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1. Overview

The Symmetric Authenticated Tunneling Protocol (SATP) represents a decisive shift in secure
communications architecture: a fully symmetric, post-quantum-secure tunneling and
authentication system that eliminates public-key dependencies while preserving all the
functional guarantees of modern asymmetric frameworks.

Instead of relying on trapdoor functions or key-pair exchanges, SATP derives its strength from
the SHA-3 family of hash functions, the RCS-256 wide-block cipher, and the SCB cost-based
key-derivation function, forming a deterministic, tamper-proof model of encryption and
authentication that remains immune to foreseeable quantum and classical attacks.

Built for the post-RSA epoch, SATP offers constant-time, certificate-free, duplex communication
channels that are authenticated, ephemeral, and forward-secure by construction. It achieves
sub-millisecond handshakes on constrained hardware while guaranteeing 128-bit post-quantum
confidentiality, demonstrating that enduring security need not depend on asymmetric or
speculative mathematical constructs.

2. Motivation and Strategic Rationale

Conventional cryptographic ecosystems; TLS, SSH, VPNs, anchor their trust in asymmetric
infrastructures that will collapse under scalable quantum computation. Even proposed
“quantum-resistant” replacements (e.g., lattice-based KEMs) inherit the complexity, overhead,
and uncertain lifetime of their predecessors.



SATP was conceived as an alternative evolutionary branch, grounded in symmetric
cryptography only, with three guiding objectives:

1. Sustainability across epochs: No mathematical dependency on hard problems
vulnerable to algorithmic discovery or quantum advantage.

2. Operational simplicity: Replace the certificate hierarchy, revocation chains, and online
validation requirements with deterministic, hash-based key hierarchies.

3. Predictable economics: Enable institutions to plan 20 to 30 year device lifecycles without
recurring PKI costs, hardware re-certification, or algorithm agility migrations.

For investors and acquirers, SATP offers a strategic differentiator: a proprietary, patent-pending
protocol that directly answers the "quantum-safety gap” facing governments, critical
infrastructure operators, and financial institutions worldwide.

3. Architecture and Mechanism

SATP employs a hierarchical key-tree architecture rooted in a master domain key (Kroot), from
which branch-level keys (Kbr) and device-specific keys (Kc,i) are deterministically derived using

SHAKE-256.
Each derived key is one-time-use and is irreversibly erased after consumption, ensuring perfect

forward secrecy.
A connection unfolds in three lightweight phases:
1. Connect Request: The client transmits its identity string and nonce Nh.

2. Connect Response: The server regenerates Kc,i, hashes (Nh || K¢,i || STc), and replies
through an RCS-authenticated tunnel.

3. Authentication: A cost-based KDF (SCB) validates passphrase tokens under strong
memory and CPU hardness.

Every packet thereafter carries a MAC-authenticated timestamp and sequence number,
preventing replay, mis-ordering, and injection. The result is a duplex AEAD tunnel where
confidentiality and integrity are guaranteed by RCS and KMAC operating under a shared SHAKE-
derived key space.

Key provisioning is deterministic and offline-capable: servers store a single 256-bit root key and
64-bit epoch counter, dramatically simplifying management and revocation compared to PKI

infrastructures.



4. Security Model and Post-Quantum Posture

SATP’s threat model anticipates full traffic capture, injection, client or branch compromise, and
adversaries equipped with Grover-class quantum computers.

Its security derives entirely from provable properties of the Keccak permutation and constant-
time, symmetric operations:

o Confidentiality: Breaking an SATP session requires pre-image attacks on SHAKE-256 or
full RCS-256 inversion (> 2%°* operations).

e Authentication: KMAC-256 and SCB-KDF provide INT-CTXT and offline password-
hardening beyond 22° CPU-MiB per attempt.

e Forward Secrecy: Each key is used once and erased; compromise of any Kc,i affects only
that single session.

e Replay Resistance: MAC-protected timestamps and sequence counters eliminate re-
injection windows.

e Side-Channel Defense: SCB enforces memory scattering and cache thrashing, while RCS
executes constant-time AES-NI paths with embedded fault detection.

Collectively, these primitives deliver Category V post-quantum assurance at a fraction of the
complexity of PQ-KEM stacks. SATP’'s complete compositional model satisfies QIND-CCA and
QINT-CTXT definitions under the Hoang-Sharma framework.

