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Abstract 

Cloud computing has based on on-demand access to potentially significant amounts of 

remote datacenter capabilities in distributed systems environment. By propagation data 

centers in clouds, computers should have a lower energy consumption. Hence, a good 

prediction about the amount of needed resources is very helpful for correct decision on 

energy consumption management. In this paper the Fuzzy Logic approach has been used 

for decision making about the performance of processors to obtain the estimated amounts 

of energy consumed by them and have been applied Auto Regressive and Neural Network 

approaches to predict the future workload. In prediction operation, three modes On, Off 

and Idle are considered for each server. At times of peak demand all servers must be 

turned on but when consumption is low, an estimated number of servers that must be 

turned on is obtained, 10% of remaining servers are idle and others are off. In this case a 

significant amount of energy is saved compared to the case that all servers are clear. The 

result show that Neural Network approach has more accurate prediction and better 

performance than Auto Regressive model. 

 

Keywords: cloud computing, on-demand access, energy consumption management, 

Fuzzy Logic, Auto Regressive, Neural Network 

 

1. Introduction 

Cloud computing industry provides a large ecosystem including many models and 

service providers and be configured set of computing resources (like networks, servers, 

storage space, applications and services) that they can quickly provide with minimal work 

and effortlessly or the need for the involvement of the service provider. Because of 

growing requests and connection of new customers to the world of cloud computing, 

attention to power consumption of data centers and available energy reservoirs and 

designing efficient strategies for energy storage is very important and essential. 

In order to avoid wasting resources, a new load balancing technique called cloud light 

weight (CLW) has been suggested that not only balances the workload of virtual 

machines in Cloud Computing datacenters but also provides the high level QoS for users. 

This technique prevent SLA violations by load balancing system, based on the 

requirements of tasks and decreases the number of VM migration process and migration 

time for running application [1]. 

Obviously in addition to balancing the workload of system we can make significant 

reduction in energy consumption by switching servers for example turn off the server 

when not used. Therefor holding information from the past always is enhanced the quality 

of the decision-making. 

Due to the complexity of the clouds there is a pressing need to configure the real test 

platform which can do directly monitoring and control operation and registers relevant 
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information. For this purpose, In this paper is used a data set named Grid5000 that is a 

real platform in a distributed environment and supervision operation and so Grid5000 is 

designed to provide a scientific tool for simulation of computer science problem. 

Considering the complexity of information an exact description and definition for them 

should be made; for this purpose, approximate or Fuzzy description can be accepTable 

because here is required the hypothesis that can be formulated human knowledge in a 

systematic way. It along with a mathematical model from a time series for predict the 

future to deliver suiTable method. In this regard, for Multi Criteria Decision Making the 

design of a fuzzy system is the best option. 

Considering the extent of use of fuzzy logic in many researches, to decide on the issue 

of Grid market-based resource allocation are designed two new Fuzzy Grid Market 

Pressure Determination Systems (FGMPDSs) which facilitates negotiation agents for 

Enhanced Market and Behavior-driven [2]. A new fuzzy system is used for accommodate 

heterogeneity in cloud requests workflows in clusters of heterogeneous Grid that at the 

same time is provided more reliability and QoS expected for scheduling distributed cloud-

based requests by using a multi-criteria advanced reservation algorithm [4]. 

After evaluating linear and non-linear models to forecast future workload, Auto 

Regressive model from linear series models of Box and Jenkins and Neural network that 

it is non-linear model were selected. Because Auto Regressive model is one of the most 

widely used prediction models and Neural network is superior to traditional linear 

patterns in recent decades. These two selected models are doing prediction operations by 

using Fuzzy system output. We can estimate the number of processor required using these 

methods and switch rest servers to idle or turned off for lower power consumption. When 

some servers are idle lower energy is needed to turn them on and also rejection rate of 

requests is significantly reduced because they are converted faster from the off state to the 

on state in the times of need, in fact can be said that the resources are available but they 

have been in the state which use less energy it and their productivity is high. 

