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Abstract

Securing the in-e-commerce sites is very importance in day today life, for that it uses some of the
cryptography protocols. Artificial Intelligence (Al) holds the power to revolutionize the protection of digital
transactions and the integrity of sensitive customer data. This article discusses the integration of cryptographic
protocols and Al technologies, with special emphasis on how they can enhance security systems together,
identify vulnerabilities in systems, and minimize fraud. The patterns, anomalies, and predictive analytics
abilities of Al make cryptographic defences more robust against advanced cyber threats. The research analyses
major developments in Al-based cryptography, implementation challenges, and ways to counteract the risks
involved. Through machine learning algorithms and neural networks, cryptographic systems can dynamically
respond to evolving threats. Moreover, the document highlights ethical practices for Al to ensure data privacy
while being operationally efficient. By examining existing research, practical uses, and future directions, this
research emphasizes the critical nature of bringing Al into cryptographic systems to provide safe e-commerce

transactions, build consumer confidence, and defend digital marketplaces in a globalized world.

Introduction

The combination of Artificial Intelligence (Al) with cryptographic systems has
attracted considerable attention because it can make encryption stronger, enhance key
management, and enhance cryptanalysis methods. Several scholarly studies have examined
this intersection, with Al's power to redefine cybersecurity at the centre. Meraouche et al.
[2021] offer a thorough survey on cryptography based on neural networks, with the focus
being on how GANS can be used to create secure encryption methods. Blackledge and Mosola
[2020] explain the use of machine learning and evolutionary computing in cryptography, with
an emphasis on Al-based key generation and encryption. Coutinho et al. [2018] present
Adversarial Neural Cryptography (ANC), illustrating how Al agents can learn to create
encryption techniques independently using competitive learning. Aisyah et al. [2022] suggest

a hybrid cryptographic model that combines Al with conventional encryption to protect 10T
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networks, enhancing resilience and computational efficiency. Klaebe, [2024] investigates Al
optimizations for cryptographic primitives like Boolean functions and S-boxes, advancing
post-quantum cryptographic security. Nizamuddin et al. [2022] examine Al applications in
protecting blockchain transactions using anomaly detection mechanisms to avoid financial
system fraud. Rajaputra et al. [2024] examine Al methods for cryptographic encryption and
network security with emphasis on machine learning approaches for cryptanalysis and key
randomness evaluation. Al-based methods for cryptographic primitive construction, such as
Boolean functions and genetic algorithms. Blackledge et al. [2020] investigate artificial
neural networks and evolutionary computing applications to individualized encryption
methods. Finally, Radanliev [2024] looks at the nexus of Al and quantum cryptography,
evaluating Al's contribution to resistance against quantum threats. Collectively, this research
shed light on the revolutionizing influence of Al on contemporary cryptography with
innovative ways of maximizing security against shifting cyber-attacks.

Al in Cryptographic Protocols

Al is transforming cryptographic protocols by unveiling smarter approaches for
reinforcing encryption, managing keys, and breaking crypto through cryptanalysis. The
applications of Al-led strategies greatly strengthen cryptographic mechanisms to ward off
newer generation cyberattacks.
Neural Network-Based Cryptography: Neural networks have been widely investigated for
their ability to produce adaptive encryption algorithms that are resistant to a variety of
cryptographic attacks. Meraouche et al. [2021] emphasize the use of Generative Adversarial
Networks (GANSs) to develop cryptographic systems in which two neural networks for
encryption and decryption learn optimal security parameters via adversarial training. This
yields extremely unpredictable cryptographic keys and robust encryption mechanisms.
Al-Driven Key Generation: Artificial intelligence-based evolutionary computing improves
cryptographic key generation through uniqueness and unpredictability. Blackledge and
Mosola [2020] suggest machine learning models that monitor entropy levels in key
generation, thus enhancing randomness and security. Moreover, the use of deep learning
models helps to improve cryptographic key management, minimizing vulnerabilities in key
distribution and renewal.
Machine Learning in Cryptanalysis: While Al fortifies encryption, it is also used in
cryptanalysis. Sophisticated machine learning algorithms can recognize patterns in encrypted

information, allowing it to be evaluated and cracked for weaker cryptographic systems.
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Coutinho et al. [2018] show how adversarial neural cryptography can be used to mimic actual
attack scenarios, allowing researchers to find and fix security vulnerabilities in cryptographic
protocols. This double ability of Al shows its revolutionary effect on both cryptographic
security and cryptanalysis.

