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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 by AI based on specifica-
tions.

All execution is unified by a hypervisor, and the whole system is
modeled using category theory and topos theory.

This architecture may reduce human programming cost and enable
self-evolving computers.



1 Introduction

Conventional computer systems require manual programming.
The workflow is

Spec — Code — Compile — Run

This process requires human labor.
Hyper-Aether replaces programming with Al generation.

Spec = AI - VM — Run

This reduces cost and allows dynamic system construction.
The goal of this paper is to define

e architecture

e mathematical model
e axioms

e theorems

e cost model

e limitations

2 Architecture Overview

Hyper-Aether consists of
e Hardware
e Hypervisor

Virtual Machines

o Al Generator

Capability System

Prompt Interface

Execution model:

Spec — Al - VM — Hypervisor — Hardware



2.1 Architecture Diagram

AT Generator

VM1 VM2 VM3

\ /

Hypervisor

Hardware

Figure 1: Hyper-Aether Architecture

3 Execution Model

In Hyper-Aether, programs are replaced by generated virtual machines.

v = G(spec)

Execution
Run = H(v)
3.1 Execution Diagram

Specification Al qJ VM % Execution

Figure 2: Al-based VM generation




4 Hardware Architecture

Hyper-Aether assumes a new hardware model optimized for virtualization
and Al execution.
The CPU includes

e VM execution unit
e hypervisor unit

AT accelerator

capability controller

e memory isolation unit

4.1 CPU Model
We define

CPUga=CPU+ Al + HV + CAP
where
e Al = AI accelerator
e HV = hypervisor logic

e CAP = capability control

4.2 Memory Model
Memory is partitioned per VM.

Memory = U Memory;
i

Isolation
Memory; N Memory; = ()

4.3 Execution Model

All execution is done via hypervisor.

Run(v) = H(v)



4.4 Capability Model

Access control

cap(i, j) € {0, 1}
If

cap(i, j) =0

then communication forbidden.

4.5 Hardware Constraints

Finite resources

CPU <

Memory < oo

Energy < oo

5 Virtual Machine Model

VM set
V ={v,v9,...,0n}
Generation
v = G(spec)
Execution
Run = H(v)
Communication

comm:V xV =V



6 Category-Theoretic Model

We model the system using category theory.
Define category

C = (V,Hom,o)

where

e objects = virtual machines
e morphisms = communication

e composition = execution chain

6.1 Objects
ovj(C) =V

6.2 Morphisms

Hom(v;, vj) = communication

6.3 Composition

f:U1—>U2
g U2 — V3

gofivr— w3

6.4 Identity

idy v — v



U3
V] —————————— V2

Figure 3: Category of Virtual Machines

6.5 Category Diagram
6.6 Functor Model

Generation as functor

G : Spec -V

Execution functor

Run : V — State

Composition

Run oG

7 Topos-Theoretic Model

Hyper-Aether can be modeled as a topos.
Let

T
be the system topos.

7.1 Objects
Objects represent VM states.

Obj(T) = {S:}

10



7.2 Morphisms

State transitions

f 25 — Sj
7.3 Subobject Classifier
Security model
Q={0,1}
Permission
perm(x) € Q
7.4 Topos Diagram
T

Vi—— W,

Figure 4: Topos Model of Hyper-Aether

7.5 State Evolution
S(t+1)=F(S(t))

7.6 Self-evolving system

S(t) N S(t+1)
\—t\_/

Figure 5: Self evolving system
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8 Axiom System

We define axioms of Hyper-Aether.

8.1

Axiom 1 (VM generation)
Vspecdv

such that

8.2

8.3

8.4

8.5

8.6

v = G(spec)

Axiom 2 (Hypervisor execution)

Run(v) = H(v)

Axiom 3 (Isolation)

Memory; N Memory; = ()

Axiom 4 (Capability)

cap(i,j) € {0,1}

Axiom 5 (Finite resource)

CPU < ¢
Memory < oo

Energy < oo

Axiom 6 (Self evolution)

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

12



9 Theorems

9.1 Theorem 1 (Deterministic execution)

If hypervisor is deterministic,

Run(v)

is deterministic.

9.2 Theorem 2 (Isolation safety)
If

Memory; N Memory; = 0

then
no direct interference.

9.3 Theorem 3 (Generation completeness)

If generator is complete,

Vspecdv

9.4 Theorem 4 (Evolution convergence)

If

I|1F|[ <1
then

S(t) — S§*

9.5 Theorem 5 (Cost reduction)
Let

Costeony = prog T Crun

COStHA = Cspec + CAI + Crun

13



If

Cprog > CAI

then

Costga < Costeony

10 Advantages

Hyper-Aether reduces programming cost.
Conventional cost:

Costeony = spec T Cdesign + Cp’rog + Ciest + Crun

Hyper-Aether cost:

COStHA = Cspec + CAI + Orun

Reduction condition:
C'p’/‘og + Cdesign + Ctest > CAI

10.1 Shared execution model

All tasks executed by same engine.
Run(v;) = H(v;)

10.2 Human work reduction

Human work
Weonv = Wiaesign + Woprog + Waebug
Wha = Wepee
If
Wpee < Waesign + Wprog + Waebug

then

14



WH A< Wcorw

11 Limitations

11.1 Resource explosion

Number of VMs

Vi=n
Cost

Cost = O(n)

11.2 AI cost
Car = O(model)

11.3 Non-determinism

AT generation

v = G(spec)

not always unique.

11.4 Latency

Generation time

T =Tar + Thoot

11.5 Security risk

If capability wrong

capli, j) = 1

unexpected access possible.
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12 Benchmark Model

We compare Hyper-Aether with conventional computers.

12.1 Task model

Let task set

T = {t1,ta, ..., tn}

Conventional

OOStconv = Z(Cdesign + C'prog + Ctest + Orun)
Hyper-Aether

Costga = Z(Cspec + Car + Crun)
12.2 Cost reduction condition
If

C'p’/‘og + Cdesign + Ctest > CAI

then
Costga < Costeony
12.3 Human labor
Conventional

Heony =n X Hprog

Hyper-Aether

HHA =nxX Hspec

If

Hspec < Hprog

then
reduction.
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12.4 Execution sharing

Same runtime for all tasks

Run(t;) = H(v;)

12.5 Scalability
VM count

Hypervisor cost

12.6 Energy

Econv = Ecpu + Ehuman

Ega = Ecpu + Ear

Reduction if

13

Ehuman > EAI

Future Work

Hyper-Aether is a conceptual architecture.
Future research includes:

hardware implementation
AT generator optimization
capability verification
topos OS theory
category-based scheduler
distributed Hyper-Aether
energy optimization

secure VM generation
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13.1 Hardware CPU
Future CPU:

CPUpa=CPU+ Al + HV + CAP

13.2 Formal verification

Need proof

Correct(v)
13.3 Distributed system
Nodes

Hy, Hy, H

Category of nodes.

13.4 Self evolving system
S(t+1)=F(S(t))

14 Conclusion

We proposed Hyper-Aether, a computer architecture based on Al-generated
virtual machines.
Execution model:

Spec - AI - VM — Hypervisor — Hardware
Advantages:
e 1o programming
e unified execution

cost reduction

self evolution

isolation
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e scalability
Limitations:

o Al cost

latency

VM explosion

security

non determinism

Future computers may be intent-driven systems.

Computer = G (intent)

Hyper-Aether suggests a direction for next-generation computing.
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