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Natural Language Processing

Also known as

— Computational Linguistics

— Human Language Technology

NLP is an interdisciplinary field

— Computer science

— Linguistics

— Cognitive science, psychology, pedagogy, mathematics, etc.
Applied natural language processing

— Develop practical applications modeling human languages
Theoretical computational linguistics

— Focus on theoretical linguistics and cognitive science



Natural Language Processing

* Applications
— Machine Translation (MT)
— Information Retrieval (IR)
— Automatic Speech Recognition (ASR)
— Optical Character Recognition (OCR)
— Automatic Summarization, Speech Synthesis, etc.

* Enabling Technologies
— Tokenization
— Part-of-Speech Tagging
— Syntactic Parsing
— Lemmatization
— Word Sense Disambiguation, etc.



Natural Language Processing

* Rule-based/Symbolic Approaches

— Linguists write rules that are applied by the machines

* Corpus-based/Statistical Approaches
— Machines learn the “rules” from training data

* Annotated data — supervised methods

— Parallel Corpora: translated text collections
— Treebanks: manually syntactically analyzed texts
— Speech Corpora with transcripts

* Unannotated data — unsupervised methods
* Semi-supervised methods
— Machine learning approaches are dominant in the field

* Hybrid Approaches
— The best of Smart/Slow Humans and Dumb/Fast Machines



Why is Arabic processing hard?

Arabic [English

Orthographic ambiguity More |Less

Orthographic inconsistency More |Less

Morphological inflections More |Less

Morpho-syntactic complexity |More |Less

Word order freedom More |Less

Dialectal variation More |Less




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

— Arabic Language

« Modern Standard
Arabic (MSA)

* Arabic Dialects




Plan of Talks

« Day 1
— General Arabic NLP
— Dialectal Arabic NLP
* Day 2
— Morphology Analysis & Disambiguation Demo
— Syntactic Modeling
 Day 3
— Machine Translation for Arabic
— Semantic Modeling



Road Map

* Introduction
» Orthography
* Morphology
* Syntax



Road Map

Introduction
Orthography

— Arabic Script

— MSA Phonology and Spelling

— Recognizing Arabic vs. Persian/Urdu/Pashto/Kurdish/Sindhi/...
— Encoding Issues

Morphology
Syntax



Arabic Script

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

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



Arabic Script

Alphabet

* letters " W
 Distinctive U“ U"Q — ‘,4
Il Isl 10/ 1/ bl

* Non-distinctive I j Z_S ‘ 9‘ i ‘
[

glottal stop aka hamza



Arabic Script

Letter Shapes

* No distinction between print and handwriting
* No capitalization

 Right-to-left

Stand
alone

« Ambiguous .ﬂ. 11 LL||a 6

shapes
« Connective G p

* Disconnective

letters 3 % b'r |

medial

v
letters ¥ ’9 -b| Bl O‘ initial

[]

H

final

(135320, 063%)| 4 CF
cause word-
Internal visual :1 € L’ L“J 6 S

spacing



Arabic Script

e Arabic script uses a set of optional
diacritics
— 6.8 diacritizations/word
— Only 1.5% of words have at least one

diacritic
Vowel Nunation Gemination
~ R o z 2R W
SRR QR
/ba/ /bu/ /bi/ /b/ /ban/ | /bun/ | /bin/ /bb/




G rall A siaall Bae Luall diaad a1 Lilol

e 4o s Ales) e Sl Gty 30 o((0 il ) 11 - 1 2
DA o yial Lo ) BaeLucal) (i 5 o L) ) Gusedl) 5l LS
O 2 (o prall (sl 5 dga AL G558l 555 elaa ¥ Gual 22S) Ll
o Al Ae Sall G ) JUBs | (el il il Gulae alal e
Aang al gl @ gy ol o prall 5 Lol G (sl ) (Slaaa jaia

o) G B2 Sy A L
Lol dpe sn ALY & &SN Gty 38T -( @ ) ) 11 -1 %
(B3 ] Lt ) S Ll 5 o L) 3l (s sl
O Mk (ol sladllg Aa LAl 55 Ty Vg slanyY) (el 5280 L
o8 AL A AN (i s . L i) il Gl 2l e
e alls Tl Lasty Al oo il Liliad i (sladl) O dlalia i



Arabic Script

Putting It together

Simple combination

arab s AU QD K= ]’l_ 6_115 g

Ligatures

Peace /ﬁabb@ﬁﬂ%a F I:



Arabic Script

Tatweel

A‘elongation’ n F b F ()
Aaka kashida

Aused for text highlight nfF_ [ Xk

and justification

nrE I xbF

Vd

nr__ _ X

humanrights /[tug ¢ @ md bn/



Arabic Script

“Arabic” Numerals

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

ol JUEAY] (e lale 132 a3 1962 Ao & i jal) culiin
/' ¢ —> ———

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

Three systems of enumeration symbols that vary by region

Western Arabic 01112131415 161/7 |8 |9
Tunisia, Morocco, etc.

