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Load Balancing Scheduling Optimization of Cloud Workflow Using Improved Shuffled
Frog Leaping Algorithm
XU Jun XIANG Qian-hong XIAO Gang

(College of Computer Science and Technology,Zhejiang University of Technology, Hangzhou 310023, China)

Abstract In instance-intensive and open cloud environments, workflow scheduling always suffers from frequent calls of
the cheap and high-quality resources.resulting in poor scheduling efficiency and disruption of stability. In addition, un-
like general task scheduling, workflow tasks usually have associated dependencies, which greatly increase the complexity
of task assignment. Aiming at the imbalance of load between cloud virtual machines,a workflow hierarchical scheduling
model was proposed,which is hierarchically divided according to task priorities so as to alleviate virtual machine load
pressure. Besides,to optimize the shuffled frog leaping algorithm(ISFLLA) ,the time greedy strategy is applied to initia-
lize population,as a result,improving the search efficiency. Then, by enhancing the position of best solutions locally, a
reconstruction strategy was put forward to go out of the dilemma of local optimum. Finally, the experimental results in
cloud workflow scheduling show that the improved shuffled frog leaping algorithm can optimize load balance degree and
is more effective in task processing as well as searching compared with the traditional shuffled frog leaping algorithm
and particle swarm optimization.
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Fig. 1 Model of workflow scheduling in clouds
2.2.1 TAER R ARE A
AR 0 58 JC TR) B AT 45 PROAET I 1) 044 A e T 75 9 4
N

BRIES 1, 00454 KJE S M, B LB oy B9 45 4 BT
B R VMIPS ;o W UM omye ATAT S5 ¢ 10 U 58 1% I ]
HET (t; somy )™ .

- _ M
El(l”vmm)iviMlPS,k (1

155 ¢ BYF- AT B[R] AT 5 Ch
ET(; somy )

ET(z)—Zg - P— (2)
(2) 1% %y B [71)
{5 ¢ et MBEBEITWAES AL S o Mt 53580 Bl 4

JE BABL omy T om ,, AT 5 IR 2 8085 R AL omae B o, B 15
T DTT () 8 X

data

DTT(I‘, st)):m (3
DA ¢, 3 ¢, 191 £ 4% i s [ g
DTT (1) = et D
netwidth

(3) TAE ¥ 58 B[]

TAERAR I SE R o6 R AR L L JZ 34 TAE 3 W AT
B I ER U2 P9 A 5 1 BRAT B IR AN 2 IR A% i sk ) 7 S A Al
W AT SR

|ET, |
=1 2%
makes pan= 2 DTT(' qt’H)‘FE 2 max U ET(!)
=1 j=1 a=1+G—Du,
(5)
e s
Hr, 21 max HL(J . ET (¢t FRRE | FAE 5 09 K AT

HI ETCe ) FR A0 T 50 0 9850 @ AMME 55 BT I s L %5
AU SRR S DTTC ) e A T il
&4 ]
2.2.2 RBHHE

X T REAUML vmy BRI LB, N4 B4 E R BT A 1T 55
BT 5 SR ], LB K 18 B AL o B0 L2 R
LB & SCH

Ub=é%%XEﬂwaﬂ (6)

ST 02 A 1, A7 0 £ 55 98 B M A HE L
TR G X 1, AT 1 R A K S M A i BLAL
RATE S PAT L BE 2 1

,,,,,,

LB = EHWI/E S VMIPS,, D

j=1k=1

MFEREERR 7858 RGO MK (D ABE LZR
AN A BRI R ok

LBinﬁxi S (LB, —LB)? (8)

