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OPTIMALITY THEORY

Primary Disciplinary Field(s): Linguistics (Phonology, Morphology, Syntax), Cognitive Science,

Decision Theory, Evolutionary Biology.

Proponents: Alan Prince and Paul Smolensky (1993).

1. Core Principles

Optimality Theory (OT) is a highly influential theoretical framework that posits that observable

output structures, particularly in language, arise from the optimal satisfaction of competing

universal constraints. Unlike classical rule-based generative models which rely on sequential steps

and derivations, OT operates on a system of parallel evaluation. The fundamental idea is that for

any given input, the cognitive system generates a massive (often infinite) set of possible output

structures, or candidates, and a universal, yet violable, set of constraints evaluates these

candidates. The candidate that achieves the highest ranking, meaning it satisfies the most

important constraints (those ranked highest in a language-specific hierarchy), is selected as the

optimal, and thus, the actual realized output.

The theory radically restructures the understanding of linguistic variation. Prior frameworks

attributed differences between languages to variations in their specific sets of phonological or

syntactic rules. In contrast, OT proposes that all languages share the exact same set of constraints

(often denoted as CON). The differences observed across the world's languages--such as why

Japanese avoids consonant clusters while English allows them--are solely the result of how these

universal constraints are ranked relative to one another within the grammar of that specific

language. This insight provides a powerful mechanism for explaining both the universality of

underlying linguistic pressures and the surface diversity of linguistic forms.

Central to OT is the concept of violability. Constraints are not absolute rules; they can and must

be violated if the violation leads to the satisfaction of a more highly ranked constraint. The process

is not about finding a candidate that violates zero constraints, but rather the candidate whose

pattern of violations is the least severe according to the specific ranking imposed by the language's

grammar. This approach mirrors real-world decision-making where the optimal solution is often a

compromise between conflicting goals, such as maximizing utility while minimizing risk, or, in the

linguistic context, maintaining fidelity to underlying structure while ensuring pronouncability

(minimizing markedness).

2. Historical Development

Optimality Theory emerged primarily from research in generative phonology in the early 1990s,

catalyzed by the seminal work of Alan Prince and Paul Smolensky in their 1993 technical report,
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"Optimality Theory: Constraint Interaction in Generative Grammar." While rooted in the tradition of

Noam Chomsky's generative grammar, OT was designed as a direct response to the perceived

inadequacies of earlier rule-based models, such as those formalized in The Sound Pattern of

English (SPE). Rule-based systems struggled to capture global patterns and often required

complex, arbitrary rule ordering to generate correct outputs, leading to a lack of explanatory depth

regarding why certain patterns of linguistic change or structure were preferred universally.

The conceptual groundwork for OT was laid by earlier constraint-based approaches, particularly

Government and Licensing theories and early functionalist critiques, which emphasized the role of

universal preferences in shaping surface forms. However, Prince and Smolensky formalized the

system by introducing the critical innovation of the strict, inviolable ranking of constraints. This

ranking mechanism transformed constraint interaction from a descriptive tool into a powerful

predictive engine, capable of modeling typological variation by simply permuting the constraint

hierarchy. The initial success in modeling complex phonological phenomena--such as stress

placement, syllable structure, and harmony processes--cemented OT's position as a leading

theoretical model.

Following its establishment in phonology, Optimality Theory rapidly expanded its scope, leading to

OT applications in morphology, syntax, and even semantics. In syntax, OT provided an alternative

to derivational approaches, proposing instead that sentences are generated by a parallel

evaluation of all possible syntactic structures based on competing constraints like word order

preference (markedness) versus thematic role integrity (faithfulness). This expansion solidified OT

not just as a theory of phonology, but as a general theory of cognitive realization, suggesting that

the optimal output model might characterize the interaction of conflicting cognitive pressures in

domains far beyond language.

3. Key Concepts and Components

GEN (Generator): This function takes an underlying input (e.g., a lexical item, a semantic

representation, or a deep structure) and generates the candidate set--an unconstrained, possibly

infinite set of potential output forms. The principle of Richness of the Base dictates that GEN

must be robust enough to generate every conceivable output structure regardless of whether it

aligns with the language's surface patterns. This ensures that the grammar's predictive power lies

entirely within the constraint ranking.

CON (Constraints): CON represents the set of universal, innate principles that evaluate the

candidates produced by GEN. These constraints are highly generalized and often express

conflicting demands. For example, some constraints favor structural simplicity and ease of

articulation (markedness), while others demand that the output must faithfully reflect the input

structure (faithfulness).

H-Eval (Harmonic Evaluation): The core computational mechanism that compares all candidates
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generated by GEN against the ranked constraints (CON). H-Eval determines the "harmonic" or

optimal candidate by finding the one that results in the fewest, or least severe, violations of the

highly ranked constraints. This evaluation is typically visualized using a tableau, which meticulously

compares the violation profiles of competing candidates.

Constraint Ranking (The Hierarchy): The ranking of constraints is the mechanism responsible

for linguistic diversity. While CON is universal, the hierarchy, or the relative importance of these

constraints (e.g., C1 >> C2 >> C3), is specific to each language and must be learned by the

language acquirer. A difference in ranking dictates whether a language prioritizes maintaining the

underlying form (high-ranked Faithfulness) or simplifying the surface form (high-ranked

Markedness).

