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Abstract
In thispaper, wereportonourongoingresearchfor the

developmentof a Unicode-basedsearchenginefor Farsi.
Theactivitiesconsistof anI/O subsystem, Farsi stemmer,
testcollectionpreparation, andthesearch engineitself.

Thisengineis intendedto beindependentof theoper-
atingsystemplatformusingnospecialhardwareor soft-
ware. Wearefurtherplanningto tunethesystemfor other
languageswith Arabic relatedscripts.

1 Intr oduction

Farsi is the oÏcial languageof Iran andoneof the two
oÏcial languagesin Afghanistan(Pashtois theotherlan-
guage). In addition, Farsiisspokenin Tajikistanandparts
of Uzbekistan[8]. Therearemorethantwo million Ira-
niansliving in theUnitedStates, andtheFarsi language
is taughtat many universitiesand institutionsin North
AmericaandEurope[3]. In recentyears, many websites
have appearedthatprovide informationin Farsi. In par-
ticular, mostof Iraniannewspapersandmagazineshave
oÏcial websiteswith daily articles in Farsi. As more
Farsimaterialsbecomeavailableontheweb, it is evident
thatsearchtoolsneedto bedevelopedto dealwith Farsi
informationaccessneeds.

Therecentmethodologiesin CrossLanguageRetrieval
andMachineTranslationareoneapproachto addressing
thenon-Englishinformationaccessneeds. Farsi is typ-
ically omittedfrom mostof thesemethodologiesdueto
lack of standardsfor Farsi fontsandinput/displaytech-
nology. For example, mostof theFarsiwebsitesrender
their informationin specializedfonts or imagesof text.
The lack of standardsand the needto usethe Internet
without using an Arabic-basedalphabethaseven con-
vincedacommunityof Iraniansto developaLatin-based
scriptknown asEuroFarsi[4].

In theearlydaysof our project, we noticedthat there
wasnotmuchinformationthatcouldhelpusdevelopour
searchengine. For example, therewasno known Farsi
stemmer, FarsiCollection, or Farsi stopword list. Also,
we neededan input/displaymethodthatwould allow us
to enterFarsiquerywordsin aLatin-basedoperatingsys-

tem without any specialsoftware or hardware. It was
further necessaryto have a standardcharacterencoding
for text representationandsearching. Mostof ourdesign
decisionsin this projectwere inÎuenced by the above-
mentionedproblems.

Thispaperis adescriptionof ourongoingactivities in
the developmentof a Farsi Retrieval Engine. Section2
describesaninput/outputsystemfor Farsi. Section3 ex-
plainsthedevelopmentof theFarsikeyboardapplet. Sec-
tion 4 shows the architectureof our system. Section5
givesashortoverview of ourstemmerandstopword list.
Ourtext collectionispresentedin section6. Section7de-
scribesthesearchenginebasedonbothtraditionalmeth-
odsandstatisticallanguagemodeling[12, 20,15]. Sec-
tion 8 is theconclusionandfuturework.

2 Collection Level I /O

When we startedcompiling the test collection for our
Farsiproject, oneproblembecameimmediatelyobvious:
"the anarchy of fonts." In processingthe collection, we
encountereddocumentsencodedwith thefollowing:

Standard encodings:
MacOSFarsi
CP1256(MicrosoftWindows)
ISO8859-6.16
UCS/UTF8 (Unicode)
ISIRI 3342& 2901([6])

Proprietary encodings:
e.g. PersianNimrooz

Other encodings:
AdobeDistiller EmbeddedFonts
Imagesof text

By far, themostcommonencodingrepresentedin our
collectionwasPersianNimrooz[5]. A conversiontable
betweenthis encodingandUCS2 (Unicode) wasdevel-
opedmanually. The standardencodingsalsohave Uni-
codeconversiontableswidely available. Becauseof the
relatively low occurrencesof theotherencodings, docu-



mentswith theseencodingswereremovedfrom thecol-
lection.

