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B E: RGP EET 2 RIS 2R 7 V5 20 5 makespan. 45 AR 3615 28 Goi I O 200 S ™ 4%
WRETT MR makespan B IR, 1S4 il A R R 5 X () B 2 RS RO RVRE B S B T S S 5 RS
25 tHAZ I Y 2 ) RS 0-1 A EOMRIBEY s P $ Y mT S E ROIR 2 A 55 308 ] H 2 (RAMID_TGS,  reliabil-
ity-aware multi-duplication task general scheduling) £y, I8 i 15t A% B350 A EAK R A8 2% W) A BB 19 05 A0 R AR A T i
) o SE2H8 2 BVEANOGHE AE PT SRk BE sk, 10 HL 5 )™ kR B XM Ll Bl — 2D kN B makespan, 18092 585 Ay
FHITES B2 T
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Multi-duplication fault tolerant scheduling algorithm
based on genetic algorithm in heterogeneous systems
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Abstract: The fault-tolerant task scheduling mechanisms based on multi-duplication didn’t consider the scheduling
makespan, the dependencies between tasks, the failures of the links and the longer scheduling makespan caused by the
strict scheduling method in the heterogeneous distributed system. So the reliability calculation method that can involve
the processor failures and the link failures was proposed firstly. Then the 0-1 integer linear program was proposed for the
general scheduling problem. At last, the RAMD_TGS(reliability-aware multi-duplication task general scheduling) algo-
rithm was proposed to solve the 0-1 integer linear program. The algorithm searched the mapped processor and the start
execution time on the mapped processor for the task duplication by the evolution of the genetic algorithm. The experi-
ments show that the RAMD_TGS algorithm can meet the reliability requirements and outperforms the existing schedul-
ing algorithms based on the strict scheduling method in terms of scheduling makespan. The resource usages of the algo-
rithm are also acceptable.
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. fE HDC RGH, A BN R P AU AR
B A ARG O T REUE AE, IR BL A I L A
HDC FR 4t 20 AT 55 R B S0 v 2 FH
BUR G SR I S e e T QB A . AT
25 R B B A0 110 08 A 45 10 U B2 R ) T 46 AT N
[F], I RAT 5 MR R AAE T, B R AT EETE
Fie /MU makespano 24 i AE45 1 B 1] K 22 &
XPPSTATS5, AR T AR5 IR s DG 5 HOZ) Ak
%, [FIWH/MEIE makespan Al KAb A SEPE s
WA I s Y, IR R 06 2R I % e R
makespan 1A FE P K BE R  SCRR[2] 7 1T SE 1k
WRONERIET A R T 20, e a0 R
APEEPE T VIR AW o 12 3CHE I AR A I A
Z LSR5 P AETE, AT55 A RENE S T AP AT I 1) 5%
BEOREK, PN S5 FFUGPAT I T]) ke 5 AT 55 RE A 42 i
B SEATAE S W S . WA 7 Tt — 20k
/IR FEAT 55 BIAS TR AR BRAT IS T) - DR] i FH o
makespan 1R 13 7] B LU 4 5 /N o A SCRH JE 18
FHRE T 0 2 B EE REEAUE], A3 2 a5k
TERWTHE T, A AL EVEIUAG TR B makespan.

2 HXIME

FARR BEEE CHHT T KBS, AV 2 2540
FESRFBAT R 2 BIAE A 715, PO Sk s2 5
AN BT EEPE BRI BN X LA AT RE VRS T
[ AN AL, RS B2 v >R 4 20 52 1 (PB,  primary/
backup)HLHIF1 E B 5 FIBLHIREE ] Sk

