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Abstract— Cloud computing is a highly scalable and cost-

effective infrastructure for running HPC, enterprise and Web 

applications. However, the growing demand of Cloud 

infrastructure has drastically increased the energy 

consumption of data centers, which has become a critical 

issue. High energy consumption not only translates to high 

operational cost, which reduces the profit margin of Cloud 

providers, but also leads to high carbon emissions which is 

not environmentally friendly. Hence, energy-efficient 

solutions are required to minimize the impact of Cloud 

computing on the environment. In order to design such 

solutions, deep analysis of Cloud is required with respect to 

their power efficiency. Thus, in this chapter, we discuss 

various elements of Clouds which contribute to the total 

energy consumption and how it is addressed in the literature. 

We also discuss the implication of these solutions for future 

research directions to enable green Cloud computing. The 

chapter also explains the role of Cloud users in achieving this 

goal. 
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I. INTRODUCTION 

The commercialization of these developments is defined 

currently as Cloud computing [2], where computing is 

delivered as utility on a pay-as-you-go basis. Traditionally, 

business organizations used to invest huge amount of capital 

and time in acquisition and maintenance of computational 

resources. The emergence of Cloud computing is rapidly 

changing this ownership-based approach to subscription-

oriented approach by providing access to scalable 

infrastructure and services on-demand. Users can store, 

access, and share any amount of information in Cloud. That 

is, small or medium enterprises/organizations do not have to 

worry about purchasing, configuring, administering, and 

maintaining their own computing infrastructure. They can 

focus on sharpening their core competencies by exploiting a 

number of Cloud computing benefits such as on-demand 

computing resources, faster and cheaper software 

development capabilities at low cost. Moreover, Cloud 

computing also offers enormous amount of compute power to 

organizations which require processing of tremendous 

amount of data generated almost every day. For instance, 

financial companies have to maintain every day the dynamic 

information about their hundreds of clients, and genomics 

research has to manage huge volumes of gene sequencing 

data. 

 Configuration costs in Internet-based virtualized 

DCs which utilize end-to-end TCP/IP mobile energy 

constrained connections under hard limits on the per-job total 

processing time. Our scheduler performs dynamic load 

balancing and uses online job decomposition for adaptive 

resource management. It leads to the optimum VM 

processing speed and bandwidth rates, as well as the proper 

workload quota for each VM on a per-job basis. Consider that 

our energy model is a no convex model; hence, we develop a 

mathematical approach to turn no convexity into convexity. 

A remarkable feature of our scheduler is its adaptive nature 

and scalability. The reminder of this paper is organized as 

follows. After presenting the model of the considered 

TCP/IP-based mobile Cloud platform in Section II, the 

approach leading to the proposed joint scheduler are 

developed in Sections III and IV. The numerical results 

attained through extensive tests are presented in Section V. 

II. CLOUD & ENVIRONMENTAL SUSTAINABILITY 

Cloud computing is an evolving paradigm which is enabling 

outsourcing of all IT needs such as storage, computation and 

software such as office and ERP, through large Internet. The 

shift toward such service-oriented computing is driven 

primarily by ease of management and administration process 

involving software upgrades and bug fixes. It also allows fast 

application development and testing for small IT companies 

that cannot afford large investments on infrastructure. Most 

important advantage offered by Clouds is in terms of 

economics of scale; that is, when thousands of users share 

same facility, cost per user and the server utilization. To 

enable such facilities, Cloud computing encompasses many 

technologies and concepts such as virtualization, utility 

computing, pay as you go, no capital investment, elasticity, 

scalability, provisioning on demand, and IT outsourcing. 

 Due to such varying properties of Cloud computing, 

there are many informal definitions, none of which fully 

describes it. The literary meaning of “Cloud computing” can 

be “computing achieved using collection of networked 

resources, which are offered on subscription”. In terms of 

qualities of real “Clouds,” which do not have any definite  

shape or position, Cloud computing is also called “Cloud” 

since a Cloud server can have any configuration and can be 

located anywhere in the world. Internet is a fundamental 

medium through which these Cloud services are made 

accessible and delivered to end user. 

