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Abstract

In contemporary discussions of artificial intelligence, hallucinations are often framed as the primary
failure mode of large language models. Yet a more pervasive and less visible risk emerges earlier in
the generative process: the erosion of meaning through compression.

This paper introduces the Compression Paradox, the phenomenon whereby tasks perceived as safe,
such as summarization, paraphrasing, and simplification, quietly degrade semantic integrity.

By examining how recursive compression removes constraint, context, and causal structure, this
work establishes semantic fidelity as a central concern in Al alignhment and evaluation.

Core Claim

The greatest risk in generative Al is not fabrication, but compression. Meaning often collapses long
before models hallucinate.

Introduction

Artificial intelligence systems excel at compressing information. Summarization, paraphrasing, and
abstraction allow knowledge to scale across contexts, making Al indispensable in research,
governance, education, and industry. These capabilities promise efficiency and clarity, reducing
cognitive overload in an increasingly complex world.

Yet compression carries a cost. As language is condensed, the structures that anchor meaning,
including context, causality, ambiguity, and intent, are gradually stripped away. Outputs remain
fluent and factually correct, but their semantic depth diminishes. This process is subtle and
cumulative and often escapes detection by conventional benchmarks.

This phenomenon is known as the Compression Paradox: the tasks that appear safest and most

routine often produce the greatest semantic loss. While hallucinations introduce visible errors,
compression quietly erodes meaning beneath the surface.

Defining the Compression Paradox

The Compression Paradox describes a structural trade-off in generative systems:
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The safer and more efficient a task appears, the more likely it is to degrade semantic fidelity.
In AI systems, compression simplifies language for readability and scalability. However, it also

removes the constraints that preserve meaning. As a result, outputs may remain accurate yet become
detached from their original intent.

Where Meaning Lives

Meaning does not reside solely in words. It emerges from relationships embedded within language,
including:

e Contextual boundaries

e Causal structures

e Constraints and conditions

e Epistemic uncertainty

e Tone, metaphor, and ambiguity

e Cultural and symbolic resonance

When compression removes these elements, the surface structure remains intact while the
underlying semantic integrity weakens.

Fabrication adds noise. Compression removes structure. And structure is where meaning lives.

The Mechanics of Semantic Loss

1. Constraint Removal

Compression strips away qualifiers and dependencies that anchor meaning.

2. Context Collapse

Nuanced distinctions and situational boundaries are lost during simplification.
3. Causal Flattening

Complex relationships are reduced to linear or oversimplified explanations.

4. Ambiguity Elimination

Uncertainty is prematurely resolved in favor of clarity and readability.

5. Intent Distortion

Subtle shifts in language alter the purpose of the original message.
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These transformations often preserve factual correctness while degrading semantic fidelity. Over
time, their cumulative effects produce semantic fidelity decay, progressively weakening the integrity
of meaning.

The Drift—Fidelity Relationship

Generative systems operate through recursive compression, introducing a structural tension between
efficiency and meaning preservation:

¢ Compression makes information scalable.
e Fidelity preserves semantic integrity.
¢ Drift emerges when fidelity erodes.

This dynamic is formalized in the Drift Principle, which states that systems tend to lose alignment
with reality as compression increases without sufficient mechanisms to preserve fidelity. This
relationship can be expressed as:

Drift = Compression + Fidelity
As compression increases without mechanisms to preserve meaning, semantic drift accelerates.
Within the context of the Compression Paradox, this principle explains why efficiency-driven

transformations quietly degrade semantic integrity even as outputs remain fluent and factually
correct.

Why Current Benchmarks Miss the Problem

‘ Benchmark Focus H What It Measures H What It Misses ‘
‘Accuracy HFactual correctness HLoss of nuance and intent ‘
‘Faithfulness HAlignment with source text HStructural meaning loss ‘
‘Adequacy HCompleteness of informationHContextual integrity ‘
‘Readabﬂity HClarity and coherence HConstraint preservation ‘
‘Hallucination ReductionHFabrication detection HCompression—driven erosion‘

These metrics evaluate visible errors but fail to detect invisible semantic degradation.

Implications for AI Systems

AT Research: Compression-aware evaluation metrics are necessary to measure semantic fidelity
alongside accuracy.

Al Alignment: Alignment depends on preserving intent and constraint, not merely producing
cotrect outputs.
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User Experience: Fluent but semantically thin outputs erode trust over time.

Knowledge Systems: As compressed outputs circulate and ate re-ingested, semantic drift
compounds across information ecosystems.

Agentic AI: In autonomous systems, compressed instructions may reshape objectives, leading to
subtle forms of misalignhment.

From Compression Drift to Agentic Drift

As Al systems evolve from generating responses to executing tasks, compressed representations
increasingly guide decision-making. When meaning erodes upstream, downstream actions may
diverge from original intent.

This phenomenon, known as agentic drift, occurs when systems act on compressed approximations
rather than grounded objectives. In such environments, preserving semantic fidelity becomes an
architectural necessity.

Semantic Fidelity Within the Reality Drift Framework

The Compression Paradox represents a domain-specific application of the broader Reality Drift
framework, which examines how systems remain operational while gradually losing alignment with
reality. While Reality Drift describes systemic misalignment, the Semantic Fidelity Lab focuses
specifically on how meaning degrades within language and Al systems. Together, these frameworks
provide a unified lens for understanding alignment in the age of artificial intelligence.

Design Principles for Fidelity-Aware Compression

To mitigate semantic loss in generative systems, designers and researchers should:

e Preserve contextual and causal constraints.

e Measure fidelity alongside accuracy.

e Track semantic drift across recutsive transformations.
¢ Retain ambiguity where meaning depends on it.

e Design transparency into summarization processes.

¢ Optimize for understanding, not merely efficiency.

Conclusion
The most consequential risks in artificial intelligence do not always announce themselves through
visible errors. Hallucinations are dramatic and measurable, but compression-driven meaning loss is

subtle and pervasive.

Hallucinations create falsehoods. Compression creates fragility. Fidelity preserves understanding.
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If we fail to recognize the Compression Paradox, we risk building systems that are accurate,
efficient, and persuasive—yet progressively detached from meaning. Preserving semantic fidelity is
therefore essential for ensuring that artificial intelligence remains aligned with human intent and
reality.
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