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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 
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Arabic Script 

Arabic script is an alphabet with allographic variants, 

optional zero-width diacritics and common ligatures. 

 

 

 

 

 

Arabic script is used to write many languages: Arabic, 

Persian, Kurdish, Urdu, Pashto, etc. 

 الخَطُ العَرَبِي 



Arabic Script 

 ب
/b/ 

Alphabet  

• letters  

• Distinctive 

 

 

• Non-distinctive 

 ت
/t/ 

 ث
/θ/ 

 س
/s/ 

 ش
/ʃ/ 

/ʔ/  
glottal stop aka hamza 

 ئ ؤ ء آ إ أ ا



Arabic Script 

Letter Shapes 
• No distinction between print and handwriting 

• No capitalization   

• Right-to-left 

• Ambiguous  

  shapes 

• Connective 

  letters 

• Disconnective 

  letters 

 ( ة ى رزد ذ و ؤ ا )  

  cause word- 

  internal visual  

  spacing 

Ϲ 

ϸ 

ϝ 

Ϝ 

Ͽ 

Ͼ 

е 

з 

ж 

д 

final  

medial  

initial  

Stand 
alone  

Н Ѕ  б Щ ϟ 

П Ї г Ы ϡ 

О І в Ъ Ϡ 

М Є  а Ш Ϟ 



Arabic Script 

• 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 

 بَ
/ba/ 

 بُ
/bu/ 

 بِ
/bi/ 

 بْ
/b/ 

 بً
/ban/ 

 بٌ
/bun/ 

 بٍ
/bin/ 

 بّ
/bb/ 



 اسبانيا تنفي تجميد المساعدة الممنوحة للمغرب

اكد رئيس الحكومة الاسبانية خوسيه ماريا  -(اف ب )  11 - 1مدريد 

اثنار اليوم الخميس ان اسبانيا لم توقف المساعدة التي تقدمها للمغرب خلافا  

لما اكده امس الاربعاء وزير الشؤون الخارجية والتعاون المغربي محمد بن 

وقال رئيس الحكومة الاسبانية في  .عيسى امام مجلس النواب المغربي 

 .مؤتمر صحافي ان التعاون بين اسبانيا والمغرب لم يتوقف ابدا ولم يجمد

 اِسْبانِيا تَنْفِي تَجْمِيدَ المُساعَدَةَ المَمْنُوحَةَ لِلمَغْرِبِ

اَكَدَ رَئِيسُ الحُكُومَةِ الِاسْبانِيَةُ خُوسِيه مارِيا  -(اِف ب )  11 - 1مَدْرِيد 

اثنار اليَوْمَ الخَمِيسَ اَنَ اِسْبانِيا لِمَ تَوَقَفَ المُساعَدَةُ الَتِي تُقَدِمُها لِلمَغْرِبِ خِلافاً  

لِما اَكَدَهُ اَمْسِ الَارْبِعاءَ وَزِيرَ الشُؤُونِ الخارِجِيَةِ وَالتَعاوُنِ المَغْرِبِيِ مُحَمَد بِن 

وَقالَ رَئِيسُ الحُكُومَةِ الِاسْبانِيَةِ فِي . عِيسَى اَمامَ مَجْلِسِ النُوّابِ المَغْرِبِيِ 

 .مُؤْتَمَرٍ صَحافِيٍ اَنَ التَعاوُنَ بَيْنَ اِسْبانِيا وَالمَغْرِبِ لِمَ يَتَوَقَفْ اَبَداً وَلِمَ يُجَمِدْ



Arabic Script 

 Ϟ Ͻ̲ К̲ =ϞϽК   Ϟ  ̲ϼ  ̲И 

Putting it together 

Simple combination 

 
 

Ligatures 

Arab /ʕarab/ 

 ϝЯЂ а  а Ϝ Ь Ѐ Peace /salƃm/ 

ñ 
аыЂ 



Arabic Script 

Tatweel  

Å  ‘elongation’ 

Å  aka kashida 

Å used for text highlight 
and justification  

дϝЃжъϜ ФнЧϲ 

дϝ̮ЃжъϜ Фн̮Чϲ 

дϝ̮̮̮ЃжъϜ Фн̮̮̮Чϲ 

дϝ̮̮̮̮̮ЃжъϜ Фн̮̮̮̮̮Чϲ 
human rights  /ƗuqƸq alʔinsƃn/ 



Western Arabic 
Tunisia, Morocco, etc. 