D) e A~ AR W BRATT I A 70 B A R

IB:;VZLH (9
=1

M B LB, 1EE BN
7 HE AL 2 18] 09 67 430 0 24 A

SR A TAR AT i 72



318 B N N = R

2019 4F

3 ISFLA &%

TRA B L (SFLA) R E iz A b F ik FHRa
AT J9 KA AR A I BEE eyt ST, b R A R R 4 R 1
LHPACELRAR., BT =AM R mR K IFH
W L2 B0 B ol A 2 ﬁﬁw&?ﬁnﬁ@éﬁﬁﬂaﬂ%%@mﬂﬁ
B 1) 5 g Mt oA 00 S 4 Ry I A 5 25 B W N R 3 S 1 149 R B
BE X R BRE A SCXE SFLA S35 PEAT sle ik L 48 i — A sk g TR
Al B L (ISFLA) e fiff pe 2= T T 04 35 i 78 18 )
3.1 BEEE

T el ol T v 2 R e R R 0 A 2 ol A A A B A

SRy A A% 1) 4% 328 Sf PR AR SRy A AR AR A8 R AR — B U
SRR TR . Kk, AT s B A B AY 5 g ik
Be— R HUH 0T AR TR BRI B B, S AR S
R T R

B Xy, R —A PR v 3 R I AR e R, X N T RE R
T N o 25 1 A 15 A% Xg,ﬁm/\ﬁﬁfthr“fErﬁ%Bﬂrl
fif o X AEAS T REIEAT R AR 2, 0 8 v 3 N g 25 0 7
4 B SR MU R

min{int[ rand(X,;, — X.) ] Sia X, —X.=0

B max{int[ rand(X,, — X,, )]7_ S )+ Xip — X <O
(10)
X, =X.+S an

Hrb S RRF AR R, Soee R8T WA AT L
BRI, X TR E RGO,

MR 1P S % o) i 2 e 0 7 R AT SR BT IR B A T B Ok
B I b AR S e O I bR M SR B AR SRR B T %k
AT B AT E RN R A EN R RET
BERALE AT, BB R E A E ., RLF AL
B R O AR R R AN B 1 R
iR T IR A R
Input: % H a
Output: HHE 1 X,
1. begin
2 V5 X, 35 I £y, 5 X P38 N B 1,5 X, MOSE B 1,
3. E — A EH s=a % randO

4. for each dimension d in individual Xy,

&2

new_value() =original_value() +s

6. OB X, 0938 B £,

7. if fitness {, is not better than f, then
8. new_value(d) = original_value(d)
9. end if

10. next d

11. end for

12. return frog Xy,
13. end

3.2 £REEXH’
2R B A B TCE A TR R AR WA R,
T A PR 7 4 Jag TP A% 3 AR A BT 10 4 SR I AR B O ] . PR T

B & — & B R BE R K 7P F N EIR A1

— 2 BRS HEE N I HE S S ERR A S AR A Y

LR ELAS B 0 4015 3 5 kSt AT R i R ik R &, HF

il WSS 1 Sy 1k Qs S8 o R e ik 3 e R AR AR RO
HRAE TR G ek B 5 1 1 Jm T 48 R R 4 Jm {7 B A e ok R 1

Tkt e 3 A I A A A BRI SR N . R i S A TR A ik Bk O (TS-

FLA) D RS B 2 fis .

Hik2 ISFLA B

Input: % & a; FHEFE A m

Output : 4 J& 5 A it

1. begin

2. WEEEMEE d

3. WAL R RE P iH S A HUE e 00 3 B

4. do

5. PR P e iR H O 0 N BERE T HES L A5 X,

6. KA EE P RISFA m AT RERE

7. for each FEH#E

8 8 X, X

9 RS 1 1 H X, X,

10. end for

11, TRA SR 07 A AR

12. while A i /2 28 11 26 #F)

13. end

4 EFISFLARNZIERYERAE

4.1 ESMELZDE

M b3 B A TR A e B N R T AR R R L TR R
BT S8 R 43 S22 8] B AR B X 1A L AR 55 #E AT IR e R 4
Z.

