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Abstract

Inthispaperwereportonour ongoingreseach for the
developmenbfa Unicodebasedsearch enginefor Farsi.
Theactivitiesconsistof an /O subsysternfarsi stemmer
testcollectionprepamation, andthe seach engineitself.

Thisengineis intendedto beindependenof the oper
ating systenplatformusingno specialhardware or soft
ware. Wearefurtherplanningto tunethesystenior other
languageswith Arabic relatedscripts

1 Intr oduction

Farsiis theoicial languageof Iran andone of the two
oicial language AfghanistanPashtds theotherlan-
guage. In addition Farsiis spolenin Tajikistanandparts
of Uzbekistar{8]. Therearemorethantwo million Ira-
niansliving in the United States andthe Farsilanguage
is taughtat mary universitiesand institutionsin North
AmericaandEurop€[3]. In recentyears mary websites
have appearedhat provide informationin Farsi In par
ticular, mostof Iraniannenvspaperandmagazineshave
olcial websiteswith daily articlesin Farsi As more
Farsimaterialdbecomeavailableonthewel, it is evident
thatsearchools needto be developedto dealwith Farsi
informationaccessieeds

Therecentmethodologies Crosd.anguagdRetrieval
andMachineTranslationareoneapproacho addressing
the nonEnglishinformationaccesseeds Farsiis typ-
ically omittedfrom mostof thesemethodologieslueto
lack of standardgor Farsifonts andinput/displaytech
nology For example mostof the Farsiwebsitesrender
their informationin specializedonts or imagesof text.
The lack of standardsand the needto usethe Internet
without using an Arabic-basedalphabethas even con
vinceda communityof Iraniansto developa Latin-based
scriptknowvn asEuroFarsi[4].

In the early daysof our project we noticedthatthere
wasnotmuchinformationthatcouldhelpusdevelopour
searchengine For example therewasno known Farsi
stemmerFarsi Collection or Farsistopword list. Also,
we neededaninput/display methodthatwould allow us
to enterFarsiquerywordsin alatin-basedperatingsys

tem without ary specialsoftware or hardware It was
further necessaryo have a standardcharacterencoding
for text representatioandsearching Mostof our design
decisionsin this projectwere inluenced by the above-
mentionedoroblems

This paperis adescriptionof our ongoingactiitiesin
the developmentof a Farsi Retrieval Engine Section2
describeaninput/outputsystemfor Farsi Section3 ex-
plainsthedevelopmenbf theFarsikeyboardapplet Sec
tion 4 shaows the architectureof our system Section5
givesashortoverview of our stemmeiandstopword list.
Ourtext collectionis presentedh sectiont. Section7 de-
scribeghesearclenginebasedn bothtraditionalmeth
odsandstatisticallanguagemodeling[12, 20, 15]. Sece
tion 8 is the conclusionandfuturework.

2 Collection Level I/O

When we startedcompiling the test collection for our
Farsiproject oneproblembecamemmediatelyobvious
"the anarcly of fonts" In processinghe collection we
encounteredocument&ncodedvith thefollowing:

Standard encodings
Mac OSFarsi
CP1256(Microsoft Windows)
ISO8859-6.16
UCS/UTF8 (Unicodg
ISIRI 3342& 2901([6])
Proprietary encodings
e.g. PersianNimrooz
Other encodings
AdobeDistiller Embedded-onts
Imagesof text

By far, themostcommonencodingrepresenteth our
collectionwasPersian Nimrooz[5]. A corversiontable
betweenthis encodingand UCS2 (Unicodg wasdevel-
opedmanually The standardencodingsalsohave Uni-
codecorversiontableswidely available Becauseof the
relatively low occurrencesf the otherencodingsdocu



mentswith theseencodingsvereremovedfrom the col-
lection

Processinghe collection consistsof interpretingthe
raw HTML documentandextractingthetext alongwith
ary correspondindi<FONT FACE=...>i tags Oncethe
text is extractedandcorvertedto Unicode it is thenwrit-
tenasa UCS2 binaryile .