Processingthe collection consistsof interpretingthe
raw HTML documentandextractingthetext alongwith
any correspondingh<FONT FACE=...>i tags. Oncethe
text is extractedandconvertedto Unicode, it is thenwrit-
tenasaUCS2 binaryÍle .

A key requirementfor our Farsi projectwasto allow
the input anddisplayof native Farsicontentwithout re-
quiring any specialhardwareor additionalOS software
capabilities. To satisfythis requirementthesystempro-
videsthefollowing capabilities:

� aweb-browserbasedkeyboardappletfor input

� if theweb-browserhastheability toprocessanddis-
playUnicodecontent, it will beused

� if the browsercannotdisplayUnicodecontent, an
auxiliaryprocesswill beinvokedto rendertheUni-
codecontentinto a portablebitmapimagewith as-
sociatedHTML to displaytheimagein thebrowser.

Anotherareaof diÏculty thatwe encounteredis that
thepresenceof whitespaceusedto separatewordsin the
documentis dependenton the displaygeometryof the
glyphs. SinceFarsi is written usingtheArabic script (a
cursiveform), eachcharactercanhaveupto fourdiÌerent
displayglyphs. Theseglyphsrepresentthefour diÌerent
presentationforms:

isolated: thestandalonecharacter
initial : thecharacterat thebeginningof aword
medial: thecharacterin themiddleof aword
Ínal : thecharacterat theendof a word

We found that dependingon the amountof trailing
white spacefollowing a Ínal form glyph, a spacechar-
actermayor maynotbefoundin thetext. Thissituation
cameto light whenour subjectmatterexpertswerede-
velopingour testqueries. Wefoundthatsincetheglyphs
usedto displaytheÍnal form of charactershadverylittle
trailing space, they weremanuallyaddingspacecharac-
tersto improve thelook of thedisplayedqueries.

3 KeyboardApplet

Thekeyboardappletis written in javascript. Wealsode-
velopeda javaversionbut decidedon javascriptto mini-
mizethesupportissuesrelatedto theArabicscriptcapa-
bilities of thejava virtual machinesincludedin thevari-
ousbrowsers. Theappletdisplaysa Farsi keyboardim-
agewith theability to entercharactersfrom boththekey-
boardandmouse. Theappletalsohandlescharacterdis-
playconversionandjoining of theinputdata.

Thekeyboardlayout is basedon theISIRI 2901:1994
standardlayout as documentedin an email by Pour-
nader[14]. Figure1 shows the keyboardappletbeing
usedto deÍne testqueries.

Figure1: Exampleuseof thekeyboardapplet

Displayof theinputdatais normallyperformedby us-
ing the preloadedglyph images. However, if a charac-
ter hasnot beenpreloaded, it can be generatedon the
Îy . Most of the time, thesegeneratedcharactersare
l compoundmcharacters. Farsi (andotherArabic script
languages) mayuse"compound" characterswhich area
combinationof two or moreseparatecharacters. For ex-
ample, therightmostcharacterof ‡B•Ën , theFarsiwordfor
l datem(thatis, thefruit), is acombinationof akhewith a
damma.

4 GeneralSystemAr chitecture

As part of this project, we wantedto have a robust and
easily extendibleenvironment for conductinginforma-
tion retrieval experiments. To this end, we have devel-
opedamodularframework whichallowstheadhocload-
ing of extendedcommandsinto acorecommandline in-
terpreter.

