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Abstract:

his paper sheds light on four axes. The first axis deals with the levels of corpus analysis e.g.

morphological analysis, lexical analysis, syntactic analysis and semantic analysis. The
second axis captures some attempts of Arabic corpora analysis. The third axis demonstrates
different available tools for Arabic morphological analysis (Xerox, Tim Buckwalter, Sakhr and
RDI). The fourth axisis the basic section in the paper; it deals with the morphological analysis of
ICA. It includes. selecting and describing the model of analysis, pre-analysis stage and full text
analysis stages.

1. Introduction:

It can be said that corpus analysis highly depamdthe availability of previous
history of the analysis, because information widitidive solutions in one stage, are
used in the next stages of the analysis . The ntiffarence between creating and
analyzing a corpus is that while the creator obgas has the option of adjusting
what is included in the corpus to compensate fgr @mplications that arise during
the creation of the corpus, the corpus analysbigronted with a fixed corpus, and
has to decide whether to continue with the analysien if the corpus is not entirely
suitable for analysis, or find a new corpus altbge{Meyer, 2002).

It is important, first of all, to begin the procesgh a very cleagoal in mind; that
the analysis should involve more than a simpleigtoof linguistic features. Also, it
is necessary to select the appropriate corpusrfalysis: to make sure, for instance,
that it contains the right types of texts for thealgsis and that the samples to be
examined are lengthy enough. Also, if more than ampus is to be compared, the
corpora must be comparable, or else the analydisnet be valid. After these
preparations are made, the analyst must find theoppate software tools to conduct
the study, code the results, and finally subjeaséhresults to the appropriate
statistical tests. If all of these steps are fobdwthe analyst can rest assured that the
results obtained are valid and the generalizatibasare made have a solid linguistic
basis (Meyer, 2002).



2. Levels of corpus analysis:

Linguistic analysis has more than one level of gsial such as morphological
analysis, lexical analysis, syntactic analysis ) and semantic analysis. The focus
of corpus analysis is empirical, whereas the imetgtion can be either qualitative or
quantitative.

Morphological analysis is the most basic type of linguistic corpus analysi
because it forms the essential foundation for &rrtlgpes of analysis (such as syntactic
parsing and semantic field annotation), and becéusea task that can be carried out
with a high degree of accuracy by a computer. Tiee & morphological analysis of
corpora is not only to assign to each lexical imithe text a code indicating its part of
speech, but also to indicate other morphologicdbrmation. There are many
morphological dimensions for describing verbs, roand particles. Consequently, the
morphological tag can either be extended to incladle morphological features
(including additional features such as transitiviperfectness and voice for verbs,
number, gender and derivation for nouns and agugititin for particles), or contracted
to include only the main morphological tags andeotmorphological features are
indicated separately (see Al-Sulaiti & Atwell, 2001

There are two main approaches in morphological g¢ioe and analysis;
namely the Two-level approach (Non-concatenative approach) taedConcatenative

approach. The two-level approach defines two lewélstrings; lexical strings which
represent morphemes, and surface strings whiclkesept surface forms.

The two-level approach views the Arabic word veiti; as a composition of two
layers; root and pattern. In Arabic, for instanitere is a clear sense that the forms in
table 1 are morphologically related to one anothkhough they do not share isolable
strings of segments in concatenated morphemes:

Word Gloss
(kataba)—< He write
(makotuwb)— 5%« Written
(kutub) =& Books
(kutiba) & Be written
(kitab) <ls Book
(kut~Ab) & Writers/Quran schoo
(kAtib) s Writer

Table 1: variant words related to each other.

The Concatenative morphology, which appears almeastusively in the more
familiar languages, involves prefixation or suffiwam only. In other words, morphemes
are discrete elements linearly concatenated atighe or the left end of the base of the
morphological operation (Hockett,1947). Althougte thoncatenative approach cannot
predict the word-pattern automatically, it compeaesafor this by keeping a large
database of Arabic lexemes with their related mfation including word-patterns.



Hence, the input word passes through less cometicatocessing than in the two-level
approach.

Lexical analysisis the process of taking an input string of chanacand producing a
sequence of symbols called "lexical tokens", whichy be handled easily by lexical
analyzers (parsers, programs of lexical analydibese analyzerbave two phases of
analysis; i.e. the scanning phase and tokenizaih@se, the process of determining and
classifying a clause into tokens.

In Syntactic analysisthe linear sequence of tokens is replaced by adimreeture
through building a parse tree in order to define lBnguage’s syntax according to the
rules of formal grammar , and generate, or transfiie parse tree. Parsing is also crucial
in various applications in natural language proogssncluding text-to-speech synthesis,
and machine translation (Patten, 1992).

Semantic analysigs one of the most important levels of analysis. lis tavel, the
semantic information is added into the parse tiee,symbol table is built, and finally
semantic checks are performed. Logically, semaamtiglysis intermediates the parsing
phase and the code generation phase becauseiregeguomplete parse tree. In machine
learning, the semantic analysis of a corpus istdk of building structures that capture
concepts from a large set of documents. It doesgeaerally involve prior semantic
understanding of the documents.

3. Some attempts of Arabic corpora analysis:

CLARA (Corpus Linguae Arabicae): The ultimate goal of this project is
building a balanced and annotated corpus. The ahaot should be done for
morphological boundaries and Part Of Speech (PS&)e tools and databases are built
for the sake of the analysis stage; for instancetraming corpus with marked
morphological boundaries consisting of 100,000 wprd database of strings with
marked morphological boundaries and another trgisorpus with annotation of parts
of speech. Currently, the analyzed size of thipesiis about 15,000 words. The parts of
speech tagset is based on the EAGLES recommensfation

The Penn Arabic Treebank: is a corpus of one million words of Arabic.
Treebank is designed to support the developmedats#-driven approaches to natural
language processing (NLP), human language techieslogutomatic content extraction
(topic extraction and/or grammar extraction), cHosgual information retrieval,
information detection, and other forms of lingustiesearch on Modern Standard
Arabic (MSA) in general. There are two distinct pbs of analysis in the Penn Arabic
Treebank; namely, Part-of-Speech (POS) tagging Aaabic Treebanking (ArabicTB)
(Abdelali, 2004).

Prague Arabic Dependency Treebankis a project of analyzing large amounts
of linguistic data in Modern Written Arabic in tesnof the formal representation of
language that originates in the Functional Generadescription (Sgall et al. 1986,
Sgall & Hajicova 2003). Prague Arabic Dependency Treebank (PAIDEls not only

! http://www.ilc.pi.cnr.it/




consist of multi-level linguistic annotations oktiModern Standard Arabic, but it even
has a variety of unique software implementatiorsighed for general use in Natural
Language Processing (NLP).

The linguistic analysis takes place in three staghe morphological level
(inflection of lexemes), the analytical level (fagé syntax), and the tectogrammatical
level (underlying syntax) (Smrz, 2004). The morplgidal level of PADT has for long
been the same as that available in Penn Arabido@irde Part 2. However, PADT has
adopted the way of Buckwalter Arabic Morphologiéalalyzer

4. Existing Arabic Morphological analyzers:

There are many morphological analyzers for Arabamne of them are available
for research and evaluation while the others aoprmtary commercial applications.
Among those known in the literature are Xerox Acablorphological Analysis and
Generation (Beesley, 1998a,2001), Buckwalter AraMorphological Analyzer
(Buckwalter, 2002), Sakhr and RDI Arabic Morphatzd Analyzer.

Xerox Morphology: is “based on solid and innovative finite-statehtemlogy”
(Dichy & Fargaly, 2003). It adopts the root-andtpat approach and includes 4,930
roots and 400 patterns, effectively generating @@ $tems. Its main advantage is that
it is rule based with wide coverage. It also retautss vowel marks and provides an
English glossary for each word. At Xerox, the tneamt of Arabic starts with a lexc
grammar where prefixes and suffixes concatenatstems in the usual way, and
where stems are, similarly, represented as a cem@i@dn of a root and a pattern
(Beesley, 1998a & b).

The system includes morelassical entries, and lacks more grammar-lexis
specifications. Additional disadvantages of Xeraorphology are:

1. Overgeneration in word derivation, The distributiohpatterns for roots is not
even, and although each root was hand-coded isytem to select from among
the 400 patterns, the task is understandably tedand prone to mistakes as
shown in table 2.

Word | Transliteration Root Meaning
gwl Say (verb)
Ja gaal glw Fry (active participle)
gll decrease (active participle)

Table 2: Example of over generation.

