AL LS K R DOI: 10.7544/issn1000-1239.202110957
Journal of Computer Research and Development 60(3): 606—618, 2023

[ [8] SD-DCN BJ OpenFlow 4y %5 & e BEX S L L =R

F U8 OB OB K BB

R ETREI LS A TR Kb 410114)
PR YPITE - Be i B 5 TR Kb 410199)
(luok@csust.edu.cn)

Joint Optimization Model of Energy Consumption and Efficiency Regarding
OpenFlow-Based Packet Forwarding in SD-DCN

Luo Ke', Zeng Peng', Xiong Bing', and Zhao Jinyuan?
' (School of Computer Science and Communication Engineering, Changsha University of Science & Technology, Changsha 410114)
* (School of Information Science and Engineering, Changsha Normal University, Changsha 410199)

Abstract In software-defined networking (SDN), OpenFlow switches typically utilize ternary content addressable
memory (TCAM) to store flow tables for fast wildcarding lookups. In order to promote packet forwarding
performance, it usually requires enlarging TCAM capacity to store more entries. However, TCAM performs lookups
in parallel matching, which brings about high energy consumption. Therefore, it is necessary to choose the appropriate
TCAM capacity to balance the delay and energy consumption of packet forwarding. For the typical scenario of
software-defined data center network (SD-DCN), we characterize the packet processing of an OpenFlow switch as a
multi-priority M/G/1 queueing model, and build an OpenFlow-based packet forwarding delay model. Meanwhile, we
establish a hit rate model of TCAM flow tables based on flow distribution characteristics, to solve the relational
expression between packet forwarding delay and TCAM capacity. Considering the energy consumption of TCAM
lookups, we establish a joint optimization model of energy consumption and efficiency regarding packet forwarding,
and design an optimization algorithm to solve the optimal TCAM capacity. The experimental results indicate that our
proposed delay model can more accurately characterize OpenFlow-based packet forwarding delay than existing
models do. Meanwhile, we leverage the optimization algorithm to solve the optimal TCAM capacity with different
parameter configurations, which provides a guideline for actual SD-DCN deployments.

Key words software-defined data center network (SD-DCN); joint optimization model; TCAM energy consumption;

packet forwarding delay; optimal TCAM capacity
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Fig. 1 Network architecture of SD-DCN
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