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Abstract: Real-time multiprocessors scheduling is always an important subject in real-time system research.In this paper,accord-
ing to the characters of these systems as deadline requirement and effectiveness,we develop an optimization scheduling algorithm
based on parallelized EDPF.The improved algorithm is suitable for the parallelized tasks.It takes processing time into account be-
sides the deadline and resource requirement of the task sets in order to reduce scheduling backtracks and increase effectiveness.
After a great deal of simulation,we analyze the effect of success ratio by several parameters.At last,the new algorithm is proved
to be better than the Myopic algorithm.

Key words: real-time multiprocessors;deadline ;parallelized ;scheduling backtrack ;success ratio

H E.SHEARERAAGESAEFAABAHAEA—ANATEZREA, AN ZAARARIEESB LN ARG E /BT —H
347 EDPF(Earliest Deadline and Processing Time First)#Atif & 5k iz k& A T T84, 5t EF B2 T4 L6 AL
o BRER L MANTEANA R L, X TRV AZEDGRANAERSHAMRG B REATKFOFL, ST —RL
T AR E R W Yk SR W EGE R T 3% Ak 9 248 T Myopic 5tk

KB EH S ARE ESARLER, T AERS AR R R

XEHS:1002-8331(2007)19-0035-04  XCHEEFRIRAD A FESES . TP27

1 5l& BN BT i /)N 0B SR B2 ke R 9 BE U S 4, e Al T A 9 B Sy B

Bl B2 0 R SR AN RGP REE SR AR &, — M i R
SR VA AR5 S B A LB LEE s 1 RS s = e T
LSRR B B 2 0 T A R T, I A B RS
S HERS T R G0 A A AR R e AR FRER A H 3G N, S R
GE (AT 55 I B2 ()R BT Sy 58 L o IR EE Y S B IR A 43 TC, T S
P 9 FEE iR 9 118 2 AT 55 14 i TR) 2 BEB1 S I 3R e i AR [ 2
BLLRIE 2R 48 P AT 55 i L i ) 2SR DT ORI 2R 48 S s

Mok # Dertouzos 7E 1983 4F 4§ tli MSP ( Multi - processor
Scheduling Problem) /& — 1~ NP-hard [n] #5577 7F — 4~ B AH
B R BE Bk o IR O B SR B T AT I B ok ik B e A Ak A
B HET, O A 2R E LI L e ek 32 8243 S WA A
AL B, WA R F A kA U
2 RS ()50 gL SRk A R RUR R fRe (AR ez
RIEME, MR EREETE N TENERIES NI 5
AT AR L K Z AL TE T - B & AT 55 s 470, B 3l 3R
SRR R T 1 &, Hoh B RN .

(1)EDF (Earliest Deadline First)* ESF (Earliest Start Time
First) , MPF ( Minimum Processor Time First) , MLF ( Minimum
Laxity First) , X 26 5 3T 55 R I 4R IS 47 1R a5/ it

PE AR ATTH A 26 AT P 18 7 R R [ 40 2% 8 A 45 i)

(2)Myopic 5,454 T EDF Ml ESF Je & 5k, - fit ok T
VAR L ) R S H Al R 2 — R g MR AR AT S5
FEVFIFAT AL, L3z A7 i R) AR S 4 P B i) AR 1 B, Myopie 5575
M RO 3 25 KK BAIG o AR SCHE Myopic 513k 3k b 32 T
— TR ) S5 I 22 b B (4 B 25 R B Lk ——IF T EDPF S
R e T 3K — [ B