The first root analysis is valid, while the othenotare illegal derivations that have
no place in the Arabic language, and not mentionetassical dictionaries
2. Underspecification: in POS classification, whichkes it unsuited for serving a
syntactic parser. Words are only classified inteerlfs, nouns which include
adjectives and adverbs, participles and functiomdsowvhich, in turn, include
prepositions, conjunctions, subordinating conjwrddj articles, negative
particles...etc).



3. Increased rate of ambiguity: due to the above-roeetl factors, the system
suffers from a very high level of ambiguity, aspitovides so many analyses
(many of them spurious) for most words (Attia , @00

Buckwalter Arabic Morphological Analyzer: It uses a concatenative lexicon-
driven approach where morphotactics and orthogcapites are built directly into the
lexicon itself instead of being specified in terwis general rules that interact to
realize the output (Buckwalter , 2002). Buckwaléorphology contains of 38,600
lemmas, and is used in LDC Arabic POS-tagger, Perabic Treebank, and the
Prague Arabic Dependency Treebank. It is desigree@ anain database of word
forms and it interacts with other concatenatiorabdases. Every word form is entered
separately, Buckwalter’'s morphology reconstructwelamarks and provides English
glossary. It takes the stem as the base form astdnformation is provided (Attia ,
2000). In Buckwalter analyzer, Arabic words argmented into prefix, stem and
suffix strings according to the following rufes

- the prefix can be 0 to 4 characters long.
- the stem can be 1 to infinite characters long.
- the suffix can be 0 to 6 characters long.

Sakhr Arabic Morphological Processor It is a morphological analyzer-
synthesizer that provides basic analysis for alsiAgabic word, covering the whole
range of modern and classical Arabic. The analidetifies all possible stem forms
of a word; i.e. extracting its basic form stripdeam the affixes, , the morphological
data such as root, the Morphological Pattern (M#)l its part of speech. The
synthesizer works in a reverse mode to regenehnatevord from its morphological
forms (stem, root, morphological pattern, part péech and/or affixes). Sakhr has
designed the Morphological Processor to producedwewel analysis through
regeneration and comparison

In Sakhr morphological processor each regular d&vg root is allowed to be
combined with a selected set of forms or pattesnaréoduce words that can be found
in standard Arabic dictionaries. Sakhr did not mibbany technical documents about
its Arabic morphological analyzer; no one knows hdaw model of Arabic
morphology looks like. (Attia , 2000).

RDI Arabic Morphological Analyzer: The main RDI's NLP core engine is
the basis of Arabic morphological analysis, AraBi@S tagging, and Arabic Lexical
Semantic Analysis. ArabMorpho is a morpheme-basaétdl analyzer/synthesizer
which distinguishes it from its vocabulary-baseadis andboosts its flexibility. After
morphological rules are exhausted, deep-horizonamiyn statistical analysis is
employed to realize disambiguation; hence, wordiigszy can reach up to 98%n
RDI analyzer each regular derivative root is alldwe combine freely with any form

2 http://www.ldc.upenn.edu/Catalog/docs/LDC2004L02/readme.txt
* http://www.sakhr.com/Technology/Morphology/Default.aspx?sec=Technology&item=Morphology
4 http://www.rdi-eg.com/rdi/technologies/arabic_nlp.htm



as long as this combination is morphologically @wkad. This allows the system to
deal with all the possible Arabic words and eraidisthe need to be tied to a fixed
vocabulary (Attia, 2000)

5. The International Corpus of Arabic (ICA) “Analysis stage”:

Alansary et al. (2007) surveyed the compilation IGfA, its design and the
preliminary software used in interrogating the cdegb corpus. This attempt can be
considered one of the most successful approachésiiiding a representative corpus for
MSA. It is important to realize that the creatidnl©@A is a "cyclical" process, requiring
constant re-evaluation as the corpus is being dechpgdnce the process of collecting and
computerizing texts is completed, texts will bedwdor the final stage of preparation;
mark up, from there, it is easy to deal with tartthe analysis stage.

The process of analyzing a corpus is in many réspgmilar to the process of
creating a corpus. Like the compiler, the corpuslyst needs to consider some factors
such as: whether the corpus to be analyzed isHgregiough for the particular linguistic
study being undertaken and whether the sampleshéncorpus are balanced and
representative (Meyer, 2002).

This section is devoted to describing the prooéssalyzing the ICA corpus. It will
focus on selecting and describing the model of yaiml pre-analysis stage (data
processing), full text analysis stages, adding maiormation and current state of ICA.

5.1 Selecting and describing the model of analysis:

According to our adopted model in the morphalal analysis, the word is viewed as
composed of a basic unit that can be combined witbrphemes governed by
morphotactic rules. Therefore, the stem-basedaoagpr (concatenative approach) is
adopted as a linguistic approach to analyze the. I8&cording to this linguistic
approach, it was expected that a feature basetleoright and left stems would lead to
improvement in system accuracy. The Arabic Morpgglonodule uses a simple
approach of dividing the Arabic word into threetpar

Prefix: consist of as many as three concatenated prefixes, or could be null.

Sem: it is composed of root and pattern morphemes.

Suffix: consist of as many as two concatenated suffixes, or could be null.

The three-part approach entails the usehidet lexicons: Prefixes lexicon, Stem
lexicon, and Suffixes lexicon. For a word to belgred, its parts must have an entry in
each lexicon, assuming that a null prefix or a rauiffix are both possible. Table 3
shows example of valid word forms:

> http://www.rdi-eg.com/rdi/Downloads/Scientific%20Papers/M_Atiyya_MScThesis2000.pdf



Suffix Stem Prefix
XXX S _
o S XXX
o s N
XXX S —
XXX S XXX
o SIS —

Table 3: valid word forms.

Not every Prefix-Stem-Suffix combination is nece#ga valid or a legal word. To
confirm that the Prefix-Stem-Suffix compositionasvalid Arabic word, morphological
categories are assigned to each entry in the legico

When trying to select the morphological analyzestasm to be used in analyzing the
ICA, Buckwalter morphological analyzer has beerd&eld to analyze the ICA as it was
found that to be the most suitable lexical resetocour approach.

The Buckwalter's morphological analyzer has mathyaatages such as its ability to
provide a lot of information like Lemma, Vocalikat, Part of Speech (POS) and Gloss.
Also, Buckwalter is capable of supplying other imf@tion such as prefix(s), stem, word
class, suffix(s), number, gender, definiteness@as®. The output of Buckwalter appears
in XML format.

A single word may belong to more than one wordscl&®r example the word£s”
appears in Buckwalter output as noun or verb awshio figure 1:

i

- <variant>
ktb
- <solution>
<lemmall-katab-u_1</lemmall>
<voc >kataba </voc >
<pos>katab/PV+a/PVSUFF_SUBJ:3MS </pos>
<gloss>write + he/it [verb] </gloss>
<{solution>
- <solution>
<lemmall-katab-u_1 </lemmall>
<voc >kutiba </voc >
<pos>kutib/PV_PASS+a/PVSUFF_SUBJ:3MS </pos>
<gloss>be written/be fated/be destined + he/it [verb] </gloss>
</solution>
- <solution>
<lemmall-kitAb_1 </lemmall-
<voc >kutub </voc >
<pos>kutub/NOUN</pos>
<gloss>books </gloss>
</solution>
- <solution>
<lemmall-kitAb_1 </lemmall>
<voc >kutubu </voc >
<pos>kutub/NOUN+u/CASE_DEF_NOM </pos=
<gloss>books + [def.nom.] </gloss>
</solution>
- <solution>
<lemmall=kitAb_1 </lemmall>
<voc >kutuba </voc >
<pos>kutub/NOUN+a/CASE_DEF_ACC </pos>
<gloss>books + [def.acc.] </gloss>
</solution>

Figure 1: The word classes of¥”



The word "¢<" appears in Buckwalter output as a Noun, verb, ¢%i@pn,
Relative Pronoun or Interrogative part as showiigure 2:

