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Abstract:
The emergence of quantum computers poses a significant threat to classical cryptographic systems. Post-quantum
cryptography (PQC) aims to develop cryptographic protocols resistant to quantum attacks. This study explores the
enhancement of post-quantum cryptographic protocols by integrating quantum-resistant key exchange mechanisms. We
propose the Quantum-Lattice Resilient Exchange Framework (Q-LREF), utilizing lattice dimensions 256, 512, and 1024)
with Gaussian noise distribution 3.2. Through experimental evaluation, we demonstrate that our approach outperforms
traditional RSA and ECC schemes while achieving comparable efficiency to CRYSTALS-Kyber with robust security
margins. By reviewing existing literature, implementing our novel framework, and analyzing results, we demonstrate the
efficacy of our approach against both classical and quantum adversaries. We also provide a comprehensive analysis of
potential challenges and future directions in PQC, including detailed examination of various quantum-resistant
algorithms and their applications.
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I. Introduction
Quantum computing represents a fundamental transformation in cryptography [1]. While classical cryptographic
systems, such as RSA and ECC, form the backbone of today's digital security, they face an unprecedented threat
from quantum computers. This critical vulnerability requires immediate action to develop quantum-resistant security
solutions that can protect information in the post-quantum world [4], [5].
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