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Abstract  

Application Programming Interfaces (APIs) are 

the backbone of modern cloud-native enterprise 

applications, making them prime targets for 

cyberattacks such as credential abuse, API 

misuse, denial-of-service attacks, data 

exfiltration, and automated bot activity. 

Traditional signature-based security mechanisms 

are insufficient for identifying sophisticated 

runtime attacks that continuously evolve in 

distributed environments. This paper proposes an 

intelligent API threat detection framework 

integrating runtime traffic analytics, behavioral 

modeling, machine learning, OpenAPI 

Specification, cloud-native DevSecOps, API 

gateways, and continuous security monitoring. 

The proposed methodology continuously 

analyzes API traffic patterns, detects behavioral 

anomalies, identifies malicious activities, and 

automatically enforces adaptive security policies 

throughout the API lifecycle. Experimental 

evaluation demonstrates improvements in threat 

detection accuracy, runtime security, governance 

efficiency, operational scalability, and enterprise 

cyber resilience. The proposed framework 

provides an intelligent, scalable, and production-

ready solution for securing cloud-native 

enterprise APIs against advanced cyber threats. 

Keywords— API Threat Detection, Runtime 

Analytics, Behavioral Modeling, Machine 

Learning, API Security, Cloud-Native Security, 
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I. Introduction 

Application Programming Interfaces (APIs) have 

become the foundation of modern digital 

enterprises by enabling seamless communication 

among cloud-native applications, microservices, 

mobile platforms, Internet of Things (IoT) 

devices, and third-party business services. As 

organizations increasingly adopt distributed 

computing environments, APIs process enormous 

volumes of sensitive information that support 

critical business operations and enterprise 

decision-making. This growing dependence on 

APIs has simultaneously increased the exposure 

of enterprise systems to sophisticated cyber 

threats, including credential theft, unauthorized 

access, API abuse, distributed denial-of-service 

attacks, and data exfiltration. Consequently, 

protecting APIs through intelligent runtime threat 

detection mechanisms has become an essential 

requirement for ensuring enterprise security, 

operational continuity, and regulatory 

compliance. Foundational cybersecurity 

principles and Zero Trust architectures provide 

the basis for designing secure API ecosystems 

capable of resisting evolving cyber threats [1], 

[2]. 

Conventional API security mechanisms primarily 

rely on static rule-based filtering, predefined 

attack signatures, periodic vulnerability 

assessments, and manual monitoring activities. 

While these approaches remain useful for 

identifying known attack patterns, they often fail 

to recognize sophisticated behavioral attacks that 

continuously adapt to changing security controls. 

Advanced cyber threats frequently exploit 

legitimate API functionality through abnormal 

usage patterns, making detection difficult using 

traditional signature-based approaches. 

Standardized API specifications and RESTful 

communication principles have therefore become 

increasingly important for establishing consistent 

API governance while supporting automated 
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validation and intelligent security monitoring 

throughout the API lifecycle [3], [4]. 

Recent advances in cloud-native computing, 

microservices architecture, machine learning, and 

behavioral analytics have transformed enterprise 

cybersecurity by enabling intelligent runtime 

analysis of API traffic. Continuous monitoring of 

request frequency, authentication behavior, 

endpoint utilization, response latency, client 

interactions, and resource consumption allows 

predictive identification of anomalous activities 

before significant operational damage occurs. 

Machine learning algorithms continuously learn 

normal behavioral patterns and automatically 

distinguish legitimate API interactions from 

malicious activities, thereby significantly 

improving detection accuracy and reducing false-

positive alerts. These intelligent analytical 

capabilities provide a scalable foundation for 

adaptive API security within modern distributed 

enterprise environments [5], [6]. 

Industry-wide adoption of Kubernetes 

orchestration, DevSecOps automation, cloud-

native deployment platforms, and continuous 

software delivery has further accelerated 

enterprise digital transformation while 

introducing increasingly complex API 

ecosystems. APIs now connect enterprise 

resource planning systems, customer relationship 

management platforms, artificial intelligence 

services, IoT infrastructures, and cloud-hosted 

applications operating across geographically 

distributed environments. Continuous runtime 

monitoring integrated with behavioral analytics 

enables organizations to maintain secure 

interoperability among these interconnected 

services while supporting automated governance, 

intelligent policy enforcement, and adaptive 

cybersecurity management throughout 

distributed enterprise architectures [7], [8]. 

Modern cybersecurity research increasingly 

incorporates explainable artificial intelligence, 

behavioral machine learning, adaptive anomaly 

detection, autonomous incident response, and 

Zero Trust security principles to improve 

enterprise resilience against sophisticated cyber 

attacks. These technologies continuously 

evaluate API communication patterns, user 

behavior, authentication events, and system 

interactions to identify emerging threats before 

they compromise enterprise resources. Through 

continuous learning and adaptive policy 

enforcement, intelligent threat detection 

platforms provide proactive protection while 

minimizing operational disruption and supporting 

secure enterprise digital transformation initiatives 

[9]. 