)
— <variant>
mn
<solution=
<lemmalD>min_1</lemmalD>
<VOC>min</voc>
<pos>min/PREP </pos>
<gloss>from</gloss>
</solution>
<solution>
<lemmalD>man_1</lemmalD=>
<voc>man</voc>
<pos>man/REL_PRON</pos>
<gloss>who/whom</gloss>
</solution>
<solution>
<lemmalD>man_2</lemmalD>
<voc>man</voc>
<pos>man/INTERROG_PART </pos>
<gloss>who/whom</gloss>
</solution>
— <solution>
<lemmalD>man~-u_1</lemmalD>
<voc>man-~a</voc>
<pos>man-~/PV+a/PVSUFF_SUBJ:3MS</pos>
<gloss>bestow /grant + he /it [verb]</gloss>
</solution>
- <solution>
<lemmalD>man~_1</lemmalD>
<voc>man< </voc>
<pos>=man~ /NOUN</pos>
<gloss>grace/favor</gloss>
</solution>
— <solution>
<lemmalD=man~_1</lemmalD>
<voc>man~u</voc>
<pos>man- /NOUN+u/CASE_DEF_NOM</pos>
<gloss>grace/favor + [def.nom.]</gloss=>
</solution>
- <solution=>
<lemmalD>man~_1</lemmalD>
<voc>man«a</voc>
<pos>man-~ /NOUN+a/CASE_DEF_ACC</pos>
<gloss>grace/favor + [def.acc.]</gloss>
</solution>
- <solution>
<lemmalD>man~_1</lemmalD>
<voc>man-~i</voc>
<pos>man-~ /NOUN+i/CASE_DEF_GEN</pos>
<gloss>grace/favor + [def.gen.]</gloss>
</solution=
- <solution>
<lemmalD>man~_1</lemmalD>
<voc>man~MN</voc>
<pos>man«~ /NOUN+N/CASE_INDEF_NOM</pos>
<gloss>grace/favor + [indef.nom.]</gloss>
</solution>
<solution=>
<lemmalD>man~_1</lemmalD>
<voc>man~K</vocs
<pos>man-~/NOUN+K/CASE_INDEF_GEN</pos>
<gloss>grace/favor + [indef.gen.]</gloss>
</solution>

Figure 2: The word classes @f<".

Buckwalter’s morphological analyzer can also detee the number of prefixes
and suffixes in each word. For example the woid sl 8" has three prefixes and two
suffixes as shown in figure 3:



e
Syanant>
wsyblgwnhA
<solutions
<emmallbbalag-u_l ¢lemmall> / ‘.-"
voc >wasayaboluguwnahA </vor ¥ — — -
<r::}wa,’tﬂl‘lh;a,’ﬂll+-fa,f[".l'3lll'-‘}hdugfl".'+uwna}['l."5llfl‘ SUBXMP_MOOD:I+ha/IVSUFF D&JES Xpos>
<glosand + vl T Uey Tpeople) + reach attain + [masc.pl.] + ijthemhier ¢gioses
</solution»
SSOMtan>
<lemmallrbakag_1 </lemmall>
<voc >wasayubal-iguwnahA </voc >
<pos>wafCOND+saFUT +yu/IVIMP+bal-4g/ IV+uwna/ [VSUFF_SUBEMP_MOOD:I+hA/IVSUFF_DOIFS  </pos>
<glos<oand + will + they (people) + communicate /convey + [masc.pl.] + it/them/her </gloss>
<fsolution=
<solutions
<lemmal(»>abolag_L1 </lemmall>
<voc >wasayuboliguwnahh </voc »
<posewafCOND+sa/FUT +yu/IVIMP+bolig/ IV+uwna/ IVSUFF_SUBXMP_MOODI+hA/IVSUFF_DO3FS  </pos»
<glossoand + will + they (people) + report/inform/ notify + [masc.pl.] + it/them/her  </glosss
</solution»
Q_solution»
<voc >wsyblgwnhA </voc >
<pos>wsyblgwnhA/NOUN_PROP< pos»
0loss>NOT_IN_LEXICON/ gloss>
<x_solution

3P_refixes 1 Suffixes

Figure 3:The prefixes and suffixes ol "

Additionally, a single Arabic word may have moham one meaning according to
its context. Buckwalter has the ability to indicétes feature by showing different glosses

for the same word with the same word class. Fomgka, the word" Js~<" when
classified as a noun it may have more than onesgleshown in figure 4:

Ll
- <variant=
Sdwr
- «<solution=
“lemmall >Sador_1 </lemmalD=
zwoc =Suduwr </ voc >
<pos=Suduwr/NOUN =/pos=
zgloss=chests </gloss =
</solution=
- =solution=
<lemmalD=Suduwr_1 </lemmalD=
ovoc=Suduwr</voc=
<pos=Suduwr/NOUN </pos=
=gloss=appearance/issuance </gloss=
z/solution =

Figure 4:The prefixes and suffixes 6f 2",



5.2 Pre-analysis stage:

The basic idea behind the rule-based approach nts-paspeech tagging is to
provide the analyzer software with three lexicanpiefix lexicon, a stem lexicon and a
suffix lexicon) and some sorts of internal grammdrich use grammatical rules to
disambiguate words.

Surely there must be some objective criteria timabke the analyst to decide to
which class a word belongs in order to assign tw-@f-speech class. Hence, if one
word can be assigned to more than one class, thé$ be mentioned in the lexicon of
the analysis system.

There is a number of general considerations to imearind when beginning the
process of analyzing the ICA corpus. The pre-amalggge is an important stage that
includes:

A. Handling Buckwalter's output: When dealing with texts and Buckwalter’s
output it was preferred to use a database fornwuse it helps in capturing, editing
and changing any part of the information easilye Thnversion to database format
caused a problem because Buckwalter’s output isletivinto three tables: A table

for analyzed words with all possible solutionsablé for unanalyzed words that do
not exist in the analyzer’s lexicon and a third panctuation marks found in the text
being analyzed. However, this process resultsendhbs of the context of the text to
be analyzed.

B. Handling texts: This stage includes transferring texts from ‘plegrt’ horizontal
format to database vertical format (from text s1)li This process of handling texts
helps in keeping the context of words in each féatto be analyzed in one hand,
and enabling a list of features to be insertedzomtially besides each word in the list
on the other hand.

C.Mapping between Buckwalter's solutions and word lis In this stage each
word in the word list will be mapped with its suita morphological solutions
according to Buckwalter’s output.

An interface has been used to map between Buckveadt@lutions and the word list. It
leads to have a table containing 16 columns ofrmé&tion as follows: Word, Lemma,
Vocalization, Gloss, Prefixl, Prefix2, Prefix3, @teword class, Suffixl, Suffix2,
number, gender, definiteness, Arabic stem and ¢agete 5 shows the following:

* Each solution appears in a separate row.

* Each solution has 16 types of information separgtech independent column.
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dghue

word ~

lemmaid - vor
gAl-u gAla
maso&uwl masofuwlu
maso&uw! maso&uwl
maso&uwl masofuwla
maso&uwl maso&uwli
maso&uw! maso&uwlK
maso&uwl masofuwlN
maso&uwl masofuwlu

tarok tarokiy
turokiy  turokiy
rafiyE rafiyEa
rafiyk rafiyEi
rafiyE rafiyEu
rafiyE rafiyEN
rafiyE rafiyek
rafiyE rafiyEi
QiTAE bigiTAEi
QiTAE bigiTAEK
TAqap AlT~Agapi
TAqap AIT~Agapi
TAgap AlT~Agapu
ruwyotir  laruwyotirz
ruwyotir  liruwyotirz
<inva <ina

<in <in

<iyrAn <iyrAn
{isota>onaf {isotaonafat
SAdir SAdirAtu
SAdir SAdirAti

gloss = prl v pr2. = pr3:s stem ~(sufl = |suf -
said+hefit  NULL NULL NULL gAl/Pv a/PVsl NULL
official/function: NULL  NULL NULL maso&uwl/NOUN NULL NULL
responsible/dep NULL  NULL NULL maso&uwl/AD)  NULL NULL
responsible/dep NULL  NULL NULL maso&uwl/AD)  NULL NULL
responsible/dep NULL  NULL NULL masofuwl/AD)  NULL NULL
responsible/dep NULL  NULL NULL maso&uwl/AD)  NULL NULL
responsible/depiNULL  NULL NULL maso&uwl/ADJ)  NULL NULL
responsible/dep NULL  NULL NULL maso&uwl/AD]  NULL NULL
leaving/omissior NULL  NULL NULL tarok/NOUN iy/POS NULL
Turky NULL NULL NULL turokiy/NOUN_PRONULL NULL
high-ranking/top NULL  NULL NULL rafiyE/AD) NULL NULL
fine/delicate NULL NULL NULL rafiyE/AD) NULL NULL
high-ranking/top NULL  NULL  NULL rafiyE/AD] NULL NULL
high-ranking/top NULL  NULL NULL rafiyE/AD] NULL NULL
high-ranking/top NULL  NULL NULL rafiyE/AD] NULL NULL
high-ranking/top NULL  NULL NULL rafiyE/AD] NULL NULL
by/with + Strip ((bi/PREFNULL  NULL gITAE/NOUN NULL NULL
by/with + Strip (¢ bi/PREFNULL NULL giTAE/NOUN NULL NULL
the +energy/pov AIfDET NULL NULL TAg/NOUN ap/NSUNULL

the +energy/pov AlfDET NULL
the +energy/poy Al/DET NULL

indeed/truly + Re la/EMP! NULL
for/to + Reuters li/PREP NULL
that NULL  NULL
if/whether NULL NULL
Iran NULL  NULL
resume/start ove NULL ~ NULL
eXports NULL ~ NULL
exports NULL NULL