0 1 2 3 4 5 6 7 8 9 

Indo-Arabic 
Middle East 

٩ ٨ ٧ ٦ ٥ ٤ ٣ ٢ ١ ٠ 

Eastern Indo-Arabic 
Iran, Pakistan, etc. 

٣ ٢ ١ ٠ ۴ ۵ ۶ ٩ ٨ ٧ 

Arabic Script 

“Arabic” Numerals 
 Decimal system 

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

  .عاما من الاحتلال الفرنسي 132بعد  1962استقلت الجزائر في سنة 
 

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

 Three systems of enumeration symbols that vary by region 
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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 

Ǖ 

 

ɘ t b ɨ 

 

 

ɗ x ǩ ŭ d z r s  

 

ʃ 

 
  

 

ə k Ʌ 

 

q f l m 

Ϥ Ϩ Ϝ Ϟ Ϭ ϰ ϴ ϸ Ϻ ϼ Ͼ Ѐ Є Ј Ќ А Д И М Р Ф Ш Ь а д и м р о  ̭ϒ ϐ ϖ ϔ Ϙ Ϣ 

h n w j Ȋ 

 

ǭ 

 

ŭӤ 



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  

•  kutib/ to be written/ كُتب katab/ to write/ كتب 

•  ħabb/ seed/ حَب ħubb/ love/  حُب

• Dual use of ي ,و ,ا as consonant and long vowel 

–  )/j/,/ī/( ي )/w/,/ū/( و )/ā/,/‘/) ا



MSA Phonology and Spelling 

• Arabic spelling is mostly phonemic … 

Except for (continued) 

• Morphophonemic characters 

– Feminine marker ة (ta marbuta) 

• ةكبير  (♂ kabīr/ )big/ كبير  /kabīra/ (big ♀)  

– Derivation marker 

• /ʕasạ/ (to disobey ىعص )  (a stick اعص ) 

• Hamza variants (6 characters for one phoneme!) 

– ه ئه بهاؤه بهاءبها (ء أآإؤئ)   /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 lk 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 Ϝ ‘Alif’ 

– 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 

  قذافي
Gadafi Gaddafi Gaddfi Gadhafi 

Ghaddafi Kadaffy Qaddafi Qadhafi … 

 شوارزنيغر

شوارزنغر   

 شوارزنيجر

زنجرتشوار   

 Schwarzenegger 



Road Map 

• Introduction 

• Orthography 
– Arabic Script 

– MSA Phonology and Spelling 

– Recognizing Arabic vs. Persian/Urdu/Pashto/Kurdish/Sindhi/… 

– Encoding Issues 

• Morphology 

• Syntax 



Arabic Script 

Other languages 

 

 

 

 

 

 

Arabic 
 No more than 3 dots 

 Dots either above or below 

 Marks are 1/2/3 dots, hamza ( )̭ 

  or madda (~) only  

 Rare borrowing for foreign words  

 /͝p/,  ͡/v/,  ͡  ͯ  ͥ/g/,  ͥ/t ʃ/  
 regionally variable 

 

Not Arabic 
 Extra marks: haft (v), ring (o), taa (А), 

  four dots (::), vertical dots (:) 

 Some Numerals  (۴,۵,۶) 

 

Once you learn the alphabet, it is easier  

 ֚ͩ ᴤ ך ᴦ ת צ ͝ ע מ  
 ֘ᴖ Ḛ ᴘ ᴚ ᴜ ᴞ ᴠ ᶜ ᴢ ð ᶘ ɡ  

ᴂ ᴆ ᴊ ͥ ᶮ ᴎ ɴ ᶬ ᶪ ׳  
 ֘ᴖ Ḛ ᴘ ᴚ ᴜ ᴞ ᴠ ᴢ ֚ ᴤ  

͡ ᶺ ͯ é 
 

ϐ Ϟ  ϒ ϔ Ϝ ϖ  
Ϙ Ϣ Ϥ Ϩ Ϭ ϰ ϴ 
Ϻϸ ϼ Ͼ  ЄЀ  Ј  
Ќ  А Д И М Р 
Ф Ш Ь а д и м 
о р   ̭
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Encoding Issues 

