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Abstract This paper presents a new heuristic called Sufferage Min-min (SMM) , which is based on both Min-min heu-
ristic and Sufferage heuristic. Combining task sufferage with Min-min heuristic, SMM chooses k tasks which have smal-
ler earliest finish times,and assigns the task,which will be suffered most if it isn’t assigned,to the corresponding pro-
cessor, SMM is more suitable for heterogeneous processors platforms by surmounting the limitation of Min-min heuris-
tic, The statistic from the experiments proves that SMM can reach lower makespan and less average waiting time at the

same time and the performance of it is better than the one of Min-min heuristic,
Keywords Scheduling, Min-min heuristic, Sufferage heuristic, Makespan, Average waiting time
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B AT E SN 6 A 55 TR BE S 2 KAk B RT 43 R TER
R (on-line mode) F#kAb FAE =, (batch-mode) Bj 2 ,

ELEXELF AR ERNE RS, 2
B EZEXEEHEE A MCT (Minimum completion
time) , MET (Minimum execution time)??, SA (Switching al-
gorithm) , KPB(K-percent best)! 1 OLB(Opportunistic load
balancing)™™, MCT 855 DIT 45 B9 85 58 iR it IR/ oo i
FYVRBE , AT LACRAE 22 Ab B AL A9 £ 8R4 , (BT 45 B SE PR BiuAT I
E3FES . MET B3k W LUE 55 8/ BT i 18] 4 e V8
B HEAREGERRAEN AN BEARYE. SAELE
MCT #1 MET M%E, R RYEH A MET, XA 8K
BHEA MCT, (HiZH A2 FRENRRAENRYES R
HAEWRS) . KPBE AT MCT #1 MET Z M, B =%
k% 9 L5 BUE 5 AT B R 38/ 1N O AL BE AL , BB B B 52 JR.
ER/ NI BILSATIRE . OLB BB % B & IITH
Bt URRHE 5 A BB T — N B2 IR B AR BEML |, B 2 7T
ISR BRI , (H B T I.A B IR &5 PuiT st 18] FN 58 SR 1]
B AR A S BT 55 5 AL BEHL A B AT I

HAL R ER RSB FWEE R, SEEHFE
EREARPRHPFALES. 2RMMGCERAFEELA.

Min-min®®?, Max-min®? 1 Sufferage!®, Minmin & 2 £
MCT WG B, 2B AR S B B 72 A [ B/ N 55
AT, FER B EH =B, Minrmin BB A RIFHH8E, —
FC PR VR B 3 B PRI B EDS) . Max-min B 3541 & MCT
FIBGE R > 5 Min-min B AR R, S E 5 B R E R E
BKRES #/7 R E. Sufferage B\ N BIFHIB ST & 1%
Mz SRS —MEF  MEENB R AL S,
W AR S e SE A E L 2K RTAESBHK
0. ZEETER/MES RS L AR TR it e
®. '

I R E T AT A NESF AERE ST T
Fo B4 Min-min B Sufferage BB BRETET
£ 55 18 BE 40 5k B9 B /)N 8 . 52 B A 1) B 25 (Sufferage Min-min,
SMM) . AICHHAEF BBER ARSI AT Minmin B39, 7E4
AREEFBERE T RN ESESAERELOEM EHTH
B FEEEESTRARE, MW, SMMEBEEAER
WFRILRETERE.

2 SMM £ ;% (Sufferage Min-min algorithm)
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BESE THEEGn MEF {0ty ta ) EF AR
BAEE, B—MEH RE— G438 AT, ALEHLE P
LS m GV p1sprrees Pt » B ELEI—K BRI
T—MES BES AR UEP R ERE., SESERS
AEER N & B9 B0 AT B 18] B BhAT B 18] 4B [ (Expected execution
time matrix) s 75 » 5 R {EF ¢ TEALBHL p; EBOPRAT
mHE] . RAbERALAY R B 2SR AT Bl AR Kix. Bn, P K|
FRALIHL p; BB 2Rt BESESSHEN LR
F5g jasta) Pl B B 52 B A 8] 48 B (Expected completion time
matrix) Coxm 3675 » ¢ Fe AL FEHL p, RSt RZED
BF| p; LIRS IENEEc; =K, Te; .

