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Abstract

Software-Defined Networking (SDN) has been recognized as an efficient approach in the field of communication
technology, aiming to improve the performance and efficiency of computer networks, thus reducing costs. One
of the key challenges in SDN is load balancing among nodes. Solving this challenge leads to improved response
time and network performance. Nowadays, various methods have been proposed for load balancing in SDN, but
they have not yet reached the ideal state. In this article, a new method is presented to enhance load balancing and
reduce response time. This method utilizes multi-objective evolutionary algorithms and fuzzy weighting. In the
proposed method, factors such as bandwidth, traffic status, link buffer, and desired router are taken into account,
and the best path and router with desired load balancing for information flows are selected with the minimum
time. One prominent advantage of this method is the possibility of performing load balancing automatically
without the need for human intervention. Experimental results demonstrate that the proposed method shows a
significant improvement of approximately 14.8% in response time compared to other methods, while maintaining
load balancing in SDNs. By using the proposed method, in addition to improving service quality and user
satisfaction, response time will also be enhanced. In summary, the proposed method is introduced as a viable
approach in SDNs and exhibits superiority over existing methods.

Keywords: Software-Defined Networks (SDN), Load Balancing, Multi-Objective Optimization,
Fuzzy Voting Algorithm, Response Time.
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Input: Top-K paths K_PATH determined
Output: The optimal path BEST_PATH

1: Define the factor domain U (hops, bytes, packets,
port_rate) and rank domain V(P) for a path
For eachiintherange{0, 1, 2, ..., K-1}:
Calculate hops][i] as the length of K_PATH[i]
Calculate bytesli] as the total bytes of K_PATH]i]
Calculate packets[i] as the total packets of K_PATH]i]
Calculate port_rate[i] as the transfer rate of K_PATH]i]
EndFor
Foreachjin{0, 1,2, .., K-1}:
Transform hops[j] by applying the function
1.0 / exp(hopslj])

LCoNURWN

10:  Transform bytes|j] by applying the function
1.0/ log(bytes|j] + 0.1)

11:  Transform packets[j] by applying the function
1.0 / log(packets[j] + 0.1)

12:  Transform port_ratelj] by applying the function
1.0/ (1 + exp(-port_rate[j]/50.0))

13: EndFor

14: Define weight vector A (weight_hops, weight bytes,

weight_packets, weight_port_rate)

15: Foreachkin{0,1,2, .., K-1}:

16: Calculate temp_hops|k] as the product of weight_hops
and hopslk]

17: Calculate temp_bytes[k] as the product of
weight_bytes and bytes[k]

18: Calculate temp_packetsk] as the product of
weight_packets and packets[k]

19: Calculate temp_port _rate[k] as the product of
weight_port_rate and port_rate[k]

20: Calculate score[k] as the sum of temp_hopslk],
temp_bytes|k], temp_packets[k], and
temp_port_rate[k]

21: EndFor

22: BEST_PATH is equal to the path with the maximum score

among all scores
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Input: Graph G represented by a set of nodes and edges, starting
node S, destination node T
Output: Shortest path from node S to node T

1: Initialize A[0] to represent the shortest path from node S
tonode T
2: Foreachkintherange{l, 2, ..., K-1}:
3: For each i in the range {0, 1, 2, ..., length(A[k-1]) - 2}:
4: Set currentNode as the j-th node in A[k-1]
5: For eachjinthe range {0, 1, 2, ..., K-1}:
6: Set previousNode as the j-th node in A[k-1]
7: If currentNode is equal to previousNode:
8: Set the distance between currentNode and the
(i+1)-th node as infinity
9: End if
10: EndFor inner loop
11: Calculate S[i] representing the shortest path from
currentNode to node T
12: Calculate R[i] as the shortest path from node S to
currentNode
13: Calculate B[i] as the sum of R[i] and S[i]
14:  EndFor outer loop
15: Update A[K] to represent the shortest path with the
minimum length among all B[i]
16: Restore the distance between currentNode and

previousNode to its original value
17: EndFor outer loop
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