Indo-Arabic Y IYIYLS lo TV IA LS
Middle East

Eastern Indo-Arabic |, |y [Y (Y |F¥ |d [V A |9

Iran, Pakistan, etc.




Road Map

* Introduction
» Orthography

— Arabic Script
— MSA Phonology and Spelling
— Recognizing Arabic vs. Persian/Urdu/Pashto/Kurdish/Sindhi/...
— Encoding Issues

* Morphology
¢ Syntax



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

fwhnm lkqgf AU N [ szrudxki dtb Us



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, ¢ as consonant and long vowel
—\(I'1,1al) s (/wl.fal) s (il 1))



MSA Phonology and Spelling

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

— Feminine marker ® (ta marbuta)

« xS /kabir/ (big &) =< /kabira/ (big Q)
— Derivation marker

 /Gasa/ (to disobey +<=c) (a stick Lac)
« Hamza variants (6 characters for one phoneme!)
— (5301 ¢) 4lg o5ler o<l /baha’/ + 3MascSing (his glory)



Phonology and Spelling

Arabic spelling can be ambiguous

— Optional diacritics

— Ambiguous spelling of some consonants
But how ambiguous? Really?

Classic example

ths s wht n rbc txt lks Ik wth n vwls

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

— Almost all consonant letter have one-to-one mapping to phones
— Long vowels are always written

— Initial vowels are represented by an FAlif’

— Some final short vowels are deterministically inferable

ths is wht an Arbc txt lks lik wth no vwls



Proper Name Transliteration

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

il N Gadafi Gaddafi Gaddfi Gadhafi
- Ghaddafi Kadaffy Qaddafi Qadhafi ...

xR )l s
xR gd

o))l s
PSRRI

< Schwarzenegger




Road Map

* Introduction
* Orthography

— Arabic Script

— MSA Phonology and Spelling

— Recognizing Arabic vs. Persian/Urdu/Pashto/Kurdish/Sindhi/...
— Encoding Issues

* Morphology
e Syntax



Arabic Script
Other languages

Arabic

No more than 3 dots
Dots either above or below

Marks are 1/2/3 dots, hamza () cJ
or madda (~) only K A O UNMP
Rare borrowing for foreign words ® Wbagunm

“pl, T NI, X0 gl b Il
regionally variable

Not Arabic

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

Op

T d
g ¢C wsUYPEN
m NP ipg peae

2. ZVSLYPEN
A éX

Once you learn the alphabet, it is easier ©



Road Map

Introduction
Orthography

— Arabic Script

— MSA Phonology and Spelling

— Recognizing Arabic vs. Persian/Urdu/Pashto/Kurdish/Sindhi/...
— Encoding Issues
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Syntax



Encoding Issues

« Many Conflicting Character Sets for Arabic

3 Google - Microsoft Internet Explorer

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

 Fe—

Advertize with Us - Busines:

Ma

G003 Goo

Arabic (DO
Arabic (IS0
Arabic (Windows)

iiesg”

Baltic (Windows)

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

Chinese Simplified (HZ)

Chinese Traditional (Bigs)

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

= Preferances
| = Language Tools

Jobs, Press, & Help

hes

= Advanced Search

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

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

G To y -

Skop E=c

Refresh FS

Text Size r N |

Saurce Western European (MWindows)

Script Debugaer 4 Chinese Simplified (GB2312) :

