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Abstract The cloud computing provides a more efficient operation environment for the execution of large-scale scienti-
fic workflow application. To solve the cost optimization problem of the scientific workflow scheduling in the cloud envi-
ronment,a workflow scheduling genetic algorithm based on coevolution was proposed. This algorithm introduces an
adaptive penalty function into GA with the strict constraints. By the coevolutionary approach,it can adjust the crossover
and mutation probability of population individuals adaptively to accelerate the convergence of the algorithm and prevent
the prematurity of population. The simulation experiment results of four kinds of scientific workflow in reality show
that the scheduling scheme obtained by the CGAA algorithm performs better in satisfying the comprehensive perfor-

mance of the workflow scheduling deadline constraints and reducing the total execution cost of tasks compared with the

same types of algorithms.
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Fig. 2 Coevolution model
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Fig. 3 Chromosome coding of coevolution
Bk 1 TECS TET WyitH 7
Input:a set of workflow tasks T,a set of VMs VM, a chromosome,; in

population, ;

Output: TEC and TET

1. initialize VMs state matrix VS and task state matrix TS

2. calculate execution time RT[ | T| X | VM | ] and transfer time
TTLITIX[TI]

fori=1to |T|

L if TSCT()) is unscheduled

5. =T . VM, = VMpromosome,

W

6. if t; has no parents

7. ST, =LETyy,

8. else

9. ST, :max(l Erpnaxl(l )(ET‘U +TTC”_‘ ) ,LETVM‘I )
10.  for each child task t. of t;

11. if t. is mapped to a VM different to VM,

12. TT(H)= TT+ TTA,0)

13. RT™M: =RT(t;, VM,)

14, ET, =RT™ +TT()

15.  update VS and TS, set the time period [ST, ,ET, ] for VM,
is busy,set TS(T(i)) as scheduled

16. calculate TEC according to Equation (5)

17. calculate TET according to Equation (6)

18. return TEC and TET

Population, I chromosome,, 37738 X 578 54k 2 H
Tl HER g . wy BB (0,17, ) AR A Y
TAEEERHETF w s W chromosome, T w, BIEH R :w =
2°4+2'+2°4+1/128=0.66, w. ML K 0,17, F H 58 7
AR FRHF w, vw, =2 +2° +1/128=0. 32,

Population, ; Bl Ay & S AT B ] TET 29380 e/ b
BPATRAMN TEC BT 4 5 % 05 VS BC 1) 3 1k 5 5K #  Popula-
tion, JU)XF MM 1T 35 0 9 58 AR AR
5.2 TEC # TET it &

T SR AR AR U B e A ) L T B R AR SR
FURIL S5 9 BB v T O A 32 7 I PR R R AR AR . Bk 1 A
T8 Population, ; W chromosome, ; W) i AAT AR M TEC 1
BAATHE TET Bk . chromosome; ;o W55 b A0 B Y
HRRAESE & W E E VMoo, AL fa,
m&njjgﬁﬁ%—%ﬁﬂﬂ%ﬁa‘ﬁ%c

UL E %, MR VMs RS ] VS 5E &R A
M TS A TAERAES A T VMs 5 VM, R)5 41
WA DI E A TAERES ¢ (1 € D E/M VM VM,
(VM € VM) LI AT I ) RT)™: AR 8 20 (2) 7153 4% 55 ] 1y
BT TT, BN 1 bR 2,

145 (S 1 Bf 18] ST, A5 75 A 5 0« SR AT 45 & A AT

% WYL 92 4T 45 19 VM R 28 WRPIR S BT TR LG $0A 7, B3
1 PR ER 6 — L UR 7w, A R HALAE 55 58 U R %
BHBUE S A T IR AR AT, B 1 R R 8 — ARk 9.
WERZ VM AL FHATIRES  WEE ERFZ VM 25 /B A W] I 46
PuAT. EFEE LR, RSB EME VM LA E 5 A
AR TR) B T G st 1), O VML B 2 AT B /N AT 55 . &5 AR )
ET, fRYETIF LG B 8] A EAT B 1 RTY™: i 28 (O 3545 2], /P
BB 1PERI0—£TR 14, L5 HEER.FHFEEH VS M

s Population, ; 2



58 M

TRAEEE . 2 5T A 15 AR T ok R0 25 A R R P ) o A et A% 5 0k 109

TS WEES 1 WIHERSIAE ST, & ET, Z¥% VM, &
BRIV 1 PR 15, EJE.ESEE 1 B
YR 16— LR 17 75 TEC M1 TET . 2%l B HUT B A
55 WEUH LR 4 O
5.3 ThEWBL

X TR TAE R 5 O 5] 354 09 AF 55 BAT B E] X T
YE VL 5 PIAT B[R] 47 5K A 52 e AT ) B 3 4T 55 A
AR G BHATARM BN L, B K X 28 4 55 43 Tie
ZEEPERER VM R K /D 8 AT I TR] (6] B % SR AT
(e

WG RO RE R Z R TR GA B RE A B R R 19 52 ) , {5 2
KEZHW GA S BENL I 27 A=W e Fh B . 1 o i 0 i
o R SH BT, A SO T b IR kA Oy ¥ 7 AR 0 2 — D IR
FRE A X BT 55 A0 L B BA AL BB JI 19 VMs |- 9
TR 53 Ab A 22— o3 e 2 A B IRy Vs | A Fel
T D0 DL B AL T 2 A

Bl 45T CGAA BB BIRm R, &%, wikkss
WIS FP#E, Population, FFIMBEAE L5748 FHEER, (H5 Popu
lation, ] LAIRBNPLSE N . A, Population, By AR AEZ
R AL A R) B, TE AR AR PR AL . Population, FIH A i N
FESTY BRI BCHE 24 SR AL AR A R R TR A 4 A AR 2 B e R Ak TR)
B, Population, F) T SCH A9 HL &I BEAT m IR0 BE R 40 1L
Population, WHFIFABEHLIE r 7= 4. Populationy ) EEA>
TFHFBE Population, ;AL 304k Gy &R A My A~ F Rt ep
Wi Ot M, Ak J 2k F 4l Population, w1 Y AH I A 4,
Population, F4k G, OB LT 30 B I 22 15 78 e 3 DL K

ilerContams mDiffFi
<—— sol2sanger
fastq2bfq
map
<«—— mapMerger

magIndex

pileup

(a) Epigenomics TE i

\Inspiral

<— Thinca

<«— Thinca

(¢) LIGOL £

mBgModel <« ()

| 144k, Population, % Population,, ¥% & 1=0,t=0 |

le
i AR Ak Y

=G,
N
v
Population, ;A 3% Population; y, A2
X 5% B F B # X 5% 5 F By,
1t #1k

[ [ |
|

v
i+ # Population, ™ Bt # MNMEB;# &

!

#| F GA#t . Population,

I

I=1+1,=0

}—

B4 CGAA FiuknyhaT i fi
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