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Arabic Script

Modern

Roman

Early Latin
Greek

Phocenician

ABGDEFZH |[I KLMN OP QRST

+++++++++++++++++++++

KIAARTYIROLT LY 1+00M9 4w

Early
Aramaic

Nabatian

Arab:c

@ Mamoun Sk

+++++++++++++++++++++
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Arabic Script

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

~ ~ ~
L‘:"e)"j
L 2 4
Arabic script is used to write many languages: Arabic,
Persian, Kurdish, Urdu, Pashto, etc.



Arabic Script

Alphabet | L
. letter forms D CRouY e €

L_9|_JLJpUO_9l59

e letter marks

* Arabic only . s

» Other languages

* Persian, Kurdish,
Urdu, Pashto, etc.

- OCR output ambiguity



Arabic Script

Alphabet (MSA)

o letters (form+mark) s & o
- Distinctive RO L
i Isl 18/ 1 Il

+ Non-distinctive c 95| |
[/

glottal stop aka hamza



Arabic Script

Letter Shapes
* No distinction between print and handwriting

* No capitalization
 Right-to-left

: . | Stand
« Ambiguous
shapegs R UV [E | alone
« Connective J N
letters - £ | Initial
* Disconnective _ _ _
letters ulk | & |medial
2| .
final
UM & -




Arabic Script

Letter shaping

wS=uS<Ccoud
[katab/ b t Kk

to write

oS =uls € uluwd

/kitab/ bat Kk
book
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Arabic Script

Diacritics
e Zero-width characters

 Used for short vowels

wS /katab/ to write

 Nunation is used for

nominal indefinite
marker in MSA

UGS /kitabun/ a book

Nunation

11




Arabic Script

Diacritics
* No-vowel marker (sukun)
wsSo /maktab/ office

 Double consonant marker
(shadda)

Ji [kattab/ to dictate

« Combinable 3 Z Z
- =

/bbu/ /bbin/  /bban/

No Vowel

o

-

L 4

/bl

Double
Consonant

Y

-

4

/bb/
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Arabic Script

Putting it together

Simple combination

9;3 < v’)’&

Arab /Narab/ OJ )s

e € u,

West /sarb/ I )L

Ligatures
Peace /salam/ /OXLU-’ ﬁ&-‘” < S | J Y




Arabic Script

Tatweel

e ‘elongation’ bty 3 333
e aka kashida
e used for text highlight CJ‘-UHY‘ L:é S22

and justification

human rights /huquq al’insan/
14



Arabic Script

o Different styles | Arabic | Muhammad | algebra

e High fluidity
2 Ao a \
e Optional ligatures "< JJAJ
e Vertical Gggf— Lo a TN |
arrangements

e eaae | Ll

/Sarabi/ /muhammad / /aldzabr/,



Arabic Script

“Arabic” Numerals

e Decimal system
e Numbers written left-to-right in right-to-left text

I (e Lle 132 30 1962 G & il jall Caliiud

— e/

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

-W@gféﬁ?rﬂqaiﬁeumeratiobsyrxibollithaévaraby ggioe 718 |9

Tunisia, Morocco, efc.

Indo-Arabic Y IYIYIS 1o TV IA LS

Middle East

Eastern Indo-Arabic |, |y [Y (Y [|¥ |D 2|V |A |9

Iran, 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

s900 a8 ebhagaim) o ddgrpliaa s syllle

Ny

jjawhnm lkqfe50td sf/szrddxhddtba?

18



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

— Present diacritics mark syntactic/semantic
distinctions

o K /katab/ to write <X /kutib/ to be written
e & /hubb/ love < /habb/ seed

* Dual use of !, 5, s as consonant and long vowel
—\(I'1,1a0) s (/wl,fal) e (il 1))

19



MSA Phonology and Spelling

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

— Feminine marker ® (ta marbuta)

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

« /Nasa/ (to disobey +=c) (a stick bac)
« Hamza variants (6 characters for one phoneme!)
— (3 &) 4lg o354 ocles /baha’/ + 3MascSing (his glory)

20



MSA Phonology and Spelling

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

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 detail again under morphology discussion

21
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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 (<)
or madda (~) only

e Rare borrowing for foreign words

* o/l SIS S e /al, e /Y]
e regionally variable

Not Arabic

e Extra marks: haft (v), ring (0), taa (b),
four dots (::), vertical dots (:)
e Some Numerals (¥,4,7)

SRVRCRURUREIRE N
GUYUISISsi3yys
$s998fecece
55553533553
9 S S

Once you learn the alphabet, it is easier © 23



HlAS A U3 (D o2 e 9) A5 D ggw dlg

(V) DAL e (190, 024y ;ﬂ.ﬁdﬁﬁ!g‘;&ﬁ};
(V) 08 anlio) (15D aid 4 gl (90 sl 5 A dli
_ Wl 20,0 AR SO (LS50e w0 1994D A Za
L1 Arabic 299 it 4 R AP SALY b (o9 AD AT du Adg
[d Not Arabic Chduds ped dy hed bz HAIAs S Hhsdly
(1) @ Al kel 299 Al 959y (uacigya
CHAS 5> dd o) AT 9AS e dE AT (w0 95 (o4
(0) S ddugd 5D G ABdw (e 9gdg A
whaF LS Saldd 2,8 0 Ledods LBdr o

(V) 94d (oD dd B ydy AL 4S i yige #.‘ud.a(;,.!g_gdjg&d:;
(V) olagy 93sl Shed &3 @isS & 4>) oS di;
(A) 94d (535998 ydodd A4S Blw s3de Gde & ke b
() oo ga @aaedd JuWad g0 S0 adlS

-
e o R B el o TR L - e e " S .



