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Introduction

 What is ‘Arabic’?
— A Semitic language
— Arabic Script
« With or without diacritics
« More ambiguity!
— Arabic Language

 Modern Standard
Arabic (MSA)

 Arabic Dialects
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Arabic Script

Arabic script is an alphabet with allographic variants,
optional zero-width diacritics and common ligatures.

35 14

Arabic script is used to write many languages: Arabic,
Persian, Kurdish, Urdu, Pashto, etc.

PDF Files problem



Arabic Script

Alphabet | L
. letter forms D CRouY P €

L_Q\JLJPUOBL_S;

e letter marks

* Arabic only . s s

* Other languages

e Persian, Kurdish, Ur -
Pashto, etc.

- OCR output ambiguity °



Arabic Script

Alphabet (MSA)

* letters (form+mark) s N
 Distinctive u'n u‘u — Q'A
ffiIsl 18l bl

 Non-distinctive I fj zs ‘ ;‘ i ‘
[/

glottal stop aka hamza



Arabic Script

Letter Shapes

* No distinction between print and handwriting
* No capitalization

* Right-to-left

. . | Stand
« Ambiguous
shapes ) N 2adl S & alone
 Connective : ~ | initi
L initial
letters O <
* Disconnective . . ]
letters O | 2 | 2 | medial
*OCR problems )_ \
> | final
Plus| & T




Arabic Script

Letter shaping

wS=uS<Ccouuwd
[katab/ b t Kk

fo write

oS =S € uluwd

[kitab/ bat Kk
book



Arabic Script

Diacritics
o Zero-width characters

* Used for short vowels

u&g /katab/ to write

 Nunation Is used for
nominal indefinite
marker in MSA

oS /kitabun/ a book

Nunation Vowel
) )
/ban/ /ba/

28 2
(- )
L 4 L 4
/bun/ /bu/
) )
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Arabic Script

Diacritics
* No-vowel marker (sukun)
u:S.B /maktab/ office

 Double consonant marker
(shadda)

u.fg [kattab/ to dictate

« Combinable 3 y Z
- = 4

L

z

\t

/bbu/ /bbin/  /bban/

No Vowel

o

-

4

/bl

Double
Consonant

w

(-

/bb/
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Arabic Script

Putting It together

Simple combination

Arab /Garab/ I ) = U;-E: < —pNd
West /karb/ U)S — u;ﬁ é <) &

Ligatures

Peace /salam/ /0\1-”” ﬁ&-‘” < L l 'J U




Arabic Script

Tatweel
« ‘elongation’ Ol 34>
e aka kashida
e used for text highlight Oyl 4.55-5-"
and justification
OLwit! B i
OLwi¥) Bgii>

human rights /huquq al?insan/
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Arabic Script

“Arabic” Numerals

* Decimal system

* Numbers written left-to-right in right-to-left text : dual directions
i) MY e Lle 132 0y 1962 e 3 51540
— "> —

Algeria achieved its independence in 1962 after 132 years of French occupation.

* Three systems of enumeration symbols that vary by region

Western Arabic O/1 121314 1|516!/7 1819
Tunisia, Morocco, efc.

Indo-Arabic Y IYIYIS (o T1VIA LY
Middle East

Eastern Indo-Arabic
/ran, Pakistan, efc.
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MSA Phonology and Spelling

Phonological profile of Standard Arabic
— 28 Consonants
— 3 short vowels, 3 long vowels, 2 diphthongs

Arabic spelling is mostly phonemic ...
— Letter-sound correspondence

300 pdd@dtebhoagadi) g atag e si)lie

MININNNINNNNSRWY

ijjaowhnm lkqfeSotd s/szrddxhdytba?
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MSA Phonology and Spelling

* Arabic spelling is mostly phonemic ...
Except for

« Medial short vowels can only appear as
diacritics
 Diacritics are optional in most written text

— Except in holy scripture

— Occasionally appear in newspapers to mark less
common readings, resolve certain ambiguities

e S /katab/ to write <SS /kutib/ to be written
« Dual use of !, 5, s as consonant and long vowel
—\(I'1,1a0) s (twl,fal) s (il 1)
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MSA Phonology and Spelling

