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Abstract

This paper proposes Hyper-Aether, a new computer architecture in
which programs are not written manually.

Instead, virtual machines are generated from user specifications by
an AI generator, and all execution is unified by a hypervisor.

The whole system is modeled using category theory, topos theory,
and a formal axiom system.

This architecture may reduce human labor, simplify system con-
struction, and allow self-evolving computing systems.
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1 Introduction

Conventional computer systems require manual programming.
The typical workflow is

Spec → Code → Compile → Run

This workflow requires large human cost.
Programming, debugging, and maintenance are major sources of com-

plexity.
Hyper-Aether replaces programming with AI-based generation.

Spec → AI → VM → Run

In this model, the user describes the task, and the system generates a
virtual machine.

Execution is always performed by the same runtime.
This provides

• unified execution

• strong isolation

• lower human cost

• dynamic system generation

The purpose of this paper is to define

• architecture

• execution model

• hardware model

• category model

• topos model

• axioms

• theorems

• cost model

• limitations

and to show that Hyper-Aether is a valid next-generation computer
model.
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2 Architecture Overview

The overall structure of Hyper-Aether is different from conventional com-
puters.

Instead of executing programs directly, the system generates virtual ma-
chines from specifications.

The main components are

• Hardware

• Hypervisor

• Virtual Machines

• AI Generator

• Capability System

• Prompt Interface

Execution flow is

Spec → AI → VM → Hypervisor → Hardware

The hypervisor controls all execution and resource access.
This guarantees isolation and unified execution.

2.1 Architecture Diagram

The structure of the system is shown below.
In this architecture, virtual machines are not written manually, but gen-

erated dynamically.

2.2 Architecture Comparison

The following table compares conventional systems and Hyper-Aether.

3 Execution Model

In Hyper-Aether, programs are replaced by generated virtual machines.
We define the generation function

v = G(spec)
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Hardware

Hypervisor

VM1 VM2 VM3

AI Generator

Figure 1: Hyper-Aether architecture

Feature Conventional Hyper-Aether

Programming Manual AI Generated
Execution OS + App Hypervisor + VM
Runtime Per App Shared
Isolation Process VM
Interface API Prompt

Table 1: Architecture comparison

where
spec is the user specification, and G is the AI generator.
Execution is performed by the hypervisor

Run(v) = H(v)

where
H

is the hypervisor execution function.
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Specification AI VM Execution

Figure 2: AI-based VM generation

3.1 Execution Diagram

4 Hardware Architecture

Hyper-Aether assumes a hardware model optimized for virtualization and
AI execution.

Conventional CPUs execute programs directly.
Hyper-Aether CPUs execute virtual machines through a hypervisor.
The processor contains

• VM execution unit

• hypervisor unit

• AI accelerator

• capability controller

• memory isolation unit

4.1 CPU Model

We model the CPU as

CPUHA = CPU +AI +HV + CAP

where

• CPU = conventional processor

• AI = AI accelerator

• HV = hypervisor logic

• CAP = capability controller

This model means that AI and virtualization are part of hardware, not
only software.
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Component Conventional CPU Hyper-Aether CPU

Core Yes Yes
OS support Yes Yes
Hypervisor Optional Required

AI accelerator Optional Required
Capability control No Yes

VM unit No Yes

Table 2: Hardware comparison

4.2 Hardware Comparison

4.3 Memory Model

Memory is divided per VM.

Memory =
⋃
i

Memoryi

Isolation condition

Memoryi ∩Memoryj = ∅

This guarantees safety.

4.4 Capability Model

Access control is defined as

cap(i, j) ∈ {0, 1}

If

cap(i, j) = 0

then access is forbidden.

4.5 Execution Rule

All execution must go through the hypervisor.

Run(v) = H(v)

This ensures that no VM can bypass control.
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4.6 Resource Limits

Real hardware is finite.

CPU < ∞

Memory < ∞

Energy < ∞

These limits will appear later in the limitation theorems.

5 Virtual Machine Model

In Hyper-Aether, all computation is performed inside virtual machines.
Programs do not run directly on hardware.
Instead, virtual machines are generated from specifications.

5.1 VM Set

We define the set of virtual machines

V = {v1, v2, . . . , vn}

Each VM is generated independently.

5.2 Generation Function

VM generation is defined as

v = G(spec)

where

• spec = user specification

• G = AI generator

This replaces programming.
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5.3 Execution Function

Execution is performed by hypervisor.

Run(v) = H(v)

This guarantees that execution is unified.

