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Abstract As a novel computing paradigm,edge computing has become a significant approach to solve large-scale scientific appli-
cations. Aiming at scientific workflow scheduling under edge environment,task computation time and data transmission time are
uncertain due to the fluctuation of server processing performance and bandwidth.respectively. In order to help capture and reflect
the uncertainty during workflow execution,task computation time and data transmission time are represented as triangular fuzzy
numbers (TFN) ,based on fuzzy theory. Simultaneously,an adaptive discrete fuzzy GA-based particle swarm optimization (ADF-
GA-PSO) is proposed to minimize fuzzy execution cost of workflow while satisfying deadline constraint. Besides, two-point cross-
over operator, neighborhood mutation and adaptive multipoint mutation operator of genetic algorithm (GA) are introduced to
avoid particles being trapped in local optimum. Experimental results show that,compared with others,scheduling strategy based
on ADFGA-PSO can more effectively reduce fuzzy execution cost in regard to deadline-constrained scientific workflow scheduling
under edge environment.
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W™ Win

°=kin T e = Remin ) * (33)

Wmax ~ Wmin
A R 1 R 53 9 275728 S VLR R B B RAE e /ME . 24
B T w BN, R AR L REERE TR ER
fie 7 DTG 3 S B30 i A2 SR R BE T s e =2, WL 20 78 5 67 %K
ks R B — B R 78 52 68 77, DL 2 35 B B A afE AL 3T B P iy 24
P AT 4 58 53 0k 04 Jmy 348 R g
Bifi 5 S R T 2% 40, 22 S I o1 se SR FH SRR B 080
D W R SR SN = R NG L N S
4.2.5 A F ADFGA-PSO # T F 7 A #18 A F wk
HHE M F 4. 2.1 1 e USRS KL, 45 OS2 1 30
G I T 1ZORL T B AR AT U B SR ek A WS B gk
B
1 bR T PR TR R ADH I B R0 W
A :W,S,P
i W= (W,S, M. Tl » Crowl)
1. ¥4 Ak : M<null, € ran<(0,0,0) 5
2,75 Teom [LVIXISTT, T L ID L ISIXIS] TS
3.fori=1toi=|V| do
4, M=MU (vi,s));// ETHBKT P
5. il vifg AES then // i NETERAE 55

6. if sj is off then

7. JAdh s

8. Tor (5)) = TP, Ton (5) =(0,0,0);

9. end if

10. Tt (Vi) =Tor () 5

11. else

12. maxT=1(0,0,0);

13. foreach parent v, of vi do

14. maxT=maxT V (Tend (vp) + Tiran (dpis $q08))35//(vps

s> (viss) EM
15. Crran t =Tuzzy(c§d" « dp.i) s //TuzzyCx ) I AE R 4L
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16. end for

17. il s; is off then

18. FERT

19. Torr(s) =maxTV Thoot;
20- Ton () = Torr (s))- TP
21. end if

22. Taan (v =maxT V Tor(s)) s
23. endif

24, Tend (V) = T (V) F Teom (Vi 5 5
25. end for
26. TG MK HH Tiow s Crotal 5
27.if T =>D(W) then
28. ¥ PE B ARAITR T
29. return ¥=¢;
30. end if
31. return ¥=(W,S,M, Tioul s Crotal ).
5ok 3T ADFGA-PSO #9 T/ i 4 40 18 J3E o ms , Ho A%
DL ADFGA-PSO I R ERBRASLUT 6 M5,
D#IE /b ADFGA-PSO B vk 19 A8 ¢ 2 80, 0 Fh B /b
Spop I K IEARIREL iter, RPERF w AL L M2 H
T crscr % IEBENLAE BURT IR FIAE
DMRIEEE 1L ETREH —RCDH G E SR TS
A A S a TR R O E TR RN o s R M ) 1 YA i T /e
Tl RE e N B /N PR T I8 O MR R iR kLT
DML (28) — K (31, G A5t 15 55 1k v i 48 5 58 1 Al
28 B BT 8 g A I SR R
4) #5 T JR R 04 38 0 /N A U B R KL, T 2
AL T 15 5 R AR SR R 75 S, H AT B 6,
5) 45 TH IR BT 1 38 R B /N T R R Y 4 R SR R L T
b I AR AL W LB 2 o B 1Y T A
6 65 5 % 75 W A B T 20 0k A B A A B R KR AR K
B, AR LR IR E LR 3,

