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Introduction

Prague Arabic Dependency Treebank

PADT is a project of linguistic annotation of Modern Written Arabic based
on the theory of Functional Generative Description.

PADT 1.0 was published in 2004 by the Linguistic Data Consortium, and
has been used by tens of academic and commercial institutions.

In PADT, which now consists of the morphological and the analytical levels
of description of Arabic, the annotation of tectogrammatics and information
structure is being established.
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Morphology

Morphology Disambiguation

Arabic is a language of rich morphology, both derivational and inflectional,
with highly ambiguous orthography.

Boundaries of syntactic units, tokens, are obscure in writing—orthographical
words, strings, consist of up to four lexemes.

Disambiguation encompasses subproblems like tokenization, full morpho-
logical tagging or its simplified ‘part-of-speech’ versions, lemmatization,
diacritization or restoration of the structural components of words, plus
combinations thereof.
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Morphology

He will notify them about that through SMS messages, the Internet, and

other means. . A �ëQ��
 �	« �ð �I� 	K�Q��� 	KB
� � �ð �è� �Q�
�� ��®Ë � É� 
K� A �� ��QË � ��� K
Q� �£ 	á �« �½Ë� �	YK.� Ñ �ë�Q�.� 	j�J
 ��
String Token Token Tag Buckwalter’s M-Tags Token Form Token GlossÑëQ�. 	jJ
� F--------- FUT sa- will

VIIA-3MS-- IV3MS+IV+IVSUFF_MOOD:I yu-h
˘

bir-u he-notify

S----3MP4- IVSUFF_DO:3MP -hum them½Ë 	YK. P--------- PREP bi- about/by

SD----MS-- DEM_PRON_MS d
¯
ālika that	á« P--------- PREP a֒n by/about��K
Q£ N-------2R NOUN+CASE_DEF_GEN t.ar̄ıq-i way-ofÉ
KA�QË � N-------2D DET+NOUN+CASE_DEF_GEN ar-rasā i֓l-i the-messages�èQ�
��®Ë� A-----FS2D

DET+ADJ+NSUFF_FEM_SG+

+CASE_DEF_GEN
al-qas. ı̄r-at-i the-short�I	KQ�� 	KB
 �ð C--------- CONJ wa- and

Z-------2D
DET+NOUN_PROP+

+CASE_DEF_GEN
al- i֓nternet-i the-internetAëQ�
 	«ð C--------- CONJ wa- and

FN------2R NEG_PART+CASE_DEF_GEN ġayr-i other/not-of

S----3FS2- POSS_PRON_3FS -hā them
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Morphology

MorphoTrees

Suppose you can list morphological analyses for a given input string . . .

Morphs Form Token Tag Lemma Glosses per Morph

|laY+(null) ֓̄alā VP-A-3MS-- ֓̄alā promise/take an oath + he/it

|liy~ ֓̄al̄ıy A--------- ֓̄al̄ıy mechanical/automatic

|liy~+u ֓̄al̄ıy-u A-------1R ֓̄al̄ıy mechanical . . . + [def.nom.]

|liy~+i ֓̄al̄ıy-i A-------2R ֓̄al̄ıy mechanical . . . + [def.gen.]

|liy~+a ֓̄al̄ıy-a A-------4R ֓̄al̄ıy mechanical . . . + [def.acc.]

|liy~+N ֓̄al̄ıy-un A-------1I ֓̄al̄ıy mechanical . . . + [indef.nom.]

|liy~+K ֓̄al̄ıy-in A-------2I ֓̄al̄ıy mechanical . . . + [indef.gen.]

|l + ֓̄al N--------R ֓̄al family/clan +

+ iy -̄ı S----1-S2- ı̄ + my

IilaY i֓lā P--------- i֓lā to/towards

Iilay + i֓lay P--------- i֓lā to/towards +

+ ya -ya S----1-S2- ya + me

Oa+liy+(null) a֓-l̄ı VIIA-1-S-- waliya I + follow/come after + [ind.]

