HEBEA HRABRES WEHE
[PSJ SIG Technical Reports

2008 — SLDM— 134,72008 — EMB—8 (33)
2008/3/28

IVFTFatyYicBir a7 a— U RMICE D
UFPIWVEAL LA a—I) T 73U XL

KB B fm @et i 'Be el B

T B ER K B T 2 T BB R
T 223-8522 BRTAIEILR A 3-14-1
E-mail: 1{takeda,funaoka,shinpei,yamasaki}@ny.ics.keio.ac.jp

H5FEL SEE, AR FPIVEA LY AT LTERILF Tty S EHiOMAN—BNICZbDDH3. TS
BERHNS, INFTObyFICHBNT CPU R 100%FFATEBZRELVTFINVEA LAY P a— 0 F7 I XA
BREBEINTVEY, BLDAVFFRAPASYFRERAIRA T L= a Vi REL, ZhoDFd—13—y Fick
HEBUOETHEREINTVS. —AT, EROBSET7NIY XLTREWAY Va2 —)ViJEEEA#EETZ T L
NTER, R TR, HEROBME 7L TY XL TH S Z 0—730 Rate Monotonic RM) ZHIC LTz AP a—Y)
YT TPNITY XL RMZL ZRET 3. BRTZ7NVIV XL, RMOEFRRLDD, X4 Y a— Va2 m L
ERBZEDTHB. YIal—YaviMiikckd, BE7VIVXLEHEDTa—/UVRM BRIC LAY V2 —
DY TTVIVXLED EBLDERAYBAY T2 —)VABETH BT L BRT.

F—=T—F VUTNWVELLYAT L, INVFTOLYHYRATFL, TO—UVRM, A¥ Y o —LalREHERNT

Global-RM based Real-Time Scheduling Algorithm on Multiprocessors

Akira TAKEDA', Kenji FUNAOKA, Shinpei KATO', and Nobuyuki YAMASAKI'

1 Department of Computer Science, Graduate School of Science and Technology, Keio University
3-14-1 Hiyoshi, Kouhoku-ku, Yokohama, Kanagawa 223-8522 Japan
E-mail: {{takeda,funaoka,shinpei,yamasaki}@ny.ics.keio.ac.jp

Abstract In recent embedded systems multiprocessor platforms are commonly used. Due to this background, optimal real—
time scheduling algorithms which can use full system utilization have been proposed, but these algorithms generate a number
of context switches and task migrations that incur significant overhead and are often considered not to be practical due to the
overhead. Meanwhile existing simple algorithms cannot improve the schedulability. This paper propose a new multiprocessor
real-time scheduling algorithm based on global Rate Monotonic (RM) which is one of simple conventional algorithms. Our
algorithm remains the merit of RM and also improves the schedulability. The simulation evaluation shows that our algorithm
outperforms the existing global RM based algorithm in the schedulabiltiy point of view.
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SHOMARY PIEAL LY AF AR, Ofy hRLEF
ATV r—ravOlBic kD, B> OHRHES
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EDF ZBIC L7V d) XLERAWEAHPBOEEX NS,
I RM BBNERETVIY XLTHY, BREEE7ILT
Y XLTHBEDF L~ 3 L, FIFTHEL CPUFIARTIZS
B0, HEHNBR, FHIENEY, ZFRYDT v ZHpENE
DERFINSHS. T TERN T RM ICIREYTS.

INFTREYVIEBIBRAY T a—Y Y THRIR, ¥R
EREOT/OEy O Y TR —F s a v ThRE, B
MICP DY THFa—VARD 2 DIEiF6hs. /18—F 7
a3V TARKR, FRIDBNTHRIEY VIV oy i
BIBRyIa—) U THRFERATES LV SERNH BN,
AR R S AT LR SBIIDLT 50% LT TH5 T LHhas
NTW3B(1]. ¥l ZR7EBACTOR I STTL
57, Ty HoARNEDRTV. —HVa—suE
RiE, 2X707 0Ly FHOBEIC L B34 —8—~v FHK
FVET, TFToLy FOUFIEERARFIBTE D
TR Y DOEGRIGHNENE WS BFib$H 5. Lo Light
5, Fa—VARD RM 7 TY XL (AT Y a—30 RM)
{3, Dhall’s Effect[9] ic & Y #IAAIREMR CPU FIHSBHIERIIC{E
VW, Faeyydoiem LT35L, Fa—00 RM OFIFTE]
Bl A7 LFIFRIE 1 /m CHB. FT T Andersson [3] B,
Fa—b RMEBWT m/(3m—2) KO FFRIEH V2R
ZREEAEICTIC LICKY, HATERS AT LAIAEE
m¥/(3m-2) ETHHT BTN TY X RM-US[m?/(3m —2)]
ZRELE. LHLESS, RM-US 7JY XL RM PR
FIa— AR R ATy b RAT T a—VTERNIEN
Hh, BRELTAY Va2 AHEREDOETEBL T LhH3.

