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Abstract

The fact that modern cryptographic systems are susceptible to a significant attack
from quantum computing which solves complex mathematical problem exponentially
faster than the classical scheme of computers makes the present situation a dangerous
one. Legacy encryption methods including RSA, ECC, and AES that are the heart of
secure communication are especially susceptible to quantum attacks such as Shor’s and
Grover’s algorithms. To mitigate this potential threat, this research puts forth state of
the art quantum-resistant technologies inclusive of lattice based cryptography and hash
based signature solutions. The Lattice-Hash Hybrid method that is proposed, improves
security by exploiting the computational intractability of lattice problems and the collision
resistance of the hash functions, making it very hard to crack the system using quantum
decryption algorithms. In the study, a comparative analysis of the proposed method with
traditional lattice-based, hash-based and code-based cryptographic methods is performed.
Experimental results suggest that the proposed algorithm features better encryption speed,
decreased decryption latency, and increased security level as compared with the current state
of the art. The results emphasize the need for the implementation of cutting edge electronic
cryptography strategies to protect integrity and confidentiality of data in the days to come
within the context of quantum computing. Further research will concentrate on optimizing
the proposed techniques further and bringing them to real-world deployment.
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1. Introduction

The dawning era of quantum computing technology advances with
unprecedented speed and has brought uncharted challenges to the current
cryptographic systems compromising security of digital communications and
ensuring data protection mechanisms[1]. Common threats include phishing
attacks, malware infiltration, denial-of-service (DoS) attacks, ransomware, and
insider threats. Additional risks involve “data breaches, man-in-the-middle
attacks, and exploitation of software vulnerabilities”, all of which can
compromise system security and data integrity. Quantum computers which
utilize the concepts of superposition and entanglement have the power to solve
complicated mathematical problems exponentially faster than classical systems
of computing. Consequently, traditional encryption algorithms which have
always been thought to be secure have become victims to quantum attacks. The
increased prominence of quantum computing requires a radical change in
cryptographic approaches, in which quantum resistant algorithms form the basis
for the protection of sensitive data and the secure conduct of digital
transactions[2], [3].

Popular classical cryptographic algorithms like RSA and ECC have
received a lot of attention as they are well supported by solid mathematical
underplot because they are usually employed to secure digital communicating.
RSA with the factorization of large integers and ECC with the discrete logarithm
problem on elliptic curves are both secure against classical computational
approaches[4], [5]. However, Shor’s quantum algorithm among others threaten
to eliminate these forms of encryption. Shor’s algorithm can quickly factor large
integers and compute discrete logarithms, and as such, RSA and ECC are easily
decrypted on a sufficiently powered quantum computer in a reasonable amount
of time. This vulnerability puts emphasis on the urgent demand for an algorithm
of cryptography that would be resistant to the quantum attacks[6].

Though considerable efforts are exerted to create secure cryptography
method, there also is a significant gap perceived currently in the development of
efficient and practical quantum resistant algorithms[7], [8]. The existing
approaches, i.e., lattice-based, hash-based, and code-based cryptography,
provide promising resistance against quantum decryption. However, there are
restrictions on each technique of computational complexity, key size, or
efficiency of performance[9]. For example, lattice-based cryptography offers
high security but at a severe performance cost. Hash-based signatures are robust,
but it cannot sufficiently accommodate all requirements with regards to security.
Code based approaches, though strong, are ineffective when it comes to
practical applications. This gap highlights the necessity for more sophisticated
algorithms that provide improved security but at the same time do this while
maintaining computational efficacy[10], [11].

The main goal of this research is to create and test new quantum resistant
algorithms capable of solving challenges associated with quantum decryption.
The proposed idea is to combine the strengths of Lattice Method and Hashing
Cryptographic techniques, and combine them in a way that boosts both security
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and also computational efficiency. To attain a compromise between high level
security and practicality, the algorithm under consideration has exploited the
given complexity of lattice problems and the collision resistance of hash
functions.

This research provides a number of important contributions. First, it
presents an original hybrid algorithm that merges lattice and hash-based
methods to fight off quantum attacks. Second, it performs a thorough
comparative analysis with the already available cryptographic approach to
downstream the performance enhancement. Finally, the study assesses the
computational efficiency and resistance of the proposed algorithm to prominent
quantum attacks, which offers useful insight to future cryptographic research.

