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Compiler Control Power Saving
for Heterogeneous Multicore Processor

AKIHIRO HAYASHI,# TAKETO IYOKU,t RYO NAKAGAWA, '
TAKESHI MASUURA,! SHIGERU MATSUMOTO," KAITO YAMADA,t
NAOTO OSHIYAMA,! JUN SHIRAKO,! YASUTAKA WADA,'
HiroruMmi NAKANO,t HIROAKI SHIKANO,? KEIJI KIMURAt
and HIRONORI KASAHARA t

Multicore processors are getting introduced for performance improvement and reduction of
power dissipation in various IT fields, such as consumer electronics, PCs, servers and super-
computers. Especially, heterogeneous multicores have attracted much attention in consumer
electronics to achieve higher performance per watt. In order to satisfy the demand for the high
performance, low power dissipation and high software productivity, Parallelizing compilers for
both parallelization and Frequency and Voltage control are required. This paper describes the
evaluation results of compiler control power saving for a heterogeneous multicore processor
which integrates upto 4 general purpose embedded processor Renesas SH4As and 4 accelera-
tor core like dynamically reconfigureable processors Hitachi FE-GAs. Performance evaluation
shows the heterogeneous multicore gave us 24.32 times speed up against sequential processing
and 28.43% energy savings for MP3 encoding program without performance degradation.
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TV r— 3 &AA CPU a7 Y RicBE S Crdiic s
TERbic, PNBEEEATE Oy 23DRET /€5
L—&#ER LT CellY), MP2115) % UniPhier® Ok >
BATFOYZFPAINF AT TabyFEEESATHS.
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2y Y OFEEEEE FF 54 a7 B TEDHMNE
FEMRITS C L TEADEIBEERT S LLTRELT5.

ATk, AV IRRYEAFaT SOy Y Os-
CARIZT 75 L—25B R L iznTFaY =7 A</VFa
Pty gENRE L2 8 Jic k B ENBEHEIE
OMREMBZENE U, BEBNHNEZ X705, &
FEARBLY, TOFERERICOVTHENS. (T, 28
TRNTOY_FZAINF A7 Tty DT, 3BT
IBEBATENIE 2 X 7 T UL, 4 EBTIXEAREAR, 5
#F T MP3 L O—XERW RSB R U7 OFERICD
WTEREFNRBRRS,

2. ANFOYZTFARIVFAT IO v

ABETRAFTHRE LTWS OSCAR BXEY 7—F
FIF P08 pAR—RE LINTFOATZ T ARNF AT 7 —
FFIFREDOTRND. HRT—FF7/F+IIE 11
RTXSICRA CPU 27, F—&E&X2=v | (DTU),
a—sV7ad I LAEY (LPM), B—HhL7F—& AEY
(LDM), BXUDHIAAETY (DSM) 2> at vy
IL AV (PE), SMEEKATREY 0ty U808y
O yYEDT7 7T L—2 a7 EREXEVAHEESH
TESL, 1 Fy TR U NTay =7 ARNVFa7T
T—FTIF ¥ TH5.

LDM {2 PE /S AR—bDF—Z2RAT 572D AE
). DSM &, H PE &ftt PE OG5 EEHCT 7 -2 X7
HERT aTIVR—= b XBUTHD, ZAIHFT—REERME
WS /oRRIEREND. F—2E%E1=v  (DTU)
RBBEIATICEDZAZPEE 3T T— 2 EERITS C
EHTEREE DMA O ba—-5Thb, XX 0L
F—REEPN A —N—S5y SUJREL § 5. FLT, Fv 7L
RUFv THHCEFHEEAEY (CSM) DRHEEN, & PE
THEThZF—XE2BNTS. CSM IV F Y TR
Ko ThY, BEANV T THNERFCT—RDFEHE
EHTHETHB. OSCAR WIVFaATT7—FF77F v Tld,
ThH ABEDAEVICHL IS FHRER T — 2B
TR T LiCED, SHEOBOAINEEER TS L%

CPUO CPUL CPUNn

ceu] [pow on

hip

LPM }¢ [ LDM S

Memory |

I:Nehu_oLleLenface_l . Inte:face off
: Chig
CSM

DSP1

DRPL

1 AFRYZFAINVFaATTakyd

BfsLTW3.