This paper is written in six sections. After this introduction as section 1, section 2 

includes investigation of methods and conducted researches in the field of workload 

prediction, resource consumption and consumption of energy in cloud computing 

environment. The concepts used in this study are explained in section 3. In section 4 the 

main theme of research will be defined that it is energy consumption management in 

cloud computing environment. Section 5 describes how to carry out the proposed 

approach. Section 6 explains simulation and evaluation indicators and at the end, the 

study is concluded and suggestions for future work are indicated in section 7. 

 

2. Related Works 

Unique business model of cloud computing provides obligation to a payment based on 

the use of virtual services which allows in the time required to increase capacity on the 

Internet and in fact, it is one approach for development required existing resources in 

Information Technology (IT) without investing in new infrastructure and related costs of 

persons. In this section, the main focus is on the models of forecasting resources and the 

amount of energy consumption to facilitate proactive scalability in the cloud. 

In [9] the provision of resources according to the application providers has been 

analyzed and evaluated. So that hosted applications are tended to create scaling 

independent decision by evaluation of future resource utilization in the form of real-time 

(Such as CPU, memory, input/output of network …). So for increasing the efficiency and 

usability, they request in advance for added virtual samples through smart prediction, the 

majority of available jobs are based on the vision of the cloud service provider for 

investigate of providing resources. Scope of [9] is limited to the development of a model 

for efficiency prediction and just its statistical validity and the proposed prediction 
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technique is more effective in the future and for several reasons continues work based on 

predicted resources after the error in the cloud: 

1. Produces past data by implementing a client-server standard, like TCP-W in the 

Amazon EC2 [14] and ases that information to learn and experiment prediction models. 

2. Using statistical learning algorithms the framework of prediction is developed 

and uses mechanism of moving window that still is effective case. 

3. The accuracy of Prediction Framework is checked using the proposed evaluation 

criteria and its validity is determined [20]. 

In [10] linear models were evaluated to predict the average workload in the future and 

a detailed statistical study is done to tracking workload on actual different machines to 

examine Box-Jenkins models (Contains AR, MA, ARMA and ARIMA). Needs related to 

these models are measured to connect to an online prediction system in a wide range and 

predictive ability of models is evaluated with great accuracy. The main result is that 

predict ability is valuable and simple and practical AR model has competence for 

predicting workload. 

An application will be able to choose a suiTable host to execute tasks if it has ability to 

predict the execution time of the tasks on any available host; In [11] guidelines for the 

Run Time Access (RTA) described and evaluated. RTA predicts the runtime of a task in a 

calculated confidence interval at the confidence level of the applications to determine the 

changes inherent in distributed systems and the anticipated processing of information. 

Confidence interval is an example abstract for applications but still there is not adequate 

information and statistical reasons in the process of scheduling; Therefore Dynda predicts 

execution time of the tasks with a method based on prediction of CPU loading and to 

predict the CPU loading is used AR(16) model. Much research has been done in the field 

of energy management and resource of clusters and data centers. Energy consumption of 

data centers has a unique growth and most of the energy is lost in unemployed systems. 

PowerNap is a method for energy consumption where server quickly moves between an 

active state and an idle state in response to loading with a force close to zero, called the 

"nap" [17]. In fact, the PowerNap method is used to eliminate energy consumption of idle 

servers.  

In [11] a similar case without electricity is presented which allows remote access to 

memory of main servers, even when many of the other components are turned off. At 

first, a new case is presented that called the barely-alive and its memory can be available 

when a server is in this state although its CPU is completely off. Then a middleware will 

be considered in the cache memory for the barely-alive servers. Middleware is 

dynamically measured cache memory and uses distributed stack algorithm corresponding 

to the optimal access rate. The results show this middleware of cache memory and the 

barely-alive state have appropriate energy storage and create mechanisms to facilitate 

memory management in the range of clusters for applications in the cache memory level; 

the only problem of this method is the downside that is added due to the especial 

hardware requirements. 

