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Infr'oduc’rion

« Arabic is a Semitic language

- Forms of Arabic

- Classical Arabic (CA)
+ Classical Historical texts
« Liturgical fexts
- Modern Standard Arabic (MSA)
* News media & formal speeches and settings
+ Only written standard

- Dialectal Arabic (DA)
+ Predominantly spoken vernaculars
+ No written standards

+ Dialect vs. Language
- Linguistics vs. Politics

Introduction

Arabic is the of ficial language of 23
countries

No native speakers of CA nor MSA

~300M people worldwide speak Arabic

In the Arabic speaking world, MSA and

CA are the only Arabic taught in schools




deteriorated

Introduction

+ Arabic Diglossia
- Diglossia is where two forms of the
language exist side by side
- MSA is the formal pubiic language
* Perceived as "language of the mind"
- Dialectal Arabic is the informal private
language
* Perceived as "language of the heart”
» General Arab perception: dialects are a

- Continuum of dialects

orm of Classical Arabic

Geographical Continuum

Arabic Dialects
Northermn Egy' ian Maghreb Saharan
|— Yemeni = Levantine E Cairene = Libyan Chadian
Hadrami = North Satidi Judeo- Hassaniya
Sana'ani t Leb Sud. = Tunisian
Taizl-hdeni Syrian Judeo-
Judeo- |- South = Algerian
=~ Omani Palastinian — Moroccan
Dhofari Jordanian Judeo-
- Saudi - "c":;;*t“' L Maltese
Hijazi = Iraqi
Najdi [~ Southern
— Gulf j— Morthern
Kuwaiti —Jueo-
Shihhl
Baharma
Qther
Tajiki Uzbekl  Khorasan
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Nizar not-bought-not table new

Social Continuum

+ Factors affecting dialect
- Lifestyle
+ Bedouin, urban, rural
- Education & Social Class
- Religion
+ Muslim, Christian, Jewish, Druze, etc.
- Gender




Social Continuum

+» Badawi's levels |
- Traditional Arabic —| @
- Modern Arabic —>
- Educated Collogquial —»
- Literate Colloquial ~p

- Illiterate Colloguial —»
-« Polyglossia |

Why Study Arabic Dialects?

| + Almost no native speakers of Arabic sustamn
. continuous spontaneous production of MSA

- Ubiquity of Dialect

- Diciects are the primary form of Arabic used i al!
unscripted spoken genres: conversational, talk shows
interviews, etc.

- Dialects are increastngly in use in new written media
{newsgroups webiogs, etc )

- Diaiects have a airect impact on MSA phonology.
syntax. semantics and pragmatics

- Dialects lexically permeate MSA speech and tex?

+ Substantial Dialect-MSA differences impede
~ direct application of MSA NLP tools




Why Study Arabic Dialects?

+ Degrees of linguistic distance

Syntax Morphology | Lexicon Phonology
MSA-Dialect ++ e ++++
Inter-Dialect + +++ -
Intra-Dialect 0 0 + +

 Lack of standards for the dialects

+ Lack of written resources

A Note on Romanization

+ Phonological Transcription o
- IPA i- 5z un

* Transliteration U
- Strict (one-to-one) J' ) - . o

* Buckwalter Encoding Ch e b sy

- Loose wp BT i

*+ Many spelling variants ip Lz *ow

- Qadgafi, kadaphi, kaddafy, etc. stz R Tk

+ This tutorial's examples are in Zv ta
~ Arabic script ol S

- Transcription (IPA) /salam/ " 7 : o

- Transliteration (Buckwalter) slAm ., ., ..
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Arabic Script
R
A e
« An alphabet

+ Written rig‘ht-to-left

« |_etter have allographic variants
+ Optional diacritics

» Common ligatures

+ Used to write many languages in addition to Arabic:
Persian, Kurdish, Urdu, Pashto, etc.




Arabic Script

Alphabet

* letter forms
loegs, wuebe
u_9-.Jdpu09t59

* letter marks

R SRR YR ¥IRT ER SRR W L

Arabic Script

Alphabet

* letters (form+mark) [ . -
« Distinctive u'u u'u I L"
I Is/ /e i/ /bl

o -

+ Non-distinctive SER-RRRR
12/

giottal stop aka hamza




Arabic Script

Diacritics Nunation Vowel
« Zero-width characters — e
« Used for short vowels /ban/ /ba/
12 £
S /katab/ fo write e o
« Nunation is used for /bun/ /bu/
nominal indefinite
marker in MSA 2_1 %"
e . o /bin/ /bi/
S /kitabun/ & book
Arabic Script
Diacritics No Vowel
» No-vowel marker (sukun) 3
wSo /maktab/ office Jbs
* Double consonant marker Double
(shadda) Consonant
S /kattab/ o dictate -
« Combinable u z L /bb/

o

/bbu/ /bbin/

/bban/




Arabic Script

Putting it together

Simple combination

D€ wle

Arab [Carab/ ).C

e € w,E

West /sart/ (I )-C

Ligatures

Peace /salam/ p\l..u) ﬁm-l-' < P I LJ U~

Arabic Script

“Arabic” Numerals

+ Decimal system

« Numbers written left-to-right in right-to-left text
i MY e ate 132 0y 1962 3 3 51540 iz
< —> —> <

Algeria achieved its independence in 1962 after 132 years of French occupation.
» Three systems of enumeration symbols that vary by region

Western Arabic 0112|345 ’E 78 9

Tunisia, Morocco, etc.

Indo-Arabic v by v s |e [tV A |a
Middle East !

Eastern IndoArabic l. VI IYITIF |dI$IVIA LS

Iran, Pakistan, etc. |




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

\\ \\ \\ \\\ \ N \

LN h \ \\ \ ) \ N R

N N 4

‘__[5 °U?d‘ﬂd"‘& hh‘_yﬁmwaJJJ c«uouu\g 53]”#
I |
1j aw hnmlkqfsqﬁtd stzrédxhcb(—)tba

Phonology and Spelling

* Arabic 5pellmg is mostly phonemuc

EX&:’&;&?’ For
Medial short vowels can only appear as
diacritics

+ Diacritics are optional in most written text
~ Except in holy scripture

- Present diacritics mark syntactic/semantic
distinctions

+ S fkatab/ to write =X /kutib/ to be written
+ < /hybb/ love —=a /habb/ seed
- Dual use of !, 5, s as consonant and long vowel

- V(1780 s(/w/ Jul) s (1)1 ./17)




Phonology and Spelling

» Arabic spelling is mostly phonemic ...
Except For {coptinued]
+ Morphophonemic characters
- Feminine marker ? (ta marbuta)
* S /kabir/ (big 7) =S /kabira/ (big &)
- Derivation marker
+ /Sasa/ (to disobey —==) (a stick wac)
* Hamza variants (6 characters for one phoneme!)
= (i3l ¢} aler e e sl /baha’/ + 3MascSing (his glory)

Phonology and Spelling

+ Arabic spelling can be ambiguous
- optional diacritics and dual use of letter

But how ambiguous? Really?

