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Abstract. The development of data communication networks and the
increasing complexity of their topologies have increased the demand for efficient
routing methods. This thesis considers the principles of intelligent routing based on
Neuro-Fuzzy Systems in data communication networks. The proposed approach is
based on integrating the learning capability of artificial neural networks with the
decision-making mechanism of fuzzy logic. Interface buffer load, routing metrics
generated by routing protocols, and route reliability are selected as the main
parameters. The study results indicate that Neuro-Fuzzy systems represent a
promising approach for processing uncertain information and forming intelligent
routing mechanisms.
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Introduction

The development of data communication networks is characterized by
increasing complexity in their structure and topology, as well as the growth of
transmitted traffic volume. This increases the importance of routing, since the
efficient selection of routes directly affects network performance, reliability, and the
efficient utilization of network resources. Traditional routing methods are not always
capable of rapidly adapting to dynamic changes in network conditions, which
necessitates the use of intelligent approaches in complex network environments. One
of the main challenges in solving routing problems in packet-switched data
communication networks is the need to consider multiple parameters simultaneously
when forming routing metrics. The continuous variation of these parameters and the
absence of clearly defined boundaries in certain cases lead to uncertainties in routing
decision-making.

Principles of Neuro-Fuzzy-Based Routing

In practice, network conditions are often evaluated using concepts without
strict numerical boundaries, such as “high load”, “low delay”, and “low packet loss”.
Fuzzy logic is considered an effective tool for processing such uncertain information
and supporting decision-making processes. At the same time, artificial neural
networks provide capabilities for learning from data, identifying hidden
relationships, and adapting to changing environments [1]. Neuro-Fuzzy systems,

121



https://confrencea.org/

Global Technovation

International Multidisciplinary Scientific Conference "Global Technovation" - 2026
Hosted from New York, USA
https://confrencea.org May 30th, 2026

which combine the capabilities of fuzzy logic and artificial neural networks, are
considered one of the promising approaches for comprehensive network state
evaluation and improving routing efficiency. This approach enables decision-
making based on uncertain information, adaptation to changes in network
parameters, and the formation of intelligent routing mechanisms.

The objective of this study is to analyze the principles of intelligent routing
based on Neuro-Fuzzy systems in data communication networks and investigate
their application capabilities.

Literature review

Improving routing efficiency in data communication networks has become
one of the important directions of modern scientific research. Studies conducted in
this area cover issues related to routing process optimization, decision-making based
on uncertain information, and the application of artificial intelligence techniques.

Research presented in [2] proposed a genetic algorithm for optimizing
message routing in computer network environments. The author considered a multi-
objective mathematical programming model to achieve minimum cost and minimum
delay within the network. Although the study demonstrated the effectiveness of the
optimization approach, it also emphasized the necessity of using hybrid approaches
to further improve decision-making capabilities.

The authors in [3] proposed a fuzzy logic-based approach for routing decision-
making. In this study, routing parameters were incorporated as components of a
fuzzy system, and a rule-based decision-making mechanism was developed. The
proposed approach enabled processing of uncertain information and reduced the
dependency on complex expert rules.

Research presented in [4] introduced a Neuro-Fuzzy system model for
improving routing processes. The model combines the learning capability of
artificial neural networks with the decision-making capabilities of fuzzy logic. The
results indicated the potential for improving routing performance and selecting
optimal routes under dynamic network conditions. However, the limited number of
parameters used in the model may restrict its applicability to different network
environments.

The analysis of existing studies indicates that although current approaches
effectively address certain aspects of routing processes, there remains a need to
further improve intelligent decision-making methods for multi-parameter and
dynamic network environments. Therefore, developing principles of intelligent
routing based on Neuro-Fuzzy systems remains an important research direction.

Intelligent Routing Model Based on a Neuro-Fuzzy System
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Neuro-Fuzzy systems combine the decision-making capabilities of fuzzy
logic with the adaptive learning characteristics of artificial neural networks. In data
communication networks, this approach enables routing decisions to be made by
considering the current network state. Under dynamic changes in network
parameters, a Neuro-Fuzzy system can adaptively adjust the significance level of
routing criteria according to changing conditions. The general architecture of Neuro-
Fuzzy-based intelligent routing in data communication networks is shown in Figure
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Figure 1. Architecture of an Intelligent Routing Model Based on a Neuro-Fuzzy
System

In the proposed Neuro-Fuzzy routing model, the input parameters include the
interface buffer load level Bi, the routing metric generated by the routing protocol
Mi, and the route reliability indicator Ri. The interface buffer load level represents
the current load condition of a network node, the routing metric reflects the
characteristics of the packet transmission path, while the route reliability indicator
provides an assessment of transmission stability and availability.

Initially, these parameters are transformed into fuzzy sets during the
fuzzification stage, and their values are represented by linguistic variables such as
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“low”, “medium”, and “high”. In the next stage, routing decisions are generated
using a fuzzy inference mechanism and a knowledge base. Artificial neural networks
perform the task of adapting the weighting coefficients of system parameters and
adjusting them according to network conditions [6-7]. Finally, during the
defuzzification process, fuzzy outputs are converted into precise values, routing
priorities are determined, and the optimal next-hop node is selected.

Conclusion. The literature analysis indicates that intelligent approaches are
among the promising directions for improving routing efficiency in data
communication networks. Existing methods enable the consideration of multiple
parameters, processing of uncertain information, and adaptation to dynamic network
conditions. The findings show that fuzzy logic is effective for handling uncertain
information, while artificial neural networks provide learning and adaptive
capabilities. Therefore, a Neuro-Fuzzy approach considering interface buffer load,
routing metrics, and route reliability can serve as a promising solution for forming
intelligent routing mechanisms in data communication networks.
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