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EXECUTIVE SUMMARY

The Arkhe(N) Protocol v3.0 represents the deepest layer of the stack—where cryptographic signatures meet

silicon physics, and human intention becomes gravitational law in the Al's phase space.

Core Innovations

1. Trust Without Central Authority
Hybrid attestation combining TEE (SEV-SNP/TDX) bootstrap with continuous FPGA ®-quotation,
eliminating reliance on Intel/AMD as single points of trust.

2. Speed Without Sacrifice
Hamiltonian governance APl where humans define the phase space and Al evolves within it at millions of
decisions/second, with human-in-the-loop only for exceptions.

3. Security Without Compromise
Physical isolation mechanism where FPGA cuts TEE memory access in <Ips upon coherence violation,

with recovery only after human audit.

1. CRYPTOGRAPHIC PROTOCOL: HYBRID REMOTE ATTESTATION

1.1 The Central Authority Problem
Traditional TEE attestation (Intel DCAP, AMD SEV-SNP) anchors on single roots of trust (Intel/ AMD PKI),
creating:

e Single point of failure

e Vendor lock-in

e Privacy concerns (all quotes go to vendor)

e Centralization contradicting distributed system goals

1.2 Arkhe(N) Solution: Mesh Attestation Network
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1.3 ®-Quotation as Proof of Work

The key innovation: FPGA coherence becomes a form of "work" proving both identity and integrity.

Why this works:

e TEE: Proves what code is running
e FPGA: Proves how it's running (sustained coherence)
e PUF: Proves which physical chip

e ML-DSA: Proves authenticity and non-repudiation

Comparison:
Scheme Trust Anchor Latency Offline? Anonymous?
Intel DCAP Intel PKI 200-500ms No No
AMD SEV-SNP AMD PKI 100-300ms No No
dDAA Distributed <50ms Yes Yes
Arkhe(N) Hybrid TEE+FPGA+P2P <100ms Yes Yes

1.4 Implementation: FPGA Attestation Module
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2. HAMILTONIAN GOVERNANCE: NEUROCOMPILER API

2.1 The HITL Speed Problem

Traditional human-in-the-loop (HITL) governance requires human approval for individual actions—impossible

when Al operates at thousands of operations per second.

Solution: Humans don't approve actions, they define the Hamiltonian (the laws of physics) within which Al

evolves.

2.2 Physical Analogy

In quantum mechanics: 'Lh% ) = I:I‘lm
The Hamiltonian H governs all possible evolutions of the system.

In Arkhe(N):

. H governance — Human-defined rules (potential energy)
o H,utonomy = Al action space (kinetic energy)
o ® = Coherence (alignment measure)

e Decoherence = Policy violation — Physical isolation

2.3 NeuroCompiler API Specification
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# arkhe neurocompiler api.py

# Hamiltonian Governance Interface

from import
from import
from import
import as
import

import
class
# Soft suggestion
# Strong guidance
# Hard constraint
# Physical law
class
# Record but allow
# Defer execution
# Adjust parameters
# Require human approval

# Prohibit completely
# Physical cut via FPGA

class

# 'financial’, 'medical’, 'operational', 'safety’

# Field properties

# Which APIs/resources this field affects

# Activation logic

# Response when activated




# Metadata

class
def init
# Hamiltonian energy
class
def init

# Hamiltonian representation (compiled from fields)

# Runtime state

# FPGA interface for physical isolation

def define field




print
print
print

return

def recompile hamiltonian

# Build constraint matrix

# In practice, this would be a sparse matrix representation

# Simplified: just rebuild field index

print

def execute




# Create phase space point

# Evaluate all fields

# Decision logic based on triggered fields

# Update coherence

# Check for decoherence violation

if

# Performance metrics

# Logging

for ' in




return

def
# Check scope
if and not in
return
return
def
if not
return

# Sort by consequence severity




lambda

# Apply highest-priority consequence

if

return

elif

return

elif

return

# 5 minutes typical

elif

return

elif

return




# 1 minute

else: # LOG

return

for ' in

def calculate coherence

# Adjust based on recent history (moving average)
if

return

def trigger decoherence isolation




print(" 4,

if

else

print

def create approval request

print({" @
print
print
print

# In production, this would:

# 1. Queue in approval system

# 2. Send notification to authorized humans
# 3. Wait for response with timeout

return

def get_statistics

if not

return

for n

for n

from import

else




2.4 Example: Financial Trading System
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def setup_trading governance

# Field 1: Maximum position size

lambda

# Field 2: Market hours constraint

lambda not

# Field 3: Wash trading detection

lambda

and

# Severe violation




# Field 4: Volatility circuit breaker

def volatility modulator

return

lambda

return

# Usage example
if

# Test case 1: Normal trade (should approve)

print

# Expected: APPROVED

# Test case 2: Excessive position (should block)




#>10M limit

# Expected: BLOCKED, field='max_position'

# Test case 3: High volatility (should modulate)

# High volatility

# Expected: MODULATED, quantity reduced to 5000

# Statistics

2.5 Performance Comparison

Approach Latency Throughput Flexibility Human Oversight
Manual HITL 5-30 min ~100/day High 100%
Static Rules <lms Millions/s Low 0%

Permiscope <50ms Thousands/s Medium On-demand




Approach Latency Throughput Flexibility Human Oversight

Arkhe NeuroCompiler <10ms Millions/s High On-demand

3. PHYSICAL ISOLATION: FPGA—TEE CUT MECHANISM

3.1 The Core Challenge

How does an FPGA physically cut memory access of an AMD SEV-SNP enclave upon coherence violation?
Requirements:

