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Abstract

This research aims to teach the basics of Arabic syntactic analysis for
native and non- native speakers of Arabic. In this research, we apply the
structural linguistic approach through employing a tree viewer application
called PALMYRA 2.4 (a platform-independent graphical tool for syntactic
dependency annotation supporting languages that require complex
morphological tokenization.) in teaching sentence analysis. PALMYRA is
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configured to be compatible to any dependency parsing representation, and to
enable annotating many different linguistic features. It uses an interface that
relies on drag-and-drop utilities.

descriptors :

. syntactic analysis- Palmyra tool- Arabic language- POS tags- syntactic
relations

Introduction

Arabic syntax is a challenging area in Arabic language sciences
for native speaker learners, as well as non-native learners. This is
because syntactically, Arabic language is a free word-order language,
opposed to fixed-word order languages like English. At the morphology
level, Arabic is morphologically rich and highly ambiguous, it has a
complicated system of morphology characterized by affixational
morphemes and complex morphological rules. Missing diacrtization in
Arabic written materials makes the analysis process more challenging.
One of the main reasons that help in syntactic analysis of Arabic
sentences is understanding the meaning from the context and from the
non-linguistic background, that is why ancestors argued that “E‘rab
(syntactic analysis) is meaning”, and that is why Automatic processing
of Arabic is challenging.

Recently, learning Arabic has begun to gain more attention among
learners across the Islamic world as well as the Western world. The
Arabic language has shifted from the language of Islam only to being
widely recognized as an international language. Thus, there has been an
urgent need to innovate pedagogical approaches to teach Arabic
grammar

What non-native speakers of the Arabic language need is to
recognize the boundaries of different Arabic structural syntactic
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components and their functions, so, the system of “E‘rab” with tree
viewer is the most appropriate and effective way that serves their needs.

There are many grammatical representations that differ in terms
of the linguistic theories on which they are based. One of these is the
Universal Dependency representation (UD) (Nivre et al., 2016) that is
applicable in a lot of languages. It is one of the most popular
representations. The Penn Treebank representation (PTB) (Marcus et al.,
1993) makes use of a constituency representation that is rich with
morphological features. Many languages, including Arabic (Maamouri
et al., 2003), English (Marcus et al., 1993), and Chinese (Xue et al.,
2005) use this representation in syntactic analysis. PTB representation is
very convenient to constituency parsing. The Prague Dependency
Treebank (PDT) (Bohmova et al., 2003) is a representation used for
annotating treebanks in Arabic (Hajic et al., 2004) and Czech (B6hmova
et al., 2003).

Advantages of PALYMRA

. It runs on all hardware platforms or software architectures
(platform-independent).

. It is easy to install.

. It can be used offline.

. It is lightweight.

. It is open-source.

. It is easy to use (requires minimal training).

. It lists all the trees sentences to be easily searched and
displayed.

. It supports rich-morphology languages (like Arabic).

. It allows drag-and-drop in assigning POS tags and syntactic

relations, and has the options of using both shortcut keys and buttons.
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. It allows the user to make tokenization by splitting and
merging nodes in the displayed trees.
. It introduces an adaptable configuration file that allows the

user to configure the list of the syntactic relations and part of speech tags
used in the representation.

. It can be extended to annotate other morphological features
that go beyond POS tags and syntactic relations.

Related work

Many representation softwares have been developed in the context
of syntactic analysis and morphological analysis. Most of these tools
were created for natural language processing (NLP) purposes to improve
automatic syntactic and morphological analysis. None of these tools
were developed for language learning purposes. TrEd (Pajas and
Tepanek, 2008), EasyTree (Little and Tratz, 2016), ConlluEditor, and
the Quran corpus tree viewer tool are all examples of these
representation softwares.

TrEd is a graph visualization software written in Perl. It has been
used in many treebank projects including Prague Arabic Dependency
Treebank (Hajic et al., 2004) and Columbia Arabic Treebank (CATIB)
(Habash and Roth, 2009). The limitations of TrEd are that it is a
standalone software and cannot be run through a web browser. In
addition to it does not have a simple option for word tokenization. Also,
it is difficult to install and learn.