A key requiremenfor our Farsi projectwasto allow
theinput anddisplay of native Farsicontentwithout re-
quiring ary specialhardware or additionalOS software
capabilities To satisfythis requirementhe systempro-
videsthefollowing capabilities

aweb-browserbasedkeyboardappletfor input

if theweb-browserhastheability to procesanddis-
play Unicodecontent it will beused

if the browser cannotdisplay Unicodecontenf an
auxiliary procesawill beinvokedto renderthe Uni-
codecontentinto a portablebitmapimagewith as
sociatecHTML to displaytheimagein thebrowser

Anotherareaof dilculty thatwe encountereds that
the presencef whitespaceisedto separatevordsin the
documentis dependenbn the display geometryof the
glyphs SinceFarsiis written usingthe Arabic script (a
cursiveform), eachcharactecanhave upto four dilerent
displayglyphs Theseglyphsrepresenthefour dilerent
presentatioiorms

isolated thestandaloneharacter

initial:  thecharacteatthebeginningof aword
medial thecharactein the middle of aword
inal: thecharacteattheendof aword

We found that dependingon the amountof trailing
white spacefollowing a inal form glyph, a spacechar
actermayor maynotbefoundin thetext. Thissituation
cameto light whenour subjectmatterexpertswere de-
velopingourtestqueries We foundthatsincetheglyphs
usedto displaytheinal form of charactertadverylittle
trailing spacethey weremanuallyaddingspacecharae
tersto improve thelook of thedisplayedqueries

3 Keyboard Applet

Thekeyboardappletis written in javascript We alsode-
velopeda java versionbut decidedon javascriptto mini-
mizethe supportissuegelatedto the Arabic scriptcapa
bilities of the java virtual machinesncludedin the vari-
ousbrowsers The appletdisplaysa Farsikeyboardim-
agewith theability to entercharacterérom boththekey-
boardandmouse Theappletalsohandlescharactedis-
play corversionandjoining of theinput data

The keyboardlayoutis basedon the ISIRI 2901:1994
standardlayout as documentedn an email by Pour
nader[14]. Figure 1 shavs the keyboardappletbeing
usedto deine testqueries

Figurel: Exampleuseof thekeyboardapplet

Displayof theinputdatais normallyperformedby us
ing the preloadedylyph images However, if a charae
ter hasnot beenpreloadedit canbe generatecbn the
Ty. Most of the time, thesegenerateccharactersare
| compoundncharacters Farsi (and other Arabic script
languagesmay use"compound charactersvhich area
combinationof two or moreseparateharactersFor ex-
ample therightmostcharacteof r B, the Farsiword for
| datem(thatis, thefruit), is acombinatiorof akhewith a
damma

4 General SystemAr chitecture

As partof this project we wantedto have a robustand
easily extendible ervironmentfor conductinginforma
tion retrieval experiments To this end we have devel-
opedamodularframevork whichallowstheadhocload
ing of extendedcommandsnto a corecommandine in-
terpreter

The corecommandine interfaceprovidescommands
to load unloadextendedccommandibraries userdeined
symbol managementand an embeddedHTTP web
sener. Thesymboltablemanagemenbutinesarebased
on the onesin the PCCTS1.3mr33 toolkit written by
Parr and maintainedby Moog [11]. The embedded
HTTP web sener thatwe useis libHTTPD by Hughes
Technologies[16]. The cli commandline interface
processingroutines uses the ccmd command parser
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Figure2: FarsiSearchEngineArchitecture

library by ColumbiaUniversity[18].

By usingan embeddeTTP sener, we canhandle
nortLatin scriptseasily The searchengineperformsall
processingvith Unicodeencodeddocuments Whenan
itemis displayedtheUnicodeencodings sentto theem-
beddedHTTP sener. If the browsersupportsUnicode
encodedonts the item is displayedusingthe browvser
If thebrowserdoesiit supportUnicodefonts theitemis
convertedby thel type foundryminto a seriesof portable
network graphics(PNG) images We usethe freetypé
engineby the FreetypeProjectto renderthe Unicode
scriptinto theimageg[17]. Theseimagesarethensent
to the browserfor display Figure2 depictsanovervieny
of thesystem

5 Stemmerand Stopword List

The Farsi stemmeridentiles common Farsi alx es in
Farsiwords Conditionally it removesthe alx es pro-
ducinganelective stem

The Farsi stemmeris similar to the Porter stem
mer [13]. For example both are basedon the mor
phological rules of their respectie languages Both
stemmersmatch words with a set of sulx es and use
multiple phasego conformto the rulesof suix stack
ing. Also, they bothenforcelower boundson how much
information a stem must retain However, there are
dilerences For example the Porter stemmercounts
substringsof consecutie consonantsand vowels es
timating the information contenf before deciding to
remove asulx . In Farsi mary spoken vowels are not
written, sothe stemmercannotcountthem Therefore
the Farsi stemmerusesstem length to deine a lower

bound on information content(in the currentversion
minimum stemlength= 3). Anotherdilerence is that
the Farsi stemmeridentiies preixes unlike the Porter
Stemmer

