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1. Introduction

Assigning grammatical categories to words in a text isrgortant component of a natural
language processing (NLP) system. Corpora tagged with Paeetts (POS) information are
often used as a prerequisite for more complex NLP applications asicimformation
extraction, syntactic parsing, machine translation or semaste dnnotation. They are also
used to help train statistical models.

Prior to tagging, a natural language processing system dgnerqlires modules for
segmenting tokens in the text and providing a morphological analysisaciii@ annotation
scheme used, however, is often motivated by the system applicatiopapkisoutlines some
of the main challenges that arise in the development of a Pd?€i& tagger — such as
encoding issues, long-distance dependencies in morphology, recognition of xcookeles,
word and phrasal boundaries, and analysis of multiword expressions — and gropose
approaches to resolving these issues.

2. Symbolic and statistical approaches

There exist two main approaches in the field of computational &tigsi Statistical
approaches which employ probabilistic methods for learning from annatatpdra and
symbolic methods that take advantage of a knowledge-based system of rules.

Knowledge-based taggers, also known as rule-based taggers, at@lyus data using a
grammatical model. Hence, the information about morphological and @trahstructures
is encoded in the program (possibly using a meta language) tahdoging “learned” from a
training corpus. Rule-based taggers can often correctly analyaplex and long structures,
but they are generally unable to provide tags for constructions that have not been rédcognize

Statistical taggers use probabilistic algorithms to anatyzlcument but they need to be
trained on a pre-tagged corpus (often tagged manually). Based otraihisag corpus,
statistical taggers build a probability matrix that stohes grobability of an individual word
belonging to a certain gammatical class or part of speeewlellaas the word’s distributional
probability. The advantage of probabilistic taggers is that whertatyger encounters an
unknown word, it can use the distributional information gathered from themsgto
determine (or guess) the grammatical class of the unknown word gs/@earby context.
Statistical taggers can reach high accuracies; howevergesidisr often saturate, at which
point the performance of the system can no longer be improved.

Many modern taggers combine both statistical and rule-based methedptbgse systems
are known ashybrid taggers Since rule-based taggers can accurately annotate large



grammatical constructions, they are used to analyze and mark iupnacgrpus. Statistical
taggers are then applied to disambiguate the results or to theesags for the unknown
words. The issues described in this paper are based on such a hybrid model.

3. Tagset design

A tagsetis the set of all the annotation tags to be used that allonwsysitemn to explicitly
assign a part of speech or grammatical class to the anabkests. The main objective of the
tagset is to define an annotation set that can provide the relevgunstic information to the
user about the sysntactic or semantic properties of the word. Howlesatesign of a tagset
depends heavily on the goals of the research and the final applicatios MEP system, and
therefore there is no single standard tagset for Persian. Thdasis tagset will include part
of speech information for major grammatical classes. For infosmeetrieval applications, it
is often necessary to mark the boundaries of constitutents or tootag phrases. Some
applications require even more markup such as annotating the semfmtitation that can
be later used in word sense disambiguation. In this section, wdisdgllss some of the main
criteria to be considered when designing a Persian tagset.

Tags are generally short while being able to convey the relénguistic information to the
user. Examples are AJC for comparative adjective, VBP or Viprethe present form of a
verb, and NPL or Nn-PI for a plural noun. Depending on the application, sgseisalso
include features that will be useful at further stages of psbog or that will be needed for
predicting the behavior of nearby words. For instance, the superlateetiagljin Persian
precedes the noun while the base form and the comparative adjectiee fglosving the
head noun of a noun phrase. A distinction between these adjective tiipesaafer level can
therefore facilitate the analysis at the phrasal parsing stage.

In general, since the boundaries of noun phrases are highly ambiguoessianPany
morphological information pertaining to the presence or absence of theohase boundary
would be helpful at later stages of processing. For instanceyafia appears with the object
marker!, in Persian text, simply tagging it as Nn would not allow ttetesy to distinguish it
from a non-case-marked nominal. Such information would thus be advantageanyriat
determining the boundaries of a noun phrase but also in defining its syntactic function.