NULL TAg/NOUN(NOUN _ ap/NS! NULL

NULL TAg/NOUN

NULL
NULL
NULL
NULL
NULL
NULL
NULL
NULL

ap/NSINULL
NULL
NULL

ruwyotirz/NOUN_P! NULL
ruwyotirz/NOUN_PI NULL

<in~a/SUB_CONI  NULL NULL
<in/SUB_CONI NULL NULL
<iyrAn/NOUN_PROINULL NULL
{isota>onaf/PV  at/PVS NULL
SAdir/NOUN At/NSLNULL
SAdir/NOUN At/NSUNULL

gen T~ num -~

NULL
NULL
NULL
NULL
NULL
NULL
NULL
NULL
MASC
MASC
NULL
NULL
NULL
NULL
NULL
NULL
NULL
NULL
FEM
FEM
FEM
NULL
NULL
NULL
NULL
NULL
NULL
FEM
FEM

NULL
NULL
NULL
NULL
NULL
NULL
NULL
NULL
5G

def -
NULL
INDEF
INDEF
INDEF
INDEF
INDEF
INDEF
INDEF
INDEF
NULL
INDEF
INDEF
INDEF
INDEF
INDEF
INDEF
INDEF
INDEF
DEF
DEF
DEF
DEF
DEF
NULL
NULL
DEF
NULL
INDEF
INDEF

casee * arabic_stem
NULL J&
U/NOM J3pms
NULL
aJAcc
IGEN e
K/GEN s
N/NOM Ugs
U/NOM J3pe
NULL &g
NULL S5
aJAcc
i/GEN
u/NOM
N/NOM
K/GEN
i/GEN
ifGEN
K/GEN
i/GEN
i/GEN
u/NOM
NULL 4
NULL A
NULL 3
NULL
NULL  ols
NULL i
U/NOM _pla
IIACC s

Jyp

diea

J

o

s

=

TELETET

g =

Lad

oo

dh
ath

Figure 5:The database after mapping word list vBuckwalter’s solution:

5.3Full text analysis stags:

The full text analysis sta includes: disambiguationf words thatmay have
multiple solutions, modifying and addinextra linguistic information and manus

analysis of unanalyzed wor

5.3.1 Disambiguating words

The suitable analysis for each word is chosen daogrto its contextAn interface
IS used to selecthe correct analys solution. Figure 6shows an example

disambiguating the wortl=s",

Rl A Sl g Al O dadndl B ghans smaa il

katab/PV+a/PVSUFF_SUBJ:AMS (wirite + he/it)
kutib/PV_PASS+aPVSLUFF_SUBJ3MS (be written/be fated be destined
he/it)

katab/PV+aPVSUFF_SUBJ:3MS (write +

Figure 6: An example of the disambiguation process.




Figure 7 shows one text after it was disambigue

word - |lemmaid - voc 7| gloss | prl v|pr2 v|pr3 - stem v| sufl ~|[suf - gen |num - def  ~|casee v arak*| root
Jé gAku ghla said +hefit NULL NULL NULL gAl/Pv a/PVSUFFNULL NULL NULL NULL NULL  J6  qul
Jss=  maso&uwl maso&uwIN official/func NULL NULL NULL maso&uwl/NOL NULL NULL MASC 5G INDEF N/NOM Js3= sl
i—‘,ﬁ turokiy~  turokiy®N  Turkish NULL  NULL NULL turokiy~/AD]  NULL NULL MASC SG DEF N/NOM i—‘)‘-" NONE
aby  rafiyE rafiyEN high-rankingNULL  NULL NULL rafiyE/AD) NULL  NULL MASC SG  INDEF N/NOM &4, rfE
T\ bigiTAE  by/with +se bi/PREPNULL NULL qiTAE/NOUN NULL  NULL MASC SG  DEF (EDAFAFi/GEN ¢l qTE
4l TAgap AlT~Agapi  the + energy AI/DET NULL NULL TAg/NOUN(NOLU ap/NSUFFNULL FEM SG DEF i/GEN 3w Twg
as4g ruwyotir  liruwyotirz  forfto + Reu li/PREP NULL 'NULL ruwyotirz/NOU! NULL NULL NULL NULL DEF NULL 43, FOREIG
al <in~a <in~a that NULL NULL NULL <in~a/SUB_CON, NULL NULL NULL NULL NULL NULL ) NONE
Jal <iyrAn <iyrAn Iran NULL 'NULL NULL <iyrAn/NOUN_P NULL NULL FEM 5G DEF NULL 4y NONE
<&lid)  fisota>onaf {isota>onafat resume/stal NULL  NULL NULL {isota>onaffPV at/PVSUF NULL NULL NULL NULL NULL <l 'nf

<l yua | SAdir SAdirAti exports NULL 'NULL NULL SAdir/NOUN At/NSUFF NULL FEM  PL DEF (EDAFAFI/ACC  yba Sdr
adl gAz AlgAzi the +gas  AI/DET NULL NULL gAz/NOUN NULL NULL MASC SG DEF i/GEN J¢  NONE
ol TabiyEiy~  AT~abiyEiy~i the + naturz AI/DET NULL NULL TabiyEiy~/AD) NULL  NULL MASC SG  DEF i/GEN i THE
| <ilay <ila¥ toftowards NULL NULL NULL <ilaY/PREP NULL NULL NULL NULL NULL NULL NONE
L3  turokiyA turokiyh  Turkey  NULL NULL NULL turokiyA/NOUN NULL ~ NULL FEM SG  DEF NULL L5 NONE
rlea  SabAH SabAHa morning  NULL NULL NULL SabAH/NOUN(A NULL NULL MASC SG DEF (EDAFAF a/ACC e ShH
ol >amos >amosi yesterday NULL NULL NULL »amos/NOUN  NULL NULL MASC SG DEF i/GEN sl 'ms
e maE maka with NULL NULL NULL maE/NOUN{AD\ NULL NULL MASC SG INDEF a/ACC NONE
aa  Dax Dax~i pumping/in NULL NULL NULL Dax*/NOUN  NULL  NULL MASC 5G  DEF (EDAFAFI/GEN A&  Dxx
LF  qurAbap qurAbapi  almost/neat NULL NULL NULL qurAb/NOUN(AI ap/NSUFFNULL FEM SG DEF (EDAFALI/GEN <& grb
iwd yamos xamosapi  five NULL NULL NULL xamos/NOUN ap/NSUFFNULL FEM 5G INDEF i/GEN =&  xms
owks  miloyuwn malAyiyni  millions NULL  NULL NULL malAyiyn/NOUNNULL NULL FEM  PL_BR DEF (EDAFAFI/GEN x5« NONE
e mitor mitork meter NULL NULL NULL mitor/NOUN  NULL NULL MASC SG INDEF K/GEN i«  mtr
=% mukaE~ab mukaE~abK cube/cubifo NULL NULL NULL mukaE~ab/ADJ NULL NULL MASC SG INDEF K/GEN <= KEb
= Eahor Eabora acrossfover NULL |NULL 'NULL Eabor/NOUN(AL NULL NULL MASC SG DEF (EDAFAFa/ACC  y=  Ebr
i xal™ xaT~i line NULL NULL NULL xaT~/NOUN NULL NULL MASC SG DEF (EDAFALI/GEN =&  xTT
«¥! sunobuwb AlanAbiyba the + pipes/ AI/DET NULL NULL >anAbiyb/NOUNNULL  NULL FEM PL BR DEF a/GEN <l NONE
. Punc Punc Punc Punc  Punc Punc Punc Punc Punc Punc Punc Punc Punc  Punc Punc
P/ EOF Prg FOF Prg EOF Pre  FOF PrFOF P FOF IFOF Prg FOF Prg FOF [FOF PrEOF PrEQF Prg EQF Pre FOF PFOF Pr

Figure 7: One of disambiguated texts.

