HPC Az 1 & TAER B FENL T SRk 2R b
I e

T LGN AR RS DAL @ SL T AR AR PP, T BN 2 R 2 RFE I (e . (B2 T
PRV R G ISR R A BEXT A AL BEAT O [V ), SRS TAR R R GARER 2 2 KIS, Mg
TN ERAE T AU BRI AR S5, AR TR R A2 VAR AR . s Ak
FUESS MRS = TR ARG OHEAR L —, RS IRk BRI 2 2 TARR R Gt 6E

MR ARG T —2em TARRUH B T

XBR: = TAEm, WE, =itH, sk, HPC

1 =I{ER#EhE
1.1 =T1ER

TARG RIS — R C 4 e LR H 3
PATHOL S5 R, AEAN R IR PRAT 3 8] A% 38 SR AN
1%, 2S5 E 5 EER. £ TER
PATHIE R, TARRE B R gl TR AL ER
XF TAR R AT AT FE B, I 0 IR 4 %5 3 B
TEZ A5 BAZ H.. [19]

bBiH =TSR R, oA TR R 4
WBHT A = TR TR ARG AL X TAE
WEH ARG T U HEABT 7 A — a8 N
IR, W s TAR. = TARRE B R Gon
i EEE PO TR B BB, S
Bz TARUAE 55 A e e AT, AT SE ik,
SR B A, AR A AR 55 AR e B ARG
VERERE, IXEEAE SRR AT M B B (DAG),
= LARRRAT BU TR :

(1) EWE. FERTHERET, a2
REAALIT,  1E 2 BT A AR 55 BT /5 IS AT
5, BAERS, SLBIEF BT LU A A,
BT GEA R F P TEAURE i R 55 4
P ERSEELES A, B AT B RNIE P B AR
FEMRA AL E

(2) FIRgEPE. = BRIREA T o BCRE A, H
JAT DL B I 0 3 ) 45 D K BT 7 ) 5%
P AT 2 R BT RG>
M BIRR S o X Ahah 2 i B e 25 50

A3 TARRUE 55 LR AT Bedh, X R
T AR 2 R AN B SIS BRI 0
N2, AR 25 ik 55 7 B KRR EE R T B, K
NS ZlE TR ON A

SEIF M A% . R TR, M P
I I = TARSAE S IS AT DL, AT BASE
BB ORI AT R AR DR Y s A
EHl. BMEL, mTEREHXY AR
i HECE R RS ESRE. B
PAE B R v H SRR VE S5 RO A — A
W TT %o i TARRAMY BEW 4 =
TR, T HRESIRm RS . Bl
= LARTAL E 2 AG PIORM 2 1) 50E, e
PR A R, T HESNBEA =ik 5l
HIR S o

1.2 TAERAIIT

I T TAERMHAT A &A= E R B
(1) FIRFEHE (2) FIRML BT 5% B N TAER
BEFIEE AT (1) FSREE (2) sh&HRE.

TEFRAS ISR CEBEAIMAE) H, TR
id B2 S . DRI, MR P w SR okl B
VR R AME . ARSI w R
PSR T BRI T &

A, BHEEHSHER. HTER
A~ CSP, =MREMRHE, A =ML 2 (A B
TR TR, XA B AP T A A R
XN R P ) S I R A R YR B R



1 = IARysE

BT 1 IE R

1.3 TAERERE

TARR B R~ A ML E (DAG),
FmA G(TE), H G 2K, T ®RRIE5%E, E
FAE S Z MG RINA AL S, N
T, FMESRELLUEI%IES (MD
BREMES . WARERAESHESH AN
1%, B&AERIES RSO H D4R %, TAE
TRNHAT S e B 1ER T HAMES 1
A TAERAR .

K1 AR A

T AE I 1 25 A 5 38 T AE i TP AT 5% 2 TR 4K
KR ZEHT U RTFA, AT T
DAG WIS RS 7454 TAERFDR LE
1707 RPAT; FAT SR R AT TAERATSS . fEik
PREs, TAERAR LA AT AT 5 AT 18
K 19, 4£4% T1, T4 M T10 fREFH TIER S
¥y, T T5 A T6 ARRIHAT TAEMEEM

1.4 =I{EREZFEEBR

= TAERAT S A a2l = TAER R4+
(AT 45 1 B s S B0 FH P 3252 1) AR AT 45 5 itk
CREEHE, MaWSE FEHP RS R, ARM
PRz TARRAT 5 B 1) H AR A & AN [
X BT LUK = TAE AT 55 R B 1 H A4k 1n) 8 43
AWK B E A B 2 B R4k i
WK 2677,

ETHEAR
RERLEE

__ | #Hhsfk
feE R

ETHAAR
HE L EE

T2 E
R E

B L
fiE

FEFH
fEE

e

K 2: HARftb e

Fop R TS, T & TARVAR %
9 B AR AR AL i B, K% H06EEBL R LA QOS 45
i

PATRI I 2 37 2 TAETEAT 55 52 o e 240
], P e B o T b R
LS4 5 1 25 T T A - 55 T 1) 2361
[T sk, BT L S b B 0 1 B 9 L
SR AT B 45 2 T A 7T 26 4TI 1
b,