» Classic example
ths g wht nrbg txt the Tk wih n vwis
this is what on Arobic 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 wr™ 2~ &-22 txt 1ks ik wth no vwls

Will revisit amz.gu?y in more detad again under morphology discussion
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Morphology

- Type
- Concatenative: prefix, suffix, circumfix
- Templatic: root+pattern

« Function

- Derivational
* Creating new words
* Mostly templatic

- Inflectional

* Modifying features of words
- Tense, number, person, mood, aspect

* Mostly concatenative




Derivational Morphology

+ Templatic Morphology

- Root - Sl
b 1t Kk
G e -
- Lexeme i «_uLS
makiiib katih

Lexeme.Meaning = Written writer
{Root. Meaning+Pattern. Meaning)*idiosyncrasy. Random

Derivational Morphology
Root Meaning

e . w & KTB = notion of “writing”

/kitab/  /katab/
book write

| /maktaba/ /r:aslzf‘ffb / /maktlib/ \j
library letter written
S wilS
/maktab/ /katib/
office writer

R




LHM-1 aal

"meat”
aad /lahm/
Meat

sl /lanham/
Butcher

Root Polysemy
LHM-2 pa!

"battle”

iwake /malhama/
Fierce battie
Massacre

LHM-3 aad

“soldering”

a1 /laham/

Weld, solder,
stick, cling

Epic

Derivational Morphology
Pattern Meaning

» Verb Pattern Meaning is hard to define systematically

Pattern Pattern Meanlng | Example Gloss
I laZa3 Basic sense of root ktb = katab write
11 ia22a3 Intensification, causation ktb - kattab dictate
IIT1  laa2a3 Interaction with others ktb = kaAtab correspond with
1V Aal2al Causation jls = Ajlas seat
v talaz2a3 | Reflexive of Pattern if Eim - ta€al~am | learn
Vi talaR2ad | Reflexive of Pattern il ktb = takaAtab | correspond
VII ainla2al | Passive of Pattern | ktb = Ainkatab | subscriba/enroll
VII] AiltaZa3 |Acquiescence, exaggeration | ktb - Aiktatab register
IX Ail2al3 Transformation Hmr = AiBmarr | Turn red/blush
X Aistalza3 | Requirement ktb < Alstaktab | ask/make_write




Inflectional Morphology

Derivational Morphology
- Lexeme = Root + Pattern

* Inflectional Morphology
- Word = Lexeme + Features

Features

- Part-of-speech
« Traditionat Noun, Verb, Particle
- Computational N, PN, V, Adj, Adv, P, Pron, Num, Conj,
Det, Aux, Pun, LT, and others
- Noun-specuf!c
* Number: singular, dual, plural, collective
+ Gender: masculine, feminine
- Definiteness: definite, indefinite
+ Case: nominative, accusative, genitive
+ Possessive clitic

Inflectional Morphology

Features (continued)

S Verb-specrflc
+ 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




Inflectional Morphology

Nouns
L5 528 DliSall
/wakabiyiitina/ /walilmaktabat/
T YT L B DA S H
watkatbiyiitHni watlital+maktaba+at
and+likethousestour and+tor+the+library+plural
And like our houses And for the libraries

* Morphotactics (e.g. J+J > B
* Arabic Broken Plurals (templatic)

Inflectional Morphology

Verbs
laliled L] s 5
/taqulnaha/ /wasanaquluha/
w4+ JE b+ Jf+o+oe+s
fat+qui+na+tha watsa+natquitutha
sot+saird+wetit and+will+wetsay+it
So we said it. And we will say it

» Morphotactics
* Subject conjugation (suffix or circumfix)




Inflectional Morphology

+ Perfect verb subject conjugation (suffixes only)

Singular Dual L Plural
1| = katabtu S katabna
2| =S katabte | S katabtuma | ~€ katabtum
3| <X kataba = kataba i i€ katabti
+ Imperfect verb subject conjugation (prefix+suffix)

Singular Dual \ Plural
1] -9 agktubu S paktubu

=G faktuby | 5 taktuban | LS taktubln

3 =K yakfubu | oS vaktuban | oSS yaktubdn

Feminine form and other vert mooads not shown

Morphological Ambiguity

+ Derivational ambiguity
- =18 basis/principle/rule, military base, Qa'ida/Qaeda/Qaida
* Inflectional ambiguity

~ 5 yoy write, she writes

- Segmentation ambiguity
+ g he found; =+ 5t and+grandfather

+ Spelling ambiguity
- QOptional diacritics
+ 38 /katib/ writer , /k&tab/ to correspond
- Suboptimal spelling
+ Hamza dropping: |, | >
+ Undotted ta-marbuta: * -5 =
* Undotted final ya: 5 =2




Morphological Ambiguity

* Muitiple sources of ambiguity

- /bayyana/ Verb  he declared/demonstrated

- /bayyanna/ Verb  they [feminine]
declared/demonstrated

- /bayyin/ Adj clear/evident/explicit

- /bayna/ Prep  between/among

- /biyin/ Proper Noun in Yen

- /biyn/ Proper Noun Ben

Levels of Representation
Which level for NLP applications ?

* Natural token ol S allg
e Word uLuS_o._lJ_g
* Segmented Word whaSell J g

o Prefix + Stem + Suffix wl+cuSo+ g
e Lexeme + Features AuiSo [+Plural +Def +J +s)

o Root + Pattern + Features
w o &+ da3a2lae + [+Plural +Def +J +9}

e efc.
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Morphology and Syntax

* Rich morphology crosses into syntax

- Pro-drop / Subject conjugation

- Verb subcategorization and object clitics
© Verb, . ineSubject+object
*+ Verb, +subject

intransitive
+ Verb +subject

passve

- Morphological interactions with syntax

- Agreement
+ Full: eg. Noun-Adjective on number, gender, and definiteness
+ Partial: e.g. Vern-Subject on gender (in VSO order)
- Definiteness
- Noun compound formation, copular sentences, etc.
- Nouns-De*mteArticle, Proper Neuns, Pronouns, etc.




Morphology and Syntax

Morphological interactions with syntax (continued)
- Case
+ MSA is case marked: nominative, accusative, genitive
+ Almost-free word order
+ Case is of ten marked with optionally written shert vowels
- This effectively limits the word-order freedom in published text
Agglutination
- Attached prepositions create words that cross phrase

boundaries
wlaSedl+J li+Almaktabat
for the-libraries [PP li [NP Almaktabat]]

+ Some morphological analysis (minimal segmentation) is
necessary

Sentence Structure

Two types of Arabic Sentences

* Verbal sentences
- [Verb Subject Object] (VSO)
CJ JL!.:HYI! JY}Yl _ﬁ
Wrote the-boys the-poems
The boys wrote the poems
+ Copular sentences
- [Topic Complement]
- eyl 3V Y
the-boys poets
The boys are poets




Sentence Structure

« Verbal sentences

- Verb agreement with gender only
* VYR S wrotesyogcsing The-boy/the-boys
- Sl LS wrotese, g, The-girl/the-girls
- Pronominal subjects are conjugated
- o WrOTe'YOUMascSEng
* oS wrote-youpmgscpiun
* 158 wrote-theyysceio
- Passive verbs
» Same structure: Verb, .. Subject yueriyingobiect
* Agreement with surface subject