5.4 VM Communication

VMs may communicate.

comm : V × V → V

Communication must pass through capability control.

5.5 VM vs Program

The following table shows the difference between traditional programs and
Hyper-Aether virtual machines.

Item Program VM

Written by Human AI
Compiled Yes No
Generated No Yes
Isolation Weak Strong
Runtime Per app Shared
Security Limited Capability based
Reuse Low High

Table 3: Program vs Virtual Machine

5.6 Advantages of VM Model

Using VM generation provides

• no manual programming

• unified runtime

• strong isolation

• dynamic system construction

• easier verification
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6 Category-Theoretic Model

Hyper-Aether can be described using category theory.
This allows a formal description of virtual machines and their interac-

tions.

6.1 Category Definition

We define a category

C = (Obj,Hom, ◦)

where

• Obj = virtual machines

• Hom = communication

• ◦ = composition

6.2 Objects

Objects correspond to VMs.

Obj(C) = V

6.3 Morphisms

Morphisms represent communication.

f : vi → vj

6.4 Composition

Execution chains are composition.

h = g ◦ f

This means
VM1 → VM2 → VM3

13



v1

v2

v3

f g

g ◦ f

Figure 3: Category model of VM execution

6.5 Category Diagram

6.6 Functor Model

Generator is a functor.

G : Spec → V

This means specifications are mapped to virtual machines.

6.7 Category Meaning

Category theory allows

• formal VM composition

• formal communication

• formal execution chains

• reasoning about system structure

7 Topos-Theoretic Model

The whole Hyper-Aether system can be modeled as a topos.
Topos theory allows us to describe

• system states

• permissions

• logical structure

• execution worlds
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7.1 Topos Definition

We define

T

as the topos of the system.
Objects correspond to system states.
Morphisms correspond to transitions.

7.2 State Object

A system state is

S ∈ Obj(T )

Execution changes state.

S′ = F (S)

7.3 Subobject Classifier

Permissions are modeled by

Ω = {0, 1}

Meaning

• 1 = allowed

• 0 = forbidden

7.4 Permission Function

perm : V × V → Ω

If

perm(vi, vj) = 0

access is denied.

15



S1

S2

S3

Figure 4: State transitions in topos model

7.5 Topos Diagram

7.6 Mathematical Correspondence

The following table shows the correspondence between mathematics and
system components.

Math Model System Meaning

Object VM
Morphism Communication
Functor Generator
Topos System state

Subobject Permission
Category VM network
Limit Resource bound

Table 4: Mathematical correspondence

7.7 Meaning of Topos Model

Topos theory allows

• formal permission control

• formal state model

• formal logic

• reasoning about security

• reasoning about evolution

8 Axiom System

We define an axiom system for Hyper-Aether.
These axioms describe the fundamental rules of the architecture.
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8.1 Axiom 1 (VM Generation)

All execution objects are virtual machines.

∀x,Run(x) ⇒ x ∈ V

Meaning
Nothing runs outside VM.

8.2 Axiom 2 (Generation by AI)

Every VM is generated by AI.

∀v ∈ V, ∃spec v = G(spec)

Meaning
No manual program.

8.3 Axiom 3 (Hypervisor Control)

All execution is controlled by hypervisor.

Run(v) = H(v)

Meaning
No direct hardware access.

8.4 Axiom 4 (Isolation)

Different VMs do not share memory.

Memoryi ∩Memoryj = ∅ (i ̸= j)

8.5 Axiom 5 (Capability Control)

Access must be permitted.

perm(i, j) ∈ {0, 1}

If

perm(i, j) = 0

access is forbidden.
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8.6 Axiom 6 (Finite Resources)

Hardware is finite.

CPU < ∞

Memory < ∞

Energy < ∞

8.7 Axiom 7 (State Transition)

System evolves.

S(t+ 1) = F (S(t))

Meaning
The system may change itself.

8.8 Axiom 8 (Category Structure)

VMs form a category.

C = (V,Hom, ◦)

8.9 Axiom 9 (Topos Structure)

System states form a topos.

T

8.10 Axiom Meaning

These axioms guarantee

• unified execution

• safe isolation

• formal structure

• controlled access

• evolvable system

18



9 Theorems

From the axioms, we derive several theorems.
These theorems describe properties of Hyper-Aether.

9.1 Theorem 1 (Isolation)

If axioms 1–5 hold, VMs are isolated.

i ̸= j ⇒ Memoryi ∩Memoryj = ∅

Therefore
no VM can access another VM.

9.2 Theorem 2 (Unified Execution)

From Axiom 3

Run(v) = H(v)

All execution goes through hypervisor.
Therefore
execution is unified.