PB HLHARFATS5 ) 2 ASRRCAS 3 Bl s AN R
TEFERATT B RN, AT AR RIRAS T R AT o
JE— 20N B makespan, SCHER[312E T PB AL
() 28 TR B BV FR VR AT 55 Rl AR 0 L 5 24 45 (1)
FRRAES . CHR[4]12E T PB MR A 1 5 5k
W K B /INMAAT 55 W) 12 o T) RN ST SRR, AHZ B
A3 7% R o SRS 1/E RS v SRS R B
T A B AL DA /N 52 7l R AR ke g /N AT 45 R
makespan, ZALHNNAE [ B AT —AN 1 s KRR A
H. SCHR[61%E T PB ML T =& F S E
AR R R, (RIS PRI AT S5 . PB L
HRAE 5 A WA AT 55 AT I TR, BAT Pl BEAN G
JE ST 55 I TR 23K

F B HIHLEIHE 2 ME S5 B TEA [F] Y R
ATPAT RSB o SCHR[714E T L3 S HIHL A
XH bR BESRVE BSH. A VL5 NIEAF [F257 55,

HUHPE makespan #{IEK . IR SRI FEIN 5% 1E Y
MEATTHA TR, RS B ZIFERR. K
Z E ) I A AL E H AT 55 =
BT LL 2 AR B AR, W FTBAR 5340
FUFTSA SHEP103 BILKEAT 55 WA B 45 5 /N i s o A
e /NG I T TRIRT € +1 /N 10 moR A e A1 AUk
o 1K 2 ANEIEHARL T EEE T . SCER[10]5E
TR AT AU [ 2R 3 ) 52 S B ke 2 ] IR
R, FERG T SENE S0 B o SCHR[ 1] 2 i
e R e A e FaE 1 RUR AL 2RI R
il 5 A1 25 3845 1R S8 AT A 45 Bl AR 250 o ik /b 38 45
B, ATEEVERR T IR . SCER[12)25 T F=3h AL
) R 2 R S ARV 30 B ] A M e v Y R AT AT
RIAS,  DRIMGAT 55 ] REA IR 52 2 vay ml SEPERBRAT I 1)
HVACAR T Ao SCHRLT] A3 T4 AL A5 1 8 5
R AT A AR 2 R TR] I A e ddi AR AS . SCHR[13]
FEth RE[FIILAL PTSEE A B makespan 5%
SR R R R T2, HAREE R B R
B . SCRR[ 14155 T 1 3h & RINLEI T 04T 45 234
W BEREZG [T 1 R RN RE R 3%, AH AR i
W e SCHRSTEEE T et o A KR G (AT
G AR I T SRR, FE IR RO B
(HZSEI AT 5 e R i b, HL SR () 8 7 A
PR

BE AL R FIEAEAT S R B A O 2R
H o 1AL FE(GA) S FPAIH F AR IR A AR
T e LR i, e R e 15 B ik
i Py BEATIE R AL, AP S 4 R . 3¢
BRI161E T GA BEAT A Bl RS AT 55 Il A 1 5K
Pemynl SENE, RILERR RO AT S . WH brizifk
HBGA) T [F AR AL B makespan F1AT 55,
{HAEHEAG I BGA 1 7] BEd 15 1145 (ARt . SCHR[18]
KH GA 753 AT 55 MO R M [FIN R FH IR B
FRMERAA I makespan FIATHEME, (HAZEIER
HRHZRIANLE], I FEE T 2T BRI .

