Paper 4 — The Mechanism of Compression

0. Abstract

This paper describes the mechanism of compression: the downward process that returns a
coherent structure from a higher layer to a lower layer while preserving identity and restoring
compatibility with lower-layer constraints. Compression is not simplification or information
reduction. It is a controlled re-expression of a structure within a more constrained
representational space. The mechanism proceeds through three stages—contraction into a
lower-layer envelope, descent into the lower layer, and reintegration into lower-layer constraints.
These stages satisfy the structural requirements identified in Paper 3. The mechanism differs
fundamentally from the mechanism of abstraction and completes the prerequisites for the
development of duality, which is the subject of Paper 5.

1. Introduction

Paper 3 defined compression as the downward structural operator that returns a coherent
structure from a higher layer to a lower layer while preserving identity and restoring
compatibility with lower-layer constraints. That definition established what compression is. This
paper describes how compression occurs.

The mechanism of compression is not reductive, lossy, or simplifying. It is a structural process
that re-expresses a coherent structure within the more constrained representational space of the
lower layer. The mechanism must satisfy the constraints introduced in Paper 3: it must preserve
invariants, maintain coherence, restore lower-layer constraints, reduce degrees of freedom in a
controlled way, and produce a stable structure in the lower layer. It must also ensure that the
downward transition does not collapse, distort, or fragment the structure.

This paper focuses exclusively on horizontal compression: a single downward transition
applied independently to different substructures. Vertical compression—recursive downward
transitions across multiple layers—requires additional primitives and is not developed here.

The mechanism is presented as a three-stage process: contraction into a lower-layer envelope,
descent into the lower layer, and reintegration into lower-layer constraints. These stages describe
the internal dynamics of the downward operator. They are not optional steps or implementation
details; they are the structural requirements for compression to occur in any system.



The mechanism presented here prepares the ground for the definition of duality (Paper 5), which
requires both operators and both mechanisms to be fully articulated. Compression must be
mechanistically defined before the relationship between upward and downward transitions can
be formalized.

This paper provides the mechanistic account of the downward operator.

2. Requirements for a Mechanism of Compression

The mechanism of compression must satisfy the structural constraints established in Paper 3.
These constraints define the conditions under which a downward transition can occur. Any
mechanism that fails to satisfy these requirements cannot perform compression, regardless of
substrate.

Compression is structurally more demanding than abstraction. The downward transition must
preserve identity while restoring compatibility with a more constrained representational space.
The mechanism must therefore operate within a tighter envelope of requirements.

2.1 Preservation of Invariants

A mechanism of compression must preserve the invariants of the structure being returned to the
lower layer. Invariants anchor identity across layers. If invariants are lost or altered during the
downward transition, the resulting structure is no longer the same structure, and the operator
collapses into a reductive transformation.

2.2 Preservation of Coherence

The mechanism must preserve the internal coherence of the structure. Coherence refers to the
stability of internal relationships, constraints, and organizational patterns. If coherence is
disrupted, the structure fractures during the downward transition and cannot be expressed as a
stable entity in the lower layer.

2.3 Restoration of Lower-Layer Constraints

The lower layer imposes representational and operational constraints that do not exist in the
higher layer. The mechanism must restore compatibility with these constraints. Constraint
restoration is unique to compression and has no upward analog. If the structure cannot be
expressed within the limits of the lower layer, the mechanism has failed.



2.4 Controlled Reduction of Degrees of Freedom

The higher layer offers more degrees of freedom than the lower layer. The mechanism must
reduce these degrees of freedom in a controlled, structural way. This reduction is not
simplification or information loss; it is the re-expression of the structure within the narrower
representational space of the lower layer. Uncontrolled reduction produces distortion or collapse.

2.5 Stability of the Resulting Structure

The mechanism must produce a stable structure in the lower layer. Stability requires that the
structure:

e conforms to lower-layer constraints
e retains its invariants and coherence
e can participate in operations native to the lower layer

A structure that collapses, distorts, or requires reference to the higher layer to maintain identity is
not the result of successful compression.

2.6 Compatibility With the Lower Layer

The mechanism must ensure that the structure is compatible with the representational and
operational constraints of the lower layer. This includes matching the structure to the lower-layer
representational space, ensuring the lower layer can host the structure without distortion, and
preventing leakage of higher-layer degrees of freedom into the lower layer.