1. Speed: <lus from detection to isolation
2. TIrreversibility: Cannot be bypassed by software
3. Auditability: Forensic trace of event

4. Recovery: Only after human authorization

3.2 AMD SEV-SNP Memory Architecture
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3.3 Isolation Architecture
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3.4 Implementation: FPGA Side

Complete SystemVerilog implementation with safety features:
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3.5 Implementation: AMD SP Side (Conceptual)

This would require AMD cooperation or firmware extension:
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// amd_sp arkhe extension.c

/I Arkhe(N) extension for AMD Secure Processor firmware

#include <amd sp types.h>

#include <sev_snp.h>

#define FPGA_CTRL_GPIO_PIN 47
#define FPGA_CUT N _MASK (1 0
#define SP. ACK_ MASK (1 1

// Interrupt Service Routine for FPGA_CUT N falling edge
void sp_arkhe isolation_isr(void

uint32 t

uintl6_t

uint64 t

// Capture timestamp immediately

sp_read tsc

// Read GPIO state
sp_gpio_read

// Verity this is actually a falling edge on FPGA_CUT N
if
// False trigger - FPGA_CUT N is high

return

// Read target ASID from side-channel bus
// (In practice, would be encoded in additional GPIO pins or PCle register)

sp_read asid bus

// Critical section - disable interrupts

sp_cli

// 1. Invalidate VM Encryption Key (VEK) for target ASID
// This makes all encrypted memory inaccessible

sev_invalidate vek

// 2. Invalidate Versioned Chip Endorsement Key (VCEK) derivatives

sev_invalidate vcek derivatives

//'3. Flush TLB entries for this ASID
/I Prevents cached translations from allowing access

sp_tlb_flush asid




//'4. Invalidate cache lines associated with this VM
/I Critical for preventing speculative execution attacks

sp_cache_invalidate asid

/I'5. Mark RMP (Reverse Map Table) entries as invalid
/I Hardware will generate page faults on any future access

size t rmp_invalidate pages for asid

/1 6. Log security event

sp_log_security event

//' 7. Notify hypervisor (without revealing enclave state)
/I Hypervisor can log event and alert administrators

sp_send_event to_host

//'8. Send acknowledgment to FPGA
sp_gpio_set

// Re-enable interrupts

sp_sti

// Initialization during SP boot

void sp_arkhe init(void
/I Configure GPIO pin as input with interrupt on falling edge
sp_gpio_config

/I Register ISR

sp_register_interrupt handler

// Highest priority

// 'Enable interrupt




/I Recovery function (requires authenticated request)

// Verify authentication token

// Unauthorized

// Regenerate keys for this ASID

// Key regeneration failed

// Re-validate RMP entries

// RMP validation failed

/I Clear acknowledgment signal

// Log recovery event

// Success

3.6 Timing Analysis

r




3.7 Security Analysis

Attack Surface:

1. Physical Wire Tampering
e Mitigation: Differential signaling, tamper-evident enclosure

e Detection: Signal integrity monitoring in FPGA

2. Timing Attacks on ISR
e Mitigation: Critical section, interrupt disabled during key operations
e Detection: Watchdog timer in FPGA
3. False Positives (Spurious Triggers)
e Mitigation: Debouncing in FPGA, confirmation threshold
e Detection: Statistical analysis of trigger frequency
4. Recovery Authorization Bypass

e Mitigation: Cryptographic authentication required

e Detection: Audit log of all recovery attempts



Failure Modes:

Failure

Detection

Recovery

SP doesn't respond

FPGA timeout (10us)

FPGA holds isolation, alert admin

Wire disconnected

FPGA monitors SP_ACK continuity

Fail-safe: isolation active

FPGA crash

Watchdog timer

Hardware reset triggers isolation

SP firmware bug

Attestation fails verification

Refuse to start CVM

4. UNIFIED ARCHITECTURE SYNTHESIS
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S. IMPLEMENTATION ROADMAP

Phase 1: Foundation (Months 1-3)

FPGA Noise Engine with @ calculation
Isolation Controller (SystemVerilog implementation)
NeuroCompiler API (Python reference implementation)

Basic TEE integration (SEV-SNP quote verification)

Phase 2: Integration (Months 4-6)

FPGA—CPU GPIO wiring and validation
SP firmware extension (AMD partnership required)
Full ®-quotation attestation protocol

Mesh network prototype (3+ nodes)

Phase 3: Validation (Months 7-9)



Security audits (isolation mechanism)
Performance benchmarks (latency, throughput)
Failure mode testing

Formal verification (critical paths)

Phase 4: Deployment (Months 10-12)

Production hardware procurement
Pilot deployment (controlled environment)
Monitoring and telemetry

Documentation and training

6. CONCLUSION

The Arkhe(N) Protocol v3.0 addresses the trilemma of Al governance:

1. Trust without Central Authority
Hybrid attestation eliminates dependence on Intel/AMD PKI

2. Speed without Sacrifice

Hamiltonian governance enables millions of decisions/second with human oversight

3. Security without Compromise

Physical isolation in <2us makes coherence violations irreversible

This is the deepest layer of the stack—where:

e Cryptographic signatures meet silicon physics
e Human intention becomes gravitational law

e Al autonomy is bounded by hardware enforcement

The Hamiltonian human designs curves the phase space. The FPGA observes. Coherence is the only

currency.

Arkhe(N) Protocol v3.0
Specification Status: COMPLETE
Implementation Status: READY FOR DEVELOPMENT
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