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Modern
Roman
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+++++++++++++++++++++

Early Latin A ABLKIDEFZH RKLMAN O ORST

Greek
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Early
Aramaic

Nabatian

Arabic
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Alphabet
oz, uvwebe
dJJpUO_gnSc

: !
I I I N I ]
* . o
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1# 8 8§ K

OCR output ambiguity; common spelling errors



Alphabet (MSA)

$ ? <

ED BA>

0Jo 00 0C0 00 00

&

e JK L[ HGF

020

glottal stop aka hamza



Letter Shapes

@ # 7 # H#H7
@ —
1 9 9
! . | -~ | Stand
U & alone
DI .
S0 || initial
&
~ | medial
SFKNOPRSTH| . | y el b
7o# | S| & | final
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Letter shaping

| < = | < OO s
[katab/ b t Kk

fo write

[kitab/ bat Kk
book



Diacritics
Y O7#
1 # 4
S /katab/ to write
@ H
#
. i

UGS /kitabun/ a book

Nunation

Vowel
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0 0
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Diacritics No Vowel

@ 9. 7 <  $sukunt P
u:S:o /maktab/ office 0 0
ihadda% < Cc?nz'f:ll:nt
S /kattab/ to dictate ]>

‘> _> ,> 0 0

0 0 0 0 0 0



Putting it together

Simple combination

0§ Ok_J)s

—

w)HC o) &

o

West /sarb/ U)s — \J)-s ) &
Ligatures
Peace /salam/ /ou-“" p&.w L l LJ U



Tatweel
e ‘elongation’
e aka kashida

e used for text highlight
and justification

human rights /buquqg al?insan/



e Different styles
e High fluidity
e Optional ligatures

e Vertical
arrangements

# I
/Sarabi/ /mub #/ Jalg [/




“Arabic” Numerals

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

()* + o #Il Ill
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 C I kj O/nIm f e d

Middle East

Eastern Indo-Arabic C | k

Iran, Pakistan, efc.
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Except for (continued)
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Will revisit ambiguity in more detail again under morphology discussion
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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 (i,h,Q)

CPOUYUOUQW,L55
GUUUIISsI3Insys
$s98tcecedi
553353533553
W9 s S...

Once you learn the alphabet, it is easier
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(V) Al s §190) > 4) @I AT AL (9)dd o4
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Wl 20 504D SO 4D (L300 (90419943 A z 4
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Arabic
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; Google - Microsoft Internet Explorer

J File Edit | Yiew Favorites Tools

Help

arch (G Favorites & #History | By S - = f e

J S Back - Toolbars 2
—I_ v Skatus Bar
J.ﬁ.ddress @ Explorer Bar 4
Go Ta 4
Skop Esc
Refresh F5
Texk Size L4 '
Source Wiestern European (Windows)
Scripk Debugger k Chinese Simplified (GB2312)
Full Screen F11 & |nicode (UTF-8)

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

Advertise with Us - Busines:

Ma

ER002 Goo

frabic (1500
\ Arabic {Windows)

Arabic (ASMO 703)
Arabic (Do)

tory Mews

N /

Baltic (‘Windows)

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

Chinese Simplified (HZ)

Chinese Traditional {Bigs)

Cyrillic (DO
Cyrillic (I50)
Cyrillic (KOIS-R)
Cyrillic (KOIE-L
Cyrillic (Windows)

= Prefarances
| = Language Tools

Jobs, Press & Help

= Advanced Search
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Codepage 1256 - Arabic Windows
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FE70 Arabic Presentation Forms-B FEFF
FE7 FE8 FE9 FEA FEB FEC FED FEE FEF
& y : &
FETD FEAD FE® FEAD FEBD FECD FEDD FEED FEFD
= T 1| =
FET1 FES FEIN FEAL FEB1 FEC1 E0M FEE1 FEF1
& - | ,
)
\ - C g -] R II'\- \_.5
FET2 FE&2 FEa2 FEA2 B2 FEC2 FED2 FEE2 FEF2
. ) 1 _
« | ) > - = 2 A :
FET3 FE&3 FE® FEA3 [3=:K] FEC3 o FEE3 FEF3
Il. & = ey 122. J'i o -
FE?# FE34 FEM FEA4 3==L] FECA =4 FEE4 FEF4
FC40 Arabic Presentation Forms-A FDI1F
FC4 FC5 FC6 FC7Y FCB FCS9 FCA FCB FCC FCD FCE FCF FDO FD1
v o \
) i . i . . A N P & ~ .
t \...? J'\. K 'u5 -[‘. S - ; .r N \'"?- Jna
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3 & 3 - g f- #ﬂ' 8 > A~ |
A "\ )
i d J J A - P i Y e € 'jz
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A MK x| é ||y 2 ¢ |- | F| LR
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\ =~ “ - P 8 ; ~ " .
S| RS IR N I N T
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or this way for those with direction-bias
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Display Encoding
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Mostly concatenative
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maktub katib