• Many Conflicting Character Sets for Arabic 



Display Problems 

ï»¿ØªØ¯Ø´ĒĠĒÀ 
ĒéĒÀÏĀĒāÏÉ Ï-

Ø±Ø© Ù•ĒĠ ÏľÏ¨ĒĠ 

ĒĂĒĂÏÛÏâÏ§Ø±Ø© 

Ø§ĒĂÏ§ĒĂĒäÏÛÏ±Ù

ĔĒÀĒĠÏÉ  

ÊÏÔêæ åæ×âÉ ÍÑÉ 

áê ÏÈê ääÊÌÇÑÉ 

ÇäÇäãÊÑèæêÉ  

ÊÏÔíä ãäØÞÉ ÍÑÉ 

Ýí ÏÈí ááÊÌÇÑÉ 

ÇáÇáßÊÑæäíÉ  

еуІϹϦ ϣЧГзв ϢϽϲ сТ 

сϠϸ ϢϼϝϯϧЯЮ ϣужмϽϧЫЮъϜ 

Д̬̫Д̳ Д ИŠИ† 

И…И†Д И‚Д  ДД Д  

И•ИŠ Д Д ИŠ 

И„И„Д Д̪ДД Д  

Д И„Д И„ИƒД Д И̂И†И

ŠД   

ï» БлВ̬А̄´ЕᴭЖ †

Д…Д†А·Д‚А ©АА±А ©

А ᴫЗ͠ЖА̄¨ ᴫЖ

Д„Д„БлВ¬А§А±А ©

А§Д„А§Д„Д ƒ

БлВ±ДД̂†БᴭЖ © 

ʏԪ ɠ͑ɠԪψԪԪ

ǑɠǤǤ ɠ  

еуІϹϦ ϣЧГзв ϢϽϲ сТ 

сϠϸ ϢϼϝϯϧЯЮ ϣужмϽϧЫЮъϜ 

ЄϹϦêнк м×â ϢϽϲ Ϣ

Ьê Ϟϸê  Ϣϼϝϯϧзж

ϽϧгжϝжϜèмêϢ  

ʏԪԪԪɠ͑ɠԪ 

ψԪԪǑɠǡǡԪѦԪ  

ЕЯЪ Э І̱ϹϦϢϽϲ Ϣ  ̱

РϝТϜ ϢϼϝϯϧУТ Ϟ̱ϸϣ Я̱жϽϦ  

еуІϹϦ ϣЧГзв ϢϽϲ сТ 

сϠϸ ϢϼϝϯϧЯЮ ϣужмϽϧЫЮъϜ 

Western Unicode ISO-8859 CP-1256 

Display Encoding 

C
P

-1
2

5
6

 
IS

O
-8

8
5

9
 

U
n

ic
o

d
e
 

A
c

tu
a

l 
E

n
c

o
d

in
g

 

• Wrong encoding • Partial support problems 



Encodings 

• Unicode 

– Becoming the 

standard more and 

more 

– 2-byte characters 

– Widely supported 

input/display  

– Supports extended 

Arabic characters 

– Multi-script 

representation 

 

  



Encodings 

• Unicode 

– Supports presentation 

forms (shapes and 

ligatures) 

 

  



Encoding Issues 
Arabic Display 

• Memory (logical order)  
ÔÇÑßÊ ÝáÓØíä (Palestine) Ýí ÇæáãÈíÇÏ (Olympics) 2000 æ 2004 .  

ЄϜϼШϤ РЬЀВрд (Palestine) Рр ϜмЬаϞрϜϸ (Olympics) 2000 м 2004 .  

