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Abstract

In recent years,battery-driven embedded systems such as smart phones
and car control systems, game machine and controllers are increased. At
the same time, high performance and miniaturization are advancing. For
battery-powered systems, the length of drive time is a factor that greatly
affects the convenience of the system. However, power consumption has
been increasing due to high performance.

Further, as the performance of the system becomes higher, the pro-
cessing becomes more complex, Worst-Case Execution Time (WCET) is
also increasing. In particular, embedded systems that perform real-time
processing satisfy deadline, so a high-performance core is required. The
core performance and power efficiency are in a trade-off relationship. So
adoption of higher performance cores leads to increased power consump-
tion.

Therefore, in order to reduce the power consumption of a system having
real-time nature, a method is propoed by using a heterogeneous multi-core
processor (HMP). Existing method succeeds in reducing power consump-
tion by performing task scheduling optimization on a task basis.

However, in this method, power consumption may increase depend-
ing on the task execution order. Also, this method must embed check-
points in tasks. The accuracy of core switching depends on the number
of checkpoints. If the number of check points is reduced, average power
consumption increases. In addition, the prior method has a problem that
the deadline can not be satisfied when the actual execution time is almost
same to the WCET.

Therefore, this paper improves scheduling algorithm to always satisfy
the deadline constraint. This paper also proposes a scheduling method
using expected value of execution time that can be realized on hardware.
This solves the problem that the power consumption increases due to the
execution order and the problem that the power consumption increases
as the number of checkpoints is reduced.

In addition, we simulate the car navigation system that carries out

real-time processing and evaluate the power saving performance.



According to our simulation results, the proposed method reduces power
consumption by 68% in maximum and 52% in average.
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MREVWRAIDSFTRITTHTERIRET . BEFIETIE, M550&
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512, Td DHFRHER K EWEX X7 2 FIHOFTEICEIT U, Td O ARHE
DINS IR R A7 ZAADEPITETTEH L1295, ZHitkD, K55
FIED X5, HHORREICHKE L Td ZFEHA LT, #¥0 Td DA
TRAAVEZV—T Y RATTEIOELFETTLEILWAREL 5. £
7z, FHIDBPIZKRER TAPRELIZSLK 2D, M44D&5I12HKD
RAZIPTd ZRHL ENLVWEEEZHIET 5. ZOKR, Tr 2k
LZZENTE, FOVELU—IZ VY Ra7 CUBEITABZEDITRE0,

HEE D DOHIJEA W REL 72 5.

DL(all task)

LTagk B WCET_|
| execute

5.5: FEEFHEIZLD Tr Z2HIE L 72356

7, FAZETERZE DL, RIFMEDOAT Y a—Y) VI FETIE, 2
THOEBZHERA IV LT, RAZHIZ—ERIEEICF v 7 KA
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VEERITEMRENRDHD. UL, FzvIRI Y b EFEOoTEaTHY
BZEMETL, TdWKRELHEMT S I LT, HBEENIHHKE HK
5. FZIT, AFEEHAVWSZLT, AIRLZLEIICKERTd %245
RLJFARPERIZRAESE, BLEOTARL DRV EeTFHlINE XA 7D
MIIZRTEHZENTESL., TDD, Fxv 7 RA Y MUEHIRKL 725
BOAT Y a—1) VKBTI HEEIH RO ELZMHTE 5.
RIZAFEDOER FEIZDNWTABNRDS., —fRITHAIAA Y AT LTI,
JLEEN R D R A2 IZBEAITH 5. Kz, FBEEOENY 7L X1 L0H
V7 b 27 OFFRHZIE, fEEOEWT A N — 2%, WCET % fi#
WT2-ODTFAN T —ATOTAMNHEING. £z, HEXVT
WAL LR ZAT S X2 A7 ORBIEAL, @RI, WCET Ot
BHIEREIZZR>TWD., 22T, AFEREZHMELZANTOT AN
ZFITAT, Z ORUBERE R O B R AEIZ 22 4 6R U % H 1 TR OR AL BRI ]
ERRTHE R PERHAINT WS, KFETIE, 20T X MNEDOFHZ
HWT, TdDfHEZH S5 LDKRD 5.
HITEITIZBNWT, X A7 i DOFETHREZ T;, ZDOFEITHHTDEITFD
FehMEEE P LT 5L, TOXRT OETRIFOMFHE (E[T;)) 1% E[T;) =

TPy ek oND. ZIT, ZAY I OREETHEE W, &
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%Y, Td OHIFHME E[Td;) (%, E[Td])=W,—E[T}| £75%. ZZT, &
FREDRUXAIOELEE2 T =T),T,.. £ T5&, REFIETIX E[Td)]