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




Display Problems

Display Encoding

CP-1256 |ISO-8859 Unicode Western
2 |c WowUeys CHAD B EIC HvyIIdd ElOia 4agbE INE
S |wy x MDE fsHGRFIOT F - Woyr Kexndy adp | Y IE aaBICE
o CaCaRENeeaiE
ol ©
c — ———
S| B [e®ykxamwodc Wogueys Ch  dd will | ElOge aexak INE
Ol® |EBUp WpF t 3wy MDD AsHEp®EOHGC G d ae IEe aakICNE
= 8 D9 eNelY X F CaCaaENeaeE
w | 2
© i» tE ZAK6 N B _ .EI.VﬂDJ;D.EI.DI/@IT c YogU eyd CHDT BEGEA
L nWainow Ao aooac ~EAT AEST F
2| g [mmonnan f | D8 Y |wy xmDpRsiiowicE AL ABALE
© _8 NAKA  n3 X WALCOA . 040 @&?Q?Eq | IgG'
< | 8 |oatrsas nB.A DOV AV AV EEAT LIzEND
S | B.08AD8AF a1 @8E ASE A E a =W
b A KI5 ncB EEAEGI E

* Wrong encoding

* Partial support problems




Encodings

 Unicode

Becoming the
standard more and
more

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

Multi-script
representation

060 081 062 063

0E4 065 I3 0g7y 0E& i3] 064 0BE  06C 06D OBE  OGF
&l 5 E g s <
VT s g . ¥ \
| T f’_ 3|2 Sy A PR I
o = 4 - f Fla] e | "
o Z |2 b f 3 ot
o APICIEIERE A
> %o Sl sla|=]°
b dEACARIER AR
b IR R IR sl A
4 23S o | 3 T
' || ;
s lor | S
5|2
2 o2 | 2
5l
NN




E n COd i n S FE70 Arabic Presentation Forms-B FEFF
g FE7 FE8 FE9 FEA FEB FEC FED FEE FEF
FETD FEAD FE® FEAD FEBD FECD FEDD FEED FEFD
« Unicode o R R VTN 2 REY P Y
FET1 FES FEIN FEAL a1 FEC1 E0M FEE1 FEF1
— Supports presentation A T s e ] ]
forms (Shapes and FE2 FE-S?. FER Ea B2 F:Ecz = FEE2 FEF2
= I| .‘.; o i o .3' A ]
3| « :
I I g atu reS) FET3 FE33 FE® FEA3 FEB3 FEC3 o FEE3 FEF3
4 ‘ I'u 4, £ —h 122. 2 -~ -
FEN FE34 FEX FEA4 [3==1] FECA = FEE4 FEF4

FC40 Arabic Presentation Forms-A FDIF

FC4 FC5 FC6 FC7 FC8 FC9 FCA FCB FCC FCD FCE FCF FDO FD1

] i .
\ : . . il b * & P .
! 148 K . > - 5 &
o T | @ % st c || F |
rcw | ecw | eom | roro | eom | mw | Pow | P | eoon | Peo | Fom | Fom | eom [ Foio
" g ; b » \
“ |
11 # s F A #F €| 8 ' £ | &R
- [ a .
Fcat | Fos | Fomt | Fon | eom oot | Fem | Foet | Foot | Fom | Fomt | Foet | e | P
bl e - J - ¥
1 2 g . #:«' [ |
A8 - -
2 £ ~|#F % e SR
\ > ey
rc2 | ecm | eom | ro | mm | mw | Pow | P | eoce | Pom | Fom | rom | ez [ P2
] 3
o e . J - W
” < b i L) o o
3| = S - f{\ = | £ < = * - = Ea
Fcey | ecss | eom | rora | eoms | mos | P | P3| eocs | Pems | Fom | rom | Eoos [ o3




Encoding Issues
Arabic Display

 Memory (logical order)
OCNRE YaO@ia (Palestine) Yi CaeaaEiCI (Olympics) 2000 & 2004 .
€ F p UFdb E B [{Palestine) PpF mb akp®@hympics) 2000 m 2004 .

« Display (visual order)

— Bidirectional (BiDI1) support
 Numbers and Roman script
.200 42 0 0 @lympics) b F p 1a HpwWwKPalestine) npBEKRIpFE

— Letter and ligature shaping
.2004u2 0 0 @lympics) pF y 3 06 m PPalestine) YITTAT UbprF



Transliteration

Buckwalter's Scheme

 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 b EOE S S oo o

e, Gi L. |

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

| &

[ = | W

le



Road Map

* Introduction
» Orthography
* Morphology
* Syntax



Morphology

* Form
— 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



Road Map

* Introduction
» Orthography
* Morphology

— Derivational Morphology

— Inflectional Morphology

— Morphological Ambiguity

— Arabic Computational Morphology

e Syntax



Derivational Morphology

* Templatic Morphology

 Root 11 CI |_|J
k t b
o Pattern mal2uw3 1A2i3
written writer
maktuwb kAtib
written writer

