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Abstract


Functional Arabic Morphology is a formulation of the Arabic inflectional system seek-
 ing the working interface between morphology and syntax. ElixirFM is its high-level im-
 plementation that reuses and extends the Functional Morphology library for Haskell.


Inflection and derivation are modeled in terms of paradigms, grammatical categories,
 lexemes and word classes. The computation of analysis or generation is conceptually
 distinguished from the general-purpose linguistic model.


The lexicon of ElixirFM is designed with respect to abstraction, yet is no more com-
 plicated than printed dictionaries. It is derived from the open-source Buckwalter lexicon
 and is enhanced with information sourcing from the syntactic annotations of the Prague
 Arabic Dependency Treebank.


MorphoTrees is the idea of building effective and intuitive hierarchies over the in-
 formation provided by computational morphological systems. MorphoTrees are imple-
 mented for Arabic as an extension to the TrEd annotation environment based on Perl.


Encode Arabic libraries for Haskell and Perl serve for processing the non-trivial and
multi-purpose ArabTEX notation that encodes Arabic orthographies and phonetic tran-
scriptions in parallel.
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Chapter 1



Introduction


In this thesis, we are going to develop a computational model of the morphological pro-
 cesses in Arabic. With this system, we will become able to derive and inflect words, as
 well as analyze the structure of word forms and recognize their grammatical functions.


The approach to building our morphological model will strive to be comprehensive
 with respect to linguistic generalization, and high-level and modern with respect to the
 programming techniques that we will employ. We will describe the linguistic concept and
 will try to implement it in a very similar, yet abstract way, using the declarative func-
 tional programming language Haskell. We will promote the flexibility of our system, its
 reusability and extensibility.



1.1 Morphological Models


One can observe several different streams both in the computational and the purely lin-
 guistic modeling of morphology. Some are motivated by the need to analyze word forms
 as to their compositional structure, others consider word inflection as being driven by the
 underlying system of the language and the formal requirements of its grammar.


How do the current morphological analyzers of Arabic interpret, for instance, the
 number and gender of the masculine pluralsˇgudud 
X 



Y g. 
 ‘new ones’ orqud.¯ah  èA   ’  ¯ 
‘judges’,

or the case ofmustawan 
ø ñ  J  ‚  



Ó
‘a level’? Do they identify the values of these features that
 the syntax actually operates with, or is the resolution hindered by some too generic as-
 sumptions about the relation between meaning and form? What is the internal structure
 of the words? What lexemes or other word classes do they belong to?

There are substantial discrepancies between the grammatical descriptions of Arabic
 represented e.g. by (Fischer, 2001) or (Holes, 2004), and the information that the available
 morphological computational systems provide. One of the reasons is that there is never
 a complete consensus on what the grammatical description should be. The other source
 of the incompatibility lies in the observation that many implementations overlook the
 following general linguistic fact, restated in various contexts as the principal difference
 between thefunctionand theform of a linguistic symbol:


7
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The morphosyntactic properties associated with an inflected word’s individual
 inflectional markings may underdetermine the properties associated with the


word as a whole. (Stump, 2001, p. 7)


According to Stump (2001), morphological theories can be classified along two scales.


One of them deals with the question of inferability of meaning, and theories divide into:


incremental wordsacquiremorphosyntactic properties only in connection with acquiring
 the inflectional exponents of those properties


realizational association of a set of properties with a wordlicensesthe introduction of the
 exponents into the word’s morphology


The other opposition concerns the core or the process of inflection:


lexical theories associate word’s morphosyntactic properties withaffixes


inferential theories consider inflection as a result of operations onlexemes; morphosyn-
 tactic properties are expressed by therulesthat relate the form in a given paradigm
 to the lexeme


Evidence favoring inferential–realizational theories over the other three combinations
 is presented by Stump (2001) as well as Spencer (2004) or Baerman et al. (2006). We will
 discuss that in Chapter 3, presenting the risks that esp. the lexical–incremental approaches
 run into on concrete Arabic examples.


Many of the computational models of Arabic morphology, including in particular
 (Beesley, 2001), (Ramsay and Mansur, 2001) or (Buckwalter, 2002), are lexical in nature,
 i.e. they tend to treat inflectional affixes just like full-fledged lexical words. As they are
 not designed in connection with any syntax–morphology interface, their interpretations
 are destined to be incremental. That means that the only clue for discovering a word’s
 morphosyntactic properties is through the explicit affixes and their prototypical functions.


Some signs of alexical–realizationalsystem can be found in (Habash, 2004). The author
 mentions and fixes the problem of underdetermination of inherent number with plurals,
 when developing a generative counterpart to (Buckwalter, 2002).


The computational models in (Cavalli-Sforza et al., 2000) and (Habash et al., 2005)
 attempt the inferential–realizational direction. Unfortunately, they implement only sec-
 tions of the Arabic morphological system. The Arabic resource grammar in the Gram-
 matical Framework (El Dada and Ranta, 2006) is perhaps the most complete inferential–


realizational implementation to date. Its style is compatible with the linguistic description
 in e.g. (Fischer, 2001) or (Badawi et al., 2004), but the lexicon is now very limited and some
 other extensions for data-oriented computational applications are still needed.


ElixirFM, the implementation of the system developed in this thesis, is inspired by the
methodology in (Forsberg and Ranta, 2004) and by functional programming, just like the
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Arabic GF is (El Dada and Ranta, 2006). Nonetheless, ElixirFM reuses the Buckwalter lex-
 icon (Buckwalter, 2002) and the annotations in the Prague Arabic Dependency Treebank
 (Hajiˇc et al., 2004b), and implements a yet more refined linguistic model.


In our view, influenced by the Prague linguistic school and the theory of Functional
 Generative Description (Sgall et al., 1986, Sgall, 1967, Panevov´a, 1980, Hajiˇcov´a and Sgall,
 2003), the task ofmorphologyshould be to analyze word forms of a language not only by
 finding their internal structure, i.e. recognizingmorphs, but even bystrictlydiscriminating
 their functions, i.e. providing the truemorphemes. This doing in such a way that it should
 becompletelysufficient to generate the word form that represents a lexical unit and features
 all grammatical categories (and structural components) required by context, purely from
 the information comprised in the analyses.


It appears from the literature on most other implementations (many summarized in
 Al-Sughaiyer and Al-Kharashi, 2004) that the Arabic computational morphology has un-
 derstood its role in the sense of operations with morphs rather than morphemes (cf. El-
 Sadany and Hashish, 1989), and has not concerned itself systematically and to the neces-
 sary extent with the role of morphology for syntax.1 In other terms, thesyntax–morphol-
 ogy interface has not been clearly established and respected.


