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We presenta completeformalizationof Persianinflectionalmorphologyusinga
unification-basedramenork. The morphologicalanalyzemwasdevelopedfor use
in a Persian-Englisimachinetranslationsystem;it computeghe part of speech
categoriesandreturnsall syntacticallyrelevant inflectional featuresfor a word.
The morphologicalanalysesare representedas feature structures,which can
easilybe usedby a syntacticparser The morphologicalformalism consistsof a
declaratve description of rules utilizing typed feature structures. Persian
morphotacticsinclude a few prefixes and sequencesof sufiixes with co-
occurrenceonstraintdetweemon-adjaceniorphemesTheverbalinflectional
morphologyis rich andis characterizedy a complex systemof conjugations.A
morphologicalrule associates regular expressiondescribinga setof character
strings to a typed feature structure. Rules can be combined using regular
expressionoperatorsand they can be factorizedin conjugation tables. The
morphologicalengineis implementedas a finite-statetransducemherethe left
projection is the input string and the right projection is a typed feature structure.

1 INTRODUCTION

In this paper we describethe implementationof an inflectional morphological
analyzerfor Persianwhich is basedon finite statetransducerandtypedfeature
structureswith unification. The analyzerwasdesignedo provide aninterfaceto
the syntactic parserin the Shiraz Persian-Englishmachinetranslationsystem
(http://crl.nmsu.edu/shirazand was testedon online newspaperarticles. The
systemincludesa dictionarywith 50,000entrieswhich is usedfor lookup after
morphological analysis has been performed.

This paper also provides a detailed description of Persian inflectional
morphology Persians anaffixal systemconsistingmainly of sufiixesanda few
prefixes. The nominal paradigmconsistsof a relatively small numberof affixes
but the languagehas a complete verbal inflectional system, which can be
obtainedby the combinationof prefixes, stemsinflectionsand auxiliaries. The
affixes in the languagefollow a strict morphotacticorder One of the main
problemsfor the analysisof Persianwritten text is discontinuityin the word
structure.Certainaffixes in the languageare always boundto the stem,while
othersmay appearas either boundor free morphemeskFor instance the plural



morphemeéit is alwaysboundto the nominalelementit appearson. The plural

morphemehd, on the other hand, can be either attachedto the previous
morphemeor appearasa free affix. Hence,in orderto recognizeboth forms of

such affixal elements,the analyzer should be used in conjunction with a

tokenization component.Certain ambiguities also arise in a computational
analysisof Persiantext since the samesurface form can representdifferent
morphemesFor instance,the sufiix -y on mrdy [pronouncedmardi] can be
analyzedasthe indefinitearticle (i.e., “a man”), the enclitic particlewhich links

the nounto arelatvizer, or the copulafor the secondpersonsingular(i.e., “you

areaman”). In addition,shortvowels areoften not marked in written text which

resultsin differentpossibilitiesof analysis.The previous example,for instance,
could also be pronouncedwith the vowel ‘0’ [mordi] in which casethe suffix

couldbe analyzedastheverbalinflectionalendingfor the secondpersonsingular
(i.e.,“you died”). Furthermorethe morphemey is alsousedin forming various
lexical elementsn derivationalmorphology In orderto disambiguatsuchcases,
themorphologicalanalyzemeeddo usethe informationavailablefrom the parts
of speech that the morpheme appears on.

Although there has been some significant studiesin the areaof parsingand
syntacticanalysisfor Persianyery little work hasbeendoneon computational
morphologyin this languageThe only thoroughresearctof Persiarmorphology
from a computationalperspectie is [Riazati 1997], which uses two-level

morphologyto analyzeboth derivational and inflectional affixation in Persian.
Riazatis analyzerPerslg, is modeled on the basis of Eng[@&ntworth 1990].

