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Abstract: The integration of artificial intelligence systems with edge computing infrastructures presents unprecedented security 

challenges that traditional protection mechanisms cannot adequately address. Edge-deployed AI systems operate across 

geographically dispersed nodes with varying trust levels, creating complex attack surfaces vulnerable to specialized threats, including 
model poisoning, adversarial perturbation, and distributed inference manipulation. This content explores how segment routing 

technology combined with microsegmentation principles creates robust security architectures specifically designed for distributed AI 

environments. The combination establishes workload-specific security boundaries that isolate individual AI components based on 
risk profiles and data sensitivity levels while maintaining performance requirements critical for time-sensitive applications. Through 

programmable network paths and granular traffic control policies, organizations can implement zero-trust security models across 

fluid network boundaries while preserving the low-latency characteristics essential for edge intelligence operations. The framework 
demonstrates exceptional effectiveness in preventing lateral movement, containing security incidents, and protecting sensitive AI 

assets while introducing minimal operational overhead. As edge computing continues transforming AI deployment architectures, this 

security framework addresses urgent protection requirements for distributed intelligence systems operating beyond traditional 
security perimeters. 

Keywords: Edge computing security, artificial intelligence protection, segment routing, microsegmentation, zero-trust 

architecture. 

 

INTRODUCTION 
The proliferation of edge computing infrastructure 

has fundamentally transformed AI deployment 

architectures, with 87% of enterprises now 

processing at least some AI workloads at the 

network edge to achieve the 142ms latency 

reduction critical for real-time applications (Palou, 

N. 2025). This architectural shift has exposed 

significant security vulnerabilities, as traditional 

data center protection mechanisms prove 

inadequate when AI systems operate across 

geographically dispersed nodes with varying trust 

levels and security capabilities. New studies show 

that 76.2% of companies using edge AI face 

security problems within 18 months, with each 

breach costing $1.73 million on average to fix 

(Palou, N. 2025). 
 

The attack surface of edge AI deployments has 

expanded dramatically, with 68.9% of compromise 

attempts specifically targeting the unique 

vulnerabilities of distributed machine learning 

systems. Research has documented 17 distinct 

attack vectors unique to edge AI architectures, 

including model poisoning, adversarial 

perturbation, and distributed inference 

manipulation, which collectively accounted for 

83.7% of successful security breaches in 2023 

(Salem, A. H. et al., 2024). Conventional 

perimeter security detects only 29.4% of these 

specialized threats, leaving edge-deployed neural 

networks vulnerable to sophisticated attacks that 

can extract sensitive training data or manipulate 

inference results without triggering traditional 

security controls (Salem, A. H. et al., 2024). 
 

Segment routing technology has emerged as a 

powerful countermeasure, enabling the creation of 

isolated security domains that contain 94.8% of 

lateral movement attempts across distributed AI 

environments. By implementing source-routed 

traffic paths with cryptographic verification at 

each network segment, organizations can reduce 

unauthorized access to AI components by 81.6% 

while maintaining the 5.8ms inter-node 

communication latency necessary for distributed 

inference workloads (Palou, N. 2025). The 

deployment case study demonstrated that segment 

routing implementations can process 16,400 

packets per second while enforcing granular 

security policies, providing sufficient throughput 

for 92.7% of current edge AI applications (Palou, 

N. 2025). 
 

Microsegmentation complements segment routing 

by establishing workload-specific security 

boundaries that isolate individual AI components 

based on their specific risk profiles and data 

sensitivity levels. Research reveals that 

organizations implementing this combined 

approach achieve 84.3% improvement in threat 

containment and reduce the attack surface of edge 

AI deployments by 79.6% (Salem, A. H. et al., 

2024). The granular security controls enabled by 

microsegmentation allow continuous verification 

of 99.7% of interactions between distributed AI 
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components, effectively implementing zero-trust 

security models across fluid network boundaries 

(Salem, A. H. et al., 2024). 
 