Sentence Structure

- Verbal sentences

- Common structural ambiguity

» Third masculine/feminine singular are
structurally ambiguous
~ Verbayascsinguiar NOUNpas
Verb subject=he object=Noun
Verb subject=Noun
* Passive and active forms are often similar in
standard orthography
-~ <& /kataba/ he wrote
- X /kutiba/ it was written




Sentence Structure

- Copular sentences
- [Topic Complement]
Definite Topic, Indefinite Complement
v ell ol
the-boy poet
The boy 5s a poet
- [Auxiliary Topic Complement)
Auxiliaries (kana and her sisters)
+ Tense, Negation, Transformation, Persistence
s el 2 was the-boy poet The boy was a poet
< elldd o is-not the-boy poet The boy /s not a poer
- Inverted order is expected in certain cases
+ Indefinite topic
& sae /Candi kitabun/ at-me a-book I have a book

Sentence Structure

» Copular sentences

- Types of complements
* Noun/Adjective/Adverb
- Sidd the-boy smart  The boy /s smart
* Prepositional Phrase
- A bl the-boy in the-fibrary The boy is in the library
» Copular-Sentence
- S I [the-boy [Book-his big)) The boy, his book is big
+ Verb-Sentence
PR P Iy
[the-boys [wrote-they poems]] The boys wrote the poems
- Full agreement in this order (SVO)
- N YVLE el
[the-poems [wrote-it the boys]] The poems, the boys wrote




Phrase Structure

* Noun Phrase

- Determiner Noun Adjective PostModifier
" Ol e adal 7 gadall ST 1aa
this the-writer the-ambitious the-arriving from Japan
This ambitious writer from Japan

- Noun-Adjective agreement

* number, gender, definiteness
~ Aagalall 4380 the-writery,,, The-ambitious,,,,
~ s gelall SN the-writerg,, ., the-ambitious,, .

Phrase Structure

« Noun Phrase

- Idafa construction (A=)

+ Nounl o# Noun2 encoded structurally
» Nounl-indefinite Noun2-definite
RS LRI
king Jordan
the king of Jordan / Jordans king
- Nounl becomes definite
+ Agrees with definite adjectives
- Idafa chains
* ‘\'F;’udf_,f"\'::'nde_f ‘\:"-J:'nde»f"\mdef
A e ey e )
son uncle neighbor chief committee management the-company
The cousin of the CEO's neighbor




Phrase Structure

Morphological definiteness interacts with syntactic structure

Word 1 -3 priter
definite Indefinite
Noun Phrase Noun Compound
_‘g % Sl Al il S
& @ The artistic) writer The writer of the artist
i
3
B Copular Sentence Noun Phrase
g = Sk e S s
§ The writer is an artist An artist{ic) writer
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~ Phonological Variations
MSA

(.sﬁueddu‘-'&&-hhuﬂuﬂw
h‘\'f\\\ NIRRT
LA s-\\\
P e \\\ \\\\\‘\\\ NN \

LEV

3% eddaugﬁhhmmww.}J“CCC‘: b
t \\\\\\\ \Q\t\\\\\k‘\\ AT
L - N " N > = )
SO ON \\\\\Q\\\\\\\\X NN
Tj oI lkqfu§oltd Sfszrddxh&0tbar
) Z

» phoneme quality differences

Phonological Variations

+  Major variants

MSA Dialects

g/ |/q/, /K, 70, Igl, Il

[ |G-

10/ /87, /t/, s/

378 181,141, 17/

c | 1 |/, /gl

¢ Some of many limited variants
» [JIf 2/n} MSA: fburtugal/ - LEV: /burt?an/ ‘orange’
o [} > /hf MSA: /katk/ > EGY: /kahk/ cookie’
+ Emphasis add/delete: MSA: /fustan/ - LEV: /fustan/ ‘dress’




Script Choices

« Arabic script:

+ continuity with MSA

+ masks the vocalic and some consonantal difference
across dialects

- ambiguity

+ Latin script

+ precision

- lose connections among dialects (within dialects)

- politically loaded

* Other scripts

- Hebrew and Syriac

- Different religious/ethnic preferences

Arabic Script
Orthographic Variants

IRQ | LEV | EGY | TUN | MOR
/&/ d o d d d
/g < d o ) d
it/ z (A (A (d (A
p/ < < o - .
v/ i i i s s

» Historical variants: MSA (-3, 3) = MOR (=3, &)
» Moderm proposals: LEV /?/ it LB (8, /D! B (Habash 1999




Syrian Arabic in Arabic Script

Aot Y Slay g el ) ged) e lie (Sa) )
:\.‘.._1:13_5:\.404.».3”\.67\5 J‘N\JS@MJA.,_EMUMQAWJ
Lisey Bty oil] 4855 o 3Y U1 it J i Ly A3

JST aaia

hitp:/lwavw soriagate.net/showthread.php?t=32678

Latin Script

+ Several proposals to the Arabic
Langunage Academy in the 1940s

» Said Akl Experiment (1961) -
» Web Arabic (Arabish, Franco-arabe)

— No standard, but common conventions

wr | 1IPA Latin iy 1PA Latin
swh | R T 2ze & /0 | th
: laljtl |a t kb n tT6
c h |Hh?7 ¢ o *30
¢ i/ |kh 7" x 8 £ /i jg gh ¥
3 f6/ | th 3 gt |4
T /[: |=b ch < iilay/ |¥.1,e,
el | al.ed,..




Egyptian Arabic in Latin Script

nadeity bsho2 nadeit
olteely ta3ala geit
laha3atbek 3alli fat

wala 7atta haloom 3aleiky
adeeni rge3telek

adeeni bein edeiky

kefaya dmoo3 ba2a

mush 3aref ashoof 3eneiky

hitp:/fwww jencomics.com/artist_a/amr_diab_lyrics/adeeni_rege3tilik_lyrics.htm

The Case of Maltese

* An Arabic dialect that is considered
a separate language

+ Standardized Latin-based orthography

Kulhadd hu intitolat ghal dawn iljeddijiet u Hibertajiet imxandra fdin
I-lstqasrija, bla ebda ghazla, bhal ta' razza, lewn, sess, ilsien, religjon,
opinjonl polkika jew kull opinjoni ofwa, origini nazzjonall jew socjali,
proprieta, twelid jew kull gaghda ohra. Mhux biss, Eda i-ebda ghazla
m'ghandha ssi fug ba*i tal-qaghda polkka, Jguridika jew
intemazzjonali tal-pajjiz jew territorju li minnu tigi -persuna kemm jekk
ikun indipendenti, kemm jekk kun fdat lil xi pailZ iehor, M'ghandux
gvem tieghu jew ghandu xi imiti ofwa fis-sovranitf tieghu.,

http:/iwww.language-museum.com/m/maltese.htm




Hebrew Script
+ Example from Tunisian Judeo-Arabic

"The Ballad of Hannah and her Seven Sons "

