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Abstract 

 The load-balancing and forwarding mechanisms of traditional software-defined networks (SDNs) often rely on static 

path selection. Conventional mechanisms lead to uneven resource utilization and bottlenecks under high-traffic 

conditions. Therefore, the existing methods require more flexibility in decision-making. This study introduces a load-

balancing algorithm based on fuzzy logic to address the difficulty of setting multivariable input thresholds. The 

algorithm uses fuzzy logic to combine the network parameters (queue length, link utilization, link delay, and packet 

loss rate) as fuzzy inputs. Converting the fuzzy input into a score is the key to achieving optimal traffic allocation in 

the mechanism. The proposed mechanism improves resource utilization and reduces bottlenecks and reliability in 

dynamic network-load situations. The results indicated that the proposed method achieved a higher throughput under 

high-load conditions. Moreover, the results maintained low packet loss and delay rates. Load balancing based on 

fuzzy logic provides an effective solution for SDN environments. 
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1. Introduction 

  Software-defined networks (SDNs) [1] have become an 

essential part of modern network architecture. SDNs 

makes the network management and configuration more 

flexible and efficient by separating the control plane from 

the data plane. However, load balancing remains a critical 

and challenging issue in an SDN implementation. Most 

existing load-balancing mechanisms are based on static 

configurations, which have many problems and 

limitations in practical applications. Static load-balancing 

mechanisms usually set fixed paths for data forwarding, 

which are simple and limited in a dynamically changing 

network environment. As network traffic changes, fixed-

path configurations cannot adapt to real-time needs, 

causing some paths to be overloaded, while other paths 

remain idle. Rough network resource utilization 

significantly affects the network performance. 

Particularly, in high-traffic situations, single-path 

selection can create bottlenecks, causing network 

congestion and increasing latency. Static load balancing 

lacks flexibility and cannot dynamically adjust path 

selection based on the real-time network status. Because 

traffic patterns change and links fail, the system cannot 

promptly adapt, thereby reducing network reliability and 

stability. In addition, the existing SDN load-balancing 

mechanisms require greater flexibility in the decision-

making process. This study proposes a load-balancing 

mechanism to improve the flexibility and adaptability of 

the load-balancing mechanism through fuzzy logic. The 

remainder of this paper is organized as follows: Section 

2 introduces the background and related work. Section 3 

describes our research methodology. Section 4 describes 

the evaluation and experiments. Finally, Section 5 

presents conclusions and future work.   

2. Backgrounds and related works 

2.1. Fuzzy logic theory and Equal-cost multi-path 

(ECMP) 

Fuzzy logic is the mathematical logic theory [2]. This 

allows the processing of uncertainty and fuzziness by 

introducing the concept of a fuzzy set. Unlike traditional 

binary logic, fuzzy logic allows partial truth values. The 

variables range from 0 to 1. 

The fuzzy-control process consists of three stages: input, 

processing, and output. These stages form a fuzzy 

inference system that manages uncertain and fuzzy data 

for effective control and decision making. The Mamdani 

fuzzy inference system, one of the earliest types, includes 

four substages: fuzzification, inference engine, fuzzy 

rules, and defuzzification. ECMP [3] is a load-balancing 

algorithm that evenly distributes traffic across multiple 

equal-cost paths. However, ECMP cannot improve 

network resource utilization and performance. 
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2.2. An effective routing mechanism based on fuzzy 

logic for software-defined data center networks  

Fuzzy logic intelligently evaluates data packet paths 

and is primarily used in data center networks. The 

mechanism considers factors such as hop count and 

bandwidth utilization. In [4], the model converted these 

factors into fuzzy variables by assigning a corresponding 

label to each variable. With an essential fuzzy variable set, 

a set of fuzzy rules is designed to control the path 

selection based on network requirements. These rules 

make precise decisions for the SDN controller, whose 

path must be selected under specific network conditions. 

The decision-making process selects routes using 

multiple indicators and identifies the best path for 

effective load balancing.   

3. Fuzzy logic load balancing algorithm  

3.1. System architecture  

In the experiment, a Ryu controller and Mininet 

simulator were selected to build the SDN simulation 

environment. Fig. 1 shows the operation process of the 

fuzzy logic load-balancing algorithm (FLLB) in an SDN 

network. 