The stemmeris aggressie, remaoving every terminal
substringhatmatchesiknown sulx , sometimesemov-
ing part of the root word. However, it rarely removes
enoughof arootto overconiate

Thestemmeittemptdo matchasulx toawordend
ing by feedingthewordto ainite statemachine A word
may be fed the machineasmary asthreetimes identi
fying asmary asthreesuix esstackedonthesameroot
The statemachinereadsthe word backwards i.e., it Irst
readstheinal characte(thelastcharactein readingor-
den), thenproceedsgowardtheirst characterIf thema
chinehaltsin an acceptingstate we know that a sulx
matcheghe end of the word andthat the input word is
long enoughto retainthe minimum stemlengthafterre-
moving thatsulx . Thestemmemssociatesachaccept
ing statewith a speciic suix andasuix classsuchas
plural.

For example supposehe inputis [ Gk 0T (I we were
not goingm). The Inite statemachinewill identify the
sulx [Uasthelongestmatchingsulx . Theinal stateof
the machinetells the stemmerthat the suix belongsto
theverb class

The suix classesdeterminethe modiications the
stemmermales and the additionalalx esthe stemmer
attemptsto match The generalrules for modifying
wordsaccordingo sulx classare

Verb Remove theidentiled suix . In accordancevith
therulesof prelx stackingremoseasmary prelxes
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Figure3: PotentialFarsi Stopwords

as possiblewhile retainingsuicient stemlength
The expression{ UBH{ o [} describeghe language
of relevantprelxes

Possessie Remave the identiled suix . Feedthe re-
maindetrto thelnite statemachineto checkfor non
possessie nounsuix es

Plural Remore theidentiied suix . Feedthe remain
der to the Inite statemachineto check for non
possessie, non-plural nounsuix es

All other suix types Remawetheidentiied suix .

Considerthe previous example | 01, After identi-
fying thesuix andsulx classthestemmewill remove
the sulx (U leaving x 3U1. Thenit will look for the
preix o, andnotind it. It will thenind thepreix 1. It
will checkthewordlength andremaovethepreix, leaving
x 3«(E It will thenind the preix UE checklength and
remove thepreix. It outputsx 3Z whichis theininiti ve
| to gomwith theterminall removed

Now, supposethe input is BGiw, | my booksmThe
inite statemachinewill identify thesuix E andremove
it, leaving rpws. BecauseEis a possessk sulx , the
stemmeifeedsthe remainderto the inite statemachine
to look for morenounsuix esof the sameword. Now,
theinite statemachinewill identify thesulx rQ andre-
move it, leaving o . BecauseOis a plural sulx , the
stemmerfeedsthe remainderto the inite statemachine
to look for morenounsuix es Thistime, theinite state
machinehaltsin a rejectingstate signifying anabsence
of moresuix es sothestemmereturnso rw, | bookm

In addition weareusingour Farsidocumentollection
to generate list of stopwords Stopwordsareidentiied
by frequeng analysisand expert judgment Figure 3
shaws potentialstopwordsfrom thelist.

6 DocumentCollection

Ourdocumentollectionconsist®f 1850documentsand
60 queries Thesedocumentsverecollectedwithin asix
monthperiodfrom mary websites Someof theseweb-
sitesoriginatein Iran andthey typically representlec
tronic versionsof popularlraniannevspapersandmag
azines Therestof the articlesare from websitesorigi-
natingin theU.S. orin Europe Thesedocumentsnainly
covertopicssuchaspolitics, economidssuesassociated

I MUnZS Un—(p ¥pY X W E« «2nZS rd
#x " meatZS BSE x EE
Doesthelack of healthstandard$n Iran endanger
thepopulatior?

