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From Structure to Action

A Layer Model for Information-Processing Ecosystems

Abstract

Contemporary discussions of artificial intelligence, autonomous agents, knowledge systems,
alignment, governance, and information infrastructure frequently focus on isolated
components of increasingly complex digital ecosystems. Some approaches emphasize data
structures and representation. Others concentrate on meaning, interpretation, or knowledge
formation. Still others focus on decision-making, behavior, and action.

This paper argues that these domains do not represent independent phenomena. Rather, they
describe different stages of a common transformation process.

Information-processing ecosystems may be understood as systems that transform structure
into action through meaning.

The framework proposed in this paper introduces three analytical layers: the Syntactic Layer,
the Semantic Layer, and the Operative Layer.

The Syntactic Layer concerns representation and organization. The Semantic Layer concerns
interpretation, uncertainty, entropy, recursion, and the stabilization of meaning. The Operative
Layer concerns the conversion of meaning into behavior, decisions, and action.

The paper further proposes that many contemporary discussions surrounding agentic systems,
alignment, provenance, verification, and governance occur primarily at the operative level
while often neglecting the semantic dynamics that generate the conditions for action in the
first place.

Rather than introducing a new technological framework, the paper proposes a descriptive
model for understanding how information-processing ecosystems transform structures into
meanings and meanings into operations.

The objective is not to prescribe how intelligent systems ought to behave. The objective is to
provide a unified analytical framework capable of explaining the relationship between
information, meaning, behavior, and infrastructure across biological, social, and digital
systems.

1. Introduction
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A recurring pattern can be observed throughout contemporary discussions of artificial
intelligence.

Researchers debate alighment.

Engineers debate evaluation.

Organizations debate governance.

Developers debate agent architectures.

Platforms debate trust, provenance, and verification.

Despite their differences, these discussions share a common characteristic.
They begin at the point where action is already taking place.

Questions such as:
e (Can an agent be trusted?
e Isadecision aligned?
e Can behavior be verified?
e (Can actions be governed?

all assume that a system is already capable of acting.

Yet action represents the final stage of a much longer process.
Before a system can act, it must interpret.

Before it can interpret, it must represent.

This observation suggests a more fundamental question:

How does information become action?

The present paper argues that this transformation constitutes the central process underlying
information-processing ecosystems.

Whether one examines biological organisms, human institutions, digital platforms, knowledge
networks, or autonomous agents, the same fundamental challenge appears repeatedly:
Structures must be transformed into meanings.

Meanings must be transformed into operations.

The resulting framework consists of three interconnected layers:
e Syntactic
e Semantic
e Operative

These layers do not describe technologies.
They describe functions.

Together they form a model for understanding how information-processing ecosystems
convert representation into behavior.

2. The Transformation Problem
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The dominant traditions of modern information science frequently focus on individual stages of
a larger process.

Information theory primarily concerns structure.

Cognitive science primarily concerns meaning.

Decision theory primarily concerns action.

Each discipline provides valuable insights.

Yet each tends to examine only part of the overall transformation.

The consequence is fragmentation.

Structures become disconnected from interpretation.

Interpretation becomes disconnected from behavior.

Behavior becomes disconnected from the information structures from which it emerged.

This paper proposes that these domains should instead be understood as components of a
single transformation process:

Structure

N

Meaning

N

Action

The remainder of the paper develops this proposition through a layered model of information-
processing ecosystems.

3. The Syntactic Layer

Structure Before Meaning

The Syntactic Layer represents the structural foundation of every information-processing
ecosystem.

Its central question is straightforward:
What exists?

At this level, information is represented, organized, stored, transmitted, and referenced.
The syntactic layer concerns structure rather than interpretation.

A symbol may exist without meaning.

A document may exist without understanding.

A reference may exist without trust.

A claim may exist without validation.

The existence of a structure does not guarantee that its meaning is understood.

For this reason, syntax and semantics must be treated as distinct analytical domains.
The syntactic layer provides stability through representation.
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It creates the structural conditions under which higher-order processes become possible.

Examples include:

e symbols,

e tokens,

e documents,
e records,

e (databases,

e metadata,

e ontologies,

e knowledge graphs,
e references,

e claims.

Although these structures differ substantially in complexity, they perform a common function.
They organize information.
The syntactic layer therefore answers the question of existence rather than meaning.

Representation and Persistence

Information-processing systems require persistence.
Information must survive beyond the moment of its creation.
Representation provides this persistence.

A claim written into a document can be preserved.

A reference stored in a graph can be retrieved.

