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Abstract

In the present study, Energy Valley Optimizer (EVO), as an emerging meta-heuristic optimization algorithm, is employed to solve the problem of virtual
to physical machine placement (VMP) in a cloud data center. Further, in order to accommodate the algorithm for the placement problem, some necessary
changes were applied to the algorithm. EVO algorithm equipped with a set of properly-designed operators was then employed to solve the VMP
problem. Minimizing the power consumption was considered as the optimization goal. The VMP problem was formulated as a constraint optimzation
problem. In the evaluation phase, a data center with a given set of heterogeneous physical machines with different input workloads generated
synthetically were modeled to evaluate the effectiveness of the EVO algorithm. The results obtained by EVO were compared with several heuristics.
The evaluation results indicate that EVO algorithm is able to reduce power consumption from around 3 to around19 percent compared with FFD.
Furhter, EVO outperformed all the evaluated heuristics in terms of power consumption. As a secondary parameter, resource wastage in the data center
was also evaluated, which the obtained results show effectiveness of EVO when compared to other heuristics.
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Introduction

As cloud data centers continue to grow in size, power consumption has became a primary concernt. At the infrastructure level, the placement of virtual
machines (VMs) to physical machines, as a NP-hard problem, is approached by many researchers attempting to cosolidate VMs on PMs thus reducing
data centers’ power consumption. Various fast heuristic and slow yet efficient meta-heuristics were proposed in this regard. Based on the no free lunch
theoreme, no meta-heuristic algorithm is able to outperform others in all optimization problem. This motivates the employment of newly emerged
algorithms to solve VM to PM mapping (VMP) problem.

Proposed Work and Methodology

Energy vally optimizer is such a new algorithm that is employed in the present research to slove VMP promlem. The algorithm was slightly altered and
proper operators were designed for it to becom applicable to VMP. A heterogeneous data center was modeled and a synthetic task generator was
employed to generate VMs with a given correlation between its CPU and RAM demands. The EVO algorithm was used to optimize power consumption
of the data center. Several heuristics were also evluated. The results show that EVO outperform FFD in terms of power consumption and resource
wastage by a significant margin. Figure 1(a) shows a comparison of EVO with other algorithms (Genetic Algorithm (GA), Chemical Reaction
Optimization (CRO), Best Fit (BF), Worst Fit (WF), and Random Fit (RF)) in terms of power comsumption reduction (in percent) with respect to FFD
algorithm as the baseline. The results are given for VMs changing from 100 to 1500. As can be seen, EVO outperforms all other algorithms. Figure
1(b) shown the obtained resource wastage of the algorithms for VMs generated with correlation values (p) between CPU and RAM resources for 200
VMs. As it can be seen, while the performane of EVO is similar to GA and CRO, it performs well even comparing with BF which focuses on reducing
resource wastage. One main benefit of EVO is its simple parameter setting. Further, a limitation of EVO is however its long running times that reaches

several hundred seconds for large numbers of input VMs.
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Figure 1: Power consumption reduction of different algorithms with respect to FFD

Conclusion

In this study, motivated by the well-known no free lunch theoreme, energy vally optimizer as a newly-introduced meta-heuristic algorithm was modified
to be applicable to the promblem of mapping VMs to PMs. To do so, several appropriate oprators were designed and used by the algorithm. Then, the
algorithm was evaluated for a heterogeneous cloud data center and compared with several heuristics. The obtained results indicate that EVO is efficient
in solving the VMP problem. In the future, EVO should be compared with other similar meta-heuristic methods. Futher, since the simulated system in
this study was static, in th future EVO should be employed in a dynamic simulation to consider other parameters such as service-level agreement
violation.
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begin Algorithm
Pop € 1initialize();
Pop. fit € calculateFitness(Pop);
while(termination criterion not met)
EB & calculateEnrichmentBound(Pop);
Xps € findAtomWithBestStabilitylLevel(Pop);
for all atom X; in Pop
if(f(X;) > EB) then
SB € calculateStabilityBound(Pop);
if(SL; > SB) then
if(rand(1.0)<0.5) then
XY &applyAlphaReaction(X;);
else
Xng €findNeighborAtom(X;);
X" &applyGammaReaction(X;);
end if
else if SL; <=SB
if(rand(1.0)<0.5) then
Xcp €calculateCenterAtom(Pop);
XNew &applyBetaReactionl(X;, Xcp);
else
Xye €findNeighborAtom(X;);
XNew €applyBetaReaction2(X;, Xys);
end if

end if
else //f(X;) <EB
XV &positronReaction(X;);
end if
PopNew.add(X)'®");
end for
Pop < PopNew;
end while
return(findAtomWithBestStabilityLevel(Pop));
end Algorithm
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