HWEFROAEEE (makespan)%)‘(%]lrgaé(F(ti . H
 FGHORTES ¢ WEREE. AEREREGRREITTE
RRES A RNEEER, (BRI R RN B MME
FHREHE.

1F % 2% 07 18] (waiting time) 8% 5 XN £ % 89 52 LA
W5 S ZAAEN EMPATERERNE. RES (BSEE
AEHL;, BAEE (e EENLj LIRS o UE S <
ISR w =c; —e; . EFHEHEFHBETFAE
FERPFAESNEFIBIATY, B, crwd /| T|.
VA 7 S 0915 S 1 B V) S B A R R B Sk e/ M 5 R B
AEESFEWMEENGEN. AFEXEEEFTPRE LN T
SMM B35 75 1A BE B FE A S S A B[R] _L B9 BB AT .
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BB, Xt RtEE e R, YESELLIL LT
i ARk 22 e 9 B4 , Min-min f 3X — £ T 22 Wi gt &
g, SMMEEFEMNY TAEREIR—FERE Min
min BN EFIER YL RS ARG,
2.3 SMM &;%%} Min-min & %8053

BT E A8 SMM & 5 x4 Min-min 8 B35
it A T E L.

EX 1 BRAREFEP . FRABELEEEN T{a
1} s REEEHLEEN P{prspos=s Pt EXEFE T BSEHES
B /L EE A minCT(T,P) X

minCT(T,P)={(t;» p; )1 K, +¢; =;n6ir;(Kq +ey),t; €

T,p,€ P}

HhTLE G, p)) BTS¢ AT p; EHISTHET(E]
BF ¢, FEHEAMAT AL FR AL - 8952 LB 1], WUBR ¢ #1 p; LB
TR R R/NCE IEHE L p) . —MEFES S -4
YL B2 A BB/ NCEL . A minCT(T, P) R R FFAEE
£%5% T PRAEF TR RIR/NCRNES.

EX2 TESMMELS,H  MEF 1 BT K E (suf-
ferage) B E UK E 5 £ AU B B 58 LB (8] CR Sk — g
WAL + SFEETAEN p.) 5SBRMMR R THET R Rk —
Rtk BT S BB RIALIENL p, 0 R, B,

sufferage(t;) =ci, —cy _

15 45 B 55 BE BB A RAT 55 ZE B B AR AL ML E BRAT SR AL
AtiE B R ERER, A AR RE AT UR B ITEAREN R
k. FEHRKERIERMMAZKMARR BT EBEH
HAVEE, WA IE—E R E EIER Min-min 835 P48 K
YRR, M 2 REEERRNENER. EFEAER
KRB/NIES , LR E D RAAE R E RLFLEI R
EEAETIL UASKEEEEW R AT E, TS
ERRBEROMES, B TR Linin e TRILE,
FZAEPORA WML T X 25 8 B 25 B R i th st i
WEE/PRES K, N SMM BB EREESAE
BERBRHES ‘

SMM BHENEABER . HETERAELESE T,
ty st} PEALS BB R ST RETHE B BIE S minCT(T, P),
B H PR/ B IR DRT £ SRS SRE. B
ME s PPk sufferage() BK T EME NN EAE 0E
F. BEEPSH L E-TTRATHSHE, HEEEL, ]
6], k B HE RS W BBk BB, E T & W Pl XTS5
k BB ST,

SMM B HF 5155 B 51 A Min-min & ¥ B HFH &
AR AR, BEAEEBERSEHEEFHE/DSE
— R TR RAAIF R AE R BE S , Fa BB B AR RE
FRABENER.

