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ABSTRACT 

Cloud Computing is an emerging concept combining many fields of computing. It provides 

services, software and processing capacity over the internet. Cloud computing is accepted 

abundantly by the business markets and organization. In cloud computing the services are 

provided to the user in form of resources over the internet. So it is the basic need to manage 

the resources in order to get maximum profit and satisfactory services. Resources are made 

available through Vms. With the increasing demand on cloud provisioning instantly 

developing Vm in the cloud is not possible; it takes several minutes which leads to latency. 

So, Demand prediction can minimize the downtime of the Vm. various demand prediction 

models and the approaches based on the models are listed out in the paper. Methods through 

which error rate can be found are also described so that the prediction techniques can be well 

compared. Also the areas that can be worked upon after the successful demand prediction are 

listed into the paper. 
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1. INTRODUCTION 

Cloud computing emerges as a new and promising paradigm delivering IT services as 

computing utilities [17]. It aims to provide reliable, customized and quality of services 

guaranteed computing dynamic environment for end users[11]. Cloud computing is the 

combination of all classical computing such as distributed computing, parallel computing and 

grid computing together [18]. The baseline of cloud computing is that the user data is not 

stored in the local machine but the data is stored in the data centers via the internet. The 

companies that provide the cloud computing services maintain and manage the data centers. 

The user can make use of their data at any time from any place using the cloud computing 

API by any terminals that are connected to the internet. 
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The provider in the cloud doesn’t include storage facilities alone, but provides hardware and 

software services too for the general public and the market oriented work. The services 

provided by the service provider can be anything or everything, i.e. infrastructure, the 

platform or the software resources. Each service is respectively called Infrastructure as 

Service (IaaS), Platform as a Service (PaaS) and Software as a Service (Saas).[19] 

 

 The various advantages of cloud includes lower cost “pay-as-use”[16] pay for the 

resources as much as user uses, scalability ,provisioning and re-provisioning of the resources 

.i.e No hardware or software is needed to be purchased for making any sites and hosting it on 

the internet. No specific location, data and application can be reached from any location. No 

extension of hardware or software is required. If scarcity of resources occurs they can be 

scaled from the internet sources. In cloud computing ,the services that are offered are in terms 

of resources, so to get maximum amount of the various advantages the optimal use of the 

resources should be carried on. 

In cloud computing, services can be offered in terms of resources. Resource 

Allocation (RA) is the process of providing the available resources to the needed cloud 

applications in the presence of internet [18]. If no proper management of resources are held, 

the application starves for resources. Resource provisioning is the solution to the problem that 

allows the service providers to manage the resources for each application. 

Resource Allocation provides integration of cloud provider activities for utilizing and 

allocating required resources within the limit of cloud environment that can meet the needs of 

the cloud application to provide service. The type and amount of resources needed by each 

application are required in order to provide the service a user demands on the cloud. The 

order and time of allocation of resources are also significantly important input for an 

appropriate resource allocation. 

Cloud computing technology is exponentially increasing in the business markets and 

small to big scale industries and enterprises. In cloud paradigm if an effective resource 

allocation is obtained then it can gain maximum profit for cloud service providers and also 

provide better and satisfactory service to the user. 

1.1 Significance of demand prediction.  

Cloud computing is a scenario that works with the aim of providing better services to the end-

user. These services are provided in the form of resources. Precise usage of the resources can 

led to efficient services. The resources are provided by the virtual machines 

The Vm provides the resources to the user in the form of resources as per the decided SLA. 

When the user asks for the services the cloud API provides the services in the form of the 

resources that are available with the Vm. The problem arises when the numbers of required 

resources are more than the number of available resources 

In such a scenario, where number of required resources exceeds than the available one’s 

instant creation of new virtual machine has to be done. but creation of Vm takes certain time 

and time is added up for the setting up of the Vm.[13][15][18], so if the resources demand is 

already known problem can be avoided. Though no one can predict the future, it’s better to 

get something rather than nothing [2]. 