AT B A5 TARRAE S AT 52 WU
S 5 4 UL 0 PR T 2 B B, o 4 5
BRI AL, & TAERAE S T 2
P52 A0 FE A PE AT 6, H 32 35
P AR A I T AR A 55 18 MR 52, AT
ST 55 4T S AL IR A SR E0 R D VU BT, 5
SEIRIS, P 6 B R 8 2 2

YRR 72 ST U A 2 A
R4 BT T S SR AR B, DR — R
R 5 T e o R AR BI e (R 7E 2
SR 85T 06T 02 5 R RO TSP 1)
M RERD, DRI £ 45 i b 0 75 o Tl 4 B — 1 7
B, e TR B B T T S ST
BABEIIT

st ZEFERBSSURI, B
HEAOL 5 051 T B AT E 4% A AR O HL K, 24
520 7 T ARV 4% 4 7 X AL BL % U - 48
FPRE, LA R 2 HOAE 55 W 2 AE I 4 b 475
R FE A, OIS, A 4 B 2 B U )
MR, R P R R R . UL E
T AT % 15 A7 i T o T AR 0 32
W4T R X R A K



2 A LAERIAE

1.5 TAERIBEDH

T XA B TAER W E 7, Fuhai 5
P N=2: $#AS M, S-plan-D-Sched, DAL
BT TAER, B, 55 0B SR 3IES HE
[23]. Rl 3TAEG AL KR,

LLEAE LR B, S R R LM R
MF N WER L. R T HE S EAA T/ER
PN FIAE 55 200 42 JR AR R o7 R EARE
AT, IEIE I E o] DLPE AT IR, X 7E L Pr &
G BB TWIEA TERG B A E
TAES AT AGE SN A . TAERAS BAFH TI/ER
HIEEH, AT 53T AR S AN AE 2 K. B
SRR, g, BETES. 2M
BRI, B AR A B M BRI B T
AR PR TP E S P g B R,
A EERE S A X SN e . SR A I T IR
FRA S-Plan-D-Sched, ‘EFIH T & S E .
BT 55 AT A AF B R A I At o BT A
RS MO F ST, R8T, B2 H
TGRSR, R TR, RS E .

K 3 TARIAEE 72K

2 FSILIERAE

HAHESRERECESITRER, He
S TR RS, X AAEHET )R &R
KW k. — D E& W EFIR6F =2 i
#HoF (OLB)

2.1 JIFKFEBLR

B I BE AT S AR HiE A1 2 2 KHE 45 3R AT
HEF kA — N HESR, N5 E S EFAT S M
TR, EE DAG T AEALE M E. =
B2 A0 T A A 5 05 5 R SR A B M S5 AT
LA S F AN

= | i A = B W o R R i i
(MCP), megtE k= (MH), #HANHERBEKER
o F R AL SE (ETF), 57K & 5 58 B 18]

(HEFT), AbHZRKHEESE (CPOP), Bhi K
M2 (DCP) LS Tl & 545 RIS 6] (PEFT) .
13 4, [42] KR CEE N =R PCP Hik
WEFAZ B seih A 7 — NS A a3
SV RS TR I B B B, ARON A SR R AR
B 1 fix KPR P H B AR AR SR AT I RAS,  [R] )55
R E SRR, R T A TAE RO A
e —FhE TaaS = Rl 12 (IC-PCP) H
%, BMEBEMEELE, BN laaS =~ BEH#
1B 18] 23 A5 130 4 SR B 42 (IC-PCPD2) . P Fif
FEES LA 2 WU (A B 4 B, A0 L o R B K
HTAERPGEER. RS REY, ZXWHE
EMEE RGWHgE, ERZHIEH T, 1C-PCP
FIPEREAE T IC-PCPD2.

FLHAHR A S B 3 O TARIRAT 5510
PATEAE, Hoh HEFT &% (1] &) 246
M= TAEm B K RHE L. Cui Lin 78 HEFT &%
AL BT T oG, RE T SHEFT 1 FE&H v
2], LRSI AT X R R Y, I
W seIG R, SHEFT SiEfEMAL TAER AT
N 1) 7 THD B AR T B LA R M 1 AR AT 45
WS, Dudin 25N [3] #eH A2 T 18] &2
FRIERIEEE, 375 IC-Loss BIEMATEL, %8k
B RE A R ek D AT 55 SE BN ] . Delavar %5\ [4]
X 0 353 A BR03 HE A o BEAS A R AT O, AR
H—F HSGA Hi%, JR@EsLIRE, ZHE%kGE
AT 55 56 B[R] R B AR A

BEABAN

RHR)F kB A AR AT 55 2 18] ) A%
RN T A=l SN AR e s S PP oS
AR . RISKAEFSWN BIEERE, e R — SR
FHEFAESS .

2.2

2.3 EFIEARN

S HHORE R 553K BRI — 2 H
PRI R B B . Bk A AR S5
SRR AT P A 1) L A R

1. BEEHEAMESS ? 8 B FEIEAN UL SR
i, AL/ IMETAESS T AR TA] .

2. fEMRELEHIESS? AEBIR B BC 538 B [a]
B AR I SAES5

W EEESHEE EEREINEER
W (SFD) F#EHEIFE (SPD). SFD F1)
A S AT SN R .