5 XBMESHER

T AR F ADFGA-PSO (4 8 B 5 ms X #% 1k H 1 24
T S /ML AR WA BT AN 19 280 A AT S IR
ELRD 45 B > M. ADFGA-PSO #1 Fr B W W 45 ¥ 3 15
Python 3.7 B8 FS2 8, 76 16 GB RAM Al 3. 60 GHz Intel
(R) Core(TM) i5-7200U CPU HY 64 {ii Winl0 &% Fi&fT.
FTFICHk[28], ADFGA-PSO W B 5 & &N F: S,., = 100,
(16T max =1 000 s Wiy = 0. 93 @iy = 0. 4, ¢ = 0. 9, ¢ =0. 2,
3" =0.4,c=0.9 k= V[ /10,kpin=1,
5.1 IWiEE

FFMH Y AR A AR A Bharathi %0 %F 5 A~ AS [
Bl AR AT IR AR A4S 2000 5 Fh B2 TAERR B R4 10
CyberShake, 4= ¥ 3t [Hl % ) Epigenomics., B JJ ¥ Bl 22 ) L1-
GO, R3C% 1 Montage VL K W15 B 41y SIPHT, 4 # T
YR B A N [ (9 548 AT 55 B0kt 5, FOTE 3055 SRORVBCHE 1% i &t
AR KAT B I A AR xml SCPE . B X AR AS B o 45 R

ARSCHEER 3 FPRLALY TAEG A (2 30 MME S /N (4
50 ML 55O M P AL (2 100 MES) .

NGERABETHE 3 DB MMF 8 oo 2 ARG R
S5 Csaoss ) 43 ) B R S 1A 55 1 55 68 R B ] 3 4
Rt o B = M55 4% s BITHE AR ) 5ok, AR Wi o 2% 4 55 1E
s A TT BB R LA AR A xeml SCOEASE]L RIEEL DL sy N
A, RS s GO BITRRRIIKRAH s 19 1/2(1/0), 1
GRS % s GO MR AE IR s, 19 1/8C1/10), B4, &
S5 AE s BRI EAH 15,5 $ /h, HAR k5 4%
B B B R TSR 5 SR T U E B . 53 A fBUE R
5 2 BIRI IR AL ] 7t = (975,97 5,979), Vi€ [1,18]],

H AT ER ARz 55, 1 Amazon EC2, 1% L) 60s 8
Lh fFE S AL TR B 0] p, o AR S % L 5% A [0 08 A7 428 5 A5 9%
AR 45 A i (9 S [R]RRASE /I 245 338 HUAN [i] 1 B A A7 b [
BRI/ EL TAER LL 60s s, h R TAER LA 1h R 8q .,

R4t s, Mls; ZBIHSE b, = (B, o) R — 34 fr
JESF B R ZEEL £ M R 1 BT

R Mgy s Ws; Z 1] B9 98

Table 1 Bandwidth between s; and s,
7. 1, BB/ (S /GB)
0 And 0 2.5 0.4
0 And 1 1.0 0.16
1 Aad 1 12.5 0.8

3 A0 3.3, 1 T E RN G AN AL AT 55 S S R £ AT
BAE A% B I 18] 20 SR TE R = RO 250, o 288000 0 0, 43
BB 0.85 Al 1.2, N T 54t U 45 50k 10 v R L Yo AR R
AT AR AR 56 A 0] 3047 25 A50R Ak Ak 28, ELOR 5 1 L
$3.2 4 H e gL,

B BA TAERAA — 40 W Ak H R 8 43R &
P I LA IR B g X T AR O R BE 1) R AY R Rk . AT AR
CAEW WoE SCHA R B DOV I -

DW)=1.5 % HEFT(W) (34)
Hrh  HEFT(W) 7R 2 T HEFT 255 il i 37 S g T T4
T W B HAT B R
5.2 ¥EbEZ%

A SCHE ) ADFGA-PSO 3 F 14 48 PSO 5k . 5] At fE
B B AR SRR A8 LB T 4 i R A SRS 40 R A A Gk
S N HIHS 4 300 AT 5 B . LA 4R T B 1k 48 R P R sl R
AR IR . TEARR SR T, o 7 ADFGA-PSO 164~
BE PE I G A BT T R B RE . FRATR A LLT 3 Rk R A
ARSI BB H R T AR B v v B AR e R AR VR Y 3k
Bilf 1 oA S T R B 8 M G R BT L R R A R R AT S5
FF ] P34 12 i o 1) A AR Ak S = # RO 4