5.3.2 Modifying and adding som: linguistic information:

Some information in the output of Buckwalter’s gizalr such as number, gender
definiteness needed modifications according tortieorphosyntactic propertie
These features can b&plainedas follows:

* Gender: Buckwalter's analyzedoes not identifithe gender of Arabic words
two case. The first, if a masculine word or a bropéural ends in#” e.g."«wi" and
“s3L40” it consides both of them afeminine. The second, if a feminine word ot
broken plural does not end i#” e.g. “.....c @i ¢ Dl < <L’ | the analyzer does n
identify the gender and assigns “NULL” to the womdsder identification. In bot
cases, a anual intervention is used to ithe gender.

* Number: It has been noted thBuckwaltets analyzer has a problem with brok
plurals; it deals with some of these words as darge.g. %:3al <3,50” and deals
with others by assigning them (NULL), .3l ¢« Jlsal « o) 5", This type of plural is
given “PL_BR” for number manually. In addition @ther nouns that do not end
any morpheme the denotes gender €' Sl ¢ &li ¢ ciedd", have been assign
“NULL". All number problems have been fixed manuye



* Definiteness: Buckwalter could detect the suitable definitenfsssmost words,
however, there are some indefinite words that Badtex identified as definite words
such as &lall ¢ glaill ¢ o) 330 these words have been modified to be indefinlite.
addition, the analyst added a new value for thetufea of definiteness
in order to make the feature o definiteness

(DEF_EDAFAH), e.g. as in< ",
more expressive. 4l e .

Figure 8 shows the new modifications for Gendemnlar and Definiteness according to

their contexts:

word voc gen num def
/D BOF_Doc BOF_Doc BOF_Doc BOF_Doc
/T BOF_Tit BOF _Tit BOF_Tit BOF _Tit
,.—i fiy NULL NULL NULL
gladtin) {isotifotA'K MASC 5G INDEF
gD Dimoniy~K MASC 56 INDEF
= EalaY NULL NULL Nl
L, ri}Asapi FEM 5G
-] buw$S MASC SG DEF
: Punc Punc Punc Punc
— tawag~uEAtN FEM PL INDEF
Sdladuls bi{isotiEAdapi FEM NULL DEF (EDAFAH)
Gl yiesdll | Ald~iymugrATiy~iyna MASC Pl DEF
P Als~ayoTarapa FEM SG DEF
o EalaY NULL NULL NULL
sdas majolisi MASC NULL DEF (EDAFAH)
) gl Aln~uw~Abi MASC DEF
ey baEoda NULL NULL DEF (EDAFAH)
12 Num Num Num Num
= EAmMAF MASC NULI INDEF
T/ EOF_Tit EOF _Tit EOF Tit  EOF_Tit
/P BOF Prg BOF Prg BOF Prg  BOF Prg
Okl g wASinoTun FEM 5G DEF

Punc Punc Punc Punc

! L wakAlAtu FEM PL DEF (EDAFAH)
el Al>anobA'i FEM PL_BR DEF

Figure 8 : Gender, Number and Definiteness.

In order to make the morphological analysis mogeressive, we have seen that
the following extra information that exceed themeof Buckwalter's analyzer should
be added:

A. Name entities. name entities are words that represent the titenanstitute,
ministry, association, compound name of a courdogk, film, company or
conference. Analysts identified these names by raddthe feature
(NOUN_PROP) right after the basic word class oséhevords. For example
"I 5y saaiall LY 1" appears in analysis as shown in table 4:



Word Word Class

ey sl NOUN(NOUN_PROP)
saaial ADJ(NOUN_PROP)
FRGAY ADJ(NOUN_PROP)

Table 4 : An example of a name entity.

By adding the name entity feature, researchersapture name entities easily in
addition to capturing the word with respect to plagt of speech. Figure 9 shows some
examples of name entities within their contexts:

word lemmaid = voc = stem

T/ EOF_Tit EOF_Tit EOF_Tit

/T BOF_Tit BOF_Tit BOF_Tit

gl Earabiy~ AlEarabu Earab/NOUN

S i EaraD-i sayaEoriDuwna EoriD/1V

By e majozarap majozarapa majozar/NOUN

— bayot bayoti bayot/NOUN(NOUN_PROP)

D HAnuwnN Hanuwn HAnuwn/NOUN_PROP
EalaY Eala¥ Eala =
jamoEiy~ap AljamoEiy~api amoEiy~/NOUN{NOUN_PR
EAM™ AlEAM™~api EAM~/ADJ(NOUN_PROP)
>um~™~ap lil>umami >umam/NOUN(NOUN_PROP)
mut~aHid Almut~aHidapi t~aHid/ADJ{NOUN_PRQE

o= tafAdiy litafAdiy tafAdiy/TNOHHN

alalaa st fiSoTidAm Al{iSoTidAmi {iSoTidAm/NOUN

ek fiytuw bifiytuw fiytuw,/NOUN(NOUN_PROP)

L= >amoriykA >amoriykA >amoriykA/MNOUN_PROP

fiy fiy fiy/PREE
majolis majolisi majolis/NOUN(NOUN_PROP)
>amon Al>amoni >amon/NOUN(NOUN_PROP)
EOF_Tit EOF_Tit EOF_Tt

/P BOF Prg BOF_Prg BOF Prg

ST gaz~ap gaz~ap gaz~ap/NOUN_PROP
Punc Punc Punc

e min min min/PREP

—3 i >aSoraf >aSoraf s>aSoraf/NOUN_PROP

3 >abuw >abuw >abuw/NOQUN_PROP

Jaed Alhuwl Alhuwl Alhuwl/NOUN_PROP
Punc Punc Punc

seadl qudos Algudos qudos/NOUN_PROP

ELEOR muHotal~ AlmuHotal~apu muHotal~/ADI

Figure 9: Some name entities according to context.

B. One of the disadvantages of the Buckwalter's mdaggiocal analyzer is
that it determines the word class of Arabic wordsoading to their
counterparts in English. For example, Buckwaltehss classified some
adverbs in Arabic as prepositions. Figure 10 shBwskwalter's analysis
of "ux" which should be analyzed as an adverb.

]

byn

- <variant>

- <solution>

<lemmall>-bayona_1 </lemmall>

<voc >bayona </voc >

<pos>bayona/PREP </pos>

<gloss>between/among </gloss>
</solution>

Figure 10: The word'ux" as preposition.




According to Buckwalter's analysis of adverbs (figuL0), four observations
can be noticed. Firsthe word"ox" should be analyzed as an adverb; it can be used to
describe either a place, as'ig>3Y! ", or a time as indwdally duwaall delull oy
"aaill 5, Second Some adverbs are nominalized (no longer advefbigey occur
after a preposition; in this case their case istiyenas shown in example (1):

1)
" aaiaall a5 A il (i e b ) andasi J) ) L

(bayon/NOUN+i/CASE_DEF_GEN)

However, when Buckwalter's analyzer dealt witl»" as a noun it gave out three
possible cases, namely: nominative, accusative, gewitive (U/NOM, a/ACC,

i/GEN, N/NOM and K/GEN), which is not correct. TtlirBuckwalter's analyzer
mistakenly analyzed some adverbs not only as pitpos but also as sub
conjunctions (SUB_CONJ) as shown in figure 11.

Latis
=yariani>
Endma
=solutions=
lemmalD =EinodamA_1</lemmall:=
<wioc = Einodamf </ voc=
zpos>=EinodamA/SUB_CONI</pos>
s =when</gloss >

=fsolution>

NS

<variant >
bynm#a
- wsoluticn >
1D =bayonamfA_1</lemmall=>
hayonam < fvoc =
sbayonamf/SUB_COMNI=</pos >
<iloss wwihile </ gloss >
=/solution>

1)

—wvarlant>

= A
aolution>
=lemmalD>=i®"A_ 1-</lemmalll>

=Y OC> <Rl o>
=pos><i*ASSUB_COMNI</pos>
=gfloss>if fwhether </gloss >

fsolution >

Figure 11: Example of Buckwalter output.

Forth, adverbs in Arabic are tagged with respect to twasses: adverbs which
describe time (ADV_T) and adverbs which describacel (ADV_P). The same
adverb may describe both time and place in diffecentexts. Buckwalter’'s analyzer
can analyze some words as adverbs without detergnithie manner of that adverb
(time or place) as shown in figure 12.



