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ABSTRACT
Cloud computing is a new emerging system which offers information technologies via Internet.
Clients use services they need when they need and at the place they want and pay only for what
they have consumed. So, cloud computing offers many advantages especially for business. A
deep study and understanding of this emerging system and the inherent components help a lot in
identifying what should we do in order to improve its performance. In this work, we present
first cloud computing and its components then we describe an idea which attempts to optimize
the management of cloud computing system that are composed of many data centers.

KEYWORDS
Cloud computing, distributed system, cloud technologies, data center, multi agent system,
system management

1. INTRODUCTION
Users consume electricity without knowing how this power has been made. Cloud computing,
this buzzword, is the adopting of this concept in the Information Technologies (IT) industries. So,
cloud computing is a business model where IT services are offered to the consumer. The most
important purpose of this system is to provide computing services easily like offering water,
electricity, gas and telephone. So, the consumers use the resource and/or the service when they
need according to the amounts of their requirements and consequently pay based on the rate of
their use. Actually, cloud computing is the new way of informatics consuming. It represents a
computational model in which a resource (software or hardware) is hosted, run, controlled and
administrated through internet in large data centers. This resource is provided as a service. So,
cloud computing offers a flexible and dynamic IT infrastructure.
Cloud computing represents the response to the new requirement in the IT. In fact, it can be said
that cloud computing is an evolution of the concept “grid computing”. The most important
difference between them is in the method of management [8]. In grid computing, the user must
manage the entire system (server, network element, operating system, software…). But, in cloud
computing, the system is offered like a service. So, the user deals only with what he needs and
doesn’t be concerned with other services/issues. It means that cloud computing can be used
friendly [10]. In fact, the cloud computing adopts the concept of utility computing. So, most
people can use it without any specific knowledge of how the system operates or the need to
mange anything. The grid computing is generally oriented to scientific researchers who have an
important knowledge in computer sciences.
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Many projects are developed or under construction to respond to the increasing demand. Amazon
with Elastic Compute cloud (EC2) was the leader in this domain. Then every actor-major in the
IT follows and presents his own system like Microsoft and her system Azure, Google and App
Engine, IBM and Blue Cloud...
This work is divided into two parts. The first one presents the notion of cloud computing, the
corresponding architecture and the possible cases of use. The second part details an idea that
attempt to optimize the management of cloud computing that is composed of more than one data
center.

2. DEFINITION
The term “cloud” has been used many times ago to finally describe the use of information
technology via internet. Cloud computing is not really a new technology. It represents a new way
of using more than a really new technology. That is why we find now several proposed
definitions. Everyone tries to find out a definition but it covers just certain aspects of the
technology. The work [2] tries to summarize them. Finally, it proposes the following definition:
clouds are a large pool of virtual and easy to reach resources (hardware and/or software). These
resources can be dynamically adjusted depending to all the demand. In this model, we only pay
what we consume.
The U.S. National Institute of Standards and Technology (NIST) proposes [3] the definition:
“Cloud computing is a model for enabling convenient, on-demand network access to a shared
pool of configurable computing resources (e.g., networks, servers, storage, applications, and
services) that can be rapidly provisioned and released with minimal management effort or service
provider interaction”.
This definition, that seems to have captured the commonly agreed aspects of cloud computing,
was adopted by the most researchers. It is important to be agreeing on one definition to limit the
scope of research and emphasize the potential business benefits.
In other ways, the main reason for the existence of these different definitions can be summarized
in the fact that cloud computing is not really a new technology, but it is a new adoption of already
existing technologies to run businesses in a new way. Cloud computing is based on several old
concepts like [1 and 4]: Service-oriented architecture (SOA), distributed and grid computing
(utility computing) and virtualization.

3. CLOUD COMPUTING ARCHITECTURE
In this section, we describe cloud computing in term of composition model, business model and
deployment model.

3.1. Cloud computing composition model
Generally, cloud computing is divided into 4 layers [7]: the hardware layer, the infrastructure
layer, the platform layer and finally the application layer. This layer architecture allows
developing the system easily. In fact, every layer can be updated and/or changed without any
knowledge and/or modification in other layers. This layer division is compared to OSI model [5]
of the network protocol. So, with such architecture, the deployment of new software or the
installation of a new hardware component does not affect other element of the system.
The layer architecture is composed of:

Computer Science & Information Technology (CS & IT)

247

The hardware layer: This layer regroups all the hardware components of the cloud computing
system. It concerns the management of the physical server, network component, power and
controlling system. In this layer, we speak about the supervision of the data center. Usually, a
cloud computing provider manages several data centers.
The infrastructure layer: It represents the virtualization layer. It allows creating the virtual
resource that will be used by the upper layer. The most used virtualization technologies are Xen1,
KVM2 and VMware3.
The platform layer: This layer is dedicated to the operating system and application frameworks. It
depends on the virtual machine created in the lower layer.
The application layer: This layer is the highest level of the hierarchy. All the cloud applications
are combined in this layer. It represents the front office of the cloud computing system.
The business model of cloud computing is based on this layer architecture. Each offer in the
business model corresponds to one or two layers in the architecture model [10].

