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Reliability Constraint-oriented Workflow Scheduling Strategy in Cloud Environment
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2 Fujian Provincial Key Laboratory of Networking Computing and Intelligent Information Processing,Fuzhou 350108, China

3 College of Physics and Energy.Fujian Normal University, Fuzhou 350117, China

Abstract As more and more computationally intensive dependent applications are offloaded to the cloud environment for execu-
tion, the problem of workflow scheduling has received extensive attention. Aiming at the workflow scheduling problem of multi-
objective optimization in cloud environment,and considering that the server may experience performance fluctuations and down-
time during task execution, based on fuzzy theory,a triangular fuzzy number is used to represent task execution time and data
transmission time. A genetic algorithm-based adaptive particle swarm optimization based GA(APSOGA) is proposed. The pur-
pose is to comprehensively optimize the completion time and execution cost of the workflow under the reliability constraints of the
workflow. In order to avoid the premature convergence problem of the traditional particle swarm optimization algorithm, the pro-
posed algorithm introduces the random two-point crossover operation and single-point mutation operation of the genetic algo-
rithm, which effectively improves the search performance of the algorithm. Experimental results show that,compared with other
strategies, APSOGA-based scheduling strategy can effectively reduce the time and cost of reliability-constrained scientific work-
flows in cloud environments.

Keywords Cloud computing . Reliability constraints.Uncertainty, Multi-objective optimization, Triangular fuzzy number
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12. else

13. maxT=(0,0,0)

14. for t, in P(t)

15. maxT=max(maxT,FT(t,) + trans(t,,t))
16. end for

17. ST(t;)) =max(maxT,t{{4’)

18, 0 +=Ver (4. X))

19. end if

20. FT(t)=ST(t)+ Ver(t,X(t)
21. end for
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Fig.7 5 Scientific workflow structure diagrams
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Table 1 Virtual machine configuration information
Na\r/n[\e/[ of (:O;zﬁizng Bandwith Price Fault rate
m4. large 1 20 0.16 0. 100
m4. xlarge 2 20 0. 26 0.070

md. 2xlarge 4 20 0.53 0. 030
md. 4xlarge 6 20 0.93 0.020
m4. 10xlarge 8 20 2.13 0. 008
m4. 16xlarge 10 20 3.33 0. 006

TAETRA AT S5 0, 2R TR 7 18 45 52 e 1) 70 R 55 2%
md. xlarge [ 32 47 By A & M, Toe A1 Coe F 8 T AE W 7
md. 2xlarge— & MR 45 #1238 17 0 T 19 56 B ] AL AT AR 40
S 2 SCHRE19 ] B AT 55 (1 $AUA T B I R0 A B e I 25 A6 Ry = 1 A
W S50 MBS 8 o /Bl E N 0.85 Fl 1. 2, b ifE 22
RIAL T R B, 38 B PR BT R Ry A ke 53 K
0.2 f0 0.3,
5.2 ¥LEEZE

TEA/NT B, R T AN APSOGA 54 19 Btk . 5T 3¢
MR(17,19,24], A 308 APSOGA SEIE 51855 19 PSO 56 mg | 8
HLAEUE PEAT T 52 B %0 RO X e . A8 BUAT A0 T4 3 9 3 e
R I BB B A B

TEAL S PSO %l R A2 5 APSOGA A1 [8] 1) 4 1%
75 2 5 7 2R AR 48 0 55 8 7 3L A8 58 PSO Bk S 40k
B 52 k28], F R/ E R 50, R R AR B 500,
a=1l,6,=1,w=1,

BEML A W %07 1 5k T REAL I R K w5k Al 5 APSOGA
AR T 0% B 5 =X A BEAIL A o =X R G i A R R AR
NE A 7E ) B A i 43 18] BE DL R L IR 5 AR 1 B
BE A0 R A R AR P A A AR
5.3 XWHER

T MR APSOGA 3 g . PSO 5 & LA K Bifi WL 36 & 75 =
PRI b 7 30 I 45 0 8h R 55 2% I A DR 25 ol R B9 A
BEVERE A SOl 3 e X AN [R5 B T AR 3 40 b A7
30 S, 2—F 4 4 HNER T 3 BRI 1Y AR B R
S5 119 Joe D0 7 0 SF- 243 o7 B (3 I BE AN 4. 2. 2 1
AR T 58 A TR TR A AR

£ 2 WA TR LI R L

Table 2 Comparsion of micro-workflow experiment effects

Workflow Algorithm Optimal fitness Mean fitness
APSOGA 0.316274673 0.342816 100

CyberShake PSO 0.348376492 0.373336762
RA 0.430570045 0.478607649

APSOGA 0.274703948 0.280768193

Sipth PSO 0.279794983 0.282450197
RA 0.288961944 0.294797072

APSOGA 0.310632504 0.336793669

Montage PSO 0.327377613 0.349184289
RA 0.360824555 0.490227673

APSOGA 0.236083304 0.246072118

Inspiral PSO 0.247453520 0.262809501
RA 0.285602118 0.311960133

APSOGA 0.255134902 0.261166488

Epigenomics PSO 0.258131627 0.262362935
RA 0.267709750 0.274282930
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Table 3 Comparsion of small-workflow experiment effects

Workflow Algorithm Optimal fitness Mean fitness
APSOGA 0.280477047 0.311609 159

CyberShake PSO 0.327026552 0.345424 291
RA 0.456115870 0.487787609

APSOGA 0.256871661 0.263624583

Sipth PSO 0.262714713 0.269183426
RA 0.279992812 0.290416137

APSOGA 0.277671636 0.326 138729

Montage PSO 0.308367552 0.325139067
RA 0.478108312 0.556199821

APSOGA 0.230110491 0.243822453

Inspiral PSO 0.253372721 0.267809484
RA 0.306582671 0.361179349

APSOGA 0.230613807 0.241196914

Epigenomics PSO 0.232376859 0.243518946
RA 0.249907 848 0.264843214

A4 TR AR U S g BOR X

Table 4 Comparsion of medium-workflow experiment effects

Workflow Algorithm Optimal fitness Mean fitness
APSOGA 0.284462751 0.330523659

CyberShake PSO 0.337750275 0.356301833
RA 0.533287540 0.571779220

APSOGA 0.238000629 0.250372346

Sipth PSO 0.242780921 0.263163606
RA 0.282576112 0.313619981

APSOGA 0.262792479 0.312809500

Montage PSO 0.295509 745 0.313218128
RA 0.564526004 0.601694119

APSOGA 0.232744516 0.255352093

Inspiral PSO 0.260283850 0.273464895
RA 0.409879356 0.452943266

APSOGA 0.228919984 0.243915924

Epigenomics PSO 0.232344934 0.247351706
RA 0.292991561 0.338385882
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