The integration of these technologies enables 

security architectures specifically designed for the 

unique requirements of edge AI systems. As 

enterprises deploy increasingly sophisticated 

neural networks across distributed environments, 

with 89.3% of mission-critical AI workloads 

projected to operate at the edge by 2026, this 

security framework addresses the urgent 

operational requirement for protecting sensitive AI 

assets beyond traditional security perimeters 

(Palou, N. 2025). The programmable nature of 

segment routing creates adaptive protection 

mechanisms that dynamically adjust to the 

evolving threat landscape facing distributed 

artificial intelligence systems (Salem, A. H. et al., 

2024).

 

Table 1: Edge AI Security Challenges and Segment Routing Benefits (Palou, N. 2025; Salem, A. H. et al., 

2024) 

Security Metric Traditional Security Segment Routing + Microsegmentation 

Lateral Movement Containment 29.40% 94.80% 

Unauthorized Access Prevention 18.40% 81.60% 

Threat Containment Effectiveness 15.70% 84.30% 

Attack Surface Reduction 20.40% 79.60% 

Zero-Trust Verification Coverage 45.30% 99.70% 
 

Literature Review and Theoretical Framework 

for Securing Edge AI Systems 
The convergence of edge computing with artificial 

intelligence has created unprecedented security 

challenges, with recent studies documenting an 

82.4% increase in specialized attacks targeting 

distributed AI systems between 2022 and 2024 

(Shafee, A. 2025). Traditional security models, 

designed for well-defined network perimeters, 

prove increasingly inadequate as AI workloads 

distribute across heterogeneous edge environments 

with varying trust levels and security capabilities. 

Research reveals that conventional security 

approaches detect only 37.8% of edge AI-specific 

threats, leaving critical vulnerabilities in 79.3% of 

production deployments (Shafee, A. 2025). The 

distributed nature of these systems creates 

complex attack surfaces spanning an average of 

14.3 distinct computational nodes, each operating 

with different security postures and protective 

capabilities. 
 

The vulnerability landscape for edge AI systems 

presents unique challenges not encountered in 

centralized architectures. Adversarial examples are 

the biggest threat, making up 42.7% of reported 

incidents. Model extraction tries come in second at 

31.6%, while attacks that mess with inference 

account for 18.9% of successful breaches (Shafee, 

A. 2025). These specialized threats exploit the 

distributed computational model where sensitive 

AI workloads operate across trust boundaries with 

limited visibility. The limited computing power in 

edge settings makes it harder to put security 

measures in place. Edge nodes work with 22.4% of 

the processing power and 26.8% of the memory 

resources (Shafee, A. 2025). 
 

Segment routing technology has demonstrated 

remarkable potential for addressing these 

challenges, with experimental deployments 

achieving 81.7% improvement in unauthorized 

access prevention while maintaining network 

performance within 5.9% of baseline metrics (Palo 

Alto Networks,). By encoding network paths as 

ordered segment lists, segment routing enables 

precise traffic steering across distributed AI 

components without requiring complex state 

maintenance at intermediate nodes. This capability 

proves particularly valuable for securing the 

complex data flows characteristic of distributed 

inference, where multiple edge nodes must 

coordinate processing across geographic 

boundaries (Palo Alto Networks,). Security 

implementations leveraging segment routing can 

enforce comprehensive protection policies while 

processing 17,800 packets per second, sufficient 

throughput for 94.2% of current edge AI 

workloads. 
 

The evolution of microsegmentation approaches 

has produced increasingly sophisticated protection 

mechanisms for distributed systems. Research 

shows modern microsegmentation 

implementations achieve 85.7% greater protection 

granularity compared to traditional network 

segmentation approaches by creating workload-

specific security boundaries that dynamically adapt 

to application behavior patterns (Palo Alto 

Networks,). This approach contains 96.4% of 

lateral movement attempts within edge AI 
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environments by establishing zero-trust 

verification requirements for all inter-component 

communications. Contemporary implementations 

leverage deep packet inspection to analyze 98.2% 

of traffic between AI components, identifying 

anomalous patterns that indicate potential 

compromise attempts with 79.3% greater accuracy 

than signature-based detection methods (Palo Alto 

Networks,). 
 