2.4 SMM E i {hASRE

(DFOR every t;(t;€T)

(2> FOR every pj(p; €EP)

(&) Cij=Kj+eij;

(4) ENDFOR

(5)ENDFOR

(6)DO UNTIL f5EFEE54E T=¢

(DIF THITENMEKXF k

(8) minCT(T,P)=¢;

(€)] FOR every t;(t;€T)

1o i3 sufferage(ti) & ti BYSE LA 8] & /DI EE (i, py) » FEKEE
A4S minCT(T,P);

(11> ENDFOR

(12) B minCT(T, P) fr 5 BL.58 sAT [A] 48/ k 4~ DL e

13> 7 kAMLE B sufferage(t) B i — A FCAC(tp,Dg) 5
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(14)ELSE

(15) FOR every t(t€T)
(16) HE sufferage(t;);
(17> ENDFOR

(18) 7 T M sufferage() B A —MILEE (tp 4 pg) 5
(19)ENDIF

20) 4@ t ﬁﬂﬁ%&bﬁm Pas
@1 T=T—{t};

(22) K Kyt ors

23 FOR every r in ¢
(24) Crg=Crqt €rq}

(25) ENDFOR
(26)ENDDO

2.5 SMM EiE44

AR b A4S i SMM B b S A LA & B SMM Bk
BEEWTHR.

TR %&*%E%E‘J#ﬁﬂ%lﬁ sufferage BEVE R B3 18
EME,

RIBE X 2 ATHE 5 B0 25 B (sufferage) RIRILR R 58
AR SR B R e A R AT BE R . AR ESEIE Y
(23)-(25) A T 45 G 5 1R 58 LT B R B B TR B i L B 3 &
HASH), RIL B AT S AR R L E A B e E X
As, BIRHGXAEE A A T E % 3 B HE M A B A9 BR
7, BT IR Min-min BEERBRYE FHARE.

HHR2 k=10, SMM BRI AES Minmin Bk

% =1 WE ke R R R TR AN —MEF
BATAE .S EERANRENSRRAEREW. HEN
LE R FES Min-min 85—, BB Min-min &k,

4R 3 k=nb,SMM B iR H Sufferage BiE,

X p=n B EEESREMFAEFEEISTESAER
KB KA — AT, AT 5 00 BB 58 i e 8] %t E B A 458
WHREER, Bk G RAEE Sufferage B ik —3, BIE
B4R Sufferage B ik,

BIE L HABNEENBRT LB R ERRAEESE
THaEE n MERAETS LB UE PPEEm G4ATEIL
BT B EIEREN O (n+k), EHHR, B
(D -GITH) 86 b 55 B 52 BT B 36 RE C. s HEIR 2R O
(nm), REG(6)-C2OT, T8I n IRIME KT 5, iR B 245
KO (m+k)), Hf(D-ADITHERE &0 2 mLata) &
NEEERALS RS, B E R OGem) , RIBUDH AR R
SERUAT I /NG & N ILED, B AN OGn) BB (1) T 2 4
TR B R —A, B4R OB, RIB(15)-Q18) RIERFAE
EETEMUMNF REREELR, ERERN OGin+1),
g% EFTR, SMM BB BRI B 2 BE R OGE (m+R) o
2.6 SEHIER