Arecord entered into a database can be revisited.

Without representation, no stable information ecosystem can emerge.
Yet representation alone remains insufficient.

The syntactic layer can preserve structures.

It cannot determine how those structures will be interpreted.
This limitation introduces the next layer.

Structural Stability

One of the most important properties of syntax is stability.

Syntactic structures generally change more slowly than meanings.

The same document may be interpreted differently over time.

The same claim may acquire new significance.

The same dataset may support competing conclusions.

While meaning evolves, structure often persists.

This asymmetry allows information ecosystems to maintain continuity despite changing
interpretations.
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The syntactic layer therefore functions as the memory substrate of the system.

Structural Relationships

Information rarely exists in isolation.

Structures become increasingly valuable when connected to other structures.

References connect documents.

Claims connect evidence.

Graphs connect entities.

Ontologies connect concepts.

As relationships accumulate, information ecosystems become increasingly interconnected.
The result is not merely a collection of structures but an organized informational landscape.

However, connectivity introduces a new challenge.

The existence of relationships does not determine their meaning.

Two systems may share identical structures while producing radically different
interpretations.

The transition from structure to interpretation therefore requires an additional analytical layer.

4. The Semantic Layer

From Representation to Meaning

The Semantic Layer concerns interpretation.

Its central question differs fundamentally from that of the syntactic layer:
What does it mean?

Meaning emerges when structures are interpreted within a context.

A claim acquires significance.

A reference becomes evidence.

A document becomes knowledge.

A graph becomes a model of reality.

Unlike syntax, semantics is inherently dynamic.

Meaning is rarely fixed.

Interpretations evolve.

Contexts change.

New information appears.

Competing explanations emerge.

As a result, the semantic layer introduces instability into an otherwise stable structural
environment.

This instability is not a flaw.
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It is a necessary condition for adaptation.

Without changing interpretations, learning becomes impossible.

Without competing meanings, knowledge cannot evolve.

The semantic layer therefore represents the domain in which information becomes
understanding.

Meaning as a Dynamic Process

Traditional information systems often treat meaning as an attribute.
This paper proposes a different perspective.

Meaning should be understood as a process.

Interpretation is ongoing.

New information continuously reshapes existing understandings.

Previously unrelated structures become connected.

Existing explanations are revised.

Novel patterns emerge.

Meaning therefore behaves less like a static object and more like a dynamic system.
This distinction is important because many challenges associated with information
ecosystems originate not from structural limitations but from semantic dynamics.
The difficulty is rarely the absence of information.

More often, the difficulty lies in determining what information means.

Semantic Uncertainty

Interpretation inevitably introduces uncertainty.

The same evidence may support multiple explanations.

The same statement may be understood differently by different observers.

The same structure may participate in competing narratives.

Semantic uncertainty is therefore not an anomaly.

It is a fundamental property of meaning itself.

As information ecosystems expand, uncertainty often increases rather than decreases.
Additional information frequently creates additional interpretations.

The result is a growing gap between information availability and interpretive certainty.
This phenomenon represents one of the central pressures shaping information-processing
ecosystems.

Semantic Entropy
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As interpretations multiply, ecosystems experience semantic entropy.

In this context, entropy does not simply refer to disorder.

It refers to the proliferation of possible meanings.

Information abundance generates interpretive complexity.

Signals compete for attention.

Explanations compete for legitimacy.

Contexts compete for relevance.

Without stabilizing mechanisms, semantic entropy increases continuously.
Information ecosystems therefore face a persistent challenge:

How can meaning remain sufficiently stable for coordinated action to occur?

Recursion

One of the defining characteristics of semantic systems is recursion.

Interpretations generate further interpretations.

Explanations require explanations.

Descriptions become objects of description.

Knowledge increasingly references other knowledge.

The result is a self-referential dynamic.

Meaning evolves through repeated cycles of interpretation.

Recursion simultaneously enables complexity and generates uncertainty.

It allows ecosystems to expand indefinitely while also increasing the difficulty of maintaining
coherence.

Modern information environments exhibit recursive behavior at unprecedented scale.

This characteristic becomes particularly important in agentic ecosystems where
interpretations increasingly interact with other interpretations produced by autonomous
systems.

Attraction

Despite increasing entropy, meaning does not disperse indefinitely.
Certain interpretations acquire disproportionate influence.

Ideas cluster around common reference points.

Explanations converge around dominant concepts.

Information flows become concentrated.

This process is described here as semantic attraction.

Attraction acts as a counterforce to entropy.