X7z, 775 L—2a7 RBNERKRRE oy o
HHESEXMAOX X EORPEHRONE, 7/e51—%
a7 ORE, TOM—EOFFAENTERIY Fa—5%
.

FVR /oty ay7, XeVEDF v SBRERED
VIR SEHEDY T b T SEAMICHIEEE R > 2 —
Tx—R (LYAR)BETHY. oV ISBAF Y a—
YUTRERNS, &7k yPicBiF 327 ONHER R
B/y, BELARE, BERUCSHEENYCOLYAXICHE
EEy TR EICKOFBEL, KEEBSHbEERTS.

3. BEBRVIENIE 2 R U WHNE

FEBTCRNTFOYFAINVF AT T atyy L TCORR
R 2 2 7 WHBAERIC DWW TN 5. BEERIERI B3
WEEIX, V—AReRB I alS LENTCRYT 3RO
JaRRY (MT) iIK23E3 5.

e BPA(Block of Pseudo Assignments)
ZORITURATRERT Oy, BIXUERON
rTay yRMELETay s, £k, 1 D0EET
oy 7ESETRCLICK-oTEONRTuy e LT
EBEENSB.

o RB(Repetetion Block)
TDOIITRATIZE DO N—TRIF X<k BB
BEE K> TERETNBNL—T, ShbBEMIFFa
SWNV—TE L TERENS.

o SB(Subroutine Block)
COIIQARRATZA 54 VEVECEBRTE
Tl Ehizy TN —F 22 1 DOIOXXY
LLTERLIZEDTHB.

MT £, 227314 51& BPA, RB, SB, SO MT
Doy ra—Lru—tF—2EFRREERRLY 707
o—437 (MFG) Z&ERL, &5Hic MFG »5 MT D
W R BEITAIRERETIC K DR LERE< Y
QXA %57 (MTG) & LTEBT 3910, MFG &
U MTG DOf%H 2 IR

MFG EBWVWT/— R MT &L, ERT Yy V77—
2EER, ERIyYRayiru—-Lru—-2%Y. £k,
J—FAD/PNHEEESERERT. MFG TlETy JORHN
REBENTVAEY, Ty VOFARTFRAZREL TWA.
MTG 8By 5 /—F& MFG [ MT #&L, /—FA
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Data Dependency
--------- Extended Gontorol Dependency
O Conditional Branch
77N AND
S MoR
> original Control Flow

——  Data Dependency

---------- Control Flow

QO Condttional Branch

(a) Macro Flow Graph (MFG) {b) Macro Task Graph (MTG})
2 wruryu—4¥37 (MFG), YXY/0aXAy 757 (MTG)
ol

D/ MT NDRBMEEZL TS, £, FROTY
VRF-ZEERZEL, RROTy VRREhzav
O—)UkEERET. RS hizar Fo—uikFEeiR, @k
Dy ba—URERET TR, F—RkEFELHEMEEEE
BB TR BT-DHT/— RBETEIh AV L 2FEE
T BERMEDIEEEATOD, Tz, TYIVERRBT—TIC
I3 2 DOD0BHSSH D, ERT—IRT—=2icXko>THRRBLON
fexw P AND BRICH BT &%, A7 —27RERRk5hN
fexy U OR BRICH AT LERLTWVAS. MTG IZH
WTRTY VORMZERENTVBEH, FHEHIEESH
TW3. £z, KEZEFEO Ty IRAYIHLDay ro—
N7ua—%nx7.

EREINiz MT 3—2 Lo 7avy¥ L A+ (PE)
WoxBTak vy N—7 (PG) icEID Y THohTET
Eha. ZOPG I MT 200 S THDERETDIAT
Ta—VITFRLLT, ZAFIVIRy a2 T
ABRF 49 TRy 2= IHHY, MTG DR, £T
BERE R S BTICBINE N 5.

