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Abstract By operating servers, storage, and networking devices, Data centers consume a lot of power such as cooling
facilities, air conditioning facilities, and emergency power facilities. In the United States, The power consumed by
data centers accounted for 1.8% of total power consumption in 2004. The data center industry has evolved to a large
scale, and the number of large hyper scale data centers is expected to grow in the future. However, as a result of
examining the server share of the data center, There is a problem where the server is not used effectively such that
the average occupancy rate is only about 15% to 20%. To solve this problem, we propose a Virtual Machine
Reallocation research using virtual machine migration function. In this paper, we use meta-heuristic for effective
virtual machine reallocation. The virtual machine reallocation problem with the goal of maximizing the idle server
was designed and solved through experiments. This study aims to reducing the idle rate of data center servers and
reducing power consumption simultaneously by solving problems.
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Fig. 2. Example of Virtual Machine Reallocation
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Table 1. Test data for the experiment

PM VM
Class
Ci Mi VGj VMj
1 6 4 [1.0, 2.0] [0.5, 1.5]
2 10 6 [1.0, 2.2] [0.5, 1.5]
3 {4,5,6%,7,8} {3,4*,5} [1.0, 2.0] [0.5, 1.5]
4 {8,9,10%,11,12} | {5,6*,7} [1.0, 2.2] [0.5, 1.5]

4.2 A AAl
VM Aujx] 232 Performance Guarantee”} %4
Felz=g darg]sel FFDSE 35 §a el AsS vl
stk FFDv UldAeg 8 5, el A fE AL 5
A= T AYUE daglFo® oAk E(Pseudo
Code)= Table. 29} 2t}

Table 2. First Fit Decreasing for VMR

First Fit Decreasing
Input : S, V, N
S < initialize Mapping ()
VM Score < calculate VM Score(V)
sorted VM <— decrease sort VMs by Score
foreach vim & sorted VM
for I < 1 to [S]
success <—check If Migration Possible (vm, Si)
if(success)
then add VM to S
break(for loop)
end for
end foreach

Output : number of Nodes used, number of released Nodes
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Table 3. Pseudo Code of Harmony Search

Harmony Search

Begin
Define Objective Function f(X), X = (x1, x2, ***, xn)
Define HMCR, PAR, BW and other parameters
Generate harmony memory with random harmonies
While i < number of iterations
While j < number of variables
IF(Randl < HMCR)
choose a value from HM for the variable j
IF(Rand2 < PAR)
adjust the value by adding a certain amount
End IF
Else IF choose random value
End IF
End While
Accept the new harmony if better
End While
Find the current best solution
End

Output : number of Nodes used, number of released Nodes

A3
e 3742 Table 4.9 7Fo] Windows OS, Intel
Core i7(2.67GHz), 16GB RAM®] AFokol| 4] 7 a)5H3]

Table 4. Experiment environment

Item Description

Number of released Nodes
HM = # of VM,

Objective Function

Settings | rameter HMCR = 0.9, PAR = 0.7
Iteration 10,000
Repetition 30
(6N Windows 10, 64bit
CPU Intel Core i7 (2.67GHz)
Environ Memory 16GB RAM
ment IDE Visual Studio 2017
Programming C# 6.0
Language

4.4 A Ay

Table 5.9= 23 vlo]€"d FFDe} 94l 2
H& 71Tk FFDE 5= &5 7]k ¢
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Table 5. Result of the experiment(# of released Nodes)

First Fit Decreasing Harmony Search
Class VM Size . Computation Computation
Solutions Times(sec) Best Average Worst Times(sec)
25 3 2.24 4 4 4 5.39
50 8 3.18 10 10 10 12.8
1 75 11 5.09 14 13.6 13 21.71
100 16 6.63 21 19.13 17 37.94
125 21 8.91 25 22.87 21 51.47
150 26 10.31 32 30.13 27 60.24
25 4 2.02 5 4.4 4 4.89
50 9 3.29 11 10.8 10 11.2
2 75 11 4.08 14 13 12 20.7
100 15 6.93 23 20.63 17 34.64
125 20 8.54 26 23.66 22 49.53
150 26 10.54 35 31.13 26 55.43
25 3 2.37 4 4 4 6.17
50 8 3.68 11 10.6 10 13.25
3 75 10 5.21 14 12.83 11 27.22
100 14 6.65 19 16.77 15 39.99
125 21 9.02 26 24.27 23 52.62
150 27 10.63 31 30 29 65.47
25 4 1.85 6 5.8 5 6.06
50 8 3.21 10 9.7 9 13.04
4 75 12 4.23 16 14.06 13 26.88
100 15 7.17 21 19.67 18 38.13
125 22 9.39 25 2437 24 49.44
150 27 10.86 34 30.1 27 63.21
Table 6. Result of the Migration Efficiency
First Fit Decreasing Harmony Search (Best)
Class VM Size Solutions Number of Migration Solutions Number of Migration
Migrations Efficiency Migrations Efficiency
25 3 18 16.67% 4 6 66.67%
50 8 49 16.33% 10 14 71.43%
1 75 11 71 15.49% 14 21 66.67%
100 16 97 16.49% 21 31 67.74%
125 21 121 17.36% 25 47 53.19%
150 26 148 17.57% 32 59 54.24%
25 4 23 17.39% 5 8 62.50%
50 9 55 16.36% 11 17 64.71%
2 75 11 71 15.49% 14 23 60.87%
100 15 98 15.31% 23 39 58.97%
125 20 118 16.95% 26 45 57.78%
150 26 151 17.22% 35 66 53.03%
25 3 17 17.65% 4 6 66.67%
50 8 48 16.67% 11 18 61.11%
3 75 10 71 14.08% 14 26 53.85%
100 14 89 15.73% 19 36 52.78%
125 21 117 17.95% 26 47 55.32%
150 27 146 18.49% 31 57 54.39%
25 4 22 18.18% 6 8 75.00%
50 8 50 16.00% 10 14 71.43%
4 75 12 71 16.90% 16 23 69.57%
100 15 91 16.48% 21 32 65.63%
125 22 124 17.74% 25 39 64.10%
150 27 157 17.20% 34 57 59.65%
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