The outline of formal grammar in (Ditters, 2001), for instance, works with grammatical
 categories like number, gender, humanness, definiteness, but one cannot see which of the
 existing systems could provide for this information correctly, as they misinterpret some
 morphs for bearing a category, and underdetermine lexical morphemes in general as to
 their intrinsic morphological functions. Nowadays, the only exception to this is the Arabic
 Grammatical Framework (El Dada and Ranta, 2006, Dada, 2007), which implements its
 own morphological and syntactic model.


Certain syntactic parsers, like (Othman et al., 2003), may resort to their own morpho-
 logical analyzers, but still, they do not get rid of the form of an expression and only inci-
 dentally introduce truly functional categories. In syntactic considerations they often call
 for discriminative extra-linguistic features instead.2 Commercial systems, e.g. (Chalabi,
 2004), do not seem to overcome this interference either.


The missing common rationale as to what higher linguistic framework the computa-
 tional morphology should serve for crystalizes in the number of individual, ad hoc feature
 sets and a very rare discussion of their motivation, completeness, relevance and actual
 expressive power. Even when addressing the tokenization problem of word forms tied
 together in the Arabic script, authors do not recognize the crucial mutual differences in
 their solutions, and do not define precisely the objectives of their models.


1Versteegh (1997b, chapter 6) describes the traditional Arabic understanding ofs.arf
¬Qå • 
 ‘morphology’

andnah.w
ñm   '
‘grammar, syntax’, where morphology studied the derivation of isolated words, while their
 inflection in the context of a sentence was part of syntax.

2Many people call those featuressemantic(cf. El-Shishiny, 1990), but we perceive them asontological—our
point is that those features are bound to some limited description ofreality, not to thelinguisticmeaning itself.
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1.2 Functional Approximation


Let us describe how the theoretical model of Functional Arabic Morphology, belonging to
 theinferential–realizational family, compares to the style of the Buckwalter Arabic Mor-
 phological Analyzer, classified aslexical–incremental. We will try to convert its informa-
 tion into the format of our model. The result will be called thefunctional approximation.


Buckwalter Arabic Morphological Analyzer (Buckwalter, 2002, 2004a) consists of a lex-
 icon and a Perl program implementing an original algorithm for recognizing inflected
 Arabic words. It is the most widely used tool of its kind. The coverage of the lexicon is
 excellent (Buckwalter, 2004b, Maamouri and Bies, 2004) and the runtime performance of
 the program is very reasonable. Importantly enough, the first version of the Buckwalter
 analyzer was published as open-source software.


The analyzer consumes an ordinary Arabic text, resolves its contiguous orthographic
 strings, and produces morphological analyses characterizing each of them as a whole. The
 format of the output can be schematically depicted as follows:


(compositionofmorphs) [lemma_id]


morph_1/tag_1 + morph_2/tag_2 + . . . + morph_n/tag_n


Themorphsgroup implicitly into the prefix, stem and suffixsegments,3and the lemma
 identifies the semantically dominant morph, usually the stem, if there is one. Morphs are
 labeled withtagsgiving them the feel that they must be morphemes, which is the source of
 the disagreement between incremental and realizational interpretations, as noted earlier.


Let us illustrate these terms on a common example. Buckwalter’s morphology on the
 stringwbjAnbhA
AêJ. KAj.K.ð
meaning ‘and next to her’ would yield

(wabijAnibihA) [jAnib_1]


wa/CONJ + bi/PREP +
 jAnib/NOUN +


i/CASE_DEF_GEN + hA/POSS_PRON_3FS


prefix(es)
 stem
 suffix(es)


with the segments now indicated explicitly. The underlyinglexical wordsor the syntactic
 tokens, as we denote them, are however still implicit. They readwawa- 
ð 
 ‘and’, bibi-K. 


‘at’,jAnib+i ˇg¯anib-i 
I  .   K A k. 
‘side-of’ andhA-h¯a A 



ê
‘her’. Note the morphi, which is a mere
 affix and not a run-on token, unlike the other threeclitics.

There isnot enough functional informationprovided in this kind of analyses, which we
 claim in Chapter 3. Yet, in the past experience with Buckwalter morphology (cf. Hajiˇc
 et al., 2004b, 2005), we tried toapproximatethe functional views as closely as possible, and
 developed our tokenization and tag conversion algorithms (Smrˇz and Pajas, 2004).


3Some researchers use the termsegmentfor what is called amorph here, and allow strings to decompose
to multiple prefixes and suffixes, possibly including even cliticized lexical words.
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When morphs are regrouped into tokens, their original tags form sequences (central
 column below) which map into a vector of values of grammatical categories. The tokens of
 our example will receive these converted, quasi-functional, positional4tags (left column):


C--- wa CONJ 
ð 
 wa-

P--- bi PREP 
K. 
 bi-

N---2R jAnib+i NOUN+CASE_DEF_GEN 
I  .   K A k. 
 ˇg¯anib-i

S----3FS2- hA POSS_PRON_3FS 
A  ê
 -h¯a

Thepositional notation starts with the major and minor part-of-speech and proceeds
 through mood and voice up to person (position six), gender, number, case, and state. The
 values of the categories are unset, i.e. rendered with-, either if they are irrelevant for the
 particular part-of-speech and its refinement (positions one and two), or if there are no ex-
 plicit data present in the original analysis, like no information on gender and number in
 jAnib+i. On the contrary, categories may be implied in parallel, cf. suffixed possessive
 pronouns being treated as regular pronouns, but in functional genitive (position nine).


Some values can only be set based on other knowledge, which is the case of formal re-
 duced definiteness, referred to also as state (position ten).


In Figure 3.1, this whole transformation is illustrated on a excerpt from a running text.


Strings in the first column there break into tokens, as indicated by dotted lines, and for
 tokens, quasi-functional tags are derived. Glosses as well as token forms with hyphens
 for morph boundaries are shown in the two rightmost columns of the figure.



1.3 Reused Software


The ElixirFM implementation of Functional Arabic Morphology would not have come to
 being were it not for many open-source software projects that we could use during our
 work, or by which we got inspired.


ElixirFM and its lexicons are licensed under GNU General Public License and are
 available on http://sourceforge.net/projects/elixir-fm/, along with other
 accompanying software (MorphoTrees, Encode Arabic) and the source code of this thesis
 (ArabTEX extensions, TreeX).


1.3.1 Buckwalter Arabic Morphological Analyzer


The bulk of lexical entries in ElixirFM is extracted from the data in the Buckwalter lexicon
 (Buckwalter, 2002). Habash (2004) comments on the lexicon’s internal format. We devised
 an algorithm in Perl using the morphophonemic patterns of ElixirFM that finds the roots


4Esp. in Arabic, position five is reserved. Similar notations have been used in various projects, notably the
European Multext and Multext-East projects, for languages ranging from English to Czech to Hungarian.
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and templates of the lexical items, as they are available only partially in the original, and
 produces the ElixirFM lexicon in customizable formats for Haskell and for Perl.