[1 Arabic

[d Not Arabic

L;;,Uﬁa,m;)cwﬂ ga“)ﬁl..ﬂd@.u

e W e

Al () ged iUy B8 )

Al ikl

i any Sl agauli

_ . ~.~Ll@

e B

Al Mkl

PRI PRSP PRSTEN| U TPV g
JAall e

Sl e GlBaall Ju gl Y

25



[1 Arabic

[0 Not Arabic e
ST 1
|L,LifL;:f-:-?:

s T e

L'-;'r; bl NP g

,f-_ﬁ I ,,,,.z- -}

~ 3
e
r:ﬂ'v!

+
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Encoding Issues

* Encoding Arabic
— Data entry, storage, and display
— Ease of use for Arabic-illiterate users
— 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

28



Encoding Issues

« Many Conflicting Character Sets for Arabic

a Google - Microsoft Internet Explorer

J File  Edit | Wiew Favorites Tools  Help

J < Back ~ Toolbars ¥ larch  [hJFavorites  C #History | BN S - Ex "

T = ¥ Status Bar

J.ﬁ.ddress I@ Explarer Bar , j a0 |J Links **
Go To g :I

Skop Esc
Refresh F5
Text Size C N |

Source Western European (Windows)
Script Debugager 3 Chinese Simplified (GB2312)
Full Screen F11 ® nicode (UTF-3)

® | =ft-To-Right Document
Right-Ta-Left Daocurment

| —

Advertize with Lls - Busines:

Ma

ER003 Goo

Arabic (ASMO FOE)
Arabic {D03)
Arahic {1507
Arahic (dindows)

gle

tory Mewrs

Baltic {150}
Baltic {Windows)

Central European (DOS)
Central European (1500
Central European (Windaws)

Chinese Simplified (HZ)

Chinese Traditional (Bigs)

Cyrillic {D03)
Cyrillic {1507
Cyrillic {KOI-R)
Cyrillic {kOI5-L3
Cyrillic {vindows)

= Preferances
| = Language Touals

Jobs, Press, & Help

= Advanced Search




E n CO d i n g S Codepage 1256 - Arabic Windows

0 1 2 3 4 5 6 7 8 -9 -A B -C -D -E -F

by ] onaz aoma ono4 aoes fus]e} aomar i) oaaR Ta0A i) oHac A0 0DmE 00aF

[ ] ‘ P - 1 2 5 6 [C ] L] am3i 004 ans Lo} amy 0018 Sk 001A L)1 oic D Qe aniF
-

#18%|%

Qo3 oo2g qms 26 amar 00z Doz TazA DI2B omec fuinkied eE am2F

— Commonly used

&
S|16 |7 8|9 :|s]|<|=]>|7
F

2
— 1-byte characters ,|@[a[B|cC E
R

D05 DOsE [ Q05D O05E aDsF

4

D
— Widely supported 5| P [Q TIUIVIW|X | YZ|[|\]|]|"]_
input/display | | 2 dlie|flg/h|i|j k|l m/knfo

Q0BS5S BIEE ans7 Q0EE
(0] 001 [0iH] 0063 [RiT] oS 0066 el 0068 (i) D064 D066 COEG 0050 O0GE il

- M i n i m a I S u p po rt fo r 7_ [!WD (!CITI ooF2 SEIDTG tDWq l!D?ﬁ ‘;CI?B “U{D’FI xﬂcl?ﬂ yDﬂﬂ! znclm {DﬂTB |D|I"|'C }ﬂD?D '::JIE ao7F

eXte n d ed Ara b i C 8- EA.G %:G?E ,ZOH\ {19@ ,:01E ) .2.&25 TEGZO izum :206 70;30 OB <203ﬁ (E&E _:;&6 :3698 anaF

N K ‘ ’ “ | | o | - | — ™ > | e
C h a ra Cte rS 9 DEAF 2018 2018 201C 2010 202 2013 2014 aces 212z ooeA 2034 o153 ZTDGC 22‘:!:"3 oo

- bi_SCri pt Support 0ban QG 0oAZ DA 00Ad pAS DIAG OpAT D0AE Ofag DOAB ohAC DaAD ODAE 0AF

. x| 1 - S | |3 ¢
( RO m a n/A ra b I C) B 0nED TOB1 .DDE2 T0B3 DIEd I:.DES D0EE 0DET .:KIEB onEp o618 »DDEB D:EC TOBD EI:EE 0E1F

T C ¢ : - 2 .
— Trl_llngual Support: ‘ 0621 f-aez 0623 624 0625 Tm 0827 0628 f-m 082 'o&?e 62T 06D OB2E 062F

Ara b I C F re n Ch D- -:aan ":en hgaaz LJ‘:':” U:aa u:as ’nme >§nm .Ees: boaas Eim &om _asm “:u éoe-z ‘::1:43
b} H - A . e A ~
. E-la | J|a|pap|o|d]| 9| c|e | e |&|€é|s|s|T1]I
E n g I IS h (a I a AN S | ) :neo ‘osu ooER Jns-s 0645 }ow 0848 Q0ET :nes =] ?QEJ‘ DOEE :w 0644, ODEE Q0EF
F- - 0 , ax u 0 U | t’rM | LRm
0648 04| 064D 164E 0DF4 1G4 0650 00FT 1651 00FD oesa|  ooFe|  ooFc 200E 200F




Encodings

 Unicode

Becoming the
standard more and
more

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

Multi-script
representation

o P

5|l I\"I\.Kg\..(ng

o o e |5 |& [ fs o |o

[ e e B e O o v " T

el i i R e B e N E
PR [ VO (VO R [ e ol | r g

RN L RN S L s o Ay e

W% % % |9 %

(,1\ alen | Ler

[ v o |- |er

31



Encodings

 Unicode

— Supports presentation
forms (shapes and
ligatures)