DREVEDDNSFETTAHILT, RBEFELFEHTES,

52 REFEON—KT T

TATHER TR, AT Va—) v IEEN—F 72T T 58Tk
D, ATYOFEZDA = N=~y FZHIELTWE. TD7d, REFK
EN=RD 27 ETCOEREVARETRITINIE R SRV, KAFEE, &X
AT DEREDTAY Y MZ, ZD R AT DOEFTRMOIHRHED 2 X A
IHAFBHICE VDR EEINT 52 L TN R Y = TIZ X B EBDARET
Hb. FITMETREINTVWAN—RT 27070y Z7X%EK 5.6 125
3. 5.6 D Task Info Reg 1 A7 ¥ 2 —V ¥ ZIZ BB IERZIEMNT 5
VYRARTHS. £z, ZO 7wy Hi, X5.6D Priority FIFO 2%
MSNEBREZFO ATV 2= V7 %175, KFEEZEHT 2121,
X 5.6 @ Task Info Reg (Z X X 7 DFELTIRGH D HAFHEDNEN. Z &M L, #
FEO TN Y b &2 ARHMEDINEN DRI HZIEN—F 7 = TITHT 5
WE I RBETHD. 72, RAZDOBLRERZHERTIEY MIZHS &

BWEEIZE, FHNO R X278 7% N & UIKIZ, Priority FIFO % &4
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log2N ¥y MEIEZ1TS 2 & TAFRIFFEFTE S, T2k, &R

7 DFEITEEE 2T D DD, RETIRLZHBTES.

Dynamic Scheduling Unit

Task Info. Reg.
9 - Task Info.
Num of Instruction for Interface Unit
Dead-line Dynamic Scheduling RTOS - Hardware Scheduler
Check Point Info.
of . Priority FIFO
Low-end Core (LC) .
Task ID (Low Priority)
WCET
Dynamic L
Check Point Info. - Scheduling Priority .
of - . Controler -
- Unit
High-end Core (HC) .
HC-WCET .
State "
Counter Info.
Lock from L | Task ID (High Priority)
Monitoring Unit
To
Arbiteration Unit Interface Unit
Core Switch Unit - Scheduling Unit

Scheduler Bus

X 5.6: A7 a—1 v

5.3 Start Check Point D% &

AT D TEIZIE, N Ty Ra7 U EZBBLRITNIET Y R

T4 VIR EE - WEEICE, O—T Y Na7 CUEE 2R3 57
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O, T RIA U ERZERNZ ERDH B LW HEEDH S, L
U, BIINA T Na 7 CETZRBR LGS, v—T 2 Fa7 T
ZRBLTCETY N4 VEHERINZE 5551280 T, ROF =y 7R
1Y M ETENNEOE NS T RATTUHEZITD Z L2720,
BENDBERIZOBRD S, £ T, RAZHBERZRIZLF v 7KLV b

% 3% & (start check point:SCP) U, X AZBIRERZRIZE 3 7Y D& 2 H

ExRITOIET, BRELRSIINA T Ra7 CUHZBIETE A L5112
WRZ4TD
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6 TaeETAm

6.1 FHEAE

AWFFETIE, VTN EA LU ZEE L2 Iab—Yaryzfrwy, SCP
AU BRI XD HATIIE 2] O TR, FIUCIRETIEZEM L
GEDOHEBEBBIZOVWTIHET 2., YIalb—YardRgeLTh—F
CYATLDRMR A #E L, 3DOX A7 %#E79 5. 1 DHILH
R TH b, FTRRIXRE L TW5. 2 D HIINEEHRER TdH
D, MEBERVPABIZZLL56%, A TFEITREICIDSEDRH 5. 3
DOHIZBAE S B E TN — bR TH D, HER LB L]
THDH, FRU— N2 SHEBENZGEIITEGE B EE 2,
HIZEMODP PRI E 725, U EDRXRAZIZDOWT, IRD 3 DDLGH
EREL CHYREHERCEH XY, 1 AHORMTEITWHEE OV
TiHliz17 5. 1 DHOGEIXESEERDETT, bRV L SMEF
WEFADREEDHEL, V— b E2EEZ S Z I3V, 2 DHOYmIE T
B D EIT T, HAFEEDHE LIV — b OEMEMED S, B TA7 &5 T
BADOHENRDH Y, £z, BEEEVPHIILV— b 2MEZS. 3OHDGMH
FEEEHOETT, MEBRIILE L TIETE, #HizER L <V—h
ZHEZ 5.
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BEUI-MEB IR OREHERE2FK 6.1, 6.2, 6.3IZRT. £XAID

WCET OB a4 B d i i 22 = R 2 620k, {7 &5 #REH 2 100k, )L —

~ IR Z 680k &9 5.

R A% mnE (FEEMER)
B S | 620k(90%) , 610k(5%) , 600k(5%)

MEBH | 10k(91%) , 50k(6%) , 100k(3%)
A 5k(100%)

% 6.1 FHEROETZME L ZHE
RA D%, TR (FAERR)
HIHFEE | 620k(90%) , 610k(5%) , 600k(5%)
AL 10k(96%) , 25k(4%)
HatE | 5k(99%) , 100k(0.5%) , 300k(0.5%)

2y

3% 6.2: D EFTZ2E L - E

R AT,

A (GEAERER)

IER] [ 1 5

620k(90%) , 610k(5%) , 600k(5%)

(AR

10k(97%) , 25k(3%)

AR

5k(97%) , 100k(2.5%) , 500k(0.5%)

=1 ==d

% 6.3: FREOETEZHE L -RE
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DAED R A7 2 RATHRDTIETERIT UGG L, RETIERZHEMNLU
TEGFUEGEIIBEWT, HEENTHET S.