2.7 Independence Under Horizontal Composition

Because this paper focuses on horizontal compression, the mechanism must support independent
downward transitions for different substructures. This requires:

e no interference between mechanisms

e no shared state that couples transitions

e no cross-contamination of invariants

¢ 1o structural collisions in the lower layer

Horizontal independence is a mechanistic constraint, not an implementation detail.



2.8 Summary

A valid mechanism of compression must preserve invariants, preserve coherence, restore
lower-layer constraints, reduce degrees of freedom in a controlled way, produce a stable
structure in the lower layer, respect layer boundaries, and support independent horizontal
composition. These requirements define the structural envelope within which the downward
mechanism must operate.

3. The Three-Stage Mechanism of Compression

The mechanism of compression is a three-stage process that transforms a coherent structure in
the higher layer into a stable structure in the lower layer while preserving identity and restoring
compatibility with lower-layer constraints. These stages are not optional or interchangeable.
They are the structural requirements for any downward transition.

The mechanism proceeds through:

1. Contraction Into a Lower-Layer Envelope
2. Descent Into the Lower Layer
3. Reintegration Into Lower-Layer Constraints

Each stage performs a distinct function. Together, they ensure that the downward transition
preserves invariants, maintains coherence, reduces degrees of freedom in a controlled way, and
produces a stable structure in the lower layer.

3.1 Stage 1 — Contraction Into a Lower-Layer Envelope

The first stage prepares the structure for the downward transition by contracting it into an
envelope defined by the constraints of the lower layer. This contraction is not simplification or
information loss. It is the identification of the structural boundaries within which the lower layer
can host the structure.

The mechanism performs three operations:
3.1.1 Identification of Lower-Layer Constraints

The mechanism identifies the representational and operational constraints of the lower layer.
These constraints define the envelope into which the structure must be contracted.



3.1.2 Mapping the Structure Into the Constraint Envelope

The structure is mapped into the envelope without altering its invariants or coherence. This
mapping reduces degrees of freedom by eliminating higher-layer flexibility that cannot be
expressed in the lower layer.

3.1.3 Verification of Envelope Compatibility

The mechanism verifies that the contracted structure fits within the lower-layer envelope. If the
structure cannot be expressed within the envelope without distortion, the mechanism halts.

3.2 Stage 2 — Descent Into the Lower Layer
The second stage performs the downward relocation of the structure. This is the core of the

mechanism: the structure moves from the higher layer into the lower layer while preserving
identity and coherence.

The mechanism performs three operations:

3.2.1 Preservation of Invariants During Descent

The mechanism ensures that invariants remain intact throughout the downward transition.
3.2.2 Preservation of Coherence Under Degree-of-Freedom Reduction

As the structure descends, degrees of freedom are reduced to match the constraints of the lower
layer. This reduction must not disrupt internal relationships.

3.2.3 Controlled Relocation Into the Lower-Layer Representational Space

The structure is relocated into the representational space of the lower layer in a controlled
manner, avoiding collapse or distortion.

3.3 Stage 3 — Reintegration Into Lower-Layer Constraints

The third stage restores full compatibility with the lower layer and stabilizes the structure.

The mechanism performs three operations:



3.3.1 Restoration of Operational Constraints
The mechanism restores the operational constraints of the lower layer.
3.3.2 Stabilization of the Structure in the Lower Layer

The mechanism stabilizes the structure so that it remains coherent and invariant-preserving under
lower-layer operations.

3.3.3 Verification of Lower-Layer Independence
The mechanism verifies that the structure can operate independently within the lower layer.
3.4 Summary

The mechanism of compression proceeds through:

e contraction into a lower-layer envelope
e descent into the lower layer
e reintegration into lower-layer constraints

These stages ensure that the structure preserves invariants, preserves coherence, restores
lower-layer constraints, reduces degrees of freedom in a controlled way, and becomes stable in
the lower layer.

4. Constraints and Failure Modes

The mechanism of compression operates under stricter constraints than the mechanism of
abstraction. Because the downward transition must restore compatibility with a more constrained
representational space, the mechanism is vulnerable to failure modes that do not occur in upward
transitions.