Green scheduling algorithm is used to energy storage in cloud computing using a 

neural network based on the prediction [25]. Green scheduling algorithm works such that 

first, according to the prediction, required dynamic workload on the servers is estimated, 

then unnecessary servers turned off to reduce the number of executive servers. Neural 

Networks used to prediction of the future workload request on the servers based on the 

last request. In fact, designed neural network is employed in view of the prediction of 

request and delay restart the server for predicts the user's request to turn off or on servers. 

The main objective of this section was introduce the prediction methods that have been 

used to predict the required resources and reduce energy consumption in the past and 

inspired by the research conducted and the advantages and disadvantages of each. In the 

next section is introduced and described suggested method of this research. 
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3. Concepts 
 

3.1. Fuzzy Logic 

Human brain interprets inaccurate and incomplete information provided by sensory 

organs. The theory of fuzzy sets provides a systematic computing method to talk about 

linguistic information. This theory is based on the decisions on inputs and in the form of 

derived linguistic variables from membership functions that are formulated by using the 

specification of fuzzy set to derive the amount of belonging and the degree of 

membership in the set. The variables are equal by the terms of the Language linguistic of 

IF-THEN rules and reply of every law will be obtained from the Fuzzy concept. In 

implementing combination rules of inference, reply the law is based on the weights or the 

degree of membership for its inputs and center solutions calculated to produce the 

appropriate output [11]. 

 

3.2. Auto Regressive Model 

A random process can mathematically be defined in the form of a random variable set 

{X(t),   } where T shows the set of time points and the process is defined in that 

points. If T is continuous (usually -∞ <t <∞) random variable is shown at the t time with 

X(t) And if it is discrete (usually t = 0, +1, +2, ...) is shown with Xt. So a random process 

is a set of random variables which are arranged by the time. For only one outcome of the 

process, there is only one view for any random variable [3]. Suppose {Zt}  is a random 

pure process with zero mean and variance σz
2
 in which case {Xt} called a p-order auto 

regressive process if: 

tptp1t1t ZXα...XαX      
(1) 

Actually, Xt is not regression on the independent variables, but is regression on the past 

values of Xt, Therefore called "Auto Regressive" [3]. 

 

3.3. Neural Network 

Artificial Neural Networks are an attempt to model the neural information processing 

systems and they have a multi-layer structure hierarchy where a unit can communicate 

with other units. As the primary motivation, Artificial Neural Networks have the structure 

of biological systems and make up the computational paradigm alternative. Nervous 

systems have been integrated architecture from variable composition but all of them are 

formed of the blocks that are called the nerve cells or neurons. They can perform different 

functions. In fact, neurons receive signals and generate the corresponding response [22]. 

Artificial Neural Network is a non-linear pattern that is able to approximation various 

types of relationships in data. Neural Networks have flexible computing framework to 

model a wide range of nonlinear problems. The main advantage of these models 

compared to other linear models is that Neural Networks are comprehensive estimators 

and can approximate a wide range of functions with high degree of precision. The power 

of the Neural Networks are derived from parallel processing of data and feed forward 

Neural Network with one hidden layer is the most common form of neural network model 

for modeling and prediction. 

 

4. Problem Definition 

In fact, this research consists of two phases, an estimate of the amount of energy 

consumption of computing resources will be obtained by design of a proper Fuzzy system 

in the first phase and in the second phase, relatively accurate prediction of the amount of 

needed resources in the future based on the Fuzzy estimation is obtained by two famous 

method which include Auto regressive and Neural Network. 
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4.1. First phase: Energy Estimation Algorithm using Fuzzy Logic technique (EEFL) 

 
4.1.1. Input and Output of Fuzzy System: 

The variables used in this paper are: 

 Job_ Number_Submited_Oneday: This input variable is the number of jobs 

submitted in one day. 

 Sum_Job_RunTime_Oneday: It is one of the input variables which includes a 

total runtime of jobs in a day. 