EasyTree (Little and Tratz, 2016) is a light-weight software
developed for annotating dependency trees in browsers. PALMYRA is
developed on the base of it. One of the limitations of this tool is that it
doesn’t support word tokenization. Also, it does not maintain sentence
order of nodes.
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ConlluEditor tool (Heinecke, 2019) is a fully graphical editor for
manual annotation. It allows editing morphological features and
syntactic relations. It has the functionality for merging and splitting
words. Also, it displays multi-word tokens and empty nodes. One of its
limitations is that it uses a client-server architecture.

Quran corpus tree viewer tool (Kais Dukes and Tim
Buckwalter, 2010) is used in annotating the Quranic Arabic dependency
treebank (QADT) and displaying Quran verses using dependency
graphs. These graphs show how each word is related in the Quran verse
and what syntactic role it plays in building up a complete syntactic tree.
Quran corpus is an Arabic annotated linguistic resource presents the
morphology and the syntactic role for each word in the Quran. It
provides three levels of analysis: morphological annotation, a syntactic
treebank and a semantic ontology. Each word of the Quran is tagged with
its part-of-speech and several morphological features. The grammar
framework adopted by the Quran Corpus is the traditional Arabic
grammar of i'rab (<)_e)).

The linguistic framework

PALMYRA takes a configuration file as an input. The
configuration file specifies the various configuration and annotation
options for the tool. The most important use of the config file is to
specify the inventory of POS tags available for morphological tagging
process, and the syntactic relations available for syntactic tagging
process. One of the main advantages of PALMYRA tool is that it allows
users to define their own morphological tag set and syntactic relations.
In this way, user can propose different syntactic representations and can
control the depth of the morphological and syntactic analysis.
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Figure 1: POS Tags and syntactic relations

Part-Of-Speech (POS) tags

There are three main POS tags in the traditional Arabic grammar
classification. These are noun, verb and particle. Each of these main POS
tags can be divided into many subordinate classes according to
morphological and semantic considerations.

Noun (a~!): a content word that has a meaning itself and not
associated with time. Subordinate classes include:

Interrogative nouns (pleiiuy) sland): like (— 13t — i — (ul - oS - oS

S - - e L)
i?ZO |
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Deverbal nouns (Uabadl - Js2iall aul — Jeldll anl): nouns that are
derived from verbs or verb phrases, but that behave grammatically
purely as nouns, not as verbs. However, in some cases it may be a head
of subject or object.

Pronouns (keall) include:
Implicit pronouns (il yeall) which, in turn, include:

Compulsory Implicit (U4isY) «als): in cases of present verb
referring to 1°t person pronoun (1 write “"<=Si — we write "<<i"), present
verb referring to 2" person masculine singular pronoun (you [sg-mas]
write "(&xf) «iS ), and  imperative referring to 2" person masculine
singular pronoun (write {you[sg - mas]} <s/).

Optionally Implicit (LEiY) ls): includes any other cases than
compulsory implicit.

Prominent pronouns (,aWall ,wxll) which, in turn, include:
Attached pronouns (3=l jwzll) which include:

Object pronouns (Js=&all yilws) that include:

1%t person (4 - )

2" person (OS- - oS- LS - el - dl)

3 person (i - ae - bee - Le-4)

Subject pronouns (J=léll ylaa) which include 1% person pronouns
(b — &), 2" person pronouns (s — o - & — & — Wi — < — &) and 3" person
pronouns (o -'s - ).

Detached pronouns (Jw—éill jeall) which include:
Accusative pronouns («x=ill i) which, in turn, include:
1% person (LWL — ),

2nd person (CSU - Sb) — LSl — &l — &)
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3rd person (Ol - salyl — Laaly) — lal — oL))

Nominative pronouns (gl i) which, in turn, include:
1%t person (o - Ul)

2nd person (Gl - bl — Laiif — ol — i)

3rd person ((» — aa — Lt — & — )

Proper nouns (s ~): the names of a particular persons, countries,
places, organizations, or things.