* Arabic spelling is mostly phonemic ...
Except for (continued)
* Morphophonemic characters

— Feminine marker ® (ta marbuta)

« S /kabir/ (big &) s.sS /kabira/ (big @)
— Derivation marker

 /Casa/ (to disobey +=c) (a stick Lbac)
 Hamza variants (6 characters for one phoneme!)
— (530 &) 4lgosler ocler /baha’/ + 3MascSing (his glory)

18



MSA Phonology and Spelling

« Arabic spelling can be ambiguous
« But how ambiguous? Really?

« Classic example

ths s wht n rbc txt Iks Ik wth n vwls

this is what an Arabic text looks like with no vowels
* Not exactly true

— Long vowels are always written

— Initial vowels are represented by an ! ‘alef
— Some final short vowels are represented

ths is wht an Arbc txt Iks lik wth no vwls

Will revisit ambiguity in more detaill again under morphology discussion

Humans can read, machines may be troubled! i’
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Encoding Issues

* Encoding Arabic

Data entry, storage, and display

Ease of use for Arabic-

Multi-script support

Multilingual support (extended Arabic characters)

« Types of Encoding

Machine character sets
» Graphemic (shape insensitive, logical order)
 Allographic (shape/direction sensitive) [obsolete]
Human accessible
» Transliteration
* Phonetic spelling (IPA)
* Romanization

21



Encoding Issues

« Many Conflicting Character Sets for Arabic

3 Google - Microsoft Internet Explorer

® | eft-To-Right Document
Right-To-Left Docurment

 Fe—

Advertize with Us - Busines:

Ma

G003 Goo

Arabic (DO
Arabic (IS0
Arabic (Windows)

Baltic (150
Baltic (Windows)

Central European (DO0S)
Central European (150
Central European (Wwindows)

Chinese Simplified (HZ)

Chinese Traditional (Bigs)

Crrillic (D05
Crrillic (1500
Cyrillic (KOI-R)
Crrillic (ROIE-L1
Cyrillic (Windows)

= Preferances
| = Language Tools

Jobs, Press, & Help

hes

= Advanced Search

J File Edit | Yiew Favorites Tools Help ﬁ
J 4= Back - Toolbars ¥ larch (G Favorites @Histnry | %. =h - ﬂ @
T = # Status Bar
A »

J.ﬁ.ddress I@ Explorer Bar 5 j @GD |J Links

Go Ta 2 :I

Stop Esc 1

Refresh FS ™

Text Size r N |

Saurce Western European (MWindows)

Script Debugaer 4 Chinese Simplified (GB2312) :

Ful Screen F11 @ Unicode (UTF-8) Ayelbic (2530 ) tory Mews




E n C O d I n g S Codepage 1256 - Arabic Windows

0 14 2 3 4 5 6 7 8 9 -A B -C -D -E -F

fuciy] oaaz aone3 004 anes fus]e:} aomar i) oaaR Ta0A [ omac T000 0DHE QDmF

= @
8
—~
—
*
+
-
i
S

020 o aomar 0aZ8 0] Ta2A 0028 onec it 002E am2F

qi-
[ ] ‘ P - 1 2 5 6 ooin 001 am3 004 ams 0016 amy 0018 0018 0oA oo oG L1 1] 0mE ame
! #1% %
Commonly used s |01 :
0030 oo [iixk) 0034 035 0038 a7 0038 00a8 D034 03B DDA 0030 an3e an3F

DD a0 a0e3 D Q045 00aé Qo7 0048 D042 ogas DME DM QoA O4E QQ4F

2
— 1-byte characters ,|@|a|B|c|p|[E|F|Gc|H[TI[J|K|L|M[N]|O
— Widely supported (P RISITIUIVIWIXIY Z L INI11"