3 HIEWE

2.4 HEMNBHENBLEREE

TE PR PRI N BT BIE 70 H ) A I B2 B2
Z O N TR EMITH TR 7. X
Bk [33] AR 45 A B I XA 55 B A0 B A ) A TR K A
W B SR 7 O 1 R R e AR i B S
B TARRBAMESS o TAER B R KA EE 2
AR FEAS AR 0 P AR 55 B2 145 B R HEAT 1 5
1o AL S5 9010 R e QAR T 2 AR 9 B AT 55 B
JRi B8 J LA STAT 35BS BORBEAT B . FEAT XS
Wk 1) AR A P SRR IR 5 b /M - d MBS
1%+ Sufferange HiEF g AL -5/ MEALVE H AT R
P 22 W R 25 77 1 R e s AR IR 4500
SCHR [34] WX =Fh AN T A R . S
R [35] HSCRE RSSO B, R R AT i
JE R BEAT 55 B8 R R 3 3R AT B AR BE AR A B UL
M AR T 38 ARSI AAT AR

ik [36] BO% T GRASP B3, W T
M55 R 3 B2 5505, O HLAE B0l % 45 A SE ) 5
MR IR AR S5 0L PR S Min-Min 1 &
BT AT ST L. Blythe 28 A [28] BF 5T 572K
GRAP (GrAERENL HE MR FIE MR
TAERWE, 4T Min-Min 3 & 25 I 1950405
EEMNHRET . Young &N [29] BFFL 1 76 M %
P85 I FE AR RO RALR K (SA) ) Bk
IPERE .

R BARHARAE — e R LR AR
WA L, ER2EATEAAN S 5 4 s /b
TARSUEEAR I PAT I 6], 1035 25 F8 2 AR itk
ATHIRRAS ) o FE PR TS T, Foa P B
SEHERIIR 55 K22 A 2 i, Fir AZE IR A58 T 9
AR R B B2 AT DAAS 06 25 R AT A 1 ] e
AN R 75 2504 55 BT I 8] 2 7535 2 F P
R RIAT

2.5 TTRXAXI

NT PR ELFRRAGRETT %, R TE K
KI5k MR IR PR T RS AR08

DAG WEZ—A NP sEa . Hit, 5k
B R b, TR — N R A — AR T 1)
HRE, —ona R IR TR TR, FONEA]
PAET — N E IR TT R BE F R AT S5 A
FE 1) I B FE R R T R 2 — . — L% DAG HER
BlF L35 [24, 25, 26, 27]. REBEHILER RS
(i) PR BT ] 5 B 2 A B 3, T I ) 3R 0
FE R VAL, T AR R B TR 2R e A% B DAL

42 38 A% 555 R BEATLAR IR 77 T AN ] o

R 22 53k R 55 18 B dn e S ] g s /> AR
PR I RAT I 18], BE a0 b ST BT A 48 2 0 0]
RS AR R, A B RS = TR
FPATIS TR 2 . SR sk A EH LT 8
TR E R, TR E AT T A B dRAY
U, RARME ARG A W T = TAERAESS
T IO T . A HAT B AL SR A 25 78
s/ MUAES A, M.A Rodriguez 55 [5] £ X1 F2
TAER AL ) 8, DLREAS = TARAE 55 i $AT 9%
Wy Bhr, =TT PSO MU ETT
%, Rl SEIUEN] VO ERI R . SR
EN (6] Rl T MAERS = I R ME S 7R
MRS TT . &4 SRR [7)(8] #He itk —Fh
WA 5%, #R s/ MRS T
Pandey 55 A\ [9] $2HH 1 —FhJe T8 A aCUHRL 71
AR SR FH Of i R B 2 b 9 /0 2 AR R 31 = v
SEBHIR BIHAT 98

3 FSEE

BN A& T BEAE IS AT A TR AN JE A 55 216 (E B
SR E e T AT & BT B TR S (R AR A A
VA BE I — e fp) 2 R R e (EDF) Al
FAstARYs (LLF). JFRENASIHE RN T 5 H
il TAE S 8 3AE TAE IR R Gt 50 3 v FH I A B
MZEEF . Sonmez FE N [30] $2th 12T =%
RS EORAS, A3 3 RN e i 3 5 DA R AT 5515
BEAES KRG E s S HEES2K. I
VA FE SRR AE T SR BA B 2 [R] P 7 4R Xie
Qin(31, 32) Wit 1 —HH T FIA B A 574 73 A
KRG BN A 2 AR AT LR

4 H#HEZX

THEAHPFENRAA S AL K, WL
AR AEALAL B bR A BORASRIX B B . I F Al
B IAME FANLES 2 1 R Rk, RUR B2
FE SRR 5 SR 5% >N T8 e BB 1A I e
KR, B A A

