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Compiler Control Power Saving Scheme for Multicore Processors
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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
percent energy savings for MPEG2 encoder using 4 processors added deadline constraint.
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% Phase W MT IZXt§ 2EIEAEEREICHES.
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o L PEO PE1 PE2 PE3
DOALL6 DOALL7
LOOP10 M D DOALLY
DOALL14 LOooP11 LOW
LOW
200M- porLLs [ oF |
Low Laoop13

DOALLI7
LOOP18

cl ock

6 applu PIEHEENHIBEARER (4PE)

400M

LOOP21

600M+

3.4.2 Phase RICX3 5 FV HlH7ILTYX L
step.1 Phase Z#M79 % MT IZ& 555
Phase 23 B—® MT ToH 255 ?

Yes : Phase OEEH#E 20 MT OREAEHEL,
T

No : step.2 ~
step.2 mazr BIZXT % FV Hilfil
Phase 23D MT OEETH Y maz; EXHET D
a1, BOONT-EEEEET Phase &K% FE1T
L 72BEDEITRZ KD, TNE Thgw; deadiine &7
5. maz; &, TO5E arg;_j 1ZLLTOEY.

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

argij =Tijm +Tijn+...+maz;ja1+ ..
TR0 arg_j 1 FROFHERZTHD LT 5.

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

EROBEIZHET D MT 04 % Phase & EH
L, Phase (29 % JABERE 3.4.1 Filc e,
Z OB, % arg OEMERAEE FULL R0 EATR %
HEL FTREMOREVE (RBED/NSWIE) I FV
%= EHT 2. BED arg PICZFE—O MT 2K
EREENDIHER S HN, —EFV flEsEHIN
7= MT OREHIIBECIRE SN T\ B2, EEIX
I,

3.4.1 i, 3.4.2 B FRIICEAT 2L TEMT
WL TR BB RIESILD.

3.5 EREIECKSEHEEENEL

3.4 Fio X DI %i% MTG XL T FV il
&N, KIZERD ON/OFF %#ili§5Z L Trnm
Ty BB EIT STV idle By DA ELE
5. MTG WIT idle B0 RAET 2DITRD 3 i
HTH5.
(1) T—XEENH D MT OBRART
(2) 2FIVYHTMT OKTHR
(3) WFBLEFEEHREFIEC LD idle
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7 BORFETE— N TOMREM ER

B 5 I ENENDHED idle T, T T PG3
IR B EFIRIC L) RE L s 27 a2k v )T
HY, WETH B THNATHRY. LUFORMAE T
723 idle iz xtL, EIRENZEH 5.

o REEBA—N—~y FHED, idle DRHETHE

7% ON/OFF O8IV &2 3 7R

o EBIGEMIC L BIIHEBHIBFTEE

3.6 MT ORI MTG Icxd SEHEENEL

PLEIZ X0 B3 MTG OF% MT; ([Txt Lz ehE
BEESPRESND. Ll MT; NEIZEIZ MTG;
BEHRINDHZE, MTG; EICHFET S MT #XEiC
A2 < HIBEL 72523 L 0 IHBRE 2 MA b 556N
HD. ZOD MT; ODETRHET, £V MTG;
W7 SRTFIUT R D R WEATR TR Tarre, deadiine
R, FERIC FV Sl e BRGIEE2EHT5. &
DX MTG; ODREBEBIZHI HFEL 254 &
MTG; WERIHIEES MT, 2% F—0FKRET
WIRZE LT B DHE T RVX —% Rl , LVEE
TSRO ENFEBIRT 5. UTNCEENR2T A Y
R LERT.
step.1 Tv1a; _deadiine PDRTE
T(FULL) % MT; &% BAEH FULL TETLZ
BROAERRERH], num_of_iter; & MT;  RB ThH 5
HEILEEE (RB YA OBHEIL 1) L EEL, LT
LIOCEDS.

