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1 Introduction

Cloud computing is a paradigm that has emerged with the development of several disciplines such as
computing, distributed parallel processing and computer networks. This is a new type of shared
infrastructure able to offer a variety of resources, through the Internet, as services to meet users needs paying
only for the resources they use (pay- per-use model). Cloud Computing aims to become the solution of
tomorrow in the actual economic environment where we seek to maximize the return on investment and
minimize the ecological footprint (Green IT).

Managing the quality of service (QoS) in the Cloud Computing attracts more and more effort from
the research community. This is mainly due to the following reasons: First, the environment of cloud
computing is very dynamic and uncertain, therefore, it is difficult to get a quality service without an efficient
strategy for managing the QoS, the second reason is that the Cloud Computing is a market-oriented and
service contracts model. A high quality of service is necessary to improve customer satisfaction and avoid
penalties for breach of contract services. In general, the quality of service refers to the non-functional
requirements for web services such as performance, reliability, availability, security and so on. The
management of quality of service relates to a set of strategies dedicated to providing QoS requirements
targeted.

Resource demands of the users can generally be divided into a number of tasks composing a
workflow. Therefore, optimization of scheduling is required to meet these demands efficiently and with a
good quality of service. In workflow scheduling, different sub tasks of a bigger task are allocated resources
in such a way that some pre-defined objective criteria is met. For the “pay-per-use” service Cloud, the
scheduling decision during workflow scheduling must be guided by users’ QoS constraints[1]. There are
various problems where a set of sub tasks is executed in a particular sequence in order to carry out a bigger
task. In general, a workflow application requires series of steps to be executed in a particular fashion. These
steps have parent child relationship.

Running a Workflow in a Cloud Computing is the assignment of each task to a virtual machine.
While most cloud environments offer an unlimited number of virtual machines, a good ordering of these
tasks allow it to meet user requirements better as non-functional quality of services such as cost, the
execution time, reliability, availability, etc. There are currently no optimal solutions for this problem, and
this is the reason for which the use of meta- heuristic is an increasingly explored way. These are ideal for the
resolution of this kind of NP-complete problem.



To solve the problem of optimization of scheduling, several solutions have been proposed in the
literature to carry out the optimization of workflow scheduling, there are many approaches, some are based
on meta- heuristics. [1], [2] introduce some algorithms for scheduling workflow in a Grid environment. In
our work, we are interested in workflow scheduling in Cloud environment. We focus on the approaches that
use meta-heuristics. Some of these approaches are based on Genetic Algorithms (GA) [3], [4]. There is also
works in which Particle Swarm Optimization (PSO) are used for the scheduling of workflow in Cloud
environment [5], [6]. Recently, researches show that Ant Colony Optimization (ACO) is one of the best
meta-heuristic for scheduling workflow in Cloud computing [7]. Most of these researches focus only on one
or two optimization objective, but there is not researches on multiple QoS requirements. The QoS
constraints treated by the works are most often cost or time.

The objective of our work is to propose a multiple QoS constrains scheduling strategy to tackle
workflow scheduling problem. We focus on non-functional properties to improve the quality of service
offered to users. A new approach based on hybrid meta-heuristic algorithms for scheduling workflows in
Cloud computing is introduced. In our approach, we propose ACO-GA that combine ACO and GA to
enhance resolving discrete problem. Crossover and mutation operators of GA are embedded into ACO to
improve scheduling strategy. The experimental results show that the performance of ACO-GA based
scheduling algorithm is better than other approaches.
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