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Abstract: The rapid growth of cloud computing, Internet of Things (10T), and multimedia applications has significantly increased the demand
for efficient communication networks. Traditional routing mechanisms often struggle to satisfy Quality of Service (QoS) requirements under
dynamic traffic conditions. This paper presents an Adaptive QoS-Aware Routing Framework (AQRF) that dynamically selects network paths
based on latency, bandwidth, packet loss, and congestion levels. The proposed framework continuously monitors network conditions and
updates routing decisions to improve service quality. Experimental analysis demonstrates that AQRF achieves lower end-to-end delay, higher
throughput, and improved packet delivery ratio compared to conventional shortest-path routing approaches. The framework is suitable for
modern communication environments including 10T, wireless networks, and software-defined networking architectures.
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I. INTRODUCTION

Communication networks have become the fundamental infrastructure supporting modern digital ecosystems, enabling
seamless connectivity among users, devices, applications, and services across geographically distributed environments. The rapid
expansion of cloud computing, Internet of Things (10T), cyber-physical systems, edge computing, and multimedia applications has
resulted in unprecedented growth in network traffic and service demands [1]. Consequently, communication networks are expected
to deliver reliable, scalable, and high-performance data transmission while supporting diverse application requirements. Quality of
Service (QoS) has emerged as a critical performance objective in contemporary communication networks. Applications such as
video conferencing, online gaming, telemedicine, industrial automation, and autonomous systems require strict guarantees
regarding latency, packet loss, throughput, and network availability [2]. Traditional routing mechanisms typically rely on shortest-
path algorithms and static routing metrics, which often fail to adapt effectively to dynamic traffic patterns and changing network
conditions. As a result, network congestion, increased delays, and reduced service quality can significantly impact overall user
experience and system performance.

Recent advances in Software Defined Networking (SDN) have introduced centralized control mechanisms capable of
monitoring network states and dynamically optimizing routing decisions. By separating the control plane from the data plane, SDN
enables flexible traffic engineering and improved resource utilization [3]. Similarly, intelligent network management approaches
have been proposed to enhance routing efficiency through adaptive decision-making based on real-time network parameters [4].
Furthermore, the increasing complexity of heterogeneous communication environments necessitates routing frameworks that can
simultaneously consider multiple QoS metrics rather than relying on a single optimization criterion. Multi-parameter routing
approaches have demonstrated significant potential for improving network reliability, throughput, and congestion management in
large-scale communication infrastructures [5]. Motivated by these developments, this paper proposes an Adaptive QoS-Aware
Routing Framework (AQRF) that dynamically evaluates network conditions and selects optimal communication paths based on
multiple QoS indicators. The proposed framework aims to improve network performance by reducing delay, minimizing packet
loss, increasing throughput, and enhancing overall communication efficiency. The rest of the paper is organized as follows. Section
2 discusses related works, section 3 proposes the proposed method, section 4 presents Simulation Setup and Experimental Results
followed by conclusion and future work.

Il. RELATED WORK
Numerous studies have investigated adaptive routing and QoS provisioning mechanisms for communication networks. The
introduction of Software Defined Networking represented a significant advancement in network programmability and dynamic
traffic management. An OpenFlow architecture, which enables centralized network control and flexible routing management
through programmable forwarding devices is proposed [6]. Subsequent research explored the broader evolution of programmable
networking paradigms. Feamster et al. examined the intellectual foundations of SDN and highlighted its ability to simplify network
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management while enabling efficient traffic engineering and policy enforcement [7]. Similarly, authors presented a comprehensive
survey of SDN architectures and identified QoS-aware routing and resource optimization as major research challenges in next-
generation communication networks [8]. QoS-based routing has also been extensively investigated in wireless and heterogeneous
networking environments. The authors proposed one of the early QoS routing models that considered multiple network constraints
for path selection, demonstrating improvements in service delivery and resource utilization [9]. It was further explored QoS routing
mechanisms and discussed various approaches for supporting bandwidth guarantees, delay constraints, and congestion avoidance
in packet-switched networks [10]. Although these studies have contributed significantly to adaptive routing and QoS management,
many existing solutions focus on specific network architectures or individual performance metrics. There remains a need for a
generalized framework capable of integrating multiple QoS parameters while dynamically adapting to changing network
conditions. This limitation motivates the development of the proposed Adaptive QoS-Aware Routing Framework.

