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Abstract  The concept of energy-efficient networking has been a hot research topic in the past
few years, gaining increasing popularity. In this paper, we design a fast adaptive speed scaling
mechanism to reduce power consumption of network devices. The operation frequency of compo-
nents in a network device is adjusted dynamically to different levels according to the real time
workload. We implement a prototype of this mechanism in the data path of a general IPv4 router
based on a real hardware platform —— NetFPGA. The theoretical analysis and experimental re-
sults show excellent energy savings at the cost of a tolerable latency, under various ranges of traf-
fic loads. Our work indicates the feasibility and possibility of deploying the mechanism into real

network devices for energy saving.
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research topic in the past few years, gaining increasing popu-

larity. Besides the widespread sensitivity to ecological issues,
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such interest also stems from economic needs, since both en-
ergy costs and electrical requirements of Internet Service Pro-
viders’ infrastructures around the world show a continuously
growing trend. In addition to electricity bills. the large pow-
er consumption by network devices also puts a lot of stress on
power delivery to and heat removal from router components
as well as the hosting facility. Thus it is crucial to save pow-
er on routers for the sustainability of the Internet infrastruc-
ture.

Speed scaling scheme has high robustness against burst
traffic, nevertheless there are only few components (Ether-
net PHY. CPU) in network devices supporting it. Most
components in the data path of network devices are driven by
the same clock crystal oscillator, and operate at full speed re-
gardless of traffic workload. Since all components work syn-
chronously in most current devices, it is extremely difficult to
independently adjust the frequency of single component. For-
tunately, asynchronous FIFO could be a desirable substitute
for synchronous FIFO, in that the two end components of

asynchronous FIFO could work at distinct clock frequencies,

making it possible to tune frequencies of multiple components
respectively. We have done a lot of researches in this area,
and part of the work has been presented at IEEE Internation-
al Conference on Advanced Information Networking and
Applications (AINA) 2012.

In this paper, we have proposed a Fast Adaptive Speed
Scaling mechanism aiming at energy conservation in network
devices. Especially, the mechanism includes a Multi-Dual-
Threshold frequency scaling policy and a fast frequency
switch approach. The proposed mechanism is further imple-
mented on the NetFPGA platform for validation with moder-
ate modifications on the reference router. Experiment results
indicate that the proposed mechanism effectively cuts off the
power consumption of the hardware components inside a
router with slight increase in average packet delay.
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