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Pipeline Stage Unification: A Low-Energy Consumption
Technique for Future Mobile Processors

HaJiME SHIMADA,t HIDEKI ANDOt and TOSHIO SHIMADAt

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 previously proposed 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. This paper compares PSU to DVS in terms of their effectiveness in current and future
process generations. Our evaluations show that currently PSU reduces energy consumption only moder-
ately (11-14%) more than DVS. However, in the future, DVS will significantly decrease its effectiveness,
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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