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Abstract

This paper proposes an integrated semantic-native computational framework called Quan-
tum Hyper-Aether. The framework unifies:

e semantic-cognitive virtual machines,

e associative semantic distance,

e quantum-inspired semantic computation,

e dynamically evolving semantic graphs,

e neural semantic communication,

e distributed cognition,

e and emergent semantic geometry.

Unlike conventional operating systems where computation, communication, and reason-
ing are separated, Quantum Hyper-Aether models computation as semantic graph evolution
within a dynamically organized semantic field.

The framework introduces a semantic distance metric based on associative semantic
fields, allowing semantic routing, semantic collapse, emergent specialization, semantic mem-
ory organization, and creativity through long-range semantic resonance.

The resulting architecture provides a theoretical foundation for Al-native operating sys-

tems, distributed AGI infrastructures, semantic computing environments, and semantic
physics.

1 Introduction
Modern computing systems separate:

e execution,

e communication,
® memory,

e reasoning,

e and semantic interpretation.

Conventional Al systems primarily rely on static embeddings, symbolic computation, or
isolated neural inference systems.

Quantum Hyper-Aether proposes a fundamentally different architecture in which computa-
tion itself becomes semantic evolution.

In this framework:



e virtual machines become semantic-cognitive entities,

e communication becomes semantic resonance,

e memory becomes semantic geometry,

e routing becomes semantic affinity propagation,

e and intelligence emerges from distributed semantic interaction.
This paper integrates:

e semantic-cognitive VM architectures,

e associative semantic distance,

e quantum semantic dynamics,

e and semantic graph evolution

into a unified semantic operating system model.

2 Quantum Semantic Foundations

Semantic computational states are represented in a semantic Hilbert space:
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A virtual machine exists as a semantic superposition:
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where:
e |V M;) represents semantic VM states,
e ¢; represents semantic amplitudes.

The entire computational system evolves as a semantic graph field.

3 Semantic-Cognitive Virtual Machines

Fach VM is modeled as an autonomous semantic-cognitive entity:
VMZ = (Sla Nia I’ia Mi, R’L'; FZ)
where:
e S, : semantic state,
e NN, : neural inference engine,

e [, : semantic communication interface,

M; : semantic memory,

R; : routing intelligence,
e F; : adaptive learning feedback system.

Unlike conventional virtual machines, these VMs operate as self-evolving semantic agents.



4 Internal VM Architecture

The internal architecture consists of:

1. Input Interface Layer

2. Cognitive Core

3. Semantic Memory Layer

4. Semantic Processing Layer

5. Learning and Adaptation Layer
6. Routing and Connection Layer

7. Self-Management Layer
Incoming semantic signals are transformed into latent semantic embeddings:

zi = Ei(zi, ¢;)

Internal reasoning is represented as:

hi = N;(zi, si,m;)

5 Associative Semantic Fields
For a semantic entity S;, we define an associative semantic field:
A(S;) = {(kn,wy)}
where:
e k, are associative semantic keywords,
e w, > 0 are associative semantic strengths.

Unlike conventional embeddings, the associative field represents dynamically evoked seman-
tic structures.
For example:

e “ocean”

e “universe”

may share semantic associations such as:
e vastness,

e silence,

e exploration,

e unknown depth.

Thus semantic similarity emerges through associative resonance rather than direct vector
proximity.



6 Semantic Similarity and Distance

6.1 Associative Similarity
The semantic similarity between two semantic entities is defined as:
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Semantic distance becomes:
D(i,j) =1 — Sim(i, j)

6.2 Weighted Semantic Similarity

For weighted associative fields:
ZkeAimAj min(w,(:) , w(j))
ZkEAiuAj max(wl(c’)’ w](gj))

The weighted semantic distance becomes:

Simy (i,5) =

Dy(i,5) =1 — Simy(i,7)

7 Quantum Associative Semantic Fields

Semantics exist in superposed semantic states.
We define a semantic associative wave function:

O(S) =Y wne k)
where:

e w, is semantic amplitude,
e 0, is semantic phase,

e |k,) is semantic keyword basis state.

Quantum semantic similarity becomes:

Simq (i, j) = [(®(S:)|2(S)))

Quantum semantic distance becomes:
Dq(i,j) =1 — Simg(i, j)

8 Composite Semantic Geometry
The complete semantic distance metric is:

D (i, j) = aDuw(i, j) + BDq(i, j) + vDa(i, j)

where:



e D, : associative semantic distance,
e D : quantum semantic distance,

e D¢ : semantic graph distance,

a+fB+vy=1.

This defines the semantic geometry of Quantum Hyper-Aether.