L5 6 M m BRI P RN 1 BT 5t M ECKHE
B B 2o IT 00 5 30 3 18] L 3t D AT 55 181 32 0H 3t 155 4 AT 55
B BRI S B LA By (1)

Buw (ti)= max (DTT( ;) FET)+B,())  (12)

t]{ﬁru(/ )

Hol, SucGe) H 1, W H IR AT 555

55 L5 203 IR B AU IS 75 3 TR
Hix3 EHNEHATE
Input: TAEW H YL 51 R G
Output: 73 B G AL 551K Gy
1. begin
2.  AMES IR G

.if G is Executable

then accept G
. end if
AR (D VROV EAMES & TR ATREET (1)
CRIER B O TR S5 ot BT R ABLBILR] 12 A ST 34 HE B
8. MRHEA (12) , N IEE 5t
o b SE A By,
9. MRE B, B 7 HES BT A AT 55
10. k=1;G,={ };add t

=N o U e W

T U6y 1w L3 D AE 55 18T, 3 5 A AL 55

to Gy

entry



5114 %

1R A8« 6T SR TR A5 e Bk OR 12 19  TLAR O O7 8 f R E E f 319

11. for Ceach t; in a descending order of B,,)
12, if ((I4E€G) && (1, depends on 1))
13. then k++:G,={}; //B A% 2 G,
14. add t; to Gy
15. end for
16. end

ARG R A I, JE X HT A AT 55 B AT 4l 2 v AT
TAERL s e AT $AT TAER (55 2—5 47) . &I L e g m
A 5 BT 5 347 43 )2 (R (12)) L &b F 1Al — J2 H AT 45 4
HPANL, X TAES 6.5 T 5B G iy HABAT 55 02k, W
HBERMBENZH G, hs BN QI — DR G s T0H ¢ A
Hi (5 6—15 47, LURIE R — 10 26 9 )2 4 19 4 55 48 &
GLIRYAR
4.2 BETREZWMZITERAE

AR 4l A SC T 2 A [ A 37 SRR A A TR SR ik £ 28 389 4
AW TAER I . 3T TAERAT 5 58 s [ (2. 2. 1
O R BRI M (2. 2. 2 T E L, AR S —FP 3T ISF-
LA # TAE AT 55 340 8 B Sk, R i R an &l 2 s,

| SHPAE B, TR
v
| | |
v
| srsmacsmrsrmpnn |
F
| AR (13) 98B |
N
| FRUS |
v
| Fmamar snan) |
v

| §=5+1 |

NO

YES

| SREEXS. EFLRRM |

| B RS S % |

B 2 T ISFLA Bz TR0 08 5 Bk i e

Fig. 2 Workflow scheduling flow chart based on ISFLA

Q) BE T7 %8 G B

BEA N A IR 55 09 TAE W 4 Be 2 M A g #0598 8
PR EENMEREE —MES SR ITR, F e LEE
WAL BRI N dim & F ()RR B F(k)=(Mi,M;, -,
MYy, MR R TERMWAES SN, R BN e M
TE T T AR B A R s H] . UL, B A R A AR R
HATFE O~M Z i) . B 3 F& 8 M55 M 4% Jr . R
AMES T ECE] 5 & UL, 55 i 7 A 2 T4

K23 (A 0~ 5 ZIa), X Al A fEL 1] - MO ROAT 45 20 4F: 55 e ¢
Wy Be 20 A RSB L U2 7 ZERY AL BRAE T 2. 2. ) RO R
3R TS RE UL oms b

C X X X X X X XD
21 |12 ][3s5 ][ 13 ][34][45] [22][31
[vms | [vma | [vma | [vma | [ vma | [[vms | [[vms | [ vmd

B3 i
Fig. 3 Coding scheme

(2) FhBE W Rk

B X 2 AR R B A A 8 AR RS K AT 55 B R BRIAE , DA &
1 JT BB AL A B b b B 2 ok B 3 R e Il L8O R
4 ] R, A SR R 35 st [0 9300 1) 9k A 1300 R o R T of
SR ] 4R R ROR,