 

• Display (visual order) 

– Bidirectional (BiDi) support  

• Numbers and Roman script 

2000  м2004.  (Olympics) ϸϜрϞаЬмϜ рР (Palestine) дрВЀЬР ϤШϼϜЄ 
 

– Letter and ligature shaping 
2000  м2004.  (Olympics) ϸϝуϡθмϜ · (Palestine) ΥГЃЯТ ϥЪϼϝІ 



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  
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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 

• Syntax 



Derivational Morphology 

• Templatic Morphology 

 مكتوب

b k t 

 كاتب
maktuwb 

written 

kAtib 

writer 

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

Ϟ Ш Ϥ • Root 

• Pattern 

  

• Word 

ma12uw3 

written 

1A2i3 

writer 



Derivational Morphology 
Root Meaning 

Å Ш Ϥ Ϟ   KTB = notion of ñwritingò 

 ϟϧЪ 
/katab/  
write 

 

ϟϦϝЪ 
/kƃtib/ 
writer  

ϞнϧЫв 
/maktƸb/ 

letter 

ϞϝϧЪ 
/kitƃb/ 
book 

ϣϡϧЫв 
/maktaba/  

library 
ϟϧЫв 

/maktab/  
office 

ϞнϧЫв 
/maktƸb/ 
written  



Root Polysemy 

LHM-1 لحم LHM-2 لحم LHM-3 لحم 

“meat” 
 /laƙm/ لحم

Meat  

مالح  /laƙƙƅm/ 

Butcher  

“battle ” 
ةلحمم  /malƙama/ 

Fierce battle  

Massacre 

Epic 

“soldering ” 
 /laƙam/ لحم 

Weld, solder, 
stick, cling  



Derivational Morphology 
Pattern Meaning 

Pattern  Pattern Meaning Example Gloss 

I  1a2a3  Basic sense of root ktb  katab write 

II  1a22a3  Intensification, causation ktb  kattab dictate 

III  1aA2a3  Interaction with others ktb  kaAtab correspond with 

IV  Aa12a3  Causation jls  Ajlas seat 

V  ta1a22a3  Reflexive of Pattern II Elm   taEal~am learn 

VI  ta1aA2a3  Reflexive of Pattern III ktb   takaAtab correspond 

VII  Ain1a2a3  Passive of Pattern I ktb   Ainkatab subscribe/enroll 

VIII  Ai1ta2a3  Acquiescence, exaggeration ktb  Aiktatab register 

IX  Ai12a33  Transformation Hmr   AiHmarr Turn red/blush 

X  Aista12a3  Requirement ktb   Aistaktab ask/make_write  

• Verb Pattern Meaning is hard to define 
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Inflectional Morphology 
Nouns 

ϤϝϡϧЫгЯЮм 

/walilmaktabǕt/ 

м+Ь+ЬϜ+ϣϡϧЫв+ϤϜ  

wa+li+al+maktaba+Ǖt 

and+for+the+library+plural 

And for the libraries 
 

conj prep noun poss plural article 

ϝзϦнуϡЪм 

/wakabiyȊtinǕ/  

ϝж  + ϤнуϠ + Ш +м  

wa+ka+biyȊt+nǕ 

and+like+houses+our 

And like our houses 

Å Morphotactics  (e.g. Ь+ЬϜ  ЭЮ) 

Å Arabic Broken Plurals (templatic) 



Inflectional Morphology 
Verbs 

ϝкϝзЯЧТ 

/faqulnǕhǕ/ 

Р+ ЬϝЦ +ϝж +ϝк  

fa+qul+na+hǕ 

so+said+we+it 

So we said it 

conj verb object subj tense 

зЂмЮнЧϝл  

/wasanaqȊluhǕ/ 

м +Ѐ +д +ЬнЦ  +ϝк  

wa+sa+na+qȊl+u+hǕ 

and+will+we+say+it 

And we will say it 

Å Morphotactics 

Å Subject conjugation (suffix or circumfix) 



Inflectional Morphology 
katab óto writeô 

• Perfect verb subject conjugation (suffixes only) 

Singular Dual Plural 

تُكتب 1   katabtu ناكتب  katabnā 

تَكتب 2   katabta  ماتكتب  katabtumā متكتب  katabtum 

َ كتب 3   kataba اكتب  katabā واكتب  katabtū 

• Imperfect verb subject conjugation (prefix+suffix) 