 Job_Successful_Percent_Oneday: This input variable includes percentage value 

of 1 (successful jobs) to 5 values (jobs canceled) and 0 (failed jobs) in a day.  

 Sum_Energy_Amount_Estimated: It is the output variable that obtained by 

applying fuzzy system on the input variables and includes an estimate of the amount of 

energy consumed in a day. 

So the designed fuzzy system has three inputs with an output that show in figure 1. 

Also it should be noted that the time of registered data in Grid5000 archive in second and 

includes data for about one year that it was used 5 months of registered data in this study 

and because of the need to predict the future, they have become to 24 hours that can 

predict the need to resource for next days based on data of previous day. 

 

 

Figure 1. Designed Fuzzy System 

 

Figure 2. The Algorithm to Estimate Daily Energy Consumption using Fuzzy 
Logic 
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4.2. Second Phase: The Proposed Algorithm for Predicting Amount of Required 

Energy of Processors 

 

4.2.1. Energy Prediction Algorithm using Auto Regressive Model (EPAR): For 

predicting future required energy, initially value of estimated information by fuzzy system 

has been sent to Auto Regressive model for learning and then next values is predicted 

with this model and prediction accuracy is achieved by comparing the predicted values 

and the actual values.  The algorithm related to do this job is shown in Figure 3. 

 

 

Figure 3. Energy Prediction Algorithm Using Auto Regressive Model 

 
4.2.2. Energy Prediction algorithm using Neural Network (EPNN): Artificial neural 

network designed in this study is the multilayer Perceptron's network which can be seen 

in Figure 4. 

 

 

Figure 4. Designed Multilayer Neural Network 

This neural network has four layers and has four inputs and one output. First layer is 

input layer and includes four input values. Second layer is the first hidden layer that 

includes tow nodes. Third layer is the second hidden layer that includes six nodes. Forth 

layer is output layer that includes one node. 
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In the neural network method like auto regressive model for predicting future 

required energy, value of estimated information by fuzzy system has been sent to Neural 

Network model for learning and then next values is predicted with this model and 

prediction accuracy is achieved by comparing the predicted values and the actual values 

in the frequent runs. The algorithm of this job is shown in Figure 5. 

 

 

Figure 5. Energy Prediction Algorithm using Neural Network 

5. Proposed Method 

This section introduces proposed method for energy consumption management using 

fuzzy logic technique in the estimation phase and using auto regressive and neural 

network in the prediction phase has been presented. 

 

5.1. EEFL Configuration 

With the variables of the problem each membership function should be determined. 

The membership functions for all variables are of „trimf‟ type that represent the triangular 

membership function and are shown in figure 6. 
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Figure 6. The Membership Function of the Fuzzy System Variables 

These membership functions are formed of three parts „low‟, „middle‟ and „high‟ that 

the first three diagrams show membership functions of input variables and the last 

diagram shows membership function of output variable.  

After determining the fuzzy system components, some rules must be designed that 

apply on input variables and create an output variable. In fact, fuzzy logic can be used by 

these rules that are called fuzzy operators.  Designed rules related to this study are shown 

in Table 1. After applying fuzzy rules on the input variables, energy consumption is 

obtained in the output. After obtaining fuzzy output, prediction based on it is started. 

 

5.2. EPAR Configuration 

In this study a strategy for making auto regressive model is used that is explained by 

Box and Jenkins and includes two major stages. 

Table 1. Fuzzy Rules Related to designed Fuzzy System for estimate Energy 
Consumption 

Sum of energy 

consumption 

in one day 

Sum of 

runtime of 

jobs in one day 

Percent of 

successful job 

in one day 

Number of 

submitted job 

in one day 

Rule 

number 

low low low low 1 

middle high low low 2 

high high middle low 3 

low low high middle 4 

middle middle high middle 5 

high high low high 6 

middle low middle high 7 
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low low high high 8 

high high middle high 9 

middle middle high high 10 

 

 

First Stage: Pattern Recognition 

Obviously if exist certain dependencies between data during the time, a good 

opportunity happens so can predict future trends phenomenon with the help of those 

observations. The data used in study include the data of 151 days and variable under study 

is the output of a fuzzy system and prediction method is a univariate.  

