUC DataArchive & TechnicalAssistancdUC DATA)
University of CaliforniaatBerkeley, CA 94720,USA
aitao@sims.bedey.edu,gey@ucdata.berdey.edu

1 Introduction

In TREC-10the Berkeley groupparticipateconly in the English-Arabiccross-languageetrieval (CLIR)
track. One Arabic monolingualrun and four English-Arabiccross-languageuns were submitted. Our
approacho thecross-languageetrieval wasto translatehe Englishtopicsinto Arabic usingonline English-
Arabicbilingualdictionariesandmachineranslatiorsoftware. Thefive official runsarenamedasBKYAAAL,
BKYEAA1L, BKYEAA2, BKYEAAS3, andBKYEAA4. TheBKYAAAL is theArabic monolingualrun,and
the restare English-to-Arabiccross-languageuns. The samelogistic regressionbaseddocumentranking
algorithmwithout pseudaelevancefeedbackwvasappliedin all five runs. We referthe readerdo the paper
in [1] for details.

2 Test Collection

Thedocumentollectionusedin TREC-10cross-languagiack consistof 383,872Arabic articlesfrom
the AgenceFrancePress(AFP) Arabic Newswire during the periodfrom 13 May, 1994to 20 December
2000. Thereare 25 Englishtopicswith Arabic and Frenchtranslations.A topic hasthreetaggedfields,
title, description, andnarrative. The newswire articlesareencodedn UTF-8 format, while the topicsare
encodedn ASMO 708. The cross-languageetrieval taskis to searctthe Englishtopicsagainstthe Arabic
documentandpresentheretrieveddocumentsn rankedordet

3 Preprocessing

Becausedhetexts in the documentsandtopicsareencodedn differentschemesye corvertedthe doc-
umentsandtopicsto Windows 1256 code. We createda stoplistof 1,131wordsusingtwo sources.First,
we translatedour English stopword list to Arabic usingthe Ajeeb online English-Arabicdictionary Sec-
ond,we garneredsomeof the stopwordsfrom the Arabic-Englishglossarypublishedn Elementary Modern
Sandard Arabic.

A consecutre sequencef Arabic letters,exceptfor the punctuationrmarks,wasrecognizedasa word.
Thewordsthatarestopwordswereremovedwhenthe documentsandtopicswereindexed. Thetokenswere
normalizedoy remaving theinitial letter o, thefinal letter 5, andtheinitial letters J!. In addition,theletters

Tandjwerechangedo theletter!. The marksabove or underneathheletter!in ‘ T !, i i , m, |, if present,
werealsoremorved.



Arabic hasa definitearticle, but no indefinitearticles. The definitearticle ‘al-’ is sometimesttachedo
aword asa prefix. In additionto the singularandplural forms, Arabic alsohasa form calleddual which
is formedby addingthe sufix -an. The pluralshave regular (alsocalledsound) andirregular (alsocalled
broken) forms. However, the irregular forms are very common,andit is difficult to predictexeceptthat
thereexist severalcommonlyoccurringpatterns.Theregular plural is formedby addingthe suffix —an for
the masculineand —at for the feminineform. In Arabic, the adjectivesmodifying plural nounsalsohave
to bein plural form. Arabic hasonly two gendersmasculineandfeminine. The feminineis formedfrom
masculinenounsandadjectvesby addingthe sufiix —a.

Sinceneitherof the authorsreally knows Arabic, it is difficult to write a linguistically motivatedArabic
stemmer Oneof uslearneda little Arabic duringthe courseof participatingin this English-Arabiccross-
languagérack andwrote a simple stemmeito remove the definitearticle al— from the definitenouns,the
suffix an from nounsin dual form, —an from masculineplural nouns,—at from feminine plural nouns,
andsufiix —a from femininenoun. Herewe assumedhatthe categyories(i.e. partof speechpf wordsare
known. Unfortunatelywe do not have the part of speechior eachword in the collection,nor do we have
a part of speechtaggerto tag the words. Sowe cannotsimply apply the rulesdescribechere. We took a
data-drven(i.e, corpus-basedpproacho stemming.Firstwe collectedall thewordsin their original form
from the documentollection. Thenwe appliedeachof the rulesto thelist of Arabic words. For example,
to remove the suffix —an from masculineplural nouns,we remove the suffix —an from aword if boththe
word with thesufiix —an andtheword withoutthesufiix —an occurin thedocumentollection.Becausa
word endswith theletters—an is not necessara masculineplural noun,it is possibleto remove the suffix
—an from aword incorrectly The samemistale may alsobe committedin applyingotherstemmingrules.
Our stemming,despitebeing simple andimperfect,broughtan improvementof 9.4%in overall precision
for the Arabic monolingualretrieval over the baselinerun without stemming.

4 Query Trangdation

Our approachto cross-languageetrieval is to translatethe Englishtopicsinto Arabic, andthensearch
thetranslatedArabic topicsagainstthe Arabic documents.