/X TR, Yo—sUVRM ZRICLT, RM-US khEs
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LY AT KEBOTRARER Yy ¥ a— N alfEtEfle 2 Rd.
BICyIal—vavickh, BELETVIVXLESR
7%y FORYT T 2 —VEROBRH ST 5.

2. YATFLEFIV

FRXTR, IVFTREy Y TPNVEL LRV a—Y vy
DHFIC BT 2—WV sV AT LETFNVEFRET 3. YAT LI
mEOTayYERRITHIGMMENZLDOLT S, L
TnEDEXRAIDOBBENEZZX LY b 1= {1,%,...., T}
BYAFLICEZABbNS, BEAY 4 (C,T) W3 27
TEBENS. ¢ IRBERTRHMETSHD, T IAMTSHS. ¥
A7 RAMOEWE, DED RM iICBWTEABEORWIEHIC
V—bFEATVBREDETS. DFD, IEBHL.. ST, P
D3O, 1 OFFERP U =C/T, THT. Fie, FA7Ev b
TEBENB XA OAHAARE U(r) = S,U; THT. Th
bh, Ut) RVATLEKDOAREEYT. TTT, Ut)/m%Z
YAFLHARERRC LIETE. ZAVZ—HMOT 3 TER
MMNCERT 3. 2R Dk BEDOTa TR 1, LRT. 1,
REA ry TYV—REN, FYRIL Y dy BROVaTO
YY—AET 5. Thabb, dig=rige1 =rix+T b <
B ¢ ICBVT, Va sty OB IUTHIE C () LT B8,

T DR (laxity) 2 Lig(r) =dip —1 - Ciplr) LTEBT 3.
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hNEFDVa TR TV T T3 @-1017H). BFhiE, &
HRMUN 0 THhOEYVa T BHOENWYa 2 SUx
Y793 (11-13 17H). ThEOVFhIcE—BLEWES
i, e Llhay. HRELT, 20V 3 TRAMKEUNALL
b, ETRREESIKLTFs—Fa—hbHEThs, TXTD
Va7 ORBRMHELSIE, ThOoRBERORMICKS>TR
rya—Ehs (16-1817H).

227 ayy LT Aoyt r={n=023),n=
(2,3),1 = (2,3)} % RM & RMZL TR¥ Ja— IV LERITH
3, TRTOARIOFMIIELVDOT, RM ATV a—jbk
RMZL A% & a—VHiC 1y, 7 BETEMETS. RM XY
Fa—VTE, 1=2%Tn & o BETLTLES I, ik
FyEIAVIREREBIUTLES. LHLEAS RMZL R
Ta—ILT, t=11CHBNT 13 ORBEH 0 b, BF
BRELES. XoTnRTVIYTEh, u HARTEH
5. 1=2 Ty BNETFERTT DT, o HLT2ERH
T5. FHRELT, RMZL A J2—LBICRE|TDRRAIH
FYFIAVIXTHILESETTETWAB I LI DM S,

RMZL i, RM & [BHRIC work conserving TH 5. b,
FUTENTWNEWLF4—Va7hH3RD Taty g7~
FARIBIC & Blaws. &z, CORMBFIEL—/VIZEL (safety)
N—LTHB. D%H, RM & RMZL DR Va2 —ivhiRix->
TKB3DBRRMBTFY FSA VI AERBITHEOHRTHY,
RM TAR7Va— AR Z A 74y MERM & RMZL T2
CELESIARTYa—NEhSE. COERNS, RMZL &,
RM TRA7 Y a— )V TEEWVBEERVTE, FHESNEY,
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1. while TRUE do