 

Second Stage: Pattern Fitting 

In the fitting stage, by setting different parameters and compliance of obtained 

diagrams, a final diagram is obtained that have the least error. For this job, 75 percent of 

the available information is returned to auto regressive model until based on that 

information, it predict the remaining 25 percent and after that taken prediction is fitted 

with main diagram to determine the accuracy of prediction. In auto regressive model 

coefficient of the least square error has been used for calculation coefficient α. After 

obtaining the coefficient α, smoothing is needed to be done to analyze the results of the 

model and achieve a clear pattern. The easiest technique of this type is called Central 

Simple Moving Average (CSMA) of (1+2m) point. In this way, the actual observation Xt 

replaced with its average and m neighboring points so that shown in equation (2). 








m

mj

jtt X
12m

1
X

         (2) 
According to equation (2) by using some investigations, a good value for (m) should be 

considered. Surely, fitting error is reduced with applying simple moving average method. 

In fact, according to that all models of the Box and Jenkins Known as ARIMA are 

Linear-random and time series is assumed univariate in them and all the factors and 

effective communication in the form of a variable reflected in its values thus, for explain 

variability of variable can use its previous value of variable that is the most important 

source and predicted only with using previously information of the variable itself. 

According to this view if can achieve the process of generating a variable so predicting 

variable rather will be possible easily. But there is a problem when available variable has 

a non-linear behavior that in this case, the use of ARIMA models doesn‟t provide 

desirable results. As a result another method must be used to predict that the nonlinear 

nature of the available data does not interfere in prediction operations. 

 

5.3. EPNN Configuration 

In this section the steps that should be carried for operations of prediction in a neural 

network has been described. 

 

First Stage: Data Partitioning 

For using data to predict by neural network data should be divided into two parts trial 

data and test data. Trial data is the data that network is trained by them and test data is the 

data that used to test network performance. In fact, test data are the data that are given to 

the network to specify their network performance to predict the future. Input data of 

designed Neural Network in this study are output of fuzzy system. X1 is exactly output of 

fuzzy system and has been entered to the neural network with no changes but X2 , X3 , X4 

are output of fuzzy system that CSMA applied with m=1, m=2 , m=3 on them. For 
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training and test stage, 75% of the obtained data from Fuzzy Logic are given to neural 

network for training and 25% of the remaining data are given to neural network for test. 

 

Second Stage: Training 

Training stage can be done when training data are available with their answers. These 

data are called input data of training and their answers are called output data of training. 

In this study considering to have data problem, the most common learning algorithm is 

used that called Back propagation Algorithm. In Back Propagation Algorithm, stimulation 

function for every nerve considered to be the weighted sum of inputs of that nerve. Thus 

assuming w is corresponding weights between the input layer and the next layer, equation 

(3) is obtained. 





n

0i

jiij wx)w,x(A

         (3) 
We can see clearly that the output of nerve stimulation function just depends on input 

and its corresponding weights therefore, for changing the output it must change weights. 

So that expressed previously, the purpose of the training process is to achieve the optimal 

output (or near-optimal). In this regard in the first step of implementation of the 

algorithm, the weight of all layers elected accidentally and the weights are corrected using 

Back Propagation Algorithm at every step. At the end of this stage, the system measures 

output according to what is learned. 

 

Third Stage: Test 

In test stage, to achieve the neural network error, the output of training stage compared 

with a portion of the data that are not logged in the system and called test input data; the 

obtained answers are called test output that with related diagrams will be shown in the 

next section. 