4.1 Trandation Resources

Two online English-Arabicbilingual dictionariesand one online machinetranslationsystemwere uti-
lized in translatingthe English topicsinto Arabic in our cross-languageetrieval experiments. The first
online English-Arabicdictionaryis publicly accessiblat http://dictionaryajeebcom/en.htmWe will refer
to this dictionary asthe Ajeeb dictionary The English-Arabicmachinetranslationsystemis also avail-
ablefrom http://dictionaryajeelbbcom/en.htmThe secondoneis the Ectaco dictionarypublicly availableat
http://www.get-togethenet/.

4.2 Trandation Term Selection

Eachword in the Englishtopicswassubmittedto both English-Arabiconline dictionaries. The transla-
tions from both dictionarieswere mergedto form the translationfor the Englishword. To usethe Ectaco
Arabic-Englishdictionary one hasto enternounsin the singularform, verbsin the infinitive form, and
adjectivesin their positive form. Beforewe submittedeachword asa queryto the Ectacoonline dictionary
we normalizedthe Englishwordsusingan Englishmorphologicalanalyzef2]. The Ajeeb Arabic-English
dictionary cantake un-normalizedvords asinput. All the Arabic translationsfor an Englishword were
sortedandranked by their occurrencdrequeng in the Arabic documentollection. Thetop-ranked Arabic
translationshut not morethanfive, an Englishword wereretainedasthetranslationof the Englishword.



4.3 Trandation Term Weighting

After termselectionthetermfrequeny of a sourceEnglishword in the original querywasdistributed
amongthe Arabic translationsof the Englishword accordingto their occurrencdrequeng in the Arabic
collection. The weightassignedo an Arabic translationis proportionalto its occurrencdrequeng in the
documentollection. Thatis,

ctfi
;‘L:l Ct-fJ

qtfai = qtfe * 1)
wheregqtf. is the within-query term frequeng of the Englishword e, ctf; is the within-collectionterm
frequeng of theith Arabic translation gt f,; is the weightassignedo the ith Arabic translation,andn is
thenumberof translationsetainedor thesourceEnglishword. For theword education, thefive translations

Arabic Translation| Frequeng in Collection | TranslationWeight
1|e= 15,183 0.35
2 U“‘J" 11,185 0.25
3| A& 6,484 0.15
4| A 5,527 0.13
5 f\.\.u 5,500 0.13

Table 1. The top-ranked five Arabic translations for education.

thatoccurmostfrequentlyin thedocumentollectionareshovn in thesecondcolumnin tablel. Column3
in thetableshavs the numberof timeseachArabic translationis foundin the Arabic collection,andthelast
columntheweightassignedo eachof the Arabictranslationf education, assumingeducation occursonly
oncein theoriginal Englishtopics. Otherwise thetranslatiorweightis multiplied by thetermfrequeng of
education in the original query

5 Experimental Results

Theofficial runswe submittecaresummarizedh table2. TheBKYAAA1 is ouronly Arabicmonolingual
runin which all threetopic fields wereindexed, stopwordsremoved from both topicsanddocumentsand
remainingwordsstemmed.The BKYEAAZ2 run usedonly the machinetranslationto translatethe English
topicsto Arabic, while the BKYEAA3 usedthe online dictionariesonly to translatethe Englishtopicsinto
Arabic. For the othertwo runs,BKYEAA1 andBKYEAA4, the Englishtopicswereseparatelyranslated
into Arabic usingthe machinetranslationsystemandthe bilingual dictionariesfirst, thentheir translations
weremegedbeforebeingsearchedgainstthe Arabic documentcollection. The only differencebetween
BKYEAA4 and BKYEAAL is thatthe formerindexed only the title and descriptionfields, whereasthe
latterindexedall threetopic fields.

Table 3 shaws the overall precisionfor the five runs. Therearea total of 4,122relevantdocumentdgor
all 25 topics. As mentionedaborve, all five runswere performedwithout pseudorelevancefeedback.Our
bestcross-languagperformanceas 85.68%o0f the monolingualperformance.The queriestranslatedrom
the combinedonline dictionariessubstantiallyoutperformedhosetranslatedrom the machinetranslation
system.We believe thatthe superiorperformancenf the combineddictionariescould be attributedin part
to thefactthatup to five translationtermsfrom the online dictionarieswereretainedfor the sourcewords
while the machinetranslationsystenretainedonly onetranslationfor eachsourceword.