FE70 Arabic Presentation Forms-B FEFF
FE7 FE8 FE9 FEA FEB FEC FED FEE FEF
. . . )
FEM FE3D FE2D FEAD [3=:11] FECD 3=0] FEED FEFD
- \ :
-V AR AR
FET FES FED1 FEAl 3225 FEC1 Eol FEE1 FEFI
3 at \ .
|
\ - 'C-.’ S ia R ll'\- o
FET2 FE&2 FEa2 FEA2 B2 FEC2 FED2 FEE2 FEF2
& . v .
“ I| ] g ! ) 2 A i
FET3 FEA3 FEZ3 FEA3 FEB3 FEC3 FED3 FEE3 FEF3
Il. ‘& = ey 122. J"i. i -
FEH FES4 FEM FEA4 FEB4 FEC4 FED4 FEE4 FER4
FC40 Arabic Presentation Forms-A FDI1F
FC4 FC5 FCB FC7 FCB FC9 FCA FCB FCC FCD FCE FCF FDO FD1
v - i
i " = " \ . ) M- . & Py .
f-— S P K (s { H - = r . ,j‘- D
FC& FC5) FCE) FCT0 FCa0 FC9 FCAD FCB0 FCO0 FCDD FCED FCF) FOO0 FO10
L2 |7 x| K £ 3| 2] 8 "
% _ P A - < . £ . :
C C J U A e \_;_ ;’G
FC41 FC5 FCE1 FCT1 FCB1 FCal FCAL FCB1 FCC1 FCO1 FCE1 FCF1 FO01 FDI1
L] Al al 22| |4 ]e|lla]|d
FC42 FC52 FCE2 FCT72 FIC32 FCa2 FCA2 FCE2 FCC2 FCO2 FCE2 FCF2 F]II2 I;I.Jl2
\ - * o P s ; A - .
J| & ARSI RS AR RN R
FC43 FC53 FC83 FCI3 FC33 FC93 FCA3 F(B3 FCC3 FCD3 FCE3 FCF3 FDO3 FD13

32



Encoding Issues
Arabic Display

 Memory (logical order) -
OCNRE va0pia (Palestine) Yi CxddE{CI (Olympics) 2000 &
@l odo bdubsy (Palestine) &g | gdpos! s (Olympics) 2000

or this way for those with direction-bias

.4002 @ 0002 )scipmylO( ICiE&4xC iV )enitselaP( &i@pO4y
.4002 4 0002 )scipmylO( oslsopads! s )enitselaP( (ebywdd

2004.
2004.

>
)
C &
'®)
@)

<

33



Encoding Issues
Arabic Display

 Memory (logical order)
OCNRE YaOpia (Palestine) Yi C®d3EiCI (Olympics) 2000 & 2004.

@l odo bdpbsy (Palestine) &g | gdpos! s (Olympics) 2000 4 2004.

* Display (visual order)
— Bidirectional (BiDi) support

 Numbers and Roman script
.2004 4 2000 (Olympics) oslgupads! ¢ (Palestine) (ebpdd odylg

— Letter and ligature shaping
.2004 4, 2000 (Olympics) slLualdy!l @ (Palestine) (dowl b oS, L

34



Display Problems

Display Encoding

* Wrong encoding

CP-1256 1SO-8859 Unicode Western
© | Ais ddhia cpdai | LIS JEXI[]8 a8 [ yOoododo Eidia adsoprE INE
| A B lanll | i) 5 latih 1AL 5 | @ 1OdAATIAL HEL ot g -
o i CACAREN=4iE
o IS
£ o . . o ) e . . o
S| 0 | e sxasnad 2 b ddhia Cpda YO0 ElOéae a=exakE INE
(o] ~ N - —os - . - " " v s n TEe A s B K
8 0 | Jé <@ bl Ag i 3l o | JOd LW 1OJGG | 2€ |Ee aakEICNE
e | O | saviesas nod CaCaaENeaeéE
w| 2
© i» TSk haght B IBOBLIe el st Bua ddhis i | i»:020 0°USUT
2| o |OthhObhbih b | elle bllgllbl L g 5K 5 laill o | U-Ut0-U,00
O | T |k hdihk L-BLL gllgl] ) @-0+00 ULUS
L | S | obtbghbeh b5 | LUbLgD 0 oUS
S L L§h L§hkf glleBlb bLLML U,U,02070§0+00
LT bkbag b© 0 0§U,,08U,Uf020+0
Llgblg e NBIL ~UtUsee
LglleglleBL]

 Partial support problems

35




Encoding Issues
Arabic Input

« Standard graphemic keyboard

* Logical order input

24#\ & Jo 45 o uls b [ It |
ﬂ@ HJTJYéUa'iﬂiPéEQ%f
AﬁSwDQFEGEHfdéﬂéLﬁgﬂTL

O BINIMS D G

L
cdle ) pd

http://www.cyrillic.com/kbd/btc.html




Encodings

Buckwalter Encoding

 Romanization
— One-to-one mapping
to Arabic script spelling
— Left-to-right
— Easy to learn/use
— Human & machine compatible
« Commonly used in NLP
— 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 o EOE S S oo o

L |

(o

| » afg -

| =

| = | W

e v

37
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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

39
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Derivational Morphology

* Templatic Morphology
* Root L gl
b t Kk

e Pattern I I
u ma -
« Lexeme ‘*ﬁ"g‘ ‘_“\S
maktub katib
Written Writer

Lexeme.Meaning =
(Root.Meaning+Pattern.Meaning) *Idiosyncrasy.Random 41



Derivational Morphology
Root Meaning

e U w & KTB = notion of “writing”