 

6. Evaluation and Simulation  

Implementation details and the results of the proposed method is expressed in this 

section and finally achieved results, their amount of the error, the reduction of energy 

consumption and ideally state for each of the servers is shown by obtained figures and 

Tables and the method having more accurate performance is selected as a suiTable 

method for prediction. 

 

6.1. Grid5000 Platform 

While now large distributed systems are supported by thousands of scientists but there 

are little data about the actual use of them. Due to strict licensing organization, 

quantitative tracking is done by researchers and their lawyers from archives of distributed 

system workloads. To solve this problem, Grid workload archive came into being that 

data of exchanged workload for the distributed systems stored in there at a certain time. In 

this archive a particular format is used for sharing workload information and data from 9 

famous environments collected and analyzed using these tools which contains more than 

2,000 users and sends more than 7 million jobs on the 130 sites containing over 10,000 

source in a 13-year operating range [20]. 

Should be smoothed for analysis and to reach a 9 grid environment, Grid5000 platform 

is the only appropriate platform for this study according to studies conducted that is 

second archive between 9 famous Grid environments and is characterized by GWA-T-2. 

Grid5000 is an experimental Grid platform that includes 9 sites which are distributed in 

France and every site contains one or more cluster and there are a total of 15 clusters in 

the Grid5000. This means that 5000 processor is in it and every site has a 500 processor 
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and only one site has 1000 processor and a total of 473 users will use it. Important 

attribute of this trial platform contains reconfigurable, ability to control and monitoring 

that provides test possibility on all layers of the software from network protocol to 

applications. As a result, record tracing of manipulating all batch scheduling of Grid5000 

clusters is available since contains the beginning of Grid5000 project until November 

2006 [12]. 

A prominent feature of the Grid5000 platform is that one job can request more than one 

processor and at the request of every job if it is possible to be assigned the same number 

of processors. In fact, one job can run parallel by multi-processor; also alongside this 

feature, every job run parallel and concurrent due to the multiplicity of processors and it is 

possible to increase the speed of response to user requests and following it, reduce the 

waiting time. 

Grid5000 archive includes 1020195 records that have been saved in SQLite database 

and contains wide information. According to the factual and wide information obtained 

from this archive and because of the system under review did not crowd and the adequacy 

of the part of information from controlled archive, only 40,000 record is used for the 

purpose of this study which contains information about 151 days and its three parameters 

considered to be as input fuzzy system to be gained an estimate of the energy 

consumption amount. 

 

6.2/ Estimation Phase 

In this phase, a model based on fuzzy logic rules is designed and is used to estimate the 

amount of energy consumption in the cloud computing environment. This model has three 

inputs, triangular membership function for each fuzzy set, 27 main rule based on physics 

of problem and the characteristics of the environment under review and is doing operation 

estimate based on Mamdani fuzzy model. 

Figure 7 shows a graph derived from the output of the fuzzy system. Given that data 

used in this study includes 151 days and variable under review is the output of a fuzzy 

system, the horizontal axis represents days and time and the vertical axis represents the 

output of the fuzzy system or the measured energy consumption with fuzzy system. 

 

 

Figure 7. Estimated Energy Consumption using Fuzzy Logic 

6.3. Prediction Phase 

In prediction phase, at the first auto regressive method is used for predicting due to the 

linear nature of this method did not achieve appropriate result. Then a neural network is 

used for predict that due to has Predictive capability on the nonlinear data has favorable 

and accepTable result. It should be noted that training and testing operations in both 

methods, has the same data. 
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6.3.1. Predict using EPAR: The prediction result is not good after applying auto 

regressive method on the data from estimation phase, the result of this operation is shown 

in Figure 8. 

 

 

Figure 8. Fitting Prediction Result using auto Regressive Method on the 
Main Data 

It is obvious that obtained error is caused by many changes in daily energy 

consumption on different days. As a result, require that prediction data should be 

smoothed for analysis and to reach a clear pattern in auto regressive method. In this study 

a Central Simple Moving Average method is used for smoothing data and by the trial and 

error method the m=3 is selected for smoothing that compared to other values which were 

given to m, it is better predicted output. Fitting result is shown in Figure 9. 