9.3 Theorem 3 (No Manual Programming)

From Axiom 2

v = G(spec)

Every VM is generated.
Therefore
manual programming is not required.

9.4 Theorem 4 (Security)

From Axiom 5

perm(i, j) = 0 ⇒ Access = forbidden

Therefore
unauthorized access is impossible if axioms hold.
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9.5 Theorem 5 (Finite Performance)

From Axiom 6

CPU < ∞

Memory < ∞

Therefore
performance is bounded.

9.6 Theorem 6 (Category Consistency)

From Axiom 8

C = (V,Hom, ◦)

Composition is associative.
Therefore
execution chains are consistent.

9.7 Theorem 7 (Topos Logic)

From Axiom 9

T

exists.
Therefore
system has internal logic.
This allows formal reasoning about permissions.

9.8 Theorem 8 (Self Evolution)

From Axiom 7

S(t+ 1) = F (S(t))

System may change itself.
Therefore
self-optimization is possible.
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9.9 Theorem 9 (Cost Reduction)

If programming cost is large

Costconv > CostHA

then Hyper-Aether is cheaper.

9.10 Meaning of Theorems

These theorems show

• safety

• isolation

• cost reduction

• formal structure

• evolvability

10 Cost Model and Benchmark

One of the main motivations for Hyper-Aether is cost reduction.
In conventional systems, human programming cost is very large.

10.1 Cost Model

Total cost is

C = Chuman + Cmachine + Cenergy

In conventional computing

Chuman ≫ Cmachine

because programming is expensive.
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10.2 Hyper-Aether Cost

In Hyper-Aether

C ′ = Cprompt + CAI + Cmachine

Since prompt creation is easier than programming

Cprompt < Chuman

Therefore

C ′ < C

if AI cost is reasonable.

10.3 Cost Reduction Theorem

If

Chuman > CAI + Cprompt

then

CHA < Cconv

This means Hyper-Aether reduces cost.

10.4 Benchmark Model

We compare workload.

Work = Spec+ Code+Debug +Run

Conventional

Workconv = Spec+ Code+Debug +Run

Hyper-Aether

WorkHA = Spec+ Prompt+Run

Debug is reduced.

22



Task Conventional Hyper-Aether

Specification Yes Yes
Programming Yes No

Prompt No Yes
Debug Large Small

Execution Yes Yes
Maintenance Large Small

Table 5: Benchmark comparison

10.5 Benchmark Table

10.6 Performance Limit

Because of VM layer

PerfHA < Perfnative

But

CostHA < Costnative

Tradeoff exists.

10.7 Meaning

Hyper-Aether

• reduces human cost

• increases automation

• may reduce speed

• improves safety

11 Advantages and Limitations

Hyper-Aether has both advantages and disadvantages.
We describe them formally.
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11.1 Advantages

Main advantages are

• no manual programming

• unified runtime

• strong isolation

• automatic generation

• formal structure

• easier verification

• cost reduction

11.2 Advantage Formula

We define benefit

B = Csaved − Cextra

where

Csaved = Chuman − Cprompt

and

Cextra = CAI + CVM

If

B > 0

then Hyper-Aether is useful.

11.3 Limitations

Real systems have limits.

• finite CPU

• finite memory
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• finite energy

• AI errors

• VM overhead

11.4 Limit Formula

Total performance

P =
CPU

Overhead

If overhead increases

P ↓

11.5 Error Probability

AI generation may fail.

Pr(error) > 0

Therefore
verification is required.

11.6 Limitation Table

Factor Effect

VM layer slower
AI generation uncertain
Hardware limit finite

Energy finite
Memory finite

Security bug possible

Table 6: Limitations
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11.7 Tradeoff

We define tradeoff

Safety +Automation+ Isolation− Performance

Hyper-Aether maximizes safety and automation, not raw speed.

12 Self-Evolving System

One important property of Hyper-Aether is self evolution.
Because virtual machines are generated automatically, the system can

modify itself.

12.1 State Transition Model

We define system state

S(t)

Next state

S(t+ 1) = F (S(t))

If F includes AI generation, the system may improve itself.

12.2 Self-Generation

Generator may generate generator.

Gt+1 = Update(Gt)

Therefore

G0 → G1 → G2 → . . .

This allows evolution.

12.3 Category Model of Evolution

We define

S0 → S1 → S2 → S3

as morphisms.

26



S0

S1 S2

S3

Figure 5: Evolution as category morphisms

12.4 Topos Model of Worlds

Different system states can be seen as different worlds.