Secure Key Exchange Protocols Using Al: Al streamlines key exchange processes by
eliminating vulnerabilities linked to conventional crypto protocols. Aisyah et al. [2022]
suggest hybrid Al cryptographic frameworks that guarantee secure key exchanges within 1oT
settings, preventing man-in-the-middle attacks. These Al-based mechanisms improve real-
time encryption processes, providing strengthened solutions for protecting data.

Al in Homomorphic Encryption: Al-based models improve homomorphic encryption
through the optimization of computational security and efficiency. Klaebe, [2024] discusses
how Al algorithms enhance fully homomorphic encryption efficiency, making it possible to
perform secure computation on encrypted data without decryption. This is especially
important for privacy-protective applications in secure data sharing and cloud computing.

Al in Adaptive Cryptographic Frameworks: Adaptive cryptographic systems utilize Al to
dynamically adapt encryption protocols in accordance with real-time threat assessment.
Nizamuddin et al. [2022] suggest Al-based anomaly detection models that run constantly to
monitor blockchain transactions for security violations. Such Al adaptive cryptographic

systems provide improved resilience against adaptive cyber threats.

Al-Enhanced Hybrid Cryptographic Models

Hybrid cryptographic models use more than one encryption method to achieve
maximum security. Symmetric (AES) and asymmetric (RSA, ECC) encryption are
conventional cryptographic methods that provide strong security but have their own
limitations. Al-based hybrid cryptographic models use machine learning algorithms to choose
or blend these methods dynamically, enhancing security as well as computational efficiency.
Al-Assisted Symmetric and Asymmetric Encryption: Aisyah et al. [2022] suggested a
hybrid approach in which Al algorithms monitor network conditions and select between
symmetric and asymmetric encryption depending on performance needs. Dynamic selection
reduces latency in secure communication and is well-suited to 10T environments and cloud
computing.
Al-Driven Key Management: Key management is a key challenge in cryptographic systems.
Al-driven methods maximize key generation, distribution, and revocation processes by

anticipating potential vulnerabilities and adapting encryption protocols in response.
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Blackledge and Mosola [2020] explore Al-fortified key management frameworks that employ
predictive analytics to foresee security threats and automate key renewal.

Al-Based Adaptive Cryptography: Adaptive cryptography leverages Al to dynamically
adjust encryption strength according to changing cyber threats. Nizamuddin et al. [2022]
emphasize Al-based anomaly detection mechanisms in blockchain security, where
cryptographic protocols dynamically change encryption complexity according to real-time
threat intelligence, thereby providing greater immunity against cyberattacks.

Al in Hybrid Quantum-Secure Cryptographic Models: With the emergence of quantum
computing threats, Al-based hybrid models combine post-quantum cryptographic methods
like lattice-based encryption with conventional algorithms. Klaebe, [2024] discusses how Al
helps in the optimization of quantum-resistant cryptographic protocols to provide long-term
data security against quantum attackers.

Al for Secure Multi-Party Computation (SMPC): Secure Multi-Party Computation
(SMPC) allows parties to jointly compute a function without disclosing individual inputs. Al-
based optimization optimizes the efficiency of SMPC protocols by minimizing computational
overhead while ensuring robust privacy protection. A study by Rajaputra et al. [2024]
illustrates how Al models optimize cryptographic efficiency in multi-party secure
communication. The incorporation of Al into hybrid cryptographic frameworks greatly
strengthens security, scalability, and responsiveness, making encryption systems more

resistant to both traditional and new cyber threats.

Artificial Intelligence in Cryptography

Al has affected many areas, including cryptography. Machine learning offers new
solutions to both traditional and new cryptographic problems. Al, especially based on neural
networks, is particularly responsible for improving cryptographic techniques and
cryptanalysis (Nitaj and Rachidi, 2023). With its capability to quickly analyse large amounts
of data, Al is a fundamental tool for pattern detection and anticipating possible cryptographic
vulnerabilities, thereby bolstering security Nitaj and Rachidi.
Al in Classical Cryptography: In classical cryptography, Al finds its application mostly in
cryptanalysis. Machine learning algorithms can be taught to recognize patterns and anomalies
in encrypted data to predict encryption keys and decrypt messages without explicit access to
the key. Al-based approaches also assist in making classical encryption methods stronger and
more brute-force attack-resistant and conventional decryption methods. The combination of
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Al and traditional cryptography is constantly developing, with cryptography not only gaining

from Al but also helping to develop Al.