POITY NIN NEp

SN RD TYRIND TUD 2OX 9D nymoR X

INDT ORTT Sx31 ™Y1 DD SR2 a3 van o

SDRD T D WP AREN SxD vyt it vt T oanta
Sx S o335 M5 NS SRy X 3N 1 T B
“bxaty RN

http:/fwww.uwm . edu/~correfjatexis/

Lack of Orthographic Standards

» Orthographic inconsistency
+ Egyptian /mabin?ulhalak/

- mA binquwlhA lak$ Uity L
- mAbin&ulhalak$ A sl
- mA binjuthAlak$ Al L
- mA binqulhA lak$ S i L




Spelling Inconsistency I

e oV B @ g Lt g

303 e pedll 3 Jey by Gl cslS
o3 sy ‘,.L B Iy gl Gy e e
by g & ;1@ & ool (@;b,
Sg epdli ) s < geadlsy et iy i
Carly pa plee G5 LDI0 s Wl ity
gy (sl J-,;};:E-H‘j&dﬂdt;:

G G SRV Gl Jasy ey ushl On gl
ey okt B udlly el I 3
30 eyl O3l O *L::lt @t ol

http:/Aww Janguage-museum.com/a/arabic-north-levantine-spoken prg

Spelling Inconsistency IT

* ya alain lesh el 2aza
ti7keh 3anneh kaza w kaza

iza bidallak ti7keh hek
2areeban ra7 troo7 3al 3aza

chi3rik 3emilleh na2zeh
lizanneh manneh mi2zeh
bass law baddik yeha 7arb
fikeh il layleh ra7 3azzeh

hitp:/fwww.onelebanon.com/fforum/farchive/index. php/-8236.himl
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Lexical Variation

* Arabic Dialects vary widely lexically

English Table Cat of I_want There_is | There_isn't
MSA Tawila qiTTa | idafa | ‘uridu yiijadu 13 vujadu
gl ik o My 23 gy
Moroccan mida qeTTa | dyal byit kivn ma kaynd
Bage A | Jw | b OAS S
Egyptian | Tarabsza | ‘oTTa | bitag cawez fr mafis
5 Jai ke A ] Y o -
Syrian Tawle bisse | tabag hiddi ] mé fi
gk | e | g | g 4 e
Traqi méz bazzina | mal *arfd aku miku
S Ay Jer =t S L

+ Arabic orthography allows consolidating some

variations




Lexical Variation

s EGY:reproduce - GLF: give condolences
v ssSe EGY:press iron - GLF:buttocks

Y EGY:kettle - LEV:fridge

< i EGY:prostitute - LEV:woman

© il EGY/LEV:.okay - MOR:not

© b EGY/LEV:make happy - IRQ:beat up

o ddlad) EGY/LEV:health - MOR:hell fire

=" LEV:start - SUD:end

Foreign Borrowings

S5 >wky okay

tgme mrsy merci

+ 5,53  bndwrp pomodoro (italian)
o byrA birra (italian)

e Cup frmt format

- 085 tlfwn  telephone

. ikl talfan  to phone
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Morphological Variation

* Nouns
- No case marking
* Word order implications
- Paradigm reduction
+ Consolidating masculine & feminine plural

+ Verbs

- Paradigm reduction
+ Loss of dual forms
» Consolidating masculine & feminine plural (27,34 person)
* Loss of morphological moods
~ Subjunctive/jussive form dominates in some dialects
- Indicative form dominates in others

» Other aspects increase in complexity




Morphological Variation
Verb Morphology

MSA,
A iS5 Wy
fwalarmn taktubdha lahu/

fwatiam taktubO+ha [a+hu/
and+not_past write_you+it for+him

EGY

e i

fwimakatabtuhali [/
Mwitmatkatab+tu+tha+a+[f
and+not+wrote+you+it+far_him+not

And you didn’t write it for him

Morphological Variation

Perfect Imperfect
Past Subjunctive | Present Present Future
habitual progressive
= = = =

"4 1 /kataba/ | /jaktuba/ Jaktubu/ /sajaktubu/
YV | /katabs | sjiktobs | /bjoktobs | feam bjoktob/ | /najiktob/
€ Jkatabs | /jiktib/ Jbjiktib/ Jnajiktib/
1RQ =S iy iy iy

/kitab/ | /jiktib/ /dajiktib/ Jran jiktib/
= = 5 e

/kteb/ | /jektebs /bjiktib/ feajekteb/




Morphological Variation

Verb conjugation

Perfect Imperfect

1S 287 25- 15 1P 25<

MsSA | == = s = —= =
/katabtu/ | /katabta/ | /katabti/ | faktubw/ | /rcktube/ | /taktubing/
/taktubi/

LEV i S — i A
/katabt/ /katabti/ | /aktob/ | /nektob/ | /toktebi/

IRQ S S i i i
/kitabit/ Jkitabti/ | /aktib/ /niktib/ | /tikitbin/
/ktebt/ /ktebti/ /rekteb/ | /nektebu/ | /tektebi/

Tutorial Contents
+ Introduction

Description of MSA Phenomena
« Description of Dialectal Phenomena
- Orthography
- Lexicon
- Morphology
~ Syntax
-~ Code switching
+ Sample Applications

- Resources and References




Idafa Construction

* Nounl Noun2

« ol
king Jordan
the king of Jordan / Jordan's king

Ta-marbuta allomorphs

Genitive/Possessive Construction
Both MSA and dialects

Idafa

I Neo Idafa

Wagqf

MSA

+at

+a

E6GY

~it

|

+q

* Nount <exponent> Noun2
+ LEV: oo0¥ o AL the-king belonging-to Jordan
+ <expontent> differs widely among dialects

Dialects have an addrtional common construct

Demonstrative Articles

+ Forms
Proclitic Word
Proximal Distal
MSA - R WXTREY i ph AL A1)
Egyptian - dsd g4 09
Levantine +b T T ‘ g L Sy
* Word Order (Example: this man)
Pre-nominal Post-nominal
MSA URES X
EGY X 83 Jal i
LEV Jladt Yaa 1 Jla N




Negation of Declarative
Verbal Sentences

Pre Circum Post
P ¥

M4 mAI:ie:n al §

Egyptian r:; | mt-;; X

Levantine rnfj ;,:$ | m{-;; g

Sentence Word Order

* Verbal sentences
~ The boys wrote the poems
S MSA
* Verb Subject Object (Partial agreement)
JaIY Y NS
wrote_... the-boys the-poems
. Sub\;ec? ve"“ ObJBCT (Full agreement)

D V-s | W(S) | S-V
the-boys wrove .o 1he. -poems explicit pro explicit
- LEV, E&GY subject m?‘ subject
Subject vere Object MSA| 35% | 30% | 35%
The-boys -”*emdg s The-poems | LEV | 10% | 60% | 30%

* Less present: Varo Subject Object verp-Subject distributions in

a4 .
il el d -

4 Ee the Levantine Arabic Treebank
w272, .. .. the-boys the-poems {Maamauri et al. 2006)

+ Fuli ec'eemenr in both orders




Lexico-syntactic Variation

'‘want’ (Levantine)