="
— <wvariant>
hnA
— <=solution=>
<lemmalD>=hunA__ 1</ lemmall=>
<voc>hunA</voc>
=<pos>=hunA/ADV </pos >
=<gloss >here</gloss >
</solution=
TS
— =wariant>
hnAak
— <=solution=>
<lemmalD>>hunAka_ 1 </lemmalD>=>
=voc=>hunAka</voc>=
“pos>=hunAka/ADVWV </pos>
=gloss >there </gloss >
=/solution=>

— <wvariant>
bEd
— <=solution=>=
<lemmalD>baEodu__1 </lemmalDb>
<voc>baEodu</voc>
=pos=baEodu/ADWV </pos>
=gloss>=aftervward /later/ (not) yet</gloss >
=/solution=>
Al
— <wvariant>
Wi
— <=solution=>=
<lemmalD>wvam-~apa_ 1 </lemmallb>
<wocCSwalfNorapa </ voc >
<pos>wam-~apa/ADW </pos >
=gloss =there (is/are)</gloss>
</solution=
Ak
— <wvariant>
W
— <=solution>
<lemmalD>vam-—a_ 1</ lemmall>
<wvocCc>wam- ra <,/voc>
=<pos>wam-a /S ADVWV </pos >
<gloss >therefore </gloss=>
=/solution=>=

— <=<wvariant>
bEd
— <solution>

<lemmalD>baFodu__1</lemmalD>=>
=voc>baEodu</voc>=
=“pos>baEodu/ADVWV </pos >
<glossaftervward /later)/ (not) yet</gloss >

</solution >

Figure 12: Buckwalter Adverbs analysis.

In retagging adverbs two criteria have been takémaccount

1. Separating the case tag from the stem; wBuckwalte analyzes the adverl
it considers the case as a part of the stem argkqaently a part of lamn for
example, thestem of "dua" is (hunAka/ADV)and the lemma ishunAka”. So
the case should be separated from stem and le

2. In Arabic adverbs are nouns. Accordingly this hasrbtagged to every adve
Consequently,the analysis of adverbs should contain three piect
information:noun, adverb and time or place (T/P) as table sl

Word Buckwalter analys New analysis Example
e Einoda/PREP Einod/NOUN(ADV_T) Al g Epan die L]
Einod/NOUN(ADV_P) sl Jase die a el a5k
S baEoda/PREP baEodNOUN(ADV_T) ol e J peanll dy LA i
baEodNOUN(ADV_P) LS i any S (ol ey 50
O bayona/PREP bayon/NOUN(ADV_T) Oe Cild Gpnzalall palad) G La s yidll
skl
bayon/NOUN(ADV_P) pliie L) g g peae (i Gruaiill ()
oLl >amAma/PRE >amAmMNOUN(ADV_P) 5k A alal Ly
e Eabora/PREP Eabor/NOUN(ADV_P) il slaall 4805y lilall Jla )
Jé gabola/PREP gabol/NOUN(ADV_T) el Ay S8 adas) 15 jladl)
B fawora/PREP fawor/NOUN(ADV_T) Lellae el g8 5 alal ) 2 paiins

Table 5: Example for adverbs.




Figure 13 shows the analysis of some adverbs whaete been found in the IC
analyzed corpus:

word - lemmaid 2 voc 2 stem il casee v
e baEod baEoda baFod/MNOUN{ADV_T) afAcCcC
s batod bBaEodu BaEod/NOUN{ADV_T) u/NOM
ftay baEodamAa baEodam#A baEodamA/NOUN{ADV. T) MNULL
lasas baEiyd baEiydAF baEiyd/NOUN{ADV_P) AFfACC
B baEiyd baEiydapF baEiyd/NOUN{ADV_P) FfACC
e bayon bayona bayon/NOUN(ADV_P) afACC

bayon bayona bayon/NOUN{ADV_T) afacc
5 4% whrap tArapf A fNOUMNADY T) F/ACC
el tibAE tibAEAF tihAE/NOUN(ADV_T) AFSACC
sias tiiah tijAha tiiAh/NOUN(ADV_P) afACC
—— taHot taHota taHot/NOUN{ADV_P) afAacc
—2 wANiY wAnIVAF wAR S/ NOUN{ADYV_P) AFfACC
o) wamT vam™apa vam™/NOUN{ADV _P) afACC
- januwhb januwhba januwb/NOUN{ADV_P) afACC
g Hawol Hawola Hawaol/NOUN{ADV_P) afAcc
s Hiy Al Hivala HiyAl/NOUMN{ADY_P) afNCC
S Hayow Hayovu Hayowv/NOUN{ADV_P) u/MOM
s Hiyn Hiyna Hiyn/NQUN(ADV_T) afacc
KVLECN Hiynali* Hiyna}i*K Hiynali*/MOUN{ADV_T) K/GEN
JENELR Hiynama Hiynama Hiynama/NOUN{ADV _T) NMULL
= A RATi] whArija WA/ NOUN{ADV_P) a/acc
el XAMiS xAMmiasAF xAmis/MNOUN(ADV_P) AFSACC
S xilal xilala xilal/NOUN{ADV_P) afAacc
e wilAal xilAla KIANOUNLADV._T) afACC
ks xalof xalofa xaloff/NOUN{ADV_P) afACC
— chAdim dAJimAF dAlm/NOUN{ADV_T) AFSACC
[SERE! chaxil dibxila daxil/NOUN{ADV_P) afAcc
Lo g2 dawom dawomAF dawom/NOUN{ADY_T) AFfACC
I=EE duwen duwna duvwn/NOUNADV_P) afacc
ela zubA' ZuhA'a ZuhA'/NOUM(ADY_P) afacc

Figure13: Some adverbs in the ICA analyzed corpus.

NOUN(ADV_M): This type of adverbs needs the context to be detebut
Buckwalter's did not identify this type of adverks shown in example (Z

2)
I pa A1 cla

NOUN(ADV_M)

Figure 14shows an example of NOUN(ADV_M) within its conte

| word - lemmaid - VOC = stem =
e bayonamA  bayonamA bayonamA/NOUN(ADV_T)
| i kAn-u kAnat kAn/PV
|4es gay~im giymapu qiym/NOUN
=l s SAdIr SAdirAti SAdir/NOUN
s TAgap AlT~Aqapi TAg/NOUN
|23 huwa wahiya hiya/PRON
e {iEotamad taEotamidu Eotamid/IV
"95 kul~iy~ kul~iy~apF kul~iy
— EalaY EalaY EalaY/PREP
|Sipda [SAdir SAdirAti SAdir/NOUN
e miSor miSor miSor/NOUN_PROP
| min min min/PREP
B gAZ AlgAzi gAz/NOUN
|l TabiyEiy™~ AlT~abiyEiy~i TabiyEiy~/AD)
|10.2 Num Num Num
| e miloyAr miloyAri miloyAr/NOUN
¥ s duwlAr duwlArkK duwlAr/NOUN
Punc Punc Punc

Figure 14: An example of NOUN(ADV_M) within conte



C. For more accuracy, analysts added new informatiahBuckwalter’s analyze

does not provide; namely, root informati

The root of each word was detected according teisna. It was noted th
some words haveo root like"... «liu (i ) (13" | Analysts gave such words t
root “NONE”. Also some foreign words were found in Arabic orttagpdy such
as,"... «osokd ediagw JU 236 1) " analysts gave these words the root “FOREIC
In addition,some words may have two roots as shown in tal

Word Lemma Root
el {ibon bnw/bny
JiJ) >azAl zwl/zy!
Al tanomiyap nmw/nmy

Table 6: example of words may take two roots.

Figure 15 shows each word, lemma and its deteoiai

word S lemmaid
nahAriy~
nihAl
nih&Ayap
nihAyap
nihAyap
{ihotam~
nahoj
nahoj
nahor
nahor
nahor
nihoruw

nahoDap
nahoDap
$9 2 nahodawiy™
Aley naholap
= nuhay
e nAlib

et g3 nalib

pel g nAlib

Bl s nawAp
=l nAHiyap
=l nAHiyap
=l s nAdiy
a3 nuw™~Ar
nASiyap
wAkab
niy~ap
niy~ap
nawobap

R R A R

root

nhr
nhl
nhy
nhy
nhy
hmm
nhj
nhj
nhr
nhr
nhr
FOREIGN
nhD
nhD
nhD
nhl
nhy
nwhb
nwhb
nwhb
nwy
nHw
nHw
ndww
W
nSw
wkb
nwy
nwy
nwb

Figure 15: Examples of root table.

5.3.3 Manual analysis ounanalyzed words:

After choosinghe suitable analysis for each word according edbntext, som
words were found tbave no solutic for one of two reasons. Thérst, some words
have no analysis according to Buckwe's analyzer. The Secondpme words can
be analyzed but no suitable analysis can be seleceatding to their context in tt
text. Therefore, these words have been analyzed maraccording to their conte»

as if they have beesmalyzed automaticall




It has beennoted that not all unanalyzed worwere MSA Arabic words some ¢
them are:
A. Colloquial words like"... >, — iy — Gsdia — 615" which analysts
tagged as (Colloquia
B. Loan words like"... zssh — dslea ) — (5SS " These wordshave no
counterpart irArabic language antherefore have bedgagged (Loan
C. Non Arabicwords that are used commonlike "... Jaiw — 2380 " and also
English wordsThese words have been tagge(Not_Arabiqg.

