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SECTION 1 

Executive Summary 
The global cryptographic infrastructure underpinning digital commerce, national security, and 
critical network communications is approaching an inflection point of historic consequence. 
Quantum computing — once a theoretical curiosity confined to academic physics — has 
matured into a commercially viable technology with demonstrable, exponential computational 
advantage over classical systems in specific problem domains. Its most consequential 
implication for cybersecurity is its capacity to render the mathematical foundations of modern 
public-key cryptography computationally trivial. 

  

RSA, Elliptic Curve Cryptography (ECC), and Diffie-Hellman key exchange — algorithms that 
collectively protect the vast majority of sensitive data in transit across the internet, enterprise 
networks, and government systems — are provably vulnerable to a sufficiently large quantum 
processor running Shor's algorithm. The arithmetic of threat timelines has shifted materially: a 
consensus of expert projections now places the emergence of a Cryptographically Relevant 
Quantum Computer (CRQC) between 2030 and 2035, and recent algorithmic optimizations in 
early 2026 have compressed theoretical qubit requirements for breaking RSA-2048 by orders of 
magnitude. 

  



The threat is not merely prospective. Nation-state adversaries are actively engaged in 'Harvest 
Now, Decrypt Later' (HNDL) campaigns — the systematic collection of encrypted 
communications today with the explicit intention of decrypting them once quantum capability is 
achieved. Data harvested in 2025 that retains strategic, financial, or intelligence value through 
2033 is effectively already compromised. The window for proactive defense is not future-dated; 
it is closing in real time. 

  

In August 2024, the National Institute of Standards and Technology (NIST) finalized the first 
three post-quantum cryptography (PQC) standards — FIPS 203 (ML-KEM), FIPS 204 
(ML-DSA), and FIPS 205 (SLH-DSA) — culminating an eight-year global evaluation process. 
The U.S. federal government has mandated quantum-safe migration across all agencies by 
2035 under NSM-10 and OMB M-23-02, with RSA and ECC slated for deprecation by 2030. The 
private sector and federal contracting ecosystem face mounting compliance obligations, supply 
chain pressures, and fiduciary exposure. 

  

This white paper, authored by Logic Finder's research and advisory practice, provides enterprise 
leadership, technology investors, and government program managers with a rigorous, 
evidence-based analysis of: (1) the quantum threat model as it applies to contemporary network 
and information security architectures; (2) the technical landscape of post-quantum 
cryptographic algorithms and their operational characteristics; (3) the regulatory and compliance 
environment governing PQC transition; (4) strategic enterprise readiness frameworks for 
initiating and executing cryptographic migration; and (5) Logic Finder's differentiated service 
positioning within the post-quantum transition ecosystem. 

  

  The convergence of accelerating quantum hardware progress, active HNDL threat 
campaigns, and mandatory federal compliance timelines has transformed post-quantum 
cryptography from a long-range planning item into an immediate operational imperative. 
Organizations that do not begin cryptographic inventory and migration planning in 2026 
face compounding technical debt, contract eligibility risk, and potential liability for data 
breaches enabled by quantum decryption of previously intercepted communications. 

  
 
  

SECTION 2 

The Quantum Threat Landscape 

2.1  From Theoretical Physics to Strategic Risk 



Quantum computing derives its computational advantage from principles of quantum mechanics 
— superposition, entanglement, and interference — that collectively permit a quantum 
processor to represent and manipulate exponentially more information states simultaneously 
than a classical binary computer. A classical bit occupies a deterministic state of 0 or 1; a qubit 
can occupy a coherent superposition of both states, and a register of n qubits can represent 2ⁿ 
states simultaneously. Quantum gates manipulate these superpositions through unitary 
transformations, and measurement collapses the system to a specific output state with a 
calculable probability amplitude. 

  

This architecture is not universally superior to classical computation. Quantum advantage is 
problem-specific, and its most consequential expression from a cybersecurity standpoint lies in 
two foundational algorithms: Shor's algorithm and Grover's algorithm. Their implications for 
cryptographic security are categorically distinct and demand separate treatment. 

  

2.2  Shor's Algorithm: The Existential Threat to 
Public-Key Cryptography 
Peter Shor's 1994 polynomial-time quantum algorithm for integer factorization and the discrete 
logarithm problem represents the most consequential development in cryptographic risk since 
the invention of public-key cryptography itself. The security of RSA rests on the computational 
intractability of factoring large semi-prime integers — a problem for which the best known 
classical algorithm, the General Number Field Sieve, requires sub-exponential time scaling as 
O(exp((64/9)^(1/3) × (log N)^(1/3) × (log log N)^(2/3))). For RSA-2048, this represents a 
computation requiring millions of CPU-years on classical hardware. 