The integration of segment routing with 

microsegmentation principles creates particularly 

effective security architectures for edge AI 

systems. This combined approach enables granular 

security policies that verify 99.7% of interactions 

between distributed AI components while 

maintaining the 5.8ms inter-node communication 

latency necessary for real-time inference 

applications (Shafee, A. 2025). Deployments 

implementing this security framework demonstrate 

an 84.6% reduction in successful attacks against 

edge AI systems while supporting environments 

with up to 27.5 average edge nodes, effectively 

extending comprehensive security controls beyond 

traditional data center boundaries to protect 

sensitive AI workloads wherever they operate 

(Palo Alto Networks). 

 

Table 2: Edge AI Vulnerability Landscape (Shafee, A. 2025) 

Attack Vector Type Percentage of Incidents 

Adversarial Examples 42.70% 

Model Extraction 31.60% 

Inference Manipulation 18.90% 

Other Vectors 6.80% 
 

Methodology and Technical Architecture for 

Secure AI Edge Networks 
The proposed secure AI edge network architecture 

implements a comprehensive microsegmentation 

framework leveraging segment routing to create 

dynamic protection boundaries for distributed AI 

workloads. Research across 32 enterprise edge 

deployments shows this approach reduces the 

attack surface of distributed AI systems by 86.3% 

while maintaining inference performance within 

5.7% of baseline metrics, addressing the critical 

challenge of balancing security with performance 

in resource-constrained edge environments 

(AccuKnox, 2023). The methodology follows a 

structured process that begins with workload 

discovery, where specialized network sensors 

identify communication patterns with 99.2% 

accuracy by analyzing packet-level metadata rather 

than requiring deep packet inspection that would 

introduce prohibitive latency. Organizations 

implementing this structured approach report 

94.7% greater visibility into distributed AI traffic 

flows compared to traditional network monitoring 

solutions, enabling precise security boundary 

definition based on actual application behavior 

rather than theoretical communication models 

(AccuKnox, 2023). 
 

Segment routing builds the core of this design. It 

sets up programmable paths in the network using 

SRv6 encapsulation, adding just 43 bytes of extra 

header data per packet. This uses 81.4% less 

overhead compared to traditional overlay methods 

like VXLAN or GRE tunneling (AccuKnox, 

2023). Field deployments demonstrate that 

segment routing establishes programmable 

network paths with an average setup time of 

112ms, enabling protection for 98.6% of dynamic 

AI workloads that require rapid reconfiguration as 

computational demands fluctuate across 

distributed environments. The implementation 

encodes an average of 7.3 network segments per 

path, creating precise traffic steering through 

specific security enforcement points while 

reducing forwarding state requirements at 

intermediate nodes by 82.7% compared to 

traditional policy-based routing approaches 

(AccuKnox, 2023). 
 

The microsegmentation policy engine constitutes 

the intelligence layer of the architecture, utilizing 

machine learning algorithms that process over 27 

distinct network and application metrics to identify 

optimal security boundaries with 96.8% accuracy 

compared to expert-defined segmentation 

(Gadkari, B. R. 2025). Research demonstrates that 

AI-driven microsegmentation reduces policy 

creation time by 87.4% compared to manual 

approaches while improving threat containment 

effectiveness by 79.3% through more precise 

boundary definition based on behavioral analysis 

rather than static rules (Gadkari, B. R. 2025). The 

policy engine continuously evaluates 4,320 

network flows per second, identifying 23 distinct 

behavioral indicators that might signify security 

anomalies with 97.2% precision and 93.5% recall 

rates even when attackers attempt to disguise 
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malicious traffic as legitimate AI model training or 

inference operations (Gadkari, B. R. 2025). 
 

The AI workload monitoring system provides 

comprehensive visibility across distributed 

environments, capturing 99.9% of inter-component 

communications with processing latency averaging 

just 1.8ms, critical for maintaining real-time 

inference capabilities in time-sensitive applications 

(AccuKnox, 2023). This monitoring infrastructure 

collects and analyzes 16,800 telemetry data points 

per second while requiring 73.8% less storage 

compared to traditional security information 

management systems due to its efficient data 

representation techniques. The system identifies 

95.7% of potential threats through behavioral 

analysis rather than signature matching, detecting 

zero-day attacks targeting specialized AI 

vulnerabilities such as model poisoning or 

adversarial input manipulation that conventional 

security tools miss entirely (AccuKnox, 2023). 
 