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



& ) | I | ! *
Root Meaning

e L v 2348 A “writing”

/kitab/  /katab/
book write

/maktaba/ w950 maktiiby

library
S letter Lils
/maktab/ /katib/

office writer




¢-i0 b 0

=)0 bbu 0
a

Root Meaning







& ) | I | ! >x
Root Meaning

v

El I9I
@ Ao# 1A
¢-i0 b 0
#H # 8 <8 !
C-QF0 b 0
a 7 ## # # #
C=gp- 0 b 0

#H#H # #H #



&

Pattern Meaning

| *

A " ! ##

Pattern Pattern Meaning Example Gloss
I la2a3 Basic sense of root ktb  katab write
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 Elm taEal~am | learn
VI talaA2a3 Reflexive of Pattern Ill ktb takaAtab | correspond

VII Ainla2a3

Passive of Pattern |

ktb Ainkatab

subscribe/enroll

VIII AiltaZ2a3

Acquiescence, exaggeration

ktb  Aiktatab

register

IX Ail2a33

Transformation

Hmr

AiHmarr

Turn red/blush

X Aistal?2a3

Requirement

ktb Aistaktab

ask/make_write
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Computational: @3 @8 A8 #8
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Noun-specific Features

@ ; ! §# 8 8
T # 8
& H# § #

; 8 . 81

Verb-specific Features

28 28
A 8
a 8 8
OH H 8 8
$ 8@ I
DL
Other Features
1 9 I

19

SU
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S Glikall
/Wakablyutma/ /walilmaktabat/
L4+ Qan+ S+ GH-ASSHJHH
watka+biyut+na wa+li+al+maktaba+at

and+like+houses+our and+for+the+library+plural

* Morphotactics (e.g. JH+J )
e Arabic (templatic)



A
Lo Ll

( ‘. %

Led s s

/faqulnaha/ /wasanaquluha/

l 40+ B 4 b+ Jé+0+oe+s
fat+qul+na+ha watsatnat+qultut+ha
sotsaid+we+it and+will+we+say+it

* Morphotactics
* Subject conjugation (suffix or circumfix)



(

katab ‘to write’

| *

Perfect . ! $suffixes onlyk
! &
1| Efirr < Hor < u
2 | Efr < (lfor < u | Cfor <
3| \pir < ffor < u e{ir < Y,
Imperfect . I I $prefix+suffixi
! &
1] [pgrf < [Py ¢
2| [p1i < ufgi < u uefgi < v
3| [p1t * < Ufg™> < U uefigi* < v

5.

Feminine form and other verb moods not shown
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! P =

D #

pilr:0<u 07 §0<u 0 #

!

E - # Y

1# # 9 ol d

1 # # *t S

! *

0 ** A he demonstrated
) ** 0 A they [feminine] demonstrated
0 ** 0 #i clear/evident/explicit
0 * 0 between/among
0 * 0 @ in Yen
0

* 0 @ Ben
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in English
! ! *
I+ 7 #
4 1 ! !
<h: ,= 1
Aa | Aa& | AaTt | Aa@ | Aa | Aay
! 7 1 11 !
AD) a1t i 41




in Arabic
| | ] |
# 1 # I I
4+ A
T # $ K@ $* 18 $ "1 $" 18
tOHS"WBA $ U $ U8
I $"
8, UU I
&
§ UU a a <
$ U227 # 4

4+ "t & SE A 7 UUSY



" & SE A 7 UUSH
SE A 7 UU:z%
$ TVE

AVAAS
) o
Y

3rd —

4th —

CT T T T T 171
IO T |
Sthh ——
CT T T T 771
NN NI [

Ist ——

2nd ———

2345637389 ;7 4:<B?4 2345637389: ;7
-7 ; 0@9A9?40 ,<;7=>74
* Multiple independent  « Heuristic or e Rule-based
classitiers corpus-trained

* Corpus-trained « Human-created oM



SE A 7 UUSY

= A 7 UU:H
e
& 3 e
a ! * #& !
il 4@a4@ 4 o ko Kk A# 7E !
) & o
" & : * @) 9@ @) 4 @) @) # 984 #@
9T @) 9 9 @. I