005A O05E 0050 0050 O05E 0NsF

iInput/display 6-| .| 2 cldlie|/flg/h i/ j/k/l m/kn]|o

0060 0081 D062 a0Ed Coéd a6s 0066 0T 0068 0060 006A DoGE DO6C Q0E0 ODEE 06
r

s|tlu|lv | w|x|y|lz|{|]|]|}]|~

- M i n i m aI S u p p 0 rt fo r 7- pDﬂ?D (!0?1 ooTe o073 ooTa ao7s oare aorT aare oore TaTA [eiry= ouTe fusris] Qo7E Qm7F

exte n d e d Arab i C 8_ €20‘M ‘S:G?E ,zom j:m ’:ms ) .2.t(2$ 1-2020 :Eum :M 702:30 LT <2039 q{ﬂ ;:-;5&6 :3698 a08F

| & ‘ ’ “ 9 ® R ™ N
C h aracte rS 9 O8AF 2018 2me 2MC 2010 2022 2013 2014 008 2122 oA 2034 ﬁ.’:ﬂ Zh:JDDC zL:KID aoaF

— bi—SCript Support 00AD 0B1C Ohag 00A3 Ohad O0AS DOAG O0A7 0048 0Dag 00AR DOAG 00AD 00AE O0AF

. Jele]2]2]" T/ - BE ARAEAE
( R O m an/Arab I C) B 080 Q0B1 ‘DﬂE!‘ T0B3 DIEd I:DE-E DOBE onET .:ICIBB oneg o618 »DDEB DI:EC OOBD EII:BE DE1F

< s C ; - : -
—_— Trl_llngual Support' . 0621 -om ogzs|  ooea|  oe2s irm osa7| ez .osas 0624 .oe?s veec|  oezo|  omze|  oeeF

Ar ab I C F r e n C h D- .:eau "gen Hgsaz L',::33 U:m U:as ’nom >§nm J:ear boaae Eim E'oea.q oo ‘-:-u éouz ‘:;‘m
) ) - ~ A # ~ a
. E-la | J|a|pa|o|d]|s|¢c| e | &|é&|&é|s|s|i]I
E n g I I S h (al a A N S I ) :0ED ‘034-1 [ =+ IOB'Iﬁ 446 )O&IT ga8 QDET :053 00Es ?OE.& DEE “0519 2 QU0EE QDEF
F- - 0 p ax u ] U | LRM | LRM
BB -2 aEan DEAE QoFd4 [ 0650 OAFT HE51 AFR HE52 BAIFE BaFG HI0E 200F
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Encodings

 Unicode

Becoming the
standard more and
more

2-byte characters
Widely supported
iInput/display
Supports extended
Arabic characters

Multi-script
representation

060 081 062 063

24
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Encoding Issues
Arabic Display

 Memory (logical order) -
OCNBE Yad@iia (Palestine) Yi Cad&EiCI (Olympics) 2000 & 2004.
gl ydo Bdwbsy (Palestine) 4s | gdepos! > (Olympics) 2000 4 2004.

or this way for those with direction-bias

(&

.4002 & 0002 )scipmylO( ICiE&&=C 1Y )enitselaP( aigday ERNCO
.4002 4 0002 )scipmylO( olgsoadg!l s )enitselaP ( (ebwdd oIyl

25



Encoding Issues
Arabic Display

 Memory (logical order)
OCNBE Yad@iia (Palestine) Yi Cad&EiCI (Olympics) 2000 & 2004.

gl ydo Bdwbsy (Palestine) 4s | gdepos! > (Olympics) 2000 4 2004.

« Display (visual order)

— Bidirectional (BIDI1) support
 Numbers and Roman script
.2004 4, 2000 (Olympics) oslsuoads! i (Palestine) (ebpdd odylg

— Letter and ligature shaping
.2004 4 2000 (Olympics) slsualdyg!l 3 (Palestine) (uhwld oSy Ld

