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Abstract

Recently, the increase of the power consumption caused by enhance-
ment of mobile processors becomes a serious problem. It causes the de-
crease of battery life of laptop PC. So achievement of both high-performance
and low energy is demanded. Therefore various high-performance and low
energy methods have been proposed.

As one of the high-performance and low energy methods, Variable
Stages Pipeline (VSP) is proposed. In order to achieve them, VSP
changes the number of pipeline stages and frequency dynamically. When
workload for processor is high, VSP increases the number of pipeline
stages and runs at high clock frequency. On the other hand, when work-
load is light, VSP decreases the number of pipeline depth by unifying the
pipeline stages and runs at low clock frequency.

In order to use VSP effectively, it needs mode controller that predict the
suitable number of pipeline stages according to workload for processor.
Therefore fine-grain controller, which predicts using the number of main
memory access, is proposed. However, the controller is not implemented,
and accurate power consumption and hardware cost are not evaluated.
This paper implements fine-grain controller on the MIPS R3000 compat-
ible processor and evaluates the power consumption and hardware costs.
According to our evaluation results, the processor with proposed con-
troller can achieve about 63% and 46% better performance than high
speed mode and low energy mode, respectively. And the additional hard-
ware cost is less 1% of the processor.
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D-FF
3bit

32 enfry queue

Instruction
Decoder

Total Num{register)

current
mode
threshold (HItol.OW) threshold (LOWtoHI)
instruction
0 exist
comparatol
current
mode
[2 low mode signal[1]
S e hi mode signal[1]
% .
fore S [+ mig mode signal[1] E low mode signal[0]
instruction stall § hi mode signal[0]
read » . .
5ia = mig mode signal[0]
change
mode pipeline
branch miss change clock
ﬁH
/f'/ 4
F D R E E E E M w
| pipeline processor

4.13: A==~ RHIBFHEEZEO LN~ RD = 7K
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5 EEBIXILF—EIRILFBELEE

AECHEBOMET 3% — 12> C O EO R R T 5.
MERER 0 v 3 % RIS B4 12 ISR R R AU <, S
BB T T 1T 5 1 B T I P T OL ¥ — & LA
WL UL, SEIE SRS DI T 3V E—0 T 0k v ¥ & BT
5L EHBY LTWB k0, SARKELEET I E @D T
RENSGBERHD. TDAD, RETHEBIANVF—IIDODWTOES
BB, 852 BiCHNEBE DM T 3L F—0 7 0% v 5 DI 17

DGAILISHAVWONSGBNBERIIOVTARNS.

51 HBIXILT—DOES

CMOS THER X 1 70k w $ OMET 3 V¥ — EIZN&EN P, &

ISR T 2 FID TR ORI & > Tkth b,
E=PxT=5t«C#V?xG *cycle

St —FDAAS Y F VIR, CIIER (F— MR, ERAR%
&), VIXBEEE, G777+ TA5— MY, cycleld 7 7V r—
VavEERTFTEYAIONVETHS. H5.14 13 % AV CEER B
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El=W X T2=WT/2
E2=W/2 X T=WT/2

€

El1 =E2

gy Consumption

Ener,
£
[}

0 T2 T  Execution Time
5.14: FITHA & HE =
L5EDITHEBEI RN F—ITHERAERRIREL R Y., BAEEZE<LT
FITHRHE 2 /NI THEHEHEBEIMNEARL, FICRFERE2ESLTHEYE
BHENILKTELEFEMBPBERLUTLUEINLTHD. ZhHE

IRV F— L HBENDOENTHS.

5.2 BIETEEOTER

AHETIE, EHoBRE VEHE TR ILF — L GHEREO ML 2 2K H
KTOD 2GS 5 ADITEIEIEE 2 V. BBIERISHE T

INVF—E LETRETZ2HNTUATFTORIZE>TROLENS.

WIEIER = B« T
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TOIRMTKEZ LTI TVE 20, HBATRVF—OHEFEEIEIRZY, A
BEUMAFT ML 25, T/, ENEERIZEEEN ICEITRMEOD 2 %
ZNMTTERDLZELNRTED. TDD, HEABE EMHREIZOWTEH
tig 2 EE RO AP EEFINALERL 250, SEIRHEET RV

F—LMERIZDOWTOFMTH 5D TEELERE L AV 7.

6 Y
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ARETIE750~1 D 2EBD S H1DEY MWL 2H S0 EHIRRIZ
Kb TS LEAVCTEEOMAG LR OEBIEROFEZ 7>
7z. ®6.15, R 6.16 IFHIZEEE—RDL XDfE% 1 LEHRLL 7.

B 6.15 (SRR % R, BIEIE, HItoLOW AEEE— R HENEE N
E—RADYOBZDOBEDET, ZOFEIVET—R - A MNTHEENKE
WEFICYIY #E 2TS. LOWtoHI AYRH BB HE— R L&EEE— R
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LT3, Mode RBEDE— K (00:85&, 10:¥1 7L —Y 3y, 114K
HEBEEH) ZRULTEY, Totallda— K - A M T7THAEHROBMERL T
W3, il UT HitoLOW D% 13, LOWtoHI DEIX 6 £ § 5 £[X6.17
DEIRE—ROBBR2ITS. K6.16 12K 6.15 THLNAHRERWVWEN
BEMY&HEE—R - EHBEBENE—-REOHKRLU EHERETRT.
AMERE R A R &, HItoLOW DEAVNE <, F7- LOWtoHI DEAA X
WE FILENBEROEHN LIS ALNDG. ZNHMEHEE T — RTH)
EHIEMPE A TNENHTHS, TDOHT HItoLOW DfEAY 1, LOWtoHI
DIEN 8 DL FIZENBEBPREL/NI L L>T VWS, ZOREOCHEA
BEHRIESR 5] DL IZE-> TV 3D, ZhidApETHWS oty
HLIEIBEARESE>TVWEINLTHD. F£/, HEE—N - KHE
BAE— REAKRLDHBET R, EEERIIBVWTHENAES

NLHZehbhort.

6.2 /\—RD I 7REOE

AHiTld Rohm0.18 um CMOS 52 ./ 11T Synopsys Design Compiler
ZHOWTHRETVBZ 2V b —3F & —N\—Ay REBRFERBIH,

PHN— R Y DHEBEDFHE 2 T>7/~. KHEETHNLNT NS VSP
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HitoLOW

6.15: [3lfiEL il % 1B SE AR

1.2
1
= 0.8
i
& 06
i
® 04
0.2
0 i
HSEi{k LEE{K BR
6.16: € — RAIESBIER
Mode [ 0o [ oo [ oo [ oo | 10 [ 11 ] 11 ] oo | 0o
Total [t ]2 1 Jur[1]u [7]6]s e
HltoLOW 13 13 13
LOWtoHI 6 6 6

6.17: 814 IV Fv¥— b
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Jakvi e, VSP IOy HiBEY Y Rz oy o= 2 A — N —

Ay REIREEDZDON— R 27 2580 U kb 0 L S EY) ) #x

IV MO—SDHBE2ITo /- ER%2%K6.21R7. £/~VSP Jukv
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& 0.7131 % 0.8452 %

AR RS L, MRETV#MAZ I o—J 370y ¥ LK

THOEMEATEDIELDHBETHD I ehbhok. o, A==~

RENRFEEZERTDZODN— RV TEEBETEXZIFETHS L

Nhohor, Z07-d, MkEYV#ZIy  NO—5 A —/N—Aw R

HIBF R FEBR T 2ODN—R Y27 % VSP 70ty HIZHAAAT

70y HIZE R BEEIINI V.
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