BT A OB AT S L RS K E MI BT
HeD) AR B EA Con 5 BB omy, 1938 S AT 38 E VMIPS
HEAT T HES A5 B4R & Conps » R Cur MINEATER S
Comips TR TCE T ET (i s vmy ) A2 BT 52 B8 18] (9 —
446 B Mex,,, . W75 i=1 FFIG B REEAT 55 ¢, A6 G i
J& — B % Rz 1 R B AR AT 2 TC L AR R B 43 TE 45 5 A R 4L
B 72k LB, 5 W AT 6] ET (e oomy ) INAUG B9 Eva s
¥ Eva e tE B TLAAES ¢ 5 FEEL A Eva M5
551 D 32 5% A TAT: 55 B8 2 9l 4DLAIL T 0 9T A AT 55 40 T 5
Ao AT Eva B HESUHL G 3% LB, 0T AT A IR
ET (t; somy ) ALE(E , 2 AT LR Oy i, B B4R B4 2 4
R i

(3) 38 o7 & PR £R T 5

AR SRS B bR SR = ARG B s s R ME . R
97 B T BT B SE (2. 2.2 ) IS IV B R BCE S

f:LL

Ing
B 0 48 359l B /I L 3 B (E BK

8 A S )RR Y L 45 1 == T 10 9 97 28R 45 R 5 Tk A
PoRAS, L 4 iR, F TR 2 R G B R K
SRR BB BAR SIS 5 3,
ik 4 BT ISFLA Bz TAF Fi 5k
Input.: FHEEEAY N E m;

Output: TAEFAT 45 i85 1 40 e J7 5

1. begin

2. 3 T A R AL HE B C 0B AL

3. Z iz F I [a] 530 B0k A iU IR FhRE P
4 ARE R (13) 11553 o7 8 v £

5. do

13

6. CRERIEE P e B4 HUT I Y 3E 1o BE I O HE B
7o I X BUAE BB 5 X, AUEE R O,
8. CKEFNEE PRI h m A TR
9. for each TR

10, PATHIE 2

11. end for

12. RABTEH G T IR



320 i BN R

2019 4F

13. while CR i & 2 1E %14
14. return e £

15. end
5 KIS

5.1 SKIWIRE

R R BB TR AR 55 0 L, A SCHE Work-
flowSim"™ P& L #EAT B0 K925 . Work({lowSim i i %
A 1 CloudSim LR HATY R, oA RV BT IR 1Y =
WEEET S AR UE X LB A S M K ST R R B S —
Mac OSX 10. 11. 3 EI Capitan & %; . 45 2. 7 Hz. IN7F 8 GB,
R S IR PR35y MyEclipse2014. Sy HE BR ) 48 14, 45 F J7
M N7 A S 30 WK IR O AR R i A S g s . AR
I 7R AR SR SO SR IR T R R I E AN
5.1.1 TH#

B 1 W B U LIGO! S TR R S 3 6 4,
SiRg R AL AN B 4 R 9B b TP W AR 55 R 500 ~
4000 fBERLEC BAME 55 M 152 K BEBE AL 2R, U 0 B
[500,2000],

B4 LIGO TAER%iH
Fig. 4 Structure of LIGO workflow

5.1.2 E#BER

AT —BAH 6 A EHLRBIIRE, & A FHLE
T A B B A, b i AL B0 IR S 6 19 IE S
i . 2% Google Cloud™ 43 BL WL, B2 FRUHL 14 31 5 3 JiE
1 500~1500 =[] B AL 2 B, i UL 2 18] 594 94 500~1. 5
2 TR) A BB AL, A TR S AL Y R ADLATL B 37 B R Ry oo 5 I HLER
AP S H0 5 32 ML) A2 G R 2% A

SVMIPS <MIPS, (10
k=1

%VRAMJk <RAM, (15)
B[] — =ML E BT A R AL s M ) S R /N 4L,
5.2 FEXWERSH
Sy 38 T A SC T VR P AR R R AR I A A L A L IR SR
B ff ISFLA 55 SFLA™ 20 f1 PSO™ 3E 45 % e o 5% 471