While entropy expands the space of possible interpretations, attraction reduces complexity by
concentrating attention around selected meanings.
Without attraction, semantic systems would fragment indefinitely.
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Without entropy, semantic systems would stagnate.
Meaning emerges through the interaction of both forces.

Semantic Gravitation

Attraction becomes particularly significant when certain structures exert persistent
interpretive influence.

Some claims become authoritative.

Some sources become central.

Some concepts become foundational.

These structures shape the interpretation of surrounding information.

Their influence extends beyond theirimmediate content.

They alter the behavior of the semantic environment itself.

This phenomenon may be described as semantic gravitation.

The concept does not imply physical force.
Rather, it refers to the tendency of interpretations to organize around dominant reference
structures.

Semantic gravitation contributes to the emergence of:
e authority,
® consensus,
e standards,
e dominant narratives,
e canonical references.

These structures stabilize meaning while simultaneously shaping future interpretations.

Semantic Energy

Meaning is never static.

Interpretations spread, compete, reinforce one another, and decline.
Some concepts gain influence.

Others disappear.

Some structures accelerate semantic change.

Othersresist it.

This dynamic aspect of meaning may be described as semantic energy.

Semantic energy reflects the rate and intensity of interpretive transformation within an
ecosystem.

High-energy environments exhibit rapid semantic change.

Low-energy environments exhibit greater stability.
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Neither extreme is inherently desirable.
Long-term viability depends on maintaining sufficient semantic stability while
preserving the capacity for adaptation and innovation.

The Semantic Problem

The semantic layer introduces a fundamental challenge.

Action requires stable meaning.

Meaning remains inherently unstable.

The resulting tension generates the central problem addressed by the operative layer.

How can systems act effectively within environments characterized by uncertainty, entropy,
recursion, attraction, gravitation, and continuous semantic change?
The answer to this question defines the transition from meaning to operation.

5. The Operative Layer

From Meaning to Action

The Operative Layer concerns action.

Its central question is:

What follows from meaning?

The syntactic layer establishes structure.

The semantic layer establishes interpretation.

The operative layer transforms interpretation into behavior.
This transformation is neither automatic nor deterministic.
The same information may support multiple interpretations.
The same interpretation may support multiple actions.

The operative layer therefore represents the domain in which systems must respond to
uncertainty rather than eliminate it.
Unlike the syntactic layer, which focuses on stability, and unlike the semantic layer, which

focuses on interpretation, the operative layer focuses on consequence.

It is the domain of decisions, adaptation, coordination, and action.

The Operative Problem
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The semantic layer produces a persistent challenge.

Meaning remains unstable.

Interpretations compete.

Entropy increases.

Contexts change.

Yet systems must act despite these conditions.

Waiting for complete certainty is rarely possible.

Action therefore emerges not because uncertainty disappears but because systems develop
mechanisms for operating under uncertainty.

The operative layer consists of these mechanisms.

Its purpose is not to eliminate semantic complexity.

Its purpose is to make action possible within semantic complexity.

5.1 Observation

Response to Uncertainty

The most fundamental operative response to uncertainty is observation.
When meaning remains unclear, systems seek additional information.
Observation reduces uncertainty by expanding context.

The pattern appears across biological, social, and digital systems.

Before action can occur, systems often increase their understanding of the environment.
Observation therefore represents the first operative response to semantic instability.

It transforms uncertainty into informed uncertainty.

Importantly, observation does not eliminate ambiguity.

It merely improves the quality of available interpretation.

Operative Function

Observation serves three purposes:
e uncertainty reduction,
e environmental awareness,
e decision preparation.

Without observation, systems become detached from environmental conditions.

As a result, observation forms the primary interface between semantic dynamics and
operative behavior.

10
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5.2 Signaling

Response to Semantic Entropy

Observation alone becomes insufficient as information environments expand.

Systems cannot process unlimited information.

They require mechanisms that reduce complexity.

Signaling emerges as a response to this challenge.

Signals compress information.

Rather than evaluating every available interpretation, systems rely upon indicators of
relevance, trust, importance, or priority.

Signals therefore function as semantic shortcuts.

They reduce computational demands while preserving sufficient information for decision-
making.

Operative Function

Signaling supports:
e prioritization,
e orientation,
e rapid decision-making.

The pattern emerges whenever semantic complexity exceeds available processing capacity.

5.3 Delegation

Response to Resource Constraints

Interpretation and action consume resources.

No system possesses unlimited capacity.

As environments become more complex, systems increasingly rely on external capabilities.

Delegation emerges from this limitation.