Finally, the risk towards traditional cryptographical systems that faces
quantum computing is both imminent and serious. To overcome this challenge, a
paradigm change to quantum resistant algorithms is needed and this research
seeks to contribute considerably by suggesting a strong and efficient hybrid
cryptography solution.

2. Quantum Computing Threats

The arrival of quantum computing has created a new challenge to old
trappings of traditional cryptographic security systems. Unlike classical
computers that operate on calculations in linear fashion, quantum computers
utilize quantum bits or qubits and exploit superposition and entanglement. This
basic distinction enables quantum systems to solve complex problems much
more quickly on an exponential scale. It is not hard to believe that one of the
bothersome implications of quantum computing is the possibility to break some
of the most commonly used cryptographic schemes, RSA, ECC, and AES[6].

RSA, powerfully dependant on the difficulty of factorization of large prime
numbers, and ECC, based on elliptic curve discrete logarithm problem have
formed the basis of public key cryptography. However, large integer formation
and computation of discrete logarithm are susceptible because Shor’s algorithm,
which is a quantum algorithm, can easily solve this problem within a desirable
time[12]. This wvulnerability calls for immediate implementation of post-
quantum cryptography (PQC) for securing digital communication within the
quantum era.

2.1. Quantum-Resistant Algorithms

Post-quantum cryptography seeks to create the algorithms which are
resistant even to quantum attacks. The most promising are lattice-based
cryptography, code-based cryptography, multivariate polynomial cryptography
and hash-based signatures.

Lattice based cryptography is based upon the hardness of lattice problems
— and remains problematic for both quantum and classical machines. Code-
based cryptography; using error correcting codes is also found to be resistant to
quantum decryption. Multivariate polynomial cryptography, used for solving
multivariate quadratic equations, and hash-based signatures using hash function
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for signatures, are some extra protection from this hack. These are the
cornerstone of the present PQC research.

2.2. Limitations of Existing Approaches

Although progress is substantial, existing quantum-resistant algorithms are
encountered with practical challenges. One big concern is the high
computational overhead of algorithms, some of which consume a lot of
resources and are therefore not of practical use to real time applications. And
also, the issue of scalability is rather acute in case of implementing these
algorithms in large-scale systems. Furthermore, even security analysis when
quantum capabilities change is complicated as the super power of the future
quantum computers is still unclear. The solution of these limitations is essential
for the practical implementation of quantum-resistant cryptography.

3. Methodology
Dataset:

The Kaggle’s Cryptography Algorithms Dataset[13] includes about 10,000
tuples of encrypted data which were created on the basis of different
cryptographic algorithms, such as RSA, AES, and DES. It has ciphertexts,
encryption keys and algorithm identifiers, which support the analysis and
comparison of various encryption regimes. This dataset is useful for
benchmarking the cryptographic models, algorithm performance analysis and
shepherding of quantum-resistant cryptographic techniques.

Data Preprocessing:

Data cleaning and encoding are crucial steps in preparing cryptographic
datasets for analysis. Cleaning involves identifying and handling missing or
duplicated values, ensuring the dataset's integrity. Encoding transforms textual
or symbolic ciphertext data into numerical formats suitable for computational
models, such as using ASCII values or byte encoding. Normalization techniques
are applied to scale values, and tokenization ensures consistent input lengths for
model training.

Feature Extraction and Transformation:

Feature extraction and transformation enhance model accuracy by deriving
informative characteristics from ciphertexts. Statistical features like mean,
variance, and entropy are calculated to assess data randomness. N-gram analysis
helps capture recurring patterns within the ciphertext, while dimensionality
reduction techniques, such as PCA, are applied to manage high-dimensional
data. Embedding methods like Word2Vec represent ciphertexts as vectors,
enabling efficient analysis and improving model performance.

4. Proposed Method: Lattice-Hash Hybrid Cryptographic Algorithm

The Lattice-Hash Hybrid, he proposed method aims at enhancing security
against quantum attacks simply by combining the robustness of both lattice-
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based and hash-based cryptography. The lattice hard problems, along with
properties of hash functions, which are resistant to collisions, allows for the
development of a secure encryption scheme in this hybrid model.