KOWUR. T B 46 (Fuzzy Particle Swarm Optimization,
FPSO) : % J7 3 F & 48 PSO fE#™ R 15 ADFGA-PSO
AR 2 B R T L AT 55 1 O 2 SN IR 55 4% g A 24 R A
G2 1Y 7 22 B A TR IR 55 25 4 A5 {8 0 5 A 00 5 SR A Ol il
F ARG o T3 AN ORI TR W LU A G S B0 iR S R
k257,
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BB 5t 1% 55 12 (Fuzzy Genetic Algorithm, FGA) ;% 5 i
BT GA B F K, R 5 ADFGA-PSO # [A] i £ 56
G-l S5 45 it B A, 38 A T B AR R I B L T S U 52 H
AR 5 B X 24 i RO TR A AR G D 3 AT B, SR ARG 26 4

B SR K 5 IR P BRSSO R R e i A
56 B L 521 2R — A0 A B e 0 (A AT TR L A 2 i i A

A A B A1 Shy o A
Sr5EC0. 8 A0, 1.

FE B HL B ¥ (Fuzzy Random Algorithm, FRA) ;% )7 &
BT R R T, R 5 ADFGA-PSO A1 [/ 19 45 1% 77
S5 [7) I X [ 00 17 ffe = () R AT BEDILI 2R L DT 26 B R0 A o 44>
BT IR 58 B R 55 25 40 05 3 1 s 7 e 55 20 % 57 0% I8 B

H , FGA Y38 AR A 5 4 R

%fﬂ%,fr%ﬁ?%iﬁnjﬁﬁ,La%ﬁﬁm&%ﬁﬁw@%%%,
A Z ) BLAS 52 ) i 283 L R 0% e O A B e O A
%fﬂ%u
5.3 XWHER
T B ADFGA-PSO FlH: At X L 8 2 30 % 3R 58 T
e BN B’JIYEWF]J*ﬁﬁb,xﬁxlﬁ%ﬂﬂmﬁﬁnﬁﬂﬁi
YRR 43 5 iEAT 10 20 0 57 5 &2 5280, 9F 43 BT ADFGA-PSO 7
I1’Emuﬁr“rhﬂﬁ$;~<m¢}n AR R AR . R [ A
PR/ T ARG, % 2— 3 4305 7 3 T [R50 12 0 81 5 O s
T LA AR AT AN 1 e O N T S5 48 B T B B (R
S, I F 25 5k 0 doe A R R KR 1 AR SR R S T AT R
‘xR,