In the framavork presentedhere,the linguistic information associatedvith the
morphemess describedusing Samba,a morphologicalformalism combining
typed feature structureswith a declaratve unification-basedanguage[Zajac
1998]. The morphological rule describesthe concatenationof stems and
morphemegusing regular expressionsland the combinationof morphological
featuresof words and morphemegqusing featurestructuresand unification). A
morphological rule associatesa surface form, representinga sequenceof
morphemesto a setof morphologicafeaturesanddescribediow thefeaturesof
the stem and the morphemeare combined. The specificationformalism is
language-independerdnd can be used in multilingual ervironments. One
important advantageof using typed feature structuresfor the description of
morphologicalknowledge is the uniformity obtained,since modulesfor the
analyses of wrds and further linguistic processing can begrated seamlessly

2 DISCONTINUOUS ELEMENTS

Persiaruseshe Arabic alphabetndtexts arewritten from right to left. Lettersin
a word are often connectedo eachother but mostcharactersave a different



form dependingon their positionwithin theword. Theinitial form indicatesthat
no elementis attachedo the elementfrom theright (i.e., thereis no "attaching"
characterbeforeit, but thereis one following the character) Charactersare in
medialform if they have an attachingcharactetboth beforeandafterthem.The
final form denoteghatthe characteis at the endof aword. Thefinal formscan
therefore be used to marlovd boundaries.

final medial | initial
[ — - “b“
S g- g “g”
“gr
o a =

Figure 1. Sample Brsian daracter forms

The Persianwriting systemallows certainmorphemego appeareitherasbound
to the following or precedingnorphemeor asfree affixes.Whena morphemes
attached,it usesthe initial or medial form of the character But when, for
instancea prefix appearsletachedits lastcharacters in final form. An instance
of this is the imperfectve marker my which canbe written attachedor detached
asshovn in (1). Note that the morphemeis not separatedrom the stemby a
spacejn Unicode,the final forms areindicatedby a control charactemvhich, in
ourtransliterationjs representedy tilda /~/. Otherexamplesof suchmorphemes
arethe superlatve affix, several plural forms, indefinite and enclitic suffixes,as
well as certain auxiliary forms.

a.myrvm(l am going) (2)
b. my~rvm(l am going)

In his two-level morphologicalanalyzey [Riazati 1997]is unableto analyzethe
detachedaffixes and decidesto treat thesediscontinuouselementsin syntax.
Thus,thetwo surfacerealizationsof morphemesuchastheimperfectve myare
analyzed in different levels of the system (the attached version in the
morphologicalanalyzerandthe detachedorm in the syntacticparser) We have
opted,instead to usea preprocessingomponenthich joins thesemorphemes
to the stemseparatedy the control character The morphologicalgrammaris
thendesignedo recognizeboth surfaceforms. This allows usto treatbothforms
uniformly in the morphologicalanalyzerand we have no needto delay the
analysis of the detached morphemes to the syntacét le



Mostverbalconstructionsn Persiamareformedusingalight verbsuchaskardan
(do, make), dadan(give), zadan(hit, strike). The numberof verbsthat can be
usedaslight verbsis limited, but theseconstructionsareextremelyproductve in

PersianThesestructuresonsistof a preverbalelementwhich could be a noun,
adjectve or prepositionfollowedby alight verb,which haspartly or completely
lost its original meaning. Since these constructionsare noncompositionalin

meaningthey areincludedin the dictionaryascompoundsin theseLight Verb
or CompoundVerb constructionsyerbalinflection canonly appearon the light

verb itself, but bound morphemesan be attachedto the preverbal elementas
well as the light erh An example of this construction is\gin in (2).

tshvigh- shan krd-nd [pronouncedashvigheshan kdand] (2)
encourage-them did-3pl
‘They encouraged then.

The morphologicalgrammaranalyzestheseinflectional morphemesseparately
on eachelement.A later syntacticcomponentunifiesthe two partsof the light
verb and combines the morphemes into a single feature structure.

3 NON-VERBAL MORPHOLOGY

Thereare no genderdistinctionsin Persianandthe languagehasonly one case
form. Personnumberandsometimesanimag, however, aredistinguishedThere
exist several morphemego mark plurality, someof which are borrovings from

Arabic; thesesuffixesvary basedon the animag or phonologicalpropertiesof

the stem. There are also someplural forms in Persianthat follow the Arabic
templatemorphology(alsoknown as"broken" plurals)suchasketab--> kotob
(books) or faghir --> foghara ([the] poor). But the rules for forming these
pluralsarenot usedproductiely in Persianjnstead the forms derived from the
Arabic morphologicaparadigmhave beenlexicalizedandarebeingusedasfixed
vocahlulary. Furthermore,in certain instances,the singular/plural distinction
betweerthe distinct Arabic word forms hasnot beenmaintainedn PersianThis
is the casefor the word hal ‘health’ andits Arabic plural form ahval, which are
usedinterchangeablyThere are casesin which the meaningof the plural has
diverged from that of the singularasin sabab‘reason’ and asbab‘goods’. In

addition, the word arbab is in fact a plural form but is usedas a singularin

Persiammeaning'master’. Theseloanwordsarelisted asirregular pluralsin the
lexicon and need not undgr morphological analysis.

