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ABSTRACT. Cloud computing is a style of computing where massively scalable IT-enabled
capabilities are provided as a service over the network. It emerges as a new computing
paradigm to support the mazimum number of users and elastic services with the min-
imum resource. The evolution of Cloud computing can handle massive data as per on
demand service. It is a complex infrastructure of software, hardware, processing and
storage available as several service types. This article reviews recent advances of Cloud
computing, presents the layered structure of Cloud, and identifies the characteristics of
emerging Cloud computing technology.
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1. Introduction. Cloud computing is a new term for a long-held dream of computing
as a utility, which has recently emerged as a new computing paradigm to provide reliable,
customized and QoS guaranteed dynamic computing environment for users. According to
Berkeley experts, “Cloud computing refers to both the applications delivered as services
over the Internet and the hardware and systems software in the datacenters that provide
those services. The services themselves have long been referred to as Software as a Service
(SaaS). The datacenter hardware and software is what we will call a Cloud” [1]. From
the publication of a paper by Google in 2003, Cloud computing has been evolved from
internal IT system to public service and is already rooted in search engine platform design
[3]. Recently, Cloud computing is becoming one of the next IT industry buzzwords: users
move out their data and applications to the remote Cloud and then access them in a
simple and pervasive way. From the Hyper Cycle published by Gartner in 2009, the Cloud
computing is now at the peak of inflated expectations [10]. Gartner is a leading IT research
and advisory company based in the United States that provides opinions, advice and data
on the global information technology industry. Gartner states that Cloud computing is
“changing the way the IT industry looks at user and vendor relationships”. Based on
Gartner’s view, Cloud computing is now emerging at the convergence of three major
trends — service orientation, virtualization and standardization of computing through the
Internet. By 2011, early technology adopters will forgo capital expenditures and instead
purchase 40 percent of their IT infrastructure as a service.

Several projects within industry and academia have started, for example the RESER-
VOIR project [15], Amazon Elastic Compute Cloud [9], IBM’s Blue Cloud [12], Google
App Engine [11], Microsoft Azure [13] and OpenNEbula [14]. HP, Intel and Yahoo recently
announced the creation of a global, multi-data center, open source Cloud computing test
bed. Three major Cloud computing styles based on the underlying resource abstraction
technologies are summarized as follows. Amazon’s Cloud computing is based on server
virtualization technology. Amazon released Xen-based Elastic Compute Cloud (EC2),
simple storage service (S3) and structure data storage service during 2006-2007 under the
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name Amazon Web Services [2,9]. Google’s Cloud computing is based on a technique-
specific sandbox. Google published several papers from 2003-2006, which outline a kind
of platform as a Cloud computing service. The platform is called Google App Engine
released to public as a service in 2008. Microsoft Azure also released in 2008 which uses
Window Azure Hypervisor as the underlying Cloud infrastructure and .NET as the ap-
plication container. Cloud computing has been evolved from internal I'T system to public
service and from ISP to telecommunications. Thus, this article reviews recent advances of
Cloud computing, presents the layered structure of Cloud and identifies the characteristics
of Cloud computing, attempting to clarify the reason of the Cloud computing is emerging
as the hottest technology in 2010.

2. Cloud Architecture and Cloud Services. Cloud computing is still evolving, no
widely accepted definition exists. An early definition of Cloud computing from [8] is
given as follows: A computing Cloud is a set of network enabled services, providing scal-
able, Qos guaranteed, normally personalized, inexpensive computing infrastructures on
demand, which could be accessed in a simple and pervasive way. Based on this defi-
nition, Cloud computing offers users with services to access hardware, software as well
as data resources and integrates computing platforms as a service in a transparent way
[7]. Cloud architecture is the design of software applications that uses internet-accessible
on-demand service and the supply of management infrastructure that includes functions
as computational resources provisioning, dynamic workload balancing and performance
monitoring. Figure 1 is a layered Cloud architecture considered in this study. Based on
this architecture, Cloud service providers tend to offer services that can be grouped into
three categories: software as a service (SaaS), platform as a service (PaaS) and infrastruc-
ture as a service (IaaS). Figure 2 shows a list of Cloud vendors that offer either IaaS or a
PaaS. This is by no means a complete list but just a sampling of examples for reference.

applications | SaaS | applications
programming programming
environment PaaS environment

| Virtual Machine 1 | IaaS I Virtual Machine 2 |

—J ﬁj Servers —J ﬂj

F1GURE 1. A layered cloud architecture

Product Vendor Service type
Google App Engine Google Inc. PaaS
Windows Azure Microsoft Corp. PaaS
Force.com Salesforce PaaS
Xen Cloud Platform Xen.org community PaaS
Amazon EC2; Amazon S3 Amazon Web Services LLC [aaS
GoGrid Cloud Hosting ServePath TaaS
gige{/?fsfalvﬁgizliigvate Data Center Layered Technologies, Inc. [aaS
Flexiscale Flexiant Ltd. [aaS
Rackspace Cloud Rackspace [aaS

F1GURE 2. Cloud computing offerings for services
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2.1. Software as a service (SaaS). Software as a service was coined in a conference
in 2005 and then popularized by Salesforce.com with its “No Software” motto. SaaS,
also known as Cloud application services, consists of various services offered to the end
users. Each user should pay a subscription. Several other examples have come to market,
including the Google Apps offering of basic business services such as email and word
processing. The free email, also called web-based email, offered on the Internet such as
Microsoft Hotmail, Google Gmail and Yahoo Mail. Each email system meets the criteria
of an SaaS application: a vendor hosts all of the programs and data and provides end users
access to them over the world-wide web. Therefore, the concept of SaaS is that software or
an application is hosted as a service and provided to customers across the Internet. This
mode transfers programs to millions of users through browser and eliminates the need
to install and run the application on the customer’s local computers. SaaS alleviates the
customer’s burden of software maintenance, and reduces the expense of software purchases
by on-demand pricing. Today Google is one of the strongest backers of this approach,
with well-known products as Google Reader, Google Maps, Google Calendar and Google
Docs.

