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* Focus of this tutorial
— Phenomena
— Concepts
— Approaches
— Resources
 What is ‘Arabic’?
— Arabic Script

— Arabic Language

e Modern Standard
Arabic (MSA)

 Arabic Dialects




Road Map

* Introduction
* Orthography
* Morphology
* Syntax
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Arabic Script
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Modern
Roman

ABGDEFZH I KLMN OP QRST

+++++++++++++++++++++
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Greek
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Early
Aramaic

Nabatian

Arabic
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Arabic Script

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

A L

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



Arabic Script

Alphabet | 1
. letter forms D CRourY P c

u_9._ldpuo_9t59

e letter marks

= L
_ I . I . [ L
* Arabic only L <
» Other languages
guag v b~ |
* Persian, kurdish, ~ __
Urdu, Pashto, etc. <

- OCR output ambiguity; common spelling errors !



Arabic Script

Alphabet (MSA)

o letters (form+mark) s & -
. Distinctive NN L
/11 Isl o/ 1t ol

* Non-distinctive I fj Z_S ‘ ‘ i ‘
[?/

glottal stop aka hamza



Arabic Script

Letter Shapes
* No distinction between print and handwriting

* No capitalization
* Right-to-left

» Ambiguous ~ | ~ | Stand
shapes UV | & | alone
- Connective || L
letters _w | £ | initial
* Disconnective
letters Lad | © | medial
(V335330006 8)]. B\
cause word- | - final
internal visual U & I o

spacing



Arabic Script

Letter shaping

wS=uwS<Ccouwd
[katab/ b t Kk

fo write

oS =S € uluwd

[kitab/ bat Kk
book

10



Arabic Script

Diacritics
e Zero-width characters

* Used for short vowels

S /katab/ to write

 Nunation is used for
nominal indefinite
marker in MSA

UGS /kitabun/ a book

Nunation Vowel

) (G

L 4 !
/ban/ /ba/
28 g
) )

! L 4
/bun/ /bu/
(G )

11




Arabic Script

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

 Double consonant marker
(shadda)

\_:3 [kattab/ to dictate

« Combinable 3 Z @
- =

/bbu/ /bbin/  /bban/

No Vowel

o

-

4

/bl

Double
Consonant

™

-

L

/bb/

12



Arabic Script

Putting it together

Simple combination

v;i < HJ’)’&

Arab /Sarab/ U)£

e € u, g

West /sarb/ \ I )L

Ligatures
Peace /salam/ /ou-“" ﬂ&-’-‘-’ é Lo l LJ U'*fs



Arabic Script

Tatweel

* ‘elongation’ Ol @ i

e aka kashida

e used for text highlight Ol Léj—-s-’

and justification
U PU—

human rights /huquq al?insan/
14



Arabic Script

o Different styles | Arabic | Muhammad | algebra
e High fluidit
g Y 25| s | A
e Optional ligatures ‘
e Vertical o -
t
arrangements C5usC ] =JI
Gl | mana | sl

/Sarabi/ /muhammad/ /algabr/

15



Arabic Script

“Arabic” Numerals

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

i AN V=Y e Lle 132 0 1962 e (3 51 4 bz
4—'—>+'—>4—

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

e Three systems of enumeration symbols that vary by region

Western Arabic 01 23|45 61|78 19

Tunisia, Morocco, efc.

Indo-Arabic Y IYIYLE 1oV IAILS

Middle East

Eastern Indo-Arabic
Iran, Pakistan, efc.
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1

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

g0 pdd@dgebhagad) st ls syl

Ay

dwhnm 1kqfsSdtd sS/szrddxhgOtba?

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

e i /katab/ to write <=5 /kutib/ to be written
* & /hubb/ love > /habb/ seed
* Dual use of ), 5, s as consonant and long vowel

—V\(I'1,4al) s (IwlJaly & (il )

19



MSA Phonology and Spelling

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

— Feminine marker ? (ta marbuta)

« xS [kabir/ (big &) xS /kabira/ (big @)
— Derivation marker

 /Sasal (to disobey ~=c) (a stick bac)
« Hamza variants (6 characters for one phoneme!)
— (3 ¢) 4le o3l ocler /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 lks Ik wth n vwils

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



Proper Name Spelling

« The Qadafi-Schwarzenegger problem
— Foreign Proper name spelling is often ad hoc
— Multiplicity of spellings causes increased sparsity

Gadafi Gaddafi Gaddfi Gadhafi

kT > . . .
i Ghaddafi Kadaffy Qaddafi Qadhafi ...
o))l s
BEBPIEY
e < Schwarzenegger
AP g

A Y ¢l

22
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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

co/pl, IV, S Selal eIt/
e regionally variable

Not Arabic

e Extra marks: haft (v), ring (0), taa (b),
four dots (::), vertical dots (;)
e Some Numerals (¥,9,7)

CRURCRURUREIREN
GUUUIISsI3Insys
$s98tcecedi
55353533553
W9 s S...