Feminine form and other verb moods not shown 

Singular Dual Plural 

ُكتب ا 1  aktubu ُكتب ن  naktubu 

ُكتب ت 2   taktubu انكتبت  taktubān ونكتبت  taktubūn 

ُكتب ي 3   yaktubu انكتبي  yaktubān ونتكتبي  yaktubūn 



Inflectional Morphology 
Terminology 

Word A space/punctuation delimited string lilmaktabapi  

Lexeme The set of all inflectionally related 

words 

maktabap,  

lilmaktabapi, 

Almaktabapu, 

walimaktabatihA, etc. 

Lemma An ad hoc word form used to represent 

the lexeme 

maktabap 

Features The space of variation of words in a 

lexeme 

Clitics: li_prep, Al_det, 

Gen:f, num:s, stt:d, 

cas:g 

Root ϼϻϮ The root morpheme  of the Lexeme k-t-b 

Stem  ИϻϮ The core root+pattern substring; it 

does not include any affixes 

maktab 

Segmentation A shallow separation of affixes li+l+maktab+ap+i 

Tokenization Segmentation + morpheme recovery li+Al+maktab+ap+i 



Inflectional Morphology 
Terminology 

Word A space/punctuation delimited string lilmaktabap  

Lexeme The set of all inflectionally related 

words 

maktabap,  

lilmaktabap, 

Almaktabap, 

walimaktabatihA, etc. 

Lemma An ad hoc word form used to represent 

the lexeme 

maktabap 

Features The space of variation of words in a 

lexeme 

Clitics: li_prep, Al_det, 

Gen:f, num:s, stt:d, 

cas:g 

Root ϼϻϮ The root morpheme  of the Lexeme k-t-b 

Stem  ИϻϮ  The core root+pattern substring; it 

does not include any affixes 

maktab 

Segmentation A shallow separation of affixes li+l+maktab+ap 

Tokenization Segmentation + morpheme recovery li+Al+maktab+ap 

 

 

 تكتبينها

 

 ورماه

 

 فلاستعماله

 

 ويقال

 

 

 

 

 

 

 



Cliticization Features 

Feature Name (Some Important) Feature Values 

PRC3 Proclitic 3   3سابقة >a_ques, 0 ،0 أداة استفهام 

 

PRC2 Proclitic 2  2سابقة fa_conj, wa_conj, 

0 

 0 حروف عطف،

PRC1 Proclitic 1  1سابقة bi_prep, li_prep, 

sa_fut, 0 

 حروف جر،

 0سين الاستقبال، 

PRC0 Proclitic 0  0سابقة Al_det, mA_neg, 0 ،0 ال التعريف، أداة نفي 

ENC0 Enclitic  3 0لاحقةms_dobj, 

3ms_poss, …, 0 

ضمير مفعول به مباشر 

 مفرد مذكر للغائب،

ضمير ملكية مفرد مذكر  

 0، ... للغائب، 



Inflectional Features 

Feature Name (Some Important) Feature Values 

PER Person 1 الشخصst, 2nd, 3rd, na ،م/غائب، غ مخاطب، متكلم 

ASP Aspect الزمن perfect, imperfect, 

command, na 

 م/ماضي، مضارع، أمر، غ

VOX Voice البناء active, passive, na 

 

 م/للمعلوم، للمجهول، غ

 

MOD Mood الصيغة indicative, subjunctive, 

jussive, na 

 مجزوم،  منصوب، مرفوع،

 م/غ

GEN Gender الجنس feminine, masculine, na م/مؤنث، مذكر، غ  

NUM Number العدد singular, dual, plural, na ،م/جمع، غ مثنى، مفرد 

STT State التعريف indefinite, definite, 

construct, na 

 م/معرفة، مضاف، غ نكرة،

 

CAS Case الحالة nominative, accusative, 

genitive, na 

 مجرور، مرفوع، منصوب،

  م/غ

 

 

 

 

 



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 (الجميلة) 