  

Shor's algorithm solves the same problem in polynomial time O((log N)²(log log N)(log log log 
N)) on a quantum computer with sufficient logical qubits and error correction. Critically, the same 
algorithm can be adapted to solve the elliptic curve discrete logarithm problem (ECDLP), 
meaning ECC — including ECDH key exchange, ECDSA digital signatures, and all variants of 
elliptic curve cryptography — is equally vulnerable. RSA, ECC, and Diffie-Hellman all reduce to 
instances of the Hidden Subgroup Problem, meaning a single quantum algorithm threatens the 
entire public-key infrastructure simultaneously. 

  

  The threat model is not analogous to increasing key length as was the response to DES 
and 3DES exhaustion. There is no practical key size increase that makes RSA or ECC 
safe against Shor's algorithm. The only viable response is algorithmic replacement. 

  



2.3  Grover's Algorithm: Halving Symmetric Security 
Grover's 1996 quantum search algorithm provides a quadratic speedup for unstructured search 
problems, reducing the effective search space from N to √N. Applied to symmetric cryptography, 
this means that a quantum adversary can effectively halve the bit-security of symmetric keys: 
AES-128 would provide approximately 64 bits of quantum security, while AES-256 maintains 
approximately 128 bits of security against a quantum attack — still considered computationally 
infeasible. NIST's guidance confirms that AES-256 and SHA-384 or SHA-512 are considered 
quantum-resistant with appropriate key length, while AES-128 may require re-evaluation for 
long-lived data protection. 

  

This distinction is operationally significant: enterprise cryptographic architectures that already 
employ AES-256 for data at rest are not urgently threatened by quantum computing. The 
migration imperative is concentrated on the public-key infrastructure — certificate authorities, 
TLS handshakes, VPN key exchanges, digital signature schemes, PKI hierarchies, and all 
protocols that rely on asymmetric cryptography for authentication, key establishment, or 
non-repudiation. 

  

2.4  The Cryptographically Relevant Quantum Computer: 
Timeline Analysis 
Quantifying the timeline risk requires distinguishing between current quantum hardware and a 
Cryptographically Relevant Quantum Computer (CRQC) — a fault-tolerant, error-corrected 
quantum system capable of executing Shor's algorithm on cryptographic key sizes at scale. 
Current quantum processors, while impressive engineering achievements, are Noisy 
Intermediate-Scale Quantum (NISQ) devices with physical qubit counts in the hundreds to 
thousands and error rates that preclude sustained logical computation at cryptographic scale. 

  

Timeframe Hardware State Cryptographic Implication 

2026 (Present) NISQ devices: 1,000–5,000 physical 
qubits, high error rates, no fault 
tolerance 

No CRQC capability; RSA-2048 and 
ECC-256 remain computationally 
secure 

2027–2029 Early error-corrected systems: 
progress toward logical qubit 
thresholds 

HNDL threat is live; data harvested 
now is at risk if Q-Day arrives before 
its confidentiality period ends 

2030–2033 Consensus expert probability peak 
for CRQC emergence; Forrester 
2026 rates 'feasible within 5 years' 

RSA-2048 and ECC-256 at near-term 
risk; organizations without migrated 
PKI face acute exposure 



2035 NIST mandated deadline for federal 
system migration; formal deprecation 
of RSA and ECC under NIST IR 8547 

Quantum-vulnerable algorithms 
formally disallowed in new 
deployments; legacy systems legally 
non-compliant 

2035+ Commercial CRQC services 
potentially available to well-resourced 
non-state actors 

Retroactive decryption of historically 
harvested ciphertext at scale 
becomes technically feasible 

Table 1: CRQC Timeline and Cryptographic Implication Matrix (Logic Finder Research, 2026) 

  

Mosca's Theorem provides a formal framework for assessing organizational exposure. Let X 
represent the number of years that sensitive data must remain confidential, Y represent the 
number of years required to fully migrate cryptographic infrastructure to quantum-resistant 
standards, and Z represent the number of years until a CRQC emerges. When X + Y > Z, the 
organization is already in a risk exposure window regardless of the absolute value of Z. Given 
that enterprise PQC migration timelines for large organizations have been estimated at 12–15 
years in peer-reviewed analysis, and given expert consensus placing CRQC emergence 
between 2030 and 2035, organizations with multi-year sensitive data retention requirements 
that have not yet begun migration are, by Mosca's calculus, already overexposed. 