Once you learn the alphabet, it is easier © 24



SRS A Jd A 2ee 9y a8 agw Ay

(V) Al s §190) > 4) @I AT AL (9)dd o4
(V) ods% odmlio) HaB4id 42 gly (o gle 5 du dlio
Wl 20 504D SO 4D (L300 (90419943 A z 4
99 Ad RAd 4> SALT A (o dd ATLD A ddy
[J Not Arabic DL Aud mad by Shed dr wdddu,S 5 dsdly
() @43 Al uualy pggddi 434 uudgge
SHAS > d o) A 9AS Al AT (e 95 o)
(0) S Adugd 5 HAB G ABdw (e 99dg A
HAF LS SATdd 2,8 0 Leduds L4y

(D 3&@&}§Jquﬁwﬁyuuggag&g
(¥) gy 9319 Sded 4 @IsS AT dxg) S,
(A) 949 (535998 ydodd 4S Blw s3de Gde S et b
(4) Wi Sde gl dd LYW A 580 Sog AT

‘i“. ...l.h-.l jF .lf - i~ li_ e - - i



[1 Arabic e UL
Al () pad By &8 )

Al bl 5

Cipa 2ny il agandli

e U e

aa A Sl @l ae dasl
1ld i)

Al s ol s 5 aadl i agd
Aaall

Gl (e lBaall Ju sl Y
e ) Jadb sl jaal Vg

uAJJJJJ}m)Qm ‘#JQ &} ___J.AA.M

26



[1 Not Arabic
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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

29



Encoding Issues

» Many Conflicting Character Sets for Arabic

; Google - Microsoft Internet Explorer

J File  Edit
J = Back -

J Address IE

ﬂl‘a
[x

Yiew Favorites  Tools  Help
;tmtlbar; ¥ barch [ Favorites S #History | B-S-E e

¥ Skatus Bar

= g >

Explorer Bar k _j @GD |JL|nks
GoTo k LI
Skop Esc 1
Refresh F5 ™
Texk Size 3 "‘.

Saurce

Scripk Debugger

Full Screen

F11

Wiestern European (Windows)
3 Chinese Simplified (GB2312)
& |nicode (UTF-8)

Arabic (ASMO 708) tary [ ewes

Arabic (Do)

frabic (1500
# |eft-To-Right Document \ Arabic (Windows) N

Right-To-Left Docurment N > 4 | - Language Tools

Baltic (‘Windows)

Central European (D0S)
Central European (150)
Central European (Windows)

Advertise with Us - Busines: Jobs, Press & Help

Mz  Chinese Simplified (HZ)

©2002 oo Chinese Traditional {Bigs) s

Cyrillic (DO
Cwrillic (TS0
Cyrillic (KOIS-R)
Cyrillic (KOIS-LE
Cyrillic (Windows)

= 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

oo20 oo

0085 [l ansT 0058 005 0D5E 005C 005D O05E 00sF

#18|% &| " | Cl)|*|+|,|-|.|1
— Commonly used
— Widely supported 5| P |Q IV WiX YIZ LIvLl"
— Minimal support for 7[R9 S S L % Y % A L L L o] .
— bi—Scri pt Support [iT] QE0C D0ag [ Ek] Dl Q05 'DDM QDAT 00AS ] D0AE DA QAL ODAE Q0AF

2
— 1-byte characters ., |@|[a|[B|C E|F|G|H|I1|[J|K|[L|[M|[N]|O
R
input/display 6- a e|flg|lh|i|j|/k|l1 m|n|o
extended Arabic 8_ €20:M &:GTE ,201.\\ {19@ ,gme "2—&5 TQ!UZQ :Eum :206 %;m 008A <203ﬁ q{é _:.:ﬁ% %EN Q0eF
(Roman/Arabic) B[ el S el el wf Bl Tl ] sl ) L 2] A A AL