Step-1: Key Generation
The algorithm begins by generating a public -private key pair using
lattice-based techniques. Let A be a random matric of dimensions m X n and S
and E be secret error vectors:
Kpup =AXB+E
The private key (S) is stored securely while the public key is shared.

Step-2: Hash-Based Message Encoding:

To ensure data integrity, the plaintext message M is encoded using a hash
function SHA-256 t0 generate a fisex length hash:
H(M) — SHA — 256(M)

Step-3: Encryption:
The ciphertext is generated by combining the lattice-based encryption with
the hashed message:
C=AXS+HM)XG
Here G is a “randomly chosen matric that enhances the entropy of the
ciphertext”

Step-4: Decryption:
To retrieve the original message, the receiver uses the privacy key to
compute:
M =C—-AXxS
Then the message hash is verified by comparing the decrypted hash with
the original hash:
H(M") = H(M)
If the hashes match, the message is considered authentic and untampered.
The combination of lattice-based security and hash functions makes this
approach successful at countering classical and quantum cryptographic attacks,
thus offering a strong defensive structure. Therefore, the Lattice-Hash Hybrid
algorithm can offer more rigid security and faster decryption capabilities with a
faster encryption time, all making it appropriate for quantum-resistant
cryptographies.

5. Result and discussion

The results demonstrate the superior performance of the proposed Lattice-
Hash Hybrid method compared to traditional quantum-resistant cryptographic
approaches. The proposed method achieves the highest encryption speed of 90
Mbps, significantly outperforming Lattice-Based (80 Mbps), Hash-Based (75
Mbps), and Code-Based (65 Mbps) cryptography. This improvement indicates
the hybrid method’s efficiency in secure data transmission. Additionally, the
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proposed method exhibits the lowest decryption latency at 20 ms, reducing the
time required for decryption compared to Lattice-Based (25 ms), Hash-Based
(30 ms), and Code-Based (35 ms) methods.

In terms of security, the proposed method offers a robust security level of
384 bits, which is substantially higher than the 256-bit security of Lattice and
Code-Based cryptography and the 192-bit level of Hash-Based Signatures.
Moreover, the proposed hybrid algorithm shows high resistance to quantum
attacks, addressing vulnerabilities that affect existing methods as shown in table-
1. This balance of speed, low latency, and high security makes the Lattice-Hash
Hybrid a promising solution for quantum-safe encryption as shown in figure-1.

Table 1
Comparison table
Encryption | Decryption Security Quantum
Method Speed Latency Level Attack
(Mbps) (ms) (bits) Resistance

Lattice-Based 80 25 256 Moderate
Cryptography
Hash-Based Signatures | 75 30 192 Low
Code-Based 65 35 256 Moderate
Cryptography
Proposed Lattice- 90 20 384 High
Hash Hybrid

450

400

350

300

250

200

150

100

- Bl =N m=N 0

Hash-Based Code-Based
Signatures Cryptography

Lattice-Based
Cryptography

Proposed Lattice-
Hash Hybrid

[ Encryption Speed (Mbps) Decryption Latency (ms) Security Level (bits)

Figure 1
Evaluation parameter comparison

6. Conclusion, limitation and Future scope

The emergence of quantum computing poses a critical challenge to the
security of traditional cryptographic systems. Classical algorithms like RSA,
ECC, and AES are highly vulnerable to quantum attacks, particularly Shor’s and
Grover’s algorithms. To address this threat, the proposed Lattice-Hash Hybrid
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method integrates lattice-based cryptography with hash-based signatures to
enhance security and computational efficiency. The results demonstrate that the
proposed method achieves superior encryption speed, reduced decryption
latency, and a higher security level compared to existing approaches.
Additionally, its robust resistance to quantum attacks makes it a viable solution
for safeguarding sensitive data in the quantum era. The hybrid approach
successfully addresses the limitations of individual lattice and hash-based
methods, providing a balanced solution with practical applicability.
Implementing this method in real-world applications can significantly enhance
data protection, ensuring long-term security even as quantum capabilities
evolve. One limitation of the proposed Lattice-Hash Hybrid method is its
computational complexity, which may impact performance on resource-
constrained devices. Future research should focus on optimizing the
computational aspects of the algorithm to reduce overhead. Integrating the
proposed method with hybrid cryptographic frameworks and testing it against
evolving quantum algorithms will further enhance its robustness.
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