 
Fig. 1 System architecture 

3.2. FLLB mechanism operation 

The operation process of the FLLB algorithm is suitable 

for SDNs. The system was designed to select links 

dynamically for efficient load balancing and network 

performance optimization. The link-screening process 

evaluates the load score (𝐿𝑖 ) and quality score (𝑄𝑖 ) of 

each link using a fuzzy logic system, which confirms that 

the selected link can reach the destination in the FLLB 

mechanism. The connection control module generates 

new flow-table rules based on the final decision results, 

which are dynamically delivered to the switch to ensure 

that the data packets are transmitted along the best link. 

After calculating the comprehensive score (𝑆𝑖) of each 

link, link selection is performed based on the score. First, 

it is judged whether 𝑆𝑖 is greater than or equal to 0.5. If 

the value was less than 0.5, the link was excluded as a 

candidate link. If 𝑆𝑖 of the candidate links is less than or 

equal to 1, then the original link is followed for traffic 

forwarding. If 𝑆𝑖 of the candidate links exceeds 1, the link 

with the highest comprehensive score is selected. After 

selecting the best link, we must determine whether the 

link can reach the destination. Otherwise, the candidate 

link with the second highest comprehensive score is 

chosen. 

3.2.1 Fuzzy logic load balancer 

   In the experiment, the collected information was passed 

to a fuzzy-logic load balancer in the FLLB mechanism. 

The load balancer applies fuzzy logic to assess the link 

feasibility and effectiveness. It selects optimal links 

based on these evaluations. 

   The queue length, link utilization, delay, and packet loss 

rate are the fuzzification input variables. These factors 

determine the link-load capacity and quality. Queue 

length is the wait time for the switch port to process a 

packet. The fuzzifying queue length addresses the 

uncertainty in network conditions. Link utilization 

indicates the traffic load as a percentage of the maximum 

capacity, which directly reflects the resource usage status. 

The queue length and link utilization were used as 

fuzzification input variables. According to [5], the 

fuzzification of these two variables can be improved to 

obtain a more accurate 𝐿𝑖, which can evaluate the load 

status of the link more comprehensively.  

Link latency is the time required for a packet to 

transition from a source node to a destination node on a 

specific link, which directly reflects the transmission 

performance of the link. The link delay is used as a fuzzy 

input variable because it can reflect link performance and 

predict link congestion. The packet loss rate directly 

reflects link reliability during transmission. The packet 

loss rate and link delay are the fuzzification inputs for 

obtaining 𝑄𝑖 . This score reflects link reliability and 

performance as well as simplified decision-making. 

According to [6] and [7], the equation for calculating 

the fuzzification of each input parameter is: Fuzzification 

generates a fuzzy input for each input using a 

membership function. The inference engine produces 

nine fuzzy outputs based on the 𝐿𝑖 rule table. 𝑄𝑖  rule table 

produced six fuzzy outputs, as illustrated in Fig. 2. 

 

Fig. 2 Fuzzy inference engine rule table 

The fuzzy output generated by the inference engine 

must be converted into a crisp output through the 

defuzzification process. The center-of-gravity method is 

a standard defuzzification method, as expressed in Eq. (1). 

The final result was determined by calculating the center 

points of all overlapping areas, ensuring that each 
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overlapping area was calculated only once. This 

defuzzification method accurately reflected the output 

characteristics of the system. In Eq. (1), 𝑥𝑖 is the value of 

the output variable, 𝑥𝑖𝜇  is the membership degree 

corresponding to 𝑥𝑖, and 𝑁 is the number of values of the 

output variable.  

𝐷𝑒𝑓𝑢𝑧𝑧𝑖𝑓𝑖𝑐𝑎𝑡𝑖𝑜𝑛(𝑥) =
∑ 𝑥𝑖𝜇(𝑥𝑖)𝑁

𝑖=1

∑ 𝜇(𝑥𝑖)𝑁
𝑖=1

                        (1) 

3.2.2 Comprehensive link score calculation 

    In the FLLB algorithm, the calculation of 𝑆𝑖 is the key 

to determining the optimal traffic distribution strategy. 

