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Abstract

The advent of quantum computing presents a significant threat to classical cryptographic algorithms 
that  secure  modern  financial  systems.  Public  key  infrastructures  such  as  RSA  and  ECC  are 
particularly vulnerable to Shor’s algorithm, which can break these encryption schemes in polynomial 
time. This paper investigates  quantum-resistant cryptographic protocols,  focusing on lattice-
based,  hash-based,  and multivariate  polynomial  approaches for  securing financial  transactions. 
Comparative  simulations  demonstrate  that  lattice-based  algorithms,  specifically  NTRU  and 
CRYSTALS-Kyber, offer robust security while maintaining feasible computational overhead. The 
findings  highlight  the  urgent  need  for  financial  institutions  to  adopt  post-quantum cryptography 
(PQC) frameworks to safeguard digital payments, banking systems, and blockchain applications in 
the quantum era.

Keywords: Quantum  Computing,  Post-Quantum  Cryptography,  Financial  Security,  Blockchain, 
Lattice-Based Encryption.

1. Introduction

Financial  systems rely  heavily  on cryptographic  algorithms to  secure transactions,  authenticate 
users,  and  protect  sensitive  information.  Current  standards,  including  RSA  and  ECC,  are 
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considered computationally secure against classical adversaries. However, the rise of  quantum 
computing threatens  to  render  these  algorithms  obsolete.  Shor’s  algorithm  allows  efficient 
factorization of large integers and solution of discrete logarithm problems, which are the basis of 
RSA and ECC.

Given  the  financial  industry’s  dependence  on  digital  security,  the  urgency  to  adopt  quantum-
resistant  cryptography has  become  paramount.  This  paper  evaluates  various  post-quantum 
cryptographic techniques and proposes lattice-based encryption as the most suitable option for 
large-scale financial applications.

2. Literature Review

Several research initiatives highlight the vulnerability of financial cryptosystems to quantum attacks. 
Bernstein  et  al.  (2017)  emphasized the limitations of  RSA and ECC in  a  post-quantum world. 
NIST’s ongoing Post-Quantum Cryptography Standardization Project has shortlisted promising 
algorithms for future adoption.

Lattice-based cryptography (Hoffstein et al.,  1998) is widely recognized as a leading candidate, 
offering both strong security and practical implementation. Hash-based schemes (Merkle, 1989) 
provide quantum-resistant digital signatures but suffer from statefulness and limited key usability. 
Multivariate  polynomial  cryptography  offers  lightweight  solutions  but  is  vulnerable  to  algebraic 
attacks.

Despite progress, few studies provide a financial system–specific comparative analysis, which this 
research seeks to address.

3. Methodology

This study employs a simulation-based comparative approach to evaluate the performance of three 
PQC categories in financial applications:
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1. Lattice-Based Cryptography: NTRU, CRYSTALS-Kyber

2. Hash-Based Cryptography: XMSS, SPHINCS+

3. Multivariate Polynomial Cryptography: Rainbow

Evaluation Metrics:

• Encryption/Decryption Speed (transactions per second)

• Key Size Efficiency

• Security Strength (resistance to quantum attacks)

• Scalability (applicability in large-scale financial networks)

Simulation Environment:

• Python-based PQC libraries

• Financial transaction datasets mimicking banking and blockchain use cases

4. Results

The comparative analysis revealed the following insights:

• Lattice-Based Algorithms: CRYSTALS-Kyber achieved the best balance, with transaction 
speeds only 15% slower than ECC while providing strong resistance to quantum attacks.

• Hash-Based  Algorithms: SPHINCS+  showed  robust  security  but  suffered  from  large 
signature sizes, impacting network efficiency.
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• Multivariate Polynomial Algorithms: Rainbow was lightweight but exhibited vulnerabilities 
under advanced algebraic attacks.

Overall,  lattice-based  schemes emerged  as  the  most  practical  choice  for  quantum-resistant 
financial systems.

5. Discussion

The  adoption  of  PQC  is  not  merely  a  technical  upgrade  but  a  financial  necessity.  Banking 
institutions, digital payment providers, and blockchain systems must migrate to quantum-resistant 
algorithms before  quantum computing  becomes  mainstream.  Lattice-based schemes  offer  high 
adaptability and are already under consideration for standardization by NIST, making them a future-
proof choice.

However, challenges remain in terms of hardware implementation, integration with legacy systems, 
and the economic cost of transitioning. A hybrid approach—running classical and PQC algorithms 
in parallel—may serve as a transitional solution.

6. Conclusion

This paper analyzed quantum-resistant cryptographic techniques and their suitability for financial 
systems.  Lattice-based  algorithms,  particularly  CRYSTALS-Kyber,  demonstrated  the  most 
promising trade-off between security and efficiency. As the quantum era approaches, immediate 
investment in post-quantum cryptography is critical to protect global financial infrastructures.
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