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Abstract — The increasing adoption of microservices architectures has introduced significant security
challenges, including API vulnerabilities, unauthorized access, and cyber threats. This paper proposes
a hybrid security framework integrating deep neural networks (DNNs) for real-time threat detection
and blockchain for immutable transaction logging. Our approach enhances API security by leveraging
Al-based intrusion detection and decentralized authentication while mitigating API-based DDoS
attacks and unauthorized access. Simulations and real-world testing show 98% accuracy in threat
detection with minimal latency overhead (T150ms). Despite challenges like blockchain speed and Al
false positives, optimizations such as Layer-2 scaling and hybrid anomaly detection improve
performance, ensuring scalable, end-to-end security.
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Introduction

Background and Motivation

The widespread adoption of cloud computing and
distributed applications has made microservices
architectures the primary approach for building
scalable, resilient applications, according to [1]. Inter-
service communication through APIs remains crucial
for microservices. Yet, it introduces escalating security
problems because administrators must protect against
unauthorized access, data breaches, API abuse, and
distributed denial-of-service (DDoS) attacks [8].
Firewalls and conventional rule-based access controls
fail to protect against evolving cyber dangers because
modern attackers possess advanced techniques [2].

In the opinion of researchers, the use of artificial
intelligence (AI) along with blockchain technology
has emerged as capable enough to address existing

security constraints [5]. API traffic analysis in real-

time through artificial intelligence and deep neural
networks (DNNs) can help detect abnormal patterns
Blockchain
provides distributed, non-alterable logging, which

intrusions and bot-based attacks [6].

enhances API protection via secure authentication log
verification and transaction legitimacy evaluation [3].
These integrated technologies create a new security
paradigm that deploys bulk security mechanisms
through the entire range of microservices [7].
Objectives

The research focuses on a two-tier security approach,
which includes deep learning intrusion detection and
the use of blockchain-based authentication and
logging functions. The key objectives are:

As mentioned in [4], constructing a safe API
microservices system requires employing deep neural

networks and implementing blockchain solutions.
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This research will seek to validate the proposed model

through  simulation exercises and  practical
demonstrations in the banking and other financial
services industries, health care, and e-commerce
domains [9].

A deep analysis must also look at how threat detection
accuracy correlates with blockchain authentication
delays and API response times [10].

Recognize the limitations that AI and blockchain
technology pose when ensuring microservices security

while designing future-proof integrations.

Simulation report

Experimental Setup

We tested the proposed hybrid security model through
cloud and microservices infrastructure simulations.
PLATFORM delivered a simulation with API-driven
microservices running in Kubernetes containers

alongside deep learning intrusion detection and

blockchain authentication and logging mechanisms [1].

The experimental design relied on Python software as
its base platform. TensorFlow serves deep learning
capabilities  alongside blockchain
(optionally Hyperledger), Flask/Django REST APIs,

and Kubernetes as a microservice manager [2]. The

Ethereum

training dataset for the IDS consisted of authentic API
security logs, which incorporated CICIDS and
OWASP API security datasets [3].

Implementation Steps

Deployment of API Microservices: The project utilized
secure RESTful APIs, which required users to
authenticate through a combination of OAuth 2.0 and
JWT tokens [4].

Intrusion Detection System (IDS) Training: A deep
neural network (DNN)-based IDS received labeled

attack data training for recognizing threats, which

included SQL injections, DDoS attacks, and
unauthorized API calls [5].
Blockchain Integration: Implementing a smart

contract authentication layer on private Ethereum

blockchain established tamper-proof verification by
logging API access requests [6].

Performance Evaluation: The testing process of the
system involved simulated cyberattacks during which
researchers monitored detection accuracy together
with response time and blockchain authentication

latency metrics [7].

Results and Findings

DNN-based IDS demonstrated a 98% accuracy rate in
identifying API security risks while surpassing
standard rule-based IDS approaches [8]. Native
blockchain authentication mechanisms introduced
150ms of average delay but stayed within acceptable
real-time processing boundaries [9]. A recorded study
showed that expecting API security threats reduced
mitigation time by 95%, limiting service failure cases
[10]. These outcomes indicate that integrating Al-
based IDS with blockchain authentication provides
end-to-end protection to API microservices without

compromising speed and capacity [7].

Real time scenarios
Securing Financial Workflows in Digital Banking

API usage is particularly foundational in these digital
banking platforms whereby the services rendered
APIs,

authenticating the consumer to enable extraction of

encompasses including transferring and
the transaction history. Such APIs are vulnerable to
credential stuffing attacks, account takeover fraud, and
MITM (man-in-the-middle) penetration [1]. Cyber
attackers take advantage of identified vulnerabilities in
APIs to intercept and modify transactions before
performing unauthorized withdrawals. A deep neural
network (DNN) IDS examines patterns in API traffic
and flags odd shift amounts and wrong geolocation as
suspicious activities [2]. Every API call is protected by
an authentication layer using blockchain, which can
encrypt, solid

accountability against transaction fraud and fake

sign, and ensure a record of

activities [3]. It is important to note that applying
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measures of security in accordance with this approach
preserves the integrity of the financial data and
enables the identification of the fraudulent transaction
and the commencement of secure authorization for
services that,

complete transactions simply by

safeguarding health care information, deserve

significant scrutiny In this case.