If the system is to be used in extracting name entities gedhdaing their relations, it may
be useful to provide more detailed information on the types of proper rao@sing in the
text, thus creating distinct tags for PPers (Person), PCnt (@puoit POrg (Organization).
Semantic features such as animacy information could also be ingtudedg since they can
help disambiguate parses based on the verbal agreement.

Providing a more detailed tagset could ascertain that no uséuination is lost at later
stages of processing. However, one should keep in mind that the mogaiimed the
distinctions made in a tagset, the larger its size would becoakéng it harder to train a
statistical model and thus giving rise to more errors. For instamenost tagger applications
there is no need to distinguish the simple past, perfect, impeofecompound imperfect
tenses and instead they are all marked with the tag V-Pasivekage tagset consists of about
40 to 50 tags.



4. Encoding issues

The first component of a NLP system often consists of a tokemzatodule which
segments the document into tokens. The extended Arabic script useting ®Rersian texts
naturally brings about certain ambiguities since the short vowelsisually not written, yet
the system should be flexible enough to be able to detect diagviies they appear in the
text. Furthermore, the inconsistent usage of the whitespace iarPéoguments gives rise to
problems in detecting word, phrase and sentence boundaries.

Although a number of more recent corpus sites have been converging usagfeeof utf8
for most online documents, Persian texts do not follow a single sthaedeoding. Generally,
NLP systems convert the input text into a common encoding, such azdgmsandard which
provides a uniqgue number for each character, for easy manipulation systieen. Often, a
romanization is used for internal purposes to facilitate the linguistic anddgamhic work.

Encoding issues often occur in processing of Persian text. Fandastaesides the range of
Unicode characters designed for Persian, online texts sometim@syeArabic or Ascii
characters as well. Hence, the lett&éf and ye can be expressed by either the Persian
encoding (\u06a9 for and \uO64a for) or by the Arabic unicode (\u0643 fg¥ and \uO6cc
or \u0649 fors). Any Persian system should be able to process all of these posgbt
versions. In addition, a number of control characters, such as the dmmal rharker or
directionals, may appear in Persian input text. Since the final ¢biaracter marker (or zero-
width non-joiner, ZWNJ), expressed as \u200c in unicode, indicates boundavwesdsf or
compound parts, it is helpful for the segmenter to treat it dsitespace and use it to delimit
token boundaries. This then allows the system to analyze both formsoof@ound, either
with intervening space or with an intervening ZWNJ character, in a uniform fashion.

5. Word boundaries

One of the biggest issues in processing of Persian text iopghenal nature of the
whitespace, which causes distinct words to appear as a single(@ofes s ). In order to
analyze these adjoined words, certain systems use a post-sd@mestapt to separate
unrecognized tokens at possible boundary points and to look up the resultingirwtrds
lexicon.

Optionality of the whitespace also raises issues in the aalydetached morphemes such
asl uhuli or 2y o, The inflectional morphemes suchas,» or o= =, can appear either
as bound to the host, as free affixes separated by a final forractdra(or ZWNJ), or
separated with an intervening space. Any morphological analyzeefsiaR should be able to
recognize all of these forms and to provide the correct gramahtdgs. In Riazati (1997), the
detached affixes are treated in the syntactic component whildtdahed ones are recognized
in the morphological analyzer. In the Shiraz system developed at (DRNew Mexico,
USA), a post-tokenization component is used to join the detached morph#raestem prior
to morphological analysis. Megerdoomian (2004), however, treats theseengte as
multiword tokens and processes them along with the attached formise iranalyzer
component; this method does not require a preprocessing module and tieeneésl to delay
the analysis of the detached morphemes to the syntactic level.



6. Complex Tokens

Complex Tokensefer to multi-element forms, which consist of affixes theiresent a
separate lexical category or part of speech than the one thely &d. These attached word-
like morphemes such as the prepositian the determinep—!, the postposition., or the
relativizer4+S, may appear attached to the adjacent word and need to be recognized in
morphological analyzer. Similarly, a number of pronominal or verb8t clements may
occur on various parts of speech categories. Examples-agg: — )5 — o gl |

In certain cases, two distinct syntactic categories mayaappiéhout an intervening space
even though they are not attached. For instance, the prepasiteds in the charactee
which does not distinguish between a final form and an attached fornetiBws,2 appears
without a space separating it from the following word (e;g=22,2 )and the tokenizer may
not be able to segment the two words; in these instances, the comides need to be
recognized in the morphological analyzer by treating the preposition as an affix.