III. FORMULATION OF THE OPTIMIZATION PROBLEM 

The proposed scheduler aims at minimizing the per-job total 

Energy consumption in by selecting the best resource 

allocation based on the current load level state of the TCP/IP 

mobile connection. In detail, we build a solution which is able 

to obtain the optimum values for the processing speeds of the 

VMs, and the transmission rates of the VLAN and the 

transmission rate of the mobile TCP/IP connection. 
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IV. ADAPTIVE SOLUTION OF THE AFFORDED PROBLEM 

Algorithm 1 is an instance of the bisection method to solve 

(13.2) by using higher and lower range for each VM: fi/Li and 

obtain a rough approximation to a solution which is S. 

 
Algorithm 1: AdmCtrlFunc() 

V. TEST RESULTS & PERFORMANCE COMPARISONS 

This section presents the tested energy performance of the 

proposed scheduler for a set of synthetic and real workloads 

and compare it with the most recent DVFS-based techniques 

in [13], the Lyapunov-based method in [9] and NetDC 

method in [6]. Simulation Setup. The simulations have been 

carried out by exploiting the numerical software of the 

MATLAB platform. They emulate four Dell PowerEdge 

servers, equipped with 3.06 GHz Intel Xeon CPU and 4GB 

of RAM. All the emulated servers are connected through 

commodity Fast Ethernet NICs. In all carried out tests, we 

configure the VMs with 512MB of memory and utilize the 

TCP New Reno suite for implementing the needed VM-to-

VM transport connections. The simulated parameters are 

listed in Table I. Simulation Results. In the first test scenario, 

we have run the proposed scheduler and evaluate Etot under 

a synthetic workload with Job = 8 Mbyte (input workload 

before input buffer in Fig. 1) for 2000 slots. Fig. 2 reports the 

average total consumed energy for various values of M. 

Specifically, Fig. 2 points out that: i) while M increases, the 

Etot decreases; and, ii) while r increases, according to (17) 

and AdmCtrlFunc() function EW and Etot increase. 

Furthermore, in Fig. 3, we evaluate the admission control 

(Algorithm 1) under different Jacobson’s parameter JP and 

various values of Eave. Fig. 3 shows that, in the steady state, 

Ltot is the same as r, λ. S decreases. Furthermore,  

 

 

 

 
 Fig. 3 points out that changing JP has no effect on r 

and Ltot, so that, the system is capable to work, even under 

huge input workload. In the last simulations, in order to 

evaluate the energy reduction due to scaling up/down of the 

computing and reconfiguration rates, we have also 

implemented three well-known recent schedulers [6], [9], 

[13]. The resulting comparisons are presented in Fig. 4. 

According to Fig. 4, the average energy savings of the 

proposed scheduler (i.e., the green colored continue plot with 

−∇−) over the Lyapunov-based one in [9] (i.e., the two upper 

most plots marked by − ◦ − and labeled as ”[9]”), NetDC 

method [6] (i.e., black dashed plots marked by −_− and 

labeled by ”[6]”)and gradient-based iterative method [13] 

(i.e., dashed red and cyan continue plot marked by −_− and 

labeled by ”[13]”) are about 60%, 10%, and 33%, 

respectively. This confirms that the proposed method is 

capable to adapt to the incoming five-varying behaviors of 

the input workload, whilst increasing the VM number faster 

than NetDC method, which focuses onthe optimum 

frequency in each time-slot. Lastly, consider that[6], [9] are 

able to control the processed speed by using DVFS but do not 

perform TCP/IP optimization, which is performed by our 

scheduler. Besides, [9] manages time in a average manner and 

it is unable to manage the online/instantaneous job 

fluctuations, which is handled by our approach. The final 

point is that the complexity of the proposed joint scheduler is 

linear in the number M of the utilized VMs and is lower than 

the schedulers in [6], [9], because our scheduler takes less 

iterations for the convergence and, due to using bisection 

method, compared to iterative gradient based method [13] 

which uses series of iterative instructions. 
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VI. CONCLUSION AND HINT FOR THE FUTURE RESEARCHES 

The goal of this paper is to present an online energy aware 

resource provisioning scheduler for TCP/IP-based mobile 

cloud applications. In the process, we identified sources of 

energy consumptions in data centers and presented high-level 

solutions. The carried out tests highlight that the average 

computing savings provided by the proposed joint scheduler 

over the NetDC, Lyapunov-based, and gradient-based ones 

may be of 60%, 10%, 33% respectively. The proposed 

adaptive scheduler may manage not-only the online workload 

but also the reconfiguration costs, besides the energy needed 

for transferring the processed data over the mobile TCP/IP 

connection. Optimizing live migration of VMs without 

resorting to exhaustive NP-hard numerical approaches could 

be an interesting topic for future work. 
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