SCHR[191UE B ek TF 5 R G e LAk ] SEPE 1)
RIAC I BE 0] 4 NP 564 )il . DS AR SCR FH AR
NERBATAL SRS . 02 I B AT 45 T SR 2
SREIET, AT E R KT AT 5. Benoit 2512
UE B JC 18 A2 I I B 3 J2 7 A s, P 2 FH O
AISEMEEREAP SE A )i, @ D NP SE4s
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(2] AT S S v Stk N IR AT, e A2 AT 45 mT Sk
LORFUE S MHAGL RC R T, PR
J% makespan.
3 EFIAEREDR
3.1 EMIHERFRE
KILRGHA T Gy=(P,L). Hrh
P={p, Dy Pyt & M AP RIS, TR
pAREAN i, M=|P|. LR|L| AL RALKES.
T3 1 AREEAT AL p, Al p, TR IR X i) T80 45 5 i
& RG2S A AR IE R I w(p,)
PR R p, BTN () T AT BT S, w( )
PR 1 BRI ) AT DA i B . Ap,
FRAGALFRER T 5 p, RO, AL AR HERR
) RN
3.2 EHER
MY G A G (DAG) £ s, B
G=(V,E) SEEHELV MESEEN =V AE5 v,
AT ES AN pred(v,) , AT5% v, %G ST
S Htr H suce(v) o w(v,) WATS v, UK AN. E Ny
V RS A AR IL S, e, AT v, A
v, AL R, wie, ) W e BAETFHIR.
RIAT— entry [E4- A4 exit L5 T4, H
M S5 S5 B T e SO S M55 46 . ST (v, p,) M
45 v, AR5 1 p, FHEPATIN ], ET(v,, p,) TS,
A p, AT, ET(v,, p,)=wm,)/w(p,)
FT(v,,p,) HAES v, 7E 15 &1 p, 56 B AAT B 1],
FT(v,,p,)=ST(v.,p)+ ET(v.,p,) . {EFHIHHR
G AH S5 AEAS [ s AT I TRIAN [R], - AH [R]3 JE
TEAN RV AR AT AN ] . 5 A p, 58 BT ]
PFT(pk):maxv,eV,v,-eptsk(pk){FT(Vi’pk)} (1)
v, pisk(p,) AR p, ITHUHE S RIALES .
2 ) A AT 55 2545 R 5 B0 6 200G A2 AT 55 1
AW, BIRAESS v, My, FEAEHK I (e, € E ), A
P REAARAT 55 v, THATATIN, 55 v, TS8R H
S e, BIMERRATS v, WU Rl X TR e,
M X (pLp) > WAL SRR v
(pi € proc(v,)» proc(v,) NAESs v, P G &
SERAATIN 8] FT (v, p,) BN Be,  7E 1 8 p, 5 p,
T 30155 2 T35 F 1) 2 RS K AT 55 A 7 FF A

AT ST(v,, p,) » WIEIAK (vf v A2 A0
KT

FeF 2 RIA T RIS AT TR R A
RO, P R Fe AT 45 AT e FL T AT 1A B
SEATAE 55 I T AT R A AT 50 i BRI JEL 31k
RV BEAT S5 WS Y SN, AR IAT . A
e 48 HUEAR S5 A H R EATAE 551 — A RIA
AT 5 B A2 I A 1R 7 2R D A i 2 2 T R R AT
FWUN T AL, YT AR SR BRI AR AT o A
JEETT 2 U BE I AS T AR AT I R 4 BT AT SEAT AR 5%
F] ARG 6 1 P 208 455 B (1) 2 R0 e R e KA e if o
YL A R A TF AR AT IS )R] SE AT
T 25 B AR AN L B A5 I i) 2 A (1) e KB . i
FHAR B 5 =X BORs B 75 358 43T 55 Bl AR i) A8 0 S
RALBIAT o PR R R 38 R Ry AT SRR S
AANE], PR R AT 55 R AS IR AT eV G 2% e AT
55 AT S AT AR 25 B AT BIAS it 3 3 P AT 45
AR AT FE P U 25 R I AT SEAT AT 55 R AS T 58 B
A7 S TR R B0 A5 BN 10 22 R/ 1 224 i 8 AT 45
ATFFUSIAT I ) (1) P AT B A o

WE 1R, BAESEY ={v,v,, v TERTY
KIER P={p,,Dy> D3> Py»ps ) T30 FH IR 5 T 45 1
JERIRTEG . B 1 22 B R B 75U, vy SERNTTR]
50, AIEEMEA 0.999 999 547 0. P& 1 A5 P Ty
X, vy SERINTTRL R 43.5, ATEENE N 0.999 999 415 8.
Bl 1l U BE AR AT S5 nT SR TR R, R SS
AR vy R VS TFAEPAT I (A1 BTHERS , X8 A B
HE— I ME 55 B AR 58 AT IS TH] o AFDG 74 1
J5, 3 B AT 55 v, S8 R AT I AL D 13%, {H
ATEEVEIRDHI A 1,312 001 X 107°%, A SEPEAH 22 5L,