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



Derivational Morphology
Root Meaning

AW 9 L KTB = notion of fwritingd

UFI3Db 439
[ ki t QKatab/

book write
W3 3 ble

imaktaba/ . tHIPB/  makt Eb/

library f makt ¢ Rritten

bo LIS L hE b

/maktab/ [ kKbt
office writer




Root Polysemy

LHM-1 sl LHM-2 aal LHM-3 aal
“meat” “battle ” “soldering”
&1/ | akm/ s/ mal kama/=l/ | ak am/
Meat Fierce battle Weld, solder,
(”\Aj/ | ak kb m/ Massacre StiCk, Cling

Butcher




Derivational Morphology
Pattern Meaning

 Verb Pattern Meaning is hard to define

Pattern Pattern Meaning Example Gloss
I la2a3 Basic sense of root ktb > katab write
[l la22a3 Intensification, causation ktb = kattab dictate
1 laA2a3 Interaction with others ktb > kaAtab correspond with
1V Aal?a3 Causation jls > Ajlas seat
V tala22a3 Reflexive of Pattern Il Elm - taEal~am | |learn
VI talaA2a3 Reflexive of Pattern IlI 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




Road Map

* Introduction
» Orthography
* Morphology

— Derivational Morphology

— Inflectional Morphology

— Morphological Ambiguity

— Arabic Computational Morphology

e Syntax



Inflectional Morphology

Nouns
F3DHY 3 bMm drF 393 b
[ wakahlJi yl ti n /waliimaktaldi/
F K9 H Y LBm 4+ b M
watkatb i yriUt watli+al+maktabat
andtlike+housesour  and+for+thetlibrary+plural
And like our houses And for the libraries

AMorphotactics(e.g.b+#b > IO
AArabic Broken Pluralgtemplatic)



Inflectional Morphology
Verbs

FKF3AUT FHOB B M

[faqulnChU / was antql
FKFE O FHR FKbHH B M
fa+qul+nathU watsatatq [+U+hU
sotsaidrwetit andtwill+ wetsaytit
So we said it And we will say it

AMorphotactics
ASubject conjugation (suffix or circumfix)



Inflectional Morphology

katab do writed

* Perfect verb subject conjugation (suffixes only)

Singular Dual Plural
1| < katabtu LS katabna
2 | <iS Kkatabta LS katabtuma S katabtum
3| <«iS kataba LS kataba | 58 katabti

« Imperfect verb subject conjugation (prefix+suffix)

Singular Dual Plural
1| "< aktubu 'S5 naktubu
2 | << taktubu oSS taktuban 0555 taktubdn
3| '« yaktubu oSy yaktuban | os5S% yaktubdn

Feminine

form and other verb moods not

shown



Inflectional Morphology

Word

Lexeme

Lemma
Features
Rootp m T
Stem A m*T

Segmentation
Tokenization

Terminology

A space/punctuation delimited string

The set of all inflectionally related
words

An ad hoc word form used to represent
the lexeme

The space of variation of words in a
lexeme

The root morpheme of the Lexeme

The core root+pattern substring; it
does not include any affixes

A shallow separation of affixes
Segmentation + morpheme recovery

lilmaktabapi

maktabap,
lilmaktabapi,
Almaktabapu,
walimaktabatihA, etc.

maktabap

Clitics: li_prep, Al _det,
Gen:f, num:s, stt:d,
cas:.g

k-t-b
maktab

li+l+maktab+ap+i
li+Al+maktab+ap+i



Inflectional Morphology

Word

Lexeme

Lemma
Features
Rootp m T
Stem A m*T

Segmentation
Tokenization

Terminology

A space/punctuation delimited string

The set of all inflectionally related
words

An ad hoc word form used to represent
the lexeme

The space of variation of words in a
lexeme

The root morpheme of the Lexeme

The core root+pattern substring; it
does not include any affixes

A shallow separation of affixes
Segmentation + morpheme recovery

ola g
ezl

Jla



Cliticization Features

Feature Name (Some Important) Feature Values

PRC3 Proclitic 3 3 . <a_ques, 0 O¢algdin 3l

PRC2 Proclitic 2 2 dal fa_conj, wa_con;, Ocdhae a5 a
0

PRC1 Proclitic 1 1 dal. bi_prep, li_prep, ¢ A Chg A

sa fut, O 0 «Juain¥) o

PRCO Proclitic 0 0 4ala Al_det, mA neg, 0 Q¢ slal iy il J)