1.3.2 Functional Morphology Library


Functional Morphology (Forsberg and Ranta, 2004) is both a methodology for modeling
 morphology in a paradigmatic manner, and a library of purposely language-independent
 but customizable modules and functions for Haskell. It partly builds on the Zen computa-
 tional toolkit for Sanskrit (Huet, 2002). Functional Morphology is also related to the Gram-
 matical Framework, cf. (El Dada and Ranta, 2006) andhttp://www.cs.chalmers.se/


˜markus/FM/. Functional Morphology exists e.g. for Urdu (Humayoun, 2006).


1.3.3 TrEd Tree Editor


TrEdhttp://ufal.mff.cuni.cz/˜pajas/tred/is a general-purpose graphical ed-
 itor for trees and tree-like graphs written by Petr Pajas. It is implemented in Perl and is
 designed to enable powerful customization and macro programming. We have extended
 TrEd with the annotation mode for MorphoTrees, cf. Chapter 7.



1.4 Running ElixirFM


ElixirFM 1.0 is intended for use with the Hugs interactive interpreter of Haskell, available
 for a number of platforms viahttp://haskell.org/hugs/.


Download and install Hugs, or esp. the WinHugs graphical interface, on your system.


ElixirFM needs some language extensions that must be specified when Hugs is run.


Remember to use the option-98 when invoking Hugs, i.e.hugs -98. With WinHugs,
 note the menu File>Options.


Install Hugs and, to minimize any confusion, run it from the directory where your
 ElixirFM.hsis located. In the first Hugs session, the search path -P .:../Encode:


should be defined, and overlapping instances allowed, as follows:


Hugs> :s -P .:../Encode:


Hugs> :s +o


Hugs> :l ElixirFM


In your future sessions, you only need to load the module:l ElixirFMdirectly. On
 success, the prompt will change to


ElixirFM>


upon which you are most welcome to read Chapters 4, 5, and 6.


It may be instructive to experiment with the settings of Hugs, to appreciate its interac-
tive features. Please, consult the online documentation for both Hugs and ElixirFM.
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1.5 Original Contributions


Let us list the most important and original contributions of this thesis:


A Recognition of functional versus illusory morphological categories, definition of a
 minimal but complete system of inflectional parameters in Arabic


B Morphophonemic patterns and their significance for the simplification of the model
 of morphological alternations


C Inflectional invariant and its consequence for the efficiency of morphological recog-
 nition in Arabic


D Intuitive notation for the structural components of words


E Conversion of the Buckwalter lexicon into a functional format resembling printed
 dictionaries


F ElixirFM as a general-purpose model of morphological inflection and derivation in
 Arabic, implemented with high-level declarative programming


G Abstraction from one particular orthography affecting the clarity of the model and
 extending its applicability to other written representations of the language


H MorphoTrees as a hierarchization of the process of morphological disambiguation
 I Expandable morphological positional tags, restrictions on features, their inheritance
 J Open-source implementations of ElixirFM, Encode Arabic, MorphoTrees, and exten-


sions for ArabTEX



(17)And now read out the crossword’s
 solution, I can’t see it so well.


ˇSHARDKP LITL NN OP ’N TRESBD
 . . . is it in Arabic or what?


Hurv´ınek & Spejbl’sCrossword Puzzle



Chapter 2



Writing & Reading Arabic


In the context of linguistics, morphology is the study of word forms. In formal language
 theory, the symbols for representing words are an inseparable part of the definition of
 the language. In human languages, the concept is a little different—an utterance can have
 multiple representations, depending on the means of communication and the conventions
 for recording it. An abstract computational morphological model should not be limited to
 texts written in one customary orthography.


Following (Beesley, 1997, 1998) on this issue, let us summarize our understanding of
 the present terms by emphasizing these characteristics:


orthography set of conventions for representing a language using an associ-
 ated set of symbols


transcription alternative, phonetically or phonologically motivated represen-
 tation of the language, possibly romanization


transliteration orthography with carefully substituted symbols, yet preserv-
 ing the original orthographic conventions


encoding transliteration mapping the orthographic symbols into numbers im-
 plemented as characters or bytes


This chapter will explore the interplay between the genuine writing system and the
 transcriptions of Arabic. We will introduce in detail the ArabTEX notation (Lagally, 2004),
 a morphophonemic transliteration scheme adopted as the representation of choice for our
 general-purpose morphological model. We will then discuss the problem of recognizing
 the internal structure of words given the various possible types of their record.



2.1 Orthography and Buckwalter Transliteration


The standard Arabic orthography is based on the Arabic script. It has an alphabet of over
 30 letters written from right to left in a cursive manner, and of about 10 other symbols
 written optionally as diacritics above or below the letters.


14
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Phonologically, Arabic includes 28 consonants that are evenly divided into two groups
 according to their potential to assimilate with the definite articleal-. They are called solar
 consonants al-h.ur¯uf aˇs-ˇsams¯ıyaand lunar consonantsal-h.ur¯uf al-qamar¯ıyain the linguistic
 tradition. Of the lunar consonants,y,w, and-are weak in some contexts.


There are only six vocalic phonemes in Modern Standard Arabic, namely the shorta,
 i,uand the long¯a,¯ı, ¯u, the explicit spelling of which needs diacritics. In the dialects, the
 range of vowels is extended, but the script does not have any extra graphemes for encod-
 ing them. On the other hand, the diacritics also include symbols indicating an absence of
 a vowel after a consonant, or marking the indefinite article-ncombined with the vocalic
 endings into distinct orthographic symbols.


Several letters of the script serve as allographs representing the single phonemehamza,
 the glottal stop. Other allographs are motivated by morphophonemic changes or the his-
 torical development of the language and the script (Fischer, 2001, Holes, 2004, pages 3–34,
 resp. 89–95).


The set of letters is shown in Figure 2.1. The survey of conventions for using them and
 interleaving them with the diacritics will emerge shortly as a side-effect of our describing
 the ArabTEX notation.


Buckwalter transliteration (Buckwalter, 2002, 2004b) is a lossless romanization of the
 contemporary Arabic script, and is a one-to-one mapping between the relevant Unicode
 code points for Arabic and lower ASCII characters. It is part of Figure 2.1.1



2.2 ArabTEX Notation


The ArabTEX typesetting system (Lagally, 2004) defines its own Arabic script meta-encod-
 ing that covers both contemporary and historical orthography to an exceptional extent.