– Bies’ Reduced Tagset (24) 

– Kulick’s Reduced Tageset (43) 

– Diab’s Extended Reduced Tagset (72) 

– Habash’s CATiB tagset (6) 

 



Example ويستمر   

<morph_feature_set  

 diac="ُوَيَسْتَمِر" lemma="ّ1_ٱِسْتَمَر"  

 bw="wa/CONJ+ya/IV3MS+sotamir~/IV 

  +u/IVSUFF_MOOD:I"  

 gloss="continue;last_(time)"  

 pos="verb"  

 prc3="0" prc2="wa_conj" prc1="0" prc0="0” 

  per="3" asp="i" vox="a" mod="i" gen="m"   

 num="s” stt="na" cas="na" enc0="0" stem="ّسْتَمِر"/> 



Example الغياب 

<morph_feature_set  

 diac="ُالغِياب" lemma="1_غِياب"  

 bw=”Al/DET+giyAb/NOUN+u/CASE_DEF_NOM" 

 gloss="absence;disappearance"  

 pos="noun"  

 prc3="0" prc2="0" prc1="0" prc0="Al_det" per="na"  

 asp="na" vox="na" mod="na" gen="m" num="s” 

 stt="d" cas="n" enc0="0" stem="غِياب"/> 



Form / Function Discrepancy 

Word Morphemes Form-based 

Features 

Functional 

Features 

 kitab+Ø MS MS كِتاب

 maktab+ap FS FS مَكْتَبَة

 kAtib+uwn MP MP كاتِبُون

 Eayn+Ø MS FS عَين

 xaliyf+ap FS MS خَلِيفَة

 rijAl+Ø MS MP رِجال

 saHar+ap FS MP سَحَرَة

 AimtiHAn+At FP MP اِمْتِحانات
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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 
  قاعدة

– basis/principle/rule, military base, Al Qaeda 



Morphological Ambiguity 

• Inflectional ambiguity 
–  taktub/: you write, she writes/ تكتب

– Segmentation ambiguity  
• جد+و ;he found :وجد : and+grandfather 

• لغة+ل :للغة : for a language; اللغة+ل : for the language  

• Spelling ambiguity 
– Optional diacritics  

•  kātib/ writer , /kātab/ to correspond/ :كاتب

– Suboptimal spelling 

• Hamza dropping: إ ,أ  ا 

• Undotted ta-marbuta:  ة     ه    

• Undotted final ya: ي    ى   



Analysis vs. Disambiguation 

Will will Ben Affleck be a good Batman? 

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 

أفليك في دور باتمان؟ еуϠهل سينجح     



Analysis vs. Disambiguation 

أفليك في دور باتمان؟ еуϠهل سينجح     

Will Ben Affleck be a good Batman? 

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 

in English 

• Select a morphological tag that fully 

describes the morphology of a word 

• Complete English morphological tag set 

(Penn Treebank): 48 tags   

 Verb: 

 

 

• Same as “POS Tagging” in English 

  

VB  VBD VBG VBN VBP VBZ 

go went going gone go goes 



• 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) 

Morphological Disambiguation 

in Arabic 



W-3 W-2 W-1 W0 W1 W2 W3 W4 W-4 

MORPHOLOGICAL  

ANALYZER  

MORPHOLOGICAL  

 CLASSIFIERS 

Å Rule-based  

Å Human-created 

Å Multiple independent  
  classifiers  
Å Corpus-trained 

2nd 

3rd 

5th 

4th 

1st 

RANKER  

 

Å Heuristic or  
 corpus-trained  
 

MADA (Habash&Rambow 2005) 

(Habash&Rambow 2007) 

(Roth et al. 2008) 



MADA 3.2 (MSA) Evaluation 

 

Accuracy 

PATB 3 Blind Test 

Baseline MADA Error  

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% 

wakAtibu 

kAtib_1 

pos:noun 
prc3:0 prc2:wa_conj 

prc1:0 prc0:0 per:3 

asp:na vox:na mod:na 

gen:m num:s stt:c 

cas:n enc0:0 

w+ kAtb 

 wkAtb وكاتب
and (the) writer of 

Baseline: most common analysis per word in training 
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Arabic Computational Morphology 