  

2.5  Harvest Now, Decrypt Later: The Present-Day Attack 
Vector 
HNDL attacks represent the most immediately actionable quantum-era threat, requiring no 
quantum capability on the part of the adversary today. The attack vector is straightforward: 
sophisticated adversaries — principally nation-state actors with long-horizon strategic 
intelligence objectives — systematically intercept and store encrypted network traffic, encrypted 
data archives, or cryptographic handshake records with the intention of decrypting them when 
quantum capability is achieved. The adversary does not need to break the encryption today; 
they need only to archive it. 

  

The categories of data most exposed to HNDL risk are those with long confidentiality horizons: 
diplomatic cables, military communications, classified research and development data, 
long-dated financial instruments, healthcare records, intellectual property with decade-scale 
commercial value, and any national security system (NSS) traffic. Federal and defense-adjacent 
contractor networks are particularly high-value targets for HNDL collection given the strategic 
intelligence value of the communications they protect. 

  



  A 2026 Unit 42 Global Incident Response assessment confirmed that HNDL risk cannot 
be treated as a future-only problem. Attackers do not need quantum computers to create 
quantum-era risk — they only need access to encrypted data that will still be valuable 
when quantum decryption becomes practical. The risk materializes at the moment of 
interception, not at Q-Day. 

  
 
  

SECTION 3 

Post-Quantum Cryptographic Standards: 
Technical Architecture 

3.1  The NIST PQC Standardization Process 
The National Institute of Standards and Technology launched its Post-Quantum Cryptography 
Standardization project in 2016, initiating a global open competition to evaluate candidate 
algorithms for their resistance to both classical and quantum attacks. Over eight years, 82 
candidate algorithms were submitted, subjected to multi-round cryptanalytic evaluation by an 
international community of academic and government researchers, and progressively narrowed 
to a final set. On August 13, 2024, NIST released the first three finalized PQC standards, 
designating them as Federal Information Processing Standards (FIPS) 203, 204, and 205. 

  

3.2  FIPS 203 — ML-KEM (Module-Lattice-Based Key 
Encapsulation Mechanism) 
ML-KEM, derived from the CRYSTALS-Kyber submission, is designated as NIST's primary 
standard for general-purpose encryption and key establishment. It is a Key Encapsulation 
Mechanism (KEM) — a cryptographic construction that establishes a shared secret between two 
parties over an insecure channel, replacing the role of RSA key transport and Diffie-Hellman key 
exchange in protocols such as TLS, IKE, and SSH. 

  

ML-KEM's security rests on the hardness of the Module Learning With Errors (Module-LWE) 
problem, a variant of the Learning With Errors (LWE) lattice problem. No known quantum 
algorithm provides superpolynomial advantage over the best classical algorithms for 
Module-LWE, and the problem's hardness is believed to be robust against both Shor's and 



Grover's algorithms. ML-KEM is specified at three security levels corresponding to NIST Levels 
2, 3, and 5 (ML-KEM-512, ML-KEM-768, and ML-KEM-1024). 

  

Parameter Specification 

Security Foundation Module-LWE (Module Learning With Errors) 

Security Levels ML-KEM-512 (NIST Level 2), ML-KEM-768 (Level 3), 
ML-KEM-1024 (Level 5) 

Public Key Size 800 bytes (L2) / 1,184 bytes (L3) / 1,568 bytes (L5) 

Ciphertext Size 768 bytes (L2) / 1,088 bytes (L3) / 1,568 bytes (L5) 

Performance ~150 ops/sec on ARM Cortex-A53; ~85,000 ops/sec on Intel i7 

Primary Use Cases TLS key exchange, VPN key establishment, encrypted 
messaging, certificate-based session setup 

FIPS Designation FIPS 203 (August 2024) 

Table 2: ML-KEM Operational Parameters (NIST FIPS 203, 2024) 

  

3.3  FIPS 204 — ML-DSA (Module-Lattice-Based Digital 
Signature Algorithm) 
ML-DSA, derived from CRYSTALS-Dilithium, is the primary standard for quantum-resistant 
digital signatures. Digital signatures are used pervasively across enterprise environments: code 
signing, firmware authentication, certificate issuance, document notarization, API authentication, 
and blockchain transaction validation. ML-DSA replaces the role of RSA-PSS and ECDSA 
signatures with a lattice-based construction resistant to quantum attack. 