The notation is human-readable and very natural to write with. Its design is inspired by
 the standard phonetic transcription of Arabic, which it mimics, yet some distinctions are
 introduced to make the conversion to the original script or the transcription unambiguous.


Unlike other transliteration concepts based on the strict one-to-one substitution of
 graphemes, ArabTEX interprets the input characters in context in order to get their proper
 meaning. Deciding the glyphs of letters (initial, medial, final, isolated) and their ligatures
 is not the issue of encoding, but of visualizing of the script. Nonetheless, definite arti-
 cle assimilation, inference of hamzacarriers and silent -alifs, treatment of auxiliary vow-
 els, optional quoting of diacritics or capitalization, resolution of notational variants, and
 mode-dependent processing remain the challenges for parsing the notation successfully.


ArabTEX’s implementation is documented in (Lagally, 1992), but the parsing algorithm
 for the notation has not been published except in the form of the source code. The TEX code


1Buckwalter transliteration will be displayed in theuprighttypewriter font, whereas the ArabTEX nota-
tion will use theitalictypewriter shape.
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Lunar consonants Solar consonants


hamza - ’| ’ 
Z
 t t t H 


b b b 
H.
 ¯t _t v H 


ˇg ˆg j 
h.
 d d d X


h. .h H 
h
 ¯d _d * X


˘h _h x 
p
 r r r P


,ayn , ‘ E 
¨
 z z z  P


˙g .g g 
¨
 s s s €


f f f 
¬
 ˇs ˆs $ € 


q q q 
† 
 s. .s S �


k k k 
¼
 d. .d D �


m m m 
Ð
 t. .t T  


h h h 
è
 z. .z Z  


w w w 
ð
 l l l È


y y y



ø
 n n n  à


Variants of-alif Suffix-only letters


-alif (¯a) A A 
@
 -alif maqs.¯ura (¯a) Y Y ø


was.la ’ " { 




@
 t¯a-marb ¯ut.a (t/h) T p  è


Variants ofhamza Non-Arabic consonants


madda -¯a ’A | 




@
 p p P H 


- ’a O 




@
 ˇc ˆc J h


- ’i I 
@
 ˇz ˆz R P


- ’w W 
ð
 v v V 



¬


- ’y } 
ø
 g g G À


Figure 2.1 The letters h.ur¯uf 
¬ð Q  k 
 of the Arabic orthography (extended with
graphemes for some non-Arabic consonants) and their corresponding Buckwalter
transliteration (the XML-friendly version), ArabTEX notation (in the mode with
explicithamzacarriers), and phonetic transcription, listed in the right-to-left order.
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is organized into deterministic-parsing macros, yet the complexity of the whole system
 makes consistent modifications or extensions by other users quite difficult.


We are going to describe our own implementations of the interpreter in Chapter 9,
 where we will show how to decode the notation and its proposed extensions. To encode
 the Arabic script or its phonetic transcription into the ArabTEX notation requires heuristic
 methods, if we want to achieve linguistically appropriate results.


2.2.1 Standard notation


Let us first deal with the notational conventions that the current version of ArabTEX sup-
 ports (Lagally, 2004).


Our explanation will take the perspective of a child learning how the sounds are rep-
 resented in the writing, rather than of a calligrapher trying to encrypt the individual
 graphemes into the notation. This may bring some difficulty to those who think of the
 language primarily through orthography and not phonology.


Phonemes The notation for consonants is listed in Figure 2.1. Short vowels are coded
 as a,i andu, the long onesA, IandU. We concatenate consonants and vowels in their
 natural order.


darasa darasa 
€  P  



X
 darasa ‘he studied’

sAfarat s¯afarat 
H   Q  



¯A ƒ 
 saAfarato ‘she travelled’

yaˆglisUna yaˇglis ¯una 
  àñ ‚Ê    m. 



'
 yajolisuwna ‘they sit’

kitAbuhA kit¯abuh¯a 
A î  E.A  J»  
 kitaAbuhaA ‘her book’

.hAsUbI h.¯as¯ub¯ı 
ú  G



 . ñ ƒA  g 
 HaAsuwbiy ‘my computer’

Long vowels produce a combination of a diacritic and a letter in the script. Doubling
 of a consonant is indicated with the ˇsadda 
 '
˜diacritic, while no vowel after a consonant
 results in the suk ¯un ' 
o. These rules interoperate, so U anI can often, even though not
 always, behave in the orthographic representation likeuwandiywould.

.sarra.ha s.arrah.a 




h Qå  • 
 Sar˜aHa ‘he explained’

ˆgayyidUna ˇgayyid ¯una 
  àð 



Y  J k. 
 jay˜iduwna ‘good ones’

qawIyayni qaw¯ıyayni 
 á  



 Kñ    



¯
 qawiy˜ayoni ‘two strong ones’

‘adUwuhu ,ad ¯uwuhu 
 è ð  



Y « 
 Eaduw˜uhu ‘his enemy’

zuwwArunA zuww¯arun¯a 
A   K P@  ð    P
 zuw˜aArunaA ‘our visitors’

tuwAfiqu tuw¯afiqu 
‡   ¯  @ ñ  K 
 tuwaAfiqu ‘you agree’

The consonantTand the long vowelYcan only appear as final letters, otherwise the
former changes to tand the latter toAor ay. Determination of the orthographic carrier
forhamzais subject to complex rules, but phonologically, there is just one’consonant.
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’as’ilaTu -as-ilatu 
é    ÊJ  ƒ 



 



@
 Oaso}ilapu ‘questions-of’

’as’ilatunA -as-ilatun¯a 
A   J J   ÊJ  ƒ 



 



@
 Oaso}ilatunaA ‘our questions’

yarY yarAnI yar¯a yar¯an¯ı 
ú  G



 @ Q   K ø Q   K
 yaraY yaraAniy ‘he sees (me)’

‘alY ‘alayhi ,al¯a,alayhi 
é  J   Ê 



« ú  Î 



«
 EalaY Ealayohi ‘on (him)’

Articles The definite articleal-is connected by a hyphen with the word it modifies. If
 assimilation is to take place, either the word’s initial consonant is doubled, or thelof the
 article is replaced with that consonant directly.


al-qamaru al-qamaru 
Q  Ò  ®    Ë 



@
 Aaloqamaru ‘the moon’

al-ˆsˆsamsu aˇs-ˇsamsu 
�   Ò ‚Ë   



@
 Aal$˜amosu ‘the sun’

aˆs-ˆsamsu aˇs-ˇsamsu 
�   Ò ‚Ë   



@
 Aal$˜amosu ‘the sun’

al-lawnu al-lawnu 
  à ñ   ÊË 



@
 Aall˜awonu ‘the color’

al-llawnu al-lawnu 
  à ñ   ÊË 



@
 Aall˜awonu ‘the color’

al-’alwAnu al--alw¯anu 
  à@ ñ   Ë   B 



@
 AaloOalowaAnu ‘the colors’

The indefinite articleN must be distinguished by capitalization. Whether or not the
 orthography requires an additional silent-alif, need not be indicated explicitly.


baytuN baytun 
I   



 K. 
 bayotN ‘a housenom.’

baytiN baytin 
I   



 K. 
 bayotK ‘a housegen.’

baytaN baytan 
A  J 



 K. 
 bayotFA ‘a houseacc.’

madInaTuN mad¯ınatun 
  é   JKY  



Ó
 madiynapN ‘a citynom.’

madInaTiN mad¯ınatin 
 é    JKY  



Ó
 madiynapK ‘a citygen.’

madInaTaN mad¯ınatan 
 é    JKY  Ó 
 madiynapF ‘a cityacc.’