5.4 ICA: A final analyzed view:

The current state of ICA analyzed corpus helps nterrogating a lot o
phenomena sincéé¢re is one database coning all analyzed words in their conte
and with their Meta data information. Each word 17 pieces of informatio
namely: Word,Lemma,Vocalization, Gloss, Prefixl, Prefix2, Prefix3, &, word
class Suffixl, Suffix2, number, gender, definiten, Arabic stemcast and root as
shown in figure 16.

lemmaid© voc ' gloss  -iprl cipr2- prd | stem - suff - suf2 - gen - num - |def - cases - arabic *
>asoham  >asohama participate/cor NULL - NULL NULL >ascham a/PVSUNULL  NULL NULL NULL NULL s~ i
fiy fiy in NULL NULLNULL fiy/PREP NULL NULL NULL 'NULL NULL NULL @
tawaS=ul  Alr-awaS=the + attainmer Al/DET NULL NULL tawaS~ul NULL NULL MASC NULL DEF i/GEN J=g
<laY <ilay toftowards  NULL  NULL NULL <ia¥/PRENULL NULL NULL NULL NULL NULL
fiifAq  (ivifAgi agreement/acc NULL NULL NULL freifAq/MNULL NULL MASC NULL DEF{I/GEN 38
makap makap  Mecca NULL NULL NULL makvap/INULL NULL FEM SG  (DEF NULL
AH1 A1 1 1 11020 Punc  Punc  Punc Punc. Punc Punc Punc  Punc Punc Punc Punc Punc Punc Punc
' AHL Ag=1 1 110204 P/ EOF Prg  EOF Prg EOF Prg  EOF _PrEOF_EOF IEOF Prg EOF _PrEOF_PrEOF_PrEOF PiEQF_EOF Pr EQF Pr
|| At 421 1 110200 O/ FOF Doc EOF Doc EOF Doc  EOF DVEOF_ EOF [EOF Doc EOF_D(EOF DiEOF D\EOR D EOF | EOF D¢ EOF D¢
AH1_RG11 121106 /0 BOF_Doc BOF Doc BOF Doc  BOF_DBOF_BOF_IBOF_Doc BOF_Di BOF_D-BOF_D BOF_DIBOF.(BOF_D¢BOF Dt
AHL M1 1 121106) /T BOFTH BOFTt BOFTR  BOF_TiBOF_BOF_BOF_Tit BOF_Ti BOF_Ti BOF_Ti BOF_TIBOF_ BOF_TH BOF_Ti
Iur!l_E_l_Ii’SlD.ﬁ seaa maSodar mabAdiry sources NULL NULL NULL maSAdirfNULL NULL FEM  NULL INDEFufNOM s
AHL 11 121006] b= siyAsiy* siyhsiyappolitica NULL  NULL NULL siyhsty/:ap/NSUNULL  FEM  SG INDEFN/NOM ==
AHI B 1 121106] At cisorAliyliy<isorAlivit Israc NULL NULL NULL <isorAfiylap/NSLNULL FEM SG  INDEFN/NOM &
H}H_vﬁ_l_:ii]ﬁ‘[‘ 6 kaSafd  takoSifu ffthey/she+d tafIVAENULL NULL keSH[IV u/IVSUNULL NULL NULL NULL MOQD: <
>
R}

AHE_M_I_EH]DE Ean Ean from/about/of NULL NULL NULL Ean/PREFNULL NULL NULL NULL NULL NULL 2

| AHL ATy 1 121106 Safogap  Safoqapk dealftransactic NULL NULL NULL Safoq/NCap/NSUNULL FEM SG  INDEEN/GEN its

. ﬁﬂ!_{ﬁ‘._l_]i!lﬂﬁ i SAmil Smilapk comprehensiviNULL  NULL NULL SAmil/ACap/NSUNULL FEM SG  INDEFK/GEN s

AHi_M_l_iEllD' e LS wilAl Al during/throug! NULL - NULL NULL xlAYNOLNULL  NULL MASC SG  DEF{lafACt S

ni!E_El_l_EP';JD = Sahor  Sahork  manth NULL MULL MULL Sahior/MCNULL  NULL  MASC SG  INDEFK/GEN =

i gad gad may/might  NULL NULL NULL ‘qad/VERENULL NULL NULL NULL NULL NULL 4

waDaf  taDaky  itfthayfshe +ptafiv3k NULL NULL DAEAIV  u/IVSU NULL NULL NULL (NULL MOOE:

Hal* Hal"AF  solution/dissol NULL  NULL NULL Hal*/NOLNULL NULL MASC SG INDEFAF/ACC s

SIrAE [it5™irAEi toffor+the +5i/PREP A|/DENULL SAE/NONULL NULL MASC SG  DEF ifGEN ¢lwe
mak maka  with NULL WULL'NULL maE/NOUNULL NULL MULL (NULL IDEF{la/ACC

i filasaTryniy AlfiasoTiy the +Palestiniz AYDET NULL NULL flasoTiyniyna/NSNULL MASC PL  DEF GEN ,,—c—‘

EOFTt EOF Tt EQF Tt EOF TrEOF_EQF "EOF Tit EOF_Ti EOF Tr EOF_Ti EQF TiEOF_EOF_TitEQF Tit

BOF Tt BOF Tit BOF Ti BOF T/ BOF “BOF "BOF_Tit 'BOF Ty BOF Tr 8OF TiBOF TiBOF "BOF TitBOF Tit

Earabiy~ AlEarabu the+Arabs  Al/DET NULL NULL EarabfNCNULL NULL MASC NULL DEF u/NOM=p

Figure 16: Final view of ICA analyzed corp

Through the analyzed ICA sample tanalysts camapture any information easi For
example the analysts can captall the imperative verbs/hether in their contexts «



without contextas shown in figure 1 & 18. This can help in building good search
engine tool.

index * word -|lemmaid- voc | gloss - prl v pr2 v\ p3 - stem o suft -| suf2 | gen - num*