Although there is no overt definite marker, a sufiix is used on nouns and
adjectves to indicate indefiniteness.The enclitic sufix which links nominal
elementgo arelative clausehasthe samesurfaceform asthe indefinite;thetwo
morphemesannot be disambiguateat the morphologicallevel. Hence xane~i
could meaneither ‘a house’as an indefinite or ‘a/the house’with the enclitic



sincethe latter doesnot supplyary informationon the definitenes®f the noun.
We have createda hybrid feature indefEncl representinghe presenceof the
indefinite or the enclitic in morphology which is succesfullydisambiguatedn
the syntactic parser

Theelementswithin anounphrasearelinked by theenclitic particlecalledezafe
This morphemeis usually an unwritten vowel, but it could also have an
orthographiaealizationin certainphonologicakrvironmentsin mostcasesthis
relation can be translatedas a genitive structure.Examplesof this construction
are gven belav:

a.seda-ye pa-ye man )
sound-eZoot-ezmy
‘(the) sound of my footsteps’
b. ru-ye miz
on-ez table
‘on the table’

Adjectives follow the samemorphological patternsas nouns. They can also
appeamith comparatie andsuperlatve morphemese.g.,bozog-tarin (biggest).
Certain adwerbs, mainly manneradwerbs, can behae like adjectves and can
appear with all the adjewtl afixes.

Personabronounscan appeareitherasfree forms or asclitics. Although these
cliticized pronouns have identical surface forms, they can have different
functions dependingon the part of speechthey appearon or their syntactic
contet: On the last elementof a noun phrase,the clitic is interpretedas a
possessie pronounketab-at[book + 2sg] (your book). Attachedto transitive

verbsandprepositionsthe clitic is the accusatie form of the personalpronoun
did-am-at[see(pasti+ 1sginfl. + 2sg] (I sav you). The clitic may appearon

adwerbials, numerical expressionsand interrogative elementswith a partitive

meaningyvasat-asimiddle + 3sg] (in the middle of it). On intransitive verbs, it

could be used as the subject clitic. It is also used in impersonal verbal
constructionsSomeof theseusageshowever, arelimited to colloquial speech
and apart from the possessie and accusatie clitics, they are rarely usedin

written text.

Therearethreetypesof ordinal constructiongn Persianwhich are formed by
attaching their respegg morphemes to the cardinal number illustrated in (4).
panj (five}-> panjom(fifth), panjomi(the fifth), panjomin(the fifth) (4)

Thereexist otherlexical elementssuchasthe prepositiorbe, the postpositiona,
or the relativizer ke, that usually appearas separatevords in written text, but
which can also be found as attached morphemes.



The lexical cateyories may carry several morphemesappearingin a strict

ordering.For example,the adjective engelabi(revolutionary) can have a plural

sufiix, a superlatve affix and a pronominal clitic, but there exists only one

possible ordering for these elements: engelabi+tarin+tha+yeshan
[revolutionary+superlativet plural + clitic/3pl] which couldbetranslatedas‘the

revolutionariest ones among them’. The morphological rules, of course,
incorporatethe morphotacticsin order to constrainthe number of analyses
produced.

The presentindicative of the verb budan (to be) behaesasa copula.lt hasa
seriesnf encliticformswhich canattachto the constituent®f anounphraseThis
morphemeis a verbal elementbut it can attach to nouns, adjectves and
classifierse.g.,zabanshenas-iflinguist + copula/1pl](we arelinguists).In the
currentimplementationthe morphologicalanalyzercan not handlethe copula,
sinceit requiresthe analyzerto split the word structureinto two distinct feature
structures (one for the nominal element and for gre)v

4 VERBAL MORPHOLOGY

The inflectional systemfor the Persianverbs consistsof simple forms and
compoundforms; the latter areforms that requirean auxiliary verh The simple
forms are divided into two groups accordingto the stem they usein their
formation:the tenseghat usethe PresenStemandthoseformedon the Past(or
Aorist) Stem. The PresentStem needsto be specifiedin the lexicon since it
cannotbe derived, while the Past Stemis easily derivable from the infinitival
form of the verb as exemplified in (5). The citation form for the verb is the
infinitive.

