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DEVELOPMENT OF THE METHOD OF DYNAMIC DISTRIBUTION OF USERS’ 

DATA IN STORAGE DEVICES IN DATA PROCESSING CENTERS 

The paper reviews a dynamic storage distribution based on cloud technology in data processing 

centers. The method is proposed for the dynamic distribution of the users’ data among storage 

devices with various characteristics depending on the intensity of the data use. The method 

provides more efficient use of the storage resources by the users. 
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Introduction  

At present, intensive investigations are being conducted for an effective use of the computing 

and storage resources of data processing centers with the help of Cloud Computing [1]. Cloud 

Computing is used for the development of distributed computing systems for the solution on high 

performance problems based on the computer network. Cloud Computing enables organizations 

to use computing and storage resources of the data processing centers more efficiently. With the 

help of this technology, the user data is stored and mined on the Cloud Computing servers, at the 

same time, the results are viewed through browsers. Cloud Computing service facilitates data 

processing centers to widely use the clustering and virtualization of computing and storage 

resources [2]. 

Cloud Computing enables to scale and use physical resources (e.g. processor, storage and 

disk space) through the Internet. In this case, the data processing and storage processes are 

considered as a type of service. The proposed model allows the data processing center to attract 

more users providing optimal distribution of available storage and system resources among the 

users [3]. 

Dynamic storage distribution among the users in data processing centers and the problem 

statement 

It is known that SAN technology is widely used in the development of virtual memory 

resources in data processing centers. Whilst applying traditional SAN technology, the allocated 

resource is at full disposal of the user. In addition, when the user does not take full advantage of 

the resource, other users can not use this resource. As a result, the other half of the resource remains 

unused [4]. 

Hypervisor is used for the optimal resource allocation among the users, and the efficient use 

of the virtual memory [5]. This system helps to eliminate the shortcomings of traditional SAN 

technology.  

The application of Hypervisor enables the new options for the control of virtual memory 

resources. These new functions include process automation, automatic recovery mechanism after 

the accidents, reserving, Thin Provisioning and Auto-Tiering, and so on. The use of both, Thin 

Provisioning and Auto-Tierng, technologies, at the same time, have a great impact on increasing 

the efficiency of virtual memory management and distribution [6].  

Thin Provisioning in SAN systems allows the user to hold only the currently utilized volume 

of the resources [7]. The resources are used more efficiently in this way. As the allocated memory 

resource is fully used its quota is recovered from reserve resources. Thin Provisioning is widely 

used in the virtualization of the storage resources, and ensures the use of storage without wastes. 

This technique allows the resource allocated for any purpose to capture the storage as much as it 
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is fully used. The resource is not backed up unless it is used, nor does fill any hard drive capacity. 

This technology provides an opportunity to use the centralized large storage in a planned way.  

Therefore, the resources are allocated only as much as it is used without waste. Commercial 

side is beneficial for both, the user and the cloud provider. Thus, the user simply pays for the actual 

use of the resource rather than reserved one. Moreover, the provider is free from unnecessary 

expenses, such as the purchase of additional equipment, its installation, deployment; at the same 

time, it is able to offer the same service for a lower price, which leads to attracting more users to 

the services [3]. 

It is known that storage devices in data processing centers are based on memory devices with 

variety of properties (SSD, magnetic disk devices, etc.). The prices of such storage devices differ. 

Depending on which devices the users’ data stored in, the payment for the resource rent is diverse. If 

the user uses very little amount of data stored in the data processing center over the year, the use of 

resources stored in magnetic disk device will be better. In this case, the expenses will be less. As the 

high-speed devices (SSD) costs much, the user, of course, spends more when using these devices. 

The option of automated files (data) distribution by groups (types of memory devices) is one 

of the important components of the optimal allocation of resources and providing efficiency of 

their use. The option enables avoiding peak loading, and grouping the files by their characteristics. 

With the help of so called function Auto-Tiering the first layer of data center virtual storage 

includes high-speed SSD (Solid State Disks). The next layer uses magnetic disk devices Attachid 

serial SCSI (SAS), which runs less than SSD and cost less. The third layer uses lower speed serial 

ATA (SATA) devices, which costs less than above-mentioned devices (Figure 1) [8]. Taking into 

account the abovementioned, cloud-based deployment of the users’ data is of great importance. 

 

 
 

Fig.1. Deployment of storage devices by layers 

Developing the algorithm and method for dynamic distribution of users’ data among the 

layers of memory resources 

The paper resolves the dynamic distribution of the files (data) among finite number of 

layers (memory devices). 

Let’s assume the followings to resolve the dynamic distribution of the files among finite 

number of layers: 

- M - number of layers; 

- V – total storage capacity of the layers; 

- Vm- storage capacity of the m-th layer; 

- I - number of files; 
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- Fi , - size of the file; 

- N - number of observations; 

- Tin , - moment of observation of the i-th file; 

- fin - current frequency of the calls to the i-th file at the n-th moment of observation; 

- fi̅ - average frequency of the calls to the i-th file; 

- hin - current period of the calls to the i-th file at the n-th moment of observation; 

- hi̅ - average period of the calls to the i-th file; 

The storage capacity of the layers and the volumes of the files shall provide the following 

initial conditions: 

1st condition: The sum of the storage capacity of the layers shall be equal to the total 

storage capacity V: 

∑ 𝑉𝑚
𝑀
𝑚=1 = 𝑉 , 𝑚 ∈ [1, 𝑀];       (1) 

 

2nd condition: The total volume of the files requested by the users shall not exceed 70 

percent of the total storage capacity: 

∑ 𝐹𝑖
𝐼
𝑖=1 ≤ 0.7 ∗ 𝑉;        (2) 

Note that current interval of the calls to the i-th file at the n-th moment of observation is 

calculated as follows: 

ℎ𝑖𝑛 = 𝑇𝑖𝑛 − 𝑇𝑖(𝑛−1)         (3) 

The relation between the current frequency of the calls to the i-th file at the n-th moment of 

observation fin  and the current interval hin is as follows:𝑓𝑖𝑛 =
1

ℎ𝑖𝑛
 

The files’ attributes and call methods are used to define call frequency to the files [9]. 