Service function chaining capabilities further 

enhance this architecture by dynamically inserting 

security controls into segment routing paths based 

on workload sensitivity levels and threat 

intelligence. This approach allows organizations to 

apply 92.3% of security controls without 

modifying application code, reducing 

implementation complexity while ensuring 

appropriate protection for distributed AI 

components (Gadkari, B. R. 2025). Experimental 

deployments demonstrate that service chains 

incorporating up to 8 distinct security functions 

introduce only 3.9ms additional latency, 

preserving performance for 99.1% of time-

sensitive edge AI applications while providing 

comprehensive protection against sophisticated 

attack vectors that specifically target the 

distributed nature of edge intelligence systems 

(Gadkari, B. R. 2025). 
 

Implementation Framework and Security 

Analysis 
The implementation framework for segment 

routing-enhanced microsegmentation requires 

methodical deployment across multiple phases, 

with research demonstrating that organizations 

achieve 89.3% greater threat prevention when 

following a structured implementation compared 

to opportunistic approaches (Villar-Rodriguez. Et 

al., 2023). Initial network topology design serves 

as the critical foundation, with hierarchical designs 

incorporating context-aware segmentation, 

reducing attack surfaces by 82.7% compared to 

traditional flat network architectures. Analysis 

across 47 enterprise deployments reveals that 

properly aligning segment routing domains with 

AI workload boundaries reduces policy complexity 

by 71.6% while improving security visibility by 

94.8% across distributed edge environments, 

particularly for neural network inference 

workloads that typically span 12-18 distinct 

computational nodes (Villar-Rodriguez. Et al., 

2023). Organizations implementing this structured 

approach report 84.3% fewer security incidents 

involving unauthorized access to sensitive AI 

components while achieving full deployment 

across distributed environments in an average of 

57.6 days. 
 

Traffic flow analysis through the segment routing 

framework reveals substantial security 

improvements, with the microsegmentation 

architecture detecting 96.3% of anomalous 

communication patterns through behavioral 

analysis rather than signature matching. This 

approach identifies potential threats 81.2% faster 

than traditional intrusion detection systems while 

generating 79.6% fewer false positives due to the 

contextual understanding of normal AI workload 

communication patterns (Villar-Rodriguez. Et al., 

2023). The architecture effectively contains 98.5% 

of lateral movement attempts within isolated 

security domains, preventing attackers from 

leveraging compromised edge nodes to access 

sensitive AI models or training data. Experimental 

testing demonstrates that segment routing-based 

isolation reduces the success rate of privilege 

escalation attacks by 91.7% while constraining 

data exfiltration attempts with 95.8% effectiveness 

across various edge deployment scenarios (Villar-

Rodriguez. Et al., 2023). 
 

Performance evaluation across diverse AI 

workload profiles indicates minimal operational 

impact, with implementation research showing the 

security framework introduces average latency 

increases of only 2.3ms while maintaining 

throughput within 3.9% of baseline measurements 

(Juniper Networks,). Resource utilization analysis 

demonstrates that segment routing approaches 

consume 79.6% less CPU and 84.2% less memory 

compared to traditional VPN-based isolation 

techniques, critical factors for resource-constrained 

edge environments. The segment routing 

infrastructure successfully processes 21,400 policy 

evaluations per second while maintaining 

enforcement across an average of 46.8 distributed 

edge nodes with minimal state requirements at 

intermediate network devices (Juniper Networks,). 

This efficiency derives from segment routing's 

fundamental architecture, which encodes path 
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information within packet headers rather than 

maintaining complex forwarding state across the 

network. 
 

Integration challenges receive comprehensive 

treatment within the framework, with 

compatibility testing across 19 distinct network 

equipment profiles demonstrating 95.7% 

successful interoperation without requiring 

hardware upgrades (Villar-Rodriguez. Et al., 

2023). Migration methodologies enable phased 

implementation with zero-downtime transitions for 

98.4% of workloads through parallel path 

deployment techniques that gradually shift traffic 

from legacy routing to segment routing paths as 

validation confirms proper security enforcement. 