It is, however, possible to enforce a silent prolonging letter after an indefinite article
 (cf. Lagally, 2004). Most notably, it is used for the phonologically motivated endingaNY.


siwaNY siwan 
ø ñƒ  
 siwFY ‘equality’

quwaNY quwan 
ø ñ   



¯
 quwFY ‘forces’

ma‘naNY ma,nan 
ú   æ ª  



Ó
 maEonFY ‘meaning’

Extras The silent -alif also appears at the end of some verbal forms. It is coded UA if
 representing ¯u, andaWAor justaWif standing foraw.


katabUA katab ¯u 
@ñ J.   J 



»
 katabuwA ‘they wrote’

ya.sIrUA yas.¯ır¯u 
@ð Q’   




 yaSiyruwA ‘that they become’

da‘aWA da,aw 
@ ñ  



« 



X
 daEawoA ‘they called’
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tatamannaW tatamannaw 
@ ñ    J Ò   J K 
 tataman˜awoA ‘that you wishpl.’

raW raw 
@ ð  P 
 rawoA ‘do seepl.’

insaW insaw 
@ ñ  ‚  



@ 
 AinosawoA ‘do forgetpl.’

The phonological auxiliary vowels that are prefixed are preserved in the notation, yet,
 they can be elided in speech or turned into was.la




@
 {in the script. The auxiliary vowels
 that are suffixed can be marked as such by a hyphen, if one prefers so.

_dawU aˆs-ˆsa’ni d


¯aw ¯u ’ˇs-ˇsa-ni 
  à   A ‚Ë   



@ ð ð  



X
 *awuw {l$˜aOoni ad a.

qAla iyqa.z q¯ala ’yqaz. 




¡  



®  K 



@  ÈA  



¯
 qaAla {yoqaZo ad b.

‘an-i ismI ,an-i ’sm¯ı 
ù  Ö  Þ  … 



@  á 



« 
 Eani {somiy ad c.

al-i-iˆgtimA‘u al-i-’ˇgtim¯a,u 




¨A  ÒJ  k.  



B 



 @
 Aali{jotimaAEu ad d.

a. ‘those concerned’ b. ‘he said wake up’ c. ‘about my name’ d. ‘the society’


The defective writing of the long¯ais_a, of the shortuit is_U. Other historical writings
 of long vowels can also be expressed in the standard notation. The description of_i,_u,
 ˆA,ˆI,ˆU, as well as_aU,_aI,_aY, is given in (Lagally, 2004, Fischer, 2001).


l_akinna l¯akinna 
  áº 



Ë 
 l‘kin˜a ‘however’

h_a_dA h¯ad


¯¯a 
@ 



Y 



ë
 h‘*aA ‘this’

_d_alika d


¯¯alika 




½Ë 



X 
 *‘lika ‘that’

h_a’ulA’i h¯a-ul¯a-i 
Z  B ñ 



ë
 h‘WulaA’i ‘these’

’_Ul_a’ika -ul¯a-ika 




½J  Ëð 



 



@
 Ouwl‘}ika ‘those’

The dialectal pronunciation of vowels, namely e, ¯e and o, ¯o, can be reflected in the
 phonetic transcription only. In orthography, this makes no difference and the vowels are
 rendered asi,¯ıandu, ¯u, respectively. A real solution to the dialectal phonology might be
 more complex than this, but the approach of interpretable phonological notation is valid.


sOhaˆg" s¯ohaˇg 
i. ëñ  ƒ 
 suwhaj ‘Sohag’

as-suwEs" as-suw¯es 
�ñ  ‚Ë  



@
 Aals˜uwiys ‘Suez’

.hom.s" h.oms. 
‘ Ô  g 
 HumoS ‘Homs’

‘omAn" ,om¯an 
 àA  Ô 



«
 EumaAn ‘Oman’

al-ma.greb" al-ma˙greb 
H.Q    ª Ü  



Ï 



@
 Aalomagorib ‘Maghreb’

There are some other symbols in the notation that allow us to encode more information
than is actually displayed in the script or its transcription. One of those is "suppressing
the printing of asuk ¯un, like in the examples above, or of a vowel diacritic. Another is|,
the invisible consonant useful in some tricky situations, and finallyB, thetat.w¯ıl, a filler for
stretching the adjacent letters apart in the cursive script.
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Words Due to the minute form of certain lexical words, the Arabic grammar has devel-
 oped a convention to join them to the ones that follow or precede, thus making the whole
 concatenation a single orthographic word.


Although by any criteria separate words,wa‘and’,fa‘so’,bi‘in, by, with’ and
 li‘to, for’ are written as if they were part of the word that follows them. Func-
 tionally similar words that are “heavier” monosyllables or bisyllabic, for ex-
 ample,-aw‘or’,f¯ı‘in’,,al¯a‘on’, are not so written. (Holes, 2004, p. 92)
 This concatenation rule applies further to prefixed ta‘byoath particle’, sa‘will future
 marker’,ka‘like, as’,la‘emph. part.’, as well as to suffixed personal pronouns in genitive
 and accusative, and variably tom¯a,ma‘what’ (Fischer, 2001, p. 14).