[ ) C P_ 1 2 5 6 1- Do W1 a3 004 s 0018 a7 018 ong A 00E G w00 IME D1F
4 5|6 7|8 |9 |:|;5|<|=|>|7?
b
D34
D
D040 041 0D43 D44 45 0045 ap4T 0a48 D048 0044 D048 DG Q040 O4E Q04F
T
D054
b d
DOG0 0 Do62 fulex) D064 55 e s aEe D0GH Q06A (2] D06 Q0E0 DEE GF
r
h t 9_ & 3 ’ “ " ® —_ — ™ 3 «® 2Nd 23
C a ra C e rS waAF 2018 e 21c 2010 2022 013 2014 i) 2122 oA 2034 0153 200C 200D 00gF
T C ; - : :
— Trl_llngual Support' 0621 i OBZ3 Ci2d. 0E25 0826 &7 0E28 DERS 062 DE2E DEZG el OB2E 0ERF
.
. . . »

Arabic, French o AR NE VAL AR BB R AR N R A
I , , &30 0631 1632 0633 34 0635 oess|  ooo? 0637 0636 oe3e|  oeas 4640 (641 064z 0843
i e-la|J|a|pa|O0| | s|c|e|é|&|&|ls|s|T]|i
EngIISh (ala ANS') :neo ‘064-1 (=] ’0345 DE4E )ow 0648 O0ET :053 0EY ?OE.-\ DOEE :m 0644, Q0EE ODEF
F- - 0 p ax u a U | t’M | LRm
064B|  oedc|  oean|  oedE aBFd [B4F oesh|  ooFT 0651 00FD oesa|  oore|  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

063 064 065 (1111 067 111 069 04 0GB ORC 060 06E 0G6F
<585 | ¢
f—_ 3| =P S . & \
dAERE 5’ ol | o | Y
AR Slele]o]|r
E‘;- 2 J f B f’
f'_ 2 |- J £ 2
%o S s Sl e
AP AR IEAER AR
S5 (O|d] 3 sl A
s | 3| S o582
3| o == .
s loe| S
3l 2
2 |oe| 2
I0E
I

32




E n COd i n S FE70 Arabic Presentation Forms-B FEFF
g FE7 FE8 FES FEA FEB FEC FED FEE FEF
FETD FEAD FE® FEAD FEBD FECD FEDD FEED FEFD
« Unicode 2| T ezl ]y
FET1 FES FEIN FEAL FEB1 FEC1 E0M FEE1 FEF1
— Supports presentation A R I
forms (Shapes and FER FE:u FEm a2 FEB2 F:;cz En? FEE2 FER2
. | 2 - ot ©w 2 A )
3|l -~ :
| I g atu reS ) FET3 FE&3 FE® FEA3 [3=:K] FEC3 o FEE3 FEF3
4 ) Ill. & = iy 122 J'i Y -
FE?# FE34 FEM FEA4 3==L] FECA =4 FEE4 FEF4

FC40 Arabic Presentation Forms-A FDI1F

FC4 FC5 FC6 FC7Y FC8 FC9 FCA FCB FCC FCD FCE FCF FDO FD1

] \ .
\ ¥ - . A N . & ~ .
| A K ! £ = = £ V)
ol | ¢ / s | T c || E |
rom | rew | rem | ro | rem | mew | eow | e | rem | eem | eem | eem | oo | e
) g " b » 1
. - A~ \
11 = £ y A #F €| & ' £ t | &
— | ~ N
FC41 FC51 FCE1 FCT1 FC81 ECOl FCAL FCE1 FCC1 FCOl FCE1 FCF1 FOO1 FDOI1
I Slon|é|e|% |4 : "
" = - '
2| £ 2| F = | ¢ S| F
, o .
roir | orome | rem | rom | mm | mm | eom | P | e | eem | eem | eem | ez | e
1 2
o - . . - W
m < b i L) o &
3| © S A ) £ = |4 < = = _ T )
reis | rom | rem | o | mem | mwm | eom | e | rem | eem | eem | eem | eood | e

33



Encoding Issues
Arabic Display

 Memory (logical order) -
OCNRE Ya0@ii (Palestine) Yi Cxid3EiCI (Olympics) 2000 & 2004.
el ydo Bdwbsy (Palestine) g | gdpos! > (Olympics) 2000 4 2004.

or this way for those with direction-bias

(&

.4002 & 0002 )scipmylO( ICiE&daC 1Y )enitselaP( aig@da¥ EBRNCO
.4002 4 0002 )scipmylO( slgupads! s )enitselaP ( (uebwpdd oIyl

34



Encoding Issues
Arabic Display

 Memory (logical order)
(Palestine) Yi CxdabEiCI (Olympics)
(Olympics) 2000 4, 2004.

