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A Scheduling Method for Joint Optimization of Cost and Energy Consumption in

Heterogeneous Cloud System
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( College of Computer Science, Hunan University of Technology, Zhuzhou Hunan 412007, China )

Abstract: In view of a joint optimization of cost and energy consumption in heterogeneous cloud systems
(HCS), a swarm intelligence optimization algorithm is applied for task scheduling problems, with a reverse solution
based white shark optimization algorithm (RS_WSO) to be proposed. As a metaheuristic algorithm, RS WSO includes
population initialization, calculation of reverse solutions, prey tracking and hunting. Experiments are carried out in two
scientific workflows, involving epigenome (EP) and Gauss elimination (GE). The results show that RS WSO algorithm
is characterized with clear advantages in terms of cost saving and energy consumption compared with the current
advanced meta-heuristic algorithm.
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x1 AR VM BIEHR
Table 1  Unit prices of different VMs

Uy u Uy Uy

price 3 5 4

SEB R AN TAR RS FHERFY, 00 O Ap a1
TEAH R AR PV AR R 6T 50 R, BRI E AR
ERRE K, =100, FUEHT a=3,

ORE S G 485 SR 0 LV RER PR, PR AL
A ( normalized cost, NC ) FlIFR AL BEFE ( normalized
energy consumption, NEC ) 1F & 525 i PEM 48 # o
NC MERAL, BILRPEREELT, NEC [FFE,

4.2 epigenomics 1T
WK 3 P, 33X e — A B RS % R0 5L X 4
(epigenomics, EP) TAEH M AT U, ©hE4
ANl R 2

%2 %% T RS_WSO. WSO, WOA Fil PSO %
FETE S FOR[RBL R EP TR Y NEC . Bfi#
5 K A9 8 Jn, RS_WSO. WSO. WOA #il PSO
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NEC i ¥ A 1 000, 2R, 4 n>500 B, NEC
KT 3 000, 4715550k 523 B, RS_WSO 7E 1744
REFEJT I L WSO . WOA F1 PSO 43532 T+ T 4.67%.
19.50% #i1 27.90%. RS_WSO 7& 5 Z) GE #& 75 i { T
WSO. WOA Fil PSO %

3 EP LIERM AR
Fig. 3 EP workflow application
®2 EP TIERPARMET 4 METRHIRELRE
Table 2 Standarized energy consumption of four algorithms at
different scales in EP workflow

BAEsE R/ RS_WSO WSO WOA PSO
(EP) (NEC) (NEC) (NEC) (NEC)
19 128.63 140.01 156.99 173.35
51 357.80 397.69 41727 47133
103 791.76 836.50 990.71 998.54
523 369347 387448 458821 512290
1003 703868 843571 921199  9631.47

EP T E i H A R HLEL R 9 RS_WSO., WSO,
WOA Fil PSO B L1 NC{H AN 3 Fin. X n < 103
B, 4 FEEM NCEHIA KT 1000, LLn=1003 K
], RS WSO #.3:H WSO, WOA F1 PSO 4 L 7E bx
HEAL A 7 T AR 53 0 4 R 11.90% . 24.30% Fil
61.10%, FEREMCAA 7 THIZRIH

%3 EP TIERBARMET 4 FESEHIREL R A

Table 3 Standarization costs of four algorithms at

different scales in EP workflow

HAEE /N RS_WSO WSO WOA PSO
(GP) (NC) (NC) (NC) (NC)
19 61.82 69.16 75.30 162.60
51 176.08 190.01 207.70 44133
103 402.20 42045 502.07 934.81
523 1916.17  2011.72 240132 481442
1003 352212 3997.93  4652.63 9 054.29

43 BETETTHITMA
4T ( Gaussian elimination, GE) T AEGLN
FHARRR U s 4 R . GE TS S EdE (IN])

SRS SRR [NV]=5, =(+A-2)/2, K
th 2 Sh e BT TR 4

B4 GE THEREARER
Fig. 4 GE workflow application
F 4 JER T RS_WSO., WSO, WOA Fl1 PSO %
BAEAFFBTT B GE TAER T iArifEfbeFE. 4
n=298 I}, 4 FftF 1 19 NEC ¥ #3572 000, B
BAR MY K, NEC M{EWA WG, LIy 8
1033 6, SLEF RS_WSO 575 78 NEC J7 fif t
WSO, WOA H1PSO B4/ T 6.26% . 26.86%
127.98%. AEWPFALEIAY £ 4E, RS WSO 5%
TEREARBERE )T 16 #E L PSO SIAHETH T 24.00% LU L,
I IR AL
F4 GE IERMBPAEHIET 4 MEEMNIRELEE
Table 4 Standarized energy consumption of four algorithms at
different scales in GE workflow

AR/ RS_WSO WSO WOA PSO
(GE) (NEC) (NEC) (NEC) (NEC)
27 197.48 230.68 237.47 274.13
53 377.64 406.04 464.51 513.73
298 214346 254345  2644.63 282882
494 3603.25 435224 452500  4819.76
1033 6980.96 744727 954500  9693.09

RS WSO, WSO. WOA #l PSO #.1:1E GE TAE
TSRS T RIFREA A TN 5 PR .
x5 GEITERPAEMET 4 MEEHIRAELNRA
Table 5 Standarization costs of four algorithms at
different scales in GE workflow

BRdE /N RS_WSO WSO WOA PSO
(GE) (NC) (NC) (NC) (NC)
27 100.83 121.45 113.77 258.10
53 193.94 201.44 23572 482.22
298 1078.87 131538 1389.45  2649.53
494 1811.92 1937.86 2227.83 453093
1033 358134 409522 470779  8996.07

DL n=298 4 ], It I} RS WSO % ¥ i) NC {8
h1078.87, 1 WSO, WOA F1 PSO %4 72 (1) NC {1
43541 31538, 1 389.45 Fll 2 649.53, RS WSO %
2tk WSO, WOA Fl1 PSO 5 1 /9 NC 4 3| FE K T
17.98% ., 22.35% #1 59.28% . TEAT 5 B0k % 1 033 i,
RS WSO %4k WSO, WOA HI PSO 5 #: ) NC 43
BIFEAR T 12.55% . 23.93% F1 60.19%., SLHEE KR
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