Recent Trends in Computer Science and Software Technolo
MANIECH P W &

Publications Volume 2, Issue 3, September- December 2017

Quantum Proofing Tomorrow: Post-Quantum Cryptography for
the Next Era

Dr. Shalini R. Mehta
Associate Professor
Department of Computer Science, Horizon Institute of Technology, Pune, India

Emailid: shalini.mehta.cs@horizontech.edu.in

Dr. Karthik Bansal
Assistant Professor
Department of Information Security, Skyline College of Engineering, Hyderabad, India

Emailid: karthik.b.skce@researchmail.com

Abstract
As quantum computing evolves, it poses significant risks to classical
cryptographic systems that underpin global digital security. Post-Quantum
Cryptography (PQC) emerges as a proactive defense, aiming to establish
cryptographic systems resilient against quantum attacks. This paper explores
the principles of PQC, its underlying algorithms, global standardization
efforts, and implementation challenges. We provide an in-depth analysis of
lattice-based, hash-based, and multivariate polynomial cryptosystems, and
their performance across security, speed, and storage metrics. By reviewing
recent NIST competitions and practical deployments, the paper outlines
strategic directions enterprises and governments should consider for PQOC
transition. This study emphasizes the urgency of transitioning to quantum-
resistant infrastructures to secure digital assets and communications in the

quantum future.
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INTRODUCTION

The advent of quantum computing
promises unprecedented computational
power capable of solving complex
problems that are intractable for
classical computers. However, this
transformative potential brings with it a
significant threat to current encryption

systems.

Algorithms like RSA and ECC,
foundational to online security, are
vulnerable to quantum attacks using
Shor’s algorithm. As a response, Post-
Quantum Cryptography (PQC) aims to
techniques

develop  cryptographic

resistant to  quantum  decryption
capabilities, thereby safeguarding the
confidentiality and integrity of future

digital communications.

CORE ALGORITHMS AND
CONCEPTS

Lattice-Based Cryptography
Lattice-based schemes rely on the
hardness of lattice problems like
Learning with Errors (LWE). These
schemes are promising for key
exchange, encryption, and digital

signatures. Algorithms like Kyber and

Dilithium, favored in the NIST

competition, fall in this category.

Hash-Based Cryptography

Hash-based schemes leverage the
collision resistance of hash functions.
They are mostly used for digital
signatures. The SPHINCS+ algorithm is
a primary example in this domain and is
quantum-resistant under current hash

assumptions.

Multivariate Cryptography
These  systems use  multivariate
polynomials over finite fields. Rainbow
and GeMSS are significant candidates in
this category and show strong post-

quantum resistance.

Table 1: Comparison of Notable Post-
Quantum Algorithms. All selected
algorithms show promising resistance

against quantum threats

Algorith | Category | Use Quantu
m Case m
Resista

nce
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Level

Kyber Lattice- | Key High
Based Exchan

ge
Dilithiu | Lattice- | Digital | High
m Based Signatu
res

SPHIN | Hash- Digital | Mediu
CS+ Based Signatu | m

res

Rainbo | Multivar | Signatu | High

w iate res
IMPLEMENTATION
CHALLENGES

Performance and Efficiency

PQC algorithms typically require larger
key sizes and more processing power,
which can impact system performance,

especially in constrained environments.

Standardization and Interoperability

Adopting PQC  globally requires
consistent standards and interoperability
between devices. NIST’s PQC project

plays a critical role in this alignment.

Deployment Complexity

Integrating PQC into  existing
infrastructure  demands  system-wide
changes, careful key management, and

backward compatibility with classical

systems.
FUTURE OUTLOOK AND
STANDARDIZATION

NIST’s ongoing PQC standardization
initiative is leading the transition
towards global post-quantum readiness.
By 2024, several algorithms including
Kyber and Dilithium were selected for

standardization.

Governments, industries, and academia
are actively testing and adopting these
protocols. Hybrid cryptographic models,
which combine classical and quantum-
resistant algorithms, are expected to

bridge current and future systems.

CONCLUSION

As the quantum era approaches,
securing  digital communication
becomes a critical priority. Post-
Quantum Cryptography offers viable
paths toward a resilient and quantum-

safe cyberspace. While implementation
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challenges persist, coordinated global

efforts in research, standardization, and

deployment are paving the way for

sustainable digital trust. Stakeholders

must proactively invest in PQC to

mitigate quantum-era threats and ensure

long-term data security.
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