The ArabTEX notation suggests that such words be hyphenated if prefixed and merely
 annexed if suffixed, to ensure proper inference ofhamzacarriers andwas.las.


bi-bu.t’iN bi-but.-in 
Z  ¡   J.K. 
 bibuTo’K ‘slowly’

bi-intibAhiN bi-’ntib¯ahin 
è  A J.       K 



AK. 
 bi{notibaAhK ‘carefully’

bi-al-qalami bi-’l-qalami 
Õ 



Î  ®    Ë 



AK. 
 bi{loqalami ‘with the pen’

fa-in.sarafa fa-’ns.arafa 




¬ Qå   ”   



A 



¯
 fa{noSarafa ‘then he departed’

ka-’annanI ka--annan¯ı 
ú   æ



   K  



A 



¿
 kaOan˜aniy ‘as if I’

li-’ArA’ihi li--¯ar¯a-ihi 
é  K  @ P  



B 
 li|raA}ihi ‘for his opinions’

sa-’u‘.tIka sa--u,t.¯ıka 




½J¢  



«  



A ƒ 
 saOuEoTiyka ‘I will give you’

wa-lahu wa-lahu 




é 



Ë ð 
 walahu ‘and he has’

ka-_d_alika ka-d


¯¯alika 




½Ë  Y  



»
 ka*‘lika ‘as well, like that’

wa-fI-mA wa-f¯ı-m¯a 
A 



ÒJ ¯  ð 
 wafiymaA ‘and in what’

The cliticizedliandlamust be treated with exceptional care as they interact with the
 definite article and the letter after it. In the current version of the ArabTEX standard, this
 is not very intuitive, and we propose its improvement in the next subsection.


lil-’asafi lil--asafi 
  ƒ    C 



Ë 
 liloOasafi ‘unfortunately’

lin-nawmi lin-nawmi 
Ð  ñ    JÊË 
 liln˜awomi ‘for the sleep’

li-llaylaTi li-llaylati 
 é 



Ê   J 



ÊË 
 lil˜ayolapi ‘for the night’

li-ll_ahi li-ll¯ahi 
é  



<Ë 
 lil˜‘hi ‘for God’

Modes One of the highlights of ArabTEX is its invention of an artful high-level notation
for encoding the possibly multi-lingual text in a way that allows further interpretationby
the computer program. In particular, the notation can be typeset in the original orthogra-
phy of the language or in some kind of transcription, under one rendering convention or
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another. These options are controlled by setting the interpretation environment, and no
 change to the data resources is required. Reseting of the options can be done even locally
 with individual words or their parts.


We leave the listing of all the options up to the ArabTEX manual (Lagally, 2004). Yet,
 let us illustrate the flexibility of the notation and, more importantly, of any system that
 shall reuse it. The vocalization degree tells what kinds of diacritics be overt in the script:


bi-al-‘arabIyaTi bi-’l-,arab¯ıyati ‘in Arabic’


\fullvocalize 
é   JK.   Q  ª  



Ë 



AK. 
 bi{loEarabiy˜api

\vocalize 
é   JK.   Q  ªËAK.  
 biAlEarabiy˜api

\novocalize 
é   JK.QªËAK.
 bAlErby˜p

The interpretation of the notation is language-dependent. With\setarab, which is the
 default, the Arabic rules for determining thehamzacarriers or silent-alifs are enforced. The


\setverboption switches into the verbatim mode instead, c.f. Figure 2.1.


The style of the phonetic transcription is also customizable, and several schemes are
 predefined. While the Arabic script does not capitalize its letters, using the\capsequence
 in the data would capitalize the very next letter in the transcription.


There are also options affecting some calligraphic nuances. With\yahnodots, for in-
 stance, every final glyph ofy¯a-
ø
yappears as if-alif maqs.¯uraø
Ywere in its place.

2.2.2 Extended notation


Distinguishing between specification and implementation, let us describe the extensions
 to the notation here, and design new or modified interpreters for it in Chapter 9.


Doubled vowels iianduuare set equal toI, resp.U, in all contexts, just likeaaturns
 intoAin the standard. The distinction betweenIversusiyandUversusuwis retained.


zuuwaarii z ¯uw¯ar¯ı 
øP  @ ð    P
 zuw˜aAriy ‘my visitors’

zuwwaariy zuww¯ariy 
øP  @ ð    P
 zuw˜aAriy ‘my visitors’

zUwArI z ¯uw¯ar¯ı 
øP  @ ð    P
 zuw˜aAriy ‘my visitors’

Suffix-only letters TandYbecome treated astandAautomatically if occurring inside
 an orthographic word due to morphological operations, esp. suffixation of pronouns.


laylaTAni laylat¯ani 
  à A J   Ê  J 



Ë
 layolataAni ‘two nights’

.hayATuN h.ay¯atun 
 



èA J  k 
 HayaApN ‘a life’

.hayATI h.ay¯at¯ı 
ú   G



 A J  k 
 HayaAtiy ‘my life’

siwYhu siw¯ahu 




è@ ñƒ  
 siwaAhu ‘except for him’

yarYnI yar¯an¯ı 
ú  G



 @ Q  K 
 yaraAniy ‘he sees me’
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Underlying-alif maqs.¯ura can always be coded in the data withY, yet would appear cor-
 rectly as normal-alifif preceded byy¯a-, to avoid forms likeduny¯a
ú æ 



   K 



X
(Fischer, 2001, p. 8).

dunyY duny¯a 
A J    K 



X
 dunoyaA ‘world’

’a.hyY -ah.y¯a 
A  J k   



@
 OaHoyaA ‘he revived’

Silent -alif spelled as UW or uW compares more easily with the other aW variant of the
 verbal ending, while supporting both the ¯uanduwstyle. WritinguuWis equivalent toUW.


katabUW katab ¯u 
@ñ  J. J  



»
 katabuwA ‘they wrote’

katabuW katabuw 
@ñ  J. J  



»
 katabuwA ‘they wrote’

katabuuW katab ¯u 
@ñ  J. J  



»
 katabuwA ‘they wrote’

Defective writing of_Ienables easy encoding ofmi-ah 
é   KAÓ 
‘hundred’ and its derivatives
 in this archaic version, just like_Uworks for-ul¯a-ika 



½J  Ëð 



 



@
‘those’.

m_I’aTuN mi-atun 
 



é  KAÓ 
 miA}apN ‘a hundred’

mi’aTuN mi-atun 
  é  JÓ 
 mi}apN ‘a hundred’

m_I’aTAni mi-at¯ani 
 à  A  J  KAÓ 
 miA}ataAni ‘two hundred’

tis‘um_I’aTiN tis,umi-atin 
 é 



 KAÒ  ª  ‚  



 
 tisoEumiA}apK ‘nine hundred’

m_I’AtuN mi-¯atun 
HA    KAÓ 
 miA}aAtN ‘hundreds’

Clitics interaction of the pattern lV-al-, lV-al-CC, lV-aC-C, and lV-all, where V
 stands for a short vowel (possibly quoted with" or simply omitted) and Crepresents a
 consonant, is resolved according to the rules of orthography. Joining li or lawith al- is
 therefore not a burden on the notation, and all clitics can just be concatenated, cf. page 20.