W;=5; T * AT *p ) @a 2T * @)1@p ) ?A
NU/; , MO * AT *p ) @a 20 * @)1@p D) ?A
PU/SUUUU T *O AT *Ob ) 1 C?°t 2&12@)""? ) a 21 *O0 &C? 0@ 1 D™ DP&I1P
PU/SUUUU T *O AT *Ob ) 1 C? 2@&4 & 2T *0 &C? 0 4P(@&4 D (A 0
pus; L, T *O AT *Op ) @2 2&12@)""? ) a 21 *0@)1@? 1@ 1 b P&l
pus; L, T *O AT *0b ) @7 2@&4 & 2T *0@)1@? 0  4Pb@&4 b (A |
9999999999999
) & =*
i &: O 90 9(A 9@ @) W) # 9@ #9( 9T

W@ 9= 9A. 9 a
T /uUuUU *ANr 0D ) A?2A)D&(? 7 a AT 2 *A2 WA 1 PT)I&A#H . T K0
pu/;6M ™ *AN 9D ) A?A? ")D& ¢? :

a : (A 2 oAb ?2*0A 1 b 1aC DP*)D& GA P v # P #H b# #

pU/=,6 5 O*A 09D ) AA?2A"D)& ¢? : a : (A 2 O0A?2*A 1 b 1&aC  DP*)D& GA 7D
pU/=,6 5 *AN 9D ) A?2A))D&: ¢? a : (A 2 A?*A 1 b 1aC  P*")I& CA 0
PU/=,6 5 *A, b ) AA?2ATD)D& C? a : (A 2?2 A?*A 1 D 1aC: DP™)I&: CA# .
pU/=,6 5 *AN 0D ) A?ATYD& 2?2 it a At 2 MA? A 1 P& AR L TH 0
PUM "U= *AN O ) A2RATD))&(? -t a - At 2 %A WA 1 PT))&(AH . é@# *)
PUM =U= * A 0D ) A?ATY)& 727 a (AT 2?2 MA? (A 1 P& A# T *0

99999999999999
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e Representation units

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

eWord wliSalls

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




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



SE A #  UUBYK

)2 @

! - # <
# ! # ! *
| I | &
& i < -
wsyktbhA=[katab 1 POS:V +IV w+ s+ +S:3MS +0O:3FS]
Example Scheme |Specification
77?7 *< & 7?7 ? 4 a
(7?7 ?*< & 7?7 7?2 ?2<? 7?7 7?7 4 a
[? ?*r< 7 &*" 7?7 ? ?<? 7?2 7?7 ? 4 47?7 :7?).
7?7 *< ? aa 7?7 ? ?<?7? 4 a7 .?).
7? ?< (Aay |40 7?2 ? ?<?2 7?2 2 ? 4A4"42&E4 D) ?
:III ?
(N SE uu, % 6
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$&a *§ UU %%$2 -8 UU %SE A 7 UUBk
] * 01 $ -8 UUwsa <7 8 UU %
$ . 9 - 8 UUUY%
+ ? * (! SE 8 UU,%SE A 7
UU6H
V4 1¢$& 7 8 UU %S v * # #  UU 4
" ) I $& 8 UU,%$ § UU"h$ 1 8 UU™H
SE A 7 UU5 ¢
. * 59 1 * A Q2 8 UU,Y
x*
" a ! (
I_/ 1
* I
* + # x*
*
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?

Full: /1/@
l

Partial: /1/ A

@
@ ?&

W
I but not A
I but not A

9 #i

9 W !



"t ! V4 * 439 #
< I .8 .81
9 7 # #
< #7 optionally 7 ./
a . F 7 # # # # 4+
I
# 7 #
#
O leSell+J li+Almaktabat
for the-libraries [PP li [NP Almaktabat]]
! *  $minimally segmentationt
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Two types of Arabic Sentences
A
1A o) $A DY
RIC€=2F P2N2F pr
9 * 9

The boys wrote the poems
(aka nominal sentences)
a i
Jry0é P2N=2f

9 *

The boys are poets



~
H
*

& !
2N e por 7 ..., 9 X9 *
AHFEHF E{r 7 . .9 0 9l

I Y #
Eir 7 9 . !
tfor 7 9*
elr7 9 *.

A : s
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Third masculine/feminine singular is structurally
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The cousin of the CEO’s neighbor
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