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The study of Arabic Phrase Structure Grammar (PSG) represents a critical intersection between classical
philology and modern computational linguistics. As a language characterized by high morphological complexity, a
non-concatenative root-and-pattern system, and flexible word order, Arabic presents unique challenges for formal
syntactic modeling. This article provides an in-depth technical examination of how phrase structures are formulated
in Arabic, evaluating traditional grammatical frameworks alongside modern generative theories such as X-Bar
Theory, Head-driven Phrase Structure Grammar (HPSG), and Generalized Phrase Structure Grammar
(GPSGQG).

1.Theoretical Foundations: Traditional vs. Modern Syntactic Frameworks

To understand Arabic phrase structure, one must reconcile the traditional Arab grammarians' classification with
modern Western linguistic theories. Traditional Arabic grammar, pioneered by scholars like Sibawayh, divides
sentences into two primary categories: the Nominal Sentence (al-Jumla al-Ismiyya) and the Verbal Sentence (al-
Jumla al-Fi'liyya).

1.1 Traditional Arabic Categorization

« Nominal Sentence: Consists of a Mubtada' (Subject/Topic) and a Khabar (Predicate/Comment). The structure
is generally [NP + NP] or [NP + VP].

¢ Verbal Sentence: Consists of a Fi'l (Verb) and a Fa'il (Agent/Subject). The prototypical structure is [V + NP].

1.2 Modern Generative Perspectives

Modern linguistics, particularly following Chomsky’s Generative Grammar, seeks to find a universal template for
these structures. The X-Bar Theory is frequently applied to Arabic to map out the hierarchical relationship between
heads and complements. In this framework, every phrase (XP) consists of a head (X), a complement, and a
specifier. For Arabic, this allows for a more nuanced representation of the Noun Phrase (NP) and Verb Phrase
(VP), accommodating the language's rich agreement features.

2.The Arabic Noun Phrase (NP) and the Genitive Construct

The Arabic Noun Phrase is governed by strict rules of agreement and annexation. One of the most distinctive
features is the Idafah (Genitive Construct), which is a fundamental building block of Arabic syntax.

2.1 The Mechanics of Idafah (Annexation)

The Idafahstructure consists of two or more nouns placed in succession to indicate possession or relationship.
The technical requirements for a valid Idafah are:

1. The Mudaf (First Term): Must not have a definite article (al-) or nunation (tanween). It derives its definiteness
from the second term.
2. The Mudaf llayh (Second Term): Must always be in the Genitive Case (Majrur).



2.2 Noun-Adjective Agreement

Unlike the Idafah, where the first term is stripped of the definite article, an adjective modifying a definite noun must
also take the definite article. This creates a clear distinction in phrase structure between "the big
house" (Attributive) and "the house of the teacher" (Possessive).

Table 1: Structural Comparison of Arabic Noun Phrases



Feature Idafah (Annexation) Sifah (Adjective Phrase)

Definiteness Agreement First term is never definite via 'al-' Adjective must match Noun's
definiteness

Case Marking Second term is always Genitive Adjective matches Noun's case
Semantic Relation Ownership, Origin, or Partitive Qualitative description
Example Kitabu al-Talibi (The student's book) al-Kitabu al-Jadidu (The new book)

3. Analyzing Word Order: VSO vs. SVO Transitions

One of the most debated topics in Arabic Phrase Structure Grammar is the underlying word order. While Modern
Standard Arabic (MSA) is often categorized as a VSO (Verb-Subject-Object) language, SVO (Subject-Verb-
Object) is equally prevalent, particularly in topicalized contexts.

3.1The Agreement Asymmetry

A fascinating technical phenomenon in Arabic syntax is the "Agreement Asymmetry." When the verb precedes the
subject (VSO), it typically only agrees with the subject in Gender, remaining in the Singular form even if the
subject is plural. However, when the subject precedes the verb (SVO), the verb must show Full Agreementin
Gender, Number, and Person.

Mathematical Logic of Agreement:
V be the Verb, S be the Subject, Gdie Gender, and N be Number.
V + S, then Agreement(V, S) = {G} - If Word Order =
S + V; thevoAdy@eteent(V, S) = {G, N}

3.2Word Order Variations and GPSG

The Generalized Phrase Structure Grammar (GPSG) framework, as explored by researchers like Gazdar et al.,
treats word order variations through ID/LP rules(Immediate Dominance and Linear Precedence). In Arabic, ID
rules define that a Sentence (S) consists of a Noun Phrase (NP) and a Verb Phrase (VP). The LP rules then allow
for the flexibility seen in MSA, where the Verb can move to the head of the sentence to satisfy specific discourse-
level requirements, such as focus or emphasis.

4. Computational Models: DCG and HPSG for Arabic

In the realm of Natural Language Processing (NLP), the formalization of Arabic grammar is essential for
developing accurate parsers and machine translation systems. Two prominent models used are Definite Clause
Grammar (DCG) and Head-driven Phrase Structure Grammar (HPSG).

4.1 Definite Clause Grammar (DCG)

DCG is a way of expressing grammar rules in logic programming (Prolog). Ayman Elnaggar’s seminal work in 1990
demonstrated that Arabic's complex morphology can be integrated into DCG by treating morphological features as
arguments in the grammar rules. This allows the parser to enforce agreement (Gender, Number, Case) during the
derivation process.