TMTG,-_deadline = (Tl—Tz(FULL)) / num_of_item
step.2 MTG; OREBEIRILYX—EH
MTG; tD jFHD MT & MT; ; £35. step.l
TEDONET YR T4 LI 3.4 HiD FV HlfH,
3.5 BiOBFEHIEEZEAL, MT,; OWHETINLX—
Energyur, ; ZRETSH. Zhba#fil, MTG;
DOIHEBETRNVF =T Y Energymr,_; L7025,
step.3 JHEI RILX—DLE
MT; % RB Th otz & 13 DEEEE num_of Lter;
ZERL, FV 080 B2 BT E$EE o b
THZETRDEA—N—AY RO RAX—%
overhead; £ LT, 2 DDOBEDRIEET XX —

FRFIGE
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8 RHETE—F CORMHZRLF—

o MT; %R—AEETET : Energymr,
o MTG; ORNEMZHIE - (3 Energymr,_; +
overhead;) X num_of _iter;

EHBT 5L TEY T RAF —DRVFEBRT 5.
4. EREST M@

ARETIIRET 2IEEEBEHIEFEEZ OSCAR
AU NRAFIZREL, ary XA FNTRELLNE
BHMEHERE ROV TN, FECAVEZAE
Wk, BHOKERE DNRT A—F1TF 112, ¥
HEENB IO FV 910 B2 BOREBEBRME R
2 1ZRY. 90nm DT 7 J v ¥ OMBIAIATIKE S
A7 utyhEEEL, @HE (FULL) ORFEE%
X 400MHz & 95%. SIS vy Hicktd5E
HWEOFMETH LD, AT YRAROBEENTIE
HDTWRV. £ 2 F, BIFENIT Wattch®? 2 AV
7BV IaV—F EVREL, BHENZOWNTIT
AFHE TR L TV B ERES AR vk v o—4f
& LT SH-mobile OESFHMi#HIC? #5EIC L.
130nm @ SH-mobile 28T CPU 227 D AHDEE
EIIX 94.5mA, CPU =27, URAM, v 277 v/
VO RBEEDT Y — 27 BRD 2.2mA L OREFEN
Ll TRy, RHMETHEL TWE7 v vy
BOTCHLRBEOHERTHELLT CPU 27 DOH
KT DY — 2 BRSBIEERD 100 50 1 ERE
L7z, RIEEBRHCELE - BERARKEO BRI OV
Tk w77 atk v¥ (SH-4) ETOH Cooperative
Voltage Scaling F#2%) 128\ T, BIEEEL 1.2V
2B 2.0V ICHIY Bz DBEOREEZRMN 0.1[ms],
2.0V 2°6 1.2V ~OEBIHD 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, BXU SPEC CFP95 £V 101.tomcatv,
102.swim, 110.applu Z AWz, SEITHEAASSZE
HELTWDY), a7y A% L TR
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B9 7vkIAUHKE—F TCOEER LR

EOREZZEmO TS, £7z applu Ti, FEITH
BIDIZEAE ZHDDIN—TRT 405 M50
WS & FEI TR EICHBEL, ZOHEBITA U TA
VRN HEERITNT —F e —h VT 4 EmD
X9V RNTIF ¥ VT BT, £72 MPEG2
Ty a—FEZonTit, =ra—F 7 BEOMRE
FHGEAT 5728, ST 57 DDART—Y (B HEE,
g% P, DCT T—N&R, T—FEH#H, v R
hY—AH, R, $T— X B &R
%L L7202,

4.1 ETBMKRNMRTS21—Y2TE—F

EITHRIR/ ATV 2 — V) 7 — K TO#HER
REM 7T, MHBTINVX—2K 8 ITRT. TNE
NEER T 0k v HCTH Y, EON—BAFEE A
WRWEES, ARAFEEZHEALLLERTHS. 7
DENTR/NAT Y 22— 7 e—F TIEARFEEA
WL AMRIE TR RS, BARMOAIMERES HER
LTWABZ ERG5. EREHETFALE—ITONT
X, BEFEEZHNDZ L Tapplu TE 27 2ty
TOFEITRAZ 36.3 %(102[J] 235 65.0[J]), 4 T =Y
PIFZ 60.7 %(174[J] 25 68.4[J]), mpeg2enc Tl
2 7 ut v HIHT 5.55 %(1045[mJ] 25 987[mJ]), 4
Tt v YREZ 27.2 %(1336[mJ] 55 973[m]]) DE
TEWR RoNT-. o077V r—v aiZid+
DR WFIMERB | HET T ey BT AR LR D
BINIFEL, BREFEEZEATHIZETT A KR
BORERBENHBEZHIBIN 572D TH5. K61
applu CR—H UTF tHHDO Y AN/ F¥ VT %
BHALERBICRL, BEFIEN FV - BIRGIHE % &
RALEERTHD (4 7ty ¥EE)., 7 VT 4
AIZFY 35 DOALLG6, LOOP10~13, DOALL17,
LOOP18~21, DOALL22 (I R#MEMN 0 THH7D
BEARE FULL ERESh, Thiso MT 3%
NEZNORBEIIEL T MID BE LOW ERES
iz, TiZidle & 72 B85 x L TIXEIRHENTHS 18
Sh, EHEEEREFON TV, —F, tomcatv,
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B 10 7 v R 74 UHKE—R TOREZETRLX —