/kitab/  /katab/
book write

library
S letter sl
/maktab/ [katib/

office writer

42



Derivational Morphology
Root Meaning

e LHM-1
 Notion of “meat”

— a1 /lahm/
* Meat

— ol /lahham/
 Butcher

43



Derivational Morphology
Root Meaning

e LHM-2
 Notion of “battle”

— daals /malhamal
* Fierce battle
 Massacre
* Epic




Derivational Morphology
Root Meaning

. LHM-3
» Notion of “soldering’
— aal/laham/

« Weld, solder, stick, cling

— a3l filtaham/

 Be welded/soldered/fused

— a3l /multahim/
 Welded, soldered, fused

45



Derivational Morphology
Pattern Meaning

* Verb Pattern Meaning is hard to define

Pattern Pattern Meaning Example Gloss
| la2a3 Basic sense of root ktb > katab write
11 la22a3 Intensification, causation ktb - kattab dictate
111 laA2a3 Interaction with others ktb - kaAtab correspond with
1V Aal2a3 Causation jls 2 Ajlas seat
V tala22a3 Reflexive of Pattern Il Elm - takal~am | |earn
VI talaA2a3 Reflexive of Pattern IlI ktb - takaAtab correspond
Vi Ainla2a3 Passive of Pattern | ktb - Ainkatab subscribe/enroll
VIIl 2Ailta2a3 Acquiescence, exaggeration ktb > Aiktatab register
I X Ail2a33 Transformation Hmr - AiHmarr Turn red/blush
X Aistal2a3 | Requirement ktb - Aistaktab ask/make_write

46
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Inflectional Morphology

« Derivational Morphology
— Lexeme = Root + Pattern

* |Inflectional Morphology
— Word = Lexeme + Features

 Features
— Part-of-speech
» Traditional: Noun, Verb, Particle
« Computational: N, PN, V, Adj, Adv, P, Pron, Num, Conj, Det,
Aux, Pun, |J, and others
— Noun-specific
« Number: singular, dual, plural, collective
Gender: masculine, feminine, Neutral
Definiteness: definite, indefinite
Case: nominative, accusative, genitive
Possessive clitic 48



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

49



Inflectional Morphology

Nouns
L 9 GlriSall
/wakabiyutina/ /walilmaktabat/
U+ g+ &l 4 S-St IOt
watka+biytt+na wa+li+al+maktaba+at
and+like+houses+our and+for+the+library+plural
And like our houses And for thelibraries

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

50



Inflectional Morphology

Verbs
L Lilad Led i s
/faqulnaha/ /wasanaquiluha/
b 4L +JW W+ J8+0 0+
fa+qul+na+ha wa+tsatna+qiltutha
so+said+we+it and+will+we+say+it
So we said it. And we will say it

* Morphotactics

* Subject conjugation (suffix or circumfix) 51



Inflectional Morphology

» Perfect verb subject conjugation (suffixes only)

Singular Dual Plural
1| <€ katabtu LS katabna
2 | S katabta LS katabtuma i€ katabtum
3| <X kataba LS kataba | S katabt(
» Imperfect verb subject conjugation (prefix+suffix)
Singular Dual Plural
1 ‘i) gktubu 'S naktubu
2 | =<8 taktubu oS taktuban 05585 taktubin
3| <« yaktubu OLSs yaktuban | os5S5 yaktubln

E
J

2

Feminine form and other verb moods not shown



Road Map

Introduction
Orthography
Morphology

— Derivational Morphology

— Inflectional Morphology

— Morphological Ambiguity

— Arabic Computational Morphology

Syntax
Machine Translation Issues
Dialects

53



Morphological Ambiguity

* Derivational ambiguity
— 8228 pasis/principle/rule, military base, Qa'ida/Qaeda/Qaida

* Inflectional ambiguity

— S8 you write, she writes

— Segmentation ambiguity
« Ja g he found; x>+ 5: and+grandfather
o 4all; 4:4+J; for a language; 411+J: for the language

« Spelling ambiguity

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

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

54



Morphological Ambiguity

« Multiple sources of ambiguity

L4

O

— /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

« 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)
55
*in Buckwalter’s Lexicon (~40,000 lexemes)



Morphological Ambiguity

e Average overall ambiguity* is 2.5 analyses/word

e Compare to English ENGTWOL ambiguity (1.7-2.2 analyses/word)
40% -
35% -
30% -

25% -
20% -
15% -

Percebtage of Words

10% -

5% -

0% -
1 2 3 4 5 6 7 8 or

more
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Arabic Computational Morphology

e Representation units

e Natural token «l_ S ol
— White space separated strings (as is)
— Can include extra characters (e.g. tatweel/kashida)

eWord u.IS.o.U_g

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

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

e Representation units (continued)
e Prefix + Stem + Suffix
_CJ|+LLAS.D_ A +J.J_9
— Can create more ambiguity

e | exeme + Features
— aSwo[+Plural +Def +9+ J]

e Root + Pattern + Features
— S + da3a2lap + [+Plural +Def +d +4]
—\Very abstract

e Root + Pattern + Vocalism + Features

— S + 83210 + a.a.a + [+Plural +Def +J +4]
—\Very very abstract
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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) (Habash &
Rambow 2005a) (Smith et al, 2005)

Packages
— AMIRA: Arabic SVM Toolkit (Diab et al, 2004)

— MADA: Morphological Analysis and Disambiguation for Arabic (Habash
and Rambow 2005a)

Issues

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

— System coverage

— System extendibility

— Availability to researchers

— Use for analysis and generation 60
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Morphology and Syntax

* Rich morphology crosses into syntax
— Pro-drop / Subject conjugation
— Verb subcategorization and object clitics

* Verb,.siiveTSUbjECt+ODbject
* Verbintransitive-l-subjeCt but not Verbintransitive-|-subjeCt'l-ObjeCt
* Verb e tsubject but not Verb, . tsubject+object

