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A chip multiprocessor architecture has attracted much attention to achieve high effective
performance and to save the power consumption, with the increase of transistors integrated
onto a chip. To this end, the compiler is required not only to parallelize program effectively,
but also to control the volatage and clock frequency of computing resources carefully. This
paper proposes a power saving compiling scheme with the multigrain parallel processing envi-
ronment that controls Voltage/Frequency and power supply of each core on the multiprocessor.
In the evaluation, OSCAR compiler with the proposed scheme achieves 60.7 percent energy
savings for SPEC CFP95 applu using 4 processors without performance degradation, and 82.7
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percent energy savings for MPEG2 encoder using 4 processors added deadline constraint.
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DOALL14 LooP11 Low
LOwW
2000 coLs [ oF |
Low LooP13

DOALLI7

LOOP18
[S1010117 = o S —

cl ock

6 applu DIEIHEEHHIEEARER (4PE)

400M—

3.4.2 Phase RICX3 5 FV HlH7ILTUX L
step.1 Phase 47 % MT L5538
Phase 23 B—® MT ToH 255 ?

Yes : Phase OE¥$EZZD MT OEKERE L,
T

No : step.2 ~
step.2 mazr BIZXT S FV Hilfil
Phase 23D MT OEETH Y maz; EXIET D
A, B ONT-EEEEET Phase &K% FE1T
L 72BEDETRZ KD, TNE Thaw; deadtine £
5. maz; &, TD5E arg;_j 1ZLLTOEY.

max; = mazx(arg;_1,arg; 2, ...)

argij =Tijm +Tijn+...+maz;ja1+ ..
TR0 arg_j FROFHERETHD LT 2.

Tijom+Tijn..tmaz;_j1+... < Thnaz;_deadiine

EXOZHIZKIET 2 MT DA% Phase & EFE
L, Phase \Z*3 2 FEERE 3.4.1 Hilc e,
Z DR, % arg DEIEEEE FULL R0 EATRH %2
HEL FTRMOREVE (RBED/NSWIE) I FV
HEZ#EAT 5. EED arg PIZHE—O MT %7
EREENDIEENH DN, —EFV HlEREHASN
7= MT OREEHIIBECRE SN T\ D720, EEIX
I,

3.4.1 i, 3.4.2 Bz FRIICEAT 22 L TEMT
WL TR EREBSRIESILD.

3.5 TREIENCKSBEHEEENEL

3.4 Hio X I Y MTG IZxtL T FV 453 i
AEh, KIZERD ON/OFF #Hl#id5Z L Trnm
Ty BB EIT STV idle By DA ELE
5. MTG WIT idle #OARAET 2DITRD 3 i
HTHhb.
(1) T—XEENH D MT OBRART
(2) 2FIVYHTMT OKTHR
(3) WFBLEFEREHREFIEC LD idle
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4 @w/o Saving
mw Saving

>

speedup ratio
N

[

(=]

mpeg2enc swim applu
benchmark

B 7 FATREEBRNAT Y a2 — ) v 7 E— K TOMEER LR

B 5 I ENENDHED idle T, T TPG3
IR B EFEIC L) RE L s 2k v )T
HY, WETH B THNATHRY. LUFORMAE T
723 idle iz xtL, EIRENZEH T 5.

o REBEBA—N—~y FbHED, idle DFHITE

7% ON/OFF DIV B2 2 7R

o EBIFGEMIC L BIIHEBHIBFTEE

3.6 MT ORI MTG [Zx7 2EHEEHE

PLEIZ X0 B3 MTG OF% MT; \[oxtL bz ghE
BEESRESND. Ll MT; NEIZEIZ MTG;
BEHRINDHZE, MTG; EICHFET S MT #EIiC
A2 L 72 523 K 0 BB MA b 556N
HD. ZOH MT; ODETRHET, £V MTG;
W7 SRTFIUT R B R WEATR TR Tarre, deadiine
R, FERIC FV Sl e BRGIEZEHT5. &
DX MTG; ODREBE BIZHII < HIFEL 2546 L
MTG; NERIHIEES MT, 2% FR—0FEKT
WIRZ LT E DHBE T RVX —% Rl , LVEE
TIROBENFERIT 5. UFICEERRT LY
A LERT.
step.1 Tv1a; _deadiine PRTE
T,(FULL) % MT; &K% FAEH FULL TETL
BROAERRERH], num_of_iter; & MT;  RB Th 5
HEliEES (RB LSO HEIE 1) LEEL, LT
LIOCEDS.