swim 137" 17 J A2EE B L T ok WIS FE
L, &/ANOQERFEZRIES 2 720213 HIZ FULL
TEEL RTNIE RS RV BHEEI R b2
Mmooz,

4.2 TYFFAUHBE—F

927 v NI A HlfE— R TodER LR, X
10 ITHIHB = RN X — %" T . AFHETIE 1 ety
VOB ET v R T A L L. EON—IXEE
NFEEHEALZVEETHY, ul T 5K THD
ETuEyHIT v R IAVICETHECEIEHEE
LT 5. HRON—IT rS T AOEITIIHREDE
¥ FULL TiTV, FATHRTHREREEZ OFF 1272
BENREEITo72bDOTH D, FON—BEREFE
LA IEEBEEIMbEToHEERT. K9 LV,
BREFIEE AVWEGE0OEER LRILEF<—7,
7oty 1 ke, Ty RTA
FREGZHZL TV, £K10 kY, BEFE
ZFHW2Z LT mpeg2enc T 2 7 2k v P KT 56.4
%(1973[mJ] 725 861[mlJ]), 4 ¥ =& v PKIT 82.7
%(3945[mJ] 7>5 683[mJ]), tomcatv T2/ HE v
PRHZ 60.1 %(181[J] 2B 72.2[7]), 4 7 & v Pk
I 85.6 %(361[J] 2>H 51.9[J]), swim T2/ &y
KFIC 62.0 %(207[J] 235 78.7(J]), 4 7 =& v ¥EEC
86.7 %(414[J] 5 55.2[J]), applu T2 7 12k v Fk;
12 50.0 %(127[J] 25 63.3[J]), 4 7 & v FRAT 74.0
%(253[J] 75 65.8[]) HET HLF —HIFE W 5 F
Rélpole, FFETRTRIZERE OFF IZ§5LW0
2 BB EAT > T2 H BT~ T mpeg2enc T 27
a2y P RHZ 17.6 %(1045[mJ] 25 861[mJ]), 4 7' 7
P IRAHT 48.9 %(1336[mJ] H°5 683[mJ]), tomcatv
T2 mt v PREIZ 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[]]), 4
7 ak P RIC 46.5 %(103[J] 75 55.2[J]), applu
T 27 aky T 37.8 %(102[J] 225 63.3[]]), 4
T ak v FREC 62.2 %(174[]] 5 65.8]T]) BEIIHE
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%® 38 ¥ MTG IKHAEN 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°

ERATHND. ZOXICT v R T4 U HIROERET
BERARE S - BEZEYNER TS Licky, Kig
RENHEEER L. /4 7 0wy P CREFRE
ZEALZES, swim IZBWT 1 7 ak v oL
HRMEREE MR L 72 % 46.5% HBETRXLX —2Mx
HZEITHRHLTEY, 4 a7k HIKEEEAHIE
WHHEZ LV 1 ey HREL D b RIBIENES
HETOETEFRETEDZ LRI D LN,

4.3 ERVFIT—HTOTSLIZEFET7—X

BEREIZDONT

F3I1T4 7ty THIULL T2BRDO BN F~v—
7 DEER MTG KRBT 57 =—X$é, 7=—X
DE/NEALTH D MT DJEEE FULL IZ81) 5 ¥
FEIT7 vy 7B %7, mpeg2enc TEAA L NV—F
DNV—TRT 412HT=5 MTG KB\ T~wrur oy
7 VUL ONFIMEDSHRLEE & 2 7 W& L CRIFAT
X, I MT 287 mney it ArTa—Y s
L7243 148 D Phase W EFZSINT-. BEFEL
WHLZMER, b Phase BT 2AMOR—F
NG AR T 0T T AE2EDT v K 74 HIK
IZIRC 72 FV I8, EIRO ON/OFF O fI#ES 4 3%
MTG H® MT izt L Tl Sz, £72%3% MTG
FICFET D MT OFHFET7 2y 71 37.8 x 10°
THHH, FV BT 2REEEA—N—~
1E£ 2 £Y 0.1[ms] x 400[MHz] = 40 x 10® , EIR
ON/OFF (2B L Tid 0.2[ms] x 400[MHz] = 80 x
103 THY, REEBA——~y NSOBEIHEEIT
BRPFEC LDABIRRICHART /SN EHEES
5. applu IZBWTHEBRIC, K6 DLIICAT
Va— YU IRERICKL FV ## - BEY Yy FF Y
UREASND. OO Phase $X 35, FHIET
7uy 78T 34.1 x 10° L2 o7z.