A LD LT TR A S AR T A R R A T
Wraats.
5.2.1 ﬁfhi’wﬁr&

) 59 vk W AR 2R 5 A B AR Ak 25 SRR 5 6 BTN

== RSFLA

== RSFLA
SFLA
= PSO

§ 15
f}; 10
® 05
20 40 100 200 400 800 0 20 40 100 200 400 800
BRAK BRAHK
(a) tasks=500 (b) tasks=1000
== RSFLA 3
SFLA
w2
&
x
® 1
R =4
0
20 40 100 200 400 800 20 40 100 200 400 800

(d) tasks=4000

() tasks=2000
5 AR UCHO B R 4 A BE Y 5
Fig. 5 Effect of number of iterations on load balancing

25 25

= RSFLA ~—RSFLA
~-SFLA ~SFLA

20 PSO 20 {{—=PSO
# #
g 15 b § 15
ks £
® ot ® 19

05 . . . 05 .

0 1000 2000 3000 4000 0 To0 2000 3000 4000
HEHH 5K
(a) AR EH 100 (b) IR HH 200
20 ERSFLA 20[==RSFLA
—SFLA —SFLA

o B PSO o PSO

15 15
& & =
x x
# 10 f #w 10
® ®

05 . . . 05 . . ,

0 1000 2000 3000 4000 0 1000 2000 3000 4000
E4H E5HK

() ERRECH 400 (d) AR ECH 800
6 AT 55 BN B 088 4 B2 04 5% )
Fig. 6 Effect of number of tasks on load balancing
AR B A B HEAT X LY L A 55 B3 i B D 500,

1000,2000,4 000, FREE AR 7483 M BEd s, A
oﬂuﬁtﬂ, SAT 55 BOAH [R) B, Bl 2 32 AR B R 3G, fh 3k 3y

ERETREBEH. MERRETE 200 £ 47, ISFLA 5725t
%ﬂ‘t?*ﬁm D £ 228 357 4 AN - I 22 R R B8 A 38 T 9 )N 5
7 G A 7 b B3k AR SR AR IR B 400, 2 800 B, A & iﬁﬁ?
Fag . XJ& W T ISFLA 3576 45 iU 46 i (9 By B i i i 1
%?Hﬂ‘lﬁﬂﬁ@é@%ﬁ&ﬁfxﬁﬁk[&%?%@fﬂ&géﬁﬁ*ﬁiéﬁ/\?i‘éﬂ
RAGH 5 BLAh, ISFLA 55035 65 Ja) 36 58 o6 A 1 19 2 82 3R g vl
B AL 8 B 45 S L i e KB AR

MEL 6 AT LA i, 24 3% AR 43 il i 8 100,200,400
F1 800, [ 2 AR B A 48 AT 45 %d% 500, 1000, 2000, 4 000
Akt SR T ISFLA B9k SR A5 1 67 48 3 45 15 B 5 4K A 0
R s F HLF & AT 55 2009 39 0, R A ISFLA 554k R 145 19 58
T 25 R o o] TR B AR B 4 A R A L B R R . X
VLI X F4T 45 B 2 10 3 52 ISFLA 8k 1 I8 B 25 SR o 1)
HE 8 1T A A5 b 35 4 K BULPIL 0% £ 3



%114 e R SETUHRS

ek R 05 1 = AR I O 2 4 A R e Ak 321

5.2.2 IARR T ARA

AR I 58 o s ) 6 4 R LA YT S ke HE AT S5 0 JEE 6 R
K AT 0 B A A A R R 150 A S R UL SR A BA
ﬁ"lﬁ;ﬁ Mﬁ?@ﬂjﬂlf’ﬁ‘(nu%1¢mﬁﬁﬁﬂﬂﬂk A% LI R

AT B S AR AT 55 JOR A R A [R5 35 ) T

1’E‘{7ﬁ?ﬁﬁiﬁﬂ‘l£ﬂ WA AEAE L L S IR 25 2R AN 7 BT .