TMTG,-_deadline = (Tl—Tz(FULL)) / num_of_item
step.2 MTG; OREBEIRILY—EH
MTG; tD jFHD MT % MT; ; £35. step.l
TEDLNEZT YR I % b &I 3.4 D FV #ilH,
3.5 EiOBFEHIEEZEAL, MT, ; OHBETILX—
Energyur, ; ZRET L. Thba#fil, MTG;
DOIHBETRNVF =T Y Energymr,_; L7025,
step.3 HEI RILX—DLE
MT; » RB Th ol & X1I%DEEEE num_of ster;
ZEREL, FV 080 B2 BT zE$EE o b
THZETRDEA—N—AY RO RAF—%
overhead; £ LT, 2 DDA DKRIEET RNLF —

161 o w/o Saving
200 B w Saving
1200 160
=
£ 2 120
S a0 °
2 5 80
400 40
0
0 1 2 4 4
mpeg2enc tomcatv swim applu
benchmark

B8 FETRMR/IAFYa—1 7 E—F TORBPHETILF—

o MT; % [F—JEAKE THEIT : Energymr,
o MTG; OHNEZHIE - (3 Energymr,_; +
overhead;) X num_of _iter;

EUBT 52 ETEY TRINF —DRWG 2 @RT 5.
4. EREST M@

ARETIIRET HIEEEBEHIEFEEZ OSCAR
AU NRAFIZREL, ary XA FNTRELLNE
BHHBEHERE RO VTR, FHCAWEAE
Wk, BHOKERLE DONRT A—XTF 112, ¥
HWEENBIO FV 910 B2 BOREBEBRMEZ R
2 1ZRY. 90nm DT 7 J 0¥ OMIIAIANTIKE S
g7 utyhEEEL, @HE (FULL) OFEHEK
X 400MHz & 9°5%. AN vty Hicktd5E
HWEOFMMTH LD, AT YRAROBEEENIE
HDTVRV. £ 2 P, BIENIT Wattch®® 2 A
BNV I2aL—F EVREL, HBHENZOWVNTIT
AFHE CRIFRC L QW A ERES AR vk v o—4f
& L C SH-mobile OESFHMi#HIC? 25EICL 1.
130nm @ SH-mobile 28T CPU 227 D ADEE
EIIX 94.5mA, CPU =27, URAM, v 277 v/
VIO REEEDT Y — 7 BRD 2.2mA L OREFEN
Ll TRy, RHMETHEL CWE7 vk vy
BOTHLRBEOHERTHELELT CPU 27 DR
KT DY — 2 BRSBIEERD 100 50 1 ERE
L7z, RIEEBRHICELE - BERARE O BRI OV
Tk w77tk ¥ (SH-4) L TOH Cooperative
Voltage Scaling F#:2%) 128\ T, BIEEEL 1.2V
2B 2.0V ICHIY Bz DO REEB RN 0.1[ms],
2.0V 225 1.2V ~OEBKHD 0.2[ms] &V 5 BN
FERINTRY, ZhESBICLE. FHEICIE Medi-
aBench [ZEKENTWDH MPEG2 = a—K7
7 7 5 “mpeg2encode” % Fortran THMRELEL 727
v/ J A, XU SPEC CFP95 £V 101.tomcatv,
102.swim, 110.applu Z AWz, S EITHEAASSZE
HELTWDY), a7y A2 L TR
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[Dw/o Saving @Full Speed & Power off mw Saving }-

A

w

N

speedup ratio
-

o

1 2 4 1 2

mpeg2enc swim

benchmark

9 Ty R IAUHIKE—F TOMER LR

EOREZZEO TS, £7z applu Ti, FITH
BIDIZEAE 2D DIN—TRT 405 M50
Wi E FENCRIBIC OBEL, Z oMLy T4
VRN HEERITT —F e —h VT 4 2 EmD
X9V AT F ¥ VT RITol-. 72 MPEG2
T a—FIZonTik, =va—F 17 BEROMRE
FHGAEAT 9 72, xHET 5 7 ODART—Y (B HEE,
& FHl, DCTE—N&R, T —FEH#H, £y 2
hY—AH, R, #T— X B &R
DRFZE LT,