5. Implementation and Integration

SATP is engineered for drop-in deployability. A reference C implementation occupies less than
30 KB flash and 4 KB RAM, interoperable with existing TLS or QUIC stacks via CBOR
encapsulation.

Integration strategies include:

o Hybrid Gateway Mode: Terminate SATP at edge proxies while maintaining internal TLS,
enabling gradual migration.

e Firmware Upgrade Path: Legacy systems can adopt SATP entirely in software without
cryptographic accelerators.

e Cross-Protocol Interop: Optional REST and QUIC/SATP mapping permit seamless
integration with HTTP/3 infrastructure.



For embedded and industrial environments, SATP’s deterministic runtime and absence of PKI
dependencies reduce firmware audit scope, simplify IEC 62304 validation, and streamline FIPS
140-4 certification through its minimal symmetric-only codebase.

6. Use Cases and Applications
SATP’s compact symmetric design enables a wide operational spectrum:

FinTech Payments:
Reduces tap-to-authorize latency by 90 %, improving throughput in mass-transit and retail
sectors while eliminating certificate renewal costs.

Zero-Trust Enterprise:
Cuts mutual-authentication CPU demand by >90 % in API-driven micro-service fabrics.

Massive loT and Smart Grid:
Extends battery life by over 2 years through handshake energy reductions and offline
operability.

SCADA and Critical Infrastructure:
Retrofits RSA-based control systems with < 32 KB symmetric code, supporting offline epoch
revocation.

Healthcare and Wearables:
Enables < 5 ms telemetry authentication, extending implant battery lifespans and simplifying
clinical certification.

Satellite and Space Systems:
Provides deterministic key-rotation budgets, removing PKI uplinks and radiation-vulnerable
certificate stores.

CBDC Offline Wallets:
Facilitates tamper-evident, dual-branch offline payment channels compliant with BIS retail-CBDC
guidelines.

These applications demonstrate both immediate commercial value and systemic scalability
across finance, infrastructure, healthcare, and aerospace sectors.

7. Economic and Operational Value



SATP delivers a quantifiable reduction in cost, energy, and management overhead:

e Zero Certificate Economy: Removes $18 per-device lifecycle costs in large deployments,
yielding >$50 M savings per 3 M devices.

e Energy Efficiency: Handshake energy = 0.011 mWh (coin-cell), 95 % lower than ECDHE-
TLS.

o Software Simplicity: 26 KB server code replaces > 180 KB TLS libraries, freeing
microcontroller flash and reducing update risk.

e Compliance Automation: Machine-verifiable timestamp and sequence headers double
as audit trails, reducing SOX/PSD2 compliance overhead.

The result is a defensible economic moat: predictable operational expenditure, transparent
scaling behavior, and IP-anchored differentiation for integrators and OEMs.

8. Long-Term Security Benefit

SATP advances digital sovereignty by decoupling secure communication from centralized
certificate authorities and geopolitically constrained trust anchors.

Its offline-capable, deterministic model ensures secure access and authentication in
disconnected or hostile environments, from humanitarian field operations to autonomous
industrial zones.

By minimizing computational waste and hardware churn, it supports sustainable cybersecurity
infrastructure consistent with green-IT objectives.

For national and civil institutions, SATP provides a blueprint for long-life cryptographic
assurance, communication systems that remain confidential and authenticated even when
quantum computers become mainstream.

9. Conclusion

The Symmetric Authenticated Tunneling Protocol (SATP) stands as a cornerstone of the QRCS
post-quantum portfolio, a proof that robust, scalable, and enduring security can be achieved
through symmetric cryptography alone.

Its patented key-tree framework, RCS-based AEAD engine, and cost-based authentication form a
cohesive ecosystem that reduces attack surfaces while simplifying deployment economics.

SATP’s relevance extends well beyond cryptographic novelty: it establishes a new operational
doctrine for post-quantum resilience—minimalist, deterministic, and globally applicable.



As industries transition away from public-key dependence, SATP positions QRCS as the architect
of the first fully symmetric, quantum-secure communication paradigm, with clear pathways to
commercialization in finance, infrastructure, defense, and aerospace domains.
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