S )
| |
VP . VP
//\ ,/I\\
v ¢ | N PRP$ S'l
| | |
>ryd bd ¥

Tutorial Contents

» Introduction

» Description of MSA Phenomena

- Description of Dialectal Phenomena
- Orthography

- Lexicon

- Morphology

- Syntax

- Code switcning

+ Sample Applications

- Resources and References




Code Switching

MSA |
MSA and Dialect mixing in speech i

« phonelogy, morphology and syntax Ev_l

I_q.I}..k._w _m_a.l.“n_l])\_‘-d1&)~ﬂy‘_‘.ibm}&j“;u .....RE,..QJA.“L.D_J: —l_;l
wb)a_m_)_ﬂhu'u:ﬂmum Lulqu-.:a.- rhj».n..udgﬁzm‘hhﬂ_a.ul‘_ﬂ)b_l‘_p
3 5 ad i b 2D -.ch:L-.‘_\_ﬂ ‘)—"lu—‘- Jmu)&di_\.w - At ‘L\I'_U
\srll.._ﬁ.]y1&yﬂydag“JLmﬂmP"}‘]11n—I~ﬂh1waddjﬁn il -
uu.l.l_; Yt e 3him .—;-wia,_l-.:u - ja?u‘lthﬂlhglﬁﬂj\—i&;wqﬁm -....%..-}.n“‘.s....».a.
"_;...z...a.g._..' s._._-.._z_;..a: G e Ak 8 A ale Y AL Sl l i i gb By agea
i '-x_-n).m.u‘\.li:-M)&Lﬁj&;)&hdﬂidﬁn—i&;iﬂhd—ﬂﬂiﬁ%,ﬁ‘d&
_n_L_“Lhau.:lJ..m.'u L\.Jq: 14 ?l...ul\‘_;.u].n ' j_,n. ..;4..4_...: "‘“A.‘-.-m_ga,,wn— —
,__...d.nsl,).nu_?a._z:. LﬂSj..a}aJSM!_;‘J:;Lul Uaa.]laL-uLl»J.JLu.dan)u
_,_J._e_ﬂ_,_‘)_.jl Iq_,_n’S_-._Ha__ ik’ Y )\f! U_‘.\_mlhl._e_g!,._,ﬁlL‘_ﬂ1ynljm gl
il S _Aabw—“ayayﬂu §g geim sl '»;-Lwa;“ s ut Il DS E paim gall gy e il
‘_n.Lu‘s.\'L:.!u‘.._z..S.w f! m&»‘-.u_.a_ et A A le we il dga f .a‘.«.m,
)&P_'JMM&M_L ™ Jwﬁjimbé|ﬂyd|}ﬁu|w l)l.a.)_
Eysgalt lin 8 Seld ,.A..Js‘:'b 134 dgial il

Alazedra Transcripl hitp: o aliazasra reyorogransiop dimechoniamaes 2008/7/7-23-1.mim

Code Switching with English

» Iraqi Arabic Example

- ya ret 3inde hech sichena tit7arrak
wa77ad-ha , 7atta ma at3ab min asawwe
zalaba yomiyya :D

- 3ainee Zainab, tara hathee technology
Jideeda, they just started seliing it Il Lets
ask if anybody knows where do they sell
them | .

http://iwww. aliraqi.orgfforums/archive/index. php/t-16137. .htm!




Dialectal Impact on MSA

» Loss of case endings and nunation in read
MSA
/11 bajt gadid/
instead of /fT bajtin gadidin/
‘in a hew house’
+ A shift toward SVO rather than VSO in
written MSA

Dialectal Impact on MSA

* Structure borrowing

» Example: monies and properties of the
company
- LeiSlias p 45 5500 I gal
» /Pamwalu {[arikati wamumtalakatuha/
* monies the-company and-properties-its

instead of

= A5 50l iSkias g i gl
» /Pamwalu wamumtalakatu ffarikati/
* monies and-properties the-company




Dialectal Impact on MSA

+ Code switching in written MSA

- Dialectal lexical and structural uses
- Example Newswire Alnahar newspaper (ATB3 v.2)

Sade o ppdn ey e VI pdeld e 3314
ox* EIY XA Tr AlAxwAn wmn hghm An yzElw

then-was-taken upon self the-brothers and-from right-their
fo be-angry

‘they were upset, and they had the right to be angry’

Tutorial Contents

+ Introduction
+ Description of MSA Phenomena
+ Description of Dialectal Phenomena

Sample Applications

~ Automatic speech recoghition

Dictionary creation
Morphological analysis
Part-of-speech tagging
Syntactic parsing
Mcchine transiation
- Resources and References

I




Arabic ASR:
State of the Art

+ BBN TIDESOnTap: 15.3% WER
* BBN CallHome system: 55.8% WER
+ JHU WS 2002: 53.8% WER

* WER on conversational speech noticeably
higher than for other languages

(eg. 30% WER for English CallHome)

JHU WS02 Approach

improvements to Arabic ASR through

developing novel developing techniques
models to better for using out-of-corpus
exploit available data data

Factored language modeling ~ Automatic Integration of

romanization MSA text data

Slide courtesy of (Kirchhoff et al.2002)




Approach Details

« Factored Language Models

- complex morphological structure leads to large
number of possible word forms

- break up word info separate components

- build statistical n-gram models over individual
morphological components rather than complete
word forms

- Automatic Vowelization

-~ Try to predict vowelization automatically from
data and use result for recognizer training

- Integrate data from MSA written sources

JHU WSO02 Results (WER)

Grapheme-based recognizer Phone-based recognizer

53/
52:

3 e courtesy of (Kirchhoff et al.2002)




Dialect-MSA Dictionary

* Problem: total lack of Dialect-MSA resources
- No Dialect-MSA parallel text
- No paper dictionaries for Dialect-MSA

« Dialect-MSA dictionary is required for many
NLP applications exploiting MSA resources

- e.g., to translate dialect sentences to MSA
before parsing them with an MSA parser

Levantine-MSA Dictionary

+ The Automatic-Bridge dictionary (AB)
- English as a bridge language befween MSA and LA
+ The Egyptian-Cognate dictionary (EC)

- Levantine-Egyptian cognate words in Columbia University Egyptian-
MSA Iexicor?}((gﬁoo Iegxerne pairs) RA L

+ The Human-Checked dictionary (HC)
- Human cleanup of the union of AB and EC
- Using lexemes speeded up the process of dictionary cleaning
+ reducing the number of entries to check
+ minimizing word ambiguity decisions
- Morphological analysis and generation are required to map from
inflec?edq.f\ to inflected MC"SA

+ The Simple-Modification dictionary (SM)
- Minimal modification to LA inflected forms to leck more MSA-like
~ Form modification: (421 >gnyA ‘rich pl.") is mapped to (cuici >sgnyA’)
- %org:shology madification: (<, b$rb T drink’) is mapped to (<
s$r

- Full translation: (s kman ‘also’) is mapped to (<=t AyDAF)