OCNRE Yab@ia 2000 &« 2004.
@l ydo ddwbsy (Palestine) dg | adpos!d

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

 Numbers and Roman script

.2004 4 2000 (Olympics) olgopads! s (Palestine) (usbpdd ooyl

— Letter and ligature shaping
.2004 4 2000 (Olympics) osbLuwly!l & (Palestine) (dawl d oSy L

35



Display Problems

Display Encoding

CP-1256 ISO-8859 Unicode Western
© | Ao dihieguidn | B JaN[3,a53 ] | vl Dgl gr @ié;@ ééﬁ?l? ;ﬁE
S| A Bl | ) 5 il AL S | I Ogaa Al HEL it CELA
~ j CaCaBEN2aik
o) IS
C — A o
S| B | ciues xasas | hiadihiaguis | YOREE EiQéae az=xaE IiNE
00 " o e wes : . . .. ” fn TR A s AR
8 0 | Jé <@ 5Ll Ao A< 5 laill o | gl gyl I0JGG | e IEé GaEICNE
c 8 Aallile 483 BEY GCaCaaENeéaxéE
w2
© i» FEiE L hgke 5S: BB glel o Ba ddhia cpdsi | I»¢@°@ @'USUt
S5 ©bth-b @b bt b | gellbiglis 1 g AN 3 as U..Utg-U, go
- - ; g SN 3 jladll el
0|5 |ews L cdady L-blbl glel ) g-g+go Ulus
< _g Obthb§hnlgl 1 1 LlbLl 7 FUS
C | b, kgh, LEhf ellells 15 Blb1L] U, U,2°2-2§0+30
D | sl ke bO BelsglelBBg @§U,, 280, Uf@*+U
llg e lss “UtUSgo

* Wrong encoding

 Partial support problems

36




Encoding Issues
Arabic Input

« Standard graphemic keyboard

* Logical order input

ET‘ Lliﬁn

o |

E'I.?‘u' : ‘
usﬁ' HJTJFYEFUP.Ij Eé%f
AﬁSwDQFﬁﬁﬁH:JéK;Li;H:'L

2l O BINIM o el R

wdlp )

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=

PR T T T S N P

L. 1

P

I'-'- \I;; G [

| &

| | w|

le

38



Road Map

* Introduction
* Orthography
* Morphology
* Syntax
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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

40



Road Map

* Introduction
* Orthography
* Morphology

— Derivational Morphology

— Inflectional Morphology

— Morphological Ambiguity

— Arabic Computational Morphology

* Syntax
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Derivational Morphology

* Templatic Morphology

* Root KL O &l
b t Kk
e Pattern I I I
U ma | A
¢ Lexeme < S uﬂs
maktib katib

Lexeme.Meaning = written writer

(Root.Meaning+Pattern.Meaning)*Idiosyncrasy.Random 42



Derivational Morphology
Root Meaning

e U w & KTB = notion of “writing”

/kitab/  /katab/
book write

/maktaba/ w950 maktiiby

library
S letter ils
/maktab/ [katib/

office writer

43



Derivational Morphology
Root Meaning

LHM-1

Notion of “meat” c,;j

— ol /lahm/
* Meat

— o /lahham/
 Butcher

44



Derivational Morphology
Root Meaning

e LHM-2
 Notion of “battle”

— 4aale /malhama/
* Fierce battle
 Massacre
» Epic




Derivational Morphology
Root Meaning

 LHM-3
* Notion of “soldering”
— =l /laham/

« Weld, solder, stick, cling

— =3l filtaham/

 Be welded/soldered/fused

— aaile /multahim/
 Welded, soldered, fused

46



Derivational Morphology
Pattern Meaning

* Verb Pattern Meaning is hard to define

Pattern Pattern Meaning Example Gloss
I 1a2a3 Basic sense of root ktb = katab Wwrite
II la22a3 Intensification, causation ktb = kattab dictate
I1II 1aA2a3 Interaction with others ktb > kaAtab correspond with
1V Aal2a3 Causation jls > Ajlas seat
\V tala22a3 Reflexive of Pattern I ElIm - taEal~am | |learn
VI talaA2a3 Reflexive of Pattern Ill ktb - takaAtab | correspond
VII Ainla2a3 Passive of Pattern | ktb > Ainkatab | subscribe/enroll
VIII Ailta2a3 Acquiescence, exaggeration | ktb = Aiktatab register
IX Ail2a33 Transformation Hmr - AiHmarr | Turn red/blush
X Aistal2a3 | Requirement ktb - Aistaktab | ask/make_write