Challenges for Al in Cryptographic Systems: Deep neural network models place a high

computational load, which can make
real-time encryption of transactions
difficult. Embedding Al  within
existing cryptographic systems in e-
commerce platforms can result in
compatibility problems. Al training
on sensitive transaction information is
also at risk to data privacy and
regulatory (e.g., GDPR) compliance
unless anonymized. Algorithmic bias
within Al systems can introduce
security flaws or discriminate against
user groups in detecting fraud.
Adversarial attacks, including input
perturbation, enable hackers to

Challenges of Al in Cryptographic Systems
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decisions. Big data training of Al also poses environmental risks through excessive power
usage. Lack of experts in both cryptography and Al makes deployment and maintenance even
more challenging. In addition, changing cyber threats necessitate repeated retraining of Al
models to remain effective. Regulatory complexity is an added challenge since Al innovation
needs to adhere to global cybersecurity and privacy regulations (e.g., CCPA, PCI-DSS).
Lastly, excessively sensitive Al systems can create false positives, reporting legitimate
transactions as fraudulent and eroding user trust.

Future Trends in Al-Driven Cryptography: Al will be combined with post-quantum
cryptography, like lattice-
based algorithms, to create
guantum-resistant

encryption that can resist

Emerging Trends in Al-Driven Cryptography

Quantum- Self-Learning
attacks ~ from  quantum Resistant Al ———— —— Cryptographic
computers.  Autonomous Models ﬁ % Agents

self-improving Neural Decentralized Al-
cryptographic agents will Cryptography —— < Blockchain
Advancements Ecosystems

adaptively modify
encryption protocols based

Privacy- v K Explainable Al

on real-time attack patterns, Preserving Al (XAl
reducing human interaction
q . Al-Optimized Zero-Trust Al
an response time. Post-Quantum
. . Frameworks
Developments in  neural Algorithms
cryptography — will allow

International Conference on "The Generative Al in Ecommerce, Education, Banking and Finance" on Feb. 28, 2025, Organized by

PG Department of Commerce Computer Application, V.H.N.Senthikumara Nadar College (Autonomous) 73



Special Issue: International Journal of Current Science Research (IJCSR) e-ISSN: 2454-5422 J

lightweight encryption for 10T and edge devices, with a balance between security and low
computational and energy overheads. Al-powered anomaly detection will be combined with
blockchain's tamper-proof records to form decentralized, fraud-resistant transaction
environments. Privacy-preserving Al methods such as federated learning and homomorphic
encryption will enable Al to learn from encrypted data without compromising on privacy law
compliance (e.g., GDPR). Explainable Al (XAIl) models will provide open audit trails for
cryptographic choices to build trust and regulatory compliance. Machine learning will tune
post-quantum algorithms for improved security and computational performance. Zero-trust Al
models will impose constant authentication with adaptive methods like behavioural
biometrics to keep unauthorized parties out. Green Al algorithms will enhance energy
efficiency in encryption algorithms, bringing cybersecurity into alignment with sustainability
objectives. Finally, worldwide Al-crypto standards will develop through cooperation to set
common protocols, promoting cross-platform compatibility and trust in global digital
commerce.

Threat Landscape and Al-Driven Mitigation
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Attackers use generative Al to craft hyper-realistic phishing messages and deepfakes,
but Al-driven NLP models flag anomalous patterns of language, and biometric Al
authenticates users. Quantum computing puts classical encryption (e.g., RSA) at risk, but Al
drives the adoption of post-quantum cryptographic primitives such as lattice-based schemes.
Highly changing malware, such as ransomware and zero-day attacks, circumvents
conventional defences, yet Al-based behaviour analytics and ML algorithms detect atypical
file movement or network activity in real-time. Supply chain attacks take advantage of third-
party weaknesses on e-commerce websites, while Al performs code dependency audits and
anticipates threats from threat intelligence repositories. Hackers also tamper with Al inputs
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using adversarial attacks to infect encryption or fraud detection, opposed by strong adversarial
training and anomaly detection mechanisms. Data breach and identity theft continue to pose
fundamental threats, but federated learning improves fraud detection without divulging
sensitive information. DDoS attacks crash servers, bringing e-commerce business to a
standstill, but Al-based predictive traffic analysis and auto-scaling algorithms efficiently
divert or block malicious traffic. Insider attacks, in which nefarious employees abuse
cryptographic keys, are addressed using user behaviour analytics (UBA) that raise alarms on
suspicious access patterns and data exfiltration attempts. APl exploits lay bare encryption
protocols, but Al-powered penetration testing actively detects and patches vulnerabilities.
Finally, insecure 10T devices act as attack entry points, which are countered using lightweight

ML models that impose dynamic encryption and access controls on edge devices.