Verbal nouns (Jw=¥ ¢laud) include:
Present verbal nouns (& — & — 5 o5l)
Past verbal nouns (ule s - Qs — Cilgn)

Imperative verbal nouns (4w — cpel — &a — — clalal — lilka - 155 o
pi - alh — g ) —clign— clile)

Relative pronouns (L - 5501 — gl — allle glalll — 3l — gall)
Demonstrative pronouns (<ilsi - ¢¥ s - ol — ¢)laa — s2a — 12)
Conditional conjunctions (Wi - S — cnl — e — Ll — Le— a — 13))
Interrogative pronouns: (< - ol — i — 13l — (53)

Adverbs: (O - Db — 0¥ — 2 — Ji— Cai— 58— o) 5 — ala — alal)

Verb (J=8): a content word that has a meaning itself and is
associated with time. Subordinate classes include:

Past verbs (sl J=all)
Present verbs (¢ Juadl Jaill)
Imperative verbs (<Y J=i)

Passive voice verbs (&30l i ¥ 8 J seaall cli) dipa)

@
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Verbal infinitive (33 xadl): a combination of « =il + ¢
&)La.d’ > or “gs*bw\ Jeall + L

Incomplete verbs (silll Jxi¥1) which include:

Kana and its sisters (&l sals ) — b - b — sl — maal — (S)
(oo l—dk

Kada and sisters (Ll sal 5 3S): (=l — il — we — 0 S —eli gl as
...... g )

Particle: a stop word that has no meaning in itself, but it gets its
meaning from the surrounding context. Subordinate classes include:

Verb-like particles (J=ilu dgiiall cag yall): (Jad — cd — GlS - G — ),
"¥" as a verb-like particle (Lall 4860 Y)

Negation particles (sl - &l — O - Y)

Conditional particles (¢! - Lest - ¥ 5l - 5l)

Vocation particles (csf - Gs — Ui —T-1)

Prepositions (8 - = — ) — & — le — )

Exception particle (¥))

Interrogative particles (I - Ja)

Coordinating Conjunction (4 — s — & — )

Infinitive particles (vadl ajall): they precede verbs to
combine an indirect Verbal infinitive structure (o - ).

Other particles (...... &) — Wl — s — 38— 3 5)
Syntactic relations

Performing syntactic analysis in the dependency framework
involves two inter-related steps: attachment and labeling (Zabokrtsky
and Smrz, 2003; Habash and Rambow, 2004; Habash et al., 2007; Smrz
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et al., 2008; Tounsi et al., 2009). The attachment indicates that there is a
syntactic relationship between two words, “the head word” (or
governing) and ‘“the dependent word” (or governed). The labeling
specifies the type of each attachment by assigning “labels” or “relations”
for each attachment. For example, the “subject” relation may label the
attachment of a dependent noun to a heading verb, where the noun is the
subject of the verb. This section provides a review of the different
syntactic relations used in learning basics of Arabic syntactic analysis
textbook. These relations can be divided into five categories
(Nominative relations - Accusative relations - Genitive relations —
modifiers — subordinate clauses)

Nominative relations

It marks the explicit syntactic

Active subject (Jelall : :
ject ( ) active subjects of verbs
Passive subject (<L It marks the explicit syntactic
Jelall) passive subjects of verbs

It marks the predicate of the
subject regardless it appears before
or after the subject

Subject-predicate ( >
Iiall)

It marks the subject of
incomplete verbs (Lilsaly oS - s
Ll sals - 4 jlaall L)

Subject of incomplete
verbs (L) sal s S aul)

It marks the predicate of verb-
like particles (Wilsals o) -4l
oaiall)

Tablel: the nominative syntactic relations and their references

Predicate of verb-like
particles (Lilsals o) »3)

@
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Figure2: Examples of nominative syntactic relations (Active
subject "JeWl" - Subject-predicate "l AM)

Accusative relations

Direct Object
(42 Js=iall)

It marks the object of verbs and
deverbal nouns

Absolute  object
(Gllaall J s2idll)

It marks the verbal noun (in the
accusative form) that serves to emphasize
the meaning of the main verb

Causative object
(aY J gaiall)