Rather than performing every operation internally, systems distribute functions across other
actors, tools, or subsystems.

Delegation therefore represents the conversion of external capability into operative capacity.

Operative Function

Delegation supports:
e scalability,
e specialization,
o efficiency.

11
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The pattern becomes increasingly important as ecosystems grow in complexity.

5.4 Adaptation

Response to Environmental Change

Meaning evolves.

Contexts shift.

New information appears.

Interpretations that were once effective may become obsolete.

Adaptation emerges as a response to this condition.

Systems modify behavior in response to changing semantic environments.

Adaptation allows continued operation despite changing circumstances.

Without adaptation, systems eventually lose relevance.

With unlimited adaptation, systems lose coherence.

Adaptation therefore operates within constraints imposed by other operative dynamics.

Operative Function

Adaptation supports:
e environmental fitness,
o flexibility,

e continued viability.

5.5 Preservation

Response to Semantic Instability

Adaptation introduces a new problem.

A system that changes continuously risks losing its identity.

Preservation emerges as a counterbalancing force.

Its purpose is continuity.

Preservation stabilizes behavior across time despite changing interpretations and
environments.

The tension between adaptation and preservation represents one of the central dynamics of
the operative layer.

Systems require sufficient adaptation to remain effective.

They require sufficient preservation to remain recognizable.

12
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Operative Function

Preservation supports:
e continuity,
e consistency,
e identity maintenance.

5.6 Boundary Formation

Response to Environmental Exposure

Every adaptive system interacts with its environment.
Yet unlimited interaction creates instability.

Boundary Formation emerges as a mechanism for regulating exchange.

Boundaries distinguish internal processes from external influences.
Their purpose is not isolation.
Their purpose is selective interaction.

Systems maintain viability by determining:
e what may enter,
e what may leave,
e what may influence behavior.

Operative Function

Boundary Formation supports:
e identity protection,
e operational integrity,
e controlled interaction.

5.7 Attraction

Response to Operative Complexity

As ecosystems expand, coordination becomes increasingly difficult.
Independent actions generate fragmentation.

Competing interpretations generate divergence.

Attraction emerges as a coordination mechanism.

Certain entities become reference points around which behavior converges.

These attractors may include:

13
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e institutions,

e standards,

e protocols,

e trusted sources,

e dominant conceptual frameworks.

Attraction therefore represents the operative counterpart of semantic gravitation.
What begins as interpretive influence becomes behavioral coordination.

Operative Function

Attraction supports:
e coordination,
e interoperability,
e ecosystem stability.

5.8 Operative Dynamics

The operative layer should not be understood as a collection of isolated patterns.
Its elements interact continuously.
Several recurring tensions emerge.

Observation < Signaling

Observation expands information.
Signaling compresses information.
One increases understanding.
The other reduces complexity.

Adaptation © Preservation

Adaptation enables change.
Preservation maintains continuity.
One supports flexibility.

The other supports stability.

Delegation <> Boundary Formation

Delegation increases capability.
Boundaries preserve integrity.
One expands interaction.

The other regulates interaction.
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Attraction © Diversity

Attraction promotes coordination.
Diversity promotes resilience.
One concentrates behavior.

The other distributes behavior.

These tensions cannot be eliminated.

They must be managed.

Long-term viability emerges not from maximizing one side of the equation but from maintaining
functional balance between competing pressures.

5.9 The Operative Transition

The operative layer completes the transformation initiated by the syntactic and semantic
layers.

Structures become meanings.

Meanings become behaviors.

The resulting actions influence the environment from which future information emerges.

This creates a recursive cycle:
Structure

N

Meaning

N

Behavior

N

Environmental Change

N

New Structure

The cycle repeats continuously.

Information-processing ecosystems therefore cannot be understood as static systems.
They are recursive systems of transformation.

The operative layer represents the stage at which interpretation becomes consequence.
It is here that information ultimately acquires practical effect.

5.10 The Behavioral Hypothesis

The framework developed in this paper proposes a central hypothesis.
The patterns described above are not treated as rules, objectives, or prescriptions.
Instead, they are proposed as candidate adaptive responses to recurring semantic conditions.

15
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If the hypothesis is correct, similar operative patterns should emerge across diverse classes of
information-processing systems regardless of their specific implementation.

The significance of the operative layer therefore lies not in any individual pattern.

Its significance lies in the possibility that recurring behavioral dynamics may constitute a
missing analytical layer between meaning and action.

The following section explores the implications of this proposition for information
infrastructures and agentic ecosystems.

