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Application of Task Migration
to Engine Management Software

HirosH1 A1BA,T SHiNyA HonDAT? and HIROAKI TAKADAT!

In recent years, multi-core processor systems have been used even in embed-
ded systems. Multi-core processor systems are broadly classified as Function
Distributed Multiprocessor (FDMP) systems and Symmetric Multiprocessor
(SMP) systems. Generally, FDMP is used in embedded systems because it is
easier to satisfy real-time property than SMP. SMP, however, has the advantage
that versatile hardware is available and a task migration can be used. There-
fore, we apply SMP to an engine management software. Specifically, we use the
task migration to reduce deadline misses of soft real-time tasks and evaluate
effect on hard real-time tasks. Experimental results show that the increase in
cache misses due to the task migration has more impact on the execution time
of hard real-time tasks than the overhead of the task migration.
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Fig.1 TOPPERS/FMP Kernel
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Fig.2 CPU utilization wituout lowest priority time synchronization task
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Fig.3 Deadline miss ratio of lowest priority time synchronization task in static allocation
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IS, RARECERRFEM X X 7 OREEZF 2y 7 L, E0aAT7 TEIITEN TR,
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URRET 5. RAKEBSERFREY 2 X U 2i#d 20 Xz, X X7 1D 2T
5&91C9B. TARIVEZAIBIZDT—RF 2 =%\ LT, RAKECERRRIE X
AT DIREREF v 7T 5.

IN—=RUTIVEA LZ AT SRR ER MR X X 72TV T s Lieh e

(© 2010 Information Processing Society of Japan



TR 2 R
IPSJ SIG Technical Report

a7t | vvhazaT 224511 l
a72 T ’;7\; ot i\ | 52922 |
N i\ |
a7s3 axasjl \ 1 52932 || !
<7

i |

a74 T BAR41 *

4 FhEY T AR
Fig.4 Detail of dynamic assign method

ISHHMIL, TV N URGEIE, XA ID BT —2Fa—IKRY. RFEHN—
RUTNWEA LRZATERNGEERZ 52 2D, TOUMOA—3N\y RTH5. 5 &5
T, CTOFMEETTS.

4.4 T—FUEBZAFE

FINERYCTER, HWATETHZH, N— R 7V EA LR AT BRI R
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FiEE LT, E— FYBAFEEMEG L.

RNVFAT VAT LT, K2 TRULIEEIIC, TV VEERIC K > Ta7EOATRIC
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TDTY RIAYIARMEL BB AT B THRDTEE, RITRHICT Y Y > mREU7 I
LT, RIEEBEERBFEEX X 7% EDa7 TIITT B2hIRET 3.

BRI 2 R 7 2 ZNZFNO I TICHINCE D YTk kT, T2V VRiERE
LT RIIZEDTY RIA VI AEZFHT 5. ZUC, FhEEHTRETY RSV
ARMEL 2% a7 2 RKRD, O CRRELERMERRZ A7 2804 Tsa7 L
5.

X 3Mm5, #3250rpm DL EDOBGA IR RAKESCEREIRAZ X 7237 4 1R YT, %
NYUTFOHFEa7 31ICHb Y TR E LT

2 A7 OB, EEFFIC FMP A—3X VDX AL T 1L— 32 APIO—DTH 5,
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£ 1 NaviEngine Ofl4%
Table 1 Specification of NaviEngine

CPU a7 ARM11 MPCore(ARM11 X 4 i)
mMEFYy a7 fHC 32Kbyte
F—RF v a I 743 32Kbyte
RINEE A 399MHz
IS A AXI NA ONRIE 64bit, 133MHz)

ZIET, AT L—2avdRELVIVVEBICE D> T, FOXA IV T TR A
TJL—yarbian. UL UAFER, H212 Y VRl c—ERfRT LGS
IZ, BRIDTY R4 VI AEFEDERLTEEEZHNE LTWSRY, X1 JL—3
VEALIVIDDINCENTS, TOREINNEVEEZILNS.

5. 5F {fi = B&

4 BTN 2 DO A J L — 3 VFEZ TV Y U ECU ANV FY—7 71y
SLITHEAL, Ty FIAYIRARFEROMEL, N—FUTIVEA LRZXT\DFZEDRT
fliZz1T> 7z

5.1 FFffiRiE

FHEEE S LT, NEC TL 27 bu=7 X%:# LSI NaviEngine| 7Z¥## U 7z7HiliHR—
REHW:Z, R—FOMEHER 1 1R79. oty P, ARMI1 a7 7% 4 A5 L7
TARM11 MPCore] 7%, A€V, DDR2 SDRAM (XEVURE :256Mbyte, Y1 7)L&R
4 L\:DDR2-667, 7NAIE 32bit) M E N TS, ARMI11 MPCore & #URIH7: SMP %
N=RI 7 TH%5. TNZFNOATDTF—EFyyyald, "—RUz7ic&>Tak—
LY EMREaNS.

77T LOFTREOMEX, ARMI11 MPCore DM D/8T +—< » AT = X #EE
EHWTITo .

