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Abstract

With the introduction of 6G networks significant benefits had come to fog/edge computing
infrastructures, especially in healthcare and other time-sensitive domains like finance and transport.
These technologies provide improved effectiveness, ultra-low latency, and enhanced regulatory
compliance, all of which are critical for complex operations such as health informatics and telehealth.
This study aims to assess the influence of 6G design features like the ultra-low latency, Al-driven
network operation, and high-speed information transfer rate on the performance and compliance of
fog/edge computing systems, and also to asses these against current 5G configurations. To verify and
compare 5G with 6G network architectures, the authors designed a hybrid approval technique which
combines scientific modeling with simulated criteria. The validation focused on key performance metrics
such as throughput, latency, and compliance with data governance standards. In addition, a domain-
specific, ontology-driven compliance architecture was implemented to validate real-time perception and
rule compliance. Compared to 5G-driven systems, the incorporation of 6G technology showed a 35%
increase in throughput and a 40% reduction in latency. The ontology-driven compliance architecture
indicates that 6G-based fog/edge systems could effectively ensure real-time sensitivity and data
governance scenarios, resulting in more scalable and compliant outcomes. The results shows that 6G-
enabled fog and edge computing set-ups have the possibility to deliver high-performance, scalable, and
compliance solutions for important operations like health informatics, telemedicine, and structural
operations. These advances may inspire the creation of more efficient and regulation-ready edge domains
in the near future.
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INTRODUCTION

The 6G networks offer ultra-low latency, increased throughput, and innate intelligence,
primarily for edge and fog computing models. While these possibilities provide new
opportunities, they also impose regulatory and compliance constraints, mostly owing to
shared processing and information processing. Current compliance procedures are frequently
slow to respond in real time and inflexible in dealing with a variety of events. To increase
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regulatory compliance, this paper suggests incorporating an ontology-driven architecture into
a 6G edge/fog structure. The study compares the 6G model to a 5G-based baseline by
semantically modeling compliance metrics and assessing their impact using simulation and
expert reports. Significant performance measures, such as latency, throughput, and
compliance scores, were utilized to demonstrate the benefits of the proposed technique.

The whole idea behind the 6G configuration is to take communication to a whole new height,
way above the capabilities of the 5G with respect to latency, dependability, throughput and
general Al support.

This generation of wireless network has the capacity to reconfigure how the world
communicates and connect thereby enhancing ultra-high data transfer speeds through ultra-
reliability low latency communication (uURLLC) with intelligent and adaptive networking. In
order to bring this into existence, 6G communication as a matter of necessity must integrate
amazing technologies with the ability to improve networking efficiency, dynamic compliance
and spectral usage (Othman et al., 2025). Terahertz communication, Al-enabled networks,
quantum communication, and holographic focused signal transmission remain the basic
motivation of the 6G model’s evolution.

Notwithstanding the associated benefits of 6G technologies, their acceptance and adoption
raises a number of issues such as spectrum allocation, security, legal framework and
standardization (Agboola et al., 2024).

Cloud computing has been variously described as a paradigm shift with respect to computing
and connectivity however, fog and edge computing are seen as proteges of cloud computing
at the edge of work offering context-aware, real-time processing capabilities. Kuchuk and
Malokhvii (2024) emphasized the influence of fog and edge computing in reducing backhaul
traffic and enhancing performance of IoT-Based processes. These technologies are very
important in mission-critical domains like smart grids, Autonomous Vehicles/Virtual
Realities (AR/VR), and healthcare domains evaluation systems.

Integrating 6G into fog and edge computing is promising and also becoming a research
domain. Some scholars are of the opinion that 6g’s ultra-low latency and intrinsic Al
capabilities can enhance edge analytics and invigorate mobility-aware services. Even with
these benefits, fog and edge technologies are confronted with such challenges as insufficient
resource allocation, high energy consumption coupled with security risks. Managing multiple
devices with dynamic workload remains a challenge (Kim et al., 2023). According to Jaime et
al., (2023) unauthorized access and information privacy remains a security treat to domains
like healthcare. In addition, the lack of consistent standards hampers interoperability and
scalability (Agbaegbu et al., 2021; Krakers, 2024).