2 EARBER
2.1 EHRB

B —A~ N A b BE 2% 21 A SE B R 58, N>

(HBAMES TG AR WIMER a(i) w (@) d )5 3R
B KBS E] o A5 ) RS ) e () SR AT 55 TG)TE 7 AN Ak R
B EIMTIB T R AR A (1< <N).,

(2) BT 55 7T e T B — L S RUBHE 25 4L A8 T 3 15 48 of
DX P45 R IR BT 55 2 Al AR TR Y Oy X

OF A AEX RS ST AT 45 Gk i i 25

R X FEOE AT LA R [ AT 55 35 == il

EE&mB . HEARFP#H 4 (the National Natural Science Foundation of China under Grant No.60674004) .
EE BN K —(1982-) 5 W LT G A=, F BRI T5 0] AT AL I AT 55 98 B2 5 7 o A (1964-) , #0421 A= 0,



36 2007,43(19)

Computer Engineering and Applications i+ HE L. T & 5 Ji

il — AR, #E % A AU QSR w5 AT 45 [l e 5 22 ] —
AR RS e R TR v s L

(3) Y — AT I AT AT, i HIRAT FAT 55 (UFR 43
1145 ), A 73k B[R 2648 B B 0 20 R It AR IE 4T . Max_split
FORMESS N RIFAT RN, ATSS T RIFAE j(j=2) 4 4b 21 3%
BT AR AR B ¢ (0,7)=Lc (i, j-1)*G-1)/ 1+1,

(A5 R A R (— B — T 5 S FH 0 BT 5 T R
AT T, BT S5 k) .

(S)UELet: B BT S5 TG FEj Mk A4S -
8 T I FR A AS RSB I 18] Gk ) AL j¥e (i) ) <k e (i, k), ELRPE
BT AT 55 s 5 5 15 R ) 25 i SRR 5 e
22 RiE

EX 1T YA S5 09 Rk A0 5% U0 5 SR AR s 2 e, e
AT 55 AT AT 3 2 — AT 55 4 I AT 55 #0 o1 A7 i 40 8 1% AT 55
SN AT,

TE X 2 X — AT 55 S50 2 AT 00 R 3 B N Jrg 8 O
% T Y R HAT 55 A AT — AT 45 (0 38 2 47 O ml A 30 B2 I
VB 122 Jr 3 VR BE B T AT, 24 AT 55 SRl A7 Jm) 3 O B R
FE RN F AT EE . B F R NIHERE O K &R
1R N

FEX 3 ET (k,s)(ET, (k,e)) &% Resource (k)3L= (&
F)J 20F 1 B A e ]

EX 4 P={P, P, Py, },R=(R, ,R, R, ), 50 TR b
MRS R IRAE o ET, () 2T 55 T(0) M AR fic L n] 58 A7 1 [R]
T,

ET, (i)=MAX (w(i) , MIN, _,, (Atime (j)) ,MAX, _, (ET (k,u)))
Horb jw (i) R () CR 43 AL S5 T () 1 B 35 W ) A 8 95 U5
5, Avime (j) Feon b BAS P S 01 5E AT 4E 55 09 IR MIN,
(Atime (j)) N Z 52 (1 b 2% 55 A A0 1) s MAX, _ o) (BT, (k)
FORATSS TG BT T G A e ml P s I | L 24 96 U5 52 37 )
75 2 u=s M9 L R U5 5 R u=e

E X 5 gaprate (i) FnATL 5 T (i) W HER B | gaprate (i)=
(d(i)=c (i, 1))e (i, 1), BT TGS IR0 Son Y4
Xot AT 45 4 AT 94 38 I JE A Sy Ak T8 0 P S 5 R £ 9T 47 A T
MEIEHEEK,

EX 6 115 BirmEoe X .