It marks the relation between the
verb and the noun referring to the cause of
doing this verb

Specification

)

It marks the specifier in the
specification construction

Adverb (JwJ))

It marks the noun that modifies a
verb, and gives extra information about the
manner of doing this verb
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Subject of verb- . .
like artiJcIes (o It marks the subject of verb-like
) .‘p < particles (L 53l o) ~osiall 4301 Y)
Ll Al 5)

Predicate of . .
incomplete verbs (s It marks the predicate of incomplete
R .‘p. > verbs (L) 3l s S Ll sal 5 IS - 4 jlaall )
Ll a5 oS)

. Table2: the accusative syntactic relations and their references

O (s
(e Jod
da i Gl Jeld
o idals O = O Caded o (G)
ol it ey i jpaa
ddals A Claslad () () s

Figure3: Examples of accusative syntactic relations (Direct object
"4y Jerdall" — Adverb "Jadi™)

Genitive relations

Possessive It marks the possessor in an "Edafa"
construction (ddLxy!) construction.

It marks the relation between the
preposition and the following genitive noun
(Lsoaall an)),

Genitive noun

(Lol s Jall)

. Table3: the genitive syntactic relations and their references
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O plak)
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Figure4: Examples of genitive relations (Possessive construction
"AdLal" — Genitive noun "ossaas ")

Modifiers

They refer to nouns that follow the preceding word in case ending
and other morphological features. There are four modifiers in Arabic
language, they are:

o Adjectival modification
. Apposition modification
o Emphasis modification

. Coordinating conjunction
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Subordinate Clauses

Condition clause

It marks the relation between the
condition particle and the condition clause

b al) dlea
(B8 Aes) after it

Condition- It marks the relation between the
consequence clause | condition particle and the consequence
(B ol 5a) clause.

Oath clause (4l

-

It marks the relation between the
oath particle and the oath clause after it

Oath-consequence
clause (& <l 5a)

It marks the relation between the
oath particle and the oath-consequence
clause

Relative clause

(3l )

It marks the relation between the
relative pronoun and the relative clause

Parenthetical
clause (sl yie V) dleall)

It marks the relation between the
head of the main sentence and the
Parenthetical clause

Attachment clause

It marks the relation between the
verb and the prepositional phrase attached
to it

. Table4: subordinate clauses with their references
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Figure5: Examples of subordinate clauses (attachment clause
" ahie ey 404" — relative clause "dla dlaa')

Head-dependent attachment

Each syntactic relation has a head/parent, and a dependent/child.
In the tree, the circle parts are called nodes, and they represent a token
in the sentence. Each node has the token name next to it, as well as the
node’s POS tag. The relation between the two QO Head/Parent
nodes is on the line that connects them.

In Arabic, there are two types of sentences;
verbal sentence and nominal sentence. Verbal
sentence consists of a verb, usually followed by a g Dependent/chila
subject, object, and other modifiers. In these
sentences, the verb is the sentence head, and the
subject, object, and other modifiers are dependents.
The Basic Nominal Sentence consists of a subject
and a predicate. In these sentences, the predicate is  Dependent/ChildHead/Parent
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the head of the subject, whether the sentence order is subject-predicate,
or predicate-subject.

The Basic Nominal Sentence may be preceded by an incomplete
verb (Llsals A<y Lilaly o), a verb-like particle (W3lsals o), or
functional negation particles like ( (sl 48Ul Y- 4, Slaall W), In such cases,
the preceding verb or particle heads both the subject and the predicate.
Figure6: head-dependent attachment

Tokenization

Compared to English, Arabic has a rich and complex
morphological system. Arabic base words inflect to eight features. Verbs
inflect for aspect, mood, person and voice. Nouns and adjectives inflect
for case, state, gender and number. Furthermore, inflected base words
can attract various clitics. Clitical prefixes include determiners, particle
proclitics, conjunctions and question particles in strict order. Clitical
suffixes include pronominal modifiers. As a result of clitic attachment,
morpho-syntactic interactions sometimes cause changes in spelling or
pronunciations. Palmyra allows the user to fix the tokenization of the
sentence, in terms of segmenting words correctly, normalizing them
morpho-orthographically and correcting typographical errors

Segmentation

Affixes and clitics are marked with a “+” sign. The “+” signs are
always attached to the affixes and clitics, and not the stem part of the
word.

