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Abstract

This paper provides a structured analysis of the role of virtual ma-
chines (VMs) in the Hyper-Aether architecture. Unlike conventional
systems where VMs serve as execution environments, Hyper-Aether
elevates VMs to first-class semantic computational units. We formal-
ize VMs as stateful transformers embedded in a dynamically evolving
graph, analyze their granularity as an adaptive property, and charac-
terize their internal models as heterogeneous computational substrates
unified through a common interface. This perspective reframes com-
putation as graph evolution and positions VMs as the minimal units
of meaning, execution, and control.

1 Introduction

Traditional computing systems treat virtual machines as abstractions over
hardware, providing isolation, portability, and execution environments. In
contrast, Hyper-Aether redefines virtual machines as the primary units of
computation, organization, and semantics.

In this architecture:

• VMs are nodes in a dynamically evolving graph,

• computation is defined as graph transformation,

• and system structure is synthesized by an AI-driven control layer.

This paper focuses on the conceptual and formal role of VMs within this
framework.
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2 VM as a Computational Primitive

We define a VM as a stateful computational unit:

s′ = f(s, x), y = g(s, x) (1)

where:

• s is the internal state,

• x is the input message,

• y is the output message.

Thus, a VM is a stateful transformer that interacts with other VMs
through explicit message passing.

3 VM as a Graph Node

Let the system be represented as a graph:

G = (V,E, λ) (2)

where:

• V is the set of VMs,

• E is the set of communication edges,

• λ assigns roles and capabilities.

In this formulation:

• VMs are not merely processes,

• but semantic nodes contributing to system structure.

4 VM Granularity

VM granularity is not fixed; it is dynamically determined by the system.
We define VM granularity as:

the minimal unit of computation that preserves autonomy, com-
posability, and evaluability.

We identify three regimes:
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4.1 Coarse-Grained VMs

• Entire applications or subsystems

• High stability, low flexibility

4.2 Medium-Grained VMs

• Functional roles (e.g., planning, evaluation)

• Balanced structure and adaptability

4.3 Fine-Grained VMs

• Functions, layers, or rules

• High flexibility, high communication cost

Granularity is subject to optimization by the control policy:

• refinement (splitting VMs),

• aggregation (merging VMs).

5 Internal Computational Models

VMs are not constrained to a single computational paradigm. Instead, they
support heterogeneous internal models:

5.1 Symbolic Models

• Logic systems

• Rewrite systems

• Lambda calculus

5.2 Neural Models

• Neural networks

• Embedding-based computation
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5.3 Reactive Models

• State machines

• Event-driven systems

Despite internal heterogeneity, all VMs expose a unified interface:

• message input/output,

• state transition,

• capability constraints.

6 Capability-Based Isolation

Each VM operates within a capability-based protection domain:

• access rights are explicitly defined,

• communication is controlled,

• isolation is enforced at the hardware level.

Thus, a VM is both:

• a computational unit,

• and a security boundary.

7 VMs as Semantic Units

We define meaning as:

M(G) = (S(G), R(G), V (G)) (3)

where:

• S(G) is structure,

• R(G) is relation,

• V (G) is value.

VMs contribute to meaning through:
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• their internal computation (local transformation),

• their connectivity (relational structure),

• their evaluability (value contribution).

Thus, a VM can be interpreted as a semantic atom in the computational
system.

8 Dynamic Reconfiguration

VMs are dynamically created, destroyed, and reorganized by a control pol-
icy:

Gt+1 = Φ(Gt) (4)

where Φ includes:

• structural transformation,

• execution transition.

This implies:

• the system is self-reconfiguring,

• VMs are transient organizational units.

9 Discussion

The reinterpretation of VMs leads to several consequences:

• computation becomes structural rather than sequential,

• system design becomes graph design,

• meaning emerges from organization rather than code alone.

Most importantly:

VMs are not merely execution containers; they are carriers of
semantics.
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10 Conclusion

In Hyper-Aether, virtual machines serve as the fundamental building blocks
of computation, structure, and meaning. Their granularity is adaptive, their
internal models are heterogeneous, and their role extends beyond execution
to semantic participation in a dynamically evolving system.

This perspective provides a foundation for AI-native computing systems
where reasoning, execution, and structure are unified within a single com-
putational paradigm.
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