I11. PROPOSED ADAPTIVE QOS-AWARE ROUTING FRAMEWORK

Modern communication networks operate in highly dynamic environments where traffic patterns, bandwidth availability,
and network congestion vary continuously. Traditional routing protocols generally select routes based on static metrics such as hop
count or shortest path distance. Although these approaches simplify routing decisions, they often fail to maintain optimal
performance under varying network conditions. Consequently, communication networks may experience increased latency, packet
loss, congestion, and inefficient resource utilization, particularly when supporting bandwidth-intensive and real-time applications.
To address these limitations, this paper proposes an Adaptive QoS-Aware Routing Framework (AQRF) that dynamically evaluates
network conditions and selects communication paths based on multiple Quality of Service (QoS) parameters.

The proposed framework is designed to continuously monitor the operational state of the network and adjust routing
decisions according to current traffic conditions. Unlike conventional routing mechanisms that rely on a single routing metric,
AQRF simultaneously considers bandwidth availability, end-to-end delay, packet loss rate, and congestion level when determining
the most suitable communication path. The integration of multiple QoS parameters allows the framework to achieve a more
balanced and accurate assessment of network performance, thereby improving communication reliability and efficiency. Similar
multi-constraint routing strategies have been shown to enhance network performance in programmable and software-defined
communication environments.

The operation of AQRF begins with the collection of network performance information from available communication
links. Each network node periodically exchanges status information with neighboring nodes, enabling the framework to maintain
an updated view of network conditions. The collected information includes available bandwidth, current traffic load, packet
transmission statistics, and delay measurements. These parameters serve as indicators of link quality and are subsequently used to
evaluate candidate communication paths between source and destination nodes.

Available bandwidth is considered one of the most significant indicators of network performance because it directly
influences data transmission capacity. Communication paths with higher available bandwidth can support larger traffic volumes
while reducing the likelihood of congestion. The available bandwidth of a communication link can be expressed as

Bavailable=Btotar—Bused

where Byl represents the total link capacity and Bused denotes the currently occupied bandwidth. Higher values of available
bandwidth indicate a greater capacity to accommodate incoming traffic without affecting existing communication flows.

Another critical parameter considered in the proposed framework is end-to-end delay. Delay represents the total time
required for a packet to travel from the source node to the destination node. It includes processing delay, transmission delay,
propagation delay, and queuing delay encountered throughout the communication path. Excessive delay can severely affect the
performance of delay-sensitive applications such as video conferencing, industrial control systems, and online gaming. The total
delay can be represented as

D=Dprocessing+Dtransmission+Dpropagation+uneue

where each component corresponds to a specific stage of packet forwarding within the network. Communication paths
exhibiting lower delay values are generally preferred because they contribute to improved responsiveness and service quality.
Packet loss is another important QoS metric incorporated into the routing decision process. Packet loss occurs when packets
fail to reach their intended destination due to congestion, transmission errors, buffer overflow, or link failures. High packet loss
rates can significantly degrade application performance and reduce communication reliability. The packet loss rate can be calculated
as
PL=Psent—Preceived/Psentx 100

where Psene denotes the total number of transmitted packets and Preceived represents the successfully received packets. Lower
packet loss values indicate more reliable communication paths and are therefore assigned higher priority during route selection.