li-al-’asafi li-’l--asafi 
  ƒ    C 



Ë 
 liloOasafi ‘unfortunately’

li-an-nawmi li-’n-nawmi 
Ð



 ñ    JÊË 
 liln˜awomi ‘for the sleep’

li-al-laylaTi li-’l-laylati 
 é  Ê   J 



ÊË 
 lil˜ayolapi ‘for the night’

li-al-l_ahi li-’l-l¯ahi 
é  



<Ë 
 lil˜‘hi ‘for God’

al-la_dayni al-lad


¯ayni 
 á 



 K  Y 



ÊË 



@
 Aall˜a*ayoni ‘those two who’

li-al-la_dayni li-’l-lad


¯ayni 
 á 



K   Y 



ÊË 
 lil˜a*ayoni ‘for those two who’

alla_dIna allad


¯¯ına 
  áK Y   Ë 



@
 Aal˜a*iyna ‘the ones who’

li-alla_dIna li-’llad


¯¯ına 
  áK Y 



 ÊË 
 lil˜a*iyna ‘for the ones who’

Extended options such as\noshaddafor removing even 
 '
˜from the displayed script.
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2.3 Recognition Issues


Arabic is a language of rich morphology, both derivational and inflectional. Due to the
 fact that the Arabic script does usually not encode short vowels and omits some other
 important phonological distinctions, the degree of morphological ambiguity is very high.


In addition to this complexity, Arabic orthography prescribes to concatenate certain
 word forms with the preceding or the following ones, possibly changing their spelling and
 not just leaving out the whitespace in between them. This convention makes the bound-
 aries of lexical or syntactic units, which need to be retrieved as tokens for any deeper
 linguistic processing, obscure, for they may combine into one compact string of letters
 and be no more the distinct ‘words’.


Thus, the problem of disambiguation of Arabic encompasses not only diacritization
 (discussed in Nelken and Shieber, 2005), but even tokenization, lemmatization, restoration
 of the structural components of words, and the discovery of their actual morphosyntactic
 properties, i.e. morphological tagging (cf. Hajiˇc et al., 2005, plus references therein). These
 subproblems, of course, can come in many variants, and are partially coupled.


When inflected lexical words are combined, additional phonological and orthographic
 changes can take place. In Sanskrit, such euphony rules are known as external sandhi.


Invertingsandhiis usually nondeterministic, but the method is clear-cut (Huet, 2003, 2005).


In Arabic, euphony must be considered at the junction of suffixed clitics, esp. pronouns
 in genitive or accusative. In the script, further complications can arise, some noted earlier
 in this chapter, some exemplified in the chart below:


dirAsaTI dir¯asat¯ı 
ú  æ



 ƒ@  PX  
 → dirAsaTu |I dir¯asatu ¯ı ø'    é ƒ@  PX  


→ dirAsaTi |I dir¯asati ¯ı 
ø'   é  ƒ@  PX  


→ dirAsaTa |I dir¯asata ¯ı 
ø'    é ƒ@  PX  


mu‘allimIya mu,allim¯ıya 
ù   Ò 



 Ê ª  



Ó
 → mu‘allimU |I mu,allim ¯u ¯ı ø'  ñ  Ò 



Ê ª   Ó


→ mu‘allimI |I mu,allim¯ı ¯ı 
ø'  ù  Ò 



 Ê ª   Ó


katabtumUhA katabtum ¯uh¯a 
A ëñ  Ò   J  .  J 



»
 → katabtum hA katabtum h¯a A ë   Õ  æ  J.  J 



»


’iˆgrA’uhu -iˇgr¯a-uhu 
 è  ð@ Q  



k.@ 
 → ’iˆgrA’u hu -iˇgr¯a-u hu  è Z@  Q  



k.@ 


’iˆgrA’ihi -iˇgr¯a-ihi 
é  K  @ Q  



k.@ 
 → ’iˆgrA’i hu -iˇgr¯a-i hu  è Z  @ Q  



k.@ 


’iˆgrA’ahu -iˇgr¯a-ahu 
 è  Z@ Q  



k.@ 
 → ’iˆgrA’a hu -iˇgr¯a-a hu  è Z@  Q  



k.@ 


li-al-’asafi li-’l--asafi 
  ƒ    C 



Ë 
 → li al-’asafi li al--asafi   ƒ    B 



@ È 


Modeling morphosyntactic constraints among the reconstructed tokens, such as that
 verbs be followed by accusatives and nominals by genitives, can be viewed as a special
 case of restrictions on the tokens’ features, which we deal with in Chapter 7.2


2ElixirFM 1.0 can recognize only well-tokenized words. Implementing tokenization and the euphony rules
is due in its very next version. Please, checkhttp://sf.net/projects/elixir-fm/for the updates.
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‘All human beings are born free and equal in dignity and rights. They are endowed with
 reason and conscience and should act towards one another in a spirit of brotherhood.’



. †   ñ ®    m 



Ì' 



@ ð é    Ó@ Q  



º  Ë 



@ ú  ¯ 



  áKð  A ‚      Ó @ P@  Q  k 



 



@ €  A   JË 



@ ©JÔ   g  . 



Y  Ëñ  K . Z  A   gB  



 @ h



 ð QK.   A   ’ ª  K.  



Ñ îD    ” ª  K.  



ÉÓ  A ª   K   à  



@  Ñî  



D  Ê 



« ð @  QÖ   Þ   • ð C  



® 



« @ñ  J.ë  ð   Y  



¯ ð 


yuwladu jamiyEu {ln˜aAsi OaHoraArFA mutasaAwiyna fiy {lokaraAmapi wa{loHuquwqi.


waqado wuhibuwA EaqolAF waDamiyrFA waEalayohimo Oano yuEaAmila baEoDuhumo
 baEoDFA biruwHi {loIixaA’i.



. †ñ  ®mÌ'@ð   éÓ@QºË@ ú



 ¯  áKðA‚ Ó @P@Qk  



@ €A JË@ ©JÔg. YËñK . ZA  gB  @ hðQK. A  ’ªK. ÑîD ”ªK. ÉÓAªK  à 



@ ÑîDÊ«ð @QÖÞ  •ð C®« @ñJ .ëð Y  ¯ð


ywld jmyE AlnAs OHrArA mtsAwyn fy AlkrAmp wAlHqwq.


wqd whbwA EqlA wDmyrA wElyhm On yEAml bEDhm bEDA brwH AlIxA’.


Y ¯uladu ˇgam¯ı,u ’n-n¯asi-ah.r¯aran mutas¯aw¯ına f¯ı ’l-kar¯amati wa-’l-h.uq¯uqi. Wa-qad wuhib¯u,aqlan
 wa-d.am¯ıran wa-,alayhim-an yu,¯amila ba,d.uhum ba,d.an bi-r¯uh.i ’l--ih


˘¯a-i.