H(T(0)=d(i)+W *ET (i)+W, *gaprate (i)

W, W, RAUE, 53 3R AE T i A5 20 8] A AE 3R B 6 B B bR
SO e AR B S W, O B Bl Myopic 53, W, (W, &8 O
W SR EDF 83k

TEX T IR E LR

eRG)

_ BT 55 %K
success_rate= 13?%?&

3 EDPF &%
3.1 EiEfR

T 6 3 b B 2% )7 2 1 Myopic 8% 5% F 10 2 EDF 7t 3%
BEBE 10 B S R B R BT 458 47 I ] B R 26, 294 55 18 4T
st ) A1 1 T S R O AR B, 2 SO B O R R AT AT
EDPF 8 A7 38 i 0 2 T 981 B 2 W B o] B, 76 % 1B AT & e A
ST 6] F i A A AT I ) P2, A R T AT

e HAEAE S5 Jo ki i AR W RO AE OO SR R AT Ak B
ARGRRIE S T RGMA B,

XHRJT S Myopic Bk —FEMRGEV ZREDAH M A
PR LA K 1 A GRS ResourceList][], 3w A A4S 9% 56 b — 4
AL LA B RS 1 — > 7 AT 55 BORT— > X S B s
PRI (B )R, T RIX EDPF 8k b A7 40 R ik .

(1)L 55 BAA op AT 55 432 0 30 % e 38 BT 4 5, I B e J=)
EREEV

(2)38 30 6 B H Pl KA (B0 T KA AR 55 i AT AT P A
O TR > T 00 J R R A SR T ATIY . A5 0E, W feasible=true ; 7N,

Jfeasible=false;

K9 © 228 5¢ i 04 AT AT PEAS AT 55 %8
T(i) R S /AT 55 175146 (K +1) TS5
Num_split /& WOLERGETS !N
P_Degree 2T 22 5¢ AT AT PEAS U 19 K AT 55 B9 IFAT 9B i,
QI)E %k, % Num_split=Max_split ;K . =0; P_Degree =0;feasi-
ble=true,
(2.2)while (feasible==true )
Dif (K-P_Degree<Num_split) %> Num_split=K—P_Degree ;
QAT % T W A5 5kt ET, (0) 5
QF W ET, ()4 (i,j) <d (i), B 1<j <Num_split #i
SR R NE RS S /
@MAXA j A7 AE M4 K =K, +1;P_Degree=P_Degree+1;
G if (Num_split<Max_split)i& H ;
(3)if (feasible==true )
G UE B O b AR 55 0 H AR R B H B H(T) =
d()+W *ET, (1)+W, *gaprate (i) ;
(3.2) B FF H AR R BUE SR /N AT 55 T e nr i e, A0,
(3.3) P EER M & | —2
(3A)TEMZ A8 BE AT 1 b, e H b ek BRI AL 55 T(0)
PIEMTT A L, AL BEAR R IE AT
(4) P BE BT 1) 5 A% 3 — AL 55
S)HEE LI (2)~(4) MHERAE, B LT &P gL — 15 2
1
OAFR) T —A 58 4 WAl 17 R
QT Lk B T 55 K AR [ R AL H (T) bR Joe RAR 541
G 4Tk HR [
32 HERBGIFMERES N
Bl W—MMESF SR A 9 MES5 X BE4E 55 20308 T(1) |
T(2).T(3).T(4).T(5).T(6).T(7).T(8).T(9), RFEHH 34
RIS, 4y P(1) (P(2) P(3), A 2 A3, 43308 R(1) .
R(Q2), HEANTE A —D 50, T(1) T(8)¥ Ly Jr 5L
Vil %I R (1), AT 55 T(9) W L& 69 5 X Uil %80 R(2),
FAES NS ELE 1,
F1 ZEESEEH

1% HE 75 i) iz B ] Al e
T(i) r(i) c(i,1) c(i,2) d(i) ook
1 0 15 8 16 Ei-
2 0 10 6 11
3 0 13 7 14
4 8 3 2 27
5 10 5 3 28
6 13 18 10 29
7 15 9 5 30
8 19 17 9 38 Eiy-3
9 22 15 8 40 L