Infinitival: foruxtar(to sell) kardan(to do; to mak) (5)
Present Stem: forush kon
Past Stem: foruxt kard

In addition to the verb stems,the following elementsalso participatein the
formation of the erbal inflectional system in Persian:

« Prefixes: the imperfectve prefix my and the morphemeb or by, which
characterizeshe subjunctve and the imperatve. Negation is marked by
then or ny prefix.

» Personallnflections: presentpastandimperatie personainflectionsare
usedin conjugatingthe Persianverh All verbformsaremarkedfor person
and number

« Suffixes:thesuffix andemarksthe presenparticipleendingande (written
h) is used to form the past participle.



« Causation morpheme: causatres are obtainedby addingthe affix an or
ani to the end of the PresentStem of the verb (Tablel). Personal
inflectionsandsufiixescanthenbe attachedo the Causatre PresenStem

to derive all verbal forms for the causadi construction.

Table 1: Causative formation

Verb
Verb Present English English
Infiniti ve Stem Translation Causative \erb Translation
. fahméandan

fahmidan |fahm understand fahmanidan make understand

: tarsandan :
tarsidan tars fear tarsanidan frighten

return, come bar gadandan turn back

bar gashtan|bar gad |70 bar gadanidan (someone)

« Auxiliaries: Persianconjugation usesa number of auxiliaries in the
compoundiorms. The enclitic form of the auxiliary budan(be)is the one
usedin the formation of the perfectforms of all verbs.The verb xastan
(want) is usedasan auxiliary in forming the future tenses.The auxiliary

shodan(become) forms the pasgsiconstructions.

Thecompleteinflectionalsystemcanbe obtainedby the variouscombinationof
these elements as illustrated for the Yetioice in the table bela

Table 2: Conjugation padigm (Active voice)

Mood Tense Prefix Stem | Inflection Auxiliary
Infiniti val -- Past n -
PresentRarticiple |- Present ndh -
PastParticiple -- Past h -

Indicative |Present my Present Present --
Preterite - Past Past --
Imperfect my Past Past -
Perfect -- Past h Aux: Present
Pluperfect -- Past h Aux: Preterite
%Fr)g%%%?d my Past h Aux: Present
DoubleCompound |-- Past h Aux: Imperfect

AuxFuture:

Future -- Past -- Preserft




Mood Tense Prefix Stem | Inflection Auxiliary
Subjunctive Present b/by Present Present
CompoundPast -- Past h élrJé(S:eSrl]thjuncli/e
Imperative |Present b/by Present Imperative |--
a. AuxFuture is placetiefore the FRast Stem in forming the Future tense.

Thus, to obtainthe Indicative Presentthe imperfectve prefix my is combined
with thepresenstemof theverbfollowedby the preseninflectionfor personand
number The Indicative Pluperfecthowever, resultsfrom the combinationof the
pastpatrticiple (paststemof the verb + h) andthe auxiliary budan(to be)in the
preteritetense.Similarly, the completeconjugation paradigmfor the Passve
voice canbe obtainedby combiningthe pastparticiplewith the passie auxiliary
verb shodanin the correspondingenseform, e.g., Indicative Preterite = Past
stem +h + shodan(in Preterite).

5 MORPHOLOGICAL GRAMMAR

The Sambalanguageusestyped feature structuresand a unification-based
declaratve framewvork to describe morphology The basic element of a
morphologicaldescriptionis a morpholaical rule which associates surface
form, representing sequenc®f morphemesto a setof morphologicalfeatures.
The surfaceform is formally representeds a regular expressionon characters.
The morphologicalfeaturesare specifiedas a featurestructurethat containsthe
lexical andinflectionalinformationprovided by therule. Thesefeaturestructures
describe how the stem and the morphological features of the affixes are
combined. The examplesdiscussedin this section demonstratehow certain
morphologicalpropertieof Persiararerepresenteth the specificatiodanguage.