In addition to bandwidth, delay, and packet loss, congestion level is also incorporated into the routing process. Congestion
arises when the offered traffic exceeds the processing or transmission capacity of network resources. Persistent congestion can lead
to increased delays, packet drops, and reduced throughput. The congestion level of a communication path can be estimated as

C= Traffic Load/ Maximum Capacity

where higher values indicate heavily loaded network segments. By considering congestion during route evaluation, the
framework can avoid overloaded communication paths and distribute traffic more effectively across the network infrastructure.
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To combine these QoS metrics into a unified routing decision process, the proposed framework introduces a composite
QoS scoring mechanism. Each candidate path is assigned a score based on its observed network characteristics. The routing score
is determined using
QoSScore=aB—BD—yPL—-6C

where a, B, v, and § are weighting coefficients representing the relative importance of bandwidth, delay, packet loss, and
congestion, respectively. The weighting values may be adjusted according to application requirements. For example, real-time
communication applications may assign greater importance to delay minimization, whereas data-intensive applications may
prioritize bandwidth availability.

Following the calculation of QoS scores for all candidate routes, the framework selects the path with the highest score for
packet transmission. Unlike static routing approaches, AQRF continuously monitors network conditions after route establishment.
Whenever significant degradation is detected, such as increased congestion or excessive packet loss, the framework automatically
initiates route re-evaluation and selects a more suitable communication path. This adaptive behavior enables the network to respond
effectively to changing traffic conditions while maintaining consistent QoS performance.

The proposed AQRF framework therefore provides a dynamic and intelligent routing mechanism capable of improving
throughput, reducing latency, minimizing packet loss, and enhancing overall network utilization. By integrating multiple QoS
parameters into a unified decision-making process, the framework offers a scalable solution suitable for next-generation
communication environments, including Software Defined Networks, Internet of Things infrastructures, cloud computing
platforms, and future 6G communication systems.

IV. SIMULATION SETUP AND EXPERIMENTAL RESULTS

To evaluate the effectiveness of the proposed Adaptive QoS-Aware Routing Framework (AQRF), a simulation-based
analysis was conducted using a communication network consisting of multiple routers and end-user nodes interconnected through
heterogeneous links. The simulation environment was designed to represent a realistic communication network where traffic
demands continuously vary and routing decisions significantly influence overall Quality of Service (Qo0S).

The simulated network consisted of 50 interconnected nodes distributed across a topology containing multiple alternative
communication paths between source and destination pairs. Each communication link was assigned varying bandwidth capacities
ranging from 10 Mbps to 100 Mbps. Traffic generation followed a variable bit-rate model to emulate realistic network conditions.
Both real-time and non-real-time traffic flows were introduced to evaluate the adaptability of the proposed routing framework
under diverse application requirements.

The AQRF routing mechanism continuously monitored available bandwidth, end-to-end delay, packet loss, and congestion
levels throughout the network. During each simulation cycle, candidate routes were evaluated using the proposed QoS scoring
model. The route with the highest score was selected for packet transmission. Whenever the performance of the selected route
deteriorated beyond predefined thresholds, the framework automatically recalculated route scores and switched traffic to a more
suitable path.

For comparison purposes, the performance of AQRF was evaluated against a conventional shortest-path routing approach.
Both routing schemes were subjected to identical traffic loads and network conditions. The simulation duration was fixed at 1000
seconds, and performance metrics were recorded at regular intervals.

4.1 Simulation Parameters

Parameter Value
Number of Nodes 50
Simulation Area 1000 m x 1000 m
Simulation Time 1000 seconds
Link Bandwidth 10-100 Mbps
Traffic Type CBR and VBR
Packet Size 1024 Bytes
Routing Protocol AQRF
Comparison Method Shortest Path Routing
Performance Metrics Throughput, Delay, Packet Loss, PDR

Table 1. Simulation Configuration

4.2 Throughput Analysis

Throughput represents the amount of successfully delivered data during the simulation period. As network traffic increased,
the conventional routing approach exhibited a gradual decline in throughput due to congestion along frequently utilized
communication paths. In contrast, AQRF dynamically redirected traffic through less congested routes, maintaining higher data
transmission rates throughout the simulation.