2 if there is any job with the negative laxity then

3 remove it from the ready queue;

4 eand if

5. while there is any job 7,; with zero-laxity do

6. if there is an idle processor then

7 execute the zero-laxity job on it;

8 else if there is any job with a positive laxity then
9 preempt the job with a positive laxity

10. and the largest period;

11. else if there is any other job % with zero laxity
12, and larger period than % ; then

13. preempt T,

14. end if

15. end while
16. if every job has a positive laxity then

17. perform RM
18. end if
19. end while

1 RMZL 7dY XL

(a) (b)

(a) (b)
M3 @RM AT T a—l Lk B)RM-US R Y 2—)L O

BRI DTy AHFNE NIEEDORM ORFZEH#EHEDTILTY
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5 RM-US &, RM CAY Va— LAl 2 Aoty R AR
Ta— )R IR AREN BB, TOFE LT RMRU RM-US
KEBEAY LY b 1={n =(1,2),1 = (3.4), 73 = (3,4)} D
A Ta—NVERIIGRT. RM XY Y a—IL i ADE
7 BRICRAT Va—Eh, BRELTTFY FSAV23IRT
BT EAETTESD, RM-US A7 Va— L TidRARD
BOARITHD 1 & 1 WEICRITEATLEY, &R e
FYRSAVIARBBILTWBI AN S.
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DRy T 2 —VAlHEMERRHT [5] RIS LT3,
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TwEFAY, [[-T;1) %D + ¥ ¥ (problem window) &
5.
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R OBRNELUTICRY. £9TMY a 7ORMBEMA 0 X
ALY BB HOMEY 1 v FOOBAARO TRER
HHT 3. WCHEER I 2TOy I TE5R7OREROL
REZHET 3. IRTOEXRZICBISHERO LRAN S
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TRF Y RSV IRERC ER. CORBEVRT V2 -
eI RS L B,

HBEL mEAOTOLyY LT, 2AVEy b1={1,.... 5.} %
RMZIL TR Va—NF3E, Ty RSAYr2EOMEY 3
7 1y ORBEFIE, UTOREREHZTELED, 20
5 BREE > BFLTEIAL L BTHENYHS.

S W - L.0/T 2 m(1 - Uy) m
i+k
fe2U, W= T, 0) IWEM [(— 5,0 KB 3 2 X5 ¢ oS
RTH3.

W E4roanddic, BEY T 5, ORBIEMEA
0LRBDE, ThHBEEORVEREZELVEAINT
NCDTatydebil Ly (T -C) BHSE LBED
BTHD FRENE o NEFENTVEELTHD, SEO
BARI 5 #7092 LT3 2 X I BETENTOSES),
Eo>T, FRABHDION, 1, REORBEMLLDES.
Y -0 2 m(Ti~Cy) @
itk
LOREFEDE T TR LIck D FRICEHTE 3.
S WA -T2 /T 2 m{(1 - Uy) 3
itk
&oT, HENRYILD. o
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zero laxity

R4 BRIV FILBBATT 2V

=T,

TI
RS i>ktDHRE
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REL,
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LB

. BNC, 2R 4 KOAMDBRNWERY 1(i> k) €D
WTRTWL. 13, REBMEMNEDORL v &b EEEAMEN
e, i Ty sTaibicid, KBRS 0ICRD,
Ya THRBEARIC RS XENSS. Tihbb, YaTHRA
MDRBIC C FIRFTENIRBENDS. COLE Esh
BahBESIc, KMl [f-1,0) iciit3 o ORER (R 5 of
BEM R G206, RTCGUTTHS. o7, HAR
W = T, 1) R TREHTT.

WH-TN <G )

R, RAY 5 KOAMOENZ AT (i< k) IKDVWTR
T, VY—REIARBEOET, Fv FIA BREN
IKh 33 7OBRAROEIE, Tho0Y a THEMORE
CHTENRIRLAZ. ik, UVU—RBIPEMANT,
Fw RSAUHRME D HICH S Y a TOREGEE, B0
PCHEITFENTLENREAZV. CDLE, 2XIDRER
HRALEZDE, 6 DSBS aT7DFyFI4Y1
HMAMOBRAICITENY a TORTRAL — RT3 BET
H3.

ok, n XM [f_— Tk,i) TCIRTEFTENE Va7

Ré6 i<kDBE

DELTBE, n BUTTHETES.

