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Power Consumption Reduction through Combining
Pipeline Stage Unification and DVS

HAJIME SHIMADA," HIDEKI ANDOt and TOSHIO SHIMADA

Recent mobile processors are required to exhibit both low-power consumption and high per-
formance. To satisfy these requirements, we proposed pipeline stage unification (PSU), and
showed that it can reduce energy consumption than that of dynamic voltage scaling (DVS)
which is currently employed. However, DVS and PSU are not exclusive techniques, and so
further reduction of power comsumption can be achieved through combining them. This pa-
per proposes a hybrid control mechanism which combines DVS and PSU to reduce power
consumption more. This mechanism adapts the number of unifying stages, clock frequency,
and supply voltage according to the throughput that the system requires, and consequently
it reduces power consumption more than standalone DVS and standalone PSU. We evaluated
our mechanism with various target throughputs. Our evaluation results show that our mech-
anism reduces power consumption by a maximum of 14% compared to the standalone DVS
or by a maximum of 28% compared to the standalone PSU.
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BIND, 011 FREL RT3,

PSU DHEES) Ppsy &, BIFRTEEES Prsvaynamic
EHFITHEE Y] Ppsustatic DFITH Y, LAFDAXT
zINd:

Ppsu = Ppsudynamic + PPsustatic (14)
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PPSUdynamic = PDVdenamic

X (1— v-1 ><m><l<:)(15)
Ppsvstatic = Ppvsstatic
U-1
_PPRstatic X (16)
ZIT, m 7oy S OLBiiEE ’ﬁ?é

7wy -3y NI =7 DERHEEEIOEE, k

AT i -V/X&éﬂﬁ?éﬁﬂ/ﬁ-%/%
7= DFRSKEDO I 0 7 - RZA SO L E S
Nray s -2y NI —27DEHNEEENCED D
A, Pprstatic 1$/35 T4 « LI AXDOENH
HEHTHD.

PSU OBMHEEEHIE, A T514Y - AT—Y
HEWLEDNL TS0 - LIARADIZTY 7450
PHHEII NG ZLICEVHEI NS, MEE U Tk
RN TIZA4Y - VIAAD (U-1)/U DAY
DEPHIXIND., &1 TS5V - LIAZAD Y
Oy 7 HEICET KB 0y 27 - RIA 30
MEBBHIE, Ppvsaynamic X m x k THE2N5H,
U (U - 1)/U 2 FEU7ZEP RS WD B EE
HTHs.

PSU O#EER I, N1 o714y - AT—Y
DGR, NANRAINENL T4V - LI AR %
W)= F—=F 4 v TFBI LI DERIND. L
1EMoT, MABEUDLE, A TS5V LIYRA
LT DHIEEES Pprstatic W& (U —1)/U %
R U MENHIEI NS,

FMIZBEWTIE, m 133X 5), 6) LFIERIZ 30% &
IREU 7z, O, SCHR 18)~21) 51372 H 7
&y 30 m O (18%~40%) DIEIFHRIETH 5.
7, kIIXSER19) ITRINTVS 130nm D In-
tel Itanium 2 DE LY, 88%ZKE L7z, m, k D
AW IOy y - 7T —F 577 F v, PEKRT T
oY, 70y s - 2w M7 —IADTRIZED KEL
E#T 5. £/, S0IUE Pprstatic ISRFHIZ 0 LK
FEUKE, D&Y, PSUILEZ L TS5A4Y - LI
AN — P —F ¢ VT OMRIFEHE I KX T,
PSU IZIX AR & 225 & D IREL 7=.

BB, MEEHOFMTIE, 7oy 7 100%,
BRKERETETOHEEBN CTIERAL 7E% A7z,
D7D, a & CIZEHLDZODORFEIZL>THE
XN, THOOMEIKIHGIZBERR.

5. FT M & R
L, HEE 1 OOy Oy 7 EEK

WA T4 VAT—=UHiEE DVS OB & 2 HEE S OHIE 7

x4 BEETEE 7O 7 RBBORGR
Table 4 Relationship between supply voltage and clock

frequency.

Iy IR | MEE 1 | MEE2 | HEE4
100% 1.340V — —
95% 1.316V — —
90% 1.292V — —
85% 1.268V — —
80% 1.244V — —
75% 1.220V — —
70% 1.196V — —
65% 1.172V — —
60% 1.148V — —
55% 1.124V — —
50% 1.100V 1.340V —
45% 1.076V 1.292V —
40% 1.052V 1.244V —
35% 1.020V 1.196V —
30% 0.988V 1.148V —
25% 0.988V 1.100V 1.340V
20% 0.988V 1.052V 1.244V
15% 0.988V 0.988V 1.148V
10% 0.988V 0.988V 1.052V

5% 0.988V 0.988V 0.988V

£5 WAL 1, 70y I HEER 100%TO IPC
Table 5 IPC in unification degree 1 and 100% clock

frequency.
NYFX—2 IPC
bzip2 2.67
gee 1.39
gzip 1.25
mcf 0.32
parser 1.03
perlbmk 1.06
vortex 2.29
vpr 0.97

100% CEIEST 2D 2N —Tw h2HEL, TDA
N—=TY FD 10%~100%% 10%ZI AT T Prarger &
UTHRELTIT2 /2. R 512 TPigrger DEFEIZAHN
72 IPC %<7

BIZ5ABTHRARZM, 7NVIT) ZLADETIZED
F—=3~w RIZFEFITNI W2, ZOHOFEIZH
WT, ZhEEDTHRN,

5.1 SHEEZNDHIR

RET DN TV REEBNE % V728548 L DVS
DOEBEBNZ LT D, JIEL 72N TV Rl
DS A—=ZELTDESIZU .

o BRI/ WA . 2GHz

o EF7T—X: 2ms

o YTV VT - HTTx—X: 20us

o FHZEHIPH E : 0.005

o Kkimaz ' 2
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Fig.8 Evaluation result of power delay product.
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