Thecorecommandline interfaceprovidescommands
to load/unloadextendedcommandlibraries, userdeÍned
symbol management, and an embeddedHTTP web
server. Thesymboltablemanagementroutinesarebased
on the onesin the PCCTS1.3mr33 toolkit written by
Parr and maintainedby Moog [11]. The embedded
HTTP web server that we useis libHTTPD by Hughes
Technologies[16]. The cli commandline interface
processingroutines uses the ccmd command parser



Search
Engine

Terminal

Classifier

Other
Additions

Collection

     to/from

Character Set
Conversion

Farsi

Type Foundry

Latin Based
       I/O

Keyboard
  Applet

Browser

Images of
words and

lines

HTTP Server 8080

Figure2: FarsiSearchEngineArchitecture

library by ColumbiaUniversity[18].
By usingan embeddedHTTP server, we canhandle

non-Latin scriptseasily. Thesearchengineperformsall
processingwith Unicodeencodeddocuments. Whenan
itemisdisplayed, theUnicodeencodingissentto theem-
beddedHTTP server. If the browsersupportsUnicode
encodedfonts, the item is displayedusingthe browser.
If thebrowserdoesnit supportUnicodefonts, theitem is
convertedby thel typefoundryminto a seriesof portable
network graphics(PNG) images. We usethe freetype1
engineby the FreetypeProject to renderthe Unicode
script into the images[17]. Theseimagesarethensent
to thebrowserfor display. Figure2 depictsanoverview
of thesystem.

5 Stemmerand Stopword List

The Farsi stemmeridentiÍes commonFarsi aÏx es in
Farsi words. Conditionally, it removesthe aÏx es, pro-
ducinganeÌectivestem.

The Farsi stemmer is similar to the Porter stem-
mer [13]. For example, both are basedon the mor-
phological rules of their respective languages. Both
stemmersmatch words with a set of suÏx es and use
multiple phasesto conformto the rulesof suÏx stack-
ing. Also, they bothenforcelowerboundsonhow much
information a stem must retain. However, there are
diÌerences. For example, the Porter stemmercounts
substringsof consecutive consonantsand vowels, es-
timating the information content, before deciding to
remove a suÏx . In Farsi, many spoken vowels arenot
written, so the stemmercannotcount them. Therefore,
the Farsi stemmerusesstem length to deÍne a lower

bound on information content(in the current version,
minimum stemlength = 3). AnotherdiÌerence is that
the Farsi stemmeridentiÍes preÍxes, unlike the Porter
Stemmer.

The stemmeris aggressive, removing every terminal
substringthatmatchesaknown suÏx , sometimesremov-
ing part of the root word. However, it rarely removes
enoughof a root to overconÎate.

Thestemmerattemptsto matchasuÏx to awordend-
ing by feedingthewordto aÍnite statemachine. A word
may be fed the machineasmany asthreetimes, identi-
fying asmany asthreesuÏx esstackedon thesameroot.
Thestatemachinereadstheword backwards, i.e., it Írst
readstheÍnal character(thelastcharacterin readingor-
der), thenproceedstowardtheÍrst character. If thema-
chinehalts in an acceptingstate, we know that a suÏx
matchesthe endof the word andthat the input word is
long enoughto retaintheminimumstemlengthafterre-
moving thatsuÏx . Thestemmerassociateseachaccept-
ing statewith a speciÍc suÏx anda suÏx classsuchas
plural.

For example, supposethe input is ÏÌÛ•³wÛÍ (l we were
not goingm). The Ínite statemachinewill identify the
suÏx ÚÍ asthelongestmatchingsuÏx . TheÍnal stateof
the machinetells the stemmerthat the suÏx belongsto
theverb class.

The suÏx classesdeterminethe modiÍcations the
stemmermakes and the additionalaÏx es the stemmer
attemptsto match. The generalrules for modifying
wordsaccordingto suÏx classare:

Verb Remove the identiÍed suÏx . In accordancewith
therulesof preÍx stacking, removeasmany preÍxes



FarsiWord EnglishEquivalent
aÎ that
E•m why
aÏ€n there
m“x is
pnÚ‹ must
pØŠ be
pn with/by

Figure3: PotentialFarsiStopwords

as possiblewhile retainingsuÏcient stemlength.
The expression{ ËÜ }{ Î|o } describesthe language
of relevantpreÍxes.

Possessive Remove the identiÍed suÏx . Feedthe re-
mainderto theÍnite statemachineto checkfor non-
possessivenounsuÏx es.