4.1 ETEBMKRNMRTS21—Y T E—F
EITHRRIR/ NA 7Y 2 — ) 7 — K TO#ER E
REX T2, MEBETXLX —% X8 ITRT. FhE
NN 7 o v ETHY, EON—BAFEEH
WRWERE, ARARFEEFEALLEECTHS. K7
DEINTRNAT Y 22— 7 e—F TIEARFEEA
I KD HERRIETIEAONT, EAROLERMERES Hikr
LCWBZ ERDh5D. EHETRLE—ZONT
X, BMEFEEZHNDZ L Tapplu T 27 2ty
TOEITRAZ 36.3 %(102[J] 55 65.0[J]), 4 T rEy
YT 60.7 %(174[J] 25 68.4[J]), mpeg2enc Tit
2 7 v v HIET 5.55 %(1045[mJ] 7>5 987[mJ]), 4
Tat vy YREIZ 27.2 %(1336[mJ] 725 973[m]]) PE
TEER Rl o077 ) r— ariZii+
HRFHER B X HET T oy IR T ARV ERD
BINIEEL, BREBEFHEEZEATHIZETT A KR
BORERBENHBEZHIBIN 572D TH 5. K61
applu THR—A VT DY R NF7F % VT %
BALERBICRL, REFIEN FV - EBIRGIHE % &
ALERRTHS 47y VB, 7 VT AN
AIZFY$ 5 DOALLG6, LOOP10~13, DOALL17,
LOOP18~21, DOALL22 (I R#MEN 0 TH B0
BEARE FULL ERESh, ThiSo MT 3%
NEZNORBEIIEL T MID BE LOW ERES
iz, FiT idle &7 BERAT R LTI EIRHERTHS 18 A
Sh, EWEEBENFHLNATWA. —F, tomcatv,

0 400

gso 5 o

820 g 200

g 5

5

1000 100

12 4 12\4‘1\2\4‘1\2\4
mpeg2enc tomcatv swim applu

benchmark

B 10 7 v FJAVHKE—R TORBEFHEZRNLX—

swim 137 10 7 A& EL THoRWHIENTEE
L, f/hoRBRHZRFET 5 72D IZITHIC FULL
TEEL RTNIE R LR WO BRI R b2
Mmoo,

4.2 TYRZAVEIHE—F

927 v NI A UHIfE— R CoHER LR, X
10 ICHEB T XNX —& T, AHETIE 1 ety
VOB ET v R T4 L. EON—IIEE
NFEEHEALZWVEETHY, al I 5 THD
H7utyHET vy R IAVICET D ETEAZ R
LEET 5. RHRON—IT 0l T LOFEITIIREDFE
¥ FULL TiTV, FATHRTHREREZ OFF 1272
BENREEITo72bDOTHD. FON—BEREFE
W EDIEMEBENEIToLHEAEZRT. M9 XV,
BREFEE AV E0EER ERIE Fv—7,
&7y BT 1 ke, FyRITAL»
FREGZHZL TV, £K10 kY, BEFE
ZFHW2Z LT mpeg2enc T 2 7 2 v P KT 56.4
%(1973[mJ] 225 861[ml]), 4 7wt v KT 82.7
%(3945[mJ] »*H 683[mJ]), tomcatv T2 &y
PRHIZ 60.1 %(181[J] B 72.2[7]), 4 7 & v Fk
I 85.6 %(361[J] 25 51.9[J]), swim T2/ &y
KFIC 62.0 %(207[J] 225 78.7(J]), 4 7 =& v ¥REC
86.7 %(414[J] 5 55.2[J]), applu T2 7 12k v Hk;
12 50.0 %(127[J] 25 63.3[J]), 4 7 vk v FRAT 74.0
%(253[J] 75 65.8[]) HET HALF —HIBE W 5 FE
Rélpole, FFETRTRIZERE OFF IZ§5LW0
2B E AT > T2 H BT~ T mpeg2enc T 27
2y P RHZ 17.6 %(1045[mJ] > 861[mJ]), 4 7' 7
T PIRAHT 48.9 %(1336[mJ] H*5 683[mJ]), tomcatv
T2 mty PIREZ 21.6 %(92.1[7] 25 72.2[]]), 4
7ty YRAIT 45.4 %(95.0[J] 225 51.9[J]), swim
T 27 mty¥RET 23.7 %(103[]] A2 78.7[7]), 4
7 rkyYRIC 46.5 %(103[J] 75 55.2[J]), applu
T 27 ek y T 37.8 %(102[J] 225 63.3[]]), 4
T ak v FREC 62.2 %(174[]] 5 65.8]J]) BEIIHE
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%3 ¥ MTG ICHNEEN 5 Phase

Ry Fe—7 MTG Phase ¥ | MT ® clock
mpeg2enc AL N—T 148 37.8 x 10°
tomcatv Tur 5 hER 5 85.5 x 10°
AL N—TF 9 59.4 x 10°