Faithfulness and Markedness: Constraints are typically categorized into these two major,

opposing forces. Faithfulness constraints require identity between the input and the output. A

high ranking for a Faithfulness constraint means the language prefers to realize every detail of the

underlying form, even if it results in complex or difficult-to-articulate structures. Markedness

constraints enforce structural preferences, demanding outputs that are simple, canonical, or

universally preferred (e.g., avoiding complex syllables or long strings of identical sounds). The

observed patterns of a language are a direct reflection of the trade-off established by the ranking

between these two constraint types.

4. Applications and Examples

The most robust and successful application of Optimality Theory remains in the domain of

phonology. For instance, OT elegantly explains the phenomenon of vowel epenthesis (vowel

insertion) versus consonant deletion in different languages. Consider the input sequence /tl/. In a

language like Spanish, which strictly enforces a Markedness constraint against complex onset

clusters (e.g., *COMPLEX ONSET), this constraint is highly ranked above a Faithfulness constraint

(e.g., MAX INPUT--which demands that all input segments must appear in the output). The optimal

output for /tl/ in Spanish is typically realized with a preceding vowel, such as /e.tl/, demonstrating

that the need for simple syllable structure outweighs fidelity to the underlying form. Conversely, in a

language like English, the Faithfulness constraints are highly ranked, allowing the complex cluster

/tl/ to surface, reflecting a different, language-specific constraint hierarchy.

Beyond phonology, OT has provided significant insight into issues of morphological realization and

syntax. In morphology, OT can explain why certain morphemes (like plurals or tense markers)

surface differently depending on their adjacent sounds or grammatical context, treating the

selection of the correct allomorph as an optimization problem constrained by factors such as

agreement, alignment, and prosodic requirements. In syntax, the framework has been applied to

explain constituent order variation and "movement" operations. For example, determining the

optimal word order in a clause involves evaluating candidates against high-ranked constraints that

favor the preservation of thematic structure (Faithfulness) versus constraints that require the
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placement of informationally salient elements in prominent positions (Markedness).

The generalized framework of optimization has also proven valuable outside of core linguistics,

demonstrating the theory's potential as a broader cognitive model. In Evolutionary Biology,

optimality models analyze behavioral constructs as solutions to environmental pressures, where

the optimal behavior maximizes fitness under competing constraints like energy expenditure

versus resource acquisition. Similarly, in Cognitive Science and Psychology, OT principles inform

models of perception and decision-making, where the perceptual system selects the "best fit"

interpretation of ambiguous sensory input based on the optimal balance between input fidelity and

cognitive simplicity. This suggests that the principle of constrained optimization may be a

fundamental organizational principle of the brain, extending far beyond the structures of human

language.

5. Criticisms and Limitations

Despite its widespread adoption, Optimality Theory faces several significant theoretical and

empirical challenges. One persistent criticism centers on the nature of the Generator (GEN). If

GEN is truly unconstrained and generates an infinite set of candidates, the explanatory burden

shifts entirely to the constraints and their ranking. Critics argue that an overly powerful GEN makes

the theory potentially unfalsifiable, as any observed linguistic pattern can theoretically be

accounted for by some specific, potentially arbitrary, ranking of the universal constraints.

Furthermore, the theory has been challenged regarding the explanatory depth of the constraints

themselves; determining why certain constraints exist, or why they are universal, often falls outside

the scope of OT, necessitating appeal to functional or historical explanations.

Another major area of debate concerns the learnability and explanatory adequacy of the model,

particularly regarding language acquisition. Children learning a language must deduce the correct,

often highly complex, constraint ranking based only on the positive evidence (the grammatical

outputs) they encounter. Critics question whether the learning algorithms currently proposed within

OT are sufficiently constrained or efficient to rapidly converge on the correct ranking without relying

on negative evidence, which is typically assumed to be unavailable to the child. Furthermore, the

inherent categorical nature of strict ranking struggles to account for phenomena involving gradient

variation, optionality, or statistical tendencies, which are increasingly important in empirical

linguistic data and often require supplementing OT with probabilistic or stochastic modeling

frameworks.

Finally, there are ongoing debates regarding the formal power of the theory and the "Richness of

the Base" hypothesis. While the hypothesis that all inputs are possible and that the constraints do

all the work is central to OT's elegance, it raises empirical questions about the status of underlying

representations. If the input is fully abstract, it can lead to complex and non-intuitive underlying
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forms that are difficult to justify independently. If OT is too powerful--meaning that the constraint

set allows for the prediction of virtually all possible linguistic typologies--it may fail to make

sufficiently strong predictions about impossible or unattested linguistic patterns, thereby limiting its

contribution to the theory of language universals.

Further Reading

Optimality Theory (Wikipedia)

Optimality Theory: Constraint Interaction in Generative Grammar (Prince & Smolensky, 1993/2004)

Optimality Theory in Linguistics (Oxford Bibliographies)
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