{Maamouii el al. 2006




Dialectal Morphological Analysis

* MAGEAD (Habash and Rambow 2006)
- Levels of Morphological Representation
- Lexeme Level
Aizdahar, PEr:3 GEN:f NUM:sg ASPECT:perf
- Morpheme Level
[zhr,11V2V3,iaa] +at
- Surface Level
* Phonology: /izdaharat/
+ Orthography: Aizdaharat (o5 :31)

The Lexeme

- Lexeme is an abstraction of all
inflectional variants of a word
— Jaslid| comprises S i Sl 4 i€ Kl US|
- For us, lexeme is formally a triple
- Root or NTWS
~ Morphological behavior class (MBC)
« {SWl o Yverse' vs. {Sse 2} 'house’
- Meaning index
o [liacts| @ {ao! 85208} "pyle’
o |2amels| ¢ {o=1 8522} ‘military base’




Morphological Behavior Class

« MBC::Verb-I-au ( katab/yaktub)

chj=wa
tense=fut
per=1+ num=sg
per=1+ num=pl
mood=indic
mood=sub
aspect=imper
aspect=perf
voice=act
voice=pass
obj=3FS
obj=1P

N2 2 28 25 28\ 28 20 28 A R A 2

wa+
sa+

+

n+

+U

+Q
AVAKS
1V2V3
a-u
u-a
hA

nA

Morphological Behavior Class

* MBC::Verb-I-au ( katab/yaktub )

cni=wa
tensexfut

per=1+ numzpl
moodzindic

aspect=imper
voigeTact

obj=3FS

N2 R N 2N NS 4

wa+

sas L,

n+ wasanaktubuhA
+{

Vi2Vv3

a-Ui4

hA

We will write it
MSAEGY]




Morphological Behavior Class

* MBC::Verb-I-au ( katab/yaktub)

cnpTwa
tense=fut

per=1+ num=pl
maodrindic

aspect=impar
voicezact

obi=3FS

N2 N 2B 28N N A 2

wa+ Wi g -
+ Ha+ 1
sa+ Ha \.é..:\.xs;....._j

n¥ “5 wasahaktubuhA
e wiHaniktibhA

ViZv3 vizvs . D Ine
Leilia

Qi i

hA hA
We will write it

MSAEGY

Morphological Behavior Class

* MBC::Verb-I-au ( katab/yaktub)

cnizwa
tense=fut

perzi+ rum=pl
moogzindic

aspect=imper
voice=act

obj=3FS

2R N N 2N T

wa+ Wi+ 2> [CONJ:wa]
sa+ Ha+ > [PART:FUT]

n+ n+ - [SUBJ_PRE_1P]
+y +0 - [SUBJ_SUF_Ind

VIZV3 VI2V3 > [PATI-IMP]
a-y i-i 2> [VOC:Iau-ACT)

hA hA - [OBJ:3FS]

MSA EGY]




Morphological Behavior Class

« MBC::Verb-I-au ( katab/yaktub)
crizwa - [CONJ:wa]
tengexfut 2> [PART:FUT]

per=1+ num=pi > [SUBJ_PRE_1P]
moodzindic 2> [SUBJ_SUF_Ind]

aspectzimper > [PAT.I-IMP]
voicezact -2 [VOC:Iau-ACT]

obi=3F5 > [OBJ:3FS]

Levantine Evaluation

+ Results on Levantine Treebank

98%

100%

80% i

60% |

40%

20% L

0% A

MSA-MSA MSALEY LEV-LEV

B Context Token Recall




Arabic Dialect POS Tagging

» Duh and Kirchhoff 2005;Duh and Kirchhoff
2006 |
- Egyptian Arabic and Levantine Arabic
- Minimal supervision
+ dialectal text
+ and MSA morphological analyzer

- Cross-dialect sharing techniques
« Rambow et al. 2005
- Levantine Arabic
- LEV-MSA transduction using LEV-MSA lexicon
- MSA POS Tagging
- Projection of MSA tags unto LEV

Arabic Dialect Parsing

+ Possible Approaches

- Annotate corpora ("Brill Approach”)
* Too expensive

- Leverage existing MSA resources
* Difference. MSA/dialect not enormous
» Linguistic studies of dialects exist

* Too many dialects: even with dialects
annotated, still need leveraging for other
dialects




Parsing Arabic Dialects:
The Problem

- Dialect - - MSA -

s RSN 5 gy oY 3V

Treebank | -

HEgll

Big UAC

Sentence Transduction Approach

-M3A-

o ..t:.?;ra'nsl.atton-ux.icon:j?. | ‘-1‘“1”"“ ‘JL"'J'“ ‘—“‘-’.. Y. |
: e | ';ikeH_”_ﬁ e e

BAY 5 ]| Jed ¥ Jasd

work /oot - men ; work \  not . men .
A ; BigiM]
I tish

{Rambow et al. 2005; Chiang et al. 2006)

Parser




MSA Treebank Transduction

- Diaiect- -HSh-
1
st )
I: Small LM ::| .
. Gt
i Treebank Treebank

F1y d-nllwyu?‘ijﬂl

}

™ o Parser

d;,m SRR
fala

[: Tree Transduction-:] '

{Rambow et al. 2005; Chiang et al. 2006}

Grammar Transduction

Traebsnk

Probabilistic
TAG

Q Tree Trarsduction :j

TAG = Tree Adjoining Grammar

{Rambow et al. 2085; Chlang et al. 2006)




Dialect Parsing Results

Absolute/Relative F-1 improvement

No Tags Gold Tags
%Z’nﬁﬁﬁiﬁon 4.2/9.0% 3.8/9.5%
Kﬁﬁ?ﬁ.ﬂfﬁm 3.5/7.5% 1.9/4.8%
?.'iﬁfs"éﬁiﬁon 6.7/14.4% 6.9/17.3%

Dialect-MSA dic ﬂbna?/ was the biggest contribuior to improved parsing
accuracy: more than a I0% reduction on FI labeled constituent error

(Rambow et al. 2005; Chiang et al. 2006}

Arabic Dialect
Machine Translation

* Problems
- Limited resources
- Non-standard Orthography
- Morphological complexity
* Solutions
- Rule-based segmentation (Riesa et al. 2006)
%iolli)mally supervised segmentation (Riesa and Yarowsky

Spelling normalization (Riesa et al. 2006)

Levem m% MSA resources (Riesa et al. 2006, Zollman et
al. 2006, ow et al. 2005)

Dialect-MSA lexicons (Rambow et al. 2005, Chiang et al.
2006, Maamouri et al. 2006)




Arabic Dialect
Machine Translation

* TransTac: DARPA Program on
Transiation System for Tactical Use
- Iraqi <> English speech-to-speech MT
~ Phraselator: hito://www.phraselator.com/

* MT as a component

- JHU Workshop on Parsing Arabic dialect
(Rambow et al. 2005, Chiang et al. 2006)

Dialect Resources

Most work on Arabic dialects focuses on Automatic Speech
Recognition

Speech/transcript corpora

- Egyptian and Levantine Arabic (LDC)

- Moroccan and Tunisian Arabic (ELDA)

- Gulf Arabic (Appen)

- Many other..