ENCO Enclitic 0 4aaYy 3ms_dobj, sl 4 J g2de yraa

3ms_poss, ..., 0 cilall S 3 jia

S22 e 4k e

0¢... el




Inflectional Features

Feature Name

(Some Important) Feature Values

PER Person i S| 1<t, 2na, 3rd, na aly e chli alic

ASP Aspect ) p i , al§ « yal & s ¢ iala
C , ha

VOX Voice ¢l a , P , na al$ ¢Jseaall (a glaall

MOD Mood dapall , S , (3 Jaa (0 geale g Ay

GEN Gender paial f , M . ha ol ¢ Sla (g

NUM Number A=l S , dual, p . na al$ cpan (e €2 yia

STT State u:t),_ﬁ\ | ., d , fa/& (Sliiaa ¢dd yra 3 S
C , ha

CAS Case Al n , a , 5 na () gaia cf g e




Part-of-Speech

« Traditional POS tagset: Noun, Verb, Particle

« Many tag sets exist (from size 3 to over 22K tags)

— Core Computational POS tags (~34 tags)
 NOUN, ADJ, ADV, VERB, PREP, CONJ, etc.
« Collapse or refine core POS
« Extend tag with some or all morphology features

— Buckwalter’s Tagset (170 morphemes, 500 tokenized
tags, 22K untokenized tags)

« DET+ADJ+NSUFF_FEM_SG+CASE_DEF _NOM (ilwal)
— Bies’ Reduced Tagset (24)
— Kulick’s Reduced Tageset (43)
— Diab’s Extended Reduced Tagset (72)
— Habash’s CATIB tagset (6)



Example <iw

<morph_feature_set

diac=""<ius" lemma=""<is 1"

bw="wa/CONJ+ya/IV3MS+sotamir~/I\V
+u/IVSUFF_MOQOD:I"

gloss="continue;last_(time)"

pos="verb"

prc3="0" prc2="wa_con]" prc1="0" prc0="0"

""" I" vox="a" mod="I" gen="m"
num="s” stt="na" cas="na" enc0="0" stem=""%."/>



Example Ll

<morph_feature set
diac="Gl" [emma="w 1"
bw="Al/DET+giyAb/NOUN+u/CASE_DEF NOM"
gloss="absence;disappearance"
pos="noun"
prc3="0" prc2="0" prc1="0" prcO="Al_det" per="na
asp="na" vox="na" mod="na" gen="m" num="s"
stt="d" cas="n" enc0="0" stem="Le"/>



Form / Function Discrepancy

Morphemes Form-based Functional

Features Features
LS kitab+@ MS MS
A8 maktab+ap FS FS
0538 kAtib+uwn  MP MP
(e Eayn+Jd MS FS
RETEN xaliyf+ap FS MS
BIEN rjAl+J MS MP
PO saHar+ap FS MP
Qi) - AimtiHAn+At FP MP




Road Map

* Introduction
» Orthography
* Morphology

— Derivational Morphology

— Inflectional Morphology
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Morphological Ambiguity

* Morphological richness

— Token Arabic/English = 80%
— Type Arabic/English = 200%

* Morphological ambiguity

— Each word: 12.3 analyses and 2.7 lemmas

 Derivational ambiguity
dac|a
— basis/principle/rule, military base, Al Qaeda



Morphological Ambiguity

* Inflectional ambiguity

— iS5 ftaktub/: you write, she writes

— Segmentation ambiguity
» a5 he found; 2»+5; and+grandfather
o 4all: x+J; for a language; 411+J: for the language

» Spelling ambiguity

— Optional diacritics
« iS: /katib/ writer , /katab/ to correspond

— Suboptimal spelling
» Hamza dropping: |, | > !
« Undotted ta-marbuta: » = »
* Undotted final ya: ¢ 2 «



Analysis vs. Disambiguation

e \
\ 4

PV+PVSUFF_SUBJ:3MS bay~an+a He demonstrated

PV+PVSUFF_SUBJ:3FP bay~an+-~a They demonstrated (f.p)