Plural Remove the identiÍed suÏx . Feedthe remain-
der to the Ínite statemachineto check for non-
possessive, non-plural nounsuÏx es.

All other suÏx types Remove theidentiÍed suÏx .

Considerthepreviousexample, ÏÌÛ•³wÛÍ . After identi-
fying thesuÏx andsuÏx class, thestemmerwill remove
the suÏx ÚÍ , leaving ÏÌÛ•³x . Then it will look for the
preÍx o , andnot Índ it. It will thenÍnd thepreÍx Î . It
will checkthewordlength, andremovethepreÍx, leaving

ËÛ•³x . It will thenÍnd thepreÍx ËÜ , checklength, and
remove thepreÍx. It outputs Ž³x , which is theinÍniti ve
l to gom,with theterminalÎ removed.

Now, supposethe input is »wnpÔnÊ , l my books.mThe
Ínite statemachinewill identify thesuÏx Ê, andremove
it, leaving »wnpÔn . BecauseÊis a possessive suÏx , the
stemmerfeedsthe remainderto the Ínite statemachine
to look for morenounsuÏx esof thesameword. Now,
theÍnite statemachinewill identify thesuÏx Ón , andre-
move it, leaving »wno . BecauseÓn is a plural suÏx , the
stemmerfeedsthe remainderto the Ínite statemachine
to look for morenounsuÏx es. This time, theÍnite state
machinehaltsin a rejectingstate, signifying anabsence
of moresuÏx es, sothestemmerreturns »wno , l book.m

In addition, weareusingourFarsidocumentcollection
to generatea list of stopwords. StopwordsareidentiÍed
by frequency analysisand expert judgment. Figure 3
showspotentialstopwordsfrom thelist.

6 DocumentCollection

Ourdocumentcollectionconsistsof 1850documentsand
60queries. Thesedocumentswerecollectedwithin asix
monthperiodfrom many websites. Someof theseweb-
sitesoriginatein Iran andthey typically representelec-
tronic versionsof popularIraniannewspapersandmag-
azines. The restof the articlesarefrom websitesorigi-
natingin theU.S. or in Europe. Thesedocumentsmainly
cover topicssuchaspolitics, economicissuesassociated

aÚnŠŽmz•«‹ÊŽ«nÚxŸØmp¥pÔ‹m—wÜŠŽmÚ•mÎ
“ÉËxË•ŠÊŠŽ‡¤•m“x#

Doesthelackof healthstandardsin Iranendanger
thepopulation?

Figure4: An ExampleQuery

with oil, socialproblems, andhistoricalchangesin the
Middle East.

Thesixty queriesweredesignedby native speakersof
Farsi familiar with thesedocuments. An examplequery
and its translationappearsin Figure 4. Thesequeries
wereinput usingour keyboardappletfor thepurposeof
relevancy judgmentgathering.

We alsobuilt a web-basedapplicationto display the
queriesandthearticlesside-by-sidefor ourFarsiexperts.
After an expert readsthe article, he makesbinary deci-
sionsasto therelevanceof thedocumentto eachquery.
No relevancy rankingis assessed.

7 Search Engine

Oursearchenginewill containseveralmethodologiesbe-
causewe plan to study their eÌectivenessin retrieving
Farsi languagetexts. Initially two methodswill be ap-
plied: thevectorspaceandtheprobabilistic.

In thewell-known vectorspacemodel, documentsand
queriesarerepresentedasn-dimensionalvectorsof term
weights. For a given query vector Q documentsare
ranked in termsof their similarity to thequeryasdeter-
minedby thecosinemeasure:

cosine(Q; Dd) =
Q � Dd

j Q jj Dd j
=

P n
t =1 wq;t � wd;t

WqWd

Dd representsthe vector of a documentd. The inner
productQ � Dd is interpretedin the standardway as
the sum of the productsof the weightsof correspond-
ing termsin the queryanddocument, wq;t andwd;t re-
spectively. Weightsaredeterminedusingtheusualtf� idf
scheme. ThevaluesWq andWd aretheEuclideanlengths
of thequeryandadocument[19].