J ´uladu dˇzam´ıcu an-n´asi ’ah.r´aran mutas´av´ına f´ı al-kar´amati va-al-h.uk.´uk.i. Va-k.ad vuhib´ucak.lan
 va-d.am´ıran va-calajhim ’an juc´amila bacd.uhum bacd.an bi-r´uh.i al-’ich´a’i.


\cap yUladu ˆgamI‘u an-nAsi ’a.hrAraN mutasAwIna fI al-karAmaTi wa-al-.huqUqi.


\cap wa-qad wuhibUW ‘aqlaN wa-.damIraN wa-‘alayhim ’an yu‘Amila ba‘.duhum
 ba‘.daN bi-rU.hi al-’i_hA’i.


Figure 2.2 Universal Declaration of Human Rights, Article 1, in the following
 versions: English, fully vocalized versus non-vocalized Arabic (including Buck-
 walter transliteration), the standard ZDMG phonetic transcription versus its ex-
 perimental Czech modification, and the source text in the ArabTEX notation. In-
 spired by Simon Ager’shttp://www.omniglot.com/.


Figure 2.2 illustrates the different written representations of Arabic. In the script, the
 diacritics, and even some instances of hamza indicated in red, can often be omitted in
 the normal usage. Some other kinds of orthographic variation are also common (Buck-
 walter, 2004b). Note that our morphological model is designed to understand all these


‘languages’. Tokenization is exemplified in Figures 3.1, 7.1, and 7.2.
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.  é 



Ë 



Ég  A ƒ B   Qm   ' .   é 



JK.  Q  ªË  



@


Al-,arab¯ıyah bah.r l¯a s¯ah.ila lahu.


Arabic is an ocean without a shore.


popular saying



Chapter 3



Morphological Theory


This chapter will define lexical words as the tokens on which morphological inflection
 proper will operate. We will explore what morphosyntactic properties should be included
 in the functional model. We will discuss the linguistic and computational views on inflec-
 tional morphology.


Later in this chapter, we will be concerned with Arabic morphology from the struc-
 tural perspective, designing original morphophonemic patterns and presenting roots as
 convenient inflectional invariants.



3.1 The Tokenization Problem


In the previous chapter, we observed that the lexical words are not always apparent, nei-
 ther in the Arabic orthography, nor in the transcriptions that we use.


Tokenization is an issue in many languages. Unlike in Korean or German or Sanskrit
 (cf. Huet, 2003), in Arabic there are clear limits to the number and the kind of tokens
 that can collapse into one orthographic string.1 This idiosyncrasy may have lead to the
 prevalent interpretation that theclitics, including affixed pronouns or single-letter ‘parti-
 cles’, are of the same nature and status as the derivational or inflectional affixes. In effect,
 cliticized tokens are often considered inferior to some central lexical morpheme of the or-
 thographic string, which yet need not exist if it is only clitics that constitutes the string . . .


We think about the structure of orthographic words differently. In treebanking, it is
 essential that morphology determine the tokens of the studied discourse in order to pro-
 vide the units for the syntactic annotation. Thus, it isnothing but these unitsthat must be
 promoted to tokens and considered equal in this respect, irrelevant of how the tokens are
 realized in writing.


To decide in general between pure morphological affixes and the critical run-on syn-
 tactic units, we use the criterion of substitutability of the latter by its synonym or analogy
 that can occur isolated. Thus, if hiya 
ù 



 ë 
 ‘nom. she’ is a syntactic unit, then the suffixed

1Even if such rules differ in the standard language and the various dialects.
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String Token Tag Buckwalter Morph Tags Full Token Form Token Gloss



Ñ  ë Q.   j 



J ƒ 


F--- FUT 
ƒ 
 sa- will

VIIA-3MS-- IV3MS+IV+IVSUFF_MOOD:I 
Q.   m 



'
 yu-h˘bir-u he-notify

S----3MP4- IVSUFF_DO:3MP 
Ñ 



ê
 -hum them


½Ë   YK.  


P--- PREP 
K. 
 bi- about/by

SD----MS-- DEM_PRON_MS 




½Ë 



X 
 ¯d¯alika that
  á 



«
 P--- PREP  á 



«
 ,an by/about


‡   KQ  £ 
 N---2R NOUN+CASE_DEF_GEN ‡   KQ  £ 
 t.ar¯ıq-i way-of


É  K  A ƒ  QË  



@
 N---2D DET+NOUN+CASE_DEF_GEN É  K  A ƒ  QË  



@
 ar-ras¯a-il-i the-messages


 è  Q’  



 



®Ë 



@
 A---FS2D DET+ADJ+NSUFF_FEM_SG+

+CASE_DEF_GEN 
 è  Q’  



 



®Ë 



@
 al-qas.¯ır-at-i the-short


I    K  Q   KB   @ ð 
 C---

CONJ 
ð 
 wa- and

Z---2D DET+NOUN_PROP+


+CASE_DEF_GEN 
I     K Q   KB  



 @
 al--internet-i the-internet


A  ëQ   



« ð 


C--- CONJ 
ð 
 wa- and

FN---2R NEG_PART+CASE_DEF_GEN 
Q  J 



«
 ˙gayr-i other/not-of

S----3FS2- POSS_PRON_3FS 
A 



ê
 -h¯a them

Figure 3.1 Tokenization of orthographic strings into tokens inhe will notify them
 about that through SMS messages, the Internet, and other means, and the disam-
 biguated morphological analyses providing each token with its tag, form and
 gloss (lemmas are omitted). Here, token tags are obtained from Buckwalter tags.


-h¯a 
A 



ê
‘gen. hers/ acc. her’ is tokenized as a single unit, too. Ifsawfa 



¬ñ ƒ 
‘future marker’ is
 a token, then the prefixed sa-ƒ 
, its synonym, will be a token. Definite articles or plural
 suffixes do not qualify as complete syntactic units, on the other hand.

The leftmost columns in Figure 3.1 illustrate how orthographic strings are tokenized in
 the Prague Arabic Dependency Treebank (Hajiˇc et al., 2004b), which may in detail contrast
 to the style of the Penn Arabic Treebank (examples in Maamouri and Bies, 2004).


Discussions can be raised about the subtle choices involved in tokenization proper,
 or about what orthographic transformations to apply when reconstructing the tokens.


Habash and Rambow (2005, sec. 7) correctly point out the following:


There is not a single possible or obvious tokenization scheme: a tokenization
 scheme is an analytical tool devised by the researcher.


Different tokenizations imply different amount of information, and further influence
 the options for linguistic generalization (cf. Bar-Haim et al., 2005, for the case of Hebrew).


We will resume this topic in Chapter 7 on MorphoTrees.
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