R —, . AR B I AT EDPF 4 fb 52 B R E B %

2007,43(19) 37

SRR AR H RN K, BUE W, W, e KGR R
backtracks_num , 55 K5 FVE Max_split 53504 3,1,1,1,3, W&
1(a) >~ Myopic 5 ¥ #1798 B A9 25 5, 1K 1(b) 9 EDPF %32 it
AT VH BE I A5 2R o i — A O HE SRR T B R I — AN S R B
T HEH Y 3 AECF IR RG T 3 A AL B Y e AT s AT
B 55 R, #3k 5 bR S T, () RORAE 55 TG TEAL BLE P()

TiEfT,
0.0,0 0.0,0
T,(1)

T,(2)
, N3
15,1310 15,13,10
7,(3) ln(s)
. 15,13,28
T5(2) > T (2)
[15.18.13)  [15,13.18 15,18,28
] T,(1)
T(6)ANATAF T(6)RNAAT 18,18,28

(a)Myopic 5% T,(2)

18,27,28

7,(1)
35,27,28

7,(2.3)
35,36,36

(b)EDPF 5%
1 Myopic Ei&Fn EDPF &k p# R #

AT, Al Myopic 835, W 7E X AR % T(6) .
T(7).T(8) BT 4 o i ] B B 11 9k A7 vl A7 kA A ), ol AT 55
T(6) 2 A AT I BE Y R 5 30— WO 3R [l i 2 FHT T T(6) |
T(7) . T(8) BT 40 W ¥ R B 2 10 b A7l A7 MG I i, S — Wil
T(6) AN RT3 5| 22 3R 181, 8K T e s 26 38 21 1 $5 R IR B
RIS 30T X T(6) A B2 A 2 I, 2 0 FH OB v oK A k3% AT
S5 M AT I BE O 5 o A R EDPF S %% 490 v i AT 55
ATV WIS AE 55 T(4) [ T(5) . T(6) AT I8 BERT  T(4) A Ab B 2%
P(1) P(2) .P(3) iz 7 4Bl DLk 2 LA 1k 309, s i 3 33X 3
ML AE P(3) s Tty H A .

H(T,)=29+10+(29-10)/18~40

H(T,)=28+10+(28-10)/5~42

H(T,)=27+10+(27-10)/3~43

BIL  EDPF B35 P(3)EHE T T(6), T — il [
H(T )M H(T,) XK PQ)BEEE T T(5), MxHES T(9)iE47
JE I, B4 T 2 £ 20 J0 B T AT 55 RO AR ) DY R 2 g O
AT 4k B 58 WUAT: 45 1 R, 02 T(9) i P(2) P(3) IR it ik
P BCRE T T Myopic 543k (9 AR R] o] 0, O HL AR #] T — 4> n]
FRUREE . AL, Bl S 44 24 E 5 Myopic SEHAH IR, 24 47 78
n A B E A AT 45 I IF ] 2 28 EE o O(Kn) .

4 HERR
N T WG 4T EDPF B3k AR SO — 2ol 3k B OG0

M S — AN 55 4R 1 0T A A 55 FE SR IR 75 mT LASE L, PR
AR T B SR I B ) (success ratio) #EATHFSY . —
P ke T, S B 2R 5 ) I R B 1 — A e I A R o R A
BLIIAE AR R 24 T8 S, T EE AT A BT I S8R R
PR RE T 10 R R TR 0 e R R B R [ R A B ik 2
MR, IFARIR S Myopic S04k B8 B2 802 3 AT LU

X R HISCIL]A MAT 55 R AR Ty i, AR T 80 AWl i JiE
AR5 4 B —MME S B 40~60 MMESS . HARS Wk 2
Jr7

x2 HESHE

ZH Ui
Checkwin_k LS AR NGN
W, AT: 55 B BT b 5 )AL
W, AT 55 4 38 i AU(E
Max_c A 55 35 K AHAT [
Min_c AT 55 foe /NIAT B[]
Pro_Num RGP A PR AR
Res_Num ARG R IR S RIRL
Back_Num e KAV IR 1715
gaprate AT 55 T8 L 0 4 3R
Use_P AT 55 98 FH — > BE R 1 L A5
Share_P AT 55 98— L e i L 41
Max_split AT 55 10 B K AT R AT 4