The average throughput achieved by the proposed framework reached 158 Mbps, whereas conventional routing achieved
approximately 121 Mbps. This improvement demonstrates the ability of AQRF to utilize available network resources more
efficiently and avoid bottlenecks.
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Figure 1: Throughput vs Traffic Load

4.3 End-to-End Delay Analysis

End-to-end delay measures the average time required for packets to travel from source to destination. Delay increased
significantly in the conventional routing approach when network utilization exceeded 70% because packets accumulated within
router queues.
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Figure 2: Delay vs Traffic Load

The proposed AQRF framework continuously monitored congestion levels and selected alternative communication paths
before severe bottlenecks developed. Consequently, the average delay was reduced from 85 ms in conventional routing to 58 ms
under AQRF operation. The reduction in latency is particularly beneficial for delay-sensitive applications such as voice
communication and video conferencing.

4.4 Packet Delivery Ratio Analysis
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Packet Delivery Ratio (PDR) indicates the percentage of packets successfully received by destination nodes. Higher PDR
values represent greater communication reliability.

Throughout the simulation period, AQRF maintained stable packet delivery performance despite varying traffic loads. The
framework achieved an average PDR of 97%, compared to 91% for traditional shortest-path routing. The improvement resulted
from the framework’s ability to avoid highly congested links and select more reliable communication paths.

4.5 Packet Loss Analysis

Packet loss was observed primarily during periods of high network congestion. The conventional routing approach

experienced increasing packet drops as traffic load intensified because packets were frequently discarded from overloaded router
buffers.
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Figure 4: Packet Loss vs Traffic Load
The adaptive behavior of AQRF significantly reduced congestion-induced packet losses. The average packet loss rate
decreased from 4.8% under conventional routing to 1.9% using the proposed framework. Lower packet loss directly contributes to
improved application performance and reduced retransmission overhead.

4.6 Comparative Results

Metric Conventional Routing AQRF
Throughput (Mbps) 121 158
End-to-End Delay (ms) 85 58
Packet Delivery Ratio (%) 91 97
Packet Loss (%) 4.8 1.9
Network Utilization (%) 72 89

Table 2. Performance Comparison

4.7 Discussion

The simulation results demonstrate that the proposed AQRF framework consistently outperforms conventional routing
mechanisms across all evaluated performance metrics. The incorporation of multiple QoS parameters into the routing decision
process enables the framework to respond effectively to changing network conditions. By dynamically selecting routes with higher
bandwidth availability and lower congestion levels, AQRF achieves superior throughput, reduced delay, improved packet delivery,
and lower packet loss.

Furthermore, the adaptive nature of the framework allows efficient utilization of network resources without requiring
significant infrastructure modifications. These characteristics make AQRF a promising solution for future communication

environments including loT networks, software-defined networks, edge computing systems, and next-generation wireless
communication architectures.

V. CONCLUSION AD FUTURE WORK

This paper presented an Adaptive QoS-Aware Routing Framework (AQRF) for improving communication network
performance under dynamic traffic conditions. The proposed framework integrates multiple Quality of Service parameters,
including bandwidth, end-to-end delay, packet loss, and congestion level, to make intelligent routing decisions. Simulation results
demonstrated that AQRF achieves higher throughput, lower delay, improved packet delivery ratio, and reduced packet loss
compared to conventional routing approaches. The adaptive routing mechanism effectively balances network traffic and enhances
resource utilization, making it suitable for modern communication environments.

Future work will focus on incorporating artificial intelligence and machine learning techniques to enable predictive routing
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and autonomous network optimization. The framework can also be extended to support Software Defined Networks (SDN), Internet
of Things (loT) infrastructures, edge computing environments, and emerging 6G communication systems. Additionally, future
research may investigate energy-efficient routing strategies and security-aware QoS mechanisms to further improve network
reliability and performance in large-scale communication networks.
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