6. Infrastructure as Stabilization

From Behavior to Stability

The preceding sections proposed that information-processing ecosystems transform structure
into meaning and meaning into behavior.

A further question now emerges:

How are behavioral dynamics stabilized?

This question marks the transition from behavior to infrastructure.
Infrastructure is often treated as a collection of technical mechanisms.

Examples include:
e alignment,
e provenance,
e verification,
e governance,
e evaluation,
e standards,
e protocols.

While these mechanisms differ substantially in implementation, they share a common
characteristic.

They exist because behavioral dynamics generate instability.

Infrastructure therefore represents neither the starting point nor the purpose of an ecosystem.
Infrastructure emerges because systems require mechanisms capable of stabilizing recurring
operative tensions.

The role of infrastructure is therefore not merely technical.

Its deeper function is behavioral stabilization.

6.1 The Stabilization Problem

16
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The operative layer creates both capability and instability.
Observation generates information.

Adaptation generates change.

Delegation generates dependency.

Attraction generates concentration.

Boundary Formation generates exclusion.

Preservation generates rigidity.

Every operative response introduces new tensions.

The result is an ecosystem that continuously produces both opportunities and risks.
Without stabilizing mechanisms, these tensions accumulate.

Infrastructure emerges as a response to this condition.

Its purpose is to regulate the consequences of behavior without eliminating behavior itself.

6.2 Verification

Stabilizing Observation and Signaling

Observation depends upon information.

Signaling depends upon trust.

Neither process can function effectively when information quality becomes uncertain.
Verification emerges as a mechanism for reducing uncertainty.

Its purpose is not to create truth.

Its purpose is to increase confidence.

Verification evaluates the relationship between claims and evidence.

It provides a means for distinguishing between competing interpretations.

As information ecosystems expand, verification becomes increasingly important because
semantic entropy increases faster than individual systems can evaluate information directly.
Verification therefore acts as a stabilizing mechanism for both observation and signaling.

Functional Role

Verification supports:
e evidence assessment,
e trustformation,
e confidence generation,
e decision support.

Without verification, observation becomes unreliable and signaling becomes vulnerable to
distortion.

17
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6.3 Provenance

Stabilizing Delegation

Delegation expands capability.

At the same time, delegation obscures responsibility.

As systems increasingly depend on external entities, the ability to reconstruct origins becomes
essential.

Provenance emerges as a response to this challenge.

Its purpose is traceability.

Provenance enables systems to answer questions such as:
Where did this information originate?

Which processes contributed to this outcome?

Which actors participated in this decision?

Provenance therefore functions as a memory mechanism for information ecosystems.
It preserves relationships that would otherwise disappear within increasingly complex chains
of interaction.

Functional Role

Provenance supports:
e traceability,
e accountability,
e dependency awareness,
e coordination.

Without provenance, delegation scales faster than understanding.

6.4 Evaluation

Stabilizing Adaptation

Adaptation requires feedback.

Without feedback, adaptation becomes arbitrary.

Evaluation provides the mechanism through which systems assess the consequences of
behavior.

Evaluation transforms outcomes into information.

That information becomes input for future adaptation.

The resultis a feedback cycle.

Behavior generates outcomes.

Outcomes generate evaluation.

Evaluation influences future behavior.

18
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This cycle represents one of the primary mechanisms through which adaptive systems learn.

Functional Role

Evaluation supports:
o feedback generation,
e performance assessment,
e learning,
e adaptive regulation.

Without evaluation, adaptation becomes disconnected from environmental reality.

6.5 Alignment

Stabilizing the Adaptation—Preservation Tension

Among all operative tensions, the relationship between adaptation and preservation is perhaps
the most fundamental.

Adaptation enables responsiveness.

Preservation enables continuity.

Neither can dominate indefinitely.

Alignment emerges as a mechanism for regulating this relationship.

In this framework, alignment is not treated as obedience.

Nor is it treated as value conformity alone.

Alignment is understood as behavioral stabilization.

Its function is to ensure that adaptation remains compatible with continuity.

This interpretation positions alignment as an ongoing regulatory process rather than a fixed
objective.

Functional Role

Alignment supports:
e behavioral coherence,
e continuity under change,
e adaptive stability,
e long-term viability.

Without alighment, adaptation becomes drift.
Without adaptation, alighment becomes rigidity.

19
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6.6 Control Boundaries

Stabilizing Interaction

Boundary Formation regulates interaction.
Control Boundaries operationalize that regulation.
Their purpose is not merely restriction.

Their purpose is selective permeability.

Control Boundaries determine:
e permissible actions,
e permissible interactions,
e permissible information flows.