Few lexicons/morphology resources

- CallHome Egyptian Arabic monolingual lexicon (LDC)

~ CaliHome Egyptian Verb transducer (LDC)

Work on multi-dialectic resources

- Linguistic Data Consortium

- Columbia University Arabic Dialect Modeling (CADIM) Group

+ Pan-Arab lexicon and Pan-Arab Morphotogy

Novel Approaches Yo Arabic Speech Recognition (JHU summer
workshop 2002} (kirchhoff et al, 2002)

Parsing Arabic Dialects (THU summer workshop 2005)
{Rambow et al, 2005) , (Chiang et al, 2006)




Resources

Distributors

+ Linguistic Data Consortium

« NEMLAR {(Network for Furo-Mediterranean LAnauaae
Resources)

« ELSNET ig the Furopean Network of Excelience in
Human Language Technoloales

- ELDA Evaiuation and [anguage resources Distribution
Agency

Resources

Reports

* Mohamed Maamouri and Christopher Cieri. 2002.
Resources for Natural Language Processing at the
Linguistic Data Consortium. In Proceedings of the
Infernational Sympesium on Processing of Arabic,
pages 125--146, Manouba, Tunisia, April 2002.

* Mahtab Nikkhou and Khalid Choukri. Survey on Arabic
Lanauaoe Resources and Tools in the Mediterranean
Couyntries.

+ Arabic Information Retrieval and Computational
Linguistics Resouyrces (thanks to Doug Oard)




Resources

Monolingual Corpora
Arabic Gigowerd
Arabic Newswire

Paralle! Corpora
United Nations Paralle! Corous
Ummah Paraliel Corpus
Arabic News Translation
Multiple- Translation Arabic

Treebanks
« Arpbic Penn Treebank Webpage

- PartlvZ{ Part 2v 20, Part 3 v 10, 10K-word English Trensiotion
» Prague Argbic Dependency Treebank

Resources

Morphology
+ Buckwalter Arabic Morphological Ancalyzer

- Version 1.0, Version 2 0
+ Xerox Arabic Morphology (online)

Dialect Resources

v CALLHOME Eoyptian Arabic Speech and Transcripts
Sovptian Colioguial Arabic Lexicon
Levanting Arabic Resources
hrtp/Swww.orientelorg/
niip//www oppen.com.au/
LDC Arabic EARS
CADIM: hito.//www.ccls columbic ecdu/cadim




Resources

Dictionaries
+ Buckwalter Stem Dictionary

. H Anthony Salmone. An Advanced Learner's Arabic-
ghsh Dictionary encoded by the Perseus Project,
ts University (contact: David Smith
dasma?h@pe-‘saus tufts.edu)

- Ajeeb Arabic-English Dictionary (online)
+  Al-Misbar Dictignary (online)
Ectace Bilingual Dictionary (online)

Onlme MT systems

« Ajeeb’'s Arabic-English Machine Tranglation (online)
+ Al-Misbar English-Arabic Machine Transiation (online)

Conferences and Workshops
with some focus on Arabic

Parsing Arabic Dialects {(JHU summer workshop 2005}
ACL 2005 Workshop on Compu?aﬁoml Approaches to Semitic Languages
Argbic i anauaae Resaureces and Tools Conterence 2004 Cafre Eayat
WORKSHOP ’ampd?a’fmnm Approgches To Arabic Seripr-bosed Longuoaoes
(CQLiND 28}

Traitement Am-c»m tigue du Langage Naryrei (TALN ' 04)
NIST MT EVAL (hWitn fwww st gov/speech/tests/mis)
BT Sununit TH Workshen on Machine Translation for Semitic Longunnes in 2003
Novel Approaches te Arabic Speech Recegnition (THU summer workshop 2002)
LREL 2002 Araple Langiuage Regourses and Evalugtion Woarkgher
ACL 2002 Warkahan ar, Somputational Annranches te Semite Langunnes
International Symposium on Processing of Arabic 2002, Tunisia
Vs’crxsr’w on ABARIC bengusoe Processing. Status and Prospests (AGL/EACL
Py Li
Arabic Transiation and Localisabion Svmposiom {ATLAS 19993
Computations] Approaches to Semitse poanaueoss (COLING/ ACL 1998}




References

Bateson. Mary Catherine. Arabic Language Handbook. Georgetown University Press, 2603,

Brustad, Kristen E. The Syntax of Spoken Arabic: A Comparative $tudy of Morocean, Egyptian,
Syrian, and Kuwaiti Dhalects. Georgetown University Press. 2000.

Holes. Clive, Modern Arabic; Structures, Fugetions, and Vaneties. Georgetown University Press. 2004,

Conference Papers and Journal Articles

Alexandrescy, A. and K. Kirchhoff, 2006, Eactored Neural Language Models. HLT.

Adjlayl. M. and O, Frieder. 2002. On Arabic Search: Improving the Retrieval Effectiveness via a Light
Stemming Appreach. ACM Conference on Information and Knowledge Management.

Al-Sughaiver, [. and . Al-Kharashi. 2004. Arabuc Morphological Analysis Technigues: A
Comprehensive Survey. Journal of the American Society for Information Science and Technology
Volume 35, [ssue 3.

Beesley. K. 2001, Finite-Staie Momphological Analvsis and Generation of Arabic ai Xerox Research:

Seatus and Plans in 2001 EA( L workshop on Ambl-. La;\gua\ze I’rmes«;mg Slam'a and Prospects.

Bikel. D. 2002, Desi _

Buckwalter, T. 2002, Buckwaiter Arab;g Morphological Analvzer \’crslan .0, LD catalog number
LDC20021L45.

Cavalli-Sforza. V., A. Soudi. and T. Mitaraura, 2000. Arabic Morphology Generation Using a
Congatenative Strategy. ANLP.

Chiang. D.. M. Diab, N. Habash, O. Rambow. and $. Shareef. 2006, Arabic Dialect Parsing. EACE.

Darwish. K. 2002, Building a Shallow Morphological Anatyzer in One Day. ACL workshop on
Computational Approaches to Semitic Languages.

References

Diab, M., K. Hacioghu and D. Jurafsky. 2004. Automatic Tagging of Arabic Text: From raw texi 10 Base
Phrase Chunks. HLT-NAACL.

Diab, M., K. Hacioglu and D. Jurafsky. * Automated Methods for Processing Arabic Text: From
Tokenization to Base Phrase Chunking.” Book Chapter. I Arabic Computational Morphology;
Knowledge- and Empirical Methods. Editors A. van den Bosch and A, Soudi.

Duh, K. and K. Kirchhoff. 2005. POS Tagging of Dialectzal Arabic: A Minimally Supervised Approach.
ACL Workshop on Semitic Languages.

Duh, K. and K. Kirchhoff. 2006. Lexicon Acquisition for Dialectal Arabic Using Transductive Learning.
EMNLP.

Fischer, W, 2001, A Grammar of Classical Arabic. Yale Language Series. Yale University Press,
Translaled by Jonathan Rodgers

Habash. N. | ERH R ARHY: y

T NACAL 27,1999, Balnmore MD.

TALN.

Habash, N, and (0. Rambow, 20052, Arabic Tokenization, Par-ot-Speech Tagging in and Morphological
Disambiguation One Fell Swoop, ACL.