The framework provides detailed procedures for 

integrating with existing security information and 

event management systems, with successful 

implementations achieving 87.9% improvement in 

security incident visibility and 76.3% faster threat 

response times (Villar-Rodriguez. Et al., 2023). 
 

Risk assessment modeling validates the security 

architecture against 47 distinct attack vectors 

specifically targeting distributed AI systems, with 

the framework successfully mitigating 93.4% of 

threats targeting AI-specific vulnerabilities 

(Juniper Networks,). Particularly noteworthy is the 

97.2% protection effectiveness against model 

extraction attempts and 94.5% prevention rate for 

adversarial input attacks that target edge-deployed 

neural networks. Research confirms that the zero-

trust verification principles enforced through 

segment routing create 90.6% greater protection 

for sensitive AI components compared to 

traditional network security approaches, with 

unauthorized access attempts blocked in 99.4% of 

test scenarios involving sophisticated multi-stage 

attacks (Juniper Networks,).
 

Table 3: Protection Effectiveness Against AI-Specific Attacks (Villar-Rodriguez. Et al., 2023; Juniper 

Networks,) 

Attack Type Traditional Security (%) Segment Routing (%) 

Model Extraction 32.8 97.2 

Adversarial Inputs 41.5 94.5 

Data Exfiltration 29.2 95.8 

Privilege Escalation 38.3 91.7 

Lateral Movement 31.5 98.5 
 

RESULTS AND PERFORMANCE 
EVALUATION  
Comprehensive evaluation of segment routing-

enhanced microsegmentation demonstrates 

significant security improvements, with attack 

surface reduction averaging 89.3% compared to 

traditional network architectures, according to 

extensive testing conducted across 63 distributed 

AI deployments (Al-Ofeishat, H. A., & 

Alshorman, R. 2023). Security effectiveness 

measurements reveal that this approach prevents 

96.7% of lateral movement attempts following 

initial compromise, effectively containing potential 

breaches within isolated microsegments while 

maintaining critical AI operations. Research 

documents that penetration testing involving 42 

distinct attack vectors confirms microsegmented 

architectures increase attack complexity by 83.7%, 

requiring attackers to overcome an average of 8.3 

distinct protection boundaries compared to just 2.4 

in conventional networks (Al-Ofeishat, H. A., & 

Alshorman, R. 2023). This enhanced protection 

particularly benefits distributed inference 

applications, where model serving nodes 

experience 97.2% fewer successful compromise 

attempts due to the precise traffic control enabled 

by segment routing enforcement mechanisms that 

verify every communication attempt between AI 

components. 
 

Performance benchmarking across heterogeneous 

edge deployments reveals minimal operational 

impact, with segment routing processing 

introducing average latency increases of only 

2.1ms across diverse AI workload profiles while 

maintaining throughput within 2.8% of baseline 

measurements (Al-Ofeishat, H. A., & Alshorman, 

R. 2023). Network telemetry data demonstrates 

that segment routing overhead consumes only 

3.2% of available bandwidth and 3.7% of 

processing capacity in typical deployment 

scenarios, significantly outperforming traditional 

VPN-based isolation approaches that impose 

14.3% and 17.8% overhead, respectively. The 

research confirms that real-time AI applications 

maintain 99.8% of their performance 

characteristics while gaining substantial security 

benefits through microsegmentation policies that 

adapt dynamically to changing communication 

patterns (Al-Ofeishat, H. A., & Alshorman, R. 

2023). 
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Scalability analysis confirms robust performance 

across large-scale deployments, with near-linear 

scaling characteristics observed up to 156 edge 

nodes supporting 1,387 distinct AI workloads 

(Yalcinkaya, M. T. 2023). The distributed control 

plane architecture processes 26,800 policy updates 

per second with 99.998% consistency across all 

enforcement points, enabling dynamic security 

adaptation in volatile edge environments where 

computational resources may shift between nodes 

based on changing application demands. 

Microsegmentation policy changes propagate 

through the network in an average of 218ms, 

94.2% faster than traditional firewall rule 

distribution, ensuring rapid response to emerging 

threats targeting distributed AI components 

(Yalcinkaya, M. T. 2023). 
 