Motivated by these technological advancements, 

this paper proposes an Intelligent API Threat 

Detection Using Runtime Traffic Analytics 

and Behavioral Modeling framework that 

integrates runtime traffic analytics, behavioral 

modeling, machine learning, OpenAPI 

Specification, API gateways, Kubernetes 

orchestration, DevSecOps automation, Zero 

Trust security, and continuous enterprise 

monitoring into a unified cybersecurity 

architecture. The proposed framework 

continuously analyzes API traffic, identifies 

abnormal behavioral patterns, predicts emerging 

cyber threats, and automatically enforces 

adaptive security policies throughout the API 

lifecycle. By combining intelligent analytics with 

cloud-native security technologies, the proposed 

approach enhances threat detection accuracy, 

operational resilience, governance quality, 

software security, and enterprise cyber protection 

within modern distributed application ecosystems 

[10]. 

II. Literature Survey 

Denning (1987) introduced one of the earliest 

intrusion detection models based on statistical 

anomaly detection for identifying unauthorized 

system activities. The study demonstrated that 
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deviations from established behavioral profiles 

can effectively indicate malicious actions before 

severe security incidents occur. The proposed 

anomaly detection framework established the 

theoretical foundation for modern behavioral 

security analytics and continues to influence 

intelligent API threat detection systems by 

enabling continuous monitoring of runtime 

activities and early identification of abnormal 

API behavior [11]. 

Roesch (1999) developed the Snort intrusion 

detection system, introducing a lightweight and 

highly efficient network-based intrusion 

detection framework capable of monitoring 

network traffic in real time. The research 

demonstrated that signature-based detection 

significantly improves the identification of 

known cyber threats while enabling continuous 

traffic inspection and event logging. Although 

effective against previously identified attacks, the 

study also highlighted the limitations of static 

signatures when addressing evolving API threats, 

emphasizing the need for intelligent behavioral 

analysis within modern enterprise cybersecurity 

platforms [12]. 

Goodfellow, Bengio, and Courville (2016) 

presented comprehensive deep learning 

methodologies that established the theoretical 

foundation for modern artificial intelligence 

applications. Their work demonstrated that deep 

neural networks effectively learn complex 

patterns from large-scale datasets, enabling 

highly accurate classification, anomaly detection, 

predictive modeling, and intelligent decision-

making. These capabilities provide valuable 

support for API threat detection by enabling 

machine learning models to distinguish 

legitimate runtime behavior from malicious 

activities while continuously improving detection 

performance through adaptive learning [13]. 

Sommer and Paxson (2010) critically examined 

the application of machine learning for network 

intrusion detection and discussed both its 

strengths and practical deployment challenges. 

The authors emphasized that effective 

cybersecurity solutions require high-quality 

behavioral features, continuous model 

adaptation, and careful interpretation of 

analytical results to reduce false-positive alerts. 

Their findings demonstrated that behavioral 

learning significantly enhances intrusion 

detection performance, providing important 

guidance for designing intelligent API runtime 

analytics capable of identifying sophisticated 

cyber attacks [14]. 

Pokala (2023) proposed a production-ready 

Retrieval-Augmented Generation (RAG) and 

agentic artificial intelligence framework for 

healthcare claims and prior authorization 

systems. The study demonstrated that intelligent 

retrieval, adaptive reasoning, and continuous 

learning significantly improve enterprise decision 

support and operational efficiency. Although 

developed for healthcare applications, the 

adaptive analytical methodologies provide 

valuable concepts for behavioral modeling and 

intelligent threat identification within enterprise 

API ecosystems operating in dynamic cloud-

native environments [15]. 

Narapareddy (2022) investigated strategies for 

integrating enterprise services through REST and 

SOAP-based architectures. The research 

emphasized secure interoperability, standardized 

service communication, and efficient integration 

among heterogeneous enterprise platforms. The 

study highlighted the importance of structured 

API communication, secure information 

exchange, and scalable service architectures, 

providing valuable architectural principles for 

designing runtime API monitoring systems 

capable of maintaining secure interactions across 

distributed enterprise environments [16]. 

Gummadi (2021) proposed a secure API 

lifecycle management framework integrating 
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MuleSoft Secrets Manager for enterprise 

credential protection and governance. The 

research demonstrated that centralized secret 

management, automated authentication, secure 

credential storage, and lifecycle governance 

significantly improve enterprise security while 

reducing operational risks associated with API 

authentication. These governance mechanisms 

provide an important security foundation for 

intelligent API threat detection by strengthening 

authentication management and protecting 

sensitive enterprise services against credential 

abuse [17]. 

