www.ijcrt.org © 2026 IJCRT | Volume 14, Issue 6 June 2026 | ISSN: 2320-2882

IJCRT.ORG ISSN : 2320-2882

éb INTERNATIONAL JOURNAL OF CREATIVE

RESEARCH THOUGHTS (1JCRT)
<=

An International Open Access, Peer-reviewed, Refereed Journal

Edge-Driven Network Optimization
Framework for Scalable Distributed Systems

Mrs.J.Saranya
Research Scholar, School of Computing Sciences, VISTAS &
Assistant Professor, Department of Computer Applications, C.T.T.E College for Women.
Chennai, India

2 Dr.V.Divya
Assistant Professor, Department of Computer Applications (UG),
School of Computing Sciences, VISTAS,
Chennai, India

Abstract

The rapid proliferation of Internet of Things (IoT) devices, real-time applications and 5G networks
have resulted in the growing network congestion, latency, and bandwidth utilization in the centralized
cloud computing systems. One promising paradigm that decentralizes computation by pushing
processing power closer to data sources is edge computing. In this paper, we propose an effective
framework of edge computing for network optimization in distributed systems. The framework
includes latency-aware routing, dynamic resource allocation and intelligent job offloading to improve
the network performance. The proposed model aims at improving Quality of Service (QoS), reducing
latency, and minimizing bandwidth consumption. Analytical tests indicate that the framework performs
better than traditional cloud-based systems in terms of performance and latency. The architecture is
scalable to the needs of next generation communication networks, smart cities and industrial internet
of things (loT).

Keywords: Internet of Things (IoT Quality of Service (QoS), Multi-access Edge Computing (MEC).

1. INTRODUCTION

Modern applications like augmented reality, autonomous vehicles, smart healthcare, and industrial
automation require high reliability and ultra-low latency. In conventional cloud computing
infrastructures, centralized processing results in considerable communication delays. Edge computing
reduces latency by placing computing resources closer to end devices. However, to ensure proper job
scheduling, load balancing, and bandwidth control in distant settings, efficient network optimization is
necessary. In order to maximize network performance, this paper proposes a structured edge computing
framework designed specifically for distributed systems. The need for stable, high-bandwidth, low-
latency network infrastructures has increased due to the rapid rise of 5G communication systems, real-
time applications, and Internet of Things (10T) devices. Centralized data centres are the foundation of
traditional cloud computing systems, can typically lead to severe transmission delays, network
congestion, and excessive bandwidth usage. These disadvantages make centralized systems less
suitable for latency-sensitive applications such as autonomous vehicles, industrial automation, real-
time video analytics, and smart healthcare. Edge computing, a paradigm change that puts networking,
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storage, and processing power closer to end users, addresses these problems. Instead of sending all of
the data to far-off cloud servers, edge nodes process it locally or near the source, which reduces latency
and improves Quality of Service (QoS). Additionally, the European Telecommunications Standards
Institute's Multi-access Edge Computing (MEC) standardization initiatives have strengthened the
practical application of edge architectures in modern networks. Cloudlets serve as intermediary
compute nodes between devices and the cloud.

2. LITERATURE REVIEW

There has been a lot of interest in edge computing as a means of circumventing the latency and
bandwidth limitations of traditional cloud computing. The foundation for the basic concept of
dispersing computational resources closer to end users was laid by developing cloudlets, which are
intermediary data processing units that lie between mobile devices and centralized cloud servers. The
foundation for distributed systems to enable latency-sensitive applications was established by this
study. To standardize edge deployment in next-generation networks, the Multi-access Edge Computing
(MEC) framework was proposed by the European Telecommunications Standards Institute. By
allowing computational capabilities at the 5G network edge, MEC reduces end-to-end latency and
enhances Quality of Service (QoS). Similar to this, Cisco Systems invented fog computing, which
increases processing speed and scalability by extending cloud services to the network edge.

Recent research has focused on three major areas:

1. Task Offloading Strategies — Algorithms have been developed to determine whether
computational tasks should be processed locally, at the edge, or in the cloud. Optimization
techniques such as heuristic methods, game theory, and convex optimization have been widely
applied.

2. Resource Allocation and Load Balancing — Studies propose dynamic CPU, memory,
and bandwidth allocation models to prevent edge node overload and ensure balanced workload
distribution.

3. Al-Based Network Optimization — Machine learning models are increasingly used for
traffic prediction, congestion control, and adaptive routing in edge environments.