  

ML-DSA is based on the hardness of both the Module-LWE and Module-Short Integer Solution 
(Module-SIS) problems. It supports three parameter sets — ML-DSA-44, ML-DSA-65, and 
ML-DSA-87 — corresponding to NIST security levels 2, 3, and 5 respectively. For the majority of 
enterprise and government deployments, ML-DSA is expected to be the workhorse signature 
scheme, offering a balance of compact signature size, fast verification, and strong security 
margins. 

  

3.4  FIPS 205 — SLH-DSA (Stateless Hash-Based Digital 
Signature Standard) 



SLH-DSA, derived from the SPHINCS+ submission, provides a stateless hash-based signature 
scheme built on fundamentally different mathematical assumptions than ML-DSA. Its security 
relies solely on the collision resistance of cryptographic hash functions — a problem believed to 
be quantum-resistant with only the quadratic reduction imposed by Grover's algorithm. This 
mathematical independence makes SLH-DSA a critical backup option: if a future breakthrough 
compromises lattice-based security assumptions, SLH-DSA remains secure. 

  

The operational tradeoff is signature size — SLH-DSA signatures range from 7,856 to 49,856 
bytes depending on parameter selection, compared to 2,420–4,595 bytes for ML-DSA. For most 
high-volume signing applications (TLS, API tokens, short-lived certificates), ML-DSA is 
preferred. SLH-DSA is recommended for high-assurance, low-frequency signing applications: 
root certificate authority signing, firmware signing for long-lifecycle infrastructure, and classified 
system authentication where algorithmic diversity is mandated. 

  

3.5  Hybrid Cryptographic Schemes and Cryptographic 
Agility 
Enterprise migration to PQC cannot occur instantaneously. During the transition period — which 
NIST, NSA, and major standards bodies broadly characterize as extending through 2030–2035 
— hybrid cryptographic schemes are recommended for high-risk applications. A hybrid scheme 
combines a classical algorithm (e.g., ECDH) with a post-quantum algorithm (e.g., ML-KEM) in 
parallel, such that security is maintained as long as either algorithm remains unbroken. This 
provides defense against both classical adversaries who may exploit implementation errors in 
newer PQC algorithms and quantum adversaries who may break classical algorithms. 

  

Cryptographic agility — the architectural property that enables systems to swap cryptographic 
algorithms without requiring fundamental redesign — is a prerequisite for sustainable 
quantum-safe posture. Organizations whose cryptographic implementations are hardcoded at 
the library or hardware level face substantially greater migration costs and timelines than those 
with agile, modular cryptographic layers. Designing for cryptographic agility today is the single 
highest-return architectural investment an organization can make against quantum risk. 

  

Algorithm Purpose Security Foundation 

ML-KEM (FIPS 203) Key encapsulation / key exchange Module-LWE lattice problem 

ML-DSA (FIPS 204) Digital signatures (primary) Module-LWE + Module-SIS lattice 
problems 

SLH-DSA (FIPS 
205) 

Digital signatures 
(backup/high-assurance) 

Hash function collision resistance 



FN-DSA (FIPS 206, 
pending) 

Compact digital signatures NTRU lattice problem (FFT-based) 

AES-256 (existing) Symmetric encryption (quantum-safe 
with Grover reduction) 

Symmetric key exhaustion 

SHA-384 / SHA-512 
(existing) 

Hash functions (quantum-safe) Hash collision resistance 

Table 3: Post-Quantum and Quantum-Safe Cryptographic Standards Reference (NIST, 2024–2026) 

  
 
  

SECTION 4 

Regulatory and Compliance Landscape 

4.1  United States Federal Mandates 
The U.S. federal government has established a comprehensive and legally binding framework 
for PQC transition that creates direct compliance obligations for federal agencies and cascading 
supply chain pressure on federal contractors, vendors, and technology partners. The regulatory 
architecture rests on four primary instruments. 

  

National Security Memorandum 10 (NSM-10), signed May 4, 2022, is the foundational federal 
policy document. It requires all Federal Civilian Executive Branch (FCEB) agencies to submit 
annual inventories of quantum-vulnerable cryptographic systems, develop migration plans 
prioritizing High-Value Assets (HVAs) and National Security Systems (NSS), and complete 
quantum-safe migration by 2035. NSM-10 has been explicitly preserved and referenced by the 
Trump administration's June 2025 Executive Order 14144 as the cornerstone of federal PQC 
policy, confirming bipartisan continuity of quantum security mandates. 