Our Farsi retrieval enginewill also useprobabilistic
techniques. In a probabilisticsearchengine, documents
areranked by the probability that given a queryq, doc-
umentd shouldbe retrieved. UsingBayestheoremand
droppingtheconstantprobabilityfor theÍx edqueryfrom
thedenominator, wehave:

p(d j q) / p(d)p(q j d) (1)

Recentstudieshave shown thatthespeciÍc probabilistic
approachcalledstatisticallanguagemodelinghasproven
moreeÌectivethanothersonEnglishcollections[12,20].
Somesuccesshasbeenshownfor Arabictextsaswell [9].
Statisticallanguagemodelingrejectsthe assumptionof
otherprobabilisticapproachesthatthereis anunderlying
distribution modelwhich thedatashouldÍt . For exam-
ple, BooksteinandSwansonassumedthat termswould



occurin documentswith a Poissondistribution [1]. In-
stead, statisticallanguagemodelingusesnon-parametric
techniquesto estimatep(qjd).

Basedon theconceptof a languagemodeldeveloped
for speechrecognition, a queryis viewedasa randomly
generatedset of terms. The expressionp(qjd) is then
understoodastheprobability thatcertaintermswill oc-
cur in a query given a particular model of the docu-
ments[12, 20]. Of course, queriesarenot typically gen-
eratedrandomly, but from the l perspectivemof thedoc-
umentmodel, how thequeryis createdis unknown and
thusl appearsmto berandom.

Sincep(d) is typically assumedto beuniformin equa-
tion (1), theexpressionp(qjd) alonerequiresanestimate.
Thebasicapproachin statisticallanguagemodelingis to
begin with themaximumlikelihoodestimate,

pml e(t jd) =
tf t;d

DL d

wheretf t;d is thenumberof occurrencesof a termt in a
documentd, commonlycalledtermfrequency, andDL d

is the documentlengthof a documentd, deÍned asthe
total numberof termoccurrencesin d, that is,

P
t tf t;d .

However, themaximumlikelihoodestimatehastwo pri-
maryshortcomingsin thiscontext. First, theestimatewill
assignaprobabilityof zeroto adocumentif oneor more
querytermsarenotpresent, andsecond, documentsonly
containsparsedata[12, 20,15].

Tosolvetheseproblems, smoothingtechniquesareem-
ployed. Thegeneralform of a smoothingtechniquecan
beexpressedas

p(tjd) =
�

ps(t jd) if t occursin d
� dp(tjC) otherwise

whereps(t jd) is thesmoothedversionof themaximum
likelihood estimate, p(tjC) is the l collection language
modelmand coeÏcient � d determinesthe amount of
probability transferredto terms not in the query. A
number of techniqueshave been proposedto deÍne
theseexpressions[2, 20,21,12]. We planto investigate
several of theseto seehow they impact eÌectiveness
of retrieval on Farsi text, especiallythosewhich move
beyond the independenceassumptionof the unigram
model[15, 10].

8 Conclusionand Futur e Work

The explosion in availability of Farsi websitesand the
eventualelectronicconversionof Farsi literaturearethe
driving forcesbehindour project. We believe standard
fonts, operatingsystemindependence, andinput/display
technologyarecritical factorsin future developmentof
searchtools for Farsi particularly. Becauseof theclose
relationshipbetweenArabic andFarsi, our researchcan
indirectlybeneÍt Arabicaswell. For example, over40%
of all wordsin FarsiareArabic, andthusoneshouldex-
pectcommonresearchissuesbetweenour stemmerand
anArabicstemmer[7].

Futurework includesperformancetestingof ourstem-
merandsearchengine. Wearealsoplanningto makede-
tailed reportsavailableon our input/displaytechnology,
stemmer, stopword list, andsearchengineimplementa-
tion atwww.isri.unlv.edu.
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