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Highlights: 

 

 Energy & QoS aware multi-objective VMs’ placement/consolidation approach is proposed. 

 

 Aims at achieving a trade-off between energy efficiency and system performance. 

 

 Solution was compared with a number of heuristic and meta-heuristic approaches. 

 

 Solution outperformed other approaches with respect to five metrics. 

 
 

 
 

Abstract – Cloud computing is a promising paradigm that 

enables a “computing-as-a-service” model, in which a dynamic 

pool of virtualized computational resources (e.g. CPU) can be 

leased and released on demand. With the increased demand for 

cloud computing infrastructures and the explosion in data center 

sizes, energy efficiency becomes an important issue to consider. 

Green cloud computing is an area that focuses on the design of 

energy efficient data centers, in order to achieve cost savings and 

minimize negative impacts on the environment. One of the main 

green cloud computing strategies used for the reduction of energy 

consumption consists in maximizing the utilization of a number of 

physical machines (PMs) and turning off or suspending unused 

servers. This strategy is typically achieved using two types of 

algorithms: Virtual Machines (VMs) placement and VMs 

consolidation algorithms. VMs’ placement is a process of 

dynamically placing VMs onto PMs while satisfying specific VM-

to-PM mapping rules. VMs’ consolidation optimizes the resource 

utilization and groups dispersed VMs on a minimal number of 

active PMs, based on live migration techniques. Both approaches 

are time and resource consuming, and are categorized as NP-hard 

optimization problems. Moreover, reducing energy consumption 

by means of resource consolidation may reduce the system’s 

availability and reliability, and lead to SLA violations. Therefore, 

there is a need for multi-objective optimization approaches that 

can strike a balance between energy consumption and the system’s 

ability to meet QoS and SLA requirements. In this work, we 

propose an energy-aware and QoS-aware multi-objective Ant 

Colony Optimization (MACO) approach for VM placement and 

consolidation. Our approach aims at achieving a trade-off between 

energy efficiency, system performance, and SLA-compliance. The 

proposed approach was implemented and tested in small to mid-

size data center settings, simulated using cloudSim, and was 

compared with a number of heuristic and meta-heuristic 

approaches, using eight performance metrics. The results show 

that our approach outperforms the other tested approaches in 

terms of energy savings, reduction of resource wastage in term of 

CPU, reduction of communication cost in term of energy induced 

by traffic load exchanged between VMs, and minimization of the 

number of VM migrations and SLA violations - thus 

demonstrating an ability to balance energy efficiency with system 

performance and QoS requirements. 
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I. INTRODUCTION 

In the past few years, cloud computing has evolved as a new 

paradigm for delivering services over the Internet, using a 

dynamic pool of virtualized computational resources. In order 

to satisfy customers’ growing demands, many cloud service 

providers (e.g. Amazon, Microsoft, and Google) continue to 

expand their data centers rapidly, thus leading to huge energy 

consumptions and a high volume of CO2 emissions. Studies 

have shown that energy consumed by the big data centers in the 

world is equivalent to the consumption of twenty-five thousand 

houses [1]. From 2005 to 2010, the electricity consumed by data 

centers increased by 56% [2], and experts expect that the annual 

energy bill paid by data center operators will exceed the cost of 

equipment, if the current trend continues [3]. Moreover, it is 

estimated that Information and communications technologies 

contribute 2% of global carbon emissions, with data centers 

accounting for 14% of that footprint [4]. Due to the economic 

and ecological impact of data centers’ energy consumption, 

there is an increased interest in the development of energy-

aware cloud computing approaches. Such approaches could 
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