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ABSTRACT 

As quantum computing advances, traditional cryptographic systems based on RSA and ECC face the risk of 

becoming obsolete due to their vulnerability to quantum attacks. To ensure long-term data security, organizations 

must transition to post-quantum cryptographic (PQC) algorithms that resist quantum threats. The National 

Institute of Standards and Technology (NIST) has recommended lattice-based cryptographic algorithms, such as 

CRYSTALS-Kyber and Dilithium, as viable replacements. However, migrating to these new cryptographic 

standards presents challenges, including interoperability, performance optimization, and compliance with NIST 

SP 800-208. We propose a structured automation workflow that streamlines cryptographic transitions while 

maintaining security, efficiency, and regulatory compliance. By leveraging automation, hybrid deployment 

models, and hardware-optimized cryptographic solutions, organizations can achieve quantum resilience with 

minimal disruption to existing systems. 
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INTRODUCTION 

Traditional cryptographic systems based on RSA and Elliptic Curve Cryptography (ECC) face certain issues. 

Quantum computers, leveraging Shor's algorithm, have the potential to break these widely used encryption 

schemes, rendering current security mechanisms obsolete. To address this challenge, the National Institute of 

Standards and Technology (NIST) has been developing post-quantum cryptographic (PQC) standards to ensure 

long-term data security [1]. One of the leading approaches in PQC is lattice-based cryptography, which provides 

resistance against quantum attacks while maintaining efficiency and scalability for real-world applications. 

Transitioning to post-quantum cryptographic systems requires a structured approach, ensuring compliance with 

emerging standards like NIST SP 800-208. 

Automating this transition is essential for enterprises and governments aiming to future-proof their security 

infrastructures. This involves integrating lattice-based encryption algorithms such as CRYSTALS-Kyber and 

CRYSTALS-Dilithium into existing public key infrastructure (PKI) systems. HashiCorp Vault and OpenSSL 3.0 

offer robust toolchains to facilitate this transition, allowing organizations to manage post-quantum certificates and 

cryptographic keys efficiently. Hybrid certificate deployment, where both classical and post-quantum cryptographic 

signatures are used, enables a smooth migration without compromising security. 

Beyond software integration, hardware acceleration plays a crucial role in optimizing post-quantum cryptography. 

Field-programmable gate arrays (FPGAs) provide the computational power necessary to process lattice-based 

encryption efficiently, addressing performance concerns that arise due to the complexity of PQC algorithms. 

Additionally, integrating post-quantum security with emerging technologies such as Quantum Key Distribution 

(QKD) under the European Telecommunications Standards Institute's (ETSI) ISG-QKD framework ensures an 

added layer of protection against evolving threats. 

This paper presents a framework for automating the transition to post-quantum cryptography using lattice-based 

algorithms while ensuring compliance with NIST SP 800-208. We explore the integration of CRYSTALS-Kyber 

and Dilithium into PKI systems, hybrid certificate deployment, and the role of FPGA-based performance 

optimizations. Furthermore, we discuss strategies for seamlessly incorporating post-quantum cryptographic 

measures into existing infrastructure while maintaining compatibility with legacy systems. We propose a 
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comprehensive automation strategy that enables organizations to achieve quantum-resistant security through 

systematic deployment and testing of lattice-based cryptographic solutions. 

 

LITERATURE REVIEW 

 The emergence of quantum computing poses a significant threat to current cryptographic systems, necessitating a 

transition to post-quantum cryptography (PQC). Lattice-based cryptography is a promising area within PQC. It 

offers resistance against quantum attacks. A comprehensive overview of lattice-based cryptography 

implementations highlights their potential in this domain [1]. Specifically, there's been a focus on developing 

hardware to support these new cryptographic methods. 

Configurable crypto-processors are being designed to efficiently handle post-quantum lattice-based protocols [2]. 

Energy efficiency remains a key concern in these designs, especially for applications in the Internet of Things (IoT) 

[3]. Research has explored the landscape of NIST PQC algorithms, moving from software reference 

implementations to dedicated hardware accelerators [4]. 

However, the transition to lattice-based cryptography is not without its challenges. Vulnerabilities have been 

identified in certain lattice-based post-quantum cryptosystems, specifically those based on the Lee metric [5]. 

Conversely, lattice-based cryptography is also being explored for advanced applications like homomorphic 

encryption, showcasing its versatility [6]. 

The urgency of this transition is underscored by expert opinions, which emphasize the need to adopt quantum-

resistant algorithms to safeguard against future threats [7]. Automation plays a crucial role in managing this 

transition. Cloud infrastructure automation can provide a foundation for deploying and managing these new 

cryptographic systems [8]. Furthermore, the efficient orchestration of containers in cloud environments is relevant 

to the deployment of PQC solutions [9]. 