In second point of the paper, details about the prediction models are listed, in third we will 

discuss the various methods carried out by the respective authors for demand prediction, 

fourth includes all the future work to be carried out after the demand prediction i.e. in what 
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manner demand prediction will be helpful in better demand prediction and providing better 

services fifth gives the detail of the error finding rates of demand prediction carried out so 

far. 

2. Prediction Models 

There is nothing new in the creation, the prediction is based on the historical data.[1][4]. 

Computer-system logs provide a glimpse into the states of a running system [2]. Log is used 

to predict and ultimately provision for the future. It can be used for resources allocation, work 

load management, scheduling and configuration optimization. There are mainly 3 types of 

approaches one is Analytical models, Analytical model are designed for special type of 

system that manually identifies dependency and relevant metrics, quality and relation 

between the components especially for simulators to give answer for what if question?? 

Examples of using analytical model for performance are I/O prediction. Disk arrays, data 

bases and static web server. Mostly the analytical models are single tier or the hierarchy gives 

the result of every single layer and then compares the result of every single layer with the 

next layer. 

Secondly the regression model, Prediction uses regression as the statistical modelling 

techniques. They are basically applied to performance counter which measures the execution 

time and memory on the subsystem. Classification correlations etc provide model for 

regression techniques used to predict performance of map reduced jobs. 

Third is vector extraction model, Extraction of vector from the log is the non-trivial though it 

is the most critical step that affects the effectiveness of the prediction model. The log is 

converted into the vectors in form of 0 and 1 both positive and negative form and is then 

implemented. All the data of the log are converted to the numeric information which can be 

easily compared to take the decision of the prediction.[2] 

Though log based approach for prediction may give distinct range of the values or the 

single value and may not have confident of the prediction result but it’s better to have 

something rather than nothing.[2] Decision making  can be gradually dependent on the 

prediction and better approach can be obtained. 

3. Demand prediction Approaches. 

Using the three models of the prediction describe in section II, in an intellectual way many 

authors has given their own approaches for demand prediction which can lead to the 

betterment of the service providing scenarios of the cloud  

John j et al. [7] concerned about the increase in energy utilization of the data center, the 

author carries out the future network load as per the services so that the nodes which are not 

in use can turned form active to sleep state and save energy. Author uses autocorrelation of 

the input sequence and the output sequence of all the historical traffic. The author provides 

the algorithm for the heterogeneous network prediction in which same types of Vm are 

focused through the IP address by the frequency of IP address, the recalculation of the array 

coefficient is done to get the load prediction. The optimal number of Vm is obtained at the 

end. Error in prediction is calculated by Mean square error. 

Describing that substantial amount of time is required for the creation and setup of the virtual 

machine in [15] Md. Toukir et al mentions resource allocation in advance based on the 

prediction which leads to quality of service.(QoS). TDNN time delay neural network is 

designed for the analysing of the temporal data and the regression model of prediction is 

performed. The results of both are compared and the discussions are provided, as the degree 

of polynomial increases in the error rate decrease. TDNN is better than regression and 
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polynomial regression as it provides the least error rate when compared in MSE mean 

squared error and RSME root mean squared error. 

Manish et al [13] lists out the steps of framework for resources demand prediction, tenant 

requirement model, followed by data pre-processing model, then training testing and 

validation of the of the datasets, demand predictor model which includes the optimal 

classification model as the prediction model which follows “train once and predict always” 

strategy, short term predictor which predicts for the next hour, long term predictor for which 

future demand is needed to exceed. i.e next week or say next month lastly the resource 

allocator is used to allocate the resources based on the prediction from the Vm pool. Reptree 

is taken as the optimal classification model and prediction is carried out using auto-regression 

and polynomial regression. Auto regression is a best fit for the prediction among both  

Genetic expression Programming regression model can generate precise model for load 

prediction of the Vms than other by Lung-Hsuan et al. [12]. GEP is the version of genetic 

programming. It compares all the result error rates with all the three MSE( mean squared 

error ), MAE(mean absolute error) and MAPE(mean absolute percentage error) resulting with 

GEP gives more stable result as MAPE provides stability results in which GEP has the lowest 

rate of following all regression. 