Conclusion

The marriage of Artificial Intelligence (Al) with cryptographic algorithms has
immensely improved security in e-commerce by making encryption more secure, enhancing
key management, and pushing forward cryptanalysis techniques. Al-powered solutions like
neural network-based cryptography, adaptive encryption, and Al-based fraud detection have
been found to be effective in countering dynamic cyber threats. Nevertheless, issues like
computational overhead, algorithmic bias, adversarial attacks, and regulatory conformity need
to be overcome for widespread acceptability. With increasing cyber threats, Al will become a
key component in the development of quantum-resistant cryptography, privacy-preserving
cryptographic techniques, and threat mitigation models. Advances in Al-optimized
cryptographic models, zero-trust architectures, and energy-efficient encryption will continue
to strengthen digital transactions and consumer trust. Interdisciplinary research and standard
regulatory frameworks will be key in maximizing Al potential in cryptography to have a

secure and robust e-commerce ecosystem.

Reference

Aisyah, N., Hidayat, R., Zulaikha, S., Rizki, A., Yusof, Z. B., Pertiwi, D., & Ismail, F. (2022).
Artificial intelligence in cryptographic protocols: securing E-Commerce transactions and

ensuring data integrity. International Journal of Responsible Artificial Intelligence.

International Conference on "The Generative Al in Ecommerce, Education, Banking and Finance" on Feb. 28, 2025, Organized by

PG Department of Commerce Computer Application, V.H.N.Senthikumara Nadar College (Autonomous) 75



Special Issue: International Journal of Current Science Research (IJCSR) e-ISSN: 2454-5422 J

Blackledge, J., Mosola, N., Technological University Dublin, & University of KwaZulu-
Natal. (2020). Applications of artificial Intelligence to cryptography. Transactions on
Machine Learning & Artificial Intelligence, 3-3, 21-60.

Coutinho, M., De Oliveira Albuquerque, R., Borges, F., Villalba, L. G., & Kim, T. (2018).
Learning Perfectly Secure Cryptography to Protect Communications with Adversarial Neural
Cryptography. Sensors, 18(5), 1306.

Klaebe, H., Dias, S., Pathirana, M. T., & Vimukthika, T. (2024). 2nd International Research
Symposium on Sustainable Business, IRSSB 2024. In Edith Cowan University Sri Lanka,
Edith Cowan University, Colombo, Sri Lanka.

Meraouche, I., Sabyasachi Dutta, Haowen Tan, & Kouichi Sakurai. (2021). Neural Networks-
Based Cryptography: A survey. In Muhammad Afzal (Ed.), IEEE Access (Vol. 9, p. 124727).

Nizamuddin, M., Devarapu, K., Onteddu, A. R., & Kundavaram, R. R. (2022). Cryptography
Converges with Al in Financial Systems: Safeguarding Blockchain Transactions with Al.
Asian Business Review, 12(3), 97-106.

Radanliev, P. (2024). Artificial intelligence and quantum cryptography. Journal of Analytical

Science and Technology.

Rajaputra, S. S., Devi Matta, B., Venkata Suhas, N., Venkata Pavan Kumar Reddy, G. R.,
Devendra Reddy, Y., B. Tech Students, & Associate Professor. (2024). Analysis of
Cryptography Encryption for Network Security using Al Techniques. RISE Krishna Sai
Gandhi Group of Institutions, 137.

S, N. S. M, J, S, Jain, V., Kumar, N. G. K., & Khan, N. Z. Z. (2023). Using artificial
intelligence (Al) and internet of things (loT) for improving network security by hybrid
cryptography approach. Evergreen, 10(2), 1133-11309.

International Conference on "The Generative Al in Ecommerce, Education, Banking and Finance" on Feb. 28, 2025, Organized by

PG Department of Commerce Computer Application, V.H.N.Senthikumara Nadar College (Autonomous) 76



