243 ISSN 1000-9825, CODEN RUXUEW E-mail: jos@iscas.ac.cn

Journal of Software,2012,23(2):200—214 [doi: 10.3724/SP.J.1001.2012.04144] http://www.jos.org.cn
O [ 27 B SR AW T BT A Tel/Fax: +86-10-62562563

—Wﬁﬁ%%ﬁ?%%ﬁﬁﬂﬂ&%ﬁ%*
A, EHH BRE MR RER
(RIGKRZ: A28, (RBH 110819)
Energy-Efficiency Model and Measuring Approach for Cloud Computing

SONG Jie, LI Tian-Tian, YAN Zhen-Xing, NA Jun, ZHU Zhi-Liang"

(Software College, Northeastern University, Shenyang 110819, China)

+ Corresponding author: E-mail: zzl@mail.neu.edu.cn

Song J, Li TT, Yan ZX, Na J, Zhu ZL. Energy-Efficiency model and measuring approach for cloud
computing. Journal of Software, 2012,23(2):200-214. http://www.jos.org.cn/1000-9825/4144. .htm

Abstract:  This paper presents an EE (energy efficiency) model and measuring approach for cloud computing. A
mathematical expression of EE is first defined, as well as the measuring and calculation approaches, and the
extreme conditions of EE are deduced. Then, to facilitate calculating EE, the mathematical expression between the
computer power and the CPU working state is improved, thus EE can be calculated through CPU usage and CPU
frequency, which simplifies the measurement of EE. In addition, the study designs and implements a series of
experiments to verify the correctness of the proposed model. CPU-intensive, I/O intensive and interactive jobs are
performed in both stand-alone environment and cloud environment to evaluate their EEs and to summarize their
features as well as the optimization approaches. Both the theory and experiments have proved that the proposed EE
model and measuring approach can accurately evaluate the EE of cloud systems and lay the foundation for EE
optimization.

Key words: cloud computing; energy saving; energy efficiency model; energy efficiency measuring; energy
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