4.1 HEFRLELARFATIIRBRHIEMNL

EREAER 2 5 K UM BLE AT 70 5 555 fE 3%
FHBS () — AR, —BEOL T, AP ERE L
PEURAE 55 AE IS L A T SR BLAE H AR 1 e LAk
RLE VR 22 53 X e SR AT 17— BB 7T, I s



4 HASH

HIeH T AR Z T 9% B /MU TAR AT 55
R [10]. Tordsson & [11] F A — #E %) A
[ R UL G VRS LR R 23, SR R — PR R kL
ACEIE R TAE S5 7 B, 7239 2 FH - I TR] 29 1
BN, (SRR i /. Liu & [12) AfgH T
— oAU AT B R AT B R R U B B, IR BEAAE
T 2 FH 7 3 B 29 I SR A TR /b T R AT B T
Abrishami 28 N\ [13] # &7 S8 BRATME S 5INPT
FEM) QOS TARMATE S W B HE, 2Bk DAL
IR A0, A145 3% d/h e SR 5 At AT T 38 40 5%
ISR HIER AR laa S = F &, UIAILR AN
L9, B ICPCP W EERE, il e & ME
55 (1) $5¢ 15 576 S F T) S B 1 48 A A A A2 A Lk I [R]
W 5EAESS [14]. Ming Mao % A [15] #2H1 T —
il B 48 16 A IRAT 55 T B2 S, Bk R
AR =T EBHIREAT L, (S E SR AUE
) N SE R, FF Hase/MEIRSS P . Suraj[16] 42
BT —ANETR TR (PSO) MEZEEMMAET
TERATESS, HIEEUERRIZH, S/ MeAT 3R .

4.2 WERFSEZBFMUEE

H A 1R 2 M = TAERAT 55 0 B 50 3 20t
FAT 55 56 BT 0] BLHRAT 3% FH 1 52 H A AR 4k 1a]
PRl b — BB RF 5 3 XN 2 B AR Ak ] /AT T,
Wl F. Zhang %& N [17) 55 1 W8] F0 9% FH (R X0 H
PRACA . #RALEE (18] R th —Fh B T e IR B 5k
(AT 55 56 BB 1) S5 30T 2% FH 2 B AR 4%, I
T L SRR B SR A AU

KEZHIAE FiEEE BT E HinERE—1
B Yiae s, Jel e TR BEATAT A S fE v ]
AR, IR R 7 R R AR T SR S .
M2, &TF Pareto W HER—4H JLF) &
R &, REAFT B b2 B RE, &
SIRDWEFL. [21] AT T EET Pareto B4R
%A &8 MOHEFT, ‘& NH P4t T —4Hir®
s AR T %, IR ] DLFShik #EEIE & H
R T % [21) Ban T MOHEFT £
Amazon EC2 Cloud ##47% H¥r T/ERHAE R
7. [21] AR B ORI St S TAE R
R T MOHEFT 7 Sl 1k J7 58 B R P A i 5
BRI TR ERREER S 8 HEFT Si2A
T2 BAre i @) SPEA2 * &R 1
i, 45BEW Durillo J J & A\ 7R T L
SPEA2 * & i E NIRRT R, Hoh, BHTET
WAL B VA TC IR A R I B 2R it ) — B 20K,
fir A Durillo J J 25 A{EBH MOHEFT Lt SPEA2 *

FiEA TR EE I TAE R R

[21] IX}% paper HITTERS & T: (1) AR
MR A st E KA W T — 3T Pareto
2% B br AR ERE (2) 78 MOHEFT LA
IR =T RS, TR IR 1) SE 45 AN S 4 S
HERIEHE;(3) /£ Amazon EC2 FIMEE T, #
MOHEFT 1) 45 3 5 & 5 bz 9 1 50 1 79 i
St SRR AT T . (4) 4081 7 MOHEFT 4f
X AN [R] (1) A SRR B SE e 51 T A SRR 7 1 5
IR R T7 260 () 43 BT A8 B A 1) 50 1 B o0t
THE T 7 R

— kU, & TAERIAE 2 — AN E R
R, TR RN ERHEN], DA R KRE R QoS
BOR . A GE I AR U FE R 5T 3 AR AR I ] B
JRAR LR TR AL, TASCIEREFRE. [41]) XA
A EBETERTE TR T —Fh a2 Bis TIER
WRERH 7k, R TIRSG PSO ikt
WREERE . [41) BT T Bh 45 o I AR A
€ (DVFS) HiAKE/AMEEERE. XA oAb
T 2800 A I BB R A AN TR R R RSP R A
X2 E P BT (R SR AR R (2 e X
A BRI St S L2 B (477 B SRR H R
TIXFR TR BRI RE

