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Phrase-Structure Grammar (PSG)

Primary Disciplinary Field(s): Linguistics (Syntax, Formal Language Theory), Computer Science

(Automata Theory)

Proponents: Noam Chomsky, Leonard Bloomfield (structuralist precursors)

1. Core Principles

Phrase-Structure Grammar (PSG) constitutes a type of generative grammar wherein a formalized

system of phrase-structure rules is utilized to depict the structure of a sentence. This system aims

to account for the grammatical arrangements that both produce the form of a sentence and define

its acceptability within a given language. Unlike early structuralist approaches which focused solely

on segmentation and labeling of immediate constituents, PSG provides a set of explicit instructions

(rewrite rules) capable of generating an infinite set of well-formed sentences from a finite set of

rules and lexical items. The fundamental principle is that linguistic structure is hierarchical rather

than merely linear, meaning that words group together into phrases, which in turn group into larger

phrases, ultimately forming a complete sentence structure.

The central mechanism of PSG involves the breakdown of larger syntactic categories into their

component parts. For instance, a sentence (S) is defined as being composed of a Noun Phrase

(NP) and a Verb Phrase (VP). This decomposition is represented by a formal rule, such as S → NP

VP. By applying these rules recursively, the grammar defines the deep structure, or phrase marker,

for every generated utterance. This structural description is critical because it reveals the non-

linear relationships and dependencies necessary for semantic interpretation. While simple in

concept, the explicit, formal nature of PSG rules makes it highly valuable for modeling language in

both theoretical linguistics and computational applications.

2. Historical Development

The intellectual precursors to PSG can be traced back to the structuralist tradition of the mid-20th

century, particularly the work on immediate constituent analysis championed by linguists like

Leonard Bloomfield. This analysis recognized that grammatical structure is built from nested,

binary groupings. However, PSG gained its formal and influential footing with the development of

Generative Grammar by Noam Chomsky in the 1950s. Chomsky formalized the notion of a

grammar as an explicit, mathematical model capable of describing a speaker's competence, rather

than just classifying observed data.

In Chomsky's early models, the phrase-structure component served as the foundational base for

generating the underlying structure of sentences. This base component utilized a set of PS rules,

which were then fed into a second, transformational component. The formal mathematical
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properties of these grammars were quickly integrated into computer science, forming the basis of

the Chomsky Hierarchy, which classifies formal languages based on the complexity of the rules

required to generate them. The application of PSG rules corresponds primarily to Type 2, or

Context-Free Grammars (CFG), a class that remains central to parsing technology.

3. Key Concepts and Components

Phrase-Structure Grammars are defined by four primary components: a set of non-terminal

symbols, a set of terminal symbols, a starting symbol, and a set of production rules. These

elements work in concert to systematically derive valid phrase markers. The non-terminal

symbols are abstract syntactic categories (e.g., S, NP, VP), while the terminal symbols are the

actual lexical items (words) that constitute the language. The starting symbol, typically 'S'

(Sentence), initiates every derivation.

The most crucial component is the set of rewrite rules, also known as production rules. These

rules dictate how a non-terminal symbol can be replaced or expanded by a sequence of other

symbols. For example, the rule NP → Det N states that a Noun Phrase can be rewritten as a

Determiner followed by a Noun. The application of these rules results in a phrase marker, typically

visualized as a tree diagram, which explicitly illustrates the hierarchical relationships between the

words and constituents in the sentence. This diagram shows exactly which words form which

phrases, providing a precise structural description necessary for semantic analysis.

Non-Terminal Symbols: Abstract categories representing syntactic units (e.g., Noun Phrase, Verb

Phrase).

Terminal Symbols: The actual words or morphemes of the language (the lexical items).

Rewrite Rules (Production Rules): Formal statements defining how constituents can be

expanded (e.g., VP → V NP).

Phrase Markers (Tree Diagrams): The hierarchical representation generated by applying the

rules, illustrating the sentence's immediate constituent structure.

4. Formal Constraints and the Chomsky Hierarchy

Within the Chomsky Hierarchy of formal languages, PSG primarily corresponds to Type 2, or

Context-Free Grammar (CFG). A grammar is deemed context-free if its production rules only

involve a single non-terminal symbol on the left-hand side, regardless of the surrounding context.

This formal restriction is expressed as A → β, where A is a single non-terminal, and β is any

sequence of terminals and/or non-terminals. This structure is powerful enough to model

fundamental linguistic properties like recursion (e.g., embedded clauses or infinitely long

possessive chains) and nesting, which are characteristic of human language.

The CFG model's computational simplicity makes it highly desirable for algorithmic processing.
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Algorithms exist that can efficiently determine whether a string of words is grammatical according

to a given CFG and, if so, produce its parse tree. Languages that can be defined by CFGs are

known as Context-Free Languages (CFLs). While CFLs capture a vast amount of natural

language syntax, they fundamentally lack the ability to enforce certain crucial constraints, leading

to the necessity of more complex models for comprehensive linguistic description.

5. Applications in Computational Linguistics

Despite its limitations in pure linguistic theory, the CFG model of PSG remains foundational in

computational linguistics and computer science. In computer science, CFGs are indispensable for

defining the syntax of virtually all modern programming languages. A compiler uses a CFG to

parse source code, ensuring that the sequence of commands adheres strictly to the language's

defined structure before execution. If the code cannot be derived by the grammar, it is deemed

syntactically incorrect.

In Natural Language Processing (NLP), CFG forms the basis for numerous parsing algorithms,

such as the CYK algorithm and Earley parsing. These algorithms take a sentence and attempt to

generate a phrase marker based on a defined grammar, allowing machines to understand the

syntactic structure of human language. While raw CFGs are often too rigid and simplistic for the

complexities of real-world speech, they are frequently extended into frameworks like Probabilistic

Context-Free Grammars (PCFGs) or Lexicalized CFGs. These enhanced models incorporate

statistical likelihoods or specific lexical information into the rules, significantly improving

performance in tasks such as machine translation, speech recognition, and dependency analysis.

6. Criticisms and Limitations

The most significant criticisms of pure Phrase-Structure Grammar (CFG) arise from its inability to

adequately account for many intricate phenomena observed in natural languages. Linguists

demonstrated early on that CFG fails to model non-local dependencies--relationships between

constituents that are separated by arbitrary amounts of intervening material, such as those found in

wh-questions or relative clauses (e.g., "Which book did John say Mary bought?"). The rules of

PSG are inherently local, dealing only with immediate constituents, making it difficult to enforce

constraints across long distances.

Furthermore, CFG struggles with linguistic phenomena requiring context sensitivity. For instance,

in English, the subject and verb must agree in number (singular subjects require singular verbs,

and plural subjects require plural verbs). A simple context-free rule like S → NP VP cannot enforce

this agreement constraint, as it does not look inside the VP to see if the verb matches the number

of the NP. Addressing this within a pure PSG framework would require an explosive proliferation of

highly specific rules (e.g., S_sg → NP_sg VP_sg, S_pl → NP_pl VP_pl), rendering the grammar
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unwieldy and losing its desired explanatory elegance. These limitations were the primary

motivating factor behind Chomsky's shift toward Transformational Grammar, which augmented the

PS base with movement rules to handle structural relationships between sentences.

Further Reading

Phrase-structure grammar (Wikipedia)

Context-free grammar (Wikipedia)

Generative grammar (Wikipedia)
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