26



Display Problems

Display Encoding

CP-1256 1SO-8859 Unicode Western
© | 5adihiaguan B JANEa5 [0 | YOBEGJdos EIOia aagPE INE
o[ A Bl | Gl B AL | wOROdaalAEg | Y1 IED aaRlCNE
a CaCaBENxaik
ol O
c - v
S| B |ciues xasas | Aiadihiogpas | YOSERE El0¢z axaE INE
Q| @ |dé b bl g AN B all 0 | P EEOJGG | aé IEé SGEICNE
= 8 Aaililg @t ®Ed CaCaaENeaeéE
Wl | =
© Ty L Jaghs LS« S0LOLOEN b a Alhie gudxi | i»@°@ @USUL
3 o ©bth-b @b h-bth, b gebleBO @JJNW 3laall 0 U.U14 ‘U, 30
O| o |alhhdaks L-bLOLO ggl] ) @-@+go UUS
L | 8 | obtbghbg, b5 | 5OL0e" @ @08
S | 5,58k, b85S gL bOLOLO U, U,2°2-2§2+00
Ll i L lag a© LOeBOe OBl 28U, 28U, Uf@>2+U
e B0 ~UtUS@go

* Wrong encoding

* Partial support problems

27




Encoding Issues
Arabic Input

« Standard graphemic keyboard

* Logical order input

2 5 i 5 o o7

6 o | |-
ﬂ@ "HHTJYEUEIjDEP£E§%§
AﬁSwDQFEGEH[JéK;LigﬂTL
2o O BINIME Gl e

<L

JdJ)a

28
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Encodings

Buckwalter Encoding

* Romanization
— One-to-one mapping
to Arabic script spelling
— Left-to-right
— Easy to learn/use
— Human & machine compatible
 Penn Arabic Tree Bank
 Some characters can be
modified to allow use with XML
and regular expressions
 Roman input/display
* Monolingual encoding (can’t do
English and Arabic)

« Minimal support for extended
Arabic characters

L. M- ™M™

L

e b EFOE S S oo o

e, Gi L. |

| = 1.(;; l:;; o

| &

[ = | W

le
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Morphology

* Type
— Concatenative: prefix, suffix, infix
— Templatic: root+pattern

 Function

— Derivational
« Creating new words
» Mostly templatic

— Inflectional

« Modifying features of words
— Tense, number, person, mood, aspect

« Mostly concatenative

31
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Derivational Morphology

* Templatic Morphology

 Root “.4‘5‘5
b t k

. Pattern I I I
u r) a

« Lexeme “*’9"%“ U\S
maktub katib
written writer

Lexeme.Meaning =
(Root. Meaning+Pattern. Meaning)*ldiosyncrasy. Random 33



Derivational Morphology
Root Meaning

e u w g KTB = notion of “writing”

/kitab/  /katab/
book write

/maktaba/ ~9iSe
library
S0 S
/maktab/ /katib/
office writer

34




Derivational Morphology
Root Meaning

e LHM-2
* Notion of “battle”

— 4aals /malhama/
 Fierce battle
 Massacre
* Epic
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Inflectional Morphology

« Derivational Morphology
— Lexeme = Root + Pattern

* Inflectional Morphology
— Word = Lexeme + Features

e Features

— Part-of-speech
« Traditional Noun, Verb, Particle
« Computational. N, PN, V, Adj, Adv, P, Pron, Num, Conj, Det,
Aux, Pun, 13, and others
— Noun-specific
« Number: singular, dual, plural, collective
Gender: masculine, feminine, Neutral
Definiteness: definite, indefinite
Case: nominative, accusative, genitive
Possessive clitic 37



Inflectional Morphology

* Features (continued)

— Verb-specific

» Aspect: perfective, imperfective, imperative

Voice: active, passive
Tense: past, present, future
Mood: indicative, subjunctive, jussive
Subject (Person, Number, Gender)

« Object clitic
— Others

 Single-letter conjunctions

 Single-letter prepositions

38



Inflectional Morphology

Nouns
L 508 GLiSall
/wakabiyiitina/ /walilmaktabat/
U+ Cgnt e+ SHASSe+JH-JH
wa+tka+biyiit+na wa+li+al+maktaba+at
and+like+houses+our and+for+the+library+plural
And like our houses And for the libraries

« Morphotactics (e.g. J+J > &)
« Arabic Broken Plurals (templatic)

39



Inflectional Morphology

Verbs
La Lilad PAPTIN
/faqulnaha/ /wasanaqiiluha/
l 4+U 48 4 b+ Js +0 +ue +s
fa+qul+na+tha wa+sa+na+qtl+u+ha
so+said+we+it and+will+we+say+it
So we said It. And we will say it