The calculation process for the comprehensive score 

includes the following steps. The fuzzy logic system is 

based on four fuzzy inputs: queue length, link utilization, 

delay, and packet loss rate. Two fuzzy outputs are 

calculated: 𝐿𝑖 and 𝑄𝑖 . 𝐿𝑖 reflects the current load on the 

link. The lower the load, the lower the score. 𝑄𝑖  reflects 

the quality of links. In this study, to effectively combine 

link load and quality to determine the optimal link, we 

propose a comprehensive score equation as Eq. (2). 𝐿𝑖 

represents the load score of the ith link. 𝑄𝑖  denotes the 

quality score of the ith link. where 
1

𝐿𝑖
 represents the 

reciprocal of the link load. This design prioritizes lighter-

loaded links because lighter-loaded links are more 

effective in reducing network congestion and higher-

loaded links obtain a lower weight. Links of higher 

quality were considered suitable for selection. The 

advantage of this equation is that it can be adjusted 

dynamically. When the link load is light, 
1

𝐿𝑖
 will be larger; 

therefore, 𝑆𝑖 of the link will be higher, and vice versa, to 

realize the optimization of low-load links.  

𝑆𝑖  =
1

𝐿𝑖
+ 𝑄𝑖                                                                 (2) 

4. Evaluation and Experimental Results 

4.1.  Experimental environment 

The simulation architecture for this experiment is 

shown in Fig. 3, and the parameters are listed in Table 1. 

The Ryu controller collects network status information 

and dynamically adjusts traffic forwarding using the 

FLLB algorithm to achieve the best network performance. 

The study uses a PC with a hardware performance of i7-

12700h 4.7GHz and DDR5-4800Mhz 24GB RAM to 

install an Ubuntu 16.04 Linux environment. A Mininet 

simulator was used to build the SDN environment. There 

were five hosts and six switches. This study uses a fuzzy 

module to implement a fuzzy logic system and integrate 

it into an SDN controller. 

4.2. Experimental Results 

The FLLB algorithm was compared and analyzed with 

two different load-balancing algorithms: traditional 

equal-cost multipath routing (ECMP) [3] and fuzzy logic 

routing mechanism (FLRM) [4]. Fig. 4 shows the total 

throughput of the different load-balancing algorithms in 

the simulation experiments. The figure compares the total 

throughput changes of the three load-balancing 

algorithms, FLLB, FLRM, and ECMP, within 20 s. From 

15 to 20 s, FLLB has an advantage. At all time slots, the 

throughput of FLLB was slightly higher than those of 

FLRM and ECMP.  

 

Fig. 3 Simulation topology 

Table 1. Environment parameters 

 

Fig. 5 shows the packet delay changes of the different 

load-balancing algorithms within 20 s. Starting from the 

5th second, the delays between the different algorithms 

begin to differ as the traffic increases. Under high load 

conditions from 15 to 20 s, FLLB's latency remains at 

about 1.4 ms, while FLRM's latency is approximately 1.6 

ms. By contrast, the latency of ECMP increases 

significantly, which means that its ability to deal with 

sudden, large traffic is weak. FLLB has significant 

advantages under dynamic changes and high-load 

conditions such that it can manage network traffic. Fig. 6 

shows the change in packet loss rate over time under 

different load-balancing mechanisms. ECMP allocates 

traffic based on the exact link cost and does not consider 

the real-time network status. Load imbalance can lead to 

increased packet loss rates in overloaded links. From 14 

to 20 s, Fig. 6 shows the situation when high traffic is 

injected. This means that FLLB can respond quickly and 

stabilize the network performance when handling high 

traffic.  

5. Conclusion 

This study aimed to explore and improve the load-

balancing mechanism in a network. The FLLB algorithm 

was proposed because of the shortcomings of traditional 

load-balancing methods. Under the SDN architecture, 

FLLB can dynamically adjust the traffic distribution 

according to the actual status of the link. In future, we 
will refer to [8] to implement the FLLB algorithm in B5G 

or 6G network environments, which will improve the 

overall QoS.  

134



Wen-Shyang Hwang, Ming-Syuan Wu, Cheng-Han Lin, Yan-Jing Wu, Ming-Hua Cheng, Sian-Fong Huang 

© The 2025 International Conference on Artificial Life and Robotics (ICAROB2025), Feb.13-16, J:COM HorutoHall, Oita, Japan 

 

Fig. 4 Total throughput 

 

Fig. 5 Packet delay 

 
Fig. 6 Packet loss rate 
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