AT E AR D) BN A B Rl (2t T R 3)
S HEHNFESRE. BT HAE T, AP
AR TAET AT 55 128 B = i $AT, IXFEAMHE BERS
TR B & ITHE Ry, T AT Dhs b i RE IR
HFE. HEAAHEMES TR 25 KRN EdE %
) XA E TAER AR SS  &, f H 238
BB I RERE. 36T 11k, [40] $2H T 3T & L 4
ML 2 B br TAE R B 5L MOWS-DTM. %
R T AR, 8 TERMAELRE, %
B SRS R 25 R8T AR IRAT 55 A0 A B A7 B AT B AT HE
. TR P AW R, Bahig &1L
LR MR A5 5 HAAE AR, 25— 2 KA
PRI, 925455 5 0k i 1) 75 2 740 B R/ T A2 8
WA R RERE D, T B TR MR A E T £
RGBT 55, IE KR CE AT 55 B AT IS ] FE AN 2
X TAE I 56 A R) 3 s, TR bk, [40) 78 T1E
TR FE R BN T ZER AR S DTM, Z AL
A 1% [F) B A SO AL A % 30 18 45 TR REAE AT TAE R I
56 LI A, P a5 /KW, fH MOHEFT &HikA
RANDOM #3% MOWS-DTM HiE7E£ HbrERE
AR



4 HASH

HENRF INMBIEIZ RS ABIELE
B30

4.3

[20] Xf = TH SRS S TAE AL A
T RAT N, EPRAFAEIZAT R A BRI
RALTEAE, [20] 48 H —Fhgh & ool B A 7 24
REFRPR W ) TAERAE S WME TR Bk,
WRYE TAE AT 55 8t o B b A PR s ok, A
SO A 2 S R B TARR A EI R E ST L
PR, Se/MUEHE BT, IR e SR 4 1
W RAT S QoS LRI HIR; &5, RIWAEE M
SRCRF TRD S R AT [ R 15 2 38 1) RTR 0 W7 2 5
W IRR 205, DL C B A B SRR . SERR
SERRM, 1% A B MR E AT AR
(AT 55 5E B

[20] FIEEEIHET: 1) KA CS ERHEL,
¥ TAER KRN 2 BT TAE, /M B0 10 8 1,
PGB i J5 AT 5 R B AR . 2) X CS R HE
PRHATOGE, $RH T —FE T AR R R A AR
SRR AL, R N R A, AR k)
GYRETT. 3) SR FH TR A SR 43 I R 1k BRI,
R 5 AT 25 785 L 39 PR 240 SR R0 HE AR 170 SR 43 e AR Bz )
9/

ARy JUTEA NERERR BB, F#H
NE ) o AR T RRATE, AR EREE . =
THEZ A T KB B IR 55 X 45, G e A N A A
TR ICT BEE LT a9 (7 /g, &
A, AR, WAL, BES FUHRAR
5 T 0 22 A 9 25 IR BN R B R T o 3 e o
PP AE R B R, FEWE, b, REER
HHEHRE S RS (AN, BahR& M
AT SR A S G P AR AR, TR A
MR ARG KBBR8 1 3
A FITFEC SO IR R G ) — Pk [22] 4
X AN R R f I FH R PP 8 T B SR N VR A T
Bk HEACEVENLR TR, BTt L% e
155y BC B Bots oT FH B2 2 I R B R A AT S5 PUAT
A BIAT: B BAE S i TR A,
5 BON A BHIRAE & SRR R R BT iR
R E R T A oA ot B, JCHE R T
R\ ERETHE (HPC) R4, EXERLGH, M
R 7 LS M TR (BLFE 10 RS ERD &
B, i 2 AR N A2 7 i s . BRATTAE SE bR
TP, AT, ARG fRE A5
MERTTHEAE ) CloudSim T HiIFAL 7 YRS, HAE
BT T IR e R R AR T

Rt MR EE, [22) M EZE TAERS 4T

(1) B, $eH 7 —MHEEAESMFIRERT HD-
C RS REIRA Tk, BAVKINEAEA S MIT
AT IR R T . DRI, FRATT A B s A A
TS FH AN A 0 B SR, JE I R T B B R
FA PR AT 45 A0 /B AR R IR B . T3 B2 R
(A S T R 7 B SRS TR 0K . (2) B RER
HDC SRR, $eft 7 —/NMENEMEIZES
FRMBER, R MR AR5 “BEE” "l
TR A AR, DR SR FRATT AT DU B R 4 4
e, SRIGAE HySARC2 Skl B 7% .
(3) Vasile M A %5 A9 & CloudSim K% &
W7k, HEEE T AR SR E: AL AT
%% Cle S 1k B TR I S A s AR AR 5D A g A
DAG I/ (Be et i A i S TR AR 5D o

B X T F SRR AR B YRR A AL K.
M. ZREVESRE S, [39) BT R R R AT
PR SR 2R TAR AT S5 A B 5. i X WX 2% %
BRI T2, Btk, DATRSe A 2 AT 45 5
RUFN G JRAR TN SE A, &5 & BURI B2 2 R 4 %
T, A EAT 55 P2 ) 68 150 v mf b 12 0 3 B 45
A YRR AT B UR IS AR, ARHE T RS R AR UL AC
o T 7= R - G RS D A = My S L =
755 HEFT. DLS #ATHAE, SLIRgs KR, 4
{E5AE [0, 100] YEEIEIME, 1Z%HZ 75 SLR
tt HEFT /) 3. 4%, tt DLS /N 9. 9%, P
Speedup tt HEFT K 5. 9%, Lt DLS K 10.2%; 24
ZRURAE [0, 100] JE ey, % H% ¥ SLR
tt HEFT /) 3. 6%, tt DLS /N 9. 7%, H-F
Speedup tt HEFT kK 4. 5%, kb DLS K 10. 8%.
Fre BESEIL 70 BRI A E R 4y, BAERAT 5
J5£ 5 TR AT ek