ARTHRI AR T AV I A Va—) I REVBEE,
AVRALSREEATAXNEHREL, CPU ITRT %
I L—Za7E0OFE a7 O EER L TREYT— 4k
B E DX —R—\y FEg/MET 3 -IcFHIC MT %
EDETRY, HAFI9 IRV a—) T RHVDS
|, AL S MT Oa—RIKMARAT Y 2a—5D
I—REERL, WHa— FRICEDALT 2Ic X DETHR
I MT % PG ICEID 4T3,

EHIZ MTG WD SB % RB WAL M FEDETE
358, 0 SB % RB WETREMIC MTG 24K,
BB 2 X 7 W BT % 12).

4. ANTAYVZTFTARIVFATERNRE L
BRBRUBRAES
AETRNFOI=FARNF a7 255 e L BAER
RUBHERHEARICOWTHENS. 3ETHRN2L S, I
UIRANVBHC AR T Ay D Ay a—) VIR BAVBRERE,
BEITORMERER LA Va—) v L &oT T uy
5 LOETREEERT BT EMARETHS. L L, BH
TB7 TV r—vavick-> Tk, T—2EEDHEREC
& o TEREITFRE B 2ROV ELET B i, Fv

TRADSTOIATEER T2 TS LETIERT BT LIdR
AIEETH D, EV—Tx A FMREC XD EEEIDHER SO
TLES. ZBLTCRAVATVa—Y U 7BICaAT7THICERX
U R FETT B DICRA LI FREERUEEERE, L
{EEWE  aw 7 Ot RIEILT 3, H2VIZEEENZT
ST L THBBHEERIESCLHTRETHS. F£i, &
D 3 3 FEEOREIEEH (LOW, MID, FULL) &L,
BREBREICH U CEYIREENN— FU 2 7HIKIC KD
EHLNTWB LT3,

£ 1 KERERICBIZEE, BFERIC X 2FMNER
IRIVF—, VI EBRIERBNOLLED 1 ff (FULL %
300MHz, MID % 150MHz, LOW % 75MHz & L 90nm
7 /udRRELRR) ZRT. 2T, BHEEBTIV
F—LIFEU clock DR IT-> ESICHE SN D TRV
F-rEXT. BREEECEL TR, SEHMECAVZERE
WS 5 OFF OIRRETIR Y — 7 BRICK 2EAHEABL BV
LEDLTEN, TakydaTADT oy 7RO KN
TEDHARIEEND 0, V-V KX BHEBENDERE L
RLEWIRREFIBINT B EHNTES. ThHERT A~
ROREOHIIERICER D LDARETHS.

£1 FHERERICHT 335 A—2 DR

state FULL MID | LOW | OFF
frequency 1 1/2 1/4 0
voltage 1 0.87 0.71 0
dynamic energy 1 3/4 1/4 1]
static power 1 1 1 0
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FTERXEAVTEESNTVS. MP3 Ty a—F 1V
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TR SOUBEEANT—ENEL BB ETEVRLTE
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AFHETIX, TVaA—F 4 Y TDAST—RRATFLAD
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FIFHIHOAEE, #EX 1ICPU ICX3BRETRICHT S
AR ERERLTEY, KHD nSH4mFE L&, n#HD
SH a7 ¢ m &EDFE a7 2FRAL TV EWVS iR
LTW3s. W5 DORBETSH a7 1 HTEREFT LS
BICHART, 4SH LT 3.97 £%, 2SH+2FE ¥R T 12.57
f%, 4SH+4FE #KT 24.42 fEOHER L2BLNBT L
MWHETER. L, BEOEETRERERCERND
7o 7%A Nk 2SH+2FE AT 12.56 £5, 4SH+4FE #
T 2432 b, BEEEFEL T 0.08%-0.48% & D
THMCHEBETNRLN.

K 6 BT, #ihi oty rEBREBLUCRAERRU
BIRHEHOAE, WIS BRTOHEBRTILVF— (J) BR
LT3, K6 DEERT, AERRUEBERIEZTDZD
BAICHAT 2SH4+2FE BT 26.40%, 4SHH4FE R5%
EBVT 28.43%DEAE T INVF—ZEIRATHETH D, &%
A2 LT 27.80%DHB T XV F—DHIEMNE S h iz

RICFFERCERFEMEL {fTbhTWa T L 2hER
§ 372, 2SH4+2FE DFHICBVTC, BEBRCERHE
EIToIBE0OET L —ARERER 8, RIEHRUERS
HETDAVBEOET FL—XERER 7 1087