Oa+liy+a a֓-liy-a VISA-1-S-- waliya I + follow/come after + [sub.]
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Morphology

MorphoTrees

. . . organize the analyses into a hierarchy with the string as its root and
the full tokens as the leaves, grouped by their lemmas, canonical forms and
partitionings of the string into such forms:

AlY úÍ�
|lY úÍÆ�
|lY úÍÆ�ú �ÍÆ� ֓̄alā

u

|ly ú
ÍÆ�
|ly ú
ÍÆ��ú
Í�Æ� ֓̄al̄ıy

u u u u u u

|l y ø
 ÈÆ�
|l ÈÆ�ÈÆ� ֓̄al

u

y ø
ø
 '� ı̄

u

IlY úÍ�

IlY úÍ�
ú �Í�
� i֓lā

u

Ily y ø
 ú
Í�

Ily ú
Í�
ú �Í�
� i֓lā

u

y ø
�ø
 ya

u

Oly ú
Í
�
Oly ú
Í
��ú
Í� �ð waliya

u u
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Morphology

MorphoTrees
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C---------

----------

--------1- �	¬ fa and, so��Ñ �ë hamma to be ready, intend�Ñ �ë hamm concern, interestÑ �ë hum they�Ñê� �	̄ fahima to understandÑê�	̄ fahm understanding�Ñ��ê�	̄ fahhama to make understand
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Morphology

ElixirFM

ElixirFM is a high-level implementation of Functional Arabic Morphology.

ElixirFM uses the Functional Morphology library for Haskell and extends it.

Morphology is modeled in terms of paradigms, grammatical categories, lex-
emes and word classes. The computation of analysis or generation is con-
ceptually distinguished from the general-purpose linguistic model.

The lexicon of ElixirFM is derived from the open-source Buckwalter lexicon
and from the PADT annotations. It is redesigned in important respects.
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Syntax and Beyond

Dependency vs. Linearity

. . . by providing the basic necessities of life to its people, including medical

care . . .
��é��J
��J. ��¢Ë� ��é�K
 A �«��QË � A�î 	D�J
�K. 	áÓ� �ð A�îD.�ª ���Ë� �é� ��J
�� A �� �
B� �è� A�J
�mÌ'� �H� A��K
P�ð �Qå�	� Q��
 	̄� ñ��JK.�

bi-tawf̄ıri d. arūr̄ıyāti al-h. ayāti al- a֓sās̄ıyati li-̌sa b֒ihā

by-giving-of necessities-of the-life the-basic to-people-of-it

wa-min baynihā ar-ri֒̄ayatu at.-t. ibb̄ıyatu

and-from between-of-them the-care the-medical
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Syntax and Beyond

In the section on literature, the magazine presented the issue of the Arabic

language and the dangers that threaten it. . '. '. �I� �k�Q �£ H.� �X �
B� ��	­�ÊÓ� ú
 	̄� �ð
AuxY �ð wa- and C---------

AuxP ú
 	̄� f̄ı in P---------

Adv
��	­�ÊÓ� milaffi collection/file-of N-------2R

Atr H.� �X �
B�� al- a֓dabi the-literature N-------2D

Pred �I �k�Q �£ t.arah. at it-presented VP-A-3FS--

Sb
��é��Ê �j. �ÜÏ�� al-maǧallatu the-magazine N-----FS1D

Obj
��é��J
 	�� ��̄ qad. ı̄yata issue-of N-----FS4R

Atr
�é� �	ª��ÊË�� al-luġati the-language N-----FS2D

Atr
�é� ��J
K.� �Q �ªË�� al- a֒rab̄ıyati the-Arabic A-----FS2D

Coord �ð wa- and C---------

Atr P�A �¢ 	k �
B�� al- a֓h
˘

t. āri the-dangers N-------2D

AuxY ú
 �æ���Ë�� allat̄ı that SR----FS--

Atr
�X ��Y�î��E tuhaddidu they-threaten VIIA-3FS--

Obj A �ë -hā it S----3FS4-

AuxK . . . G---------
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Syntax and Beyond

Tectogrammatics

Description of linguistic meaning in its semantic and pragmatic aspects.

LOC
�	­�ÊÓ� milaff collection/file Masc.Sing.DefB

RSTR H. �X�
� a֓dab literature Masc.Sing.DefC

PRED h �Q �£ t.arah. to-present Ind.Ant.ActB

ACT
�é��Ê�m. �× maǧallah magazine Fem.Sing.DefB

PAT
�é��J
 	�� ��̄ qad. ı̄yah issue Fem.Sing.DefN

PAT
�é �	ª�Ë luġah language Fem.Sing.DefN

RSTR �ú
G.� �Q �« a֒rab̄ıy Arabic AdjectiveN

CONJ �ð wa and Coordination

PAT Q �¢ �	k h
˘

at.ar danger Masc.Plur.DefN

RSTR X ��Y �ë haddad to-threaten Ind.Sim.ActN

ACT �ù
 ë� hiya it PersPronounB

PAT �ù
 ë� hiya it PersPronounB
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Software