In doing so, they preserve operational integrity while allowing systems to remain connected to
their environment.
Control Boundaries therefore represent the infrastructure counterpart of Boundary Formation.

Functional Role

Control Boundaries support:
e operational integrity,
e risk containment,
e controlled interaction,
e identity preservation.

Without boundaries, systems become vulnerable to uncontrolled influence.

6.7 Knowledge Structures

Stabilizing Attraction

Attraction promotes coordination.
However, coordination requires stable reference structures.
Knowledge structures emerge to fulfill this role.

Examples include:
e ontologies,
e standards,
e knowledge graphs,
e reference frameworks,
e canonical datasets.

20
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These structures provide common points of orientation.

They reduce semantic fragmentation and facilitate coordination across large ecosystems.
Knowledge structures therefore function as stabilizers of attraction.

They transform temporary convergence into durable coordination.

Functional Role

Knowledge structures support:
e interoperability,
e coordination,
e semantic stability,
e ecosystem coherence.

Without shared reference structures, attraction remains unstable.

6.8 Infrastructure as a Consequence

A common assumption within contemporary technology discourse is that infrastructure
represents a prerequisite for behavior.

The framework proposed here suggests a different interpretation.

Infrastructure may emerge because recurring behavioral dynamics create recurring
stabilization requirements.

In this view:

Observation creates demand for verification.

Delegation creates demand for provenance.

Adaptation creates demand for evaluation.

Adaptation and preservation create demand for alighment.
Boundary Formation creates demand for control mechanisms.
Attraction creates demand for shared knowledge structures.

Infrastructure therefore appears not as an independent phenomenon but as a consequence of
behavioral dynamics.

6.9 Stabilization as a Cross-Layer Function

The relationship developed throughout this paper may now be summarized as follows:

Syntactic Layer
Representation
v

21
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Semantic Layer
Interpretation

N

Operative Layer
Behavior

The stabilization mechanisms discussed throughout this section do not constitute an
additional analytical layer.
Rather, they operate across all layers of the framework.

Verification, provenance, evaluation, alignment, control boundaries, and knowledge structures
function as cross-layer stabilization mechanisms that preserve sufficient coherence for
information-processing ecosystems to remain viable despite continuous change.

Their purpose is not to eliminate uncertainty, entropy, adaptation, or behavioral diversity.

Such an objective would be neither realistic nor desirable.

Their purpose is to maintain sufficient stability for interpretation and action to remain
possible.The framework therefore consists of three analytical layers supported by cross-layer
stabilization functions.Stabilization is not treated as a separate stage of information
processing.

Itis treated as a set of mechanisms that preserve coherence across the transformation
process.

6.10 Infrastructure and the Agentic Web

The emergence of increasingly autonomous systems makes the stabilization problem more
visible.

As agentic ecosystems expand:
e interactionsincrease,
e dependenciesincrease,
e adaptation accelerates,
e semantic complexity grows.

The need for stabilization mechanisms therefore grows as well.

This observation suggests that many current discussions surrounding the Agentic Web may
ultimately concern the same underlying problem:

How can adaptive information-processing ecosystems remain stable while continuing to
evolve?

The framework proposed in this paper does not provide a final answer.

It proposes an explanatory model.

Infrastructure is interpreted as an adaptive response to recurring behavioral tensions.
Behavior is interpreted as an adaptive response to recurring semantic dynamics.

22
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Semantic dynamics emerge from the interpretation of syntactic structures.

The resulting chain forms the central proposition of this work:
Structure
N

Meaning
v

Behavior

The viability of this transformation depends upon stabilization mechanisms that preserve
coherence across all layers of the ecosystem.

Verification, provenance, evaluation, alighment, control boundaries, and knowledge structures
do not constitute an additional layer.

They operate across the transformation process itself.

This sequence represents one possible explanation for how increasingly complex information
ecosystems transform information into coordinated action while preserving long-term viability.

7. Implications for Agentic Systems

Beyond Agents as Isolated Entities

Much of the current discussion surrounding agentic systems focuses on the properties of
individual agents.

Questions commonly concern:
e reasoning capabilities,
e planning abilities,
e alignment,
e autonomy,
e decision quality.

While these questions remain important, they often assume that the agent itself is the primary
unit of analysis.
The framework proposed in this paper suggests an alternative perspective.

The behavior of an agent cannot be fully understood in isolation from the informational
ecosystem within which it operates.

Agents do not act independently of:
e structures,
e meanings,
e interpretations,
e reference systems,
e behavioral pressures,
e stabilization mechanisms.