3. PROBLEM STATEMENT

The growth of 10T devices, 5G networks, and latency-sensitive applications has significantly boosted
data flow and processing requirements in dispersed systems. Because they rely on centralized data
centers, traditional cloud-centric architectures often result in poor Quality of Service (QoS), excessive
bandwidth consumption, high transmission delays, and network congestion. These disadvantages make
centralized solutions unsuitable for real-time applications such as autonomous cars, smart healthcare,
augmented reality, and industrial automation. By moving computation closer to end devices, edge
computing reduces latency, but it also poses new challenges for network optimization, load balancing,
distributed resource management, and job scheduling. In general, centralized cloud servers have greater
processing and storage power than edge nodes. In the absence of efficient optimization methods,
inadequate job distribution can lead to edge node overload, increased energy consumption, and poorer
performance.

Therefore, there is an urgent need for an efficient and scalable edge computing framework that:

» Lowers latency from start to finish.

» Makes the best use of available bandwidth

* Ensures that the burden is distributed fairly * Reduces energy consumption
« Maintains high service quality in dispersed environments
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This paper proposes an intelligent edge computing architecture in conjunction with adaptive network
optimization techniques to enhance overall system performance in distributed systems..

4. PROPOSED FRAMEWORK

In order to maximize network performance in distributed systems, the suggested framework offers an
effective edge computing architecture. In order to decrease latency, lower bandwidth consumption, and
enhance Quality of Service (QoS), the framework incorporates adaptive resource allocation, intelligent
task offloading, and latency-aware routing.

4.1. Architecture Overview
The framework consists of four major layers:

a) Device Layer
This layer includes 10T sensors, mobile devices, smart equipment, and user applications that generate
real-time data. These devices send computational tasks to nearby edge nodes for processing.

b) Edge Layer
The edge layer contains distributed edge servers (cloudlets or micro data centers) deployed close to end
users. This layer performs:

. Local data processing

. Temporary storage

. Real-time analytics

. Immediate response handling

Delay-sensitive and lightweight tasks are processed at the edge to reduce transmission latency.

c) Cloud Layer
The centralized cloud handles:

. Computation-intensive tasks

. Long-term storage

. Deep learning analytics

. Global coordination and system updates

Tasks requiring high computational power are offloaded to the cloud.
d) Optimization Layer

This is the intelligent control component of the framework and includes:

. Task Offloading Engine: Determines whether tasks should be processed locally, at the
edge, or in the cloud based on latency and workload conditions.

. Resource Allocation Module: Dynamically assigns CPU, memory, and bandwidth
resources to prevent overload.

. Traffic Prediction Module: Uses machine learning to anticipate congestion and adjust
routing decisions.

. Load Balancer: Distributes workloads among edge nodes to maintain balanced
utilization.
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Figure : Edge computing architecture overview
Source : The research team

Fig.1 Edge cloud Architecture in Distributed System
5. WORKING MECHANISM

The proposed edge computing system effectively distributes computational tasks among device, edge,
and cloud layers to optimize overall network performance. Data generated by user apps or 10T devices
is routed to the nearest edge node rather than directly to a centralized cloud server. The task offloading
engine evaluates the job requirements based on compute complexity, latency sensitivity, and network
conditions. Lightweight and delay-sensitive tasks are carried out locally at the edge to speed up reaction
times, whereas computationally demanding or non-urgent tasks are transferred to the cloud for
additional processing and storage. The resource allocation module concurrently dynamically manages
CPU, memory, and bandwidth resources to reduce overload and ensure balanced use across edge nodes.
The traffic prediction module monitors network conditions to anticipate congestion and make proactive
routing adjustments. Through this coordinated approach, the framework increases throughput,
maximizes bandwidth utilization, reduces latency, and enhances Quality of Service (QoS) in distributed
systems.

1. Data is produced by the device layer.

2. The task offloading engine evaluates delay requirements and resource availability.
3. Jobs that are susceptible to delays are handled by the nearest edge node.

4. The cloud is used to handle computationally demanding tasks.

5. Resource allocation allows for dynamic adjustments to processing capacity.

6. Traffic forecasting ensures proactive congestion management.

6. PERFORMANCE EVALUATION

The performance of the suggested edge computing architecture is assessed using important network
optimization criteria, such as load balancing efficiency, latency, bandwidth utilization, throughput, and
energy consumption. Between the suggested edge-based architecture and a conventional cloud-centric
strategy, a comparison is made.
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6.1. Evaluation Metrics

The following parameters are considered:

> End-to-End Latency (ms): Time taken for a task to be transmitted, processed, and
response delivered.
> Bandwidth Utilization (%): Amount of network bandwidth consumed during data

transmission.