Worldi ∈ T

Transition

Worldi → Worldj

Permissions may change.

12.5 Logical Interpretation

Because the system is a topos, it has internal logic.
This allows

• reasoning about safety

• reasoning about permissions

• reasoning about evolution

12.6 Self Optimization

We define optimization

Sbest = argmaxScore(S)

AI may search better systems.

12.7 Meaning

Hyper-Aether can

• generate VMs

• generate generators
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• generate systems

• evolve architecture

13 Security Model

Security in Hyper-Aether is based on capability control and VM isolation.
No object can access another object without permission.

13.1 Capability Function

We define permission

perm : V × V → {0, 1}

Meaning

• 1 = allowed

• 0 = forbidden

13.2 Access Rule

Access is allowed only if

perm(i, j) = 1

Otherwise

Access = denied

13.3 Capability Matrix

Permissions can be written as a matrix.

C =

1 0 0
1 1 0
0 1 1


This defines allowed access.
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13.4 Isolation Theorem

If

perm(i, j) = 0

then

Memoryi ∩Memoryj = ∅

Therefore data leak is impossible if hypervisor is correct.

13.5 Security Table

Feature Conventional Hyper-Aether

Process isolation weak strong
VM isolation optional required
Capability rare default

Direct memory possible forbidden
AI control none yes

Table 7: Security comparison

13.6 Security Formula

Security level

Sec = Isolation+ Capability +Hypervisor

Higher is better.

13.7 Attack Condition

Attack possible if

perm(i, j) = 1

or

Hypervisor = broken

Therefore hypervisor correctness is critical.
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14 Discussion

Hyper-Aether is not only a system architecture, but also a shift in the con-
cept of computation.

Traditional computers execute instructions.
Hyper-Aether executes intent.

14.1 From Program to Specification

Conventional model

Program = Code

Hyper-Aether model

Program = Spec

This removes the need for manual programming.

14.2 Computation as Transformation

Computation can be seen as

State → State

In Hyper-Aether

S(t+ 1) = F (S(t))

where F includes AI generation.
This means computation is a transformation of system state.

14.3 Computer as Generator

In traditional systems

Computer = Executor

In Hyper-Aether

Computer = Generator + Executor

This is a fundamental shift.
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14.4 Relation to Category Theory

In category theory, computation is composition.

f ◦ g
Hyper-Aether directly maps this idea.
VM interactions form morphisms.

14.5 Relation to Topos Theory

Topos represents a universe of logic.
Hyper-Aether system is

T
This means

• system has internal logic

• permissions are logical predicates

• states form a mathematical universe

14.6 Information Flow

Information flow is controlled.

Flow(i, j) = perm(i, j)

If

perm(i, j) = 0

flow is blocked.

14.7 Human Role Change

Human role becomes

• define intent

• define specification

• verify result

Instead of writing code.

31



14.8 Philosophical Implication

Hyper-Aether suggests

Computation = IntentRealization

This is closer to human thinking.

14.9 Limit of Automation

However, full automation is not perfect.
We define uncertainty

U = Pr(error)

Since

U > 0

human verification remains necessary.

14.10 Meaning

Hyper-Aether represents

• shift from code to intent

• shift from execution to generation

• shift from static to dynamic systems

• shift from program to system

15 Conclusion

This paper proposed Hyper-Aether, a novel computer architecture based on
AI-generated virtual machines.

Unlike conventional systems, Hyper-Aether removes manual program-
ming and replaces it with specification-driven execution.

The execution model is

Spec → AI → VM → Hypervisor → Hardware

This model provides
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• unified execution

• strong isolation

• reduced human cost

• dynamic system construction

• formal mathematical structure

15.1 Key Contributions

This work introduced

• a VM-native architecture

• an AI-based generation model

• a category-theoretic model

• a topos-theoretic model

• an axiom system

• formal theorems

• a cost model

• a security model

15.2 Main Results

We showed that

• programming can be eliminated

• execution can be unified

• cost can be reduced

• system can evolve

• security can be formalized
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15.3 Limitations

However, there are limitations.

• AI cost

• latency

• non-determinism

• finite resources

• verification difficulty

15.4 Final Perspective

Hyper-Aether suggests a new direction for computing.

Computer = G(Intent)

Instead of executing code, the computer generates systems.
This represents a shift toward

• intent-driven computing

• self-evolving systems

• AI-native architecture

15.5 Future Vision

Future computers may

• generate themselves

• optimize themselves

• evolve continuously

• require minimal human input
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