» Morphotactics
* Subject conjugation (suffix or circumfix)

40



Inflectional Morphology

« Perfect verb subject conjugation (suffixes only)

Singular Dual Plural
1| <u€ katabtu L€ katabna
2 | <€ katabta L€ katabtuma | i katabtum
3| <X kataba LS kataba | 5 katabti

* Imperfect verb subject conjugation (prefix+suffix)

Singular Dual Plural
1 ‘i) aktubu "< naktubu
2 | 'S8 taktubu oS taktuban O 585 taktubdn

3| '« yaktubu

JWiSs yaktuban

05855 yaktubdn

Feminine form and other verb moods not shown

41
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Morphological Ambiguity

« Derivational ambiguity
— 828 pasis/principle/rule, military base, Qa'ida/Qaeda/Qaida
* Inflectional ambiguity

— iS5 you write, she writes

— Segmentation ambiguity
« 2 he found; 2>+ 5: and+grandfather
« 4all; 4:+J; for a language; 4+J: for the language

» Spelling ambiguity

— Optional diacritics
o ilS: /katib/ writer , /katab/ to correspond

— Suboptimal spelling
« Hamza dropping: |, | > |
 Undotted ta-marbuta: 3 > o
 Undotted final ya: ¢ 2> &

43



Morphological Ambiguity

« Multiple sources of ambiguity

— /bayyana/ Verb  he declared/demonstrated

— /bayyanna/ Verb they [feminine] declared/demonstrated
— /bayyin/ Ad] clear/evident/explicit

— /bayna/ Prep  between/among

— /biyin/ Proper Noun /n Yen

— /biyn/ Proper Noun Ben

« Hard to measure specific causes of ambiguity

— Derivational ambiguity* (diacritized tokens)

» 1.09 entries/token

« 1.01 entries/token (within same part-of-speech)
— Spelling ambiguity* (undiacritized tokens)

« 1.28 entries/token

» 1.08 entries/token (within same part-of-speech)

44
*In Buckwalter's Lexicon (~40,000 lexemes)
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Arabic Computational Morphology

e Representation units

e Natural token ol_iS_ol]g
— White space separated strings (as is)
— Can include extra characters (e.g. tatweel/kashida)

eWord wluSols

e Segmented word
— Can include any degree of morphological analysis
— Pure segmentation: wluiSod J g

— Arabic Treebank tokens (with recovery of some
deleted/modified letters): wluSoll J g

46



Arabic Computational Morphology

e Representation units (continued)
e Prefix + Stem + Suffix
—Q|+\_u5.o_ A +,JJ9
— Can create more ambiguity

e | exeme + Features
— auSw[+Plural +Def +q9+ J]

e Root + Pattern + Features
— WS + %a3a2lap + [+Plural +Def +d +4]
—\Very abstract

e Root + Pattern + Vocalism + Features

— S + 383210 + a.a.a + [+Plural +Def +J +4]
—Very very abstract

a7



Arabic Computational Morphology

« Approaches
— Finite state machines (Beesely,2001) (Kiraz,2001) (Habash et al, 2005b)

— Concatenative analysis/generation (Buckwlater,2002) (Cavalli-Sforza et
al, 2000)

— Lexeme+Feature analysis/generation (Habash, 2004)
— Shallow stemming (Darwish,2002) (Aljlayl and Frieder 2002)
— Machine learning (Diab et al,2004) (Lee et al,2003) (Rogati et al, 2003)

e |ssues

— Appropriateness of system representation for an application
« Machine Translation vs. Information Retrieval
 Arabic spelling vs. phonetic spelling

— System coverage

— System extendibility

— Auvailability to researchers

— Use for analysis and generation

48
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Arabic Script

Other languages
Arabic

e No more than 3 dots
e Dots either above or below
e Marks are 1/2/3 dots, hamza (s)
or madda (~) only
e Rare borrowing for foreign wordg

e regionally variable

Not Arabic

e Extra marks: haft (v), ring (0), taa (b),
four dots (::), vertical dots (;)
e Some Numerals (i,h,g)

PIiavwo iy
S38yguuusrgpssos
tceceidogs
53558rqpsss
S S Q...