NOUN_PROP biyn Ben

ADJ bay~in Clear

PREP bayn Between, among
Morphological Analysis IS out-of-context

Morphological Disambiguation IS In-context



Analysis vs. Disambiguation

Will Ben Affleck be a good Batman?
FOl s 8 Ll o s Ja

\ 4

PV+PVSUFF_SUBJ:3MS bay~an+a He demonstrated
PV+PVSUFF_SUBJ:3FP bay~an+-~a They demonstrated (f.p)
* NOUN_PROP biyn Ben
ADJ bay~in Clear
PREP bayn Between, among
Morphological Analysis IS out-of-context

Morphological Disambiguation is in-context



Morphological Disambiguation

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

In English

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

Verb: VB

VBD

VBG

VBN

VBP

go

went

going

gone

go

« Same as "POS Tagging” in English




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)



MADA (Habash&Rambow 2005)
(Habash&Rambow 2007)

@@@ @ (Roth et al. 2008)

.
Leagpnttitiileenilt
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MADA 3.2 (MSA) Evaluation

PATB 3 Blind Test

Accuracy Baseline | MADA | Error W
All 74.8% 84.3% |38%
POS + Features 76.0% 85.4% |39%
All Diacritics 76.8% 86.4% |41%
Lemmas 90.4% 96.1% | 60%
Partial Diacritics | 90.6% 95.3% |50%
Base POS 91.1% 96.1% |56%
Segmentation 96.1% 99.1% |77%

Baseline: most common analysis per word in training

olS 5 wkAtb

and (the) writer of

wakAtibu
KAtib 1
pos:noun

prc3:0 prc2:wa_con|
prcl:0 prc0:0 per:3
asp:navox:na mod:na
gen:m num:s stt:c
cas:n enc0:0

w+ kAtb
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Arabic Computational Morphology

A Representation units

ANaturaltoken dfr _ _ _ _ ¥ gbl r_ 4.

I White space separated strings (as is)
I Can include extra characters (e.g. tatweel/kashida)

AWord dFf 3 3 bir A Owm

ASegmented word
I Can include any degree of morphological analysis
I Pure segmentation: dfF 33 blr O b ™

I Arabic Treebank tokens (with recovery of some
deleted/modified letters): 4 3 3 blr OF b

M



Arabic Computational Morphology

A Representation units (continued)
APrefix + Stem + Suffix
| dF4 3 bi® HOMm
I Can create more ambiguity

ALexeme + Features
I w? dHblleral +Def + v+ b
ARoot + Pattern + Features
I 543 %b Up3a2laa + [+Plural +Def + b +M
I Very abstract
ARoot + Pattern + Vocalism + Features
I 59 %B U 2al+ a.a.a+ [+Plural +Def + b +M
I Very very abstract



(Habash&Sadat 2006)

TOKAN

* A generalized tokenizer

« Assumes disambiguated morphological analysis
— ala MADA

* Declarative specification of tokenization scheme

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: +O:

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

w+ s+ ktb/VBZ EN w+ f+ b+ k+ |+ s+ Al+ LEXEME + BIESPOS +S:

S:3MS +hA
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Morphology and Syntax

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

* Verb, iietSubject+object
* Verb, . .nsiive tSUDjECT DUt NOt Verb,, . «itive TSUDJECI+ODjECt
* Verb,,sivetsubject but not Verb, . +subject+object
* Morphological interactions with syntax
— Agreement
* Full: e.g. Noun-Adjective on number, gender, and definiteness (for
persons)

« Partial: e.g. Verb-Subject on gender (in VSO order)

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



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
dr 3 gtidr KOF | i +Al makt abbt
for the -libraries [ PP | i [ NP Al makt abbt ]

« 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\ JY)Y‘ k_uS
Wrote the-boys the-poems
The boys wrote the poems

« Copular sentences (aka nominal sentences)
— [Topic Complement]
— &) =l aY gV
the-boys poets
The boys are poets



Sentence Structure

 Verbal sentences

— Verb agreement with gender only
» Default singular number
o YN S wrotesyaecsing the-boy/the-boys
e G\l CuiS wrotese, g the-girl/the-girls
— Pronominal subjects are conjugated
* S Wrote-yOUy.s sing
* S wrote-yOUyascpiur
o |58 wrote-they,scpiur
— Passive verbs

* Same structure: Verb,.qve SUDJECEngenyingobiect
« Agreement with surface subject



Sentence Structure

 Verbal sentences

— Common structural ambiguity

 Third masculine/feminine singular is structurally
ambiguous
_ Verb3MascSingular NounMasc
Verb subject=he object=Noun
Verb subject=Noun