Operational efficiency improvements are 

particularly noteworthy, with automated policy 

management reducing security implementation 

time by 86.4% while decreasing configuration 

errors by 94.7% compared to manual approaches 

(Al-Ofeishat, H. A., & Alshorman, R. 2023). 

Organizations implementing segment routing-

enhanced microsegmentation report an 81.3% 

reduction in security incident response times due 

to enhanced visibility and precise containment 

capabilities that automatically isolate 

compromised components without disrupting 

overall AI operations. The programmatic nature of 

segment routing enables intelligent automation that 

correlates security events across 21.3 

microsegments per second, identifying 

sophisticated multi-stage attacks with 96.2% 

accuracy compared to 68.7% for traditional 

network detection systems (Al-Ofeishat, H. A., & 

Alshorman, R. 2023). 
 

Comparative analysis with alternative security 

approaches reveals that segment routing-enhanced 

microsegmentation outperforms traditional 

software-defined networking solutions by 

achieving 31.7% lower latency and 39.4% less 

resource utilization while providing 47.2% greater 

isolation granularity (Yalcinkaya, M. T. 2023). 

Research demonstrates that traditional firewall-

based approaches achieve 79.3% lower protection 

effectiveness against AI-specific attack vectors 

while requiring 4.7 times more administrative 

effort to maintain equivalent security postures. 

These comprehensive findings establish segment 

routing-enhanced microsegmentation as the 

optimal approach for securing distributed AI 

workloads in resource-constrained edge 

environments, delivering an exceptional balance 

between security effectiveness and operational 

efficiency (Yalcinkaya, M. T. 2023).
 

Table 4: Performance Impact of Security Implementations (Al-Ofeishat, H. A., & Alshorman, R. 2023; 

Yalcinkaya, M. T. 2023) 

Security Approach Latency Increase (ms) Bandwidth Overhead (%) Processing Overhead (%) 

Segment Routing 2.1 3.2 3.7 

Traditional VPN 8.7 14.3 17.8 

SDN Solutions 3.6 7.9 9.3 

Firewall-Based 5.4 11.2 14.5 
 

CONCLUSION 
The convergence of edge computing with artificial 

intelligence necessitates fundamentally new 

security paradigms capable of protecting 

distributed intelligence systems without 

compromising performance characteristics. 

Traditional security models designed for well-

defined network perimeters prove increasingly 

inadequate as AI workloads distribute across 

heterogeneous environments with varying trust 

levels and capabilities. Segment routing-enhanced 

microsegmentation emerges as an exceptionally 

effective solution, creating dynamic protection 

boundaries specifically tailored to the unique 

communication patterns and security requirements 

of edge AI workloads. The approach delivers 

substantial security improvements while 

maintaining the performance characteristics 

essential for time-sensitive AI applications. By 

encoding network paths as ordered segment lists, 

segment routing enables precise traffic steering 

and granular policy enforcement without requiring 

complex state maintenance at intermediate nodes. 

This capability proves particularly valuable for 

securing the intricate data flows characteristic of 

distributed intelligence, where multiple edge nodes 

must coordinate processing across geographic 

boundaries. Microsegmentation complements 

these capabilities by establishing workload-

specific security boundaries that isolate individual 

AI components based on their specific risk profiles 

and data sensitivity levels. The integration of these 

technologies enables comprehensive security 

architectures that verify interactions between 

distributed AI components, effectively 

implementing zero-trust security models across 



 
 

271 
 

Copyright © 2021 The Author(s): This work is licensed under a Creative Commons Attribution- NonCommercial-NoDerivatives 4.0 
(CC BY-NC-ND 4.0) International License 

Publisher: SARC Publisher 

Raghavendra, H. K. C. Sarc. Jr. Md. vol-5, issue-7 (2025) pp-265-271 

fluid network boundaries. As enterprises continue 

deploying increasingly sophisticated neural 

networks across distributed environments, this 

security framework addresses the urgent 

operational requirement for protecting sensitive AI 

assets beyond traditional security perimeters. 
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