  

OMB Memorandum M-23-02 provides operational implementation guidance for NSM-10, 
mandating annual cryptographic inventory submissions through 2035, designation of agency 
PQC migration leads, and formal funding assessments. The Quantum Computing Cybersecurity 
Preparedness Act (Public Law 117-260) elevates these requirements to federal statute, 
requiring congressional reporting on agency migration progress and directing OMB to issue 
implementation guidance within one year of NIST finalizing PQC standards — a deadline that 
passed in August 2025. 

  



The National Security Agency's Commercial National Security Algorithm Suite 2.0 (CNSA 2.0) 
specifies PQC algorithm requirements for National Security Systems, mandating that all new 
NSS procurements cease using RSA, Diffie-Hellman, and classical ECC immediately and 
complete PQC transition by 2030 — five years ahead of the civilian agency deadline, reflecting 
the higher threat exposure of classified system communications. 

  

4.2  NIST IR 8547 Transition Timeline 
NIST Interagency Report 8547, published as an Initial Public Draft in November 2024, 
establishes the formal deprecation timeline for quantum-vulnerable cryptographic algorithms. 
RSA-2048 and ECC P-256 — the most widely deployed public-key algorithms in enterprise 
infrastructure — are designated for deprecation by 2030, meaning they shall not be used in new 
deployments after that date. By 2035, all quantum-vulnerable public-key algorithms are formally 
disallowed under NIST standards regardless of key length. 

  

Milestone Requirement / Implication 

August 2024 NIST finalizes FIPS 203, 204, 205 — PQC standards become 
available for immediate deployment 

2025 (Ongoing) OMB M-23-02 annual cryptographic inventory submissions due; 
agency migration plans required 

2026 (Current Year) CMMC Phase 2 begins Nov. 10: DoD C3PAO-assessed Level 2 
compliance required for applicable defense contracts 

2027 CMMC Phase 3: DIBCAC Level 3 assessments begin; all federal 
agency cryptographic inventories should be complete 

2028 CMMC full mandatory implementation; all NSS must cease new 
RSA/ECC approvals (CNSA 2.0) 

2030 NIST IR 8547: RSA and ECC deprecated — no new 
deployments; NSS PQC migration complete (CNSA 2.0 deadline) 

2035 All quantum-vulnerable public-key algorithms formally disallowed; 
all FCEB agencies must complete PQC migration 

Table 4: Federal PQC Regulatory Timeline (Compiled from NIST, NSA, OMB, DoD Sources, 2026) 

  

4.3  Defense Industrial Base and CMMC Intersection 
The Cybersecurity Maturity Model Certification (CMMC) program, finalized through the DFARS 
final rule effective November 10, 2025, creates direct and legally enforceable cybersecurity 
requirements for the entire defense industrial base (DIB). While CMMC's current three-level 



framework (Level 1: Foundational, Level 2: Advanced, Level 3: Expert) does not yet explicitly 
mandate PQC implementation, the intersection of CMMC and PQC compliance is rapidly 
converging for contractors who handle Controlled Unclassified Information (CUI) and Federal 
Contract Information (FCI) with long-term sensitivity horizons. 

  

False Claims Act liability — explicitly highlighted in CMMC program documentation — creates 
significant financial and reputational risk for contractors who certify cybersecurity compliance 
while maintaining cryptographic vulnerabilities that are inconsistent with published federal 
guidance. As NIST IR 8547 deprecation timelines take effect and OMB guidance matures, the 
gap between CMMC compliance certification and PQC readiness will become increasingly 
untenable for contractors with access to NSS-adjacent data environments. 

  

4.4  International Regulatory Convergence 
The regulatory pressure is not limited to U.S. federal mandates. The United Kingdom's National 
Cyber Security Centre (NCSC) has published a three-phase PQC migration framework targeting 
complete adoption by 2035, with Phase 1 (cryptographic discovery and migration planning) 
mandated for completion by 2028. The European Union Agency for Cybersecurity (ENISA) has 
published technical guidelines aligned with NIST PQC standards. Australia's Australian Signals 
Directorate (ASD/ACSC) has issued guidance recommending that organizations cease reliance 
on traditional asymmetric cryptography for new deployments by end of 2030. Global technology 
companies operating across these jurisdictions face multi-regulatory compliance obligations that 
compound the urgency of initiating migration now. 