_|%-G
m-b771+1 @

—%4, RHORHOT a 7ORER (B 6 DRBAD) &
Tr—((m- ])7}+Ci) TH3. £oT, 2RI 75 DA T
REWIT.

W= Ty, ) € mCy +min(Cr, max(0, Ty — ((m — 1)Ti +C)))
(8)

L, R6)8) &b, SEMNRINE.
m}

MBS, 2RV 4 ORM [ T,i] il 2MERMHD
LR Bt 2T AL, ME2 &Y, pFRRATTRENS.

nCy+min(C; max(0,% — (i~ ) +C))) i<k
Bf= " ®

by (i>k

RMZL Tik, RN 03 LY a TREREEEL
b, FYRSAVIRRBTI LTS, &oT, M@YaT 4y
BFY RSAVIRAERCTIEDCR, o, 87O I93D
2L Ed m EOY a THRHBRN 0 &b RFEEETRTS
h33ENHB. ok, HEIL, 24D, RMZLORY
¥ 2 — VAR R A DT 5.

EE 1 (RMZL test). ZAZ4Ey b 1={7,.... W} & P&k
& m+ | DX AT TREREIL, HDEDIBD—DIHF
ROTRER > 2Hi-3) cediinus, mBo /oty L
TRMZLITE D Ay V2 —)VEHETH B.

Y BFzm(1-Uy)
itk

FREL BE 3K (9) TEBENBMTHS.
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IR, #E1 &Y, HEYaY 4 3REY « V FOiRBT3
iz 22 DMEROEHS m(1 -Up) EDREVHIERFL
VIBEICOBRBEMN 085, —B o, PEORER
Meikxal, D m@DZ RS HFELORBRACE > ILROH
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LTAT, @l TYa /AL a8 5HE

RURES, CORBRLORBTZEHETETHS. M4 &
b, 12o07ay 2V a TOERBN (I, -C) LhXK&ELES
Ha, ERBE (T -C) L LTEIhETHTHBC L
BHASHTHB. coTihb, FHE3HNRLILD.
#E3. mfA0Tak vy LT, A hr={1,.. 0} &
RMZL Ay Y a—¥5L, Fy R4 2 OHEY 3
7 ey BUTOREREFHERBRME 0 22h, EDS
BREE > 2 iERERNER L 25 WEEDS 5.

¥, min (W}"(t_ — T, 1)/ T 1 -Uk) 2 m(1-U;) an
o

MW homiens, BWEYaY o, @, TREGIEED
KR L D83,

¥, min (WHi— 1,1, T - Ce) 2 m(T—C) (12)
ik
LORUTFREEHTE 5.

Y. min (WH(F— 3,7}/ Te, 1 Us ) 2 m(1 - Ui) (13)
oo

k5T, BEAHD L. 0

|3, BE2H5, D XORY Va—VEEEEYETS
B5EE 2 BT 5.

SBEE 2 (Refined RMZL test). ¥ A7 ¥k 1= {n,..,%} i&,
(m+1 HADER TR TRERHEIZL, HDOEDS3 BEO—DIH TR
DFREE > 2HRT) cehithig, m @O aLyy LT
RMZLIC &Y Ry ¥ a—)VAllETH B.

¥ min(Bf, 1 - Ug) 2 m(1 - Uy) (14)
itk

7L BF & (9) TRBENZETHS.

M. ME3 &Y, HEYaY o, JEEY « RYICET 3
1% X7 OWEBOEFHD m(1 - Up) KD KEWNELREL
VRS OB RN 01D 185, —B 5 SO
MEixdl, D mED SRR HEORBIIICE > ROH
%, Ty FIAVIREZBCLES. chiddaltbm+l
BOX AT B (14) Bl T L EDHEE S, Lo TEENR
Eha. ]

5. & i

FETE, —REABTERLZERAZEEREDTa—1)
RM 7Y XLTH% RM kU RM-US, #L T RMZL TA
rPa—L, RMZL A7 a—VaJEic B\ TR BN
T3 LRRY. MEERIITRTRINZ ATV a—R
I)Z’ (Success Ratio) £33,

R I a—BRGILIzA A7y FOR
2HROZZ 74y MY

Success Ratio =

(15)