X ER

»‘E’ —— PSO

;‘; 2000 [

R

ﬁ 1000 -

H

00 1(;00 ZO‘UO 30‘00 40‘00
B4

P 7 AR R AT 25 Hoxt S8 L ] 1 52 )

Fig. 7 Impact of the number of workflow tasks on the makespan

I 7 tpal DLE R L8 ISFLA B9 R i fr 44 8
JE T S0 AR U o8 BB (A2 L A B, S BT
1000 B, Jf #6098 WA X 789l . N AR A6 B B 4, R ik 2
FP R SR AR Y ) ) 25 S AR /0 . R Bl 25 4T 45 4R 18 Jn L 8 £ 3K
PR 4 M L SR ) ISFLA B4k B 4930 8 7 B 89 TR AT
55 56 WL H] B W 25 0 T A R L, X2l T ISFLA &
2R 43 2 08 BE B R SAT AT 55 A 2 2 i 1 i AALIR] Y B
L BRAR T SR I A R, DT 46 T A DA I Ak 5 kB ]
5.2.3 HMkaE

TEFPHER) G5 Ak B B A B 0 6 ol B 0% 5T & K 5% i) ISF-
LA 76 J5 825 1% &R By B iy 3% R ), 3570 5% i ISFLA 5
BRI RYCR . N T ks ) 50 5 2R W 1R
TR (09 T 42t O T SR FH B ML 12 A A ) e Pl R L A 4 S 30
XoF L LA i S s 2E W) s AR S ISFLA B 7 Ry i 8 R

W B T 7 48 R 3% AR ] 5 AR 55 B 6 R SR A5 L n A 8
FioR .
100 —— £ T B R0 HRSFLA
2 —— X THiAL#% HRSFLA
= 30
: //
¥
ﬁ 200 |
W
A%
@ 100 L L . .
1000 2000 3000 4000

E5H

€18 SR JH R ) 4 Ak 12 18 R PR 48 R8O L B
Fig. 8 Comparison of search efficiency between two initialization

methods

ME 8t LUE L 23k ARk B R B L B TAE AT 55
B 3G, TN 5 AR R A8 2R M BT T Y 4 g kAR T 4
K AH LTI 18] S0 B B ISFLA f 48 2% I i) 1 8 5 4 7
Gz, YR R FE AT 55 B R B Hﬁﬁz@%mﬁiﬁmﬂt“
FPREJS  ISFLA JUT 5 (9 48 5% 3% X0 I [ 322 481 7 B WL 7 12«
FH T 90 9 W A= 1 ) L PR 1 B R A Tu@»‘cﬁkl&#
U 32 R 2% 0 A A DT 48 R T 49 R 3k AR TE] L bR T e 8
A,

BERIE  FEX B PRI T RCRT B IR S AL B 4R AE A SR
Z TAR AR 55 B S 4 0 AT AT T . B0 R T —Fh T
A 55 P S S o3 )2 R B A A 3 5 0 2 AT AT 5 A O R T
K ALHL 57 O 45 5 T AR 58 BN 1) o AR 0 2L A
BEGEAR R T — R R T R R S Bk B AY = AR AT S5 SR
A7 R R R v Ak W LA R LT 8 % e 9 R M A MY
BRI TR T LS AR R B . LK. 2
JTIRF ] 5 400 B30 325 5 AR BB AL 5 125 A 040 R R R ﬁiﬁﬁFﬁ?Tﬁc
PELIRO NN NTTE T 2 SN AU v & S | BV L € G953

J& - LIGO TAE R 5L #l f£ WorkflowSim & L 17 B4
5 BB, SR A e e A3 0 Ok T RE A vk R AT X L SR, 25 R