F 2 T ORIR S Bk B0 U BE S X T R AR B B R AT AR

Table 2 Fuzzy execution cost of different algorithms for tiny workflows
Workflows Algorithms Optimal fuzzy execution cost and its fitness Meanfuzzy execution cost and its fitness
ADFGA-PSO (8.94.8.98,9.08),9.02 (11.25,11.48,12.14),11.74
CyberShake FPSO (11.08,11.19,11.60),11. 36 (13.42,13.73,14.66),14.09
FGA (9.86,9.93,10.22),10. 05 (12.18,12.49,13.31),12. 81
FRA (17.96,18.66,20.65),19.43 (21.07,21.96,24.42),22.91
ADFGA-PSO (146.64,154.25,174.53),162. 05 (151.50,159.47,181.36).167.92
Epigenomics FPSO (150.71,157.72,173.19),163.51 (157.01,164.49,177.16),169.03
FGA (162.41,166.14,177.28),170.49 (165.85,171.71,181.42),175. 17
FRA (168.93,174.57,186.42),178.98 (173.47,180.76,198.27),187. 40
ADFGA-PSO (63.14,64.08,66.81),65. 14 (63.77,65.81.70.11),67. 41
) FPSO (64.80,67.05,72.19),68.98 (67.28,69.06,73.61),70. 80
LIGO FGA (64.59,66.27,70.48),67. 88 (66.90,68.27,72.09),69.75
FRA (79.77,81.74,86.06),83.36 * (87.39,89.05,93.78),90. 88
ADFGA-PSO (3.89.3.99,4.17).,4.05 (4.11.4.24,4.48),4.32
Montage FPSO (4.79,4.92,5.33),5.08 (5.44,5.64,6.16).,5.84
FGA (4.79,5.00,5.32),5.11 (5.52,5.76,6.30),5.96
FRA (12.45,13.07,14.53),13.62 (13.76,14.49,16.28),15. 17
ADFGA-PSO (56.26,58.05,64.33),60. 54 (56.58,58.38.64.79).60.93
SIPHT FPSO (58.51,59.79,61.88),60. 53 (59.41,60.90,63.78),61.95
FGA (60.69,60.84,61.31),61.02 (62.21,63.41,65.96),64. 36
FRA (68.62,69.60,72.03),70.52 (70.62,71.72,74.62),72. 84
3 HT SRR Y U B2 SR S T /N A A R P AT AR AR
Table 3 Fuzzy execution cost of different algorithms for small workflows
Workflows Algorithms Optimal fuzzy execution cost and its fitness Meanfuzzy execution cost and its fitness
ADFGA-PSO (16.50,16.71,17.32),16.94 (19.77,20.31,21.67),20.83
FPSO (20.20,20.73,22.48),21.42 (22.61,23.36,25.37),24.13
CyberShake
FGA (18.72,19.25,20.29),19.63 (22.54,23.40,25.57),24.23
FRA 35.50,36.83,40.38),38. 20 (37.83,39.41,43.37),40.92
ADFGA-PSO (345.83,363.89,411.18),382. 04 (376.84,386.03,410.86),395. 60
FPSO (391.26,398.33,418.60),406. 20 (407.82,416.06,435.23),423. 30
Epigenomics
FGA (363.74,379.11,428.36),398.48 (388.50,397.94,425.33),408. 59
FRA (496.64,505.48,523.12),511. 98 * (564.06,568.60,579.76),572. 85
ADFGA-PSO (107.82,111.24,118.70),114.03 (113.38,116.20,122.40),118.52
. FPSO (120.41,123.28,131.47),126.46 (124.62,127.64,134.89),130. 39
GO FGA (114.56,116.30,120.01),117.68 (123.37,126.19,132.77),128. 68
FRA (152.70,154.54,160.22) ,156. 76 * (164.98,168.11,175.94),171.09
ADFGA-PSO (14.04,14.74,16.51),15. 41 (14.81,15.63.17.55).,16. 35
FPSO (15.19,15.97,17.73),16. 63 (17.79,18.70,21.08),19.61
Montage
FGA (15.18,15.98,17.69),16. 62 (16.21,17.10,19.18),17. 89
FRA (27.20,28.72,32.28),30.06 * (32.01,33.87,38.39),35.58
ADFGA-PSO (121.53,125.81,131.61),127.79 (127.25,130.62,137.58),133. 20
SIPHT FPSO (126.75,129.94,138.62),133.29 (131.67,135.11,143.00),138.08
FGA (116.28,121.37,138.58),128. 18 (130.06,131.97,139.32),134.92
FRA (158.74,164.08,172.71),167. 14 (169.13,172.17,178.76),174.63
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Table 4 Fuzzy execution cost of different algorithms for medium workf{lows

Workflows Algorithms Optimal fuzzy execution cost and its fitness Meanfuzzy execution cost and its fitness
ADFGA-PSO (44.17.45.38,48.34),46.51 (47.44,48.76,52.23),50. 09
FPSO (45.97,47.64,51.34),49.03 (49.40,51.19,55.32),52.75
CyberShake
FGA (50.24,51.94,56.05),53.50 (52.92,54.64.58.70).56.18
FRA (93.39,96.68,105.27),99. 97 * (98.46,101.74,110.10),104. 94
ADFGA-PSO (3386.73,3466.08.3589.69),3509. 62 (3504.47,3596.05,3774.37),3661.50
. . FPSO (3626.87,3666.34,3815.99),3726.23 (3977.96,4007. 34,4085, 84),4037. 54
Epigenomics
FGA (3554.42,3610.30,3761.11),3668.39 (3898.24,3962.29,4105.97),4016. 23
FRA (5627.38,5650.88,5724.76),5679. 87 * (7282.51,7315.38,7398.61),7347.17
ADFGA-PSO (211.42,212.46,218.45),214.94 (217.55,219.01,224. 18),221. 06
LIGO FPSO (241.59,243.66,263.88),252. 26 (255.12,257.34,263.90),259. 90
- FGA (217.03,218.52,227.99),222. 46 (242.46,243.76,250.33),246.45
FRA (370.15,371.98,376.40),373. 66 * (407.01,410.40,416.49),412. 60
ADFGA-PSO (33.12,34.10,36.36),34.95 (35.63,36.56,38.82),37.42
FPSO (49.53,51.48,56.65),53.47 (56.11,58.42,63.99),60.53
Montage
FGA (35.43,36.28,38.23),37.01 (44.48,45.86,49.01).,47.05
FRA (76.85,80.90,90.94),84.72 % (80.16,84.64,95.54),88.78
ADFGA-PSO (179.68,179.88,183.85),181. 61 (196. 88,198.53,207.24),202. 11
SIPHT FPSO (202.81,211.04,222.32),214.91 (217.00,221.85,231.43),225. 37
’ FGA (183.41,185.18,187.36),185.91 (197.15,199.97,208.19),203. 17
FRA (286.66,289.82,298.31),293.09 (310.68,315.97,324.83),319. 14