Once you learn the alphabet, it is easier ©
HOW TO DETECT ARABIC??

50



Morphology and Syntax

Rich morphology crosses into syntax
- Pro-drop / Subject conjugation
- Verb sub-categorization and object clitics
* Verbrransitive+subject+object
* Verbintransitive+subject but not Verbintransitve+subject+object
* Verbpassivetsubject but not Verbpassivet+subject+object

Morphological interactions with syntax

- Agreement

* Full: e.g. Noun-Adjective on number, gender, and definiteness (for
persons)
* Partial: e.g. Verb-Subject on gender (in VSO order)

- Definiteness

* Noun compound formation, copular sentences, etc.
* Nouns+DefiniteArticle, Proper Nouns, Pronouns, etc.

51



Morphology and Syntax

« Morphological interactions with syntax (continued)

- Case
* MSA is case marking: nominative, accusative, genitive
» Almost-free word order
 Case is often marked with optionally written short vowels
- This effectively limits the word-order freedom in published text
» Agglutination

- Attached prepositions create words that cross phrase

boundaries
o& WI+J li+Almaktabat
for the-libraries [PP li [NP Almaktabat]]

« Some morphological analysis (minimally segmentation)
IS necessary even for statistical approaches to parsing

52
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Sentence Structure

Two types of Arabic Sentences

 Verbal sentences
- [Verb Subject Object] (VSO)
B PR I AN RIS
Wrote the-boys the-poems
The boys wrote the poems

« Copular sentences (aka nominal sentences)
- [Topic Complement]
4'«‘)2-& JYJ;\Y‘
the-boys poets
The boys are poets

54



Sentence Structure

* \Verbal sentences

- Verb agreement with gender only
* Default singular number
e Y YA gl ciwrotesmascsing the-boy/the-boys
lill-caill CuwiSwrotesremsing the-girl/the-girls

- Pronominal subjects are conjugated

o LS Wrote-yOUmascSing
o AHSWrote-yoUmascplur

o || sxiSwrote-theymascpiur
— Passive verbs

» Same structure: Verbpassive SubjeCtunderlyingobject
» Agreement with surface subject

55
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Computational Resources

« Monolingual corpora for building language models

- Arabic Gigaword
» Agence France Presse
» AlHayat News Agency
« AnNahar News Agency
« Xinhua News Agency

- Arabic Newswire
- United Nations Corpus (parallel with other UN languages)
- Ummah Corpus (parallel with English)

 Distributors

- Linguistic Data Consortium (LDC)

- Evaluations and Language resources Distribution Agency
(ELDA)

57



Computational Resources

* Penn Arabic Treebank (PATB)
- Started in 2001
- Goal is 1 Million words
- Currently 650K words

» Agence France Presse , AlHayat newspaper, AnNahar

newspaper
« POS tags ‘i*smp
- Buckwalter analyzer R e
- Arabic-tailored POS list ta+t~asiE
» PATB constituency " Calsinaisa
representation AL+XAST+ap

- Some modifications of Penn English Treebank
* (e.g. Verb-phrase internal subjects)

58
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Introduction

e The World-Wide Web is rapidly changing
and expanding.

e Estimates of the size of the World-Wide Web
vary from 15 to 30 billion pages.

 The share of the Arabic is around 1% (for 5%
of population).

e Usually one is interested in web searches

that return exactly the needed info.

Returning too little . not sufficient
Returning too much : not useful.




Introduction

Sometimes you want to search for more by
(expanding the query or correcting it and

Sometimes you want to search for less by
eliminating certain query words

Issues like document structuring, user
profiling and using NLP tools are part of the
solution

The problems are present in other
languages but may be more complicated
for Arabic



Arabic NLP Tools and Methods

1. It was decided to look for practical
solutions

2. Developing NLP tools and methods based
on the availability of:

e Arabic Corpus,
e Arabic Word Database,
e Stop Word List




Arabic Corpus Construction

For developing NLP tools we employed o
statistical/Corpus based approach.