Jhu-Jyun Jheng et al [8] presents a novel approach of workload prediction “Grey forecasting 

model”. All the random and certain variation within the certain range and time are the amount 

of grey. it is able to predict the future of the uncertain factor and judge the future tendency of 

the according to the estimated data. It works on the data array. Another data array is derived 

from the original data array and the randomness is calculated from the interval of both and 

thus is solved by the derivation formula. The coefficients of the variables of the data array are 

taken into the matrix form and predictive array data is being formed. Time dependency is 

taken into consideration. 

Diego Perez et al. [6] provide an application input as SLA that specifies a maximum response 

time and probability with which the maximum response time is achieved. Probabilistic 

resource allocation pattern predicts the number of resources that an application may require at 

the particular moment of time of Days, weekdays, weekends, week or month. The Resources 

trace extraction generates the number of virtual machine that are required to satisfy the 

application at the particular time interval. Resources trace partition further splits the resources 

trace into small sub traces associated with the time period according to the similar resource 

usage pattern. Resource profile syntheses use the sub traces and analyses and produce the 

prediction result. 

4. Future of demand prediction  

The ultimate goal of cloud computing is to provide the better and efficient services to the 

end-user. Plenty of work can be carried out as the extension of demand prediction in cloud 

computing for the betterment to the services. The effective service comprises of the reduced 

cost, more speedy, less wastage etc. 

Skewness can be worked up on after prediction [20] Skewness is used to define the 

unevenness in the utilization of the multi dimension resource utilization of the physical 

machine or the servers. 

In green computing: the physical machines that are idle are switched off too save energy. The 

number of physical machine should be minimized as long as it can be used to satisfy all the 

virtual machine. Energy aware intelligent controller.[20][7] and providing Optimal power 

consumption level.[7]. 
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Overload avoidance: The capacity of a physical machine should be enough to satisfy the 

resource needs of all the virtual machine for running on it else the physical machine is 

overloaded and can lead to degrade the  performance of all the virtual machine working on 

it[20] 

Allocation and de-allocation of the resources: allocation and de-allocation of the resources 

according to the prediction of past behaviour and the SLA. [13] 

Cost calculator after the prediction of the resources the cost of the resources can b multiplied 

and the cost estimation can be found for the application.[6]. 

Overhead cost in multi tenant cloud. For more than one cloud if number of virtual machine 

are known the Vm of the same cloud are found and so no or least over head cost can be 

applied. [6] 

5. Accuracy or error rate 

There are three indexes to be considered in order to check error in the prediction. It is also 

known as accuracy checking of the prediction obtained. 

 MSE mean squared error, the value are summed over the data then divided by the no of 

sampled data that are used in the simulation 

𝑀𝑆𝐸 =
1

𝑁
 (𝑑𝑖 − d`i)

2𝑛
𝑖=1                                     (1) 

d= actual demand value, d`= predicted demand value, N= number of samples   

The RMSE root mean square is obtained by taking the square root of the MSE. 

MAE mean absolute error, the value are summed over the data, further the absolute 

difference is taken and divided by the number of sample data that are taken in the simulation. 

𝑀𝐴𝐸 =
1

𝑁
  𝑑𝑖 − d`i 

𝑛
𝑖=1                                          (2) 

MAPE mean absolute percentage error, the percentage of the value that we get in MAE gives 

MAPE, it gives the stability value. 

𝑀𝐴𝑃𝐸 = (
1

𝑁
  

𝑑𝑖−d`i

𝑑𝑖
 𝑛

𝑖=1  ) x 100                            (3) 

Table 1. comparison of the error rate 

 MSE MAE MAPE 

Meaning No or little intutive intutive Comman sence 

scale dependent independent Independent 

 

6. Conclusion  

Cloud computing has got huge potential in the present era in the field of market business and 

enterprises, As it gives the facility to access the applications and related data from the desired 

location. These services are provided in the form of resources. During scarcity of the 

resources the Vm are to be created instantly which is a lengthy process. So if the number of 

virtual machine is known in advanced, can be pre-prepared and better services can be 
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provided. This paper summarizes almost all the model and the approaches based on the 

model for demand prediction. It also includes various areas that can be worked on after 

performing the demand prediction for the effective services.  
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