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Reducing Processor Energy Consumption
with Pipeline Stage Unification

HAJIME SHIMADA,t HIDEKI ANDOt and TOSHIO SHIMADAfT

Recent mobile processors are required to exhibit low-energy consumption as well as high
performance. To satisfy these requirements, a method called dynamic voltage scaling or DVS
is currently employed. DVS reduces energy consumption by decreasing the supply voltage
when a processor runs at a low clock frequency. Although DVS is an effective method for
reducing energy consumption, its effectiveness will be limited in future process generations
because the variable supply voltage range will become small. As an alternative, we propose a
method called pipeline stage unification or PSU, which unifies multiple pipeline stages when
the processor runs at a low clock frequency, leaving the supply voltage at its maximum level.
We compared PSU to DVS in terms of their effectiveness in current and future process genera-
tions. Our evaluations show that currently PSU reduces energy consumption only moderately
(11-14%) more than DVS. Furthermore, in the future, DVS will significantly decrease its ef-
fectiveness, whereas PSU will maintain its effectiveness. As a result, PSU will reduce energy
consumption by 27-34% more than DVS after about 10 years.
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Fig.2 Interlock logic.
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Fig.3 Pipeline register within a looped path.
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Table 2 Processor configuration.
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Table 3 Assumptions of execution latencies, cache hit la-
tencies, and branch misprediction penalty in PSU

processor.
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Table 4 Assumptions of clock frequencies and supply volt-
ages for DVS and PSU in the 180 nm technology.
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Table 5 Calculation results of margin M in Eq. (21)
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Fig.9 Estimation of Vppmaz and Vppmin in the future
DVS processors.
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Table 6 Assumptions of clock frequencies and supply voltages in the future

technology for DVS and PSU.

DVS PSU
pooo 100% 50% 25% 100% 50% 25%
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45 nm 0.58V  0.51V 044V | 0.58V  0.58V  0.58V
32nm 046V 041V 036V | 046V 046V 0.46V
22nm 0.35V 032V 028V | 0.35V  0.35V  0.35V
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