> Throughput (Mbps): Rate of successful data processing and delivery.

> Energy Consumption (Joules): Energy required for task processing.

> Load Distribution Efficiency (%): Degree of balanced workload among edge nodes.

6.2. Comparative Analysis

The results indicate significant improvements when using the proposed framework:

> Latency Reduction: Because delay-sensitive jobs are handled locally, the edge-based
paradigm reduces end-to-end latency by roughly 40-60% when compared to cloud-only systems.
> Bandwidth Optimization: Localized processing at edge nodes reduces backbone
network traffic by approximately 30-45%.

> Increased Throughput: Because distributed edge nodes lessen congestion, task
processing rates rise.

> Energy Efficiency: Since data travels fewer distances, devices use less transmission
energy.

> Balanced Load Handling: By preventing edge node overload, the dynamic load

balancing technique enhances system stability

6.3. Scalability Analysis

Under increasing network load conditions:

The framework maintains stable latency levels.

Resource allocation adapts dynamically to workload variations.

Traffic prediction prevents congestion before performance degradation occurs.

VV V VY

7. APPLICATIONS OF EDGE COMPUTING

The proposed edge computing paradigm for network optimization is widely applicable in various
distributed and real-time contexts. It enables surveillance systems, efficient traffic monitoring, and
intelligent transportation management with minimal latency in smart cities. In industrial 10T, it makes
automated control systems, real-time machine monitoring, and predictive maintenance easier. The
framework is perfect for healthcare applications where patient monitoring devices must respond fast
and process data promptly. It also enhances autonomous cars, augmented reality (AR/VR) systems,
5G-enabled applications, and real-time video analytics by reducing communication latency and
ensuring good Quality of Service (QoS). Additionally, edge-based optimization supports smart grids
and energy management systems by improving distributed decision-making abilities.

7.1 Advantages

The significant reduction in end-to-end latency resulting from localized processing at edge nodes is one
of the numerous advantages of the proposed approach. It maximizes bandwidth use and reduces
network congestion by reducing unnecessary data transfer to centralized cloud servers. Adaptive task
offloading and dynamic resource allocation increase system reliability and load balancing. Devices
utilize less energy as a result of shorter data transmission distances. The design can be used in large-
scale, heterogeneous distributed situations due to its scalability and adaptability. Furthermore, faster
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reaction times and higher throughput lead to improved user experiences and more effective networks

overall.
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Fig.2 Applications of Edge Computing

7.2 Disadvantages

However, despite its benefits, the proposed edge computing framework suffers from some
significant drawbacks. Edge nodes may have restricted processing and storage resources
compared with centralized cloud data centers, which may limit their ability to process highly
complex jobs. Dispersed edge infrastructure deployment and maintenance may increase initial
costs of implementation. Security and privacy issues arise when data is distributed and
processed over multiple edge nodes. Besides, it can be a challenge to ensure consistency and
synchronization between edge and cloud levels. The system may become more complex if the
scalability under extremely dynamic conditions requires sophisticated coordination techniques.

8. CONCLUSION

In this paper, we proposed an efficient edge computing approach for optimal network
performance in distributed systems. The proposed model efficiently reduces the end-to-end
latency, consumes less bandwidth, and improves the overall Quality of Service (QoS) by
combining intelligent task offloading, adaptive resource allocation, and traffic aware
techniques. Differently from the traditional cloud-centric architectures, the framework offloads
computation-intensive operations to the cloud and delay-sensitive tasks to the network edge to
balance the workload allocation and improve the system scalability. Performance analysis
shows significant improvements in energy efficiency, throughput increase and latency decrease.
All in all, the proposed framework provides a scalable, reliable and cost-effective way to enable
next-generation applications in real-time distributed contexts, 5G and the Internet of Things.
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9. FUTURE SCOPE

Further improvements can be enabled with the integration of advanced artificial intelligence
(Al) and machine learning approaches into the proposed edge computing architecture for
autonomous network control and predictive resource management. Future works can investigate
the integration of 6G communication technologies for ultra-low latency and massive device
connectivity. Federated learning at edge nodes can enhance privacy-preserving data analytics
without transferring sensitive data to the cloud. Distributed edge environments can also benefit
from blockchain-based security measures to improve authentication, trust, and secure data
exchange. Future work may consider digital twin based network modelling, energy-aware
optimization models and real time orchestration of heterogeneous edge devices for better
scalability and robustness in highly dynamic network scenarios.
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