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Energy Efficient Scheduling Algorithm of Workflows with Cost Constraint in Heterogeneous
Cloud Computing Systems

ZHANG Long-xin,ZHOU Li-gian, WEN Hong, XIAO Man-sheng and DENG Xiao-jun
School of Computer Science, Hunan University of Technology,Zhuzhou, Hunan 412007, China
Abstract Cloud computing has become a very important computing service mode in various industries. Traditional studies on
cloud computing mainly focus on the research of service quality such as the pricing mode, profit maximization and execution effi-
ciency of cloud services. Green computing is the development trend of distributed computing. Aiming at the scheduling problem of
workflow task set that meets the computing cost constraint of cloud users in heterogeneous cloud environment,an energy-aware
based on budget level scheduling algorithm(EABL) with low time complexity is proposed. The EABL algorithm consists of three
main stages:task priority establishment,task budget cost allocation,optimal execution virtual machine and energy efficiency fre-
quency selection of the parallel task set,so as to minimize the energy consumption during task set execution under the constraint
of budget cost. A large-scale workflow task sets in the real world are used to conduct a large number of tests on the algorithm for
the experiment in this paper. Compared with famous algorithms EA_HBCS and MECABP, EABL algorithm can effectively reduce
the energy consumption in the computing process of cloud data centers by making full use of the budget cost.
Keywords Heterogeneous computing, Workflow scheduling, Budget constraint, Energy efficiency, Task scheduling
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Table 1 Running frequency supported by processor in VMs

Frequency levels omg wm, o,
0 1.00 1. 00 1.00
1 0. 80 0.90 0.85
2 0.70 0. 80 0.65
3 0. 60 0.70 0.50
4 0.50 0. 60 0. 35
5 0. 40 0. 50 —
6 — 0. 40 —
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Table 2 Computational cost of tasks on each virtual machine

in Fig. 1

Task; um, um, un,
7 15 11 10
7 13 10 11
T, 12 9 7
74 12 17 8
7, 10 18 16
75 18 13 12
74 14 15 13
7; 8 16 9
g 16 14 7
74 11 12 10
710 12 9 11
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Task URank DRank costy, costigt E(z;)
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T4 67.00 52.33 68.59 77.77 24.67
7; 51.67 50.67 42.80 43.35 14.10
74 37.00 82.33 61.59 64.94 10. 00
74 27.67 76.33 54.97 62.27 19. 38
7 10. 67 108. 67 57.59 64. 86 19.29
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Fig. 2 Scheduling diagram of Fig. 1 under EABL algorithm when
cost(G) =660
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Fig. 3 Two real-world workflow applications
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Table 5 Comparison of actual computational cost and energy

consumption of FFT workf{low application with 512 nodes

EA_HBCS MECABP EABL
cost(G) E(G) cost(G) E(G) cost(G) E(G)
512 40000 39385.13 15719.71 39825.15 13489.83 39960.73 10616.65
512 45000 43127.73 14291.93 44582.3 13125.49 44940.38 10254.3
512 50000 47387.58 14118.82 48923.34 12487.37 49937.49 10025. 14
512 55000 53172.37 13731.48 54182.57 12294.53 54797.35 9868.08
512 60000 57138.43 13496.35 56368.52 12283.26 59277.25 9729.06

512 65000 62347.73 13283.03 63138.43 12183.32 64206.66 9677.45
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Table 6 Comparison of actual computational cost and energy

consumption of FFT workflow application with 1024 nodes

IN| cost EA_HBCS MECABP EABL
: TR t(G) E(G) cost(G)  E(G) cost(G)  E(G)
1024 60000 59283.18 34183.31 59859.04 29837.91 59995.42 24112.04
1024 70000 69839.35 33178.42 69367.85 28284.63 69978.92 22425.75
1024 80000 78283.82 32174.56 79432.93 26913.18 79960.13 21082.25
1024 90000 88398.73 31963.37 89501.53 25268.73 89955.71 20348.37

1024 100000 98318.22 28146.74 99387.49 24964.32 99946.23 19870.32
1024 110000 107234.49 26928.53 101477.62 24097.51 109701. 17 19513. 26
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Table 7 Comparison of actual computational overhead and energy

consumption of GE workflow application with 526 nodes

EA_HBCS MECABP EABL
cost(G) E(G) cost(G) E(G) cost(G) E(G)
526 40000  38283.12 14983.52 39123.83 13390.23 39972.29 11013.38
526 45000 43171.22 14318.35 44218.67 13018.31 44915.20 10607.58
526 50000 47832.36 13956.23 49125.73 12451.46 49944.95 10350.75
526 55000  53018.57 13795.86 54382.64 12115.45 54930.86 10140.93
526 60000 56467.81 13473.93 58013.49 11877.51 59861.89 9980.62
526 65000 62832.78 13345.48 63794.36 11798.36 64854.68 9924.46

[N costyg,
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Table 8 Comparison of actual computational overhead and energy

consumption of GE workflow application with 1273 nodes

EA_HBCS MECABP EABL
cost(G) E(G) cost(G) E(G) cost(G) E(G)
1273 75000  74193.03 41382.18 74358.82 36589.24 74988.73 30079.68
1273 80000  79283.25 39878.21 79283.01 35103.82 79984.29 29296.01
1273 90000 89183.06 38237.53 89415.39 34274.73 89968.88 27556.33
1273 100000 99283.31 36925.67 99238.5 33009.07 99956.9 26289.08
1273 110000 10192.37 35589.17 109182. 23 31108.39 109961.5 25544.46
1273 120000 110844.92 34189.46 11372.36 30181.12 119942.32 25074.92
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