The following prefixes and proclitics are always segmented:

. Interrogative particle (i + «— i)
. Conjunctions (JB +5 «— J85) - (J& +ca — Jad)

@
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. Particles +J «— 4w ad) - (il +0 — i) - (G +d — 3alS)
(:\.u_)JA

. Verbal modifier particles +u» «— «iSiw) - (S +J «— iSy)
(S

The following suffixes and enclitics are always segmented:

e Pronominal enclitics - (5S+ 5w «— a5 50) - (o Sl ) — a3l )
(g € ram)
. Relative and interrogative pronouns (Let (e «— )

Normalization

Since decliticization can sometimes lead to malformed word
forms, normalization is important for transforming the resulting tokens
into their naturally uncliticized form. Words should be normalized to
look the way it would if it didn’t have any affixes/clitics attached to it.
The following are some examples of this normalization:

o Alif-Lam (—a_=ill J1) ; «Usll (11ktADb) “for-the-book’ = <Usll +J
(I+ AlktAb) (not <ust +J)

e Ta-Marbuta (ddas el £Ull) ; WidSa (mktbtnA) ‘our library’ = U+
45 (mktbh +nA) (not Lt ciky)

o Alif-Magsura (s, saidl Culill Calf) © aalidies (mst§fAhm) ‘their
hospital” 2 sa+ Adue  (mstSFy +hm) (NOt pa+ i)

o word-final Hamza (4 _kiall 3 jagll) : s 3lex / 2cler / 4dlgz (bhAWH /
bhA’h/bhAyh) ‘his glory [nom./acc./gen.]” s+ sl&2 (bhA’ +h) (not 3l
ot [ o+ 5l2)

e Waw of plurality (deleall 5l5): W 5i& (QAIWhA) ‘they-said-it’ >
la+ 1 8 (qAIWA +hA) (not a )
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Typographical errors

Some types of typos that you may find are:

o Punctuation written using numbers or letters:

“+” 1nstead of ““.” (full stop)

“y” instead of "," (numeric commas)

. Punctuation that is not separated: ". asl" «— " a sdl"

. Hamza variants (I//1/') as in (a¥) «— asy)) - (A — M)

o Ya/Alif Magsura variants (s - ) as in ( (tdiee «— (A

G &) - (H =) -
. Ta-Marbuta/ha’ variants (¢/2) as in (4 «— &) (3_bw «— o k)

o Missing spaces:

Negation particles, as in (W) L« WHk) -« LawV) - (2 Y «— )
(Lo ¥

Vocative particle, as in (ds0 b «— JdaJb)
Between words, as in (seesdl pud) «— 4 seealliad )

o Extra spaces where they do not belong: <« 4 seasll G ts)
(A seendl L))

Conclusion and future work

The different approaches of teaching Arabic language
unfortunately mainly focused on the accuracy of inflection, case ending,
and the accuracy of the rules of Arabic syntax. Unfortunately, such
tendency for teaching non-native speakers of Arabic is not practical
enough or satisfactory without visualizing the syntactic relations
between the head word and its dependents. Linking abstract rules with
concrete head-modifier visualized relations makes the learning process
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to be more practical, and the syntactic rules to be easy in understanding
and learning. So, in this paper, PALMYRA is described as a graphical
tool for visualizing and editing Arabic syntactic trees. The design of
PALMYRA 2.0 enables it to be configured to work with all syntactic
constructions. It has been specifically designed to support rich-
morphology languages (like Arabic) and to visualize the complexities of
syntactic constructions. It also allows for editing linguistic features
through simple drop-down menus and text fields. Being built entirely
using standard web technologies, PALMYRA runs on all major web
browsers.

In the future, we plan to use PALMYRA as a part of an
experimental study of comparing the performance of two groups of
students; one group studies the Arabic grammar in the traditional
approach, and the other studies in PALMYRA practical approach.
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