Researchers have openly supported ontologies as mechanism for attaining semantic
dependability, compliance across various computing scenarios and policy enforcement. Work
by Loukil et al., (2028), Humberg et al., (2014) indicate that ontologies are useful in modelling
legal, operational and security requirements in cloud-based systems. The challenge here is
that the current ontological frameworks have not been fully integrated with 6G-specific
capabilities like integrated AI mediators, adaptive spectrum usage and dependable
orchestration at the node.

The deployment of artificial intelligence at the network edge uses edge computing
configuration to activate local data processing and make decisions leading to reduction in
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latency, bandwidth usage with enhanced privacy. Due to the increase in Internet of Things
(IoT) devices and the development of 6G technologies, there is huge demand for fast, efficient
and low-latency data processing capability (He et al., 2025). Mohammed et al., (2024) in their
work evaluated the potential of Mobile Edge Computing (MEC) integration with 6G
technologies and its impact with respect to the reduction of latency especially in the context
of autonomous driving and virtual reality. Their work also predicted and verified low-latency
capacity of 6G networks.

There has been intensive research into 5G-fog/edge integration and ontological compliance
in the cloud. However, they have been very few researches that evaluate the impact of 6G on
fog/edge configuration, especially with respect to compliance, performance and autonomy.
This study addresses these gaps by offering an ontology-augmented model that maps 6G
qualities to edge architectural requirements and affirms its efficiency through the use of
simulation and expert feedback.

MATERIALS AND METHODS

This study uses a mix-mode approach, integrating simulation-based evaluation with iFogSim
including semantic compliance rule layer. The focus is knowing how 6G-aided fog and edge
computing supports compliance aware-aware ontologies. Also, how they outclass 5G in
comparison to key performance metrics like latency, throughput and compliance
responsiveness.

Simulation Environment
This work used iFogSim to simulate network scenarios with fog and edge nodes under 5G
and 6G frameworks. specifications comprise:

e Fognodes: 15 (per layer)

e Edge devices: 100 (IoT sensors, actuators)

o Workload type: Smart healthcare (real-time monitoring and anomaly detection)

o Packet size: 512 bytes

e Simulation time: 1000 seconds
The authors validated latency and throughput on equal workloads across all systems. The
idea behind the 6G was to support terahertz communication, Al-powered resource allocation
and ultra-dense edge distribution.

Throughput Modeling

This work used logarithmic representations to simulate throughput grounded on network
load in real-time:

Throughput5c = 100.log (Network load) + 200 (1)

Throughput6c - 120.1og (Network load) + 300 (2

Arising from these equations, it's evident that 6G networks attained consistently higher
throughput across all load levels. This the authors attribute to flexible capacity and improved
fog routing.

Latency Measurement

The study calculated the latency for individual transaction as:
Total Time Delay

Number of Request (3)

Latency =
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The latency for each simulation was metered in milliseconds. When compared to the 5G
baseline, the 6G model reduced average latency by 35-50 percent.

Compliance Evaluation

This investigation integrated an ontology-based compliance architecture that ensured real-
time verification. Rule-based reasoner was employed over OWL-encoded knowledge, to
check if data sharing and access actions violate predefined compliance rules in the ontology.
A Compliance Score (CS) was defined as:

CS = Compliant Transactions % 100% (4)

Total Transactions

The 6G+Ontology configuration averaged a higher CS of 98.3%, compared to 83.7% for the
5G baseline, emphasizing the benefits of ontological context awareness.

This model is consistent with a quantitative method that examines recent studies where
compliance is regarded as an evaluative possession of a system and viewed as a variable factor
rather than a binary (Wu & Konstantinidis, 2026). This is grounded in the semantic perspective
of compliance assessment and ontology-based reasoning (Humberg et al., 2014; Loukil et al.,
2018) and provides the basis for the evaluation of interactions in a structured and machine-
readable manner.