23
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Instead, agents participate in larger transformation processes that extend beyond individual
implementations.
The relevant analytical unit may therefore be the ecosystem rather than the isolated agent.

Agents as Operative Systems

Within the proposed model, agents primarily occupy the operative layer.
Their function is to transform interpretation into action.
However, the quality of those actions depends upon conditions established by lower layers.

Agent behavior therefore reflects:

Syntactic Conditions

e information availability,

e source structure,

e reference quality,

e representational integrity.

Semantic Conditions

e interpretation,

e uncertainty,

e entropy,

e attraction,

e contextual relevance.

Operative Conditions

e observation,
e adaptation,

e delegation,

e preservation,
e coordination.

As a result, many failures commonly attributed to agents may originate elsewhere.

What appears to be an operative failure may actually be a semantic failure.

What appears to be a semantic failure may originate in syntactic instability.

The framework therefore encourages a shift from agent-centric analysis toward ecosystem-
centric analysis.

The Scaling Problem

24
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As agent populations increase, complexity increases disproportionately.

Each additional agent introduces:
e new interactions,
e new dependencies,
e new interpretations,
e new behavioral dynamics.

The challenge therefore becomes one of ecosystem management rather than individual
optimization.
Historically, information systems have been evaluated primarily through performance metrics.

Agentic ecosystems introduce additional concerns:
e coordination,
e stability,
e coherence,
e resilience.

These concerns emerge not because agents become more intelligent but because ecosystems
become more complex.

The Coordination Problem

One of the central challenges of large-scale agentic environments concerns coordination.
Coordination requires more than communication.

It requires:
e shared reference structures,
e common interpretive frameworks,
e stable behavioral expectations.

Without these elements, interoperability deteriorates.

The framework proposed here suggests that coordination emerges through interactions
between:

e semantic attraction,

e operative attraction,

e stabilization mechanisms.

Shared reference structures become increasingly important as ecosystem scale increases.

This observation helps explain why standards, ontologies, provenance systems, and
verification frameworks repeatedly emerge in large information ecosystems.
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The Drift Problem

Adaptive systems continuously modify behavior.

This capability provides flexibility.

It also introduces risk.

Behavioral drift occurs when adaptation outpaces stabilization.

In such environments:
e interpretations diverge,
e coordination deteriorates,
e trustdeclines,
e predictability decreases.

The framework suggests that drift should not be understood merely as an alignment problem.
It should be understood as a consequence of imbalances between adaptation and
preservation.

This interpretation broadens the discussion beyond individual agents and situates drift within
larger ecosystem dynamics.

The Trust Problem

Trust occupies a central position in discussions of autonomous systems.
Yet trust is frequently treated as a property.

The present framework proposes a different interpretation.

Trust may be understood as a stabilization outcome.

Trust emerges when:
e structures remain coherent,
e meanings remain interpretable,

e behaviors remain sufficiently predictable.

In this view, trust is not a separate layer.
It is an emergent property of successful stabilization across all layers.

Toward Ecosystem Thinking

The transition from isolated systems to agentic ecosystems requires a corresponding
transition in analysis.

The framework proposed in this paper encourages several shifts:
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From:

e agents
Toward:

e ecosystems

From:

e individual decisions
Toward:

e behavioral dynamics

From:

e infrastructure components
Toward:

e stabilization functions

From:

e implementation details
Toward:

e transformation processes

These shifts do not replace existing approaches.

They provide a broader context within which existing approaches may be understood.

8. Discussion

Positioning the Framework

The framework proposed in this paper does not emerge from a single disciplinary tradition.

Instead, it intersects with several established domains.

These include:
e information theory,
e cybernetics,
e systemstheory,
e complexity science,
e cognitive science,
e agent systems research.

The objective is not to replace these traditions.

The objective is to provide an integrative perspective capable of connecting concepts that are

often studied independently.
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Relationship to Information Theory

Information theory primarily concerns the transmission and representation of information.

The syntactic layer proposed in this paper operates largely within this domain.

However, the framework extends beyond representation by examining how structures become
meanings and how meanings become actions.

The focus therefore shifts from information itself toward information transformation.

Relationship to Cybernetics

Cybernetics introduced the study of feedback, control, and adaptation.
Many concepts within the operative and stabilization layers share clear affinities with
cybernetic thinking.

Observation, evaluation, adaptation, and stabilization all rely upon feedback processes.
The present framework differs primarily in its explicit treatment of semantics as an
independent analytical layer.