W] A SO 4R R 2 S R N ek i Y ISFLA 036 A fiff ke = TAR:
UL A4 A R 1) L TR D . EAR SO R B SGE fh Hy
7 18 DL K AR 3L 58 BN 8] R 25 08 P A QoS R 3 X TAF:
TRAT 55 V8 B 2, I 28 ) U A TR — 28 B TAR R AT AT I .
TS TR A BE R SO R 1 = AR R S A
Al ] B2 A0 A T 1 ELAT — R B4 IR B A DA B )RRl 2 T
— B EAFBE R, F350, B8 09z AR IR B 8k 2 5 R
DU 7 s T BUA 9 3 2 HE S S B RY  BRE BR A B Y A
RO AEAS AT R T 2 18]

2 % X W

[1] CHAI X Z.CAO J. Cloud Computing Oriented Workflow Tech-
nology[ ]]. Journal of Chinese Computer Systems,2012,33(1);
90-95. (in Chinese)

Sesf i A T s R TAR R AR,
48.,2012,33(1):90-95.

INELOR T BB AR

[2] ZHU Z,ZHANG G, LI M, et al. Evolutionary Multi-Objective
Workflow Scheduling in Cloud[ J]. IEEE Transactions on Paral-
lel &. Distributed Systems,2016,27(5);1344-1357.

[3] CHEN HK,ZHU J H,ZHU X M,et al. Resource-Delay-Aware
Scheduling for Real-Time Tasks in Clouds[]J]. Journal of Soft-
ware,2017,54(2) :446-456. (in Chinese)

WRE AL BLVEIL R D B, 55 2o v 3R e % 50 S8 3R U R0 1Y 52 B A 55
PRI L], A4, 2017, 54(2) : 446-456.

[4] ZHENG H S,YU D J,ZHANG L. Multi-QoS Cloud Workflow
Scheduling Based on Firefly Algorithm and Dynamic Priorities
[J]. Computer Integrated Manufacturing Systems,2017,23(5) :
963-971. (in Chinese)

HEFE AT AR R BT K AR A S AR ERMZ QoS
= TAEW IR BT ] 35 HLAE AUl i R 48, 2017,23(5) :963-971.

[5] ULLMAN] D. NP-complete scheduling problems [ M]. Academic
Press,Inc. 1975.

[6] RAHMAN M.,VENUGOPAL S,BUYYA R. A Dynamic Criti-
cal Path Algorithm for Scheduling Scientific Workflow Applica-
tions on Global Grids[ C]/ IEEE International Conference on E-
Science and Grid Computing. IEEE Computer Society,2007:35-
42,

[7] ZHU Y.LI W,LUO ] Z. Multi-User Oriented Load-Aware Dy-



322

i BN R

2019 4F

(8]

(9]

[10]

[11]

(12]

[13]

[14]

[15]

[16]

[17]

namic Service Selection Model[ J]. Journal of Software, 2014,
25(6):1196-1211. (in Chinese)

RGBS — R ) 22 1] 0 GO B A IR 55 R
BERILTT. B2 41, 2014,25(6) . 1196-1211.

CHEN W, DA S R F, DEELMAN E, et al. Using imbalance
metrics to optimize task clustering in scientific workflow execu-
tions[ J |. Future Generation Computer Systems, 2014,46 (1)
69-84.

DHINESH B L D,KRISHNA P V. Honey bee behavior inspired
load balancing of tasks in cloud computing environments[ J].
Applied Soft Computing Journal,2013,13(5):2292-2303.
TAWFEEK M A,EL-SISI A.KESHK A E.et al. Cloud task
scheduling based on ant colony optimization[ C] // International
Conference on Computer Engineering &. Systems. IEEE, 2014 ;
64-69.

SUN L Y,LING M,ZHU P,et al. Load balancing Task Schedu-
ling Algorithm Based on Tabu Search in Cloud Computing[ J].
Journal of Chinese Computer Systems,2015,36(9):1948-1952.
(in Chinese)

INE T UL R 45 SRR N T AR R R Y 1 Ay
55 98 B2 A 55 3k [0 0. /D BB 3 5 L& 48 2015, 36 (9)
1948-1952.

