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Studying Routing Techniques in SDN Software-Defined
Networking Using Machine Learning

ENG.Ahmad Alshiekh Dr.Ali Alhatem
Abstract

Flow routing enables fine—grained improvements in network performance
by directing different data packet flows through diverse network paths.
Centralized control in Software-Defined Networking (SDN) provides a
framework for centralized network optimizations, such as optimal flow
routing. However, adaptive flow routing that responds to dynamic traffic
load variations requires sophisticated models. This study adopts a
reinforcement learning—based approach, where direct flow routing
generates a state—action pair space that grows with the number of active
flows, leading to a potential scalability issue. This problem primarily arises
from the large memory space required to store the Q-table containing

flow—specific state—action pairs, as well as the prolonged learning time
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needed to reach convergence, which involves exploring this vast state-
action space. On the other hand, the computational overhead per step
remains low, as it only requires updating Q-values at each step. To
address this scalability challenge, we propose a distributed approach
employing multiple SDN controllers, where each controller manages a
smaller subset of network nodes and flows. Consequently, each controller
operates with a smaller Q-table and a reduced state—action space. Each
controller independently optimizes flow routing within its manageable
subnetwork using reinforcement learning, with every Autonomous System
(AS) improving routing within its own domain. Experimental results
demonstrate that this approach achieves significant performance
improvements: the average convergence time for multi—controller setups
is only 10 steps, compared to 4(0.5 steps in the single centralized
controller case. Furthermore, the average latency decreased from 31.30
ms (in the single—controller system) to 23.14 ms and 23.99 ms in the
multi-controller systems. These results confirm that distributing control
responsibilities effectively reduces the complexity of the learning space,
accelerates convergence, and enhances flow routing efficiency, making

the proposed solution suitable for large—scale and dynamic networks.

Keywords: Software-Defined Networking (SDN), Flow Routing,

Reinforcement Learning, Scalability.
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