TEP7 EL T T 7 b A4 ) 8 8y 800, [RIINF  # R &g rh
1 4k B ESASECB 3,0 R G R R IR A RO 2, 0 ik A
IR AT A A KA S5 1 SR KB AT I R AR /N iE AT
AR ] 43 51035 7€ 2 60 il 30, 7E 3% Fh S HORE T 1B 25 21 43 51
e 2~K 6 Fioxs,
4.1 FHEE ORI E R R

A BB Use_P,Share_P,W, ,W, ,Back_Num,gaprate
1 Max_split 53 W& & 0.2,0.5,4,3,8,0.2 i1 3, H {5 E45R
i 2 Fri . Checkwin_k HIKEL 3,4,5,6,7,8,9, 7] LA Al
A6 I 7 11 /N A I, Myopic 5035 F1 EDPF B3 325 14 8] J8 1t 1y 3
WhEZ e, W Al DUE Y, £ B2 B R R/ A
EDPF 535 (%) 1 FE A% 1) 2R 22 5 T Myopic B3k A TR 0 1Y
O R ARt A5 B A AR 0 DL A AR e A R R T R R
R,

90

[
N oo

y | —&— Myopic 5i%
—B— EDPF 8

4 5 6 7 8 9
Checkwin_k
B2 BAEAOMNZIE

4.2 BRKIR [EDRH P B R I R BRI

5 Hr, Use_P,Share_P,W, W ,gaprate N Max_split
Sl R 0.2,0.5,4,3,8,0.2 1 3, & 3 BoR T I KGR FHREL
Xof B8 U R I R AR Back_Num BU 0~30, &R fn 5 1%,
M AVF I B KR IR EAE KB AN 535 1 success ratio #54%
BEZ B8 A de RIR [R5 Ak i A2 v EDPE 5532 1 8 2
B R 2R T Myopic 5%,

success ratio/%
N

[}
[

®
(=]
w



38 2007,43(19)

Computer Engineering and Applications i+ HE L. T & 5 Ji

100
I
2 9%
f 90 —&— Myopic 51k
¢ —m EDPF §53%
Z 85
80

0 5 1 15 2 25 %
Back_num
B3 SKIEERE AN

43 AHE W, S R IR

T B, Checkwin_k ,Use_P,Share_P,W , ,Back_Num,
gaprate 1 Max_split 53 %% %4 10,0.2,0.5,0,30,0.2 F1 3, &
4 SR T AUE W AR EE R R s . AT B R AT LLE
TERUE R AL A2 o EDPF 5335 ) 8 B2 R 21 %48 L Myopic 55
P W, 0~6 & s, & B0, PR D B30k 3 A WS A g
Mk A8 Ak PR IR, 24 W, =0 B P9 A0 5 2 3R 0 e 7 Uk 4
EDF 83 3% 58 10 1 A7 25 TR AL 345 R 9% 305 [m] A0, e LA 98 2 ik 2
AR A

100

§ 90 Wﬁ.?—.'——‘
£ 80 ® s
= 90 —&— Myopic 5%
£ o0 —B— EDPF 1%
2 50

40

0 1 2 3 4 5 6
4 RUE W, BB

4.4 ESHFIEFR AT E I E R #0

Pl 5 SR T YA 55 fo W R R o3 ke A AR A I B0 0
TN R AR AR B Max_split=3 ,Share_P=0.5 ,Checkwin_k=8,
W, =3,W,=4,Back_Num=30, gaprate=0.3, MG B R E B
& Use_P (35K, BI BT A 38 09 385 <, W0 D B3 32 104 98 22 1 2y
SRR T e M 05% L1 1 T I 51 S0% 2 A7, FERE T, ¢
VP A58 R AT 55 1 R IR U 2 A5 2F B i nh 28 1Y
AIRE PR b K, [EIRT, G LR T UR I, TR B A
Myopic FEA BRI,