51 REBRR

YIal—avid, m Uss Unin U @ 4 D03
A—RIZE > TRETS. mRBR 7Oy, Upn & Unin B
BLEZONEZA 7Y MCEENB XA DFFRORK
KELMETSHS. Uy BERAVEY PREENBERY
DRFARDAHTHS. VAT LFHE (System Utilization) ¢
Unogat/m LEBTB. 12D m, Upnax, Upin DEFHFEDRICH
LT, YAFLAIBR30% 5 100% % TEL1000 HDX R
ey bERBALT, Ay Ya—VESRERHNTS. Thd
NREA—RZHLTRBLZTEZEDEDREZ NSNS, B
HFOMABRHEDTS v 73— LORBEERLT, oty
Y83 2, 4, 8D 3@ LT B XX OFHAPOMAIL,
(Unax, Umin) = (1.0,0.01) £33, #RAZEY k 1 RUTFOLS
ICERT 3. U(T) S U THBBY, FILWER I % I8
mUTw, R|XTE, BEOT7 SV r—vavENRELT
WBDHIFTREWED, EFRY 1 OFRAR U; & [Unax, Unin)
ORET—RANTERT 3. RBICERINIZXIOF]
RROBR, U(t)=Ugg L%2ESKTHTE. ZRA7EN—
Ty THBLL, AM T % [100,200,400,800,1600,3200)
oI VHLCHEIRTE, FRATOETRHBCGRG=UT; &
LT#B5h3. METE, RM & RM-US, RMZL DEFIFh
K2DWT, A7V a—NVAEEHEL ERDOR Y YV a—LD
TWHET- 1, HBOX Y a— VMR XAy FDONA
R—BUXE, D% lem({Ti|lue)) £F5. RM & RM-US
DAYy V12—V HER 4 DB DEMES. Thbb, &
Ay M U £ (m/2)(1 = Unae) + Unnare 2185728108 m 18
DTty ECRMIZEKD Ay Ia—LEJETH B. %z,
27y ME mBEOSOEYHIEBENT, FIARS AL XD
BWEZRIN kDY, ENEUNDEZ S DEBFIARN
((m—K)/2)(1 —=A)+ A T CHNE, RM-US[A] TR P a—
WAHETH B, FETE, RM-US[m/(3m—2)] A5, %
¥z, RMZL QR ¥ 2 —)UAJREMHEIRER 2 Z V5.

52 HERKR

32— a VEERER TICRT. RMZL-sim, RM-US-sim,
RM-sim i F N FN RMZL, RM-US, RM TERICAY Y a—
WL EDRY TV 2a— VI3, RMZL-test, RM-US-test,
RM-test (3 FHhZH RMZL, RM-US, RM DX% ¥ 1 —)LaffE
HHERTo I L EDRY Va— VBB EET. £7, i
AT 2= LIEDRRICDOWTRSB L, RMZL 3 2D7 1
Ly THICBOTHRE A Vo — VRSN o /. i,
RM P RM-US i 70t v H8MR 3ICONT Ay YV a—ib
RRMET T 3D HBDICH LT, RMZL G Ay T a—
IVESIRIEICRRMM L. i, FobyHEHHE3
£oNT, HFENBPORBHFHOEIXIBMNRZD5TH
3rEILND. —H, RM-USI, m=2DHBPAET, RM&b
Ay T a—VEHRMETFT LTV, Thid RM-US &%, RM
TAT Y 2—IWVTCEZWEX D2y "2 AT V2 —VATREICY
BYME, RM TR Va— IV TERRTOELDEAIBAY
Va—LVFEEICLTLES TERRLTNS. TORT, RMZL
MRM-US Eh BN TNBT ADH3B.
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m=2, Upny=0.01, Uppy=1.0
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System Utilization
®7 YAFLAFBICH LR Y 2—VRTI®

Ric, Ay Ua—VAlEEHEORRERD L, BLALD
1567 RMZL ' RM-US . UF RM & D & KW EREZR LTV
%1, m=2, System Utilization = 0.5 {3 T3 RMZL DAERE
IMETF LTV, RMZL EHIC RM LS LA BUVMERERRT
HFETHEBNT, TORETORY Y a—VAHEERREAIEY
CRVEIEMED S B, T, RMZL QR Y2 — LAfEHIE
Ti, Tty FEHE BIcoNMOT VT XL RIS
7Y a—IVENRMEFLTED, TOX>RKRTRNE
B& DTy, 5, —BMIc/a—VARDRM R
U EDF P AU XADRY ¥ 2 — VAREMHIEIZIER IC IR
HWELOTHD, ThIRMRKRICERNTVS. ThHDR
b2 — VA HEOBBI S HROBEL T S.

