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Abstract: The energy consumption of cloud computing is studied. Because cloud computing 
system needs to consume a lot of energy in the process of running, and the more energy 
consumption, the more serious the environmental pollution. For most of cloud computing 
energy-saving algorithms are NP-Hard problems, but most of the previous studies did not take into 
account the life cycle of virtual machines, and the relationship between the number of virtual 
machines and the number of physical machines on energy consumption. In this paper, OLES 
algorithm is proposed to reduce cloud computing energy consumption. Energy consumption, 
operation cost reduction and environmental pollution reduction are of great significance to cloud 
computing operators, the whole country and even the whole human race. 

1. Introduction
D.F. Parkhill boldly predicted in his classic book The Challenge of the Computer Utility that

computing power would be available to the public like water and electricity. Indeed, today this 
prediction has basically come true. In the IT industry, cloud computing is the fifth public resource 
after water, electricity, gas and oil. Cloud computing, as a business computing and information 
service mode, distributes computing tasks on a large number of physical computer servers or virtual 
machines, enabling different users'various computing and storage needs to acquire computing and 
storage capabilities on these physical machines or virtual machines, thus providing information 
services for users. With only one device that can access the Internet, we can easily enjoy high-speed 
and high-quality services. As a result, cloud computing has also been called a "poor 
supercomputer". 

With the continuous development of China's scientific and technological strength, energy 
consumption per unit GDP is also getting lower and lower. But even in 2016, China's energy 
consumption per unit GDP is still three times that of the United States and six times that of Japan. It 
can be seen that there is still much room for improvement in energy consumption per unit GDP in 
China. 

2. Existing research results
Guo Bing and others described some examples and current situation of cloud computing,

redefined and discussed green computing[1]. Liu Peng and others introduced the research 
background and challenges of cloud computing, including energy consumption. In the existing 
literature, the energy saving mechanism, energy consumption modeling and evaluation methods in 
green network are studied. Especially, the current research status and progress are analyzed in detail 
in four aspects: energy consumption measurement, energy consumption modeling, management 
mechanism and management methods for energy consumption management of virtualized cloud 
platform. Ten further studies are put forward. To solve the problem, several optimal scheduling 
algorithms are proposed based on M/M/1 queuing model, and the scheduling management of basic 
resources in cloud computing is introduced in detail. Lee et al considered integrating real-time task 
requests to maximize utilization and energy saving[2]. Two real-time heuristic scheduling 
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algorithms always choose to assign tasks to maximize current resource utilization to save energy. 
Khandekar et al. further designed an offline scheduling algorithm with approximation of 5, 

which can be used to schedule tasks with fixed processing time constraints under arbitrary request 
capacity[3]. For some special cases, an online scheduling algorithm with competition ratio of 
physical machine capacity G is designed, and for some special cases, the competition ratio is 
smaller than that of physical machine capacity G. Scheduling algorithm. In the existing literature, 
the optimization and approximate optimization modeling method considering energy saving and 
performance in server cluster environment is discussed[4]. It is suggested that the product of 
minimizing energy consumption and response time be used as a metric to measure different 
scheduling algorithms[5]. Tian et al. put forward the framework of managing and implementing the 
platform in virtual computing environment as a service, which mainly realizes the basic functions of 
user management, resource management and access management[6]. By virtualization and 7 *24 
hours of remote online service, the sharing and utilization of resources can be improved, and at the 
same time, it is convenient for more users to use[7]. Tian et al. introduced the physical machine 
quantity allocation analysis model considering different random queuing models with satisfactory 
quality of service; introduced several off-line scheduling algorithms in the existing literature and 
compared their energy-saving effects; used the method of minimizing the total running time of all 
physical servers in parallel task scheduling An off-line energy-saving scheduling algorithm with 
approximation of 3 is proposed, and the related results are applied to the energy-saving scheduling 
of cloud data centers. For the dynamic scheduling algorithm, an on-line dynamic dichotomy 
scheduling algorithm with better energy-saving effect than the current general one is proposed. 

3. Energy Consumption Model 
Users submit requests for the use of virtual machines to the scheduling system. After receiving 

the virtual machine requests submitted by users, the scheduling system will coordinate the physical 
servers according to the requirements of the task requests and the current utilization of resources of 
the physical servers in the cloud computing center, and then deploy the corresponding virtual 
machines to the physical servers. It is for user's use. 