47




Road Map

* Introduction
* Orthography
* Morphology

— Derivational Morphology

— Inflectional Morphology

— Morphological Ambiguity

— Arabic Computational Morphology

* Syntax
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Inflectional Morphology

Derivational Morphology
— Lexeme = Root + Pattern

Inflectional Morphology
— Word = Lexeme + Features

Part-of-speech

— Traditional: Noun, Verb, Particle

— Computational: N, PN, V, Adj, Adv, P, Pron, Num,
Conj, Det, Aux, Pun, |J, and others

— Many tag sets exist ranging from 3 to over 22K tags
Noun-specific Features

Verb-specific Features

Other Features

49



Inflectional Morphology

 Noun-specific Features
— Number: singular, dual, plural, collective
— Gender: masculine, feminine
— Definiteness: definite, indefinite
— Case: nominative, accusative, genitive
— Possessive clitic

* Verb-specific Features
— Aspect: perfective, imperfective, imperative
— Voice: active, passive
— Tense: past, present, future
— Mood: indicative, subjunctive, jussive
— Subject (Person, Number, Gender)
— Object clitic
* Other Features
— Single-letter conjunctions
— Single-letter prepositions

50



Inflectional Morphology

Nouns
L S SliSall
/wakabiyutina/ /walilmaktabat/
U+ Cign+ &+ S-St IO
watka+biyut+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. JH+J > )

e Arabic Broken Plurals (templatic) -



Inflectional Morphology

Verbs
La Lilas Led s s
/faqulnaha/ /wasanaquluha/
l 40+ B 4 b+ Jé+0+oe+s
fa+qultnat+ha wa+satnatqiiltu+ha
sotsaid+we+it and+will+we+say+it
So we said it And we will say it

* Morphotactics

* Subject conjugation (suffix or circumfix) 52



Inflectional Morphology

katab ‘to write’

* Perfect verb subject conjugation (suffixes only)

Singular Dual Plural
1| <X katabtu LS katabna
2 | <iS katabta LS katabtuma ~3S katabtum
3| «iS kataba LS kataba | S katabti
« Imperfect verb subject conjugation (prefix+suffix)
Singular Dual Plural
1 "€ gktubu "S5 naktubu
2 | S taktubu LSS taktuban 05555 taktublin
3| <X yaktubu oS yaktuban | o s5S% yaktubdn

Feminine form and other verb moods not shown

53



Road Map

* Introduction
* Orthography
* Morphology

— Derivational Morphology

— Inflectional Morphology

— Morphological Ambiguity

— Arabic Computational Morphology

* Syntax
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Morphological Ambiguity

* Derivational ambiguity

—32c8: basis/principle/rule, military base,
Qa'ida/Qaeda/Qaida

* Inflectional ambiguity

— iS5 ftaktub/: you write, she writes

— Segmentation ambiguity
* 25 he found; 2+ 5: and+grandfather
o 4all; 42l+J; for a language; 411+J: for the language

95



Morphological Ambiguity

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

— Suboptimal spelling
« Hamza dropping: !, ! >

 Undotted ta-marbuta: @ = »

* Undotted final ya: ¢ 2 <

Multiple sources of ambiguity

— /bayyana/
— /bayyanna/
— /bayyin/

— /bayna/

— /biyin/

— /biyn/

Verb

Verb

Adj

Prep

Proper Noun
Proper Noun

he demonstrated

they [feminine] demonstrated

clear/evident/explicit
between/among

in Yen

Ben

56



Morphological Disambiguation
in English

» Select a morphological tag that fully
describes the morphology of a word

« Complete English morphological tag set
(Penn Treebank): 48 tags

Verb:

VB | VBD | VBG | VBN | VBP | VBZ

go | went | going | gone | go | goes

 Same as "POS Tagging” in English

Y



Morphological Disambiguation
In Arabic

Morphological tag has 14 subtags
corresponding to different linguistic categories