  
 
  

SECTION 5 

Enterprise Quantum Readiness 
Framework 

5.1  The Four Pillars of Quantum Readiness 
Logic Finder's Enterprise Quantum Readiness Framework (EQRF) provides a structured, 
phased methodology for organizations to assess, plan, and execute quantum-safe migration. 
The framework is organized around four interdependent operational pillars, each of which must 
be addressed in coordinated parallel rather than sequential isolation. Research from 
peer-reviewed migration analysis confirms that purely sequential approaches to PQC migration 



— completing discovery before beginning planning, or completing planning before beginning 
remediation — produce timeline overruns that push organizations beyond compliance 
deadlines. 

  

PILLAR 1: CRYPTOGRAPHIC DISCOVERY & INVENTORY 

▼ 

PILLAR 2: RISK STRATIFICATION & PRIORITIZATION 

▼ 

PILLAR 3: ARCHITECTURE REDESIGN & HYBRID DEPLOYMENT 

▼ 

PILLAR 4: MIGRATION EXECUTION, VALIDATION & CONTINUOUS MONITORING 

Figure 1: Logic Finder Enterprise Quantum Readiness Framework (EQRF) — Four-Pillar Architecture 

  

5.2  Pillar 1 — Cryptographic Discovery and Inventory 
The cryptographic discovery phase is the foundational prerequisite for all subsequent migration 
activities. Most large enterprises do not have accurate, comprehensive knowledge of where 
cryptographic algorithms are deployed across their environment. RSA, ECDH, and ECDSA 
appear not only in obvious locations — TLS certificates, VPN configurations, SSH keys — but 
embedded in application libraries, hardware security modules (HSMs), firmware images, 
industrial control system (ICS) communications protocols, API authentication layers, and 
database encryption schemes. Logic Finder's discovery methodology employs a hybrid 
approach combining automated cryptographic asset scanning with manual architecture review. 

  
•        Network traffic analysis: Passive TLS inspection to identify cipher suites, certificate 

key algorithms, and key exchange mechanisms across all network segments 
•        Certificate inventory: Automated enumeration of all X.509 certificates across internal 

PKI, external certificate authorities, and code-signing infrastructure 
•        Source code analysis: Static analysis tooling to identify cryptographic library calls, 

hardcoded algorithm selections, and cryptographic API usage patterns 
•        Configuration file review: Systematic audit of VPN, SSH, IPsec, and application 

server configurations for algorithm specifications 
•        Third-party and supply chain mapping: Assessment of cryptographic dependencies 

in vendor-supplied software, hardware, and cloud service APIs 



•        Firmware and embedded system inventory: Specialized scanning for ICS, OT, and 
IoT device firmware cryptographic implementations 

  

The output of the discovery phase is a Cryptographic Bill of Materials (CBOM) — an 
authoritative, structured inventory of all cryptographic assets, their locations, their algorithm and 
key length specifications, their data sensitivity classifications, and their technical upgrade 
pathways. The CBOM is the foundational artifact required by OMB M-23-02 and serves as the 
management plane for all subsequent migration activities. 

  

5.3  Pillar 2 — Risk Stratification and Prioritization 
Not all cryptographic assets present equal risk, and enterprise organizations cannot migrate 
everything simultaneously. Risk stratification applies Mosca's Theorem at the asset level: for 
each cryptographic system, the analysis combines the sensitivity horizon of the data it protects 
(X), the estimated migration timeline for that system (Y), and the probability-weighted CRQC 
emergence estimate (Z). Systems where X + Y approaches or exceeds the expected value of Z 
are classified as Priority 1; those with longer migration windows relative to their data sensitivity 
horizon are classified as Priority 2 or 3. 

 

  

Priority Tier Criteria Representative Asset Classes 

Priority 1 
(Immediate) 

Long sensitivity horizon + high HNDL 
exposure + complex migration path. 
X + Y approaches expected Z. 

NSS communications, classified 
network backbones, long-dated 
financial transaction records, 
biomedical research data, defense 
contractor CUI stores 

Priority 2 
(Near-Term) 

Moderate sensitivity horizon or 
moderate migration complexity. 
Migration must complete before 2030 
deprecation. 

Enterprise PKI hierarchies, internal 
certificate authorities, VPN 
infrastructure, authentication token 
systems, code signing pipelines 

Priority 3 (Planned) Short data sensitivity horizon or 
straightforward migration path 
(software-only, standards-based 
libraries). 

