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Every enterprise identity system built on RSA or elliptic curve cryptography faces a migration deadline imposed by quantum computing. NIST has
published post-quantum algorithm standards. Migration timelines are measured in years. But the deepest problem is not which algorithm to migrate to. It
is that the entire identity model depends on persistent key material that must be stored, rotated, and protected indefinitely. Keyless identity eliminates that
dependency by construction.

The quantum migration problem is deeper than algorithms
NIST finalized its post-quantum cryptography standards in 2024. Enterprises now face a migration from RSA-2048 and ECDSA to lattice-based and hash-
based alternatives. The conventional framing treats this as an algorithm swap: replace the old primitives with new ones, update certificate chains, and
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continue operating.

The reality is that algorithm replacement does not address the structural vulnerability. Enterprise identity systems depend on persistent key material:
private keys stored in HSMs, certificates issued by certificate authorities, key pairs associated with service accounts and machine identities. A quantum
computer does not need to break the algorithm in real time. It needs access to ciphertext encrypted under keys that will eventually become vulnerable. The
harvest-now-decrypt-later threat means that data encrypted today under RSA-2048 may be readable within a decade.

Replacing RSA with ML-KEM or SLH-DSA solves the algorithm problem. It does not solve the key material problem. Enterprises must still store private
keys, manage certificate lifecycles, handle key rotation, and protect backup keys. Every stored key is a future attack surface. The post-quantum algorithm
makes the key harder to derive mathematically. It does not make the key harder to steal, lose, or mismanage.

Why key-based identity is the actual vulnerability
The 2024 Microsoft signing key breach demonstrated that even the most sophisticated key management infrastructure is vulnerable to operational failure.
A single compromised signing key gave attackers the ability to forge authentication tokens for any Microsoft cloud customer. The key was not broken
cryptographically. It was exfiltrated from infrastructure.

This pattern repeats across industries. Certificate authority compromises, stolen SSH keys, leaked service account credentials, improperly rotated API
keys. The vulnerability is not the algorithm protecting the key. It is the existence of the key itself as a persistent, stealable, reusable authentication secret.

Post-quantum algorithms make the key harder to derive from public information. They do nothing about the operational surface area of key management
itself. An enterprise that migrates to post-quantum algorithms still has every key management vulnerability it had before, just with different key material.

How keyless identity resolves the structural problem
Keyless identity eliminates persistent key material entirely. Instead of authenticating an entity by proving possession of a stored secret, keyless identity
authenticates through accumulated behavioral continuity. The identity is not a key. It is a trajectory: a chain of locally-sourced unpredictable hashes that
together constitute a trust slope.

Each authentication event generates a fresh hash from locally available entropy: device state, environmental signals, timing characteristics. No hash is
reused. No hash is stored long-term. No hash can be stolen and replayed because each one is bound to the specific moment and context of its generation.

This is post-quantum by construction, not by algorithm selection. A quantum computer cannot break what does not persist. There is no stored key to
harvest now and decrypt later. There is no certificate chain to compromise. There is no private key in an HSM to exfiltrate. The authentication material
exists only at the moment of use and is never the same twice.

Trust accumulates through the slope of the hash chain over time. An entity that has authenticated consistently for months carries a trust slope that is
computationally expensive to forge, regardless of what computing capabilities an attacker has. Forging the slope requires reproducing the exact sequence
of locally-sourced entropy at every authentication point, which requires physical access to the device at every moment in the chain.

What enterprise migration looks like
Enterprise migration to keyless identity does not require a forklift replacement of existing PKI. The architecture supports parallel operation: existing
certificate-based systems continue operating while keyless trust slopes build alongside them. Over time, as trust slopes accumulate sufficient depth,
certificate-based authentication can be phased out for systems where slope-based authentication provides equal or greater assurance.

Machine-to-machine authentication is the natural entry point. Service accounts, API endpoints, and microservice identities are high-volume, operationally
expensive to manage with certificates, and well-suited to behavioral continuity authentication. A microservice that has been authenticating via trust slope
for six months carries an identity that is both stronger and operationally simpler than a certificate that must be rotated every ninety days.

For regulated industries facing post-quantum compliance deadlines, keyless identity offers a path that satisfies the requirement without the multi-year
algorithm migration timeline. The system is post-quantum from day one because there is no key material for a quantum computer to target, now or in the
future.

Keyless Identity All 21 steps →

Identity from accumulated continuity. Post-quantum by construction.
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○ Trust Slope Entanglement: Cryptographic Lineage for Semantic Agents● Post-Quantum Enterprise Identity Migration○ Billions of IoT Devices Need
Authentication Without Keys○ Financial Identity Without Credential Databases○ Patient Identity Through Behavioral Continuity○ Supply Chain
Authentication Without PKI○ Smart Building Access Through Continuity○ Vehicle Operator Identity Binding○ Displaced Person Identity Without
Documents
Applications (Specific)
○ Okta Centralized Enterprise Identity. The Keys That Prove It Are Still Stored Somewhere.○ Auth0 Made Developer Identity Easy. The Credential Model
Underneath Did Not Change.○ YubiKey Made Hardware Authentication Practical. The Key Is Still the Vulnerability.○ CLEAR Made Airport Identity
Fast. It Built a Biometric Database to Do It.○ Worldcoin Scans Irises to Prove Humanity. The Proof Depends on a Central Enrollment System.○ Jumio
Automated ID Verification. The Verification Still Depends on Documents.○ Microsoft Entra Unified Cloud Identity. Identity Still Depends on Stored
Credentials.○ Ping Identity Built Enterprise Federation. The Federation Depends on Shared Secrets.○ OneLogin Simplified Enterprise SSO. The SSO
Token Is Still a Credential.○ Duo Security Made MFA Ubiquitous. The Second Factor Is Still a Credential.○ Thales HSMs Protect Key Material. The Keys
Still Exist.○ Entrust Issues Digital Certificates. The Certificate Is a Stored Credential.○ DigiCert Secures the Web With TLS Certificates. The Certificate
Model Has Structural Limits.○ Let's Encrypt Made TLS Free. The Certificate Model Is Still the Same.
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Subject to one or more pending U.S. and international patent applications, see Patents for the current list and status. No license, express or implied, is
granted. Any use requires a separate written agreement—see Licensing. Patent applications referenced on this site are pending. Claim scope, if any, is
subject to examination and may issue in altered form or not at all. See Legal for terms and conditions.

Adaptive Query™ is a trademark of Nicholas Clark. U.S. federal registration is pending. federal registration. AQ™, AQ Inside™, Adaptive Index™,
Adaptive Network™, Semantic Agent™, @AQ™, AQID™, and Adaptive Coin™ are used as trademarks in connection with the Adaptive Query platform
and brand. Other names may be trademarks of their respective owners.

Platform operated by Adaptive Query LLC, which provides patent and trademark licensing services. Copyright © 2025-2026 Nicholas Clark. All rights
reserved.
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