The literature review indicates that lattice-based cryptography is a leading candidate for post-quantum security. 

Research covers a wide range, from foundational implementations and hardware acceleration to the exploration of 

vulnerabilities and advanced applications. Automation is essential for the efficient and secure transition to these 

new cryptographic standards, particularly in cloud-based environments. The work also highlights the importance of 

adhering to standards like NIST SP 800-208. 

 

PROBLEM STATEMENT: THE URGENCY OF POST-QUANTUM CRYPTOGRAPHY MIGRATION 

The rapid advancement of quantum computing poses a significant threat to traditional cryptographic systems, 

particularly those based on RSA and Elliptic Curve Cryptography (ECC). As quantum capabilities evolve, current 

encryption methods risk becoming obsolete, leaving sensitive data vulnerable to decryption by quantum algorithms.  

Governments and cybersecurity experts are urging organizations to prepare for a post-quantum future by adopting 

quantum-resistant cryptographic standards. However, transitioning to post-quantum cryptography (PQC) is not 

straightforward, as it presents several technical, regulatory, and operational challenges. This section explores the 

threats posed by quantum computing, the compliance landscape, the complexity of migrating to lattice-based 

cryptography, and the current lack of standardized automation for PQC migration. 

The Threat of Quantum Computing to Classical Cryptography 

Quantum computing represents a paradigm shift in computational power, with the potential to break widely used 

encryption algorithms. Shor's algorithm, a quantum algorithm designed for integer factorization and discrete 

logarithm problems, can efficiently decrypt RSA and ECC-based cryptographic keys, rendering them ineffective.  

While large-scale quantum computers are still in development, experts anticipate that within the next decade, they 

could reach the capability to compromise classical cryptographic systems. This impending threat necessitates the 

urgent transition to quantum-safe cryptographic standards, ensuring data protection even in a quantum-enabled era. 

Organizations that fail to prepare risk exposing critical information, from financial transactions to government 

communications to quantum attacks. 

Regulatory and Compliance Challenges 

Governments and regulatory bodies have recognized the quantum threat and are taking proactive steps to enforce 

the adoption of PQC. The National Institute of Standards and Technology (NIST) has published Special Publication 

(SP) 800-208, outlining guidelines for transitioning to quantum-resistant cryptographic algorithms.  

The National Security Agency (NSA) has also introduced the Commercial National Security Algorithm Suite 2.0 

(CNSA 2.0), requiring government agencies and contractors to implement quantum-safe encryption.  

Additionally, the European Telecommunications Standards Institute (ETSI) has established the Industry 

Specification Group for Quantum Key Distribution (ISG-QKD) to address quantum security concerns in 

telecommunications. Despite these mandates, organizations face significant challenges in ensuring compliance, as 

PQC adoption requires extensive modifications to existing cryptographic infrastructures. 

Complexity of Transitioning to Lattice-Based Cryptography 

Lattice-based cryptography has emerged as a leading candidate for post-quantum encryption due to its resistance to 

quantum attacks. Algorithms such as CRYSTALS-Kyber for key encapsulation and CRYSTALS-Dilithium for 



Guduru S                                                           Euro. J. Adv. Engg. Tech., 2019, 6(11):104-108 

 

 

106 

 

 

digital signatures are among the frontrunners in NIST's PQC standardization process. However, transitioning to 

these algorithms introduces several complexities.  

Existing Public Key Infrastructure (PKI) systems, built around RSA and ECC, require significant modifications to 

support lattice-based cryptography. Hybrid cryptographic deployments, where classical and quantum-safe 

algorithms coexist, are necessary to facilitate a gradual transition, but they introduce compatibility challenges. 

Furthermore, lattice-based encryption demands higher computational resources, raising concerns about performance 

trade-offs, particularly in constrained environments such as IoT and embedded systems. 

Lack of Standardized Automation for PQC Migration 

One of the major obstacles in post-quantum cryptography migration is the absence of standardized automation 

frameworks to facilitate the transition. Current cryptographic infrastructures rely on well-established PKI 

toolchains, such as OpenSSL and HashiCorp Vault, which require extensive reconfiguration to support lattice-based 

cryptographic mechanisms.  

Organizations must manually assess and replace RSA/ECC implementations across diverse systems, leading to 

increased operational complexity and risk of misconfigurations. The lack of automation slows down adoption, 

making it difficult for businesses to proactively secure their systems against future quantum threats. Developing 

automated solutions for PQC migration is essential to streamline the transition and ensure seamless integration with 

existing security architectures. 