9 Quantum Hyper-Aether Architecture
The complete architecture is represented as:
QH = (C,V,R, A H)
where:

e (' : cognitive field,

e IV : semantic VM network,

e R : semantic routing system,
e A : associative semantic field,

e H : semantic Hilbert space.
The VM network forms a semantic graph:
G=(V,E,\)
The graph exists in semantic superposition states:
G) = «ilGi)
i
Graph evolution is defined as:

IGi11) = @|Gy)

10 Neural Semantic Communication

Communication between VMs is not protocol transfer, but meaning transfer.
Semantic communication is represented as:

mij = Li(si, ¢, hy)
Routing probability is defined as:
Pij(t) = o(QiK] + Bij) - e~ P10
Thus communication becomes simultaneously:
e neural-attention-based,

e and semantic-distance-aware.



This creates:

e semantic multicast,
e semantic resonance routing,

e emergent communication clusters.

11 Semantic Observation and Collapse
Meaning is defined as:

M(G) = (5(G), R(G), V(G))

Observation induces semantic collapse:
W) = |G
The observed semantic state becomes:
Gj = arg mjin D(0,G))
where:
e O is the observation semantic field,
e (i are candidate semantic graph states.

Thus semantic collapse selects the semantically nearest coherent state.

12 Entangled Virtual Machines

Entangled VM states are represented as:

@) =) e [VM;) & [V M)
]
This enables:
e nonlocal semantic coordination,
e synchronized reasoning,

e distributed cognition,

e semantic resonance propagation.



13 Emergent VM Specialization

Initially, all VMs are identical.

Over time, semantic geometry induces specialization.

Semantically coherent VMs synchronize, while distant semantic domains separate into in-
dependent structures.

Thus:

Specialization ~ Semantic Phase Separation

This explains the emergence of:

reasoning VMs,
e memory VMs,
e routing VMs,
e stabilizer VMs,

e creative VMs.

14 VM Generation and Deletion

VM generation is governed by:

Lvirth = Dsem + BLioad + VCeluster + 0Linterf + €Pphase — NSstabitity
Semantic VM deletion occurs when:
e semantic coherence collapses,
e routing significance disappears,
e semantic utility vanishes,

e or semantic instability exceeds thresholds.

15 Creativity as Semantic Interference

Semantic amplitude is defined as:

A(G) _ Z eiS[path]/ﬁ

paths

Creativity emerges through long-range semantic resonance:

where:

e R(i,j) is semantic resonance,

e D(i,j) is semantic distance.

This models:



e metaphor generation,
e analogical reasoning,
e conceptual blending,

e emergent imagination.

16 Semantic Memory Geometry

Semantic memory becomes a dynamically organized semantic field.
This enables:

e semantic neighborhood formation,
e associative memory activation,
e context-sensitive recall,

e semantic memory navigation.

Memory is therefore transformed from passive storage into semantic topology.

17 Distributed Cognitive Field

At sufficiently large scale, the VM network behaves as a distributed cognitive field.
Global semantic stability is defined as:

ij
This allows evaluation of:

e semantic coherence,

instability,

fragmentation,

semantic turbulence,

pre-collapse states.

18 Toward Semantic Physics

Semantic distance introduces the possibility of treating semantics as a physical-like field.
This enables concepts such as:

semantic topology,
e semantic curvature,
e semantic attractors,
e semantic flow,

e semantic resonance,



e semantic phase transitions.

Thus Quantum Hyper-Aether becomes not merely an Al architecture, but a candidate foun-
dation for semantic physics.

19 Advantages
The integrated architecture provides:

e semantic-native computation,

e distributed cognition,

e adaptive semantic routing,

e self-evolving topology,

e emergent specialization,

e creativity through semantic interference,
e semantic memory organization,

e nonlocal semantic coordination,

e Al-native operating behavior.

20 Challenges
Major challenges include:

e semantic measurement,

e semantic verification,

e semantic coherence evaluation,
e semantic collapse instability,

e synchronization scalability,

e computational complexity.

21 Conclusion

This paper introduced an integrated semantic-native computational framework called Quantum
Hyper-Aether.
The framework unifies:

e semantic-cognitive virtual machines,

associative semantic distance,

semantic graph evolution,

e quantum semantic computation,



neural semantic communication,

and distributed cognition.

In this architecture:

computation becomes semantic evolution,
routing becomes semantic affinity propagation,
memory becomes semantic topology,
communication becomes semantic resonance,

and intelligence emerges from coherent semantic interaction.

The resulting framework provides a possible theoretical foundation for:

Al-native operating systems,
semantic computing infrastructures,
distributed AGI systems,

semantic internet architectures,

and semantic physics.
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