We started with contemporary data we
obtained initially from Al-Sharg Alawsat
newspaper.

Then we expended it with available
sources (not without major problems)



Some Initial Statistics

Storage and Web Page Statistics

Data file size 1.2 GIG

Text size T60MB
Processed Words 32.686.506 words
Arabic words ( no repeat) 568.106 words
Multiword expressions (no repeat) 024,694 words
Triple Word expressions (no repeat) 1.414.008 words
Number of Documents 60.000 documents




Expansion Directions

Topical Corpora: Topics sub-topics for
Categorization.

Multisource: books, journals,..
Multiregional: dialects
Translation tools usage

Structures for efficient storage-
manipulation.



Arabic Word Database (AWD)

e A database with all the Arabic words on the
web with their frequencies

e The starting database was (568,106)

o Still expanding as we find more documents
and better ways to deal with old ones

e We retain the substructures of data even
after aggregating it: so we retain the ability
to work with subsets of data as well

e Efforts at cleaning: infrequent words +



Construction of Stop Word List

We created an Arabic stop words list
consisting of

the Arabic prepositions,
pronouns, interrogatives, particles,

English stop words list (translated).

The list has (1065) words
Much larger that English due to morphology
One or multiple listse: function dependant



Utility of the Built Structures

Arabic Language Detection.
Arabic Automatic Categorizer
Arabic Query Live Suggestion

Query modification by Word
Elimination/Expansion

Arabic Automatic Categorizer
Person Names unification-translation




Arabic Language Detection

Determine whether the language of the
document is Arabic or just a language
using Arabic alphabet, say Persian or Urdu
INn order to crawl and index it.

Based on spell checking of words in the
text against Arabic words and looking for @
threshold that enables accurate but fast
decisions.

A side tool: recover wrong language data
enftries.



Arabic Automatic Categorizer

Web documents are assigned to one of
predefined categories.

Can be used to refine the search resulfts.
Search for query "2 under the category
religions to avoid political results. (or 4=l

We have been playing with the Granularity
of categorization

Have implications fo the corpora properties

Multi-stage categorization, user assisted
categorization



Arabic Automatic Categorizer

Steps in Building the automatic categorizer .

1.Defined a set of topics: Politics, Religion,
Science, Economics and Commerce, Sportfs,
Enterfainment, Arts, Social Sciences,
Engineering/technology.

2. Word-based vector for each topic was
prepared.

3. Calculate the similarities for each topic and
select the most similar: How!



Arabic Query Live Suggestion

e When the user types in the search box, the
system queries the suggestions tables 1o
retrieve a list of possible suggestions.

e Large suggestion tables.

e Aftempting the use of two and three words
from the text corpus o reduce the
suggestion space.



Word Elimination

e Eliminate non-discriminating words (stop
words) in queries

e May speed search process.

Example: when a user search for (& W
Laaadll), the search engine has to make three
runs to find match, while looking for the |ast
word 4a=3 js enough to find relevant pages.




Query Expansion

Looking for relevant words or derivatives.
In Arabic many words can be derived from
a single root.

we ran the root extractor tool on the AWD
words.

For each root we now have almost all the
Arabic words that can be derived from it.



Arabic Query Expansion

The Query expansion is then carried out as follows:

1.

Each nonstop word is returned to its root,
then a list of words that share the same
root are refrieved from the AWD.

A weighing system is used to assign weight
to the expanded queries say by
frequencies



The Query Correction and
Suggestion System

e The query correction main function is to
correct user entered queries.

e For each query we examine the query
correctness by comparing its words with
words in the AWD. If there is a match, then
the query is considered correct. Otherwise, it
IS misspelled.

e Why do we need such dictionary¢ Aren’t
the normal dictionaries enough?



The Query Correction and
Suggestion System

Common Arabic Spelling Errors

Mistake Type Example

Edit — Deletion, Insertion, change, swap Ala s &l

Syntax L S 4 e
WE. :
Ly Ll
Pronunciation CEY v, ofl




Search Arabic PDF files

* One of the topics that concerns us through
this work Is Arabic PDF files because of
prevalence;

* How we can index them so as to make
them searchable by our search engine

* The concern is with /egacy files



Search Arabic PDF files

e cross platform font encoding problem in Arabic PDF.