tomcaty T A A7l T APICUEDIEE A
E2EDBALN—TRNHDIN, BEFETITI o
75 LD BT RD B R A N LUV DEN TS
Bz FV #l#Z2EHAT5. ok als I rehks
MTG & L7EBAIWT AL N—T1E 1 DD MT &7

LR
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v, B MID HEShE. KIZASNA—T D
WN—TRT 21T HT= % MTG X L TREFIEH #EH
Eh, ¥FEMTG Lo MT B BEEE SIEL -5
BDORBE/TEE & A N—T4K% MID TEITL
TSR BDEME L B L IR, MT #0 FV #l#
A7) LTSNz, FiZZh b MT RED MTG 12
ML CHREBEFENBEAIN D, Z0HAT LK
FEOHMNNFV HIEZEA L & HESNTZ. swim
oW TIE, A7l I LbH=5d MTG LiZ
WHEDIZEAEEZEDD AL N—TBEFEL, ZO
=T WIZY T —F > CALC1, CALC2, CALC3
BDNEEND. B DIRCRERELZEAL 2
R, A N—T 2% FEHE LOW TLET S &
HESINT.

5. F & &

AT, 2234 7ol X 2 1KEEEL
FHEEREL 2. BEFEIIFHTREE/NA Y a—
Vo7 E—RET v RITAUVHINT—FBHFEEL, K
FEHEAROEDHRORIE, BIOEx 60T v
R Z A ik % Witz THIBIN COEIR/AME L VW o T2
BaxRERICT LI VT VCHIGTRTH 5.

BEFEE OSCAR v XA FITHEAAKR, 2
NRATHATHE SNEHBETIVX —ERIEL - & Z
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ERIEL 72 E EHK 60.7 % DIHE T RLF —HIE,
MPEG2 = a—& CiET v R 7 A VHilfE 7 n
o TOMERERE LEZHAITRBNT, Ty RI4
VIR L o0 K 82.7 % DIEE T XX —H|
WA ERL 7.

SHOBELLTIY I 2 —F ETEHREHEX
IpRT A—F B AL SR TGE O G, & AT
VIRV a— Y 7 EARTOIREEE I
ERFTFNS.
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T v EH?, KON NEDO “V 7% A AMERFEH
~/VF a7 EHH” Multi core processors for real time
consumer electronics O XEIZ XLV Tz,

2 £ X B

1) Suga, A. and Matsunami, K.: Introducing the
FR 500 embedded microprocessor, Vol. 20, pp.
21-27 (2000).



Vol. 41 No. 6

2) Cornish, J.: Balanced Energy Optimization,
International Symposium on Low Power FElec-
tronics and Design (2004).

3) et al, D. P.: The Design and Implementation
of a First-Generation CELL Processor, In Pro-
ceeding of the IEEE International Solid-State
Circuits Conference (2005).

4) Multi-core, I.: http://www.intel.com/multi-
core/.

5) M.Wolfe: High Performance Compilers for
Parallel Computing, Addison-Wesley Publish-
ing Company (1996).

6) Eigenmann, R., Hoeflinger, J. and Padua, D.:
On the Automatic Parallelization of the Per-
fect Benchmarks, IEEE Trans. on parallel and
distributed systems, Vol. 9, No. 1 (1998).

7) Hall, M. W., Anderson, J. M., Amarasinghe,
S. P., Murphy, B. R., Liao, S., Bugnion, E. and
Lam, M.S.: Maximizing Multiprocessor Perfor-
mance with the SUIF Compiler, IEEE Com-
puter (1996).

8) Gonzalez, M., Martorell, X., Oliver, J.,
Ayguade, E. and Labarta, J.: Code Genera-
tion and Run-time Support for Multi-level Par-
allelism Exploitation, Proc. of the 8st Inter-
national Workshop on Compilers for Parallel
Computing (2000).