— Example:Verb
Gender(2), Number(3), Person(3), Aspect(3),
Mood(3), Voice(2), Pronominal clitic(12),
Conjunction clitic(3)

22,400 possible tags

— Different possible subsets

2,200 appear in Penn Arabic Tree Bank Part 1
(140K words)

Example solution: MADA (Habash&Rambow 2005)
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MADA (Habash&Rambow 2005)
(Habash&Rambow 2007)

@@@@@ (Roth et al. 2008)
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(Habash&Rambow 2005)
(Habash&Rambow 2007)

MADA (Roth et al. 2008)

Morphological Analysis and Disambiguation for Arabic

;13 SENTENCE AsbAnyA tnfy timyd AlmsAEdp AimmnwHp limgrb

;;\WORD AsbAnyA

;;MADA: AsbAnyA art-NO aspect-NA case-NOCASE clitic-NO conj-NO def-DEF mood-NA n

um-SG part-NO per-3 pos-PN voice-NA

*0.78571 <isobAniyA=[<isobAniyA_1 POS:PN BW:+<isobAniyA/NOUN_PROP+]=Spain

70.71429 >asobAniyA=[<isobAniyA_ 1 POS:PN BW:+>asobAniyA/NOUN_PROP+]=Spain

_0.50000 <isobAniy~A=[<isobAniy~_2 POS:AJ +MASC +DU +NOM +POSS BW:+<isobAniy~/ADJ+A/NSUFF_MASC_DU _
_0.50000 <isobAniy~AF=[<isobAniy~ 2 POS:AJ +ACC +INDEF BW:+<isobAniy~/ADJ+AF/CASE_INDEF_ACC]=Spanish/<
_0.57143 <isobAniy~A=[<isobAniy~_1 POS:N +MASC +DU +NOM +POSS BW:+<isobAniy~/NOUN+A/NSUFF_MASC_DU
_0.57143 <isobAniy~AF=[<isobAniy~_1 POS:N +ACC +INDEF BW:+<isobAniy~/NOUN+AF/CASE_INDEF_ACC]=Spanish,
;"\ WORD tnfy

;;MADA: tnfY art-NA aspect-IV case-NA clitic-NO conj-NO def-NA mood-lI num-SG par

t-NO per-3 pos-V voice-ACT

*1.00000 tanofiy=[nafa¥Y_1 POS:V +IV MOOD:| +S:3FS BW:ta/IV3FS+nofiy/IV+(null)/IVSUFF_MOOD:I]=disavow/deny/reje

_0.76923 tunofayo=[nafA-u_1 POS:V +IV +PASS MOOD:SJ +S:2FS
BW:tu/IV2FS+nof/IV_PASS+ayo/IVSUFF_SUBJ:2FS_MOOD:SJ]=be_rejected/be_refuted/be_denied

_0.84615 tanif~iy=[naf~-i_1 POS:V +IV MOOD:SJ +S:2FS BW:ta/lV2FS+nif~/IV+iy/IVSUFF_SUBJ:2FS_MOOD:SJ]=blow_1
_0.84615 tanofiy=[nafA-u_1 POS:V +IV MOOD:SJ +S:2FS BW:ta/I[V2FS+nof/IV+iy/IVSUFF_SUBJ:2FS_MOOD:SJ]=refute/
_0.84615 tanofiy=[nafaY_1 POS:V +IV MOOD:SJ +S:2FS BW:ta/IV2FS+nof/IV+iy/IVSUFF_SUBJ:2FS_MOOD:SJ]=disavo:
_0.84615 tanofiya=[nafaY_1 POS:V +IV MOOD:S +S:2MS BW:ta/IV2MS+nofiy/IV+a/IVSUFF_MOOQOD:S]=disavow/deny/reje
~0.92308 tanofiy=[nafaY_1 POS:V +IV MOOD:I +S:2MS BW:ta/IlV2MS+nofiy/IV+(null)/IVSUFF_MOOQOD:I]=disavo 6deny/rej
_0.92308 tanofiya=[nafaY_1 POS:V +IV MOOD:S +S:3FS BW:ta/lV3FS+nofiy/IV+a/IVSUFF_MOOQOD:S]=disavow/deny/rejec
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Arabic Computational Morphology

e Representation units

e Natural token ol _ S0l
— White space separated strings (as is)
— Can include extra characters (e.g. tatweel/kashida)

e Word « uJiS.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): wluSoll J
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Arabic Computational Morphology

e Representation units (continued)
e Prefix + Stem + Suffix
—Q|+wﬁ.o_ X +J.J_9
— Can create more ambiguity