100
S
E 80
= —&— Myopic %
2 0 —=— EDPF 5%
g

40 ‘ ‘

0.0 0.2 0.4 0.6

Use_P
B5 HREMBEMZM

4.5 {ESHIIEIR FE X3 B Ih &R 19 8 i

P EF, K Max_split, Use_P,Share_P, Checkwin_k W,
W, ,Back_Num 43 5 & Hy 3,0.2,0.5,10,3,4 F1 30, & 6 1A
TAE S5 0 AT 38 B IR B R RS, B R R AR 55
PO SE S I IRE AN B Y R R Dy AR 1 i, g L
EDPF 523 (1918 B i 51 22 46 245 T Myopic 57 .
4.6 BUE W,3TEERINE M

A EA, B Max_split, Use_P,Share _P, Checkwin_k W,

100

90#.:.:.7.—4

2\ 4

70 —&— Myopic Sk
60 —8— EDPF 83k
50

40 : :
0.0 0.2 0.4 0.6

gaprate
B 6 EiREMIT

success ratio/%

Back_Num 43 3% 5E H 1,0.2,0.5,10,10 A1 30, & 7 A5 T KL
fEC W, F VAL IE IR B S . W, =0 I, P — 80, B AE 7397
A s A W, R VA A WA 2 W, >4 B
SR IF R W 0 i T R T N 5L T A
55 R % T8 5 50 S B

90
g
2 80
= ~ ° ° o o
; 70 < < < & < ¢ Myopic s
£ w0 —m— EDPF 3%
=
- 50 _—
0 1 2 3 4 5 6
WZ
BT ALE W, %
5 #Hig

H A, MSP (5] A5 98 2 — A~ LA BF T4k, 2 4 1k, 2
FEAE TV 25005 A3 F A U8 B S v R gl 25 08 B B 0k o e
A5 R B B 2 PR A A TN AT R AR I 5 S R O T IS
FH SR 3 285 90 Bk AT T S R A P Rl ik S B
AR & EDF J7 20, 33X R 0 2 5 Bl U2 B0 2% 18 84T 55
BATHFRIA 3R, 24T 5558 47 o ) AR 85 10 A 38 1) [R] AR B, T
AESs S BOM B 7 R AIAT

AR SCHE X BB i Al 132 TR T IR AT EDPF
T Ak X 92y £ b BRES R G AT 55 VR L AR UL OT R A
RGO AR 55 B IFAT MR 0 EDPE G832 0] LA 280 b s /0 918 32
JIHY AT BE , TEAE % AT 55 Jc LA RN 8] i B Al b A i A7 i
) PS5 A 9 B2 R T AT PE RN, ROR S T R G A L
PE a5 FLSE R, v LA B EDPF 5532 0 0 JE R 2 R AR
Myopic 5575 98 B T2 . (ks H #1.2007 45 1 A)

5% 3k

[1] Ramamritham K J,Stankovic A,Shiah P-F.Efficient scheduling al-
gorithms for real-time multiprocessor systems[J].IEEE Transactions
on Parallel and Distributed Systems,1990,1(2):184-194.

Douglass B P.Real-time design patterns[M].dt 5% ; b 5 i 25 fiig K K
2 N, 2004.

Galli D L.Distributed Operating Systems Concept and Practice[M].
de st WU Tl Hh At 2005.

[4] Chetto H,Chetto M.Some result of the earliest deadline scheduling

2

3

algorithm[J|IEEE Transactions on Parallel and Distributed Systems,
1989.

[5] Mok A K.Fundamental design problems of distributed systems for
the hard real-time environment.Cambridge ,MA : Department of Elec—

tronic Engineering and Computer Sciences, MIT, 1983.