9) Saito, H., Stavakos, N. and Polychronopoulos,
C.: Multithreading Runtime Support for Loop
and Functional Parallelism, Proc. of the In-
ternational Symposium on High Performdance
Computing (1999).

10) ARZ3L, A BHEE, 4IRS Fortran 7 w2 7
DHRLEE # R 7 IO W IR M T, T HHE
{E2EFDGEE, Vol. J73-D-1, No. 12, pp. 951-960
(1990).

11) H.Kasahara and et al: A Multi-grain Paral-
lizing Compilation Scheme on OSCAR, Proc.
4th Workshop on Language and Compilers for
Parallel Computing (1991).

12) SJRIEME: Bioiko B #3NEFI{h = 31 T B,
LB, Vol.44 No. 4(GB% 458 5), pp.384-392
(2003).

13) Albonesi, D. H. and et al: Dynamically tuning
processor resources with adaptive processing,
IEEE Computer (2003).

14) Wu, Q., Juang, P., Martonosi, M. and Clark,
D. W.: Formal Online Methods for Volt-
age/Frequency Control in Multiple Clock Do-
main Microprocessors, Eleventh International
Conference on Architectural Support for Pro-
gramming Languages and Operating Systems
(2004).

15) Hsu, C.-H. and Kremer, U.: The Design, Im-

~NVFarTT oty Bt bar A, FHEKEEELFE 1243

plementation, and Evaluation of a Compiler Al-
gorithm for CPU Energy Reduction, The ACM
SIGPLAN Conference on Programming Lan-
guage Design and Implementation (2003).

16) /NMETH, BT, HRER, AER—A, SRE
M~ VF TV A L WHILED T2 0 D B & 5]
SLERHIEI TS, TH R R3RGE, Vol. 44, No. 4
(2003).

17) BF%, REBHE, AR —A, /DNETH, SRE
i < VF TV A o WFIER 072 D OBIRE A
¥ T AV RATIE, HRLEFROGE, Vol. 45,
No. 5 (2004).

18) AR, pHFR Bh, #5481 OSCAR(Optimally
Scheduled Advanced Multiprocessor) O 7 —3
77 F ¥, BT EBRBEERWIGE, Vol. JT1-D,
No. 8 (1988).

19) Kasahara, H., Honda, H., Iwata, M. and Hi-
rota, M.: A Compilation Scheme for Macro-
dataflow computation on Hierarchical Multi-
processor System, Proc. Int Conf. on Parallel
Processing (1990).

20) Kasahara, H., Honda, H. and Narita, S.: Par-
allel Processing of Near Fine Grain Tasks Us-
ing Static Scheduling on OSCAR, Proceedings
of Supercomputing ’90 (1990).

21) ANE =) BMH, MAKE, SREHE o7
NF o T NF Tt v¥ BT ONHRLE I FIAL
B AL SCEE, Vol. 40, No. 5 (1999).

22) et al, Y. K.: Hierarchical Power Distribution
with 20 Power Domains in 90-nm Low-Power
Multi-CPU Processor, IEEE ISSCC (2006).

23) et al, T. H.: A Power Management Scheme
Controlling 20 Power Domains for a Single-
Chip Mobile Processor, IEEE ISSCC (2006).

24) Brooks, D., Tiwari, V. and Martonosi, M.:
Wattch: A Framework for Architectural-Level
Power Analysis and Optimizations, Proc. of the
27th ISCA (2000).

25) et al, M. 1. A 4500 MIPS/W, 86 u A
Resume-Standby, 11 ¢ A Ultra-Standby Ap-
plication Processor for 3G Cellular Phones, IE-
ICE TRANS. ELECTRON., Vol.E88-C (2005).

26) Kawaguchi, H., Shin, Y. and Sakurai, T.: u
ITRON-LP: Power-Conscious Real-Time OS
Based on Cooperative Voltage Scaling for Mul-
timedia Applications, IEEE Transactions on
multimedia (2005).

27) HE, et al.: vAF a7 T ak vt ETCOT—F
n—h I AE—var FRLHEFS ARC 7R
W& (2005).

28) /INEM, PEFE SR, ARMNTE ) HREE Ty <
NFTaty ¥ ETOMPEG2 = a—R O3
SUER TEEAERE SRR, Vol. 46, No. 9 (2005).