4.4 RBEFGE

T OB S0 T A ML 3 BE T4 A AR
LA A BT 6 A R DD AT i AR A N A
R R TR . SR, 15K A X = v H
SRR IR T, X B s AR TR 2 N T
TERIRE TR AE 7848, B B 1A R AR 15 Rk
B, TEWSC [37) H, $ei T —Fhslds -7 Bk
HTAEREE (D-LAWS) $ARM—FHF HPC
B R ) B R AR AR A AR TR R R R T
VBT, D-LAWS ¥ 36 T W 4% 415 55 (1 504 =)
S P AN R i A e 1) B TR ) AR RAT 55 1A
B, T A 05 AT 55 1 B YR R R T AT
XMITERE T RN, SRS LR T
VR AT 55 $0AT TF R 18 25 B8 208 T A 55 - AT



5 = AR Y i)

Mo 5 A% ER B A A% 1) AR AR TR R 54 55 AT
I A5CH ) AR A O I R s . (BB
B R SR G AR X R T k. SRR 45 R,
Ve Bt 1 77 v T DA = IR T a2 4R 7Y
TAE AR R BE RIS f= 3

37) MIEE T/ T: (1) |/l T —AEIER
R TAER AR, #A D-LAWS, B
— AN R EE SR 0 1 B B AR AR
MBS T, (2)D-LAWS MUEE T TR
PRI B ER AR, I 8 T B8 1 o) 30 1 H e A
1) 38 F WX 48 45 6, X AE LA S0 BRI 4 A =X
WHErh 2 LHE B, (3) Fre kAT & PuAT
THI 1 8] B 25 8 EHE IR 04T 45 IR A7, DAGE A
VM ZJRHEE G H R R MR ER R (4) 728
Bt ERSEHPAG TR, SR
oA PR AR R R AR BT HL R

TAEGRAEREE (WFS) B &E TAF% 4 i,
T L 3B SR AT YR 1 d5 R R A Ok s B ) AR
G AR, N T Rk =it 5P E ) WES
IV 8, 06 A0 A S PR I RE AR VHE RN 28 B8 90 A1 45 44
T Ik P A B R e TR R AR R TR B AR 45 45 = H
Flo FESCHERA, T8 T M WES $04T BRA 1 5%
Fi WES (k4L (2=, DT TAE & A E 44
HpEIX e Pk . [38] B E H bR AT R R
AT FH IR 2% 358 77 SR B A 18 I A B N R WS
Tiike AT — B, fEEMTT T 20
VR, DAV E RS BT A S T VR A& . WE-
S TE 2 v 55 77 THI 0 R A =R AR S Bk i A2 2 T R 45
i (QoS) TfE, RAAEM RGF LM BT
Ky, RERESFHDRESGHAR. E1TRT
— NS, B BT K ORAE = o SR )
BT o 3K YRR ) 45 A R RS 2 R AR 7Y
P TR LRI, X IE TE N GO IR 55T S
A/ Bz TSR FH R B A 7 12 H B 0 (1) e A S8R
Hike

5 =HRI{ERBEEREE

IaaS 1 PaaS HA =K T 581 TAERIA
FESEH,  FH R Pk -

o I A R SR TR A S R
SfMESE T R . T R
BEWRA, TS I R KT R
IR S

o ERNVE: mR-AEHIAE, £ TR

PATIERE A A A R B B R E & N
LA R T 56 o

o W NHHT ECTATITERS 1Rl 2 R
AR B R 1 g

o MERMMWLREHe: AR SIE N AL R A #E
BRI O A RO B L. AR TR IR
AT, mHETR AW EZR B TR

HMEST—— BRI IR AAERE A5 I ok
AR —BIRB B B, OV e #R S

Wi, HECEFRCH. WEREN L
i LA A RE AR N RS P SR 1 B A
BRIRRAY, X RO T AR R A A AN 56 T
I 8] o

o HT = AERBE R AL BN RA R E R
PERE . TXX I L SRS A KRR . VM R 3l
IF T A452 L N ) 2 8 2 I 12275 18 ) A 2
R,

o LHH: BRSSP TAER
BEARG. ARSI N ZP T N BAT 55
K ZhBE LAE RENS AL B AR (IAE 55 -

o RMUBLECRE S A TAERREE . B2 AR
WL AR 7 2 Bl s R R, A4 AT B 5%
TR 2 TE) (R 5 R SR A i
TS B —FPAT R 5 R B AR
P A 2 AR

o MBHERMI: N7 ENHEt—PIHKME
RO TAERMNABRT &R, MizZzdE 4=
FRA RS, CURHES—1 QoS. AT 1A
BITH RE BIER, RS A R AN g HE IR % LA
H 2 a0 177 #4778 Intercloud H -
R A 7 R — N E ORI,
BRI E W AR AT AR 293 T (AR 55 4 A
MmN -