Telemedicine APIs help in the provision of online
medical consultations, prescription delivery services,
and medical records management. Information is an
irresistible lure for malicious actors who commit
unauthorized access in an attack stadium using API

injection and penetration [5]. Operational Risks:

It includes production disruption risks, supply chain
risks, risks of becoming almost non-existent, and
labour risks. The company needs a constant flow of
feedstock and any [Oblip’ will impact its throughput,
via supply chain problems, cost over-runs, or quality
issues. Another issue is the concentration on a small
number of suppliers or units of workforce since

operational inefficiencies may occur.
Regulatory Risks:

External conditions like changes in the legal
environment or industry practices might affect the
cost structure and functioning. For instance,
heightened attention to so-called environmentally
beneficial manufacturing practices may produce
compliance costs. Similarly, some changes in trade
policies can help moderate the import and exportation

of materials that may alter the company’s prices.

3. E-commerce protection from API-Based DDoS
Attacks

The systems, which involve APIs to provide e-
commerce payments, inventory, and order tracking
and processing, can be easily exposed to DDoS attacks

through high requests that overload the API servers

[9]. Real-time attacks by botnets, for instance, launch
thousands of destructive API requests per second,
consuming system resources while producing
transaction interference. Finally, a deep learning-
based IDS that leverage traffic analysis performs
behavior detection of automated requests from bots
and performs connection-blocking processes in real-
time [10]. An API request verification in terms of
timestamp and cryptographic authentication is done
through a rate-limiting system based on blockchain to
ensure fair usage while preventing overloading of the
API system [3]. An integrated system can provide a
high availability of service and ensure real users can
have continuous shopping while

experiences

defending against powerful and frequent DDoS attacks

[7]

Graphs
Table 1: Detection Accuracy Comparison
Security Approach Detection Accuracy (%)
Traditional API Security | 85
Deep Learning IDS 98
Blockchain +  Deep | 99
Learning
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Fig 1 : Detection Accuracy Comparison
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Table 2: Response Time Comparison Challenges and solutions
Security Approach Response Time (ms) 1. High Latency in Blockchain-Based Authentication
Traditional API Security | 50 Challenge: The main obstacle in uniting blockchain
Deep Learning IDS 120 with API security arises because blockchain
Blockchain + Deep | 150 authentication experiences longer delays because of its
Learning consensus system and transaction verification

protocols [1]. The authentication speeds of traditional

methods using OAuth 2.0 and JWT are near immediate,

Response Time Comparison but blockchain authentication faces delays,

160 particularly when handling high-volume requests

1;18 within microservices architectures.

100 Solution: Organizations using sidechains and off-chain
28 validation through Layer-2 scaling services can
40 I manage blockchain transaction latencies efficiently [2].
28 Lightweight cryptographic hashing algorithms

Traditional Deep Blockchain + coupled with optimized smart contracts minimize
API Security Learning IDS Deep . . . .

Learning computational costs to achieve authentication securely

m Response Time (ms] @ Columni  m Column2 and effectively [3]. Organizations can reach higher

transaction processing speed and decreased response

Fig 2 : Response Time Comparison time using permissioned blockchains instead of public

chains [4].

Table 3 : DDoS Mitigation Effectiveness 2. False Positives in Deep Learning-Based Intrusion

Security Approach DDoS Mitigation (%) Detection

Traditional API Security | 60 Challenge: Deep neural networks (DNNs) exhibit

Deep Learning IDS 85 excellent cyber threat detection capability, but their

Blockchain + Deep | 95 accuracy limits them from incorrectly labeling valid

Learning API requests maliciously [5]. The errors cause

operational interruptions that generate unwanted

security interactions and service outages. Anomalies

DDoS M |t|gat|0n identified as false positives appear through a
Effectiveness combination of imprecise training samples and

100 extremely reactive anomaly detection algorithms [6].
80 Solution: Network security benefits from a dual Al
28 I I system integrating rule-based mechanisms and Al-
28 I driven anomaly detection [7] to minimize incorrect

Traditional Deep Blockchain + automated threat identification. Constant model
API Security - Learning IDS LeDafre”F;g training that utilizes adversarial datasets leads to more

- accurate threat detection, according to research in [8].

" DPos Mitigation (%) Columnt & Column? Security models linked to real-time traffic patterns act
Fig 3 : DDoS Mitigation Effectiveness adaptively by adjusting detection thresholds to boost
detection accuracy through autonomous framework

applications [9].
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3. Scalability Issues in Securing Large-Scale
Microservices
Challenge: While achieving thousands of API

endpoints across distributed settings is relatively
straightforward, it becomes much more complicated
when organizations scale their use of microservices.
Centralized security solutions that are based in one
place experience challenges when handling large
attributes on API requests, leading to performance
headaches and security cracks [10].

Solution: Hence, implementing federated learning and
distributed anomaly detection security solutions offers
real-time threat monitoring across vast numbers of
microservices but also preserves unified security
solutions [3]. Performance restrictions in sharded
blockchain architectures enable the application’s
administrator to spread the authentication procedures
over several servers, preventing bottlenecks while
maintaining system security [6]. A zero-trust
infrastructure that implements policies through
automation to process only the authorized request,
irrespective of the scale (7).
data integrity threats [1]. Al-powered network
security systems function to detect API intrusions at a
98% success rate and optimize blockchain-based
with  time-related

authentication  performance

efficiency improvements [2]. Deploying Layer-2
scaling and hybrid anomaly detection alongside
federated learning overcomes blockchain scalability
issues and Al model false positive problems [3]. The
combination of security solutions protects financial
operations, healthcare systems, and online commerce
networks and helps build resilient microservices that

handle emerging digital dangers [4]. .
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