 Morphological interactions with syntax
— Agreement
* Full: e.g. Noun-Adjective on number, gender, and definiteness
« Partial: e.g. Verb-Subject on gender (in VSO order)
— Definiteness
* Noun compound formation, copular sentences, etc.
* Nouns+DefiniteArticle, Proper Nouns, Pronouns, etc.
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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
OleSell+J li+Almaktabat
for the-libraries [PP li [NP Almaktabat]]

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

Two types of Arabic Sentences

* Verbal sentences
— [Verb Subject Object] (VSO)
— J\.’.ﬁa‘ﬁ\ JYJY\ t_uS
Wrote the-boys the-poems
The boys wrote the poems

« Copular sentences
— [Topic Complement]
— ;“)2.»4 Jy§\)f\
the-boys poets
The boys are poets
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Sentence Structure

 Verbal sentences

— Verb agreement with gender only
o W YN S wrotegyasesing the-boy/the-boys
e Slll\cidl S wrotee, ging the-girl/the-girls
— Pronominal subjects are conjugated
* & Wrote-YOoUyasesing
* r'""“s WrOte'youMascPlur
EEN WrOte'theyMaSCPIur

— Passive verbs
 Same structure: Verb, .. Subject
« Agreement with surface subject

underlyingObject
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Sentence Structure

 Verbal sentences

— Common structural ambiguity

 Third masculine/feminine singular are structurally
ambiguous
— Verbayascsinguiar NOUNyasc
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
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Sentence Structure

* Copular sentences
— [Topic Complement]

Definite Topic, Indefinite Complement

e elialyl
the-boy poet
The boy is a poet

— [Auxiliary Topic Complement]
Auxiliaries (kdna and her sisters)

« Tense, Negation, Transformation, Persistence

« Ieli Al € was the-boy poet The boy was a poet

« Ieli A oal js-not the-boy poet The boy is not a poet
— Inverted order is expected in certain cases

* Indefinite topic

<US gxie /Nandi kitabun/ at-me a-book / have a book
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Sentence Structure

» Copular sentences

— Types of complements
* Noun/Adjective/Adverb
— S3aldl the-boy smart  The boy is smart
* Prepositional Phrase
— 454l d Al the-boy in the-library The boy is in the library
« Copular-Sentence
— S 4l A [the-boy [book-his big]] The boy, his book is big
* Verb-Sentence
— i) ) S oy gy
[the-boys [wrote-they poems]] The boys wrote the poems

— Full agreement in this order (SVO)
— Y YIS i)

[the-poems [wrote-it the boys]] The poems, the boys wrote
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Phrase Structure

* Noun Phrase

— Determiner Noun Adjective PostModifier
o SLLY e a2l # sedal) Culls) s
this the-writer the-ambitious the-arriving from Japan

This ambitious writer from Japan

— Noun-Adjective agreement

* number, gender, definiteness
— da skl 408l the-writer,,,,, the-ambitious,,,
— Sl gkl il the-writer,,,,p,, the-ambitious;, o,y
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Phrase Structure

Noun Phrase

— Idafa construction (43Lx))
* Noun1 of Noun2 encoded structurally
« Noun1-indefinite Noun2-definite
o Yl
king Jordan
the king of Jordan / Jordan’s king

— Noun1 becomes definite
« Agrees with definite adjectives

— ldafa chains
* N 1in.def NZger - N inger N ger
o A8l Bl Galase () Jla ae
son uncle neighbor chief committee management the-
company

The cousin of the CEQO’s neighbor
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Phrase Structure

Morphological definiteness interacts with syntactic structure

Word 1 «\S writer

definite

Indefinite

Word 2 o\ artist

definite

Noun Phrase
okl sl
The artist(ic) writer

Noun Compound
oudll (s
The writer of the artist

indefinite

Copular Sentence
old k)
The writer is an artist

Noun Phrase
ole ils
An artist(ic) writer
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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)
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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

— Buckwalter analyzer ;L

— Arabic-tailored POS list [;ﬁﬂ?w

. ¥ =

 PATB constituency Al+marAkiz

representation s

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

* Prague Dependency Treebank
* Currently 100k words ]
« Partial overlap with PATB 772_pred

] ' ya+SoEad
and Arabic Gigaword [/ @S
— Agence France Presse, Sb Obj
AlHayat and Xinhua D
 Morphological analysis ey
— Similar to PATB nd

* Dependency representation

77
Graphic courtesy of Otakar Smrz: http://ckl.mff.cuni.cz/padt/PADT 1.0/docs/slides/2003-eacl-trees.ppt



http://ckl.mff.cuni.cz/padt/PADT_1.0/docs/slides/2003-eacl-trees.ppt

Computational Resources

Applications using Penn Arabic Treebank

— Statsitical parsing

 Bikel's parser (Bikel 2003)
— Same engine used with English, Chinese and Arabic

— POS tagging and morphological disambiguation
« (Diab et al, 2004) and (Habash and Rambow, 2005a)

Arabic pos tagging (khoja, 2001)
Formalism conversion

— Constituency to dependency (Zabokrtsky and Smrz 2003)

— Tree-adjoining grammar extraction (Habash and Rambow
2004)

Automatic diacritization
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Morphology and Translation
which level to go down to?

e Natural token ol iSals
e Word OlaSollg

e Segmented Word wliSoll J g

e Prefix + Stem + Suffix wl+wuiSe+ g

e Lexeme + Features AiSwo [+Plural +Def +J +s]
e Root + Pattern + Features

o w &+ sa3a2lae + [+Plural +Def +J +g]
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Morphology and Translation

What approach?

o Natural token Not Appropriate

e Word Statistical M

e Segmented Word Statistical M

o Prefix + Stem + Suffix Statistical/Symbolic

e lexeme + Features  Symbolic MT
e Root + Pattern + Features Too Abstract?
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Morphology and Translation

What resources?