R T ARV 10 R E A L0 (Y R BE A5 R N3k 2 g, X
TMOE T ARV & . & SIPHT B9 &AL b . ADFGA-PSO
AR A B B AL s T FPSO M FGA TEfE R 22 s FRA RCR &%
2%, R A AE AR W AT AR 7 2E . X BT ADFGA-PSO giift 1
4t PSO W4t 5 XL I8 A GA I X E FMAEFHF N
7 36 B TR0 e A SR 30 B 10 o 45 20 38 O ) A5 00 0 R SR k. )
G, TAE B ASTA 8 B 1) 0 A A3 18] R /N — AR dE A, T
FRA SR F (BB 5 W 48 2R ORI, 72 4 BR 0% il 70 90 A5 4
RUWHCR X LU 22 8] o B At L 5 &8 0T A9 B R AT

ANBITT AR 10 WK A SE g i i S SR 3k 3 pr Al
ADFGA-PSO 7 i 43 TAE i b 3443 21 B AR AR 7 B4R 40
wALi# . A, ADFGA-PSO MR T FPSO AY L Bl %
ik 26, 4% E T FGA 15. 9% . i & T FRA 125.5%,
¥ TAER CyberShake (1) 9 B 25 5 5 i HF 34948 4 4 5 4 F
FPSO,FGA 1 FRA . % & 15 19. 9% (Montage) , 16. 3% (Cy-
berShake) #1 117. 6 % (Montage) ., B It & i » ADFGA-PSO %}
TAE¥ CyberShake #1 Montage ) B 14 B8 8 T H Ath X [ &
W (EERME, WA A TR B A BRI T8 %
B RIS AL AT B R B A BRI 43 X AT 45 gk
UL, ADFGA-PSO X 35 %5 48 1 T4 3t i ] B B A 5 AR Y
HERE .

AR T AR O REE LM ELS RE 4 05, 5
N T ARG AR R, ADFGA-PSO X F FF A T AE i ¥ 15 3] F A
ARAN RS AR AN (9 S A A o IR IS [ AR B 1 A T oA A%
1M FRA B & AT 55 FUAL Y 3 R, HoME fE Mok ik 22, L7 T8 ik 74
FINTAT R EE SR W . LA, ADFGA-PSO 7E 1T 45 MUAR 45
N O O S = e S5 R R S

ADFGA-PSO 5l A GA W78 5 85+ Fl 58 LB F, ffi 15 kL
T RE A R Bk R 0 B A 5 AR 4 kL 5 i XS B w i
AT 1 3 0 R I SR (A5 Bk LA B I 1 R PR R s X T AR
SEALEL R B A IS R L TR T w B IE BB AL AR T
BUE R F w MR RIEREM IR & . 25 L TR MR Xt H
Bk, # T ADFGA-PSO Ry I JE 3R ms 68 5 74 2 0 5 1y

BOWIPATAC A o F B S A P RE

LERIE XTI N RN TR S R
FE AW B, AR SCRAT 55 1155 A (] 0 B0 08 4% i i 1] 3208 A
SMBOMA L IR T — M T ADFGA-PSO 4484y 3K 3 8
S . H Y2 d /M AR 55 T B RUBOHE A% i 5 1 Y A A
FHACAR R I e 0k B I Z0BR . AR SO 5 R [R] B 1) )
HETAERMATRE LS, R RN, 5H b3 LA LML,
ADFGA-PSO 7] L 3k 43 JL-F- Fi A 28 BBk 25 T4 5 ) 5 8 455 40
AT

KA T AR, R T B0 T O R ke S o O K o R 55
O PAT P R Uk 3 R B 0 B AT B4 AR, DL TR SR TAE R
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