4 BT ZEFRIZAEMRIFEEERE

4.1 EFZEIARFIRMITH E

55 i 5 S50 o v S A 1R o LT 4R AT I
[6] (EST, earliest start time)Fl &z W F 46 $R A7 B (1)
(LST, latest start time). 71 & 2L WS [ ave(Vt, p,) HJ
AR5 R AR vE 3 RN S5 p, BIRAT A p, BIRFA]
VRN 8]k A1 55 Bl A vE 58 O T FIBE R 1, ¥ ready
N3] rdy(l, ) P38 ) SBOR A RUBAS P4 LCT, |, 2
Ao Bl
ave(v}, p,) =max{FT(v,, p,).rdy(l, )} + LCT, , (2)
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0 (e g5t 745 B RAMEH
(v) ! 7 7 T
v, LS5 AR T P, 0 1.0<10° | 2.0x10] 3.0x107 | 9.0x10~
~— P, | 1.0<10°[ 0 | 3.0x10-*| 8.0x10~| 5.0x10~
1R KRB P, [20<107| 3.0<10°| 0 | 1.0x10~ | 9.0x10~
P, 7, 12 P, P, P, [ 3.0<10| 80x10| 10x10°| 0 | 5.0x10~
1.0x10~ | 4.0x107 [ 5.0x10 | 6.0x10~ [ 4.0x10~ | [ P, [ 9.0x10-*| 5.0x10~*| 9.0x10" | 5.0x10°| 0
AL S5 PAT T 1) AT 5515 T4
" A NS v v VIV IV R v VY VY - [V
19 | 16 | 16 | 20 | 19 | 25 2 7 4 1 | 25 | 25 5 2

y

0 16 19 25 50

0 16.0 19.0 25.0 435 500

1 Ak A BRI O 5 7 Onr L

Yo, LOT, , Al v WOH & p, S G, £
S L e, 4 B VO S p, (0 £ I 1

rer, =26 st s, W p, = p,

1w,
M4 rdy,) A 0, AR IR LCT, , 0 0.
ave(vl.k,p”) =FT(v,,p,) -

fE %5 v, ££ W & p, & 5 I 4R AT I 1H
EST(v,, p,) Nl AT 45 A die 2D S 203 i ] A1
W HER AT rdy(p,) B, INH rdv(p,)
A 2R BES B0 R R p, S8 U [R] PET(p,) o
EST(v;,p,) PI5N
EST(v,,p,)
=max{v’g}gf(ivj){Vlkggjf(lw{ave("f ,pn)}},rdy(m} G)
Hrhy rep(v) AL v, NEIAREES

fE %5 v, £ W & p, & B JT 48 AT I 1H]
LST(v,,p,) M
LST(v;,p,)

=max{ max {max {ave(V;{aP,,)}}»’”dy(Pn)} “4)
v,-epred(v/) v{‘erep(vi)

42 FAIEMHIRE

SR TE B IREE AN [T s R B 19 2 SOt R
ANF],  PRCHEAT 25 23 ic 48 AN [R) 1 5 L SR AN A
TR B 7 AP AR5 RIS B A AT IS RN ],

BSCATAT S BB H AN, FonT S0k 5 58 B AT I
TIANIF] o AR T 2R G0 H 1 s OB B R A A B 4 54
FA G AT HAHE ST, 2SRl Copl ) vz R M.
RAPBELNTH py, WAESS v, RRIHIAT, B4
P DI TC IR, FLAZAT 25 N $idls 24 20 s 2h
FERNLE TR Py o
WS (PRI SEVE rel(S) A T A AT 55 RERE R D4R
ATHIRERE o X TR ARSI, 55 RIAS v/ BE A
17, HHEAE: ALSRIA Y WU A p, BIFIHIAT
P MBS R EIA v AT 8 BOE R BAT R AR T
{E5% v, A HERAT ISy, 20— MRUTS%
X v RS v BERHIT e M. HAEH 1, MIT
AARAIEE — M BB R e, At BUd b B 2K
e DRI e ST A BB T SE RS % SRR AT S
EX 1 WA SEBAEEE . R MIFRIAT R
AN FEAR S5 B 2 1 BEAT S5 1 Se Nt TR], 9 m
AR . BZ TS TS SRS v i
SEYHE R R p P ITAT AT 55 R AR 1) P P R
PARES =TTy (RLE2]) (5)