Available resources may span different levels of
representation!

Most dictionaries are lexeme-based
Buckwalter stem dictionary contains English glosses

Statistical translation lexicons depend on the type of
tokenization used before alignment

— Word (no disambiguation necessary)

— Segmented word (minimal disambiguation necessary)

— Stem/Lexeme (machine/human disambiguation necessary)

Consistency Is important
(Lee, 2004), (Habash, 2006), (Habash and Sadat, 2006), (Habash et al. 2006)
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Translation Divergences

Beyond word-order variation

— Arabic VSO - English SVO

— Arabic N Adj - English Adj N

Meaning of two translationally equivalent constituents is
distributed differently in two languages

Divergence dimensions

— Categorial Variation (develop - development)

— Conflation (become frozen -2 freeze)

— Inflation (freeze - become frozen)

— Structural (enter the room -2 enter into the room)

— Head Swap (swim across the river 2 cross the river swimming)
— Thematic (John likes Mary -2 Mary pleases John)
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Translation Divergences

conflation
< (have)
DICOENEPICD
S
GQUS (gaic [ have a book

at-me book
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Translation Divergences
conflation

O O@E

Lia o] [ am not here
[-am-not here
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Translation Divergences

Structural
K
(052 (ot
(Nizar)
) p s Nizar’s book

book Nizar Book of Nizar

87



Translation Divergences

structural
(=2 (find>
(D (e (1D Qoo
@
sl e & e I found the book

found-I upon the-book
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Translation Divergences
thematic & conflational

& >
O @ O

2 s o)
head-my hurts-me my head hurts I have a headache
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Translation Divergences
head swap and categorial

dalis yeill Hoe Cae oyl I swam across the river quickly

[-sped crossing the-river swimming
90
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Computational Resources

* Dictionaries
— Buckwalter stem dictionary (LDC)
— Salmone dictionary (Tufts university)
— Online dictionaries — Ajeeb.com (Sakhr), Almisbar.com,
Ectaco.com
« Parallel corpora (LDC)
— United Nations Corpus (parallel with other UN languages)
— Ummah Corpus (parallel with English)
— Arabic News Translation Corpus
— Arabic Treebank English Translation
— More on LDC webpage...

« MT evaluation

— Arabic-English Multi-translation Corpus (LDC)
— NIST's MT-EVAL
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lam jaftari nizar tawilatan (adidatan 33 dglda ) % ik, ol
didn’t buy Nizar table new
nizar maftaraf tarabéza gidida @ s 3 m k (5 ik )

nizar maftaraf tawile  {dide @ = dxaxalgda il il R

nizar mafra] mida (dida O Baaa Bane () pdle ) 3

Nizar not-bought-not table new 94



General Definitions

What is a ‘dialect’™?
— Political and Religious factors

Modern Standard Arabic

Regional Dialects

— Egyptian Arabic (EGY)

— Levantine Arabic (LEV)

— Gulf Arabic (GULF)

— North African Arabic (NOR)

— lIraqi, Yemenite, Sudanese, Maltese?
Social dialects

— City

— Peasant

— Bedouin
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General Definitions

* Diglossia

« Badawi’s levels
— Traditional Arabic
— Modern Arabic ———*
— Educated Colloquial —»
— Literate Colloquial -

.

— llliterate Colloquial —
* Polyglossia

Classical Dialect Foreigh o6
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Phonological Variation

980 dd dfghhyagain) s dtraitanlsssllle

N\\\\\\\\\\\\\\\\\\\\\\\\N/

1J iwhnm lkqfeid0td s/szrddxhd§tba?

$I 00 dddu bbu&uﬂuﬂuﬂJJdd uauu\ggg\\\&

A ey

1Ju whnm lkqfeSotd sf/szrédxhd§tba?

Z
 No dialect-specific standard orthography 98



* Arabic Dialects vary widely lexically

L exical Variation

English table cat of (I) want | there 15 | there 1sn’t
MSA Tawila| |[qiTTa idafa | "uridu | | yujadu | 1a yujadu
Moroccan || mida qeTTa | | dval | bgt kayn ma kayns
Egyptian | Tarabeza ||'oTTa | | bita3 | 3awez | fi mafis
Syrian Tawle bisse taba3 | biddi fi ma fi
Iraqi mez bazzuna | mal || "arid aku maku

* Arabic orthography allows consolidating some
variations
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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 (2"4,3 person)

« Loss of morphological moods
— Subjunctive/jussive form dominates in some dialects
— Indicative form dominates in others

— Other aspects increase in complexity
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Morphological Variation
Verb Morphology

MSA EGY

al s oSS Al i slla giviSla g

walam taktubdha lahu wimakatabtuhalG/
wa+lam taktubG+ha la+hu wi+ma+katab+tu+ha+li+/
and+not_past write you+it for+him and+not+wrote+you+it+for_him+not

And you didn’t write it for him
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Morphological Variation

Verb conjugation
« Perfect verb derivation (suffixes only)

1st Person Singular 2nd Person 2"d Person
Singular & Singular ¢
MSA | < katabtu “uwi€ katabta —uiS katabti
LEV <uiS katabt =S katabti
* Imperfect verb derivation (prefix+suffix)
15t Person 2"d Person 2" Person
Singular Singular & Singular ¢
MSA | Sl aktubu iS5 taktubu | xS taktubina
S5 taktubl
LEV <iSI gktob <SS toktob IS5 toktobi