5.1 Simple rules

As an illustration, considerthe rules for analyzingthe plural morphemeson
nouns. Recall that Persianincludes several plural morphemespasedon the
phonologytheanimag valueor theetymologicalorigin of theword. Thefirst set
of plural morphemess describedn therule NominalPlurall . In Sambastring
variablesare prefixed with the dollar sign; regular expressionsare enclosed
betweenangle braclets and a transliterationis usedin order to representhe
morphemes. Concatenation is represented by space, and optionality by

NominalPlurall= <

$stem = <Character Character+> //surface string has at least
/ltwo characters
< /lthe possible plural endings

<<$stem\  Vowel>"yan"> |



< <$stem \ Consonant> "yn"> |

<<$stem\  "y">"vn"> |

<<$stem\  NonVowel> <"an" | "at">> |

<"~"?"ha" >

>
per.Noun[ /lthe morphological features

exp: “Sstem$”,

lex.regular: True,

infl.number: per.Plural]
>,
In this example, $stem representghe surface form of the word, which can
containtwo or morecharactersTheformat<gstem \ VALUE > indicateghatthe
stemendsin the charactegrouprepresentetty VALUE Hence,in the caseof the
first morphemetherule <$stem \ Vowel> "yan"> indicatesthatthe stemends
in avowel andit is followed by the plural morphemeyan, andthe rule <$stem
\ NonVowel> <"an" | “"at">> indicatesthatthe stemendsin a non-vowel (a
consonanbr a“y”) andis followedby eitherthe morphemean or themorpheme
at. Thefinal form characteis representetly “~". Its optionalityindicateghatthe
morphological analyzerwill be able to recognizethe plural morphemeha
whether it appears in attached or detached form.

If ary of the possibleplural endingshave beenrecognizedthe featurestructure
describingthe morphologicalfeaturesis unified. The part of speechcateyories
are definedas typesin this system[cf. Carpenterl992]. The citation form is

storedunderthe pathexp ; andary lexical featureavailablefrom the dictionary

suchastheregularity of the noun,canbe foundunderthe pathlex . Thefeatures
addedthrough unification by the morphologicalanalyzerare storedunderthe

pathinfl . In this example,the stem$stem is storedasthe citation form; this

stringis usedlaterto look up thewordsin thedictionary This plural rule requires
that the word be a regular Noun, and it assignshe value Plural to the number
feature.

Now considerthe Plural rule belov which analyzesthe secondset of plural
morphemeghat canappearon a noun. Thesemorphemeg“gan”, “at”, “Jat”)
appeabponly afterconsonantand“y” (Non\owels)andreplacetheword-final“h”
charactepf thesingularform. Hence,in orderto obtainthecorrectcitationform,
we need to add the character “h” to the stem that has been recognized.

NominalPlural2 = <

$stem = <Character Character+> //surface string has at least
/ltwo characters
<$stem\ NonVowel> /Istem ends in consonant or “y”
<"gan" | "at" | "Jat">> [lfollowed by gan, at or Jat
per.Noun[
exp: "$stem$h”, // citation form = stem + “h”

lex.regular: True,



infl.number: per.Plural] /Inumber feature is assigned the
/Ivalue Plural
>,

5.2 Mor photactics

Sincethe morphemeghat can appearon a word are ordered the rules needto
capturetherelative orderingof the affixes.As anexample,considerthe Noun,on
which may appeatthe plural sufiix, theindefinitemarker, the enclitic linking the
nounto a relatve clause,the pronominalclitic, the ezafeand the copula.The
orderin which thesemorphemesppeais quite constrainedThefirst sufix ona
Nounis the plural morphemeThe secondpositionis occupiedby the ezafe the
indefinite,the enclitic, or the possessie pronominalclitic; thesemorphemesre
in complementargistribution. The last morphemeo appearon the Nounis the
Copulaverb, but it may not follow the ezafe. The morphotacticof the Nounare
shavn belov:

Mor photactics. [Noun + plural +ezafe + ..]°

[[Noun + plural +indefinite]'® + copula)®
enclitic
clitic
Morphotacticsare portrayedin the Sambagrammarby making the outputof a
rule the input of the following one.For instancejn orderto procesghe presence
of the ezafemorpheme the result of the Number rule, which recognizeshe

plural morphemesis usedastheinputto the Ezafe rule,andis indicatedby the
variablesbase .