swim VYRS 6 77.4 x 10°
AL N—F 4 12.8 x 10°

CALC1 5 39.5 x 10°

CALC?2 5 42.4 x 10°

CALC3 2 43.0 x 10°

applu AL N—TF 35 34.1 x 10°

ERxTNAD. ZOXHET v K TF 4 U HIRO&EHT
BERARE S - BEZEYNCERTAZ LickY, Kig
REIHEE ER L. £ 4 Ty P CTREF
EEBEALEZES, swim (CBWT1 7 ek v diEo
LERPEREZ AR L 72 & 46.5% HBE X LX—2M
filL, mpeg2enc, tomcatv IZRVT b FRLEMERE
EERLEZ ETENER 30.8 %, 42.6 % HET XL
X —ZHRL 7. Zh b RLX—HIIT FV I
OHMRTHB. SRIOFEMTIL Y —27 BRO/PIVE
BHA®RT v oV ERELTRY, HEZRLX—
DREIIBEBENC L DD THD. BIENIK
XD L HTEEEED 2 & BRI HHIL,
dynamic power x frequency x voltage®
JA¥HE FULL 6 LOW KExHE, £1 XY
BENT 0712 x 1/4=1/8 &2 5. —7, JLERF
M EERREIC FIT 5L L T4 fFL 72 Y, FULL
25H LOW ~FV Hl#Z2EA L 2 HE0HE- RV
F—iL1/8x4 =1/2 ITIEHT . ZDed 4 a7ic
X 2 IEEER B HEEFRBIRBNTE, Ty R T4
VHMICISC T FV KA BATAZ LIk 1
vk v PREE Y b KIBICEWE I HEE COEITHN ATEE
Lot

4.3 ERVFI—HTOTSLIZEITET—X

BMERMEIZDONT

#3124 70k vy P THIULL BEO KL Fv—
7 DEER MTG KRBT 57 =—X$e, 7=—X
OE/NENLTH D MT ORI FULL I8 5 ¥
FITI vy V& RT. mpeg2enc TIXAA L V—F
DON—TRT LZHT=d MTG B\ ~vr7uryay
7 LoV FIENS LRI # X 7 WHIE L L CRIFT
X, I MT 287 ney it AsrTa—Y 7
L 72/ R 148 D Phase N EZSINT=. BEFEE
BWHLEMEE, 25 Phase BT 2AMOI—F
NGV AR T 0 T AEEDT v R T A HI
WIGC 72 FV fHilfH, &EIRD ON/OFF Ol Y%
MTG H® MT izt L Tl Sz, £72%3% MTG
FICHFET D MT OFHFEIT7 2y 713 37.8 x 10°

THDHN, FV HEICRT 2 REBEA——~y ¥
1252 XV 0.1[ms] x 400[MHz] = 40 x 10° , &R
ON/OFF IZBL TiX 0.2[ms] x 400[MHz] = 80 x
10° THY, REBEBA—\—~y N 5OEBEIHEEI
BRBFHEC L DEAENDRICHATH/NES N EHES
5. applu IZBWTHRIERIC, 6 DEOITAYT
Va— YU RERICKL FV #l# - BRY Yy b F Y
UHREAINAD. Z DD Phase U 35, HHFELT
vy 780% 341 x 108 L7r o7z,

tomcatv TlE A A7 s T AHIZMEDIFE A
EEEDBAAN—TBHIN, BEFIETEIT =
7T L0 LR TRODHBR AN LNV DENETND
B FV #iEZ2EHT 5. 07 us T aeks:
MTG & L7EBBIT AL A—T1L 1 DD MT &7
v, FEEFEMID LHEINTZ. RIZAL V=T D
N—TRT £1ZHT= % MTG XL TREFIE EH
i, YU MTG £ MT #ICAEEE H#EL 725
BOREIEE L AL NV—T 2% MID TEFTL
BB DBEIEE L B LR, MT 0 FV §li#
E1TH LM Sz, BizZh b MT NED MTG 2
LU CHIREFENHEAIN D, ZOHAT LR
EOMDFV SIEITHEAL 20 & HESNE. swim
oW, A7 us I nbHizbd MTG LIz
WHEDIZEAEEZEDD AL N—TBEFEL, ZOD
N—FRCY T Vv —F > CALC1, CALC2, CALC3
DAEEND. ENEE»HIEICIREFEEEAL 2
FER, A N—7 2% FRK LOW TLAET 3 &
HEI NI,

5. F & &

AFHIXTIE, v A4 T ORI X B IEEEESL
FHEEFRRE L. BETHRIIFITHENR A 7Y 2 —
VT E—RET YR IAVHIRT—RBEFEEL, &
FIEEARTOZIEREDORIE, BEIWEXbNET v
R Z A U Hil# % Witz THIBIN COEIR/AMEE VW o T2
A RERICTZ VX VT NMCHISTETH 5.

BEFEE OSCAR a2 A FITHAIRAR, v
NRATHNTHESINTZHBET VX —ERFEL T2 & 2
% SPEC CFP95 @ applu T/ NMLERRC D FELT
FRRFEL T EE /K 60.7 % OHE T RAF —HIRK,
MPEG2 =V a—# TCiIT v R IV HlNEE—T 1
Ty TORERERE LEEHAITBNT, Ty RIA
VIR E T2 LD 0B K 82.7 % DIEET XX —HI
WEERL .

SHOBEEL IV IaL—F ECENRE KL
RNG A— B B AL ST BB DM, £ 4T
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