AT BRI SMM B EE LR, g — Bk
2, HEATFERAEY EWIATRIE N 2 iR,

F2 ALFEATAE

n p2 p3 p4
u 53 66 86 98
t 62 76 84 97
13 52 63 80 89
t 57 64 72 83

R k=2, iR 4E SMM B8 B S 1T E L &AT 55 19 58 BT
I'ETJE/J\EQEE%’%{U“PO’(Q yD1) st 1) 5 (e ,pl)},ﬁ-ﬁ%i
Hh i B 52 A A B8/ N R 2 SRS (1 p0) Bl (235 1) o BRI
T o 5 PESEERRRRNIEE (4, p), REHE
%t AECEALIEN p . FRMEE T EATUER & BRET
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En—p. UHGETRESEFHAEINEET L. TEN
i sufferage B EH AT AR BRI to—>ps T u.—>ps 1K
FEEAEHTRAEEREN 84, 315 EHIEHA Minmin &
ERBHNEAET RN >p1s P2t pasti by, K
PSR K 98, Tif# A Sufferage Byt B R E K 89 K1
EHE P> rta—>pssts—>pro TEIXLLHH, SMM
BB /N F Minmin B85 Hl sufferage . THHE
AR, B4R i SMM B ¥ 5 Min-min B ¥ Max-min H 3
LA %% Sufferage B :HIERE

3 SMM & ;%7liz (Experiments of SMM algorithm)

3.1 WX

SAHERT S MAL LR P AR S RS . AR
HPE R F—MES FE R B AL B 1 S AT B a2 ] F) 22
8. ESHNRWERE R — MO EARFME F B AT E
MEF, FEASCRMEH EFPITRI EE R E dit B
R, T S RS R S LRtk TR E
FEMSBRPEIATESRHRYE H, AABILRH R

H,B, SHUESATHSEIERE E 7 BRI

FOR every t, (€ T)
N.[i]=random{1,H,;
ENDFOR
FOR every t; (€ T)
FOR every p;
E[x][]R— Nl[%’* random[ 1, H, 13
END!

ENDFOR
3.2 WikSHAERE

M SMM B ik BT LIE ), 250k R BUE R e )84
BtEE. ER 2 MR I, YE WA 1K n i), B
ASRAA MBI E LR, AL RBAT LR
LSH N1 E 2 WAL ES BREEEELSBLD, T
% HEERRE W &3m . B 2 B7E n=100,m=16 MR
BF, % LN 2,3,4,5,10,20,,50 R HRIET50 15
B A9V B B AT 5 P S et (RIS EUBE

WAFARRA, 4 b L/NET, i TR EBES , SMME
BEEEEIRMNERER . EREEE FEEEEK.BE
F LRI, X kKR BRI B R
VA B B 07 A R BT 55 F I S e Rt S AR T
BENXMBERET S L EEESARNH RIS H
B, HXHEEEEEREEN, SR KR £ E, HYERK
E%5 SR m B AT, BB £ 1B, HEGE— BRI A

BT ERH, S8 —BHEN 20,
(G ARk E o T B |

70
60 o
40 [ - :5
30 Hif—F: |
20 HE—
10 [ ESN‘T 59

0 | %0 b b

2 3 4 5 10 20 30 40 50

k{l
F2 S8k 5BESREMEHSHREINXSR

3.3 Hxak
A e WR A, 2 BIXF SMM B g Min-min & ¥, Max-
(F#% 97 7
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WQoS Guided
Min-min

#Qos-
Sufferage

3 {ES¥CH 100 B, QoS Guided Minrmin 45 Qos-Sufferage &
BHX

B4 {EHEH 150 8, QoS Guided Min-min 5 Qos-Sufferage B
BEHRTEH

MHE 2,3,4 B LAFE H Qos-Sufferage B ¥ 5 QoS Guided
Min-min BEH ., A& T P52 Rat AL B TR REEY
HEE.

#ERIE NBEFENEEEMNEITEPRIZORE, &
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SCiE LT GridSim &40 2% B AT B, X Minmin 5
1 QoS Guided Min-min B k#4177 AR, B — & ARE,
3% Minmin B ¥ # QoS Guided Min-min 8 5:# 178, 7£
B B R RIA T QoS Ml F1 Sufferage Bk EAE. LK
LE R M E B Y, 2 1 5E AL ) BB TR R B U,
BETHEN R HEE.
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B |-
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T F Max-min B, H SMM H 2% 8 E B B € F Min-min
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Bk, SMM B 5 B T V8 B B E IR 5 S RERT A )
g —, Bk A RS T A =1
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