ÅRepresentation units 

ÅNatural token  Ϥϝ̮̮̮̮ϡ̮ϧЫ̮г̮Я̮Юм 

ïWhite space separated strings (as is) 

ïCan include extra characters (e.g. tatweel/kashida) 

ÅWord   ϤϝϡϧЫгЯЮм  

ÅSegmented word 

ïCan include any degree of morphological analysis 

ïPure segmentation: ϤϝϡϧЫгЮ Ь м  

ïArabic Treebank tokens (with recovery of some 
deleted/modified letters):  ϤϝϡϧЫгЮϜ Ь м  



Arabic Computational Morphology 
ÅRepresentation units (continued) 

ÅPrefix + Stem + Suffix  
ï  ЭЮм+ϟϧЫв+ϤϜ  

ïCan create more ambiguity  
ÅLexeme + Features 
ï ϣϡϧЫв[+Plural +Def +  Ь+м ]  

ÅRoot + Pattern + Features  
ï ϟϧЪ +  Ϣa3a21aа + [+Plural +Def + Ь +м]  

ïVery abstract 

ÅRoot + Pattern + Vocalism + Features  
ï ϟϧЪ + а321Ϣ  + a.a.a + [+Plural +Def + Ь +м]  

ïVery very abstract 

 



TOKAN 
• A generalized tokenizer 

• Assumes disambiguated morphological analysis  
– a la MADA 

• Declarative specification of tokenization scheme 

 

 

 

 

 

 

 

 

(Habash&Sadat 2006) 

Example Scheme Specification 

w+ syktbhA D1 w+ f+ REST 

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

w+ s+ yktb +hA D3 w+ f+ b+ k+ l+ s+ Al+ REST +P: +O: 

w+ syktb +hA TB w+ f+ b+ k+ l+ REST +P: +O: 

w+ s+ ktb/VBZ 

S:3MS +hA  

EN w+ f+ b+ k+ l+ s+ Al+ LEXEME + BIESPOS +S: 
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Morphology and Syntax 

• Rich morphology crosses into syntax 
– Pro-drop / Subject conjugation 

– Verb sub-categorization and object clitics 

• Verbtransitive+subject+object 

• Verbintransitive+subject but not Verbintransitive+subject+object 

• Verbpassive+subject but not Verbpassive+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 

 Ь+ϤϝϡϧЫгЮϜ     li+Almaktabƃt 

 for the-libraries   [PP li [NP Almaktabƃt]] 

• 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) 

– الاولاد الاشعار كتب  
Wrote the-boys the-poems 
The boys wrote the poems 

• Copular sentences (aka nominal sentences) 
– [Topic Complement] 

– اءالاولاد شعر  
the-boys poets 
The boys are poets 



Sentence Structure 

• Verbal sentences 

– Verb agreement with gender only 

• Default singular number 

• الاولاد\كتب الولد  wrote3MascSing the-boy/the-boys 

• البنات\البنت تكتب  wrote3FemSing the-girl/the-girls 

– Pronominal subjects are conjugated 

• تُكتب   wrote-youMascSing 

• تمكتب   wrote-youMascPlur 

• واكتب  wrote-theyMascPlur 

– Passive verbs 

• Same structure: Verbpassive SubjectunderlyingObject 

• 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 

–  kataba/ he wrote/ كتب

–  kutiba/ it was written/ كُتب



Sentence Structure 

• Copular sentences 
– [Topic Complement] 

 Definite Topic, Indefinite Complement 
• عراالولد ش  

the-boy poet 
The boy is a poet 

– [Auxiliary Topic Complement] 

 Auxiliaries (kǕna and her sisters) 
• Tense, Negation, Transformation, Persistence  