7. Phonetics and phonological rules

In Persian, the form of the morphological affixes varies baseleoartding character of the
stem. Hence, if an animate noun ends in a consonant, it receives #lengysheme-an as
in o). If the animate noun ends in a vowel, the gldés inserted between the stem and the
suffix (0—'-X), and if the word ends in a silelné character, the last character of the word is
replaced bygaf ((L<5+—). These phonological rules apply across categories and are not
limited to the plural formation (e.g., glide insertion before the indef morpheme in
«—s>—ail), In order to recognize these constructions, it is usually maogeeff to implement
the phonological rules that apply in these cases instead of kdtitng possible morphemes as
independent affixes.

A problem arises in Persian with characters that may Wbereitowels or consonants
depending on the context and cannot be analyzed correctly simply badesl mthbgraphy
(e.g., s=&ia vs, sLX). Thus, any morphological system would need to distinguish the words
based on their pronunciation since the phonetic representation of Persiarandw@augectives
plays a crucial role in the type of phonological rule that should apply to morpheme boundaries.

Past morphological analysis systems have often either not achptiepronunciation-
orthography discrepancy in Persian thus not constraining the analgsesda or they have
preclassified the form of the morpheme that can appear on each takeg. ghonological
rules, along with an attention to word-final pronunciation, can apply atmesboard at all
morpheme boundaries and allows the system to capture important linguistic gatierei

8. Longdistance dependencies

Especially in the Persian verbal paradigm, certain morphologocedtructions can only be
analyzed by looking at dependencies between non-adjacent morphemes.dfcejrisie two
verbal formsaiisg 8« and @ 413, ,5 < cannot be distinguished until the person
inflection and auxiliary forms have been reached. At the same tiraeabsence of thg<
prefix in these cases produces very different verbal tensesass: = and ) 4isy , £,




Hence, the only way to determine the actual tense of the vebtake into account the
cooccurrence of the prefix and the person inflection.

Accounting for the long-distance dependency between the prefix and soaglanflection
in Persian in a linear system, such as a two-level morphology madeladks to very complex
paths and continuation class structures in the grammar. Also, ukkérg fo capture long-
distance dependencies can sometimes largely increase tloé thizdransducer. Incorporating
some sort of unification process, however, allows the system tptamceeject a non-adjacent
affix based on the unification possibilities in the grammar. Ham¢ke examples discussed,
the morphological analyzer would be able to determine that a vewbatrgction is to be
analyzed as Compound Imperfest— 4is,,8 ) if the prefix on the verb ig~ and
includes a present auxiliary . On the other hand, the unification oflgmdix with the
present auxiliary will give rise to a Perfect tense- 4, %),

9. Multiword expressions

One of the biggest problems in Persian morphological analy$iee ipresence of a large
number of multiword expressions. These include certain compound tenseassiutbre or
modal forms, light verb constructions, or compound nouns. These elementfroamdgxical
units such as—!,-l1i— to phrasal verbs that can be separated from each other in theceente
as in:us S cauls g kil

Analysis of the unit-like elements (e.g—' =1“— ) can be accomplished pretty easily by
listing them in the lexicon. Certain compound forms can be analyz#teimorphological
module by undergoing recursive rules. Thus for verbs, once a particifbemed in the
morphological analyzer, it may combine with an auxiliary to ereatompound tense; this
auxiliary will then follow the same conjugation rules as theimaigor main verb. For
example, the compound imperfect tenses are formed by joining theauéstple and the
present auxiliaryg— 4isy ,5: ), but the participle can also combine with the past auxiliary,
which could itself be conjugated as in the double compound Pask:@is 5_%).