Preparation procedures include the regular arranging the calls frequencies to the files at any 

moment of observation. Therefore, they can be distributed among the layers. Let’s assume that, 

k1, k2, … , kM  are deployed in the layers as the result of distribution. The distribution shall provide 

the following conditions in accordance with initial conditions (1), (2): 

 

∑ kj
M
j=1 = I;        (4) 

 

Mm−1 =  ∑ kj
m−1
j=1  number of the files can be deployed in the m-1 number of layers up to 

m-th layer. kmm number of files deployed in the m-th layer provide condition  

 

∑ 𝐹𝑀𝑖−1+𝑙
𝑚𝑖
𝑙=1 ≤ 0,7𝑉𝑚           (5) 

 

in accordance with the second initial layer (2). 

Consecutively, this distribution resolves the clustering of the files by the layers. The software 

implementing the distribution runs on the deployment in any m-th layer starting from the file, the 

serial number of which is Mm−1 + 1, unless the condition (5) breaks up. 

Though the method is simple, the date of calls to the files is not taken into account. The 

frequencies formed during the current calls may be random. Therefore, we must take into account 

frequencies formed during the previous observations, as well. The problem can be solved with the 

application of various version of Moving Average methods [10–12]. 

Simple Moving Average method: Since the calls frequency to the i-th file at the n-th moment 

of observation fin , if we calculate the average value as the k number of elements, then  

 

𝑆𝑀𝐴𝑘 =
𝑓𝑖𝑛+𝑓𝑖(𝑛−1)+⋯+𝑓𝑖(𝑛−(𝑘−1))

𝑘
      (6) 
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Here SMAk denotes Simple Moving Average. SMAk shall be taken for the clustering instead 

of fin. 

Weighted Moving Average method: Applying Simple Moving Average each of the values of 

k number of frequencies calculated at various moments of observation will be of the same strength. 

Sometimes, the preference of the latter values may be significant. Therefore, the following formula 

of weighted moving average can be applied: 

 

𝑉𝑀𝐴𝑘 =
𝑘∗𝑓𝑖𝑛+(𝑘−1)∗𝑓𝑖(𝑛−1)+⋯+𝑓𝑖(𝑛−(𝑘−1))

𝑘+(𝑘−1)+⋯+1
    (7) 

 

Here VMAk denotes Weighted Moving Average and the latest values of the frequencies 

have higher weight. Correspondingly, VMAk shall be taken for the clustering instead of fin . 

Exponential smoothing method: in exponential smoothing, taking any smoothing parameter 

α (0 <α <1) the sought parameter can be calculated as follows: 

 

𝐴𝑅𝑘 = 𝑎 ∗  𝑓𝑖𝑛 + 𝑎(1 − 𝑎)𝑓𝑖(𝑛−1) + 𝑎(1 − 𝑎)2𝑓𝑖(𝑛 − 2) + ⋯            (8) 

 

Formula (8) shows that getting closer to 1 the latter values of parameter α are preferred more. 

In practical applications, the values of the parameter α varies between 0.01 and 0.30. 

Thus, we may include one of the values, which are obtained through three various methods 

of call frequencies to the files, to the beginning of the algorithm of regular sequence: 

- Current values. In this case, random changes of the current values can cause any file 

shift between the layers and imbalance of the process if the new value is not satisfactory. 

- The values defined through Simple Moving Average method. The random changes in 

the current values do not cause significant balance disorders. The file is slowly taking 

its place in the layer in accordance with its frequency if the new value of the frequency 

is satisfactory. 

- The values defined through Weighted Moving Average method. The random changes 

in the current values do not cause significant balance disorders. The file is taking its 

place more quickly than the Simple Moving Average method in the layer in accordance 

with its frequency if the new value of the frequency is satisfactory.  

- The values defined through exponential smoothing method. In this case, current values 

are smoothed and the random changes in the values do not influence the final results. If 

the new values of the frequency are approved they will be placed in a certain layers quite 

quickly.   

Finally, the followings shall be implemented for the solution of the dynamic distribution of 

the files among finite number of layers: 

1. The call periods and frequencies to the experimental data files at the moments of 

observation shall be formed; 

2. The average frequencies shall be formed out of Current values, Simple Moving Average 

or Weighted Moving Average for clustering; 

3. The average frequencies and appropriate files shall be arranged in increasing order 

regularly; 

4. Clustering and distribution by groups shall be carried out if condition (5) is provided. 
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Conclusion  

The article analyzes data call frequency of the users and consequently, proposes to use memory 

devices appropriate to the data call frequency. At the same time, dynamic distribution of files 

(data) between the finite number of layers (memory devices) M. The clustering method among the 

layers is provided using current values formed at the moments of observations of the calls to the 

files, and the values found through Simple Moving Average or Weighted Moving Average, and 

Exponential smoothing. Simple Moving Average or Weighted Moving Average techniques 

proposed in the article can be used to solve analogical problems. 
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