 

 

Figure 9. Fitting Prediction Result using Auto Regressive Method on 
Smoothing Main Data by CSMA Method 

But because the result is not very favorable, an important tool among the topics 

Computational Intelligence used that called artificial neural networks.  

 

6.3.2. Predict using EPNN: First, the input data should be normalized. This neural 

network has 4 inputs that all of them are normalized between 1 and -1 and after entry of 

learning data using Back propagation method, prediction operation is done based on them. 

Specifications of used neural network are shown in Table 2. 
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Table 2. Specifications of used Neural Network 

Range of 

normalized 

input value 

Maxim

um 

repetiti

on 

Learning 

function of 

weights and 

bias 

Learni

ng 

functio

n of BP 

method 

Transfer 

function of 

output layer 

Transfer 

function of 

second 

hidden layer 

Transfer 

function of 

first hidden 

layer 

Network 

Type 

[-1,1] 
1000 

times 
learngdm trainlm tansig purelin tansig 

Three 

layers 

neural 

network 

 

Figure 10 shows predicted results in the first run. 

 

 

Figure 10. Fitting Prediction Result using Neural Network on the Main Data 

6.4. Prediction Results of both Auto Regressive and Neural Network Methods 

To evaluate the performance of these two methods, eight performance indicators were 

measured on their result that indicators include: 

1. Maximum error: the most error of predicted value compared to the real value that 

obtained from subtracting the values. 

2. Minimum Error: the least error of predicted value compared to the real value that 

calculated from subtracting values. 
3. Mean Absolute Error: Mean Absolute Error is obtained from comparing a 

statistical estimator θ


 according to the prediction parameter θ; its relation is shown in 

equation 4. 

n

)θθ(

|θ)θ̂E(|MAE

n

1i

ii








    (4) 

n shows the number of statistical estimators and in this study it means the number of days 

that prediction operation is done for them. 

4. Mean Absolute Percentage Error: this error shows Mean Absolute Error in the 

form of percentage and is calculated by equation (5). 

MAPE=MAE×100           (5) 

5. Normalized Mean Absolute Percentage Error: This error is calculated by equation 

(6). 

minmax θθ

MAE
NMAE




     (6) 
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6. Root Mean Square Error: The calculation formula for this error is shown in 

equation (7). 

n

)θθ(

)θ)θ̂E(()θMSE(RMSE

n

1i

2

ii
2












    (7) 

7. Normalized Root Mean Square Error: This error is obtained by interval of the 

defined amounts from equation (8). 

minmax θθ

RMSE
NRMSE




     (8) 

8. Standard Deviation: This error is calculated by equation (9). 

1-n

μ)-(θ

SD

2n

1i

i


     (9) 
These indicators show the difference between the predicted values by model or 

statistical estimator and the actual amount and they are good tools for comparing the 

prediction errors by a set of data and do not apply to compare several data sets. The results 

of measurement error indicators in the used model are shown in Table 3. 

Table 3. The Result of Measurement 8 Error Indicators 

SDR NRMSE RMSE NMAE MAPE MAE ME 
Min 

Error 

Max 

Error 

Name of 

prediction 

method 

0.3759 0.0190 0.0251 0.1090 14.4502 0.1445 0.0251 -0.2978 0.4978 Auto regressive 

 

0.3288 

 

0.0226 

 

0.0259 

 

0.0409 

 

4.6756 

 

0.0468 

 

0.0259 

 

-0.0597 

 

0.2276 

The total average 

error of Neural 

Networks method 

in eleven runs 

  

As shown in Table 3 Multilayer Perceptron Neural Network with two hidden layers is 

superior than the auto regressive in terms of eight error index and this is because of the 

non-linear nature of neural network. In fact, the linear nature of Auto regressive method 

and the non-linear nature of neural network make relatively high error in auto regressive 

method compared to the neural network method. Characteristic of Perceptron neural 

networks is the ability to predict the types of non-linear data and according to the mean 

absolute error results, using this method is able to perform prediction operation considered 

in this study with 90% accuracy. So neural network method compared to auto regressive 

method acts more successful in predicting energy consumption and can be regarded as a 

basis for practical to predictions in the future. 