The phrasal and productive verbal elements, however, are best aralyedtermediary
parsing level rather than within the morphological analyzer. The dsbpithese elements
can be separated from each other in the input text by intervening mmaphe.g., object
pronoun clitics), by modifiers, or by phrasal elements (e.g., noun phrapeeposition
phrase). If these elements are simply listed in the lexicaingge units, they would not be
recognized by the system. In particular, in more linear sysgemts as the two-level finite-
state transducers these phrasal verbs will not be analyzed batbstheir present stem and
past stem forms are listed, thus increasing the size ofxiveme These elements are therefore
best analyzed in a parsing module prior to tagging or syntactilysemaFurthermore,
incorporation of unification processes in the analysis of light verbtremti®ns could allow
the system to recognize separated phrasal elements aseavarigdl unit, and to transfer the
relevant information from each subpart (i.e., the personal inflectioriesse from the light
verb and the semantic information from the preverbal element).

Another instance of phrasal elements are the nominal compounds intiviblead of the
noun is the first token. As an example, consider the nomgnalsxa or sl o Sl g
where the plural affix appears on the first subpart as showfy—- s <2 and
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—ssulalsleiy Lo, These compounds are also best treated as a phrasal eleharthaat
as a single unit in the lexicon.

10. Phrasal boundaries

The Persian noun phrase (NP) is highly ambiguous and thus causesserthiféculties for
automatic parsing of written text. Numerous factors contributeeg@mbiguity of the Persian
NP structure: short vowels are not written which produces leamodliguities, there are very
few overt morphemes in the language to mark boundaries of noun phrasesr¢heften no
particles in written text linking the constituents of a noun phrise sheezafemorpheme is
usually an unwritten short vowel. Furthermore, since the basic word ordeersian is
Subject-Object-Verb, the lack of overt morphology for marking boundarssesnit very
difficult to determine where the subject ends and the object beglih&f Ahese factors,
coupled with very long sentences, a relatively free word order andptenality of the
subject, make the Persian noun phrase extremely ambiguous for asisan@hyritten text.
Depending on the application and goals of the system, it may be tes#&fabrporate within
the tagging module as much of the NP boundary information as can beedbfaom
morphological analysis.

Two of the most consistent lexical items that delimit the boynd&ra noun phrase in
written text are the Pronoun and the Proper Name. In general, thesgpmsslement
demarcates the end of the noun phrase in Persiantés il »xiil 4 L& 55 . The suffix/,
always marks the boundary of an object noun phrase or a topicalized. phradéition, a
number of affixes such as the pronominal clititd(0b), the indefinite articlef), and the
relativizing affix (s), all indicate that the end of a noun phrase has been reached. In all of
these cases, it may be possible to create a tag that meartisundary of the noun phrase (e.g.,
+NPB).

On the other hand, the presence ofeaafemorpheme indicates that the boundary of the
noun phrase has not been reached and the nominal or adjectival elemertb iezgsned
with the constituent that follows it. Hence, if the ezafe is prestathte end of a word ending in
a vowel, a tag could be added to the analyzed token to indicate thef lackndary for the
noun phrase (e.gtNONPB). This is shown in the analysis of the noun phrase below:

Sl sdl sla sl
Morphological analysis Jadil+Noun+Pl+NoNPB = I+Adj+Sg & s+Prop+Cntry
Tagger analysis il [Nn-PI-NoNPB] ! [Adj] &lue [Prop-Cnt]

Note that the lack of an ezafe morpheme can also be used in deteetioyihdary of a noun phrase.
Hence, if a noun or adjective ends in a vowel and is not followed by theadfrafas inls jlail | it can
be marked with theNPBtag.

11. Conclusion

This paper presents an overview of the main challenges encountéreddgvelopment of a
POS tagger for Persian. The paper describes problems armngifrcoding issues, detached
inflectional morphemes, as well as attached word-like elementsrfg complex tokens, the



discrepancy between orthography and phonetics in application of phonologies| th
interdependency between non-adjacent morphemes in a word, and the recadrphoasal
boundaries. In addition, the paper introduces certain criteria to be aeaksidedesigning an
annotation set for POS tagging. By contrasting various approachée ifietd, possible
methods are proposed for resolving these computational and linguistic issues.
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