• اعراالولد ش كان  was the-boy poet The boy was a poet 

• اعراالولد ش ليس  is-not the-boy poet The boy is not a poet 

– Inverted order is expected in certain cases 
• Indefinite topic 

 ʕindi kitƃbun/ at-me a-book I have a book/ عندي كتاب 



Sentence Structure 

• Copular sentences 
– Types of complements 

• Noun/Adjective/Adverb 

– ذكيالولد    the-boy smart  The boy is smart 

• Prepositional Phrase 

– في المكتبةالولد   the-boy in the-library The boy is in the library 

• Copular-Sentence 

– كتابه كبيرالولد    [the-boy [book-his big]] The boy, his book is big 

• Verb-Sentence 

– الاشعار واكتبالاولاد    

 [the-boys [wrote3rdMascPlur poems]] The boys wrote the poems 

– Full agreement in this order (SVO) 

– الاولاد هاكتبالاشعار    

 [the-poems [wrote3rdMascSing-them the boys]] The poems, the boys wrote 
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Phrase Structure 

• Noun Phrase 
– Determiner Noun Adjective PostModifier  

•  هذا الكاتب الطموح القادم من اليابان

 this the-writer the-ambitious the-arriving from Japan 

 This ambitious writer from Japan  

– Noun-Adjective agreement  

• number, gender, definiteness 

–   the-writerFemSing the-ambitiousFemSing الكاتبة الطموحة

–   the-writerFemPlur the-ambitiousFemPlur الكاتبات الطموحات

• Exception: Plural non-persons 

– definiteness agreement; feminine singular default 

–   the-officeMascSing the-newMascSing المكتب الجديد

–   the-libraryFemSing the-newFemSing المكتبة الجديدة

–   the-officesMascBPlur  the-newFemSing المكاتب الجديدة

–   the-librariesFemPlur the-newFemSing المكتبات الجديدة



Phrase Structure 

• Noun Phrase 
– Idafa construction (اضافة) 

• Noun1 of Noun2 encoded structurally 

• Noun1-indefinite Noun2-definite 

•  ملك الاردن

 king Jordan 

 the king of Jordan / Jordanôs king 

– Noun1 becomes definite 
• Agrees with definite adjectives 

– Idafa chains 
• N1

indef N
2

indef  é N
n-1

indef N
n

def 

•  ابن عم جار رئيس مجلس ادارة الشركة

 son uncle neighbor chief committee management the-
company 

 The cousin of the CEOôs neighbor 



Phrase Structure 

• Morphological definiteness interacts with syntactic structure 

Word 1  كاتب writer 

definite Indefinite 

   

Noun Phrase 

فنانالكاتب  ال  

The artist(ic) writer 

Noun Compound 

الفنانكاتب   

The writer of the artist 

Copular Sentence 

فنانالكاتب   

The writer is an artist  

Noun Phrase 

فنانكاتب   

An artist(ic) writer 

W
o

rd
 2

ن 
نا
 ف
a

rt
is

t 
 

d
e

fi
n

it
e

 
in

d
e

fi
n

it
e
 



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 Ǣwas builtǠ >rbE ǢfourǠ jAmEAt ǢuniversitiesǠ jdydp ǢnewǠ 

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) 



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  
– Buckwalter analyzer  

– Arabic-tailored POS list 

• PATB constituency 
representation 
– Some modifications of Penn English Treebank  

• (e.g. Verb-phrase internal subjects) 

 



Computational Resources 

• Prague Dependency Treebank 

• Partial overlap with PATB  

and Arabic Gigaword 

– Agence France Presse,  

AlHayat and Xinhua  

• Morphological analysis 

– Extends on PATB 

• Dependency representation 

 
Graphic courtesy of Otakar Smrž: 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


CATiB:Columbia Arabic Tree Bank 

• CATiB Representation 
– Lite Dependency Syntax 

– Tokenization   
• CONJ PART BASE PRON 

– Part of Speech Tag set   
• Six tags:  VRB, VRB-pass, NOM,  

PROP, PRT, PNX 

– Syntactic Annotation 
• Eight dependency relations: SBJ,  

OBJ, TPC, PRD, IDF, TMZ, MOD, FLAT  

• Practical Considerations 
– Less information to annotate 

– Dependencies easier to annotate than phrase structure 

– Terminology and representation close to traditional 
Arabic grammar 

(Habash, 2009) 



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 )Žabokrtský and Smrž 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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• Thank You! 