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

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

e Root + Pattern + Vocalism + Features

— S + 83210 + a.a.a + [+Plural +Def +J +4]
—\Very very abstract
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(Habash&Sadat 20006)

TOKAN

* A generalized tokenizer

* Assumes disambiguated morphological analysis
— ala MADA

» Declarative specification of tokenization scheme

wsyktbhA=[katab 1 POS:V +IV w+ s+ +S:3MS +0O:3FS]

Example Scheme |Specification

w+ syktbhA D1 w+ f+ REST

w+ s+ yktbhA D2 w+ f+ b+ k+ [+ s+ REST

w+ s+ yktb +hA D3 w+ f+ b+ k+ [+ s+ Al+ REST +P: +0:

w+ syktb +hA B w+ f+ b+ k+ [+ REST +P: +0O:

w+ s+ ktb/VBZ ~ |EN w+ f+ b+ k+ |+ s+ Al+ LEXEME + BIESPOS +8S:
S:3MS +hA

« Uses generator (Habash 2004) 64



Arabic Computational Morphology

* Approaches
— Finite state machines (Beesely,2001) (Kiraz,2001) (Habash&Rambow 2006)

— Concatenative analysis/generation (Smrz, 2007) (Buckwlater,2002)
(Cavalli-Sforza et al, 2000)

— Lexeme+Feature analysis/generation (Habash, 2004) (Habash&Rambow
2006)

— 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)

— Survey article: (Al-Sughaiyer&Al-Kharashi, 2004)
* |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 65
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Morphology and Syntax

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

« Verb, .. +Subject+object
« Verb, . ..siiveTSUDJECt DU NOt Verb, ... .. . +Subject+object
* Verb,.setsubject but not Verb .. tsubject+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.
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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
O leSell+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)
— JMY\ JYJY\ L_uS
Wrote the-boys the-poems
The boys wrote the poems

e Copular sentences (aka nominal sentences)
— [Topic Complement]
— ;:\):.u JYJY\
the-boys poets
The boys are poets
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Sentence Structure

 Verbal sentences

— Verb agreement with gender only
 Default singular number
o NN IS wrotesy,ecsing the-boy/the-boys
e Sl i wrotesr, g1, the-girl/the-girls
— Pronominal subjects are conjugated
+ i Wrote-yOoU)aeesing
* S wrote-youyaecpiy
o |3 wrote-they,.cepiur
— 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 is structurally
ambiguous
— Verbayascsinguiar NOUNyas
Verb subject=he object=Noun
Verb subject=Noun

« Passive and active forms are often similar in
standard orthography
— X /kataba/ he wrote
— & /kutiba/ it was written
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Sentence Structure

» Copular sentences
— [Topic Complement]

Definite Topic, Indefinite Complement

e eldalyl
the-boy poet
The boy is a poet

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

« Tense, Negation, Transformation, Persistence

e el Al & was the-boy poet The boy was a poet

e« Ieli Al Lol is-not the-boy poet The boy is not a poet
— Inverted order is expected in certain cases

* |Indefinite topic

S e /Gindi kitabun/ at-me a-book /| have a book
73



Sentence Structure

» Copular sentences

— Types of complements

* Noun/Adjective/Adverb
— Sy Al the-boy smart ~ The boy is smart
* Prepositional Phrase
— 44l 4 Al the-boy in the-library The boy is in the library
« Copular-Sentence
— xS 4l AN [the-boy [book-his big]] The boy, his book is big
» Verb-Sentence
— iV S Ay Y
[the-boys [wrote; gascpior POEMS]] The boys wrote the poems
— Full agreement in this order (SVO)
— Y oY) LS Y
[the-poems [wrote; gyascsing-them the boys]] The poems, the boys wrotg,
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Phrase Structure

Noun Phrase

— Determiner Noun Adjective PostModifier
o oL (e paldll o gedall (IS 138
this the-writer the-ambitious the-arriving from Japan
This ambitious writer from Japan

— Noun-Adjective agreement

* number, gender, definiteness
— 4a sebl) 23N the-writerggyging the-ambitiousggmsing
— Ola seball ALK the-writerg,py,, the-ambitiousgpiur
» Exception: Plural non-persons
— definiteness agreement; feminine singular default
— aaall (iall the-officepascsing the-NeWpasesing
— suall S the-libraryggysing the-Newegmsing
— suaall K the-officesy . scpiur the-neermSing
— saaall Gkl the-librariesFemF,Mthe-neermSing
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Phrase Structure