4.2 Head-driven Phrase Structure Grammar (HPSG)



HPSG is a constraint-based, non-derivational grammar framework. It is particularly suited for Arabic because it
uses Feature Structures and Unification. In an Arabic HPSG, a word is not just a string but a complex set of
features including:

PHON: Phonological representation. -

SYNSEM: Syntactic and semantic information.

HEAD: Parts of speech and case/mood.

VALENCE: Requirements for complements and specifiers.

HPSG allows for the modeling of "clitics" (attached pronouns and prepositions), which are a hallmark of Arabic. By
treating clitics as lexical items that combine via unification, HPSG avoids the need for complex movement rules
found in Transformational Grammar.

5. Case Marking (I'rab) and Its Role in Phrase Structure

I'rab(Inflectional morphology) is the mechanism by which Arabic indicates the grammatical role of a noun within a
phrase. There are three primary cases:

1. Nominative (Marfu'): Typically indicates the Subject (Fa'il) or the Topic (Mubtada').
2. Accusative (Mansub): Typically indicates the Direct Object (Maf'ul Bihi).
3. Genitive (Majrur): Follows prepositions or appears as the second term in an Idafah.

In a Phrase Structure Tree, the case feature is passed down from the functional heads to the lexical heads. For
example, the Tense Phrase (TP) assigns the Nominative case to the NP in its specifier position.

6. Comparison Matrix of Grammar Theories applied to Arabic



Theory Primary Mechanism Handling of Word Order Suitability for NLP

Traditional Grammar Functional roles (Subject/ Descriptive/Fixed Low (requires formalization)
Predicate) categories

X-Bar Theory Hierarchical Tree Structures Movement (Move-alpha) Medium

GPSG ID/LP Rules Linear Precedence High (Efficient Parsing)

constraints

HPSG Feature Unification Constraint-based Very High (Complex
Morphology)

7. Practical Implementation: A Step-by-Step Guide to Parsing Arabic Phrases

For technical writers and engineers building Arabic linguistic tools, the following procedural workflow is
recommended for implementing a Phrase Structure Parser:

Step 1. Morphological Pre-processing

Arabic is an agglutinative language where a single word can contain a conjunction, a preposition, a root, and a
pronoun (e.g., wasayaktubunaha - "and they will write it"). A stemmer or morphological analyzer (like MADAMIRA
or CAMeL Tools) must first segment the word into its constituent morphemes.

Step 2: Tagging Case and Agreement
Once segmented, each morpheme must be tagged with its grammatical features. This includes identifying the
Gender (M/F), Number (S/D/P), and Case (N/A/G). These tags are essential for resolving syntactic ambiguity.

Step 3: Constructing Local Trees

Identify the Headof each phrase. In a Verb Phrase, the verb is the head. In an Idafah, the first noun is the head.
Use the rules of PSG to group these into higher-level constituents (NP, VP, PP).

Step 4. Constraint Validation

Apply agreement checks. If a parser encounters an SVO structure where the verb does not match the subject in
number, the parse tree should be rejected. This is where Unification-based grammarsexcel, as they treat
agreement as a logical constraint.

8. Troubleshooting Common Parsing Errors in Arabic PSG

When developing phrase structure models for Arabic, researchers often encounter specific failure modes.
Understanding these is key to refining the grammar.

8.1 Structural Ambiguity in Idafah vs. Sifah

Error: The parser confuses an adjective following a noun phrase for the second part of an Idafah.Solution:
Implement a rule that checks for the presence of the definite article 'al-". If the second term has 'al-' and is an
adjective, it is likely a Sifah (Modifier), not a Mudaf llayh, unless the entire phrase is part of a larger construct.

8.2 Pro-Drop and Null Subjects

Error: The parser fails to find a Subject (NP) for a Verb (VP).Solution: Arabic is a Pro-Drop language, meaning
the subject can be implicitly contained within the verb's morphology. The PSG must include a rule allowing for a



"Null Subject" (represented as pro) where the verb's features satisfy the sentence's requirements for a subject.

8.3 Coordinating Conjunctions

Error: Misaligning phrases joined by "wa" (and).Solution: Use Coordination Rulesthat  ensure  the  joined
elements are of the same syntactic category (NP + NP, or VP + VP). Arabic allows for complex coordination that
may split an Idafah, which requires high-level look-ahead logic in the parser.

9. Broader Implications for Natural Language Processing

The advancement of Arabic Phrase Structure Grammar is not merely an academic exercise; it has profound
implications for Sentiment Analysis, Machine Translation (MT), and Artificial Intelligence. Most modern MT
systems (like Transformer-based models) rely on attention mechanisms that implicitly learn these phrase
structures. However, for low-resource dialects or high-precision legal/medical translation, incorporating explicit PSG
constraints can significantly reduce "hallucinations" and grammatical errors in generated text.

Furthermore, understanding the Information Structure (how new vs. old information is presented) within Arabic
phrases helps in developing better Text Summarization tools. By identifying the Mubtada'(Topic) across different
sentences, an algorithm can more accurately determine the core theme of a document.

In conclusion, the phrase structure of the Arabic language is a sophisticated system that balances rigid
morphological rules with flexible word order. Whether analyzed through the lens of traditional grammar or modern
computational frameworks like HPSG and DCG, the underlying logic remains consistent: a reliance on head-
complement relationships, strict agreement protocols, and the vital role of case marking. As computational tools
continue to evolve, the integration of these formal linguistic structures will remain the cornerstone of achieving
human-level fluency in Arabic NLP applications.
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