5.2 FFfHIE B

IV U ECU NV FR—2 7075 Lk, RRESEERRELH 2 2 7 Dol §
IZa7ICH D YT 10, RIRESEERMAEIZ X 7%, a7 4 Ic@EE LGS, B RY)
Bz Tk Lisiae, BiERS TREZEA LIS OnT, SHEEEZE L.
Ll g & UCRARB SR 2 X 7 %2 37 4 1C[EE UTe & 728N U i, X3
X0, a7V AREELEBEMRETY R4 VI AEMRN2HTHS.
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Fig.5 Deadline miss ratio of lowest priority time synchronization Task

¥z, TNENOEMT, 70T T LOERERMIE 400msec & L, TV 2D,
5000rpm, 4444rpm, 4000rpm, 3636rpm, 3333rpm, 3076rpm, 2857rpm, 2667rpm &
LCHIE L.

FMEEEIZROED THB. Ty RSAVIARLE, Tv RIA VI Az ETGS
FATRERCEI - 72l T 5.

(1) REEBEERHFEHXZ 70Ty RSA4 VI AR

(2) BIWERY TFEORITA—/INY R

(8) N=FRUTINEALRAT DI THEOHREFTRM

(4) N—FUTZNRALEZATDATHDF ¥y ¥ a2 I AMEEK

53 FMEBER

ARG RIR X 2 7 DTy RS54 2 I AKER 5 1RY. — RUBZTETI,
IV VAR 3250rpm DL FICE > TGEIE, VI NI TIVEAALRA 72T 405,
3250rpm WL F CIRGARIMEL 2507 3 IR AT L—a v d 5. F0kD, &ERiEs
TlE, a7 4ICEE LIZEE & 20D, KRS T, a7 4 ICEELEAEXDE
T RIAVIARNENS.

FIHERY CFEE RS AE S 2 KRR TH % 5000rpm FRICBWTETY RS 1V
ARG 0% &ixolz. 727U, 5000rpm KHCE, 37 3 ICHRNICEY Tlefio X X 71

Vol.2010-SLDM-144 No.6
Vol.2010-EMB-16 No.6
Vol.2010-MBL-53 No.6

Vol.2010-UBI-25 No.6
2010/3/26

SARE
g

0 5 10 15 20 25 30
usec

6 FINEY TFREDILTA—/ Iy R
Fig.6 Execution overhead in dynamic assign method
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¥, 2usec AliDGZH DM 8,460 BITH D, A —/3\v FORKHEIE 25.3usec TH -
2. W—=RUTZIVEALRZRRAT ORENIEIRT 9,064 AH D, ZD&E, RAMETERRRE
A2 2T VT T L TWDIE 512 AITH >z, TORERIS, N—RUT7ILZEA
LA A7 B ORAMEEERRRIAZ X 7 DTV T 7y 9 VI3 E { DEAICRE LR,
TENGhDE. TOEEE, TV arvOF oy IDDIC, 2usec FEDEITA—
NN RRETZDHRTHS. —J7, RAKERERERAZ X 70 ) 207y 5 U hVRAe
LIemaicld, FELRDSTGEED 10 5L LI TAH— 3Ny FARET R L0105 C
WNahd.
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e FNERY TR EOZNT N TRITRBICEEN AR BN S,

ZOFRE UTIE, BINERYTFETIE, aib L REROI T — Ny RREZ 5N
%. 5000rpm RFDR AT TCOEITA =/ RE&, ZX7OEFHFTRMICHT 2815 %
R 21TRT. ZRATDOEEFRHIICHUT, TOUBICE U ZRBOEIEE, B % Ths
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Fig.7 Execution time (5000rpm)
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Fig.8 cache miss counts (5000rpm)

® 2 BINEY TFEOFTA— Ny FOEIE (5000rpm)
Table 2 Execution overhead ratio in dynamic assign method (5000rpm)

a7 ary 2 ar7 3 ay 4
2R ERTEITHEE (usec) 215,474 227,047 259,716 188,439

FEi7A—3w R (usec) 5,955 3,004 4,076 1,192
FATA =Ny ROEIE (%) 2.764 1.323 1.569 0.633

7edh, TOMPREEIZ T, FETREOBEMZEHHT 2 LIdTE AN

K8, X 10 IXERAKESCERERFIN 2 X 7 LIS D 2 X7 FATHICHAE UTeF vy & 2 2 A4
BaEATHCEFLEEDTHS. FTrya I ALK 7, K9 TRULETRR & D
BINCIIHERED D 2 C &b 5. FHMEEREETIE, Fvvy a3 X1 EYSZD, BXZ 200nsec
DRFPIVT 1 WRET D, 22T, FITRIENS, Fry a0 ZzELizED
%, 11, 12 ITRY. 7, 9 LB LT, aVEERELZNZTNOFEEAKRD
FITRFB D IZ/NE L IZ> T3, Lih o T, ZATFATRIMEIND 72 % BRIEF v
VAIALEBLDEEZS.

Fry o I AEFECORRIE, RIMEBSEERBFRHZ AN, <17 L—a VED
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Fig.9 Execution time (2667rpm)
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Fig.10 cache miss counts (2667rpm)
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IN=RUTIVEA LR AT DA SRR 2 X 772 T 227 s LizEaicid 7y
IV R ULEDNSTERED 10 I EDA =3y RBEET L. LA LEND, BERY
TFEG a7 OFRENE L, RAKBEEREEHZ A7 0T Y R4V I A2 KEL#R
k9 B EMNARETH B, BINEIY TFEEE, N—RUTIVEALZZXTDARHIENT A
T LTORHR, N—RUT7IEALZAZDARPENATIEYA T L—y 3y LEn
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