The energy-saving algorithm mainly decides which physical server to allocate virtual machine 
requests to, and at the same time combines appropriate migration to minimize the energy 
consumption of the entire data center. Requests submitted by users include information about the 
start time of the request, the duration of the request, and the virtual machine specifications of the 
request. 

The total energy consumption of cloud computing center is composed of physical server energy 
consumption, refrigeration system energy consumption, lighting energy consumption and network 
equipment energy consumption. Physical server energy consumption and refrigeration system 
energy consumption are the main energy consumption, while other energy consumption is the 
secondary energy consumption. Total energy consumption can be expressed by the following 
formula: 

Ptotal=Ppm+PAC+Podditional                      (1) 
Among them, Ptotal is the total energy consumption of cloud computing center, Ppm is the total 

energy consumption of Cloud Computing Center server, PAC is the energy consumption of 
refrigeration system, Podditional refers to other secondary energy consumption. 

4. Energy Saving Algorithm 
The results of energy-saving modeling and scheduling algorithm studied in this paper are based 

on the following preconditions: 
1) The system start time S0 = 0, and the time interval of task request I can be time slot format 

[start time, end time, processing capacity]= [si, ei, di], where start time Si and end time EI are 
non-negative integers. 
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2) All tasks are relatively independent, and there are no other preemptive modes except the 
specified start and end times, where priority constraints are not taken into account. 

3) When each task request is allocated to a physical machine, it is allocated to a single physical 
machine. 

4) Each computer does not consider damage, that is to say, it is guaranteed to be continuously 
available. 

Definition 1 gives a time interval I=[s, c], and the length of I is [C, S]. Extended to Paired 
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Definition 3 represents the cost of the optimal solution for any task scheduling instance J and the 
degree of parallelism g (> 1), which minimizes the total processing time of the computer. 

For a given batch of virtual machine scheduling tasks, minimizing the total energy consumption 
of the data center is equivalent to minimizing the total running time of all the physical machines in 
the data center under the worst case and physical machine isomorphism, while meeting the system 
capacity and performance constraints. 

OLES algorithm analysis. In the MI problem, the start and end times of jobs are fixed, and the 
general case of parallelism g > 1 is considered. When allocating virtual machines, we need to 
consider fixed start time, fixed end time, and the limitation of parallelism. The flow chart of 
MFFDE algorithm is as follows. The jobs are arranged in non-ascending order with the same 
processing time. If the processing time is equal, the start time is earlier. If both of them are the same, 
they can be arranged arbitrarily. The computational complexity of OLES algorithm is O (nmax (m, 
log2n), where n is the number of jobs and M is the number of physical machines used. It takes O 
(nlog2n) time to arrange jobs in non-ascending order with processing time. Next, a physical 
machine will be found to assign the jobs. Here, O (m) steps are needed, and a total of N jobs need O 
(m) steps. Therefore, the complexity of the algorithm is O (nmax (m, log2n), usually n > M. 

OLES algorithm flow: 
1) Input: (J, g), J is the task set, G is the maximum parallelism of the physical machine. 
2) Output: Scheduled jobs, total busy processing time of all physical machines, total number of 

physical machines used 
3) Arrange all jobs in non-ascending order with the same processing time (the jobs with the same 

processing time and the jobs with earlier start time are in the first place; if both are the same, they 
are arranged randomly); 

4) for i=l to n do 
Find the first physical machine I that can satisfy the parallelism. 
Assign job J to physical machine I and update the load of physical machine 
5) Calculate the workload and the busy processing time of all physical machines 
When all long jobs are assigned to physical machine M1, if OLES (J1) = span (J1) has upper 

bound OPT (J), then the optimal OPT (J) is mainly determined by OLES (J1). In this case, the 

allocation of other physical machines has little effect on OPT (J), and )(3
mJw
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(2) If OLES (J1) = span (J1) is smaller than OPT (J), for example, when OPT (J) is not 
determined by OLES (J1), we consider the worst case, because it is the upper bound. In the worst 
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5. Summary 
Off-line energy saving scheduling is an ideal off-line algorithm, which can minimize the energy 

consumption of cloud data centers. 
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