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A Design and Evaluation of Low Energy Processor
by Variable Stages Pipeline Technique

Yuut ICHIKAWA,t TAKAHIRO SASAKI, 't TETSUO HIRONAKA,ttt
Kazuya TANIGAWA, 1t TOSHIAKI KITAMURAftt and TOSHIO KONDO{t

Recently, in the field of mobile computing, the achievement of low energy computing and
high performance computing is required simultaneously. Dynamic Voltage Scaling (DVS) is
a current major technique to realize this requirement. However, the lower the chip voltage
becomes in the future, the less energy saving we get by DVS. Accordingly we propose Variable
Stages Pipeline (VSP) processor which has a feature of a unifying pipeline stages by the use
of flipflop called LDS-cell which has an ability to act as a latch or flipflop. We show that
VSP processor can achieve lower energy computing and higher performance computing than

a DVS processor on low energy mode.
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Fig.1 Relation between power consumption and

execution time.
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Fig.2 Change of pipeline stages.
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Fig.3 Advantages by pipeline stage unification.
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Fig.4 Structure of D-FF + MUX pipeline register.
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Fig.5 Structure of LDS-cell pipeline register.
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Fig.6 Behavior of LDS-cell pipeline register.
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Table 1 A variation of LDS-cell.
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Table 4 Number of instructions and number of execution

cycles of benchmark programs.

oooooo ooo gooooooo
maze 7,482 3,140,791
pi 6,475 87,329
quick sort 5,989 68,676
bubble sort 107 1,034
euclidean algorithm 90 513
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Table 5 Number of transistors of processors and
evaluation environment.

processor mode | stages frequency voltage
DVS HS 9 125.00 MHz 1.80V
1038514 Tr LE 9 31.25 MHz 1.44V
PSU HS 9 125.00 MHz 1.80V
1069761 Tr LE 3 31.25 MHz 1.80V
VSP HS 9 125.00 MHz 1.80V
1069761 Tr LE 3 31.25 MHz 1.80V
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Fig.11 Execution time ratio in HS mode.
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Fig.12 Energy consumption ratio in HS mode.
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06 HSOODODOOOOOOOOO
Table 6 Energy delay product ratio in HS mode.

oooooo DVS | PSU | VSP
maze 1.00 1.11 1.11

pi 1.00 1.11 1.11

quick sort 1.00 1.11 1.11
bubble sort 1.00 1.11 1.11
euclidean algorithm 1.00 1.11 1.11

07 LEOODOOOOOOOOOO
Table 7 Energy delay product ratio in LE mode.

oooooo DVS | PSU | VSP
maze 1.00 0.18 0.17

pi 1.00 0.29 0.27

quick sort 1.00 0.29 0.28
bubble sort 1.00 0.40 0.38
euclidean algorithm 1.00 0.56 0.50
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