6 D4

TUWEN TR A G RME T RIT R A WA 3
JEtt, IR 1T BRATEFI AT L T .
XEANTR] H AR B AR AT 1T, BLERAG R
WHIERTT S RN HE T w3 S5 IA 1
TARGUE LSS, B AR ) A B . 55
FARYE HAREAT 73 RIFHEAT B TSR K2 5
AR AR O e, (HH AR R (e ik,
RV, AT RRIEAIRTEEVE) AN 1R RIfR U 1L



EEBEN

HARRZAT — A58, DA E — AT R [a]

o

iy LR AR RAR K = 2 ok s, 9 —

M= AREDI AL ZER, X 2 2= BT T AR Bt i ik
Kibiibo HATKZHEFEREHN TR -z, f#E
2w LT TARRE B RS L, TPRIEZ
ZRFPE R B S L2 AR K

S R

[

Dogan A,Fu¢ Sun O¢ Zgue Ner.Matching and
Scheduling Algorithms for Minimizing Execution
Time Probability of Applica-
Computing[J].IEEE

and Distributed

and Failure
tions in Heterogeneous
Transactions on Parallel

Systems,2002,13(3):308-323.

CUI LIN.Scheduling scientific workflows elasti-
cally for cloud computing[C]//Cloud Computing
(CLOUD),2011 IEEE International Conference
on.JEEE;2011:746-747.

Dudin E B,Smetanin Y G.A review of cloud
computing[J].Scientific and Technical Information
Processing,2011,38(4):280-284.

Delavar A G,Aryan Y.HSGA:a hybrid heuristic al-
gorithm for workflow scheduling in cloud system-
s[J].Cluster Computing,2014,17(1):129-137.

M.A Rodriguez and R.Buyya.Deadline Based Re-
source Provisioning and Scheduling Algorithm for
Scientific Workflows on Clouds[J].IEEE Transac-
tions on Cloud Computing,2014(2):222-235.
Jiang W Z,Sheng 7Z Q.A new task scheduling al-
gorithm in hybrid cloud environment[C]//Cloud
and Service Computing(CSC), 2012 International
Conference on. IEEE, 2012:45-49.

Pereira W F, Bittencourt L F, da Fonseca N L
S.Scheduler for data-intensive workflows in pub-
lic clouds[C]//Cloud Computing and Communi-
cations(Latin Cloud),2nd IEEE Latin American
Conference on. IEEE, 2013: 41-46.

Selvarani S,Sadhasivam G S.Improved cost-based
algorithm for task scheduling in cloud com-
puting[C]//Computational Intelligence and Com-
puting Research(ICCIC),2010 IEEE International
Conference on.IEEE,2010:1-5.

Pandey S,Wu L,Guru S M,et al.A particle swar-
m optimization-based heuristic for scheduling
workflow applications in cloud computing envi-
ronments[C]//Advanced Information Networking
and Applications(AINA),2010 24th IEEE Interna-
tional Conference on.IEEE,2010:400-407.

Verma A, Kaushal S.Deadline and budget dis-
tribution based cost-time optimization workflow

[11]

[12]

[14]

[15]

[16]

[18]

[19]
[20]

[21]

scheduling algorithm for cloud[C]//Proceedings of
the IJCA on International Conference on Recent
Advances and Future Trends in Information Tech-
nology(IRAFIT’ 12).2012:1-4.

Tordsson J,Montero RS,Moreno-Vozmediano R,
Llorente IM.Cloud brokering mechanisms for op-
timized placement of virtual machines across mul-
tiple providers[J]. Future Generation Computer
Systems,2012,28(2):358-67.

Liu K, Jin H, Chen Jet al. A compromised-
time-cost scheduling algorithm in Swin De W-
C for instance-intensive cost-constrained work-
flows on cloud computing platform[J]. Interna-
tional Journal of High Performance Computing
Applications,2010,24(4):445-456.

Abrishami S,Naghibzadeh M.Deadline-
constrained workflow scheduling in software as
aservice cloud[J].Scientia Iranica,2012,19(3):680-
689.

Abrishami  S,Naghibzadeh M, Epema
J.Deadline-constrained
ing algorithms for
vice clouds[J].Future Generation
Systems,2013,29(1):158-169.

D H
schedul-
infrastructure as a ser-

workflow

Computer

Mao M,Humphrey M.Auto-scaling to minimize
cost and meet application deadlines in cloud work-
flows[C]// High Performance Computing, Net-
working, Storage and Analysis(SC), 2011 Inter-
national Conference for. IEEE;2011:1-12.

Pandey S,Wu L,Guru S M,et al.A particle swar-
m optimization-based heuristic for scheduling
workflow applications in cloud computing envi-
ronments[C]//Advanced Information Networking
and Applications(AINA),2010 24th IEEE Interna-
tional Conference on.IEE,2010:400-407.

Zhang F, Cao J, Li K,et al.Multi-objective
scheduling of many cloud plat-
forms[J].Future Generation Computer
Systems,2014,37:309-320.

WAL, BREX. = F& T LERMESHE
e BE kB o Bt BVE (). o EOHL N A AT
9t,2015,32(12):3742-3745.