Morphological Variation

Tense expression

Perfect Imperfect
S |kataba |jaktubu sajaktubu
A |[Past |Present Future
E katab |jiktob bjoktob |\am bjoktob | hajiktob
V Past O-Tense |Present |Present Future
habitual progressive
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Syntactic Variation

Verbal sentences

— The boys wrote the poems
— MSA
* Verb Subject Object (Partial agreement)

DY) aY Y i
wrote

masc

J\.sui‘}[\ \}4.15 JYJ‘).“
the-boys wrote

— LEV, EGY
Subject Verb Object

» Less present: Verb Subject Object

J\.L&Y\ j.uS JYJ\J\
The-boys wrote

BIERSYNOIAN RPN
wrote

mascPlural

mascPlural

mascPlural

the-boys the-poems
» Subject Verb Object (Full agreement)

the-poems

the-poems

the-boys the-poems

* Full agreement in both order

V-S | V(S) | SV
explicit pro explicit
subject | dropped | subject

subject

MSA | 35% 30% 35%

LEV | 10% 60% 30%

Verb-Subject distributions in

the Levantine Arabic Treebank
(Maamouri et al, 20006)
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Syntactic Variation

* Noun Phrase

— ldafa construction
* Noun1 of Noun2 encoded structurally
o Yl
king Jordan
the king of Jordan / Jordan’s king

— Dialects have an additional common construct
* Noun1 <particle> Noun2
« LEV: 0¥ & <l the-king belonging-to Jordan
« <particle> differs widely among dialects
— Pre/post-modifying demonstrative article
« MSA: J=_l 13a this the-man  this man
« EGY: 2 dal)ll the-man this  this man
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Code Switching

MSA and Dialect mixing in speech
» phonology, morphology and syntax

MSA
LEV

dj\)@\um)ﬂmmu\}d\.k‘;j\egqjﬂwﬂmmeﬂ\\jmjm?cg\MM‘jmuu\‘ﬁ
M\j)ﬁﬂ@k\)waeﬁéuﬁﬂ\ewb\ua)‘j\é.c m&jmym&jmy&uh}
M}S\j\umu_quxm\Mj&\ﬂgmjméwgu\j&\ﬁmm i) 3 oS
émeu@uj.@_d\u\)\a.\\&};ayéc }amw‘&}aﬁnmm}um@mu
jsummcﬁ\z\mjmdb u}gw}uwwsgmu&@ M\L;uuj

UAJJJUAUJSLAUMLAJ“\_U\A‘;\jAM\ULLALEJLLAJQ_\LEAUM‘\AS

Mmﬂ\w\iju\d@\muu\_dgﬁ MAMY‘UMAJ\M\MJU)SA}QMJ}@_A;
uﬂ\\%cm\ummuhﬂ@w\jw\uuuds\y édhémkj&w@dhé
‘_AS\L@_\SFJ.\L\}AL_\:.)LdJ s 50 S il s L) e Dol alaily 7 5 50 Slasal)
Led o 3l 1 A sSA) s jlaally ) gie o, W INA il Ul g ) g ) L | gial 5 4ma | 50in
e@uu\‘;ia\ﬁmgyﬁs\w‘&}m}mm&mgu}gwﬁutstyﬂ\@uﬂ\
umxagb\@a@&\}\ﬁ‘&m}\Jwﬂm\dﬁu&ﬁuwju\%gu e Lalad

Gk\)smd

&}.AJA\ m@&m@udﬂu AV ML\)SA.}JS\

Aljazeera Transcript http://www.aljazeera.net/programs/op_direction/articles/2004/7/7-23-1.htm
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Computational 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)
— CallHome 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 Morphology

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

Parsing Arabic Dialects (JHU summer workshop 2005)
(Rambow et al, 2005) , (Chiang et al., 201)463



Resources

Distributors

* Linquistic Data Consortium

« NEMLAR (Network for Euro-Mediterranean LAnquaqge
Resources)

« ELSNET is the European Network of Excellence in
Human Lanquage Technologies

« ELDA Evaluation and Language resources Distribution
Agency
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http://www.ldc.upenn.edu/
http://www.nemlar.org/
http://www.nemlar.org/
http://www.elsnet.org/arabiclist.html
http://www.elsnet.org/arabiclist.html
http://www.elda.fr/
http://www.elda.fr/

Resources

Reports

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

« Mahtab Nikkhou and Khalid Choukri. Survey on Arabic
L anguage Resources and Tools in the Mediterranean
Countries.

 Arabic Information Retrieval and Computational
Linguistics Resources (thanks to Doug Oard)
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http://www.nemlar.org/Publications/NEMLAR-REPORT-SURVEY-FINAL_web.pdf
http://www.nemlar.org/Publications/NEMLAR-REPORT-SURVEY-FINAL_web.pdf
http://www.nemlar.org/Publications/NEMLAR-REPORT-SURVEY-FINAL_web.pdf
http://www.nemlar.org/Publications/NEMLAR-REPORT-SURVEY-FINAL_web.pdf
http://www.glue.umd.edu/~dlrg/clir/arabic.html
http://www.glue.umd.edu/~dlrg/clir/arabic.html