* 6.4: PFHMEREE
Clock Frequency
High-end Core | 2.8GHz
Low-end Core | 7T00MHz
Target task

XA JE 1 ‘ 0.5ms

VIalL—RRRAZEFDYIaL—YarEFD. £64I12¥3Ia
L — 2 DRBEST HEFEREOFMZRT. LV—THIZ1Y A 7)VH7D
DFELTa A (IPC:Instruction Per Cycle) & & A 27 D% b JLELE D 5 )4
BIBZeT, 1V—7%219127VONHEL LTHKS. FLT, ZAZY
DO I ED 0IZRBBIZIRD R AT 2 LITL, TRTDRATDED
M ER IR > TZEDONA T FaT7eu—T Y AT OEGTY A2
WD OHBEBNZ2RDE. Ty RIA V2R AZDWCET & ORB
JEIZ X BVEREDZ L Z T T 5720, HIDIEWCET I L TRBDODH S
TYRIAVEREL, TINOTY RIA V% RLAT, BRXATD
WCET DEEHETY RIA UBELL 725 25%E TS UTHHii 247 5.
ATPOBEZIED A —N—=~w NI 1000 7D 1 AL T 5. ZOfEl
AT THDLDNTVWRHETH D, AEEFEOFEEIIMES> ATV a—
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VY TN OBINIELED ALY MBOEMDOATH D, JMHEE
DTN ZDZYTH L. £/, Fov IR Y NEBDRVWEED
MEZ2FMT 5720, LBITHETHOSONTWEF 2y 7K1 ¥ MR
100 DJBETMAT, F v ZRA Y M 10 DHBEITH i %2 17 -5 7=.
F v Z7RA >V MEAI500, 1000, 5000, 10000 DFEDY I 2L — 3
YEfTo72 S, MREORHEIZ R EREBMIIA SN 572720 F =y IR
4> MEIX 10 £ 100 DBE B WTFTI 217> 7z, PAEDZAMT 1 /R
DRITEITV, HEBHOEEERD S.

MEEN, KATTHEELEZZ 0y 28I EFRBOWEZFH LT
KK 2R L, ZTOMICZITOFEHEY Y NIERRT S L TR
WY 5. FHYy MUZHMP 281 5 EEIHIEIZ DWW T OB [6]
£, NAZTYRNITIX46.44W T 5. F7z, HEEIITE L LA
U, BEO2EFICHHITAZ o —2 Y Na7OHBEENZ2HE T
5. FEEEADDIICT B EBEIINGA2%9ETENS [7]. TDd,
HEBEBHEINAZFATOTY MMUZ43D 1 & 0542 D2 F2FHL
Db, koT, u—T UV Fa70HEIFHEIVESNZETH

%) 3.44W &9 5.
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6.2 FHEER

PG R Z X 6.7 1R Y. FEROVRETIRZ A LG E, B 1T

WHEDADEGEDEEEITH 5.

= o= « Previous

MEBH(Wh)

Proposed

==t = Previous

) ) ) ) ) ) ) ) ) ) ) ) Proposed
1 095 09 085 08 0.75 0.7 0.65 0.6 0.55 0.5 045 04 0.35 0.3 0.25

FYRSAL>

X 6.7: i &L A

A OFER, ETOTY RIA4 VRBEIZBWTREFEZIMHH LS
BDIED VHBEE VPPN LR TE, &K 68%, FH52%DH
BEDOHIBIZEII Uz, FRCF v 7 R1 v MO AR WGEICHEE
HOHIFIZRELS LI LT WD, £/, Fzv IR Y MRS L725%
BIHET D, HEBHOMAKEMZ ZHITKINL TWD Z LA HERT
ERA
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7T BbHYIC

AWFgETlE, Ty RI1 VR ERZ SR OVGER D BEE R L,
FATHFDOHARHEZ FIV 2 ) 7V R A L OS DA YV a—1) V7 FHEDH
FKEATo7z. ZHITKD, ZATHBRE®R»ONA T AT TETL
BINET Y RS54 VR ZHBZERWEATE T Y K51 VRl % i
2B &SI Rotz. Fiz, KERENHERI O A% T DR E W
TEHLIIZR A DMHNEFZHBET 5 & T, KELRERFDOFEE
2RSS Z Tk U, HEEZ KK T68%, 3 52%HIET & 7-.

SEBROEEL LT, AETIRMAEDEH/D 7O IZFERHZEET S
AT @RI DE LD, BB 7 2ARCEEIEI A rYVa—-Y v

NOHEIRIZ & B E MRS IT 5N 5.

B

AT DORER % 52 TL IS o R KB, Rtz ED212H
720 % Kig TR 2 THW 7ol 2 RERRBIB, AFRIZBEWTIBH LT
THW 7RI SE B IR GHEL L £97. £72, AWFZEERITH 1247z
TR ZHH, THELTWAEEZWZaA Y Ea—RT7—%T727F vk

FEREDOERIZE, O o EHELXT.
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