 

6.5. Determine Server State using EPNN 

Considering the designed system and since the main purpose of this study is energy 

saving, we can set the mode for servers that is wasted less energy. Therefore, in this study 

three state On, Off, Idle is considered for servers that using designed neural network can 

predict the amount of energy needed in the coming days and correspondent it, turn off 

unused servers and contract 10 percent of the servers can be off in idle state, because 10 

percent of prediction error of neural network and the dynamic nature of cloud 

environments in the event of unforeseen needs, spent less energy and time to restart the 

servers. 

To demonstrate how the operation prediction is and to determine the appropriate state 

for servers using design neural network, the amount of energy required in a later day 

predicted using data from previous days and the number of servers in each of the three 

target states is determined. 
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As it is expressed at the beginning of Section 6, Grid 5000 includes 5000 processor, for 

this reason in Table 4 the number of servers is determined in each of the states based on 

that each server has one CPU. To get the number of on servers used equation (10). 
Number of On Servers = Round (Value of Prediction Requirement Energy × Number of Server in Cloud)    

(10) 

The number of idle servers is obtained from equation (11). 
Number of Idle Server = Round (Number of Server in Cloud – Number of ON Servers) × 0.                   

(11) 

The remaining servers in the site are the number of servers that can be turned off and is 

calculated by equation (12). 
Number of Off Server= Number of Server in Cloud – (Number of On Servers + Number of Idle Server)

 (12) 

Considering the amount of required energy estimated by the fuzzy system (a value 

between 0 and 1), when all of the servers in one site are on, the amount of energy in that 

site is 1. Of course, with the shutdown the number of servers is saved significant amount 

of energy compared to when all servers in a site to be on. The percentage of this saving is 

obtained from equation (13). 

Percentage of Energy Saving = 100 – Percentage of Predicted Energy for Processors                 (13) 

Table 4. Predict Future Energy and Determine Server State 

Percent of 

energy 

saving 

Number of 

Off servers 

to processing 

Number of 

Idle servers 

to processing 

Number of 

On servers 

to processing 

Predicted 

energy to used 

processor 

Number of 

all servers 

Name of the 

prediction 

method 

72.48 3261 363 1376 0.2752 5000 Neural Network 

 

7. Conclusion 

Using simulation method in this article, by providing information about all the days 

prior to simulator can predict the required energy for the next days. With careful reviewing 

of results of the simulation clearly we can see that energy consumption has decreased 

significantly and the goal of this study means removing the challenges of energy 

consumption and decrease it in cloud computing environment was achieved. Generally 

benefits of the proposed method in this study are as follows: 

 Decrease energy consumption of processor in cloud environment 

 Time saving and low cost of consumed resources 

 Speed up of access to resources in the clouds in times of rising demand 

 Ability to estimate the amount of use of cloud 

 Reduce the rejection rate of requests to use cloud resources 

 Better utilization of available resources 

In this article, prediction operation is done for one day (i.e. 24 hours later) but the 

prediction interval can be smaller to be achieved more energy saving. But it should borne 

in mind that whatever predict interval will be small then computational overhead for 

prediction operation is greater and more times spent until the desired result is achieved. 

Major work has been done in the field of prediction is in workload scope and CPU 

usage, in this study, the focus was on the same scope but in the further work we can 

review other factors such as reference to memory, energy consumption by memory, main 

board, fans and other attributes of servers. By doing this, the amount of energy consumed 

by them is predicted in addition to the energy consumed by the processor and thus to be 

earned a more comprehensive information about the future of system and besides reducing 

energy consumption by processors, reduction of energy consumption by other components 

can be evaluated. 
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