4.1 Invariant Collapse

Invariant collapse occurs when the mechanism fails to preserve the invariants that anchor the
identity of the structure across layers.



4.2 Coherence Fracture

Coherence fracture occurs when internal relationships are disrupted during the downward
transition.

4.3 Constraint Mismatch

Constraint mismatch occurs when the structure arrives in the lower layer but does not conform to
its representational or operational constraints.

4.4 Over-Reduction

Over-reduction occurs when the mechanism removes more degrees of freedom than the lower
layer requires.

4.5 Representational Distortion

Representational distortion occurs when the structure is mapped into the lower-layer envelope in
a way that alters its form or relationships.

4.6 Instability in the Lower Layer

Instability occurs when the structure cannot maintain coherence or invariants under lower-layer
operations.

4.7 Interference Under Horizontal Composition

Interference occurs when multiple downward transitions interact in ways that violate horizontal
independence.

4.8 Summary
Downward transitions fail when the mechanism collapses invariants, fractures coherence,

mismatches constraints, over-reduces degrees of freedom, distorts representation, produces
instability, or allows interference.

S. Horizontal Composition of Compression Mechanisms

Horizontal compression requires that multiple downward transitions operate independently on
different substructures without interference.



5.1 Isolation of Contraction Envelopes

Each structure must be contracted into its own lower-layer envelope without reference to other
structures.

5.2 Independent Descent Paths
Each structure must descend into the lower layer along an independent path.
5.3 Non-Interference During Reintegration

Each structure must be reintegrated into lower-layer constraints without affecting other
structures.

5.4 Summary

Horizontal composition requires isolation of contraction envelopes, independent descent paths,
and non-interference during reintegration.

6. Substrate-Agnostic Examples of the Mechanism

The mechanism of compression applies to any layered system in which a structure must be
returned from a higher layer to a lower layer while preserving identity and restoring
compatibility with lower-layer constraints.

6.1 Machine Learning Systems

Feature-space — pixel-space via contraction, descent, reintegration.

6.2 Biological Regulatory Networks

Motif-layer — molecular-interaction layer via contraction, descent, reintegration.

6.3 Distributed Systems

Protocol semantics — primitive message operations via contraction, descent, reintegration.

6.4 Mathematical Systems

Similarity class — geometric instance via contraction, descent, reintegration.



6.5 Cognitive-Independent Perceptual Systems
Relational structure — sensory-layer pattern via contraction, descent, reintegration.
6.6 Summary

Across all substrates, the mechanism contracts the structure, performs a controlled descent, and
reintegrates it into lower-layer constraints.

7. Implications for Duality

The mechanism of compression completes the second half of the bidirectional capacity required
for cross-layer transformation. Duality cannot be defined using only the upward operator and its
mechanism. It requires both operators and both mechanisms.

The downward mechanism demonstrates that compression is not the inverse of abstraction. It
operates under constraints that have no upward analog, such as constraint restoration and
stabilization within a more limited representational space.

Duality must therefore account for:

e directional asymmetry

e distinct constraint envelopes

e distinct degrees-of-freedom dynamics

e distinct stability conditions

e distinct failure modes

e distinct forms of horizontal composition

With both mechanisms now defined, Paper 5 can introduce duality without ambiguity or
conceptual drift.

Duality is the subject of Paper 5.

8. Conclusion

This paper described the mechanism of compression: the downward process that returns a
coherent structure from a higher layer to a lower layer while preserving identity and restoring
compatibility with lower-layer constraints. The mechanism was shown to require three stages—
contraction into a lower-layer envelope, descent into the lower layer, and reintegration into
lower-layer constraints. These stages satisfy the structural requirements identified in Paper 3.



The mechanism differs fundamentally from the mechanism of abstraction. It operates under
constraints that have no upward analog, such as constraint restoration and stabilization within a
more limited representational space. These differences demonstrate that compression is not the
inverse of abstraction.

By defining the mechanism of compression, this paper completes the mechanistic half of the
downward operator. With both operators and both mechanisms now articulated, the structural
prerequisites for duality are in place.

Duality is the subject of Paper 5.
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