 |AH1_A1 63 140207 Jsid gAl-u fayaquwlu |and/so+hefit+fa/CONJ ya/IV3NNULL  quwl/IV u/IVSUFFNULL ~ NULL  NULL
| AHL AL 63 140207 =i safad®  safid™0  prepare+yod NULL NULL NULL »aFid~/cV O/CVSUFENULL  NULL  NULL
|AH1 AL 6 3 140207 L& nafos linafosika  for/to+same/sli/PREP NULL NULL nafos/NOUN kaf/POSS_NULL  FEM  SG 8l
_|AH1 A1 6.3 140207 Y bayot bayotAF  house NULL NULL NULL bayot/NOUN NULL ~ NULL  MASC SG
~ AH1.AL 6.3 140207 =4 {it'axa*  wafit“axi*o and +take/adojwa/CONNUL. NULL fit~axi*/cV o/CVSUFFNULL  NULL  NULL
| |AH1_A1 6.3 140207 L nafos linafosika  for/to+same/s i/PREP NULL NULL nafos/NOUN ka/POSS_NULL  FEM  SG
| |AH1_A1 63 140207 ay) 7awoj zawojapF  wife NULL  NULL NULL zawoj/NOUN ap/NSUFENULL ~ FEM SG
| |AHL Al 6 3 140207 oS kAn-u takuno it/they/she + be ta/IVAFENULL  NULL  kun/IV ofIVSUFFNULL ~ NULL ~ NULL
| |AH1 A1 6 3 140207 iy mavAbap  bimavAbapi by/with +virtuz bi/PREP NULL NULL mavAb/NOUN ap/NSUFENULL ~ FEM  NULL
_ AHL AL 6 3 140207 S say~idap sayidapK lady NULL NULL NULL say~id/NOUN ap/NSUFENULL ~ FEM  SG
_|AH1A163.140207 &  galb ligalobika for/to+heart/cli/PREP NULL NULL galob/NOUN ka/POSS_NULL  MASC SG
~ |AH1_A1_6_3 140207 ¢ Punc Punc Punc Punc  Punc Punc Punc Punc Punc Punc  Punc
| AH1A1 63140207 i saHab~  saHibra  love/adore+yo NULL  NULL NULL saHibr/cv o/CVSUFFNULL  NULL  NULL
| |AH1 A1 6 3 140207 dagy zawoj zawojataka wife+your  NULL  NULL NULL zawoj/NOUN at/NSUFF ka/POSS_FEM SG
| AHI AL 6 3 140207 213 >aSobaE  waaSobifo and + have eno'wa/CONNULL  NULL »aSobig/cv o/CVSUFENULL  NULL  NULL
_ AHL AL 63140207 &  jawof  jawofahA belly/cavity/micNULL NULL NULL jawoffNOUN hA/POSS NULL ~ MASC  SG
 AH1_A1 6.3 140207 Al satar-ui  wa{usoturo and +cover/hid wa/CON {u/CV_sNULL sotur/CV o/CVSUFENULL — NULL — NULL
|AH1 A1 63 140007 sxh  Zahor  ZahorahA back/spine+itsNULL NULL NULL Zahor/NOUN hA/POSS NULL  MASC  SG
_ AH1 A1 6.3 140207 Jesls  jaBala  wafijoEalo and +make/bri wafCON{ifCV. 2 NULL joEal/cV. o/CVSUFFNULL - NULL  NULL
| |AH1A1 6.3 140207 galob qalobahA  heart/center/esNULL  NULL NULL galob/NOUN hA/POSS NULL ~ MASC  NULL
| AH1AL 63140207 's#  fariH  fariHAF  happy/cheerful NULL NULL NULL fariH/NOUN NULL  NULL  MASC SG
| |AH1_A1 6 3_140207 “ mA mA what NULL  NULL NULL mA/REL_PRON NULL NULL MASC SG
| AH1AL 63140207 s dAm dAmat  alast/persevereNULL  NULL NULL dAm/PV at/PVSUFNULL  NULL  NULL
| |AH1 A1 63 140207 o Eala¥ Eala¥Y onfabove NULL  NULL NULL EalaY/PREP NULL NULL NULL ~ NULL
| |AH1 Al 6 3 140207 A gayod gayodi in progress/cur NULL ~ NULL  NULL gayod/NOUN NULL ~ NULL  MASC SG
_ |AH1 A1 6 3 140207 il HayAp AlHayApi  the +life AI/DET NULL NULL HayA/NOUN ap/NSUFF NULL FEM SG
_|AH1 A1 6 3 140207 .. Punc Punc Punc Punc  Punc Punc Punc Punc Punc Punc  Punc
| |AH1_A1 6_3_140207 LS kamaA kamA andfasfalso  NULL NULL NULL kamA/SUB_CONJ  NULL NULL NULL  NULL

AH1 A1 6 3 140207 =@ >awoSa¥ yuwsSiy hefit + recomm yu/IV3N NULL ~ NULL  wSiy/IV (null)/[VS NULL _ NULL _ NULL

Figure 17: CV within context.

T Al Analyzed_Corpus
1 index - word - |lemmaid-| voc -| gloss - prl v pr2 - pr3 - stem V\ suft -| suf2 - gen 4
AH2 A1.63.110207 g waDak  Dako put+you NULL NULL NULL DaEfcV 0/CVSUFFNULL ~ NULL
 AH2Z A1 63 110207  ## waf~ar  fawaf*iro and/so+econo fa/CONJ NULL NULL waf~ir/cV 0fCVSUFENULL ~ NULL
| AH2Z A1 63 121106 syl raHima  {iroHamuwr be kind/be mer {i/CV_20NULL  NULL roHam/CV uw/CVSU nA/CVSU! NULL
| |AH22 A1 11 110207 Se:  wadaf-a daEuwniy let/allow+you NULL  NULL NULL daE/CV uw/CVSU niy/CVSU NULL
- AH22_A17 121106 by |AHaZ walAHiZo  and +note/see wa/CONNULL  NULL [AHIZ/CV. of/CVSUFFNULL NULL
| |AH22_A1_7_140207 Judy savala  wafisoalo and +ask/ingui wa/CON {i/CV_2 NULL soxal/CV OfCVSUF NULL ~ NULL
| AH22_A17_140207  Lgs wadaE-a  fadaFuwnA and/so +let/allcfa/CONI NULL  NULL daE/CV: uw/CVSU nA/CVSUINULL
| |AH22 A1 7140207  Ues wadaE-a fadaEuwnA and/so+let/allcfa/CONJ NULL  NULL daE/cV uw/CVSU nA/CVSUINULL
| |AH23 A1 7121206 13y naZar-u  wafunozuru and +look +yoi wa/CON {u/CV_iNULL nozur/cV UwWA/CVS NULL  NULL
| |AH25 A1 7 140207 3= raHim-a  fafiroHamu and/so +be kin fa/CONI {i/CV_2 NULL roHam/CV UWA/CVS NULL  NULL
| |AH26 A1 7 140207  Lgs wadaE-a daFuwnA let/allow+you NULL NULL NULL dag/cV uw/CVSU nA/CVSU! NULL
AH3.A1 2 2 121106 Kg tawakal tawak~alo empower/give NULL NULL NULL tawak~al/cV ofCVSUFENULL  NULL
| |AH3 A1 2 2 121106 by {iTomaan' wafiTomalir and + be calm/k wa/CONNULL  NULL {itomasin/CV ofCVSUFFNULL ~ NULL
| |AH3_A12 2 121106 Iz daEA-u  {udoEuwA callfinvite +you fu/Cv_2 NULL NULL doE/cV uwA/CVS NULL ~ NULL
| AH3_A15 110207 35 xalaB-a  {ixolaEuwA pull out+you {i/CV_2PNULL NULL xolaE/CY(NQUN_PROP) uwA/CVS NULL  NULL
 |AH3.A16.3 121106 Swl  sAFad  sAFidoniy helpfassist+yoNULL NULL NULL sAFid/cv 0/CVSUFE niy/CVSU NULL
| |AH3_A1.6.3121106 & wavig-ia  vigo trust+you  NULL  NULL NULL vig/cV 0/CVSUFENULL  NULL
 |AH3 AL 63121106 J=)  jaEala  fijofalo  maketyou  {i/CV_20NULL NULL joEalfcy Of/CVSUFENULL  NULL
I8 AH3 AL 6.3 121106 <2l *ahab-a ({i*ohabo go+you {i/CV_2PNULL  NULL *chab/cy. 0f/CVSUFE NULL NULL
| |AH3 A1 63121106 l4==al  Sanak-a ({iSonakohA do/make+you {i/CV_20NULL NULL Senak/CV 0fCVSUFE hA/CVSUINULL
| |AH3 A1 63 121106 & tagay~ar tagay~aro change/modify NULL NULL NULL tagayar/CV ofCVSUFFNULL  NULL
AH3 A1 63 121106 i bada> {iboda>o  begin+you  {i/CV_20NULL NULL bodax/CV 0fCVSUFENULL ~ NULL
|AH30.A1 11 121206 ] gAl-u qulo say/(forexamp NULL ~ NULL NULL qul/cV ofCVSUFFNULL  NULL
 |AH36_A17121106  |pesly samaH-a wafisomaHuand +allow/per wa/CON fi/CV_2 NULL  somaH/CV uwA/CVS NULL ~ NULL
| |AH4 A1 2 2 081106 & gAm qumo stand (up) +yorNULL  NULL NULL gqum/CV ofCVSUFENULL  NULL
| AHA AL D ) 0R1106 ki {itvaxa*  fafit“axi*o and/so+take/afa/CONINULL NULL {it=axi*/cV ofCVSUFENULL  NULL
| |AHA A1 2 20081106  sial Hafari  {iHofiro  dig+you {ifcV_20NULL  NULL  Hofir/CV O/CUSUFENULL  NULL
| AH4_A1 2 2 081106 4 radam-ui {irodimohA fill up(with eart {i/CV_20NULL  NULL rodim/cV 0/CVSUFE hA/CVSUINULL
AH4 Al 3 110207 Ju takAlaY  taEAlo come/let's+yolNULL ~ NULL  NULL taEAJ/CV. 0/CVSUFE NULL NULL

Figure 18: CV without context.



6. Conclusion:

This paper presented a road map of a trial for iraderpus analysis. The
analysts followed a stem-based approach to be irsethalyzing ICA. Buckwalter
Morphological analyzer is the most suitable avaddbxical resource for our approach.
The paper discussed a number of general considesat bear in mind when beginning
the process of analyzing the ICA corpus. This tc@h be considered one of the most
successful approaches for analyzing modern staratoic (MSA) in comparison with
other trials of Arabic analyzed corpora.

This analyzed sample will be developed to be usedl teaining corpus to analyze
the target size of ICA (100 million words). The ICHoftware will be developed to
interrogate the analyzed version to help reseasdioecapture powerful textual search.
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