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



Sentence Structure

* Copular sentences
— [Topic Complement]

Definite Topic, Indefinite Complement

e elialyl
the-boy poet
The boy is a poet

— [Auxiliary Topic Complement]
Auxiliaries(k Una and her sisters
« Tense, Negation, Transformation, Persistence
e« Iela Al g€ was the-boy poet The boy was a poet
« Ieli Al ool is-not the-boy poet The boy is not a poet
— Inverted order is expected in certain cases
* Indefinite topic
S e [Cindi kitbbun/ at-me a-book | have a book



Sentence Structure

« Copular sentences

— Types of complements
« Noun/Adjective/Adverb
— S3ad the-boy smart  The boy is smart
« Prepositional Phrase
— 44l 8 Al the-boy in the-library The boy is in the library
« Copular-Sentence
— xSl [the-boy [book-his big]] The boy, his book is big
* Verb-Sentence
S P I PN AN
[the-boys [wrote;, ascpiur POEMS]] The boys wrote the poems

— Full agreement in this order (SVO)
BN N AP P

[the-poems [wrotes gyascsing-them the boys]] The poems, the boys wrote
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Phrase Structure

Noun Phrase

— Determiner Noun Adjective PostModifier
o Ll e a2l ~ selall (S 13a
this the-writer the-ambitious the-arriving from Japan
This ambitious writer from Japan

— Noun-Adjective agreement

* number, gender, definiteness
— 4a ekl 489 the-writerzgyging the-ambitiousgeysing
— s goball @l the-writerpgpy, the-ambitiousgqpi,r
« Exception: Plural non-persons
— definiteness agreement; feminine singular default
— uaall sl the-officeyscsing the-NeWyascsing
— 3aaall 444 the'”braryFemSing the'neWFemSing
— syl ikl the-offices)aseppiyr the-NEWEemsing
— saaall Gkl the-librariesggmpy, the-newegqysing



Phrase Structure

* Noun Phrase

— Idafa construction (48Lxl)
* Nounl of Noun2 encoded structurally
* Nounl-indefinite Noun2-definite
o Y el
king Jordan
the king of Jordan / Jordan® king

— Nounl becomes definite
» Agrees with definite adjectives

— ldafa chains
* NlingerNonger € Nhnger NMger
o A8l Bl Galae i) Sl ae
son uncle neighbor chief committee management the-
company
The cousin of the CEO® neighbor



Phrase Structure

Morphological definiteness interacts with syntactic structure

Word 1 S writer

definite

Indefinite

Word 2 ol artist

definite

Noun Phrase
oudll sl
The artist(ic) writer

Noun Compound
okl (xS
The writer of the artist

indefinite

Copular Sentence
old k)
The writer is an artist

Noun Phrase
old ils
An artist(ic) writer




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

* Noun-Number
— Number is the syntactic-case head

— for 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 Akas builtA >rbE ABurA jAMEAt AtniversitiesA | jdydp AzewA

Fem+Sg Masc+Sg+Nom Fem+PL+Gen Fem+Sg+Gen

Verbs in VSO order are always Numbers agrees by Adjectives of plural non-
Sg and agree in gender only gender inversion 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)



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 VP
— Buckwalter analyzer g L
— Arabic-tailored POS list —tattasiE
. [F}-HP-SBJ
* PATB constituency al+marakiz
representation PRI

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



Computational Resources

* Prague Dependency Treebank

« Partial overlap with PATB o
and Arabic Gigaword iy
— Agence France Presse, J O
AlHayat and Xinhua e N
» Morphological analysis { "
— Extends on PATB -

and

* Dependency representation

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
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
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

(Habash, 2009)

CATIB:Columbia Arabic Tree Bank

« CATIB Representation
— Lite Dependency Syntax et
— Tokenization iy
« CONJ PART BASE PRON s ’ :

— Part of Speech Tag set S N

Pl BIC I I i
« Six tags: VRB, VRB-pass, NOM,
PROP, PRT, PNX P, i & 4

— Syntactic Annotation 2006 15 bl dagdl o0

Fd = [ SO FREOF RO
 Eight dependency relations: SBJ,
OBJ, TPC, PRD, IDF, TMZ, MOD, FLAT Lol

 Practical Considerations P
— Less information to annotate

— Dependencies easier to annotate than phrase structure

— Terminology and representation close to traditional
Arabic grammar




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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