
Computers and Electrical Engineering 47 (2015) 69–81

Contents lists available at ScienceDirect

Computers and Electrical Engineering

journal homepage: www.elsevier.com/locate/compeleceng

Workload modeling for resource usage analysis and simulation

in cloud computing

Deborah Magalhães a,b,∗, Rodrigo N. Calheiros b, Rajkumar Buyya b,
Danielo G. Gomes a

a Group of Computer Networks, Software Engineering, and Systems (GREat) Departamento de Engenharia de Teleinformática, Universidade

Federal do Ceará, Fortaleza-Brazil
b Cloud Computing and Distributed Systems (CLOUDS) Laboratory, Department of Computing and Information Systems, The University of

Melbourne, Australia

a r t i c l e i n f o

Article history:

Received 26 December 2014

Revised 25 August 2015

Accepted 27 August 2015

Keywords:

Cloud computing

Workload modeling and characterization

Simulation

Distribution analysis

Web applications

a b s t r a c t

Workload modeling enables performance analysis and simulation of cloud resource manage-

ment policies, which allows cloud providers to improve their systems’ Quality of Service (QoS)

and researchers to evaluate new policies without deploying expensive large scale environ-

ments. However, workload modeling is challenging in the context of cloud computing due

to the virtualization layer overhead, insufficient tracelogs available for analysis, and complex

workloads. These factors contribute to a lack of methodologies and models to characterize ap-

plications hosted in the cloud. To tackle the above issues, we propose a web application model

to capture the behavioral patterns of different user profiles and to support analysis and simu-

lation of resources utilization in cloud environments. A model validation was performed using

graphic and statistical hypothesis methods. An implementation of our model is provided as an

extension of the CloudSim simulator.

© 2015 Elsevier Ltd. All rights reserved.

1. Introduction

Clouds are being used as a platform for various types of applications with different Quality of Service (QoS) aspects, such

as performance, availability and reliability. These aspects are specified in a Service Level Agreement (SLA) negotiated between

cloud providers and customers. The failure to comply with QoS aspects can compromise the responsiveness and availability of

service and incur SLA violations, resulting in penalties to the cloud provider. The development of resource management policies

that support QoS is challenging and the evaluation of these policies is even more challenging because clouds observe varying

demand, their physical infrastructure has different sizes, software stacks, and physical resources configurations, and users have

different profiles and QoS requirements [1]. In addition, reproduction of conditions under which the policies are evaluated and

control of evaluation conditions are difficult tasks.

In this context, workload modeling enables performance analysis and simulation, which brings benefits to cloud providers

and researchers. Thereby, the evaluation and adjustment of policies can be performed without deployment of expensive large

scale environments. Workload models have the advantage of allowing workload adjustment to fit particular situations, controlled
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