o, RIE, A2 v £ R po BRI T RENE, < 3R
NN, B2 AT S5 RIAS A AR5 EIA

EX 2 HEE R RS EIA v 15647
55 BIAS v T B % L, A% i S B AE 55 A
I, BELRMESS vy 104N 58 AT S I S A BRI 1, B
A RBIIBER . 28R
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LARy ., = Het,;,L,EON(lA,n)ﬂeI,;,qéeli,,‘ (P [E;"" ]) (6)
Forf, PLE" 1 R ep.q FERERK L, SAARTIN )
AIEENE,  ON(lew) FRERAERERS [ KBTI A A,
etpy <etij(vp,v,e V) NEEM I, LR e, BT IR
A I )N T AT R e B TR AR TR A I A) o dn SR
55 BIAS v A vy IR RS A ), 8 OB B a1
I A 0, 2 BRI EENE 1o PRI SEATAESS v
B vy SRR AT SEME R 1.

YT entry 1555 vy s pred(Veun ) =D o I,
AT S5 AT SEPE O BT LA e 15 il XT38
AT 25 BIAS v, FCRTHENESZ BT AT AT 55719 A
AT S5 WA REATAL S5 A S AN AR S vk . 2
T PAR[E,, ] Fl LAR,s ,, W5€ S0, SBHEES, /55 v,
PR L pe PAT I ISR R
ARy

PAR[E, |=R(E, |, pred(j)~

T\Paries1 [1 [T (1-rz4r,) | Hdt
vi€ pred(vj) ke proc(vi),
ave(VE, pn )<ST (vj,pn)
(7)

MG v AR R po PRPAT IR, AIEHEPEN
RIE,]=exp{-Ap.ET(v;, p»)} (8)
TR BIAS v R SEATAR S RIA v, T
ey TEBERR e, PRSI AT SETE PLE" 1 N

efij 7 _ W(ei,j)
PLE; ]—CXP{ Al W(lk,n)} ©)]
RIAT S5 v, ] ZE e

P[EV’ ] = 1 _Hpneproc(v,)(l

PHIE S WAl SEPE PLST AAESS 4RV T AT
ST SEVEIRIN, FIRIR

PS)=11,_, PLE] (11)

R 2 i BRI Ay e KAk AT EE M HL B D A T

makespan. {£Vp, € P, EST(v,,,,p,) =0,

makespan 4 exit 1T 45 1) JT AT ElA Hh B K 58 A T IR

B o AT 38 58 1) 8 mT JE AR A
max P[S] (12)

min Time(S)=max D, proc(vy) FT(v,,»P,) (13)
5 AIEMEIRZEIAEZSERAERL

51 EHMER
N DRAE S5 TIP3 A2 A 55 I A A, AE

— AR ) (10)

AR 3 K A 26 24(BL, the bottom level)
JrERTGAL /G (TL, the top level) 7 ARk sE .
MaxRe” Il HEFTPSE ALl BL 7 ok 2 4145
o2k, i FTSAPL, CAFT!'AI CPOPPVE v 1
(TL+BL) 7 2kt g AT 5 56 . SCHR[14] P s %
B 535 T (TL+BL) WML HE 7 ik b, 35+ BL
(IR 7 Y25 J5E ) B 88 SR A AN IR AT IR ) o DALtk
AR BL AH AT AR S AT 5 v, PR L
S bi(v,) THE AN