3.2. Cloud computing business Model
As we have seen in the introduction, cloud computing represents a response to the new
requirement in the Information Technologies. The businesses model combines the offer of cloud
computing to the consumers. The authors in [11] try to describe the possible offers. They
conclude that everything is a service represented as XaaS like SaaS (Software as a Service), PaaS
(Platform as a Service), HaaS (Hardware as a Service), DaaS ([Development, Database, Desktop]
as a Service), IaaS (Infrastructure as a Service)… More examples can be found in [12].The three
services most used in this model are IaaS, PaaS, and SaaS [6, 7, 13, 14 and 15] (figure 1).
IaaS (Infrastructure as a Service): consumers use directly the IT infrastructure (computing power,
networks, storage …). These resources are provided over virtualization technologies. The
physical resources are integrated or decomposed to respond to the consumers demand. The
virtualization strategy consists on creating virtual machines as many as the need. So in this
service, the provider manages only the resources and it is up to the consumers to define the
operating system and the application that will be used.
PaaS (Platform as a service): This service provides the software resource including operating
system, development frameworks… So, in this type of service, the consumer has to develop and
manage only his application. The service provider offers all the necessary tools to the consumer
to allow him to run his application.
SaaS (Software as a service): It refers to provide on-demand application over the internet. So all
the system, from the hardware layer to the final application is administered and controlled by the
service provider. The consumer uses the application only when he needs and has nothing to
manage or to create to perform his need.

1
2

Xen : www.xensource.com

KVM : Kernel Based Virtual Machine, www.linux-kvm.org
3
VMWare : www.vmware.com/products/esx
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Figure 1. Business model of cloud computing

3.3. Cloud computing deployment model
The deployment model is composed essentially of 4 types defined in the cloud community [6, 7
and 16]:
Public Cloud infrastructure: The provider of this kind of system offers a set of resources
(hardware or/and software) as a service to general public. The public clouds present many
advantages like no initial capital investment on infrastructure. In exchange in this infrastructure,
there is a lower control of the system by the user which hampers the efficiency in many business
scenarios.
Private Cloud infrastructure: This type of deployment is operated for one user (organization). The
management of this system can be performed by the organization itself or a third part. In private
cloud, the user has more control in the system. That’s why the use of this type is preferred in
business especially at the first integration of cloud technology.
Hybrid cloud infrastructure: In this system, we have a combination of the other type of cloud
computing deployment. It appropriates the business: the private cloud for the essential use and the
public cloud when there is an increase of the need. So, hybrid cloud can be used in order to
optimize users’ resources depending on the actual activities (figure 2).
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Figure 2. Example of hybrid cloud deployment
Community Cloud infrastructure: This system supports a specific community with a common
function or purpose. It can be created by one organization or several organizations that have
mutual concerns such as their mission, policies, security… The community cloud may be
managed by the constituent organization(s) or by a third part.

4. INTEGRATION OF AN AGENT SYSTEM IN CLOUD COMPUTING
In this section, we present an idea of management optimization. Infrastructure as a Service (IaaS)
offers resources as a service. Generally, these resources are presented in term of virtual machine
(VM). The users demand a service (i.e. a set of resources (storage, computing power,
bandwidth…)) and the provider of IaaS tries to respond to the need. The resources of the provider
are usually organized in different data centers. Typically, a data center is composed of several
physical servers which are interconnected and virtualized to optimize their use. The customers
can be located in different places. So, the provider of the service has an interest to create data
centers in different locations (figure 3)
.
Our idea is to integrate a multi-agent system to control the different data centers to optimize the
management of the system and respond to the maximum of user demand.

Figure 3. Exemple of Cloud Computing System
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4.1. Related work
Cloud computing is still in the developing phase. Foster describes in [8] the current state of
distributed systems and how to manage them. Furthermore, in cloud computing we can use the
technologies that have been used in grid computing. The work [17] proposed an agent based
framework for scalability in cloud computing. It focused on the communication inter agent to
provide the user requirement even if we use a complementary service of another provider to
satisfy the request. So, they attempt to use the agent technology to optimize the consumer work.
For the best of our knowledge, there is no previous work which attempted to deal with multiple
data centers belonging to the same provider. Consequently, we describe in the next section our
proposal which aims to optimize resources utilization in case of having multiple data centers
belonging to the same provider.

4.2. Proposed work
This work focuses on how to use efficiently resources in the different data center locations. The
idea is to find out a strategy to respond to the max of client requests while maintaining a good
quality of services. Typically, when a client demands a set of resources, the common idea is to
affect this request to the nearest data center to him. But this solution can not be the best choice in
all cases especially when there is network latency or the data center is overloaded. So, the
provider needs a strategy to affect the client request to the best fit data center. In this case, the
knowledge of the global state (forecast state) of cloud computing system is critical information
that influences the choice of the best data center to use depending on the defined criteria.
Actually, to obtain this result, an automatic communication system is needed to ensure the
management of the cloud system. It will be responsible of all communications and negotiations
between the different data centers to be able to choose the best one. So, a multi-agent system can
be a solution to control the cloud computing system and to choose the best data center to the
consumer request. We present two type of agent: Global Cloud Agent (GCA) and Local Agent
(LA) (figure 4).
For each data center in the cloud system, we create a Local Agent. This agent is responsible for
controlling and managing the local data center system. At any moment, it gives any information
that the Global Cloud Agent needs like the free resources, the network state... Furthermore, LA
keeps a history of the state of the data center. So, with this information it can predict and give the
GCA more data that can help to manage better the cloud computing system. In this cloud
computing system case, the local agent has an oversight role rather than a controlling
(management) role.
In the cloud computing system, we found only one Global Cloud Agent. This agent will be
responsible for controlling and managing the entire system. For each costumer’s request, GCA
collects information from the LA then decides which data center is the best for this client. This
decision can be made according to the policy defined by the cloud computing provider.
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Figure 4. Integration of agent in cloud computing system
For example, we can choose to load balance between the data center or to use a data center only
when the previous is fully loaded. Another strategy consists in using the lowers cost data center in
the first place.

5. CONCLUSION
This work was divided into two parts: in first place, we have presented the cloud computing
notion and architecture. Then, we have introduced an idea of using Multi-agent System to
optimize the exploitation of cloud computing system. In future works, we attempt to define the
method of communication between agents then the implementation of this system to test his real
potential.
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