Ontology Performance Gain (OPG)
To calculate the effectiveness of the ontology layer, the study present:

_ CS¢G— CSsG

Expressing performance differences as percentages of a baseline is a widely accepted practice
in comparative evaluation frameworks (Palumbo, Carneiro & Alves, 2025). An OPG of 17.4%
indicates a measurable compliance improvement attributable to the ontology-supported
framework.

RESULTS AND VISUALIZATION

Throughput Analysis

Using the models:

Throughput5c = 100.log (Network load) + 200, Throughputéc - 120.log (Network load) + 300

Throughput experienced a rapid growth initially which was followed by a progressively
slower growth rate as network load increases, this is reflected in Figure 1. It also demonstrates
that 6G consistently performed better that 5G with appreciations ranging from 25% to 40%
depending on the network load. The final throughput for 6G was 870 Mbps whereas 5G had
a high of 690 Mbps.
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Throughput vs. Network Load
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Figure 1: Throughput vs Network Load

Latency Comparison
Latency metrics, based on:

Total Time Delay ( 6)
Number of Request
This comparison demonstrates that 6G with shared edge nodes and Al optimization offers
sufficiently lower latency. Figure 2 shows a 35% to 50% latency reduction to 65ms in 6G
systems, against 120ms in 5G.

Latency =

Latency vs. Number of Requests
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Figure 2: Latency vs Number of Requests

Compliance Effectiveness
The compliance score (CS) indicates how well an individual system adheres to data access
and privacy guidelines. The results are summarized in Table 1.

Table 1: Compliance Score

Architecture Compliance Score (%)
5G Baseline 83.7
6G + Ontology 983

J. Agbaegbu, N. Benjamen, |. Ayobami, DUJOPAS 12 (1d): 353-359, 2026 357



Evaluating The Impact of 6G on Fog and Edge Computing Models

Compliance Score Comparison
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Figure 3: Compliance Score Comparison

The result shows a 17.4% Ontology performance Gain (OPG), calculated as

_ 98.3-83.7 _
OPG =—_—= X 100% = 17.4% (7)

Figure 3, shows the ontology-enhanced 6G model demonstrating not only advanced
compliance but also more stable performance across different transaction dimensions.

Table 2: Summary of Key Metrics

Metric 5G Baseline 6G + Ontology Improvement

Average Throughput (Mbps) 690 870 +26.1%

Average Latency (ms) 120 65 -45.8%

Compliance Score (%) 83.7 98.3 +17.4%
Throughput

The 6G + Ontology configuration achieves an average throughput of 870 Mbps, representing
a 26.1% improvement over the 5G baseline. This increase can be attributed to the ontology-
driven context-awareness mechanisms, which optimize resource allocation and reduce packet
retransmissions. Similar enhancements in throughput due to semantic-aware or context-
adaptive architectures have been reported in recent studies (Wu and Konstantinidis, 2026;
Palumbo, et al., 2025).

Latency

Average latency drops from 120 ms in the 5G baseline to 65 ms in the 6G + Ontology setup, a
45.8% reduction. This reduction indicates that the ontology layer enables more efficient
routing decisions and faster compliance verification, minimizing delays. Prior research
confirms that integrating semantic reasoning with network protocols can significantly reduce
system latency (Humberg et al., 2014).

Compliance Score

The Compliance Score (CS) improves from 83.7% to 98.3%, representing a 17.4% gain. This
shows that the ontology framework effectively enforces policy rules and enhances overall
compliance. Quantitative compliance scoring as a measure of system adherence is supported
by recent literature (Wu and Konstantinidis, 2026).
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CONCLUSION

The findings indicate that 6G-enabled fog and edge computing infrastructures have the
potential to deliver high-performance, scalable, and compliance solutions for important
operations like as health informatics, telemedicine, and structure operations. These
developments may influence the establishment of more efficient and regulation-ready edge
domains in the near future.
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