Figure4: An ExampleQuery

with oil, social problems and historical changesn the
Middle East

Thesixty queriesweredesignedy native spealersof
Farsifamiliar with thesedocuments An examplequery
andits translationappearsn Figure4. Thesequeries
wereinput usingour keyboardappletfor the purposeof
relevang/ judgmentgathering

We also built a web-basedapplicationto display the
queriesandthearticlesside by-sidefor our Farsiexperts
After an expertreadsthe article, he makesbinary dect
sionsasto the relevanceof the documento eachquery
No relevangy rankingis assessed

7 Search Engine

Oursearctenginewill containseveralmethodologiebe-
causewe plan to study their electivenessin retrieving
Farsilanguagetexts. Initially two methodswill be ap-
plied: thevectorspaceandthe probabilistic

In thewell-known vectorspacemode| documentsnd
gueriesarerepresentedsn-dimensionalectorsof term
weights For a given query vector Q documentsare
rankedin termsof their similarity to the queryasdeter
minedby the cosinemeasure

Q Dag _
jQIJiDaqj
Dy representghe vector of a documentd. The inner
productQ Dy is interpretedin the standardway as
the sum of the productsof the weightsof correspond
ing termsin the queryanddocumentwg,; andwg, re-
spectvely. Weightsaredeterminedisingtheusualtf idf
scheme ThevaluesW, andWg aretheEuclideariengths
of thequeryandadocumen{19].

Our Farsiretrieval enginewill also use probabilistic
techniques In a probabilisticsearchengine documents
areranked by the probability that givena queryq, doc
umentd shouldberetrieved Using Bayestheoremand
droppingtheconstanprobabilityfor theix edqueryfrom
thedenominatarwe have:

p(dja)/ p(d)p(ajd) (1)

Recenistudieshave shavn thatthe speciic probabilistic
approacttalledstatisticallanguage modelinghasproven
moreelectivethanotherson Englishcollectiong12, 20].
Somesucceshasbeernshavnfor Arabictextsaswell [9].
Statisticallanguagemodelingrejectsthe assumptiorof
otherprobabilisticapproachethatthereis anunderlying
distribution modelwhich the datashouldit . For exam:
ple, Booksteinand Swansonassumedhat termswould

n
t=1 Woit  Wa;t

cosing(Q; Dy) = WoW,
q




occurin documentswvith a Poissondistribution [1]. In-
stead statisticalanguagemodelingusesnon-parametric
techniquedo estimatep(qjd).

Basedon the conceptof alanguagemodeldeveloped
for speeclrecognition a queryis viewed asa randomly
generatedset of terms The expressionp(gjd) is then
understoodasthe probability that certaintermswill oc-
cur in a query given a particular model of the docu
ments[12, 20]. Of course queriesarenottypically gen
eratedrandomly but from the | perspectiemof the doc
umentmode]| how the queryis createds unknavn and
thusl appearsto berandom

Sincep(d) is typically assumedo be uniformin equa
tion (1), theexpressiorp(qgjd) alonerequiresanestimate
Thebasicapproachn statisticallanguagenodelingis to
begin with the maximumlik elihoodestimate

Pmi e(tjd) = gtdd

wheretf .4 is thenumberof occurrencesf atermt in a
documentl, commonlycalledtermfrequencyandDL 4

is the documentength of a documentd, deingd asthe
total numberof termoccurrencedn d, thatis,  tfq.
However, the maximumlik elihoodestimatehastwo pri-
maryshortcomingén thiscontext. First, theestimatewill

assigna probability of zeroto adocumentf oneor more
guerytermsarenot presentandsecongdocument®nly
containsparseadata[12, 20, 15].

Tosolvethesegroblemssmoothingechniquesareem:
ployed Thegeneraform of a smoothingtechniquecan
beexpresseds

p(tjd) =

ps(tjd) if t occursind
ap(tjC) otherwise

whereps(tjd) is the smoothedversionof the maximum
likelihood estimate p(tjC) is the | collection language
modemand coeicient 4 determinesthe amount of

probability transferredto terms not in the query A

number of techniqueshave been proposedto deine

theseexpressiong2, 20,21, 12]. We planto investicate
several of theseto seehow they impact electiveness
of retrieval on Farsi text, especiallythosewhich move

beyond the independenceassumptionof the unigram
model[15, 10].

8 Conclusionand Futur e Work

The explosionin availability of Farsi websitesand the
eventualelectronicconversionof Farsiliteraturearethe
driving forcesbehindour project We believe standard
fonts operatingsystemindependencendinput/display
technologyare critical factorsin future developmentof

searchtools for Farsiparticularly Becauseof the close
relationshipbetweenArabic and Farsi our researcltan
indirectly beneit Arabicaswell. For example over40%
of all wordsin FarsiareArabic, andthusoneshouldex-

pectcommonresearchissueshetweenour stemmerand
anArabic stemmef7].

Futurework includesperformanceestingof our stem
merandsearctengine We arealsoplanningto make de-
tailed reportsavailable on our input/displaytechnology
stemmey stopword list, and searchengineimplementa
tion atwww.isri.unlv.edu
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