Buckwalter Transliteration�Ñî� �D
�Ê �« �ð � �Q�
Ö�Þ�	� �ð C� ��® �« �ñ�J.ë� �ð �Y��̄ �ð . ��� ñ ��®�m �Ì'�� �ð �é� �Ó � �Q�º�Ë�� ú
 	̄� �	áK
ð� A ������Ó � �P� �Q �k�
� ��A��	JË�� �©J
Ô� �g. �Y�Ëñ�K
. Z� A �	gB
� ��� h� ð �QK.� A �	� �ª�K. �Ñ�îD�	� �ª�K. �ÉÓ� A �ª�K
 �	à�
�
yuwladu jamiyEu {ln~aAsi OaHoraArFA mutasaAwiyna fiy

{lokaraAmapi wa {loHuquwqi. waqado wuhibuwA EaqolAF

waDamiyrFA waEalayohimo Oano yuEaAmila baEoDuhumo baEoDFA

biruwHi {loIixaA’i.ÑîD
Ê«ð �Q�
ÖÞ 	�ð C�®« �ñJ.ëð Y�̄ð . ��ñ�®mÌ'�ð �éÓ�QºË� ú
 	̄ 	áK
ðA���Ó �P�Qk
� �A�	JË � ©J
Ôg. YËñK
. Z A 	gB
 � hðQK. A 	�ªK. ÑîD	�ªK. ÉÓAªK
 	à
�
ywld jmyE AlnAs OHrArA mtsAwyn fy AlkrAmp wAlHqwq. wqd

whbwA EqlA wDmyrA wElyhm On yEAml bEDhm bEDA brwH AlIxA’.
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Software

Notation of ArabTEX�Ñî� �D
�Ê �« �ð � �Q�
Ö�Þ�	� �ð C� ��® �« �ñ�J.ë� �ð �Y��̄ �ð . ��� ñ ��®�m �Ì'�� �ð �é� �Ó � �Q�º�Ë�� ú
 	̄� �	áK
ð� A ������Ó � �P� �Q �k�
� ��A��	JË�� �©J
Ô� �g. �Y�Ëñ�K
. Z� A �	gB
� ��� h� ð �QK.� A �	� �ª�K. �Ñ�îD�	� �ª�K. �ÉÓ� A �ª�K
 �	à�
�ÑîD
Ê«ð �Q�
ÖÞ 	�ð C�®« �ñJ.ëð Y�̄ð . ��ñ�®mÌ'�ð �éÓ�QºË� ú
 	̄ 	áK
ðA���Ó �P�Qk
� �A�	JË � ©J
Ôg. YËñK
. Z A 	gB
 � hðQK. A 	�ªK. ÑîD	�ªK. ÉÓAªK
 	à
�
Yūladu ǧam̄ı u֒ ’n-nāsi a֓h. rāran mutasāw̄ına f̄ı ’l-karāmati wa-’l-h. uqūqi. Wa-qad

wuhibū a֒qlan wa-d. am̄ıran wa- a֒layhim a֓n yu֒̄amila ba d֒. uhum ba d֒. an bi-rūh. i ’l-

i֓h
˘

ā i֓.

\cap yUladu ^gamI‘u an-nAsi ’a.hrAraN mutasAwIna fI

al-karAmaTi wa-al-.huqUqi.

\cap wa-qad wuhibUA ‘aqlaN wa-.damIraN wa-‘alayhim ’an

yu‘Amila ba‘.duhum ba‘.daN bi-rU.hi al-’i_hA’i.
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Software

Encode Arabic

biruwHi {loIixaA’i ← Z� A �	gB
� ��� h� ð �QK.� ← bi-rU.hi al-’i_hA’i

Implemented in Perl and available on CPAN as Encode-Arabic:

$encoded = encode "buckwalter", decode "arabtex", $decoded

$encoded = encode("buckwalter", decode("arabtex", $decoded))

Implemented in Haskell and available along with ElixirFM:

encoded = encode Buckwalter $ decode ArabTeX decoded

encoded = encode Buckwalter (decode ArabTeX decoded)

encoded = (encode Buckwalter . decode ArabTeX) decoded

[cmd] decode ArabTeX < decode.d | encode Buckwalter > encode.d
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