7&b, SH a7 DIZL A LD IDLE THBT &

SH#0

SH#1

FE#0

FE#1

7 2SH-+2FE BEEOET FL—ABR
(ABE R CEERNHEE)

sHeo [T

MT210

SH#1

FE#0

FE#1

MT157

8 2SH+2FE BHEORT L — IR
(ARBRUERREE)

b, CUFAVIACFIREBRAETF 4y I ATV 2=
YTk, N7 USRS (MT203-MT218) A SH
IFICHOYETHHh, BEIOXMPAEL, MDFE-GA 2
7 TONB©E NIRRT (MT187-MT202) D
PTHFE-GA 27ICHOYUTHNEHTHS. LoT,
4 BETRRIBIC, TSI > TaA7 DR ER
BHET AT EHARETH B, ERICILILFIC X D AB
BRUEBRHEZER L ZBE0ET L —ARBRTHS
8 #H% & SH a7 LU TEERBERR UREDERHT
DR 7 ICHAR SH a7 ETOR R 7 ETRHHBET T
BT EeMbHhB.

CORBRICBNT, &7 7/ards Lekr2EzTTE0
KRBy 7EOS>H, FaT7NED S 3R EERET
ERICETFLEIOy 7OHARE 3 ITRT.

7 3 DFATIER 8 DB AT EBICHLL THY, BIisH
LT AR UBRORERRLTEHY, chicky, /o
75 LeEOYEED S, a7 HARERER CERRETET
Li=gahvbbs. FlxiE SH#0 X FULL(300MHz) T
24D 20.04%, MID(150MHz) T 2.21%, LOW(75MHz)
T 4331%DUBERTLRDRELEL TS T Lk
RLUTVS. 4 BTN ICT 785 L—2 a7 I35FE
ONEE LT 5 B THRRL T3 720, BRI
To TERER TS €2 DTId%<, BFHD ON/OFF
DHEITO>TVS.

% 3 2SH42FE BREOR 7 ORERE X CBRREDCLS

(ABRBRCERNEE)

state FULL MID LOW OFF
SH#0 | 20.04% 2.21% 43.37% | 34.39%
SH#1 19.56% | 12.87% | 43.10% | 24.47%
FE#0 | 92.35% - - 7.64%
FE#1 | 90.08% - - 9.92%
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£3M5bhB L3I, SH 27 T3 67.57%-77.76% D
B¥HY LOW(75MHz) & U< I& OFF(ERIFENT) ORET
ETENB. FE-GA 27 TR7u)S LoHTHEE2A L
578, 0% B2 FEEA FULL(300MHz) DikHE
TETEN, ZhLOHIERZEN LEHRENICERL
TWBTehbhd. UEDT ehD, 4 BTRXRNTH
JZTRARINF AT N E U Bl RITE— R ORIENE
LLfTbhTWB T ebhb, av A LBAL, ik
[k EERES O ERT BT LN TES.

6. ¥ & &

AT, NH CPU 27Kz, $NEREEARE 1
Yyv R EDT IS L—2EEE 1 Fy T EICERL, O
UL ST —FT U F v ORI & o TUEMRE L EHR
BAOWIZK S OSCAR BIAT) 7—FF 7 F v BFHFON
TaYZFPARNVF AT oy ERHREL, 345
IC X 2 BENEFIE & BEER CERAEEA L 5aOME
RUEEENOFMZIT>7-. MP3 Lo I— &=l
DFER, 1SH a7icxtl, 4SH $T 3.97 %, 2SH+2FE
R T 12.56 £%, 4SH+4FE #RT 24.32 fOEER LA
Bohiz. ZLT, HEETOENBEICTOEEEY
IZIFHERF U= £ F T 2SH4-2FE $BLT 26.40%, 4SHH4FE
BEICBVT 28.43%DHBR LRIV F—DEEIE LN .

B AFEO—EIE NEDO “RfENFOI=7 ATV
Frut v UHERRE OXBICL v iThbhiz. AWEERE
T93ichizb, BLROWHERWVZIZEE LR (K) Bl
T NEBET xu—, NILBBK, FERESK, CFEE
BRICEARLET.
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