Bhagwat (2024) examined the transition from 

Oracle EBS Payroll to cloud-based payroll 

systems by evaluating operational efficiency, 

governance improvements, and enterprise 

modernization strategies. The study 

demonstrated that cloud-native migration 

supported by automated governance and 

standardized enterprise integration improves 

software scalability, operational flexibility, and 

organizational efficiency. These modernization 

principles contribute valuable insights for cloud-

native API ecosystems requiring scalable runtime 

monitoring, centralized governance, and adaptive 

security management [18]. 

Adabala (2024) proposed predictive analytics 

methodologies for improving efficiency and 

decision-making within ERP-connected supply 

chains. The research demonstrated that 

continuous data analytics, intelligent forecasting, 

and real-time monitoring significantly enhance 

enterprise operational performance and resource 

optimization. The predictive analytical 

techniques presented in the study provide useful 

methodologies for runtime API traffic analysis by 

enabling proactive identification of abnormal 

operational behavior and supporting adaptive 

cybersecurity decision-making [19]. 

Maturi (2022) introduced probabilistic statistical 

modeling techniques for strategic cyber risk 

mitigation through uncertainty analysis and 

predictive security assessment. The study 

demonstrated that probabilistic modeling enables 

organizations to estimate evolving cyber risks, 

evaluate threat likelihood, and prioritize 

defensive strategies under uncertain operating 

conditions. These analytical methodologies 

provide a valuable foundation for intelligent API 

threat detection frameworks by supporting 

adaptive risk evaluation, behavioral anomaly 

assessment, and proactive cybersecurity 

governance across distributed cloud-native 

enterprise environments [20]. 

III. Proposed Methodology 

The proposed Intelligent API Threat Detection 

Framework integrates runtime traffic analytics, 

behavioral modeling, machine learning, 

OpenAPI Specification, API gateways, cloud-

native DevSecOps, Zero-Trust security 

principles, and continuous enterprise monitoring 

into a unified architecture for protecting 

distributed enterprise API ecosystems. The 

framework consists of API specification 

repositories, runtime traffic collectors, behavioral 

analytics engines, machine learning-based threat 

detection modules, API gateways, Kubernetes 

orchestration services, security policy 

management modules, incident response 

services, and enterprise analytics dashboards. 

The primary objective is to continuously analyze 

API traffic, detect abnormal behavior, identify 

cyber threats, and automatically enforce adaptive 

security policies throughout the API lifecycle. 

Initially, enterprise APIs are developed using 

OpenAPI Specification to define service 

contracts, authentication methods, authorization 

policies, endpoint structures, request-response 

schemas, encryption requirements, rate-limiting 

rules, version management, and documentation 

standards. During production operation, API 

gateways continuously collect runtime traffic 

information including request frequency, 



2025, Vol 2 Issue 1 | 26 

International Journal of 

Engineering Research and Education 
Peer Reviewed, Referred & Indexed Journal 

                                         ISSN: 3143-4428                                           www.ijerae.com                                                 Original Research Paper 

Received: 02-02-2025 | Accepted: 04-03-2025 | Published: 09-03-2025  

response latency, payload characteristics, 

authentication attempts, authorization decisions, 

endpoint usage, client identity, geographical 

location, device characteristics, session duration, 

and resource utilization. These runtime data 

streams are securely transmitted to centralized 

behavioral analytics platforms for continuous 

monitoring and processing. 

Machine learning-assisted behavioral modeling 

continuously analyzes historical API traffic 

together with real-time runtime telemetry to 

establish baseline behavioral profiles 

representing normal enterprise API usage. 

Behavioral analytics engines evaluate user 

behavior, application interactions, authentication 

sequences, endpoint invocation patterns, session 

characteristics, resource consumption, traffic 

distribution, and communication frequency to 

identify anomalous activities indicative of 

credential abuse, denial-of-service attacks, 

business logic manipulation, unauthorized 

access, bot activity, privilege escalation, data 

exfiltration, and emerging cyber threats. 

Automated validation modules simultaneously 

verify compliance with enterprise governance 

policies, Zero-Trust security principles, OpenAPI 

specifications, and regulatory requirements. 

Cloud-native DevSecOps pipelines automate API 

implementation, security testing, deployment, 

monitoring, vulnerability assessment, rollback, 

and lifecycle governance. Continuous integration 

pipelines validate updated OpenAPI 

specifications, execute automated security 

analysis, generate implementation templates, 

documentation, client SDKs, and testing artifacts 

before deployment. Continuous deployment 

pipelines package validated API services into 

Kubernetes-managed containerized 

environments where API gateways enforce 

authentication, authorization, encryption, traffic 

routing, rate limiting, mutual TLS verification, 

and runtime security monitoring. Intelligent 

threat detection services continuously update 

behavioral models using incoming traffic patterns 

to improve detection accuracy and reduce false 

positives. 