Take, for instance the input word ketadbhay(books(of)), which containsboth a
plural morpheme(hd) andan ezafesufiix (y). The morphologicalanalyzerfirst
recognizeshe plural morphemavhenit processethe Number rule, andthenthe
secondsufiix (y) when it passesthrough the Ezafe rule. In addition, the
morphologicabnalyzemeedgo provide thecorrectcitationform for theentry, In
this case,the Number rule locatesthe plural morphemeand forms the correct
citation form for the singular Noun (e.g., ketabhay= ketab (‘book’) + ha
(plural)). The featurestructureformed by this rule is unified with the outputof
theEzafe rule given belav, which locates the ezafe morphemyg “

Ezafe = <
<$base = <Number>> /I base is Number rule
<<$base\ Vowel>"y"> /I base ends in vowel; followed by “y”
<
per.Noun[
infl: [ezafe: True, /I ezafe feature is set to True

indefEncl: False,
indefinite: False,



enclitic: False,
clitic.function: Null]]

>,

Note that sincethe citation form hasalreadybeensetduring the recognitionof
the plural morpheme,it neednot be set here.However, if the ezafesuffix is
detected,the value for the Ezafefeatureis setto True. Since the indefinite
morpheme, the enclitic and the pronominal clitic are in complementary
distribution with the ezafemorphemetheseotherfeaturescanalreadybe setto
Falseor Null. Explicitly settingthevaluesfor thefeaturesliminatesambiguities
that might arise at later stages.

Usinga completemorphologicakule asthebaseinputto anotherule is oneway
of capturingthe morphotacticsn a naturallanguageA secondway to represent
morphotacticdgs simply by concatenatiorof rules, describedin the following
section.

5.3 Paradigmatic morphology

The conjugation or declensionfor a given verbal paradigmcan be grouped
togethelin aformatthatdescribegormsthatbelongto the sameparadigmThese
rulesspecifya disjunctionof rulesthat sharea commoninformation(theserules
are similar to tables as describedin [Zajac 1998]). The following example
describeshe endingsfor the pasttensesn Persiarepresentedh a disjunctionof
rules. Thefirst rule, for instance)ooks for thefirst, singularmorphemé'm” and
if it is recognized,the structureis unified with the morphological features
describedunderthe pathinfl . In this particularcase the valuefor the feature
numberAgr (numberagreementjs setto Singular , andthevaluefor person
is set toFirst

Pastinfl= <
<"m" per.Verbal[infl: [numberAgr:per.Singular, person:per.First]]> |
<"y" per.Verbal[infl: [numberAgr:per.Singular, person:per.Second]]>|
< per.Verbal[infl: [numberAgr:per.Singular, person:per.Third]]> |
<"ym" per.Verbal[infl: [numberAgr:per.Plural, person:per.First]]> |
<"yd" per.Verbal[infl: [numberAgr:per.Plural, person:per.Second]]> |
<"nd" per.Verbal[infl: [numberAgr:per.Plural, person:per.Third]]>

>;

The PastInflectionis usedin forming several of the pasttensesn Persianin the
morphologicalgrammay the inflection forms are describedseparatelyas shavn
and are then usedin conjugation rules that refer to the Pastinfl . This is
exemplifiedin the SimplePast  rule belov. The SimplePast  rule analyzeghe
Imperfect and Preterite tensesin Persian.The Imperfectis formed by the



concatenationf themyimperfective prefix, followedby the paststemof theverb
and the past inflection. The Preterite lacks the prefix; it is obtained by
concatenatinghe paststemandthe pastinflection. As shavn in the rule below,
the concatenatiorof theseelementscan be specifiedby the concatenatiorof
regularexpressionsTherulesfor analyzingthe Paststem(PastStem)  andPast
Inflection (Pastinfl) are simply called by referring to the nameof the rule.
This allows for describinghe morphotactic®f rulesby concatenatinghem,thus
forming an orderedset of the rules (i.e., the rule PastStem appliesbefore
Pastinfl ). Any commonfeaturesare“f actoredout” andspecifiedn theform of
afeaturestructurein the beginningof this rule. The successfubpplicationof the
rule will add (unify) this structure to the output feature structure.

SimplePast= <
per.Verbal[ /lcommon features  for Imperfect & Preterite
infl.  [voice: per.Active,
mood: per.Indicative,
participle: per.PartFalse]]

<<"'my" "~"?> /lif there is a prefix, tense is Imperfect.
per.Verbal[infl.tense: per.Imperfect]
> |
per.Verbal[infl.tense: per.Preterite] //if no prefix, tense
/lis Preterite.
>

PastStem Il the past stem as defined by PastStem rule.
PastInfl /Il past inflection as defined by Pastinfl rule
/I above

6 SYSTEM ARCHITECTURE

Themorphologicabnalyzedescribedereis partof alargeautomatidranslation
systemfor Persiantext. Like the morphologicalanalyzer all othercomponents
usetyped featurestructureswith unificationto representinguistic objectsand

linguistic knowledgein theform of grammarsetc. Theinformationflow between
componentsis modeled by viewing hypothesesof various kinds as patrtial

knowledgeabouta certaininterval of theinput. Theunderlyingmodelfor thisis a

layeredchart, capableof representingheterogeneoutypesof hypothesesn an

integrated vay [Amtrup 1999].