Habash, N. and (. Rambow, 2006. MAGEAD: A Mormphological Analyzer and Generator for the Arabic
[nalects. ACL.

Habash. M., 0. Rambow and G. Kiraz. 20035b. Morohulqglcal Analysis and Generation for Arabic Dialects.
ACL workshop on Computational Approaches to Semitic Languioges,

Habash, N, 2004, Large Scale Lexeme Based Arabic Morphological Gengration. TALN.

Habash. N. and F. Sadat. 2006. Arabi¢ Preprocessing Scheines for Statistical Machine Transiation.
NAACL,




References

Habash. N. 2006. “Arabic Morphological Representations for Machine Translation.” Book Chapter. ln
Arabie Computational Morphology: Knowledge-based and Empirical Methods. Editors A, van den
Bosch and A. Soud:.

Habash N, A. Soudi and T. Buckwalter 2006. On Arabic Transliteration.” Book Chapter. In Arabic

Computationat Morphology: Knowledge-based and Empirical Methods. Editors A. van den Bosch
and A. Soudi.

Habash, N. Arabje and its Dialects, Multilingual Magazine. #81, July August 2006,
Habash, N.. C. Mah, 5. Imran, R. Calistri-Yeh. and P. Sheridan. 2006. The Design and Validation of
an Arabic WordNet for Information Retrjeval. LREC
Habash, N., B. Dotr and C. Monz. 2006. Challenges in Bu1|ding an Arabic Generation-heavy Machine
Translation System and Extending it with Statistical Components. AMTA.
Hwa. R.. C. Nichols and K. Sima‘an. 2006. Corpus Variations for Trans|ation Lexjcon Induction,
AMTA.
Khoja. 8. 2001, APT: Arabic Part-of-Speech Tagger. NAACL Student Research Workshop.
Kjraz. G. 2001, Computational Nonlinear Mornho_g» with Emphasis on Semitic Languages. Swdies
in Nawral Language Processing. Cambridge University Press.
Kirchhofl, K., J. Bilmes, S. Das. N. Duta, M. Egan, G. Ji, F. He. ). Henderson, L. Liu, M. Noamany. P
Schone. R. Schwartz and D. Vergyri. 2003, Novel Approaches to Arabic Speech Recognition:
Report {rom the 2002 Johns-Hopkins Workshop. ICASSP.
Kirchhoff. K. and D. Vergyri. 2004 . Cross-dialectal acoustic data sharing for Arabic speech
recognition. fCASSP.
Lee, Y.. K. Papineni. S. Roukos, O. Emam and H. Hassan, 2003, Language Model Based Arabjc
Word Segmentation. ACL.

References

Lee, Y. 2004, Morphological Analysis for Statistical Machine Translation. NAACL.

Maamouri, M., A. Bies, T. Buckwalter, M. Diab, M. Habash, 0. Rambow, [}. Tabessi. 2006.
Developin ing a Pilot Dialectal Arabic Treebank. LREC.

Maamour. M., T. Buckwalter, and C. Cieri. Dialectal Arabic Telephon h Corpus: Principles,
Tool Design, and Transcription Conventions. NEMLAR 2004,

Maamouri, M., D. Graff, H. Jin, C. Cieri, and T. Buckwalter. Dialectal Arabic Orthography-based
Transcription and CTS Levantine Arabic Collection. EARS RT-04 Workshop.

Rambow, O., D. Chiang, M. Biab, N. Habash, R. Hwa, K. Sima’an, V. Lacey, R. Levy. C. Iichaols.
and 5. Shareef. 2005, Parsing Arabic Dialects. Final Report, JHU Summer Workshop.

Riesa, ). and D Yarowsky. Minimally Supervised Morphologicat Segmentation with Applications 1o
Machine Transiation. AMTAG6.

Riesa. J.. B. Mohil. K. Knight and D. Marcu. Building an English-iragi Arabic Machine Translation
System for Spoken Utterances with Limited Resources. Inierspeech 2006.

Rogati, M., S. McCarfey. and Y. Yang. 2003. Unsupervised Learning of Arabic Stemming Using a
Parallel Corpus. ACL.

Sadar, Fatiha and Nizar Habash. 2006, Combination of Preprocessing Schemes for Statistical MT.
ACL.

Smith N., D. Smith. and R. Tromble, 2005. Context-Based Morphological Disambiguation with
Random Fields. HLT-EMNLP.

Smirz. Q. and P. Zemanek. 2002. Sherds from an Arabic Treebanking Mosaic. Prague Bulletin of
Mathematical Linguistics, (78).

Snider. N. and M. Diab. 2006. Automatic Discovery of Verb Classes in Modern Standard Arabic.
ACL.




References

Snider, N. and M. Diab, 2006, Unsupervised Induction of i¢ Verb Classes. NAACL.,

Soudi. A., V. Cavalli-Storza. and A. Jamari. 2001, A Computational L exeme-Based Treatment of
Arabic Morphelogy. ACL workshop on Arabic Natwural Language Processing.

Vergyn, D.. K. Kirchhotf. K. Duh and A, Stolcke. 2004, Morphology-based language modeling
for Arvabic speech recogmition. ICSLP.

Vergyri, D. and K. Kirchhoff, 2004, Automatic Diacritization of Arabic tor Acoustic Modeling in
Speech Recognition. COLING Workshop on Arabic-scripf Based Languages.

Xu L 2002, NP 1 Fex ic-English). LDC Catalog No.: LDC2002E135.

Yang, M. and K. Kirchhofi. Phrase-Based Backoff Models for Machine Translation of Highly
Inflected Languages. EACL

Zaboknisky. Z. and ©. Smrz. 2003. Arabic Syntactic Trees: from Constituency to Dependency.
EACL.

Zitounl, L, J. Olive, D. Iskra, K. Choukn. O. Emam, O. Gedge. M. Maragoudakis. H. Tropf. A.
Moreno. A. Rodriguez, B, Heuft and R. Siemund. 2002, OrienTel: Speech-Based nteractive
Communicatipn Applications for the Mediterranean and the Middle East. ICSLP.

Zollmann. A.. A. Venugopal and S. Vogel. 2006, Brdgme the Inflection Morphology Gap for
Arabic Statistical Machine Translation. NAACL.

References

Canference/Institution/Program Name Abbreviations JHU = Johne Hophing University

AMLF = Applied Natural Language Processing LREC = Language Resources and Evaluation Conference
ACL = Associntion for Computational Linguistics LDC = Linguistic Data Congortivm, University of

ACM:= Association for Computing Machinery Pennsylvania

EMNLP Empirical Methods 1o Natural Language MAACL = Morth American ACL

E:’,‘C:fsséﬁopenn e TALM =Traitement Automatique du Langoge Moturel

HLT = Human Language Technolagy Conference E::Ang:ni.g:s North America Conference on Afro-asiatic
LCSLF = International Conference on Spoken Languoge EARS = DARPA Program (Efficient, Affordabie,

Processing R ble Speech-15-Text)
LCASSP:International Conference on Acoustics. Speech cusa P

ang Stgnal Processing