Web-facing TLS endpoints, short-lived 
API tokens, email encryption for 
non-sensitive communications 

Table 5: EQRF Risk Stratification Matrix — Priority Tiers and Asset Classification 

  



5.4  Pillar 3 — Architecture Redesign and Hybrid 
Deployment 
The architecture redesign phase translates the risk-stratified CBOM into a technical migration 
plan. For Priority 1 systems, hybrid cryptographic deployment — combining classical and 
post-quantum algorithms in parallel — is implemented immediately to protect against active 
HNDL collection while legacy system dependencies are resolved. For Priority 2 and 3 systems, 
a phased migration roadmap establishes algorithm replacement timelines, library upgrade 
dependencies, hardware refresh cycles, and protocol negotiation compatibility requirements. 

  

Cryptographic agility is the central architectural objective of this phase. Logic Finder's 
architecture practice designs cryptographic abstraction layers that decouple application logic 
from specific algorithm implementations, enabling future algorithm transitions — including 
migration from initial FIPS 203/204/205 implementations to subsequent NIST-standardized 
algorithms — without requiring application re-architecture. This forward-compatibility design 
reduces the total lifecycle cost of quantum-safe migration significantly relative to point-in-time 
replacement approaches. 

 

 

 

 

  

APPLICATION LAYER  (Algorithm-agnostic business logic) 

▼ 

CRYPTOGRAPHIC ABSTRACTION LAYER  (Agile interface: ML-KEM / ML-DSA / 
Hybrid mode selection) 

▼ 

CRYPTOGRAPHIC IMPLEMENTATION LAYER  (FIPS 203 / 204 / 205 validated libraries 
+ classical fallback) 

▼ 

HARDWARE SECURITY LAYER  (HSM / TPM / Secure Enclave — PQC-capable) 

Figure 2: Logic Finder Cryptographic Agility Architecture — Four-Layer Abstraction Model 

  



5.5  Pillar 4 — Migration Execution, Validation, and 
Continuous Monitoring 
Migration execution is where technical design meets operational reality. Logic Finder's execution 
methodology incorporates staged rollout with parallel operation — classical and post-quantum 
algorithms run simultaneously, with traffic progressively migrated to PQC while legacy 
compatibility is maintained for constrained endpoints. Each migration increment is validated 
through cryptographic compliance testing against FIPS algorithm validation program (CAVP) 
requirements, network-level protocol analysis to confirm PQC negotiation success rates, and 
penetration testing to identify implementation vulnerabilities in newly deployed PQC libraries. 

  

Continuous monitoring is established as a permanent operational capability, not a point-in-time 
assessment. The cryptographic monitoring program tracks certificate expiry and algorithm 
compliance across the asset inventory, monitors threat intelligence for advances in quantum 
hardware that may require timeline acceleration, and maintains audit trails for regulatory 
reporting under OMB M-23-02 annual inventory requirements. As NIST continues to standardize 
additional PQC algorithms — including fourth-round KEM candidates expected to provide 
ML-KEM alternatives — the monitoring program incorporates emerging standards into the 
organization's cryptographic agility roadmap. 

  
 
 
  

SECTION 6 

Logic Finder's Quantum Security Practice: 
Differentiated Positioning 

6.1  Unique Convergence of Competencies 
Logic Finder occupies a distinctive market position at the intersection of four competency 
domains that are individually necessary but collectively rare in the enterprise security consulting 
market: telecommunications and network infrastructure engineering, post-quantum 
cryptographic implementation, federal compliance and government contracting expertise, and 
workforce development capability. This convergence positions Logic Finder to address the full 
PQC migration lifecycle — from cryptographic discovery and risk assessment through 
architecture redesign, implementation, validation, and organizational capability building — within 
a single advisory and implementation engagement model. 

  



Pure-play cybersecurity firms offer assessment and strategic guidance but frequently lack the 
network engineering depth to execute cryptographic migrations across complex, multi-vendor 
telecommunications infrastructure. Network engineering firms possess the infrastructure 
competency but typically lack the cryptographic expertise required to implement and validate 
FIPS 203/204/205 deployments. Academic and research institutions provide cryptographic 
expertise but are not operationally structured to deliver enterprise-scale implementation 
services. Logic Finder's 10+ years of telco OEM and network operator engagement, combined 
with active Post-Quantum Cryptography service practice and George Mason 
University/Commonwealth Cyber Initiative partnership for workforce development, creates a 
differentiated value proposition that addresses the full quantum readiness lifecycle. 