Enterprise monitoring services continuously 

evaluate API availability, authentication success 

rates, response latency, throughput, behavioral 

anomalies, threat intelligence indicators, policy 

compliance, vulnerability trends, resource 

utilization, operational reliability, and security 

events. Interactive dashboards provide 

comprehensive visualization of API security 

posture, behavioral analytics, threat severity, 

attack timelines, governance status, deployment 

history, compliance indicators, and enterprise 

operational health. Intelligent alerting 

mechanisms automatically detect abnormal API 

behavior, suspicious authentication attempts, 

credential misuse, infrastructure degradation, 

distributed attacks, and policy violations, 

enabling rapid incident response and adaptive 

policy enforcement. 

Finally, continuous performance evaluation 

measures threat detection accuracy, behavioral 

modeling effectiveness, governance quality, API 

security, deployment reliability, operational 

scalability, compliance management, enterprise 

resilience, software maintainability, and lifecycle 

efficiency. Feedback collected from security 

analysts, DevSecOps engineers, enterprise 

architects, compliance officers, API developers, 

and operational administrators is incorporated 

into continuous learning pipelines that improve 

behavioral models, machine learning algorithms, 

security policies, deployment automation, and 

runtime threat detection capabilities. 

IV. Results and Discussion 

Experimental evaluation demonstrated that the 

proposed intelligent API threat detection 

framework significantly improved enterprise API 

protection compared with conventional 

signature-based security approaches. Runtime 
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traffic analytics combined with behavioral 

modeling effectively identified abnormal API 

activities, unauthorized access attempts, 

credential misuse, denial-of-service attacks, 

suspicious endpoint usage, and emerging cyber 

threats before they compromised enterprise 

services. Continuous behavioral learning 

substantially improved detection accuracy while 

reducing false-positive security alerts. 

Machine learning-assisted behavioral analytics 

successfully distinguished legitimate enterprise 

API traffic from malicious activities by 

continuously evaluating authentication behavior, 

endpoint access sequences, request frequency, 

payload characteristics, resource utilization, and 

user interaction patterns. Automated security 

validation significantly improved vulnerability 

detection, governance consistency, regulatory 

compliance, and operational reliability while 

reducing manual monitoring effort. Continuous 

adaptive learning enabled the framework to 

detect previously unseen attack patterns without 

requiring manually updated signatures. 

Cloud-native DevSecOps pipelines streamlined 

API deployment, runtime monitoring, security 

governance, rollback, version management, 

vulnerability assessment, and operational 

analytics. Kubernetes-based orchestration 

enabled scalable deployment of secure API 

services while API gateways continuously 

enforced authentication, encryption, rate limiting, 

traffic management, mutual TLS verification, and 

runtime policy compliance. Interactive 

dashboards provided comprehensive 

visualization of behavioral analytics, threat 

intelligence, governance status, deployment 

history, compliance indicators, attack timelines, 

and operational health, enabling enterprise 

administrators to efficiently manage large-scale 

distributed API ecosystems. 

Overall, the proposed framework achieved 

substantial improvements in API security, 

behavioral anomaly detection, threat detection 

accuracy, governance consistency, deployment 

reliability, operational scalability, compliance 

management, enterprise resilience, software 

engineering productivity, and lifecycle 

management. These findings demonstrate that 

intelligent runtime traffic analytics combined 

with behavioral modeling provides a scalable and 

production-ready foundation for protecting 

modern cloud-native enterprise APIs against 

advanced cyber threats. 

V. Conclusion 

This paper presented an Intelligent API Threat 

Detection Framework by integrating runtime 

traffic analytics, behavioral modeling, machine 

learning, OpenAPI Specification, API gateways, 

cloud-native DevSecOps, Zero-Trust security 

principles, and continuous enterprise monitoring 

into a unified cybersecurity architecture. The 

proposed methodology enables continuous 

behavioral analysis, adaptive threat detection, 

automated policy enforcement, intelligent 

governance, scalable deployment, runtime 

security monitoring, and enterprise cyber 

resilience while improving software security, 

operational reliability, regulatory compliance, 

and enterprise protection. 

Experimental analysis demonstrated 

improvements in behavioral modeling accuracy, 

threat detection performance, API security, 

governance quality, deployment automation, 

operational scalability, compliance management, 

enterprise resilience, and secure API lifecycle 

management. Future research may investigate 

explainable artificial intelligence for behavioral 

threat interpretation, reinforcement learning-

assisted adaptive security policies, autonomous 

cyber defense orchestration, federated behavioral 

analytics across multi-cloud environments, self-

healing API infrastructures, and AI-driven Zero-

Trust security ecosystems to further strengthen 

enterprise API protection. 
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