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1. Abstract



The Ace Trust Kernel is a foundational security layer designed to restore digital trust in an era of
synthetic media, quantum computing threats, and autonomous Al agents. By synthesizing
hardware-level attestation, Post-Quantum Cryptography (PQC), and an immutable
cryptographic audit trail, the Kernel provides a non-cloneable digital anchor. This document
outlines the technical specifications of the L1-L5 Trust Architecture and its application in
high-stakes fintech and Al environments.

2. The Problem: The Architectural Trust Gap

Digital identity systems currently rely on software-only trust models and classical asymmetric
cryptography (RSA/ECC). These are increasingly vulnerable to:

o Deepfake Injection: Traditional KYC tools cannot distinguish between live camera feeds
and high-fidelity Al-generated synthetic identities.

e Quantum Vulnerability: Standard encryption is susceptible to "harvest now, decrypt
later" attacks by future quantum computers.

e Hardware Spoofing: Lack of verifiable proof that code execution occurred on specific,
trusted silicon.

e Agentic Risk: Al agents operating without sandboxed execution or guardrails can be
co-opted for malicious system-level commands.

3. The L1-L5 Trust Architecture

The Ace Trust Kernel employs a proprietary five-layer defense-in-depth model where every
layer cryptographically validates the integrity of the layer below it.

Layer 1: Hardware Kernel (Silicon Root of Trust)

At the base level, the Kernel interfaces directly with the host machine's physical hardware (CPU,
GPU, NPU, or TPM).

Silicon Fingerprinting: Generates a unique HW-ID based on hardware invariants.
PQC Signing: Every response is signed at the hardware level using Dilithium2, a
NIST-standardized Post-Quantum signature scheme.

e Hardware Stress Testing: Ensures the environment is stable and has not been tampered
with at a physical or firmware level.

Layer 2: NIM Cluster (Distributed Attestation)

The NIM (Network Integrity Module) layer handles the verification of PQC signatures generated
by L1.

e Consensus-Based Attestation: Distributed nodes verify the hardware identity and
signature before allowing a request to proceed.

e Signature Verification Engine: A highly optimized C++/libogs-based engine ensuring
minimal latency.



Layer 3: TrustOS (Risk & Behavioral Engine)

TrustOS acts as the logic layer for real-time security decision-making.

e Behavioral Risk Engine: Analyzes request patterns, device fingerprinting, and nonces to
prevent replay attacks.

e Nemo-Style Guardrails: Implements real-time filtering of inputs to prevent prompt
injection in Al-driven interfaces.

e Trust Scoring: Calculates a dynamic trust score (0-100) for every session.

Layer 4: Morpheus Governance (Secure Execution)

This layer provides a restricted environment for running untrusted code or Al agent logic.

e Sandboxed Python Execution: A hardened environment that intercepts and blocks
dangerous system calls (e.g., 0s.system, subprocess, rm -rf).

e Capability-Based API Keys: Grants specific permissions (Read/Write/Execute) at a
granular level, ensuring the principle of least privilege.

Layer 5: Immutable Anchor Log (Cryptographic Audit)

The final layer ensures absolute accountability through a tamper-proof ledger.

e SHA-256 Chaining: Every kernel event is cryptographically linked to the previous event
(prev_hash), creating an unbreakable chain.

e Legal Admissibility: The immutable nature of the log provides forensic-grade evidence
for regulatory compliance (RBI/SEBI standards).

4. Core Security Modules

4.1 Post-Quantum Face Biometrics

Unlike standard biometric solutions, Ace Trust Kernel utilizes Multi-Frame Liveness Detection.

e Anti-Spoofing: Detects screen re-broadcasts, static masks, and deepfake artifacts in
real-time.

e PQC Sealing: The biometric template and the result of the liveness check are "sealed" with
a Dilithium2 signature, ensuring the data cannot be intercepted and modified in transit.

4.2 KYC Fraud Prevention Suite

The Kernel exposes 12+ specialized endpoints for fintech security:

e Synthetic ID Detection: Identifies identities compiled from multiple stolen records.
e Forgery Analysis: Al-powered document verification for identifying digital tampering.
e Network Graphing: Identifies "mule account” clusters through relationship mapping.

5. Technical Specifications & Performance

e Backend Stack: Flask (Python), OpenCV, face_recognition, libogs integration.



Frontend Stack: React.js with real-time analytics dashboard.

Latency: APl response times consistently under 100ms despite cryptographic overhead.
Throughput: Designed for high-concurrency fintech environments using Redis caching
and NIM-cluster scaling.

6. Implementation & Integration

The Kernel is designed as an API-first platform. Developers can integrate hardware-rooted
trust into existing workflows with minimal code:

/I Example Integration
const trustSeal = await AceKernel.verifyHardware();
if (trustSeal.score > 95) {

await AceKernel.secureExecute(aiAgentTask);

}

7. Roadmap & Future Work

e Q3 2026: SOC2 and RBI-aligned security certifications.
e Q12027: Integration with major chip vendors for native L1 support.
Q3 2027: Global expansion into GDPR-compliant healthcare and defense verticals.

8. Conclusion

The Ace Trust Kernel represents a paradigm shift from "Software-Only Security" to
"Hardware-Rooted, Quantum-Resistant Trust." By anchoring digital identities in the physical
silicon and protecting them with post-quantum algorithms, Ace Trust Kernel provides the
necessary infrastructure for the next generation of safe, agentic Al and secure fintech in India
and beyond.
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