Vv, e V,if succ(v.) =@ then bl(v,)=ET(v,,P),

else bl(v,))=ET(v,,P)+ max )(C(e,.,j,L) +bl(v;)) (14)

v jesucc(v,-

W, ET(v,, P) AR5 v, 2EFTE 1 8 5
A, Cle, L) M5B e, , (EFTHRER AT MTTRY .
52 EZERAEREL

AR5 A BE SR RN IRAT 45 5. T RS
ARV BRIV AT AR T % . BT OCik[12]
ML W SE e 3, BEEATSS v, ISR r,

(x AZAESAEP S BAI HHIKIAT E) A

ro=m R/ T (15)

Horp, 1sx<n, HFFAESHINELSS ) R
TARSCH SN AL E Ay i 155 512 B i g ik 31 1 w]
SEVE, =15 R ESERAFEIEER . MARZAES
WSt w55 (entry A15%), IR A LT EEPESEK
n=4R.

A FEE ROR 2 R A AT 55 3 A B (RAMD_
TGS, reliability- aware multi-duplication task gen-
eral scheduling) 541k 2 ir7n. RAMD_TGS %
P FEBA B Sch_ Que A6 34T 25 B 5474145
O 28 8 56 S B8 A AR SEATAE S AR 55 .
& RAMD_TGS #E KA 6 15 1) TMD_GS
SRR AT SEAZAT 55 B B AS i B2 AT 4R A AT
iRglie

Input: V' ={v, v,y }, P ={p., PPy} R

Output: the task scheduling result

I)calculate £7'(v;, p,) of any task v, for any node p,

2)calculate the ET(v,, P) for any task v, and the C(e, ,, L) for any message e, ;
3)calculate the priority for any task according to formula (14)

4)add valid tasks to Sch_Que according to non-increasing order of task priorities
5)while the Sch_Que '= NULL do

6) schedule highest priority task v, and calculte its 7, according to formula (15)
7) if(r,=1) then exit

8) call the TMD_GS algorithm

9) delete the scheduled task and add new valid task to the Sch_Que

10)end while

K2 RAMD TGS 5%
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EIE 1 EBREMES B A SR Bk &
P AL RS AEE M, R E RE
RAMD_TGS SEHI A EEH AR, AT R=R.

MERR  ZAEWA S SCERL12] 7 E BARAL, BT
FEV AR ME ST BIA R AT SEVERS, A Sl I 5%
RIS RSATAESS BIAS, IFANE SCRR[12] 7 7™ #%
P BE SR T AT S AT AT 5 Bl AR
6 EFRIKFEEE
6.1 ESZZERIABRIAEREZL

145 % B A R FE (TMD_GS, task multi-du-
plication general scheduling)$72: 4 1 J& FA 1w Bz vy
MAERAESS v, TEHUBS 5 SNTHA AT I TR %5
EARRNE 3 fros. AR AW RES A,
£S5 v, WEEVESANRE L 2K, AE R BHE S HIREIA
I T BLI I AP U5 A SORBRAMA T 45 T 4
PEUR, DA ORI AR5 SR B T SEVE 2K
Input: Vjap ={D0 Py Pag o7

Output: the task scheduling result of task v,
1)initialize the scheduled nodes of task v, is NULL

2)initialize the spare node set is P
3)if task v, is the entry task then
4) while (r, is not satisfied)&&(the spare node set '=NULL) do

5)  schedule task v, to node p, which can complete task v, first
6) end while

7)else
8) call the TMDGS_GA algorithm

K3 TMD GS %%

6.2 ETEEEEANTISZRAERBAEREE

WRATSS v AR SRATIESS, IBALEAR S5 BIAS TR AL
W, TE ARSI AT S, PEAEREANY AP
ZAMES RIATFUEPAT I IR o 762 R A B 500
H, EETRAREUESS v T AT S IR A
RGN R T AR AT I T