  

6.2  Service Architecture 
Service Offering Description and Deliverable 

Quantum Risk Assessment Comprehensive evaluation of organizational quantum exposure 
across all cryptographic asset classes. Deliverable: 
Cryptographic Bill of Materials (CBOM), Mosca risk matrix, 
executive risk summary 

PQC Architecture Design FIPS 203/204/205-aligned target architecture design with 
cryptographic agility layering. Deliverable: Detailed technical 
architecture, hybrid scheme specifications, vendor selection 
guidance 

Migration Planning & Roadmap Priority-tiered migration plan with timeline, resource, and 
dependency mapping. Deliverable: OMB M-23-02-compatible 
migration plan, CMMC alignment assessment, regulatory 
compliance roadmap 

PQC Implementation Services Hands-on deployment of ML-KEM/ML-DSA/SLH-DSA across 
target asset classes, including TLS infrastructure, PKI, VPN, and 
code signing pipeline upgrades 

Validation & Penetration Testing CAVP-aligned algorithm validation testing, hybrid scheme 
interoperability verification, PQC-specific penetration testing for 
implementation vulnerabilities 

Cryptographic Monitoring 
Program 

Ongoing CBOM maintenance, certificate lifecycle management, 
threat intelligence integration, and annual OMB M-23-02 reporting 
support 

Workforce Development Executive briefings, technical training for network and security 
engineering teams on PQC concepts, implementation, and 
operational management 

Table 6: Logic Finder Post-Quantum Cryptography Service Architecture 



  

6.3  Investment Thesis and Market Opportunity 
The post-quantum cybersecurity market represents one of the most structurally compelling 
growth opportunities in the enterprise technology sector. The migration is not discretionary — it 
is mandated by federal statute, driven by contractual obligations in the defense industrial base, 
and increasingly demanded by enterprise cyber insurance underwriters who are beginning to 
incorporate quantum risk into policy terms. Every organization that relies on public-key 
cryptography — which is to say, every organization with a network-connected IT environment — 
has a migration obligation that cannot be deferred indefinitely. 

  

The addressable market is structured around three demand cohorts with distinct urgency 
profiles: federal agencies and defense contractors with statutory compliance obligations and 
formal deadlines; critical infrastructure operators (telecommunications, financial services, 
energy, healthcare) facing sector-specific guidance and customer trust imperatives; and large 
enterprise organizations in regulated industries (financial services, healthcare, legal) driven by 
fiduciary duty, cyber insurance requirements, and supply chain security mandates from 
government customers. 

  

  Research published in December 2025 estimates realistic enterprise PQC migration 
timelines at 5–7 years for small enterprises, 8–12 years for medium enterprises, and 
12–15+ years for large enterprises. Organizations that have not begun in 2026 face 
compressing windows to achieve compliance before the 2030 RSA/ECC deprecation 
milestone and the 2035 absolute deadline — creating sustained multi-year demand for 
specialized advisory, implementation, and monitoring services. 

  
 
  

SECTION 7 

Conclusion: The Imperative for Immediate 
Action 
The quantum computing threat to cybersecurity is no longer a horizon risk. The convergence of 
three independent forcing functions — accelerating quantum hardware progress, active HNDL 
collection campaigns by nation-state adversaries, and binding federal compliance mandates 
with enforceable deadlines — has created a condition of present-tense strategic urgency that 
organizations at every scale and sector must acknowledge and act upon. 



  

The mathematical foundations that have secured digital communications for five decades are 
provably breakable by a sufficiently capable quantum system. NIST has provided the 
cryptographic community with robust, standardized replacements in ML-KEM, ML-DSA, and 
SLH-DSA. The federal government has established clear transition timelines and compliance 
frameworks. The remaining variable is organizational will and execution velocity. 

  

The organizations that begin cryptographic discovery, risk stratification, and hybrid deployment 
in 2026 will have the time, resources, and technical depth to achieve quantum-safe posture 
before the regulatory deadlines materialize and before the CRQC threat window opens in 
earnest. Those that wait for Q-Day to act will find themselves simultaneously managing an 
active decryption threat against previously harvested data, a compliance crisis with contractual 
and legal consequences, and a technology market in which quantum security expertise 
commands a significant premium. 

  

Logic Finder stands at the ready to partner with forward-thinking enterprises, federal agencies, 
and defense contractors in navigating this transition — bringing to bear a unique combination of 
telecommunications infrastructure expertise, post-quantum cryptographic competency, federal 
compliance knowledge, and workforce development capability that addresses the full migration 
lifecycle from initial risk assessment to operational quantum-safe posture. 

  

  The time to act is not when the threat arrives — it is while the window remains open to 
act with deliberation, rigor, and adequate preparation. That window is open now. Logic 
Finder's quantum security advisory practice is engaged and ready to begin. 
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