Resources

Monolingual Corpora

 Arabic Gigaword
 Arabic Newswire

Parallel Corpora

 United Nations Parallel Corpus
« Ummah Parallel Corpus

« Arabic News Translation

« Multiple-Translation Arabic

Treebanks
 Arabic Penn Treebank Webpage

— Part1v?20,Part2v 2.0, Part3v 1.0, 10K-word English Translation

* Prague Arabic Dependency Treebank
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http://wave.ldc.upenn.edu/Catalog/CatalogEntry.jsp?catalogId=LDC2003T12
http://wave.ldc.upenn.edu/Catalog/CatalogEntry.jsp?catalogId=LDC2001T55
http://wave.ldc.upenn.edu/Catalog/CatalogEntry.jsp?catalogId=LDC2004E13
http://wave.ldc.upenn.edu/Catalog/CatalogEntry.jsp?catalogId=LDC2002E48
http://wave.ldc.upenn.edu/Catalog/CatalogEntry.jsp?catalogId=LDC2004T17
http://wave.ldc.upenn.edu/Catalog/CatalogEntry.jsp?catalogId=LDC2003T18
http://www.ircs.upenn.edu/arabic/
http://wave.ldc.upenn.edu/Catalog/CatalogEntry.jsp?catalogId=LDC2003T06
http://wave.ldc.upenn.edu/Catalog/CatalogEntry.jsp?catalogId=LDC2004T02
http://wave.ldc.upenn.edu/Catalog/CatalogEntry.jsp?catalogId=LDC2004T11
http://wave.ldc.upenn.edu/Catalog/CatalogEntry.jsp?catalogId=LDC2003T07
http://ckl.mff.cuni.cz/smrz/padt/

Resources

Morphology

 Buckwalter Arabic Morphological Analyzer
— Version 1.0, Version 2.0

« Xerox Arabic Morphology (online)

Dialect Resources

« CALLHOME Egyptian Arabic Transcripts

« CALLHOME Egyptian Arabic Speech

 Egyptian Colloquial Arabic Lexicon

 |Levantine Arabic Resources

* http://www.orientel.org/

* http://www.appen.com.au/

 CADIM: http://www.ccls.columbia.edu/cadim 115



http://wave.ldc.upenn.edu/Catalog/CatalogEntry.jsp?catalogId=LDC2002L49
http://www.ldc.upenn.edu/Catalog/catalogEntry.jsp?catalogId=LDC2004L02
http://www.arabic-morphology.com/
http://wave.ldc.upenn.edu/Catalog/CatalogEntry.jsp?catalogId=LDC97T19
http://wave.ldc.upenn.edu/Catalog/CatalogEntry.jsp?catalogId=LDC97S45
http://wave.ldc.upenn.edu/Catalog/CatalogEntry.jsp?catalogId=LDC99L22
http://www.ldc.upenn.edu/Projects/EARS/Arabic/
http://www.orientel.org/
http://www.appen.com.au/
http://www.ccls.columbia.edu/cadim

Resources

Dictionaries

 Buckwalter Stem Dictionary

« H. Anthony Salmone. An Advanced Learner's Arabic-
English Dictionary encoded by the Perseus Project, Tufts
University (contact: David Smith dasmith@perseus.tufts.edu)

« Ajeeb Arabic-English Dictionary (online)
« Al-Misbar Dictionary (online)
« Ectaco Bilingual Dictionary (online)

Online MT systems
« Ajeeb's Arabic-English Machine Translation (online)
« Al-Misbar English-Arabic Machine Translation (online)
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http://wave.ldc.upenn.edu/Catalog/CatalogEntry.jsp?catalogId=LDC2002L49
mailto:dasmith@perseus.tufts.edu
http://dictionary.ajeeb.com/en.htm
http://almisbar.com/dict_page.html
http://www.ectaco.com/online/diction.php3?refid=0&rfr_id=10370&rqt_id=81368&pagelang=23&lang=3
http://tarjim.ajeeb.com/ajeeb/elogin_ET.asp
http://www.almisbar.com/salam_trans.html

Conferences and Workshops
with some focus on Arabic

Parsing Arabic Dialects (JHU summer workshop 2005)
ACL 2005 Workshop on Computational Approaches to Semitic Languages
Arabic Language Resources and Tools Conference 2004 Cairo, Egypt

WORKSHOP Computational Approaches to Arabic Script-based Languages
(COLING 2004)

Traitement Automatique du Langage Naturel (TALN ' 04)

NIST MT EVAL (http://www.nist.gov/speech/tests/mt/)

MT Summit IX Workshop on Machine Translation for Semitic Languages in 2003
Novel Approaches to Arabic Speech Recognition (JHU summer workshop 2002)
LREC 2002 Arabic Language Resources and Evaluation Workshop

ACL 2002 Workshop on Computational Approaches to Semitic Languages
International Symposium on Processing of Arabic 2002, Tunisia

Workshop on ARABIC Language Processing: Status and Prospects (ACL/EACL

2001)
Arabic Translation and Localisation Symposium (ATLAS 1999)

Computational Approaches to Semitic Languages (COLING/ACL 1998)
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http://www.elda.fr/nemlar-conf/
http://members.cox.net/karinem/COLING2004/
http://members.cox.net/karinem/COLING2004/
http://www.lpl.univ-aix.fr/jep-taln04/
http://www.nist.gov/speech/tests/mt/
http://www-2.cs.cmu.edu/~alavie/semitic-MT-wshp.html
http://www.lrec-conf.org/lrec2002/lrec/wksh/ArabicLRs.html
http://www.cs.um.edu.mt/~mros/WSL/
http://www.elsnet.org/acl2001-arabic.html
http://www.elsnet.org/acl2001-arabic.html
http://www.ccl.umist.ac.uk/staff/harold/atlas/
http://www.cs.um.edu.mt/~mros/casl/
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Conference/lnstitution Name Abbreviations JHU = Johns Hopkins University
ANLP = Applied Natural Language Processing LREC = Language Resources and Evaluation Conference
ACL = Association for Computational Linguistics LDC = Linguistic Data Consortium, University of

ACM-= Association for Computing Machinery Pennsylvania

EMNLP = Empirical Methods to Natural Language Processing | NAACL = North American ACL
EACL= European ACL

HLT = Human Language Technology Conference

ICSLP = International Conference on Spoken Language
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TALN =Traitement Automatique du Langage Naturel
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