Where classical cybernetics often focuses on regulation, this framework places equal
emphasis on interpretation.

Relationship to Systems Theory

Systems theory studies how organized wholes emerge from relationships among interacting
components rather than from the properties of isolated elements.

The framework proposed in this paper shares this systemic perspective by treating
information-processing ecosystems as integrated transformation processes rather than

collections of independent modules.

Rather than focusing on individual structures, meanings, or behaviors in isolation, the model
examines how these functions interact recursively to produce coherent system dynamics.

In this sense, the proposed framework may be understood as a systems-oriented description
of informational transformation across multiple analytical layers.

28



Research Paper — From Structure to Action
A Layer Model for Information-Processing Ecosystems | rightsofrobots.com | June 2026

Relationship to Complexity Science

Complexity science studies the emergence of order from interacting components.

The concepts of:
e attraction,
e recursion,
e coordination,
e emergence,

are closely aligned with this tradition.
The framework may therefore be interpreted as an attempt to describe how complexity unfolds
across multiple informational layers rather than within a single system.

Relationship to Agentic Systems

Current research on agentic systems often concentrates on:
e planning,
e autonomy,
e reasoning,
e alignment.

The framework proposed here focuses on a different question.

Rather than asking what agents can do, it asks how informational ecosystems transform
structures into actions.

This shift in perspective places agent behavior within a broader explanatory context.

Limitations

Several limitations should be acknowledged.

First, the framework remains conceptual.
The relationships proposed throughout the paper require empirical validation.

Second, concepts such as:
e semantic gravitation,
e semantic energy,
e attraction,

are currently analytical constructs rather than formalized measures.
Future work will be required to determine whether these concepts can be operationalized.
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Third, the proposed layers should not be interpreted as rigid boundaries.
Real-world systems frequently exhibit interactions that span multiple layers simultaneously.

The framework therefore serves as a model rather than a literal description of reality.

The Central Contribution

The central contribution of this work is not the introduction of a new infrastructure model.
Nor is it the introduction of a new theory of agents.

The central contribution is the proposal that information-processing ecosystems may be
understood through a layered transformation process:

Structure
N

Meaning
N

Behavior

supported by cross-layer stabilization mechanisms.

These stabilization mechanisms do not constitute an additional layer.

They preserve coherence across the transformation process and enable information-
processing ecosystems to remain viable despite uncertainty, adaptation, and increasing
complexity.

This sequence provides a common analytical language capable of connecting previously
fragmented discussions.

9. Conclusion

This paper began with a simple question:

How does information become action?

The answer proposed throughout this work is that information-processing ecosystems
transform structures into meanings and meanings into operations.

This transformation unfolds across three interconnected analytical layers:
e Syntactic
e Semantic
e Operative

The syntactic layer provides representation.
The semantic layer provides interpretation.
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The operative layer provides behavior.

Together these layers form a recursive transformation process through which information
ecosystems respond to uncertainty, entropy, environmental change, and increasing
complexity.

The framework further proposes that long-term viability depends upon a set of stabilization
mechanisms operating across all layers.

These mechanisms include:
e \Verification
e Provenance
e Evaluation
e Alignment
e Control Boundaries
e Knowledge Structures

Their function is not to eliminate uncertainty.

Their function is to preserve sufficient coherence for interpretation and action to remain
possible.

The framework does not claim predictive certainty.

It does not prescribe how intelligent systems ought to behave.

Instead, it proposes a descriptive model for understanding the processes through which
information becomes action and how that process remains sufficiently stable over time.

If the framework proves useful, its significance will not lie in any individual concept.

Its significance will lie in providing a common analytical foundation for examining knowledge
systems, autonomous agents, information infrastructures, and emerging agentic ecosystems
through a shared transformational lens.

The paper therefore concludes with a final proposition:
The fundamental challenge of information-processing ecosystems is not merely the creation
of information, meaning, behavior, or infrastructure in isolation.

The challenge is the continuous transformation between them while preserving sufficient
coherence for coordinated action to remain possible.

Understanding that transformation may be essential for understanding the future evolution of
increasingly autonomous information systems.

Core Model

Structure
¢

Meaning
N

Behavior
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supported throughout by
Cross-Layer Stabilization Functions

¢ Verification

* Provenance
Evaluation

Alignment

Control Boundaries
Knowledge Structures

Persistent Information-Processing Ecosystems

Guiding Question

How does information become action?

Proposed Answer

Through the continuous transformation of structure into meaning and meaning into
behavior, supported by stabilization mechanisms that preserve coherence across
adaptive information-processing ecosystems.
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