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EXTENDED ABSTRACT

Introduction

Virtualization-based consolidation is a practical method to enhance energy efficiency in Cloud
environments. By leveraging live migration of virtual machines (VMs) and containers, multiple
VMs can be consolidated onto a minimal set of physical resources, allowing the remaining idle
hosts to be put into sleep mode or powered down. However, managing resources in Cloud
environments is challenging due to heterogeneous resources, fluctuating resource demands, and
conflicting goals for consolidation.

Most current consolidation algorithms are simplistic, considering only a limited number of
factors for VM migration selection. They often fail to optimize migration for both energy
efficiency and performance in heterogeneous Cloud environments. Additionally, they focus on
correlated decision criteria, leading to biases that favor VMs with strong evaluations across
dependent criteria. These approaches overlook the need to extract uncorrelated contributions
from decision criteria, which is a gap this study addresses.

This paper introduces an efficient multi-criteria VM consolidation solution for heterogeneous
Cloud environments. The proposed method applies Principal Component Analysis (PCA) to
isolate the uncorrelated contributions of decision criteria. Using the simplified decision matrix,
the Technique for Order of Preference by Similarity to Ideal Solution (TOPSIS) is then employed
to rank and select the best VMs for migration.

Methodology

The typical VM consolidation problem in cloud datacenters consists of four key phases: identifying
overloaded hosts, identifying underloaded hosts, selecting VMs for migration from over-utilized
hosts, and determining new placements for migrating VMs. Effective resource allocation can
reduce the number of required hosts, minimize energy consumption and costs, and decrease SLA
violations.

The proposed framework utilizes the TOPSIS multi-criteria algorithm to address the third phase,
which is VM selection for migration. The input criteria for TOPSIS include: (1) the resource
correlation between a VM and the other VMs on its host, (2) the CPU utilization of the VM, (3) the
computing capacity of the VM in MIPS, and (4) its storage capacity.

However, current TOPSIS-based methods often assume independence among the criteria, which
may not hold true since the criteria originate from the same VM. This can lead to biased results,
favoring VMs with high scores in correlated criteria. The proposed framework overcomes this by
incorporating PCA, which transforms the decision criteria into an uncorrelated set before
applying TOPSIS. PCA achieves this by converting the data into a new coordinate system where
the first principal component captures the highest variance, and each subsequent component
accounts for the highest variance in a direction orthogonal to the previous ones.

The motivation behind using PCA is to eliminate bias in the TOPSIS method by removing
correlations among the criteria. By transforming the data into an uncorrelated space, the ideal
solutions for TOPSIS are calculated without the influence of correlated dimensions.

By combining PCA’s ability to extract uncorrelated contributions with TOPSIS’s ranking
capabilities, the proposed method effectively eliminates bias present in conventional multi-
criteria approaches, which often favor alternatives with strong performance in correlated
criteria.
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Results and Discussion

The proposed framework was assessed by comparing it with advanced multi-criteria and neural
network-based consolidation algorithms. Given that the target system operates in a
heterogeneous cloud computing environment, it is essential to account for the diverse
computational capacities of cloud hosts. In the simulation, a cloud infrastructure was modeled
with a datacenter housing 800 heterogeneous physical machines, including 200 units each of
Hitachi HA 8000, DEPO Race X340H, Dell PowerEdge R820, and Dell PowerEdge C6320. An
extended version of the CloudSim toolkit and its complete infrastructure were employed as the
simulation platform, allowing repeatable experiments on a large-scale virtualized cloud
environment with parameters such as response time, cost, and power usage. New modules were
developed to simulate PCA and TOPSIS methods.

Dynamic workloads were generated using the real-world open-source Bitbrain dataset, which
contains resource consumption metrics from over a thousand VMs hosted on Bitbrain’s
infrastructure. This data includes logs at 5-minute intervals detailing CPU core requests, CPU
usage (MIPS), and RAM characteristics.

The proposed method was compared to state-of-the-art multi-criteria approaches,
demonstrating significant improvements, including reductions of 41.5% in energy consumption,
30.13% in SLA violations, 12.9% in response time, 13.4% in running costs, and 58.2% in VM
migrations.

Additionally, the performance of the proposed model was compared to neural network-based
methods such as Deep Q-Network, Deep Reinforcement Learning, and Asynchronous Advantage
Actor-Critic based on Residual Recurrent Neural Network (A3C-R2N2). Results showed that the
proposed method achieved the lowest energy consumption, SLA violations, response time,
running costs, and VM migrations due to its novel design that enables multi-criteria decision-
making and uncorrelated input criteria analysis.

Conclusions

This paper presents an efficient approach to consolidating virtual machines (VMs) in a cloud
environment, addressing the challenges posed by diverse VM selection criteria, resource
heterogeneity, and the need to account for the uncorrelated effects of these criteria. Previous
work overlooks both the variety of decision criteria and the correlations between them, leading to
biased choices that favor alternatives with strong performance in two or more related criteria.
Specifically, the paper focuses on the standard four-phase VM consolidation process and
introduces a multi-criteria decision-making policy for selecting VMs during the third phase. The
proposed method customizes this multi-criteria approach for cloud environments, taking into
account various VM selection criteria to ensure more effective decisions by matching resource-
intensive VMs with resource-rich cloud hosts.
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