6. RWRRUSERORE

AR, YO—UVRM OBRFIEBLUDDOENAY Y a—
VAR R BT E SRANRY PVEAL LA Va— Y VY
7 d) XL RMZL ZREU. i, N—FUTNVEAL
¥ ZF KT RA R RMZL DAY ¥ 2. — VAT BEtE 0 % A
Ll ¥Ial—ravickBFETIR, Jo—VRMIE
BOSBEOYOPN TV XLX D VAT ¥ a—VAfEE
ERERBTE.

RETRREESIC, ZRXTCRLERY Y a— VA RIE
BRETTNRSD DD, ERIERICEENELOTHS. &
7o, AWSTTIE RMZL CRIFTIHEL & A 7 LRI 2R
HTzTwiawy., 7Y Lo Z ORHRO LR
e ko Tiibhaicth, TORFTIEETSHS. i, RMZL
BEEEEETNT) XL TR BB, A==~y R
AR ATMEES DD, El-UnRBEMORT L & &
DRGNS B TEEMEN S B, Lo T, ITRON {L# 0S & Eic
RMZL 28235, iR L 32BN HZLEALNS. Thb
ISHOREL TS,

Bife ABIRIE, FERIRRAMHE CREST OXBUC K 3.

X [

[1] B. Anderssen and J. Jonsson. The Utilization Bounds of Partitioned
and Pfair Static-Priority Scheduling on Multiprocessors are 50%. In
Proc. of the 15th Euromicro Conference on Real-Time Systems, pages
33-40, 2003.

[2] B. Andersson and E. Tovar. Multiprocessor Scheduling with Few
Preemptions. In Proc. of the 12th IEEE International Conference
on Embedded and Real-Time Computing Sy and Appli
pages 322-334, 2006.

[3] I. Jonsson B. Andersson, S. Barush. Static-priority Scheduling on
Mutiprocessors. In Proc. of the 22nd IEEE Real-Time Systems Sym-
posium, pages 193202, 2001.

4] T.P.Baker. Multiprocessor EDF and Deadline Monotonic Schedu-
lability Analysis. In Proc. of the 24th IEEE Real-Time Systems Sym-
posium, pages 120-129, 2003.

[5] T.P.Baker. M. Cirinei and T. P. Baker. In Proc. of the 19th Euromicro
Conference on Real-Time Systems, pages 9-18, 2007.

[6] S.Baruah, N. Cohen, C. G. Plaxton, and D. Varvel. Proportionate
progress: A notion of fairuess in resource allocation. Algorithmica,
15:600-625, 1996.

{7] H. Cho, B. Ravindran, and E. D. Jensen. An Optimal Real-Time
Scheduling Algorithm for Multiprocessers. In Proc. of the 27th IEEE
Real-Time Systems Symposium, pages 101-110, 2006.

[8] S. Cho, S. K. Lee, A. Han, and K. J. Lin. Efficient Real-Time
Scheduling Algorithms for Multiprocessor Systems. E85-B:2859-
2867, 2002.

9] S.K. Dhall and C. L. Liu. On a real-time scheduling proglem. Op-
erations Research, 26:127-140, 1978.

[10] C.LiuandJ.Layland. Scheduling algorithms for multiprogramming
in a hard real-time environment. Jowrnal of the ACM, 20:46-61,
1973.

[11] K.Olukotun, B. Nayfe, L. Hammond, K. Wilson, and K.Chang. The
Case for a Single-Chip Multiprocessor, In Proc. of International
Conference on Architectural Support for Programming Languages
and Operating Systems, pages 2-11, 1996.

{12] D. M. Tullsen, S. J. Eggers, and H. M. Levy. Simutancos Multi-
threading: Maxxmnzmg On-Chip Parallelism. In Proc. of the 22nd
A | Sympi , pages

Arrhri

! Inter Sympisium on Comp
392403, 1995.

-196 -