FNE. I EIE T TARRAT 55 5% i 52
[D]. A AR T K2, 2017.

MR, ok CS RVE4E & UM I = AR
[J]. HFRH RS54, 2016, 46(6):974-980.
Durillo J J, Prodan R. Multi-objective workflow
scheduling in Amazon EC2[J]. Cluster Comput-
ing, 2014, 17(2):169-189.

Vasile M A, Pop F, Tutueanu R I, et al. Resource-
aware hybrid scheduling algorithm in heteroge-

tasks in



EEBEN

[23]

[28]

[29]

[30]

neous distributed computing[J]. Future Genera-
tion Computer Systems, 2015, 51(C):61-71.

Kousalya G, Pethuru Raj C, Balakrishnan P. Au-
tomated Workflow Scheduling in Self-Adaptive
Clouds[M]. Springer International Publishing,
2017.

Ahmad I, Dhodhi MK (1995) Task assignment us-
ing a problem genetic algorithm. Concurr Pract
Exp 7(5):411-428

Ali S, Sait SM, Benten MS (1994) Gsa: schedul-
ing and allocation wusing genetic algorithm.
In:Proceedings of the conference on European de-
sign automation, IEEE, pp 84-89

Hou ESH, Ansari N, Ren H (1994) A genetic algo-
rithm for multiprocessor scheduling. IEEE Trans
Parallel Distrib Syst 5(2):113-120

Wu AS, Yu H, Jin S, Lin KC, Schiavone G (2004)
An incremental genetic algorithm approach to
multiprocessor scheduling. TEEE Trans Parallel
Distrib Syst 15(9):824-834

Blythe J, Jain S, Deelman E, Gil Y, Vahi K, Man-
dal A, Kennedy K (2005) Task scheduling strate-
gies for workflow-based applications in grids. In:
Proceedings of cluster computing and the grid, C-
CGrid 2005, vol 2, IEEE International Sympo-
sium on 2005, pp 759-767

Young L, McGough S, Newhouse S, Darlington
J (2003) Scheduling architecture and algorithms
within the iceni grid middleware. In: Proceedings
of UK e-science all hands meeting, Citeseer, pp
5-12

Sonmez O, Yigitbasi N, Abrishami S, Tosup A,
Epema D (2010) Performance analysis of dynam-
ic workflow scheduling in multicluster grids. In:
Proceedings of the 19th ACM international sym-
posium on high performance distributed comput-
ing, ACM, pp 49-60

Xie T, Qin X (2006) Scheduling security-critical
real-time applications on clusters. IEEE Trans
Comput 55(7):864-879

Xie X, Qin (2007) Performance evaluation of a
new scheduling algorithm for distributed system-
s with security heterogeneity. J Parallel Distrib
Comput 67(10):1067-1081

[33]

[35]

[36]

[37]

[41]

Yu J, Buyya R. A budget constrained schedul-
ing of workflow applications on utility Grids us-
ing genetic algorithms[C]// Workflows in Support
of Large-Scale Science, 2006. WORKS ’06. Work-
shop on. IEEE, 2006:1-10.

Mandal A, Kennedy K, Koelbel C, et al. Schedul-
ing strategies for mapping application workflows
onto the grid[C]// High PERFORMANCE Dis-
tributed Computing, 2005. Hpdc-14. Proceedings.
IEEE International Symposium. IEEE Computer
Society, 2005:125-134.

Sakellariou R, Zhao H. A low-cost rescheduling
policy for efficient mapping of workflows on grid
systems[M]. IOS Press, 2004.

Blythe J, Jain S, Deelman E, et al. Task schedul-
ing strategies for workflow-based applications in
grids[C]// IEEE International Symposium on
CLUSTER Computing and the Grid. IEEE Com-
puter Society, 2005:759-767.

Choi J, Adufu T, Kim Y. Data-Locality Aware
Scientific Workflow Scheduling Methods in HPC
Cloud Environments[J]. International Journal of
Parallel Programming, 2016:1-14.

Alkhanak E N, Lee S P, Khan S U R. Cost-aware
challenges for workflow scheduling approaches
in cloud computing environments: Taxonomy
and opportunities[J]. Future Generation Comput-
er Systems, 2015, 50(C):3-21.

FRCE, &, HAEM, % S THE IS X SRR
K TARRAT % R FE B [J). tHENLR A, 2013,
33(8):2154-2157.

FV IR, 25, HEM, BEE, KR, F
3 = vF SR N 2 T G AR dm AL ) 2 H bR
TAEREEE ik [J/OL]. 8254k 1-20[2018-01-
22].https://doi.org/10.13328 /j.cnki.jos.005479.
Yassa S, Chelouah R, Kadima H,
Multi-objective  approach
workflow scheduling in cloud computing envi-
2013,

et al
for energy-aware
ronments.[J]. Thescientificworldjournal,
2013(3-4):350934.

Abrishami S, Naghibzadeh M, Epema D H J.
Deadline-constrained workflow scheduling algo-
rithms for infrastructure as a service clouds[J]. Fu-
ture Generation Computer Systems, 2013, 29(1):
158-169.