EX 3 WAL v, KISATESRIA NV, 5%
HIL AV AE S KL p, KNI T 46 $RAT I 8] AL
Vvim Py °
R S IS P B A A R 2 O AT S5
REE W B e AT AR 25 P RAE B ., DRI 5 o X
FE 45 14T BT U /AT I (8] (ESTE, the effective start
time of the execution)/V/ & o %A B B LR > H I &
T 55 e 1 B W BINZAT 55 (M REAN Se AT 4T 25 10 I A3 il
AR DM R . T4 v 1A p, BI5R/D
ESTE (L E4 EST(v;, p,) » fE55 v, /£ s p, F1H K
ESTE {7 & N LST(v;,p,) -

E 2 M N AMES I RIS R R A
M AREIZET ARG, B/ MG SR AT 45
A58 B ] ) R S A 3 M ) R AN (A] A
O(M(N -1)+D").

MERR  ESTE &% H & K EAF55 A 15
FTAT 55 (R T AT B A JIT ot I () FF G AT I 1047 2 2
Rl AN TATITS I EH M AEIA, 47 EAT5
WEH (N -1) NEATAES, IAREA m 2 ET i
FEAE S TP IR PAT O B 2 ) M(N -1) , 7% )8
AW AT 25 BILA 1 B0, BT LASEA M(N = 1) +1 Fpm]
REMIEE . Rk, 7590 M AN R RS, w2
A MN =)+ D" P EREAL A, R e
R O(MN-1)+DY) .

FE%5 v, TE B M AN SR G 1 )

AR AL A G #0H  0-1 48 H0RE ] ) it

min Z, = max {x,FT(Vj,Pn)}
Isoblsy sz st IS so+lsi[#lsa |-+,
(16)
M ol [+}52]-+++]5,|
max Z,=1- (I—ARP” )
2 Hw:l Vi i=‘s0‘+‘s1‘+‘52‘--~+‘xn,]‘+1 !
(17)
Isol+}si|+lsz s, | <
st zi:\so\+\x,\+\x2\...+\s”,,\+1 ¥ <1 (18)
X, € {01}, i=1,2, s, +]sy |+ + s, (19)

A8 LRAERFA T ST AT ESTE A E i X
H—MIEMEA 1, BIEREAT SN RE T WU (R
—ESIIEIA. |s| J75 5 p, b ESTE A1 E%H,
|so| =0 HITZIW B EIIE R =0, RGPy
AR B — @ R, TR AR L A FERT
(1o B T SRR, ACRH GA Kfifix

=S p iy w
6.2.1 %A
AR SR A AL N o R 5 A Y e A

/)N ESTE {7 ¥ fl#e Kk ESTE {7 & AL E. AT
B7 1T 45 22 R S AR TR i, N1 RO 3
N2 KA — M EE R 1, A8 EN o,
Rl Condition 1. #iht /5 S0 LA REAN 1T RIAEAM A
iR T LA S, A B A s £on. Bl 4K
BALE LV =, v, TAES v, IR SRS
P ={py, Dy Ps» Pas Ps> D} M1 ESTE A7 5 K] 5 D5 4]
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1)initialize the crossover probabilty pc, the mutation probabilty pm

2)initialize population quantity PN, evolution number EN crossover number CN
3)for (ParNum = 0; ParNum<PN; ParNum ++) do

4) while (the r, is not satisfied)&&(the spare node set != NULL) do

5)  schedule task v, to the randomly selected node p,

6) randomly select the ESTE position of task v,

7) end while

8) generate a particle according to the scheduling scheme

9)end for
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12) if (the random number < pc) then
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15) end for

16) for any particle g, of the population do
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20) if(UF,’ zw!: 0) then mutate by the way of No.1

21) if(U, (,,==0) then mutate by the way of No.3

22) if (the reliability of the particle > r,) then

23) if (exist a ESTE position whose start time is smaller) then

24) mutate by the way of No.2

25) if (the start time of current position is smallest) then

26) mutate by the way of No.4

27) end for

28) calculate the fitness of every particle according to formula (26) and (27)
29) sort the particles to two queues according to the completion time and reliability
30) select the new particles from the two queues based on the RR mechanism

31)end for
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