RunID Type Topic Fields TranslationResources
BKYAAA1 | Arabic Monolingual | Title,Description,Narratvie
BKYEAA1 | English-to-Arabic | Title,Description,Narratie | DictionariesandMT
BKYEAAZ2 | English-to-Arabic | Title,Description,Narratie | MT
BKYEAA3 | English-to-Arabic | Title,Description,Narratie | Dictionaries
BKYEAA4 | English-to-Arabic | Title,Description DictionariesandMT
Table 2. Summar y of official runs.
recall BRKAAA1l | BRKEAALl | BRKEAA2 | BRKEAA3 | BKYEAA4
level (MONO) (CLIR) (CLIR) (CLIR) (CLIR)
at0.0 0.8432 0.7803 0.7133 0.7052 0.7372
at0.1 0.6174 0.5250 0.4374 0.5119 0.4901
at0.2 0.4582 0.3970 0.3229 0.4418 0.3807
at0.3 0.3716 0.3241 0.2752 0.3463 0.2967
at0.4 0.3021 0.2627 0.2265 0.2870 0.2493
at0.5 0.2487 0.1967 0.1780 0.2257 0.2026
at0.6 0.1959 0.1309 0.1290 0.1490 0.1437
at0.7 0.1604 0.0945 0.0861 0.1206 0.1134
at0.8 0.1200 0.0620 0.0588 0.0915 0.0874
at0.9 0.0701 0.0121 0.0170 0.0240 0.0200
atl1.0 0.0141 0.0014 0.0015 0.0141 0.0200
average
precision| 0.2877 0.2337 0.2006 0.2465 0.2316
relevant
retrieved | 2,393 2,579 2,485 2,490 2,300
% of
mono 81.23% 69.73% 85.68% 80.50%

Table 3. Evaluation results for one Arabic monolingual
langua ge retrie val runs.

run and three English to Arabic cross-

A numberof additionalexperimentalruns were performedand evaluatedlocally to shav the effect of
variousaspecbf preprocessingn theretrieval performanceWe broke down the preprocessingf thetexts
into threesteps:stopwordsremoval, word normalizationandword stemming.Table4 presentshe overall
precisionandrecall by incrementallyaddingmorefeaturesinto the preprocessingf the Arabic texts. The
overall precisionwas.1581whenno preprocessingvasperformedat all. Thatis, no wordswereremoved
from indexing, wordswere not normalizedand stemmed.When stopwordswere removed from indexing,
the overall precisionincreasedo .2046,andwhenwordswere normalizedasdescribedabore the overall
precisionwassubstantiallyimproved. Furtherimprovementwasshavn by stemminghewordseventhough
our stemmemwasrathersimple. Many morepossibleword form changesverenot consideredat all in our
stemmer The very simplenormalizationof wordsbrought28.54%improvementin overall precisionover
the run without word normalization. The resultspresentedn table 4 leadsus to believe that further gain
in overall precisioncould be achiared by using a more sophisticatedArabic stemmeror morphological
analyzer All threetopic fields wereindexed in the runsshawn in table4. Our official monolingualrun,
BKYAAAL, includedall threestepsin preprocessingThe overall recall for our official monolingualrun



wasonly 58.05%.Besidesapplyinga moresophisticated\rabic stemmerwe believe thatpseudaelevance
feedbaclkshouldalsoimprove bothoverall recallandoverall precision.

recall stoplist | normalization| stemming| precision| recall

baseline - - - 0.1581 | 1594/4122
monol + - - 0.2046 | 1930/4122
mono2 + + - 0.2630 | 2333/4122
BKYAAAL | + + + 0.2877 | 2393/4122

Table 4. Arabic monolingual retrie val performance .

For theruns,BKYEAA1 andBKYEAA4, the separatelyranslatedopicsusingonline dictionariesand
online machinetranslationsystemwere meiged beforebeing searchedgainstthe Arabic collection. We
alsoexperimentedwith linearly combiningtherankedlists producedn searchinghetranslatedopicssepa-
ratelyagainstthe Arabic documentsThatis, we first ranthe dictionary-translatetbpicsagainstthe Arabic
documentsandthe machinetranslationsystem-translatetbpics againstthe Arabic documents.Thenwe
memgedthe two ranked lists by averagingthe probabilitiesof relevance. The overall precisionfor thelong
queriesncreasedrom .23370f BKYEAAL to .2552,a9.20%improvement.

6 Conclusions

In summarywe performedfour English-Arabiccross-languageetrieval runsandone Arabic monolin-
gualrun, all beingautomatic. We took the approactof translatingqueriesinto documenianguageusing
two onlinedictionariesandonemachinetranslationsystem.Our bestcross-languageetrieval run achieved
85.68%0f the monolingualrun. Furthermorepur cross-languageun usingonline bilingual dictionaries
substantiallyoutperformedhe run using an online machinetranslationsystem. All of our runs had low
overall recall, which we believe could be in partattributedto our failure to conflatethe variousforms of
the wordsto their stems. Even thoughthe preprocessingvas quite simple, it substantiallymproved the
overall precisionandrecall over the baselinerun without ary preprocessingt all. We believe thatfurther
improvementcould be achiezed by applying a more sophisticatedArabic stemmerand pseudorelevance
feedback.
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