The morphologicalanalyzercomputeghe part of speechcategoriesandreturns
the word’s inflectional featuresin the form of a feature structure.Since the
analyzeiis notequippedvith aninternaldictionary it hasto produceall possible
results, regardlessof whetherthe proposedcitation form can be found in a



dictionaryor not. Usually, the morphologicabhnalysisof awordyieldsaroundten
structurally different analyses.This architectureshovs two main adwantages:
First, the analyzers not closelyrelatedto the dictionaryin the systemanddoes
not have to be recompiledeachtime the dictionary is modified. Second,the
handling of unknavn words is greatly improved. Instead of supplying two
differentanalyzerqonefor wordsfor which the citationform is known, andone
for unknavn words), or at leasttwo passeghroughroughly the sameanalyzer
(the secondpasswould ignore dictionary information), our systemanalyzesall
words (knavn and unknan) in one intgrated pass.

After morphologicalanalysis dictionarylookupremovesunwantedanalysesand
augmentsthe morphological information with lexical knowledge, such as
regularity andEnglishtranslationsThe dictionarycontains50,000entrieswhich
include single words, compoundsproper namesand phrasesAfter dictionary
lookup, on the averagetwo valid analysegemain.Theseresultsfunction asthe
input to the syntacticparserwhich creategphrasestructurehypotheseswhichin

turnundego transferandgeneratior(cf. [Amtrup etal. 1999]for amoredetailed
description of the system architecture).

Two examplesof completemorphologicalanalysisare shavn belov. The first
exampledescribeghe word keshvarhaydcountries(of)), a nounappearingwith
a plural morpheme follged by the ezafe Hix.

Noun|[

lex : LexMorph[
regular : True],

infl : Nominalinfl[
number : Plural,
clitic : Clitic[

function : Null],

ezafe : True,
indefEncl : False,
indefinite : False,
enclitic : False],

exp : "ksvr"]

The secondexamplerepresents verb with a detachedauxiliary. The surface
form of the \erb isneveshte~asthas writtenland the analysis is\gn belov.

Verb[
infl : Verballnfl[
voice : Active,
clitic : Clitic[
function : Null],
tense : Perfect,
causative : False,
negation : False,
mood : Indicative,



person : Third,

participle : Pst,

numberAgr : Singular],

exp : "nvistn"]

The system was tested on online Persian newvspapertext. In its current
preliminary implementation, the morphological analyzer processes
approximately100 words per secondon a Pentiumll PC. The systemis also
availablefor Solaris(Sun)andLinux (PC). The completesystemtakesabout3
seconds to analyze a sentencevefage length (23 erds).

7 CONCLUSION

In this paper we provided a detaileddescriptve analysisof Persiamrmorphology
presentinghe morphemeghat appearon non-verbal partsof speechaswell as
the completeverbalparadigmandall correspondingnorphotactics\We have also
describedthe implementationof a morphologicalanalyzerfor Persian,which
utilizes finite-statetransducerstyped featurestructuresand a unification-based
language.By using a combinationof feature structuresand unification, the
formalismcanhandlelong-distancelependenciemm theword structurelt is also
able to provide an elegant accountof the morphotacticsn the language.The
grammarsare easyto develop sincethe languageusesa declaratve framawvork
for writing the rules. Furthermore,the morphologicalanalyzeris a language
independentool andcaneasilybeusedin multilingual ervironmentsin addition
to Persiana morphologyof Arabic hasalsobeenimplementedandtestedin this
formalism. The formalism has also been used to process morphological
generation in English on the ¢et language side.

The morphological analyzer for Persiancould be further improved if the
preprocessaresponsibldor joining detachednorphemeso the stemswereto be
includedinsidetheanalyzeiitself. In addition,the analyzercanbe equippedvith
the ability of providing sequencesf analysedor singlewords (which would be
needed to handle attached copulas in Persian).

The morphologicalanalyzeris an integral componentof the Shiraz Persian-
English machine translation system developed at the Computing Research
Laboratory(CRL). In the future, we plan to usethe samearchitecturefor the
morphologicalanalysisand machinetranslationof other languagessuch as
Serbo-Croatian anddfean.
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