This problem comes from the fact that
windows and MACs encode characters in
different ways once we leave the ASCI
characters. Thus, when we move Arabic
characters from MAC to PC we can noftice
that the PC identifies them as unreadable:
we call this legacy pdf files



earch Arabic PDF files

Aasls g p el ool O e LA Blls el Sl 0 - Gglppidl e Ble e 332
il 3 8 L el g gl Lol 1Y i oty AR FlRg e | St 538 At
gl loliad lgaliles Silia | B0 s syl il (s B (0 el Ciadly L A1 B
Mol Lo g ialas

3l e L (s (30l 3 AR1L g o 131 el sl A iy i 2R IS
G Lale v dgy e o Bkl mgil alladsl e L london | gy dois AL (LY
Ll b dldgen (sl gl Dilpalindl B e lall) Adall iliw o (randis S
Gk el le

Text As Created In InDesign Under MAC

WLUSEVUDIC«U%bNAW CawMCo«  EUPKHC«WLUSfCx  XKCDwud  =IE«dNA*«j6ZsC=. . ezAcbSewUNDVOL«
O«d-D«dLQ*CUCUZi=TatD—bZIOD— ) vHC«.. UCEsKZ« ) YOS...ezWMbCw?CEU=COUS«-E
WEKLU2A«bS«wlEEds« WFD—« VO «35wl %oEd« fL«XFLEw D« WHYR*«EYUDIC«jYEnDs

L dBUESVKZ — UM Ca5xKC O, 8badt e WG CUDOEd-D%eE6ef DevOC « bCtD— b*vHT« EUCEEBCUCUZAz¥atD—

b¥Zib-CozUC CerNMBPe-UD2avkZ UHU-28«tD— b2 WKz UZjUMBAUC T U3 wOWYXebNLY SLYU' ub« «dDUC*ewl

bZUIF*«bOIFC «... — UOYvKZSxKT D802 «k...ef YUDT %olULy

The Same Text Imported By Notepad under PC



Search of Arabic PDF files

Crawling the web for PDF files.

e Crawling the web for PDF files.
e Character mapping (partial for legacy files).

e Search using approximate match rather
than exact.

e Needs extra work to increase the hit ratio.



Next Steps

Confinue to expand and clean the word
collection: diverse topics

Observe the behavior and contrast with
other work

Fine fune the lists and monitor scalability
We have reported on work in progress



Thanks

=
QUESTIONS



Incremental Search

Incremental search enable users to find NEW
data on the web.

Not an Arabic feature but we thought it may
be interesting

User search for query A for the first time the
search engine will provide the user with
available results.

Next time the user searches for A, the
search engine will provide the new results
Infroduced since his last search for A.



The Query Correction and
Suggestion System

Correction is carried out in four stages:
1-Checking stage.
2-Processing Stage.
3-Filtering stage.
4-Weighting stage.



Stemming and Root Exiraction

e Indexing based on the roots which are far more
abstract than stems will improve the retrieval
effectiveness over stems and words.

e Arabic words are formed by adding prefixes (letters
and vowels at the start), infixes (vowels) and suffixes
(letters and vowels at the end) to the rooft.

e The form of an Arabic word is usually determined by
its gender, number, grammatical case, whether it is
definitive or not, and finally if there is a preposition
aitached to it.




Stemming and Root Exiraction

Stemming is carried out in the following steps.

 There are seven levels of processing (L3,L4, L5, L6, L7,
L8, Ln) that the query may pass through the process
of stemming.

e At each level of processing all the possible
combinations of (prefix core suffix) is examined.

e The combinations where the core is a correct
Arabic (corpus/dictionary) word, prefix and suffix
are extracted.

e Level four processes infixes.



Stemming and Root Exiraction

Example: Stemming "L sial ”
LN; Legd saalon s, Laa+) sdalot
L7: 05l s HIH
L3: 31, root