 

SOLUTION: AUTOMATING LATTICE-BASED CRYPTOGRAPHY TRANSITION 

The increasing threat posed by quantum computing necessitates a transition from classical cryptographic algorithms 

to quantum-resistant alternatives. Lattice-based cryptography, specifically NIST-selected CRYSTALS-Kyber, and 

CRYSTALS-Dilithium, provides a robust solution for secure communications. 

However, transitioning to the new cryptographic standards requires automation to ensure seamless integration into 

existing infrastructures. This section explores the automation of post-quantum cryptographic implementations using 

Infrastructure-as-Code (IaC) approaches, Public Key Infrastructure (PKI) toolchains, and performance 

optimizations with FPGA acceleration. 

Implementing Lattice-Based Cryptographic Algorithms 

Lattice-based cryptography relies on computationally hard problems that quantum computers cannot efficiently 

solve. CRYSTALS-Kyber is used for key encapsulation, while CRYSTALS-Dilithium serves as a post-quantum 

digital signature scheme. To automate the implementation, OpenSSL 3.0, which includes support for these 

algorithms, is leveraged. The following examples demonstrate key pair generation using Kyber and Dilithium: 

 

 
Figure 1: Key pair generation using Kyber 

 

 
Figure 2: Key pair generation using Dilithium 

 

These automation scripts ensure that organizations can generate and manage post-quantum keys with minimal 

manual intervention. 

PKI Toolchain Automation for Post-Quantum Readiness 

Automating certificate issuance and management for lattice-based cryptography requires an efficient PKI toolchain. 

HashiCorp Vault and Kubernetes Secrets Management provide secure storage and automation for cryptographic 

assets. The following HashiCorp Vault script configures a PKI backend for issuing PQC-compatible certificates: 

 

 
Figure 3: A PKI backend for issuing PQC-compatible certificates 

 

Kubernetes Secrets can be used to store and manage post-quantum keys: 
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Figure 4: Kubernetes Secrets for managing post-quantum keys 

 

These configurations streamline key management, ensuring the smooth adoption of post-quantum cryptography. 

Hybrid Certificate Deployment for Transitional Security 

Organizations must adopt hybrid certificates that support both traditional and post-quantum cryptographic 

algorithms to maintain backward compatibility. By deploying hybrid certificates, businesses can transition to 

quantum-resistant security while still supporting legacy systems. 

ETSI ISG-QKD Integration for Quantum-Safe Communication 

Quantum Key Distribution (QKD) offers a method of securely exchanging encryption keys using quantum 

mechanics. The European Telecommunications Standards Institute (ETSI) ISG-QKD outlines best practices for 

integrating QKD with lattice-based cryptography. The following Python-based example demonstrates integrating 

QKD with Kyber encryption: 

 

 
Figure 5: Python-based code for integrating QKD with Kyber encryption 

 

This approach enhances security by leveraging both quantum-resistant cryptography and quantum-secure key 

distribution mechanisms. 

Performance Benchmarking with FPGA Acceleration 

FPGA-based acceleration is evaluated to optimize performance for post-quantum cryptographic computations. 

Field-Programmable Gate Arrays (FPGAs) can offload intensive computations, reducing cryptographic latency. The 

following Verilog snippet demonstrates an FPGA-based Kyber implementation: 

 

 
Figure 6: Verilog snippet demonstrating an FPGA-based Kyber implementation 

 

Performance benchmarks compare CPU-based and FPGA-based implementations, highlighting latency 

improvements. By leveraging FPGA accelerators, organizations can enhance efficiency while maintaining security 

against quantum threats. 

 

CONCLUSION 

Automating the transition to post-quantum cryptography requires a multi-faceted approach involving algorithm 

implementation, PKI automation, hybrid certificates, QKD integration, and FPGA acceleration. By adopting these 

solutions, enterprises can ensure cryptographic resilience in the post-quantum era while maintaining security, 

performance, and compliance with NIST SP 800-208 standards. 

A fully automated migration to post-quantum cryptography must be both seamless and adaptive, ensuring minimal 

disruption to existing security infrastructures while addressing future threats. Implementing a continuous integration 

and continuous deployment (CI/CD) pipeline for cryptographic updates can further streamline the transition, 

allowing organizations to test, validate, and deploy PQC implementations efficiently.  
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Integrating real-time monitoring and auditing tools will also be essential for tracking cryptographic performance, 

identifying vulnerabilities, and ensuring compliance. By proactively embracing automation and quantum-safe 

cryptographic standards, enterprises can stay ahead of evolving security risks while future-proofing their data 

protection strategies. 
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