
2021 International Conference on Emerging Technologies for Communications (ICETC 2021)
1

System Upgrade and Controller Placement for Availability
Improvement Based on Optimization Problem in SDN Networks

Yukinao HAGI†, Student Member, Yuhei HAYASHI††, Member, Shohei KAMAMURA†††,
and Takuji TACHIBANA†, Senior Members

1. Introduction

　 In software defined networking (SDN) networks, the
availability should be improved to perform system upgrade
and place SDN controllers appropriately. We propose avail-
ability upgrade and controller placement for available im-
provement based on optimization problem in SDN networks.
This method extends the method in [1] to upgrade SDN con-
trollers. We investigate the performance of this method.

2. System Model

　 Figure1 shows an SDN network whose node set is 𝑁
and link set is 𝐸 . Let 𝑑𝑖 𝑗 be the distance of link (𝑖, 𝑗)
between the 𝑖th node 𝑛𝑖 and the 𝑗 th node 𝑛 𝑗 . The maximum
acceptable transmission delays are 𝐷𝑠𝑐 (𝐷𝑐𝑐) between a
switch (a controller) and a controller. Furthermore, let 𝜆𝑎

be a lower bound for the availability of each controller and
𝜆𝑏 be a lower bound for the availability of the path between
a switch and a controller. The availability 𝛼𝑥𝑖 of a controller
located at 𝑛𝑖 is determined by the level 𝑥𝑖 , and the controller
can be upgraded to 𝑥𝑖 at a cost 𝑐𝑥𝑖 . The availability 𝛼𝑦𝑖 𝑗 of
(𝑖, 𝑗) is determined by 𝑑𝑖 𝑗 and the level 𝑦𝑖 𝑗 , and (𝑖, 𝑗) can be
upgraded to 𝑦𝑖 𝑗 at cost 𝑐𝑦𝑖 𝑗 . The cost of placing a controller
at 𝑛𝑖 is denoted as ℎ𝑖 .

3. Optimization Problem Formulation

　 In this section, we formulate an optimization problem for
system upgrade and controller placement. In the following,

Fig. 1 System model.
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Fig. 2 Impact of cost for placing a controller.

𝑥𝑖 is equal to zero if no controller is placed at 𝑛𝑖 , and 𝑧𝑝𝑞𝑖 𝑗 is
equal to one if (𝑖, 𝑗) is included in the switch-controller paths
placed at 𝑛𝑝 and 𝑛𝑞 . Our proposed method formulates the
following optimization problem to minimize the total cost.

min
𝑥,𝑦,𝑧

∑
(𝑖, 𝑗) ∈𝐸

𝑐𝑦𝑖 𝑗 +
∑
𝑛𝑖 ∈𝑁

min(1, 𝑥𝑖)(ℎ𝑖 + 𝑐𝑥𝑖 ). (1)

4. Numerical Examples

　 Figure2 shows the performance of the proposed method
in a case of 𝐷𝑠𝑐 = 2,117, 𝐷𝑐𝑐 = 3,764, 𝜆𝑎 = 0.999, and 𝜆𝑏 =
0.9995. From this figure, we find that the total cost can be
minimized to perform system upgrade and place controllers
appropriately according to network conditions.

5. Conclusion

　 In this paper,we proposed a system upgrade and con-
troller placement based on optimization problem. Numeri-
cal examples showed that the proposed method can achieve
appropriate system upgrade and controller placement.
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