Noun Phrase

— Idafa construction (43Lxl)
* Noun1 of Noun2 encoded structurally
* Noun1-indefinite Noun2-definite
o Y el
King Jordan
the king of Jordan / Jordan’s king

— Noun1 becomes definite
« Agrees with definite adjectives

— |dafa chains
* {V 1in.def N2indef Nn-1indef Nndef
o AS,al 3l ualaa ) e Gl
son uncle neighbor chief committee management the-
company

The cousin of the CEO’s neighbor
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Phrase Structure

Morphological definiteness interacts with syntactic structure

Word 1 <8 writer

definite

Indefinite

Word 2 o\ artist

definite

Noun Phrase
ol sl
The artist(ic) writer

Noun Compound
oldl) (il
The writer of the artist

indefinite

Copular Sentence
old okl
The writer is an artist

Noun Phrase
old (s
An artist(ic) writer
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Agreement in Arabic

» Verb-Subject agreement
— Verb agrees with subject in full (gender,number)

» Exception: partial agreement (number=singular) in VSO order

» Exception: partial agreement (number=singular; gender=feminine) for non-person plural
subjects regardless of order

* Noun-Adjective

— Adjective agrees with noun in full (gender, number, definiteness and case)
» Exception: partial agreement (number=singular; gender=feminine) for non-person plural

nouns
e  Noun-Number

— Number is the syntactic-case head

— f?cr numbers [3..10]: Noun is plural+genitive (idafa); number gender is inverted gender
of noun!

— for numbers [11..99]: Noun is singular+accusative (tamyiyz/specification); number
gender is even more complicated ©

— for numbers [100,1K,1M]: Noun is singular+genitive (idafa)

bnyt ‘was built’

vlAv ‘three’

JAmMEALt ‘universities’

jdydp ‘new’

Fem+Sg

Masc+Sg+Nom

Fem+PL+Gen

Fem+Sg+Gen

Verbs in VSO order are always
Sg and agree in gender only

Numbers agrees by
gender inversion

Adjectives of plural non-
person nouns are Fem+Sg
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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
-5
 POS tags P
— Buckwalter analyzer i A
— Arabic-tailored POS list —tatt”asik
. }-HP-SBJ
 PATB constituency Al+marpkiz
representation LR

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

* Prague Dependency Treebank

 Partial overlap with PATB .
and Arabic Gigaword kg
— Agence France Presse, J OX
AlHayat and Xinhua o
» Morphological analysis Jf =
— Extends on PATB e
and

* Dependency representation

83
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(Habash, 2009)

CATIB:Columbia Arabic Tree Bank

« CATIB Representation
— Lite Dependency Syntax i

— Tokenization
« CONJ PART BASE PRON = 5 &

— Part of Speech Tag set ) e I ey

« Six tags: VRB, VRB-pass, NOM, '
PROP, PRT, PNX d .4 i, W

— Syntactic Annotation AP e B
« Eight dependency relations: SBJ, OF MOD  MOD
OBJ, TPC, PRD, IDF, TMZ, MOD, FLAT o4

* Practical Considerations PRT N
— Less information to annotate '
— Dependencies easier to annotate than phrase structure

— Terminology and representation close to traditional
Arabic grammar 84




Computational Resources

Applications using Arabic treebanks

— Statistical parsing

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

* Nivre’s MALT parser (Nivre et al. 2006)
— Base-phrase Chunking
« (Diab et al, 2004; Diab et al. 2007)
— POS tagging and morphological disambiguation

« (Diab et al, 2004; Diab et al. 2007; Habash and Rambow, 2005a; Smith et
al., 2005; Roth et al. 2008)

« Other non-treebank-based POS tagging efforts: (Khoja, 2001)
Formalism conversion

— Constituency to dependency (Zabokrtsky and Smrz 2003; Habash et al.
2007; Tounsi et al., 2009)

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

— Zitouni et al. (2006); Habash&Rambow (2007); Shaalan et al (2008)
among others

— Diacritization for MT (Diab et al. 2007)
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Other Tutorial Slides

« Columbia’s Arabic Dialect
Modeling Group (CADIM)

— http://www1.ccls.columbia.edu/~cadim/
* Presentations
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