EUSUFF M, LANSEY K,PASHA F. Shuffled frog-leaping al-
gorithm:a memetic meta-heuristic for discrete optimization[ ] ].
Engineering Optimization,2006,38(2) :129-154.

LUO X H,YANG Y,LI X. Modified shuffled frog-leaping algo-
rithm to solve traveling salesman problem[ ]]. Journal on Com-
munications,2009,30(7) :130-135. (in Chinese)

BN A AR B DO TR A ek O 0 SRR R AT R e) AL .
52 ,2009,30(7) :130-135.

WANG L,FANG C. An effective shuffled frog - leaping algo-
rithm for multi-mode resource-constrained project scheduling
problem[J 7. Information Sciences,2011,181(20) ;4804-4822.
KAUR P,MEHTA S.Resource provisioning and workflow
scheduling in clouds using augmented Shuffled Frog Leaping Al-
gorithm[ M]. Academic Press,2017.

JUVE G,CHERVENAK A,DEELMAN E,et al. Characterizing
and profiling scientific workflows[ ] ]. Future Generation Com-
puter Systems,2013,29(3) :682-692.

THANT P T,POWELL C, SCHLUETER M, et al. A Level-
Wise Load Balanced Scientific Workflow Execution Optimization
Using NSGA-1I[C] // IEEE/ACM International Symposium on
Cluster, Cloud and Grid Computing. ACM,2017:882-889.

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

EUSUFF M M, LANSEY K E. Optimization of Water Distribu-
tion Network Design Using the Shuffled Frog Leaping Algo-
rithm[J]. Journal of Water Resources Planning & Management,
2003,129(3):210-225.

CHEN H,WANG F,NA H,et al. User-priority guided Min-Min
scheduling algorithm for load balancing in cloud computing
[C]// Parallel Computing Technologies. IEEE,2013:1-8.
CHEN W, DEELMAN E. WorkflowSim: A toolkit for simula-
ting scientific workflows in distributed environments [ C] //
IEEE, International Conference on E-Science. IEEE,2013:1-8.
ACCORSI R,STOCKER T. Discovering Workflow Changes
with Time Based Trace Clustering[ M] // Data-Driven Process
Discovery and Analysis. Berlin: Springer,2017:154-168.

ALAM M,SHAKIL K A,SETHI S. Analysis and clustering of
workload in google cluster trace based on resource usage[ C]//
Computational Science and Engineering (CSE) and IEEE Intl
Conference on Embedded and Ubiquitous Computing ( EUC)
and 15th Intl Symposium on Distributed Computing and Appli-
cations for Business Engineering (DCABES). IEEE, 2016 740-
747.

DENG Y.CHENG X H. A heterogeneous multiprocessor task
scheduling algorithm based on SFLA[CJ // World Automation
Congress. IEEE, 2016 1-5.

CHEN W N.ZHANG J. A set-based discrete PSO for cloud
workflow scheduling with user-defined QoS constraints[ C] //
IEEE International Conference on Systems, Man, and Cyberne-
tics. IEEE,2012.773-778.

TAO X L.WEI Y,WANG Y. A Load Balancing Method Based
on Hierarchy and Multi-agent for Cloud Computing Platform
[J]. Acta Electronica Sinica,2016,44(9):1068-1077. (in Chi-
nese)

PR R, £ 5. — R E T 40 2 2 = 55 B Al
20T, PR ,2016,44(9) : 1068-1077.

WANG L. Research and implementation of task scheduling algo-
rithm in cloud environment[ DJ]. Chengdu: University of Elec-
tronic Science and Technology of China,2016. (in Chinese)
E¥ . B AT 55 08 B Sk i Y 5 S D BUAR - LR H
TRHE R, 2016.

WANG Y W,GUO Y F,LIU W Y,et al. A Task Scheduling
Method for Cloud Workflow Security[ J]. Joural Computer Re-
search and Development,2018,55(6) :66-75. (in Chinese)
TSR R SO AL ) AR A AT 55 R
LI LT 45 & i, 2018,55(6) :66-75.