2.2. Platform as a service (PaaS). Platform as a Service, also known as Cloud plat-
form services, offers platform services, such as web, application and database servers and
an executable programming environment. Programmers use this layer to code, test, debug
and run many kinds of applications. Thus, developers can code the applications and up-
load it into the platform and run the application on the Cloud infrastructure. It facilitates
deployment of applications without the cost and complexity of buying and managing the
underlying hardware and software layers. Users can on demand subscribe to their favorite
computing platforms with requirements of hardware configuration, software installation
and data access demands. The sizing of the hardware resources demanded by the ex-
ecution of the services is made in a transparent manner. Compared with conventional
application development, this strategy can sharply reduce development time by offering
hundreds of readily available tools and services. A well-known example is the Google Apps
Engine. The Google Apps Engine enables users to build Web applications with Google’s
APIs and SDKs across the same scalable systems, which power the Google applications.
Other examples are Microsoft’s Azure, Bungee Connect and Force.com.

2.3. Infrastructure as a service (IaaS). Infrastructure as a Service, also known as
Cloud infrastructure services, virtualizes the hardware equipments and offers computing
services such as CPU, memory, storage, etc. In other words, IaaS provides an environment
for running user built virtualized systems in the Cloud. Using this technique virtual
machines (VM) are created on premise and loaded with all the software that will eventually
run in the Cloud. Once the VM is started the TaaS vendor can ensure that the running
VM continues to look healthy as a whole. IaaS is thus a provision model in which an
organization outsources the equipment used to support operations, including storage,
hardware, servers and networking components. The service provider owns the equipment
and is responsible for housing, running and maintaining it. The client typically pays on
a per-use basis. An important advantage of IaaS is that users always using the latest
technology and customers can achieve a much faster service delivery and time to market.
Amazon Web Services (AWS) is the most successful IaaS provider to date. Other examples
are GoGrid, Layered Technologies, Flexiscale, etc.

3. The Characteristics of Cloud Computing. Cloud computing distinguishes itself
from other computing paradigms, like Grid computing, Internet computing, in the fol-
lowing characteristics. With these characteristics, Cloud computing is the promising
paradigm for delivering IT services as computing utilities [1,4,5].
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3.1. Virtualization technology. Virtualization technology partitions hardware and pro-
vides flexible and scalable computing platforms. The resources that users required come
from Cloud instead of visible entity. Users can complete all they want through net service
using a notebook, a PC, or even a mobile phone. For examples, Amazon’s Cloud com-
puting is based on server virtualization technology. Amazon released Xen-based Elastic
Compute Cloud (EC2), simple storage service (S3) and structure data storage service
(SimpleDB) during 2006 and 2007, under the name Amazon Web Service (AWS). Since
then, AWS becomes the pioneer of Infrastructure as a Service (IaaS) provider and Ama-
zon is the current leader of Cloud provider based on the IaaS model. Virtualization
technology is therefore well suited to a dynamic Cloud infrastructure providing sharing,
manageability and isolation.

3.2. Scalability. The scale of Cloud is large and can extend dynamically to meet the
increasingly requirement. Cloud services and computing platforms offered by Cloud com-
puting could be scaled across geographical locations, hardware performance and software
configurations. For example, Amazon, IBM, Microsoft and Yahoo, they each have more
than hundreds of thousands servers. The computing platforms are then flexible enough
to adapt to various requirements of a potentially large number of users.

3.3. On-demand self-service. Cloud computing provide resources and services for users
on demand. Cloud is a large resource pool that users can buy according to their needs.
A consumer can unilaterally provision computing capabilities, such as server time and
network storage, as needed automatically without requiring human interaction with each
service’s provider. Users can thus customize and personalize their computing environ-
ments. In a nutshell, Cloud is just like running water, electric and gas that can be
charged by the amount that you used.

3.4. User-centric interfaces. Cloud computing services are accessed with simple and
pervasive methods. Cloud interfaces do not force users to change their working habits
and environments. Instead, users employ computing platforms as easily as they access a
traditional public utility. Cloud interfaces are location independent and can be accessed
by web services framework and Internet browser. The computing environment provided
by Cloud computing can guarantee quality of services for users.

3.5. Security. Corporate information is not only a competitive asset, but it often con-
tains information of customers, consumers and employees that, in the wrong hands, could
create a civil liability and possibly criminal charges. All companies must ensure adequate
security for the storage and processing of data, whether they venture into the Cloud or
maintain traditional processing centers. Security concerns may be magnified by the dy-
namic nature of the Cloud environment. Thus Cloud computing must provide dependable
and secure data storage center, preventing such as data loss, hacking or stealing.

4. A Well-Known Practice — Amazon Web Services. Amazon Web Services (AWS)
are a set of services that provide programmatic access to Amazon’s ready-to-use comput-
ing infrastructure [9]. The robust computing platform that was built and refined over
the years by Amazon is now available to anyone who has access to the Internet. Since
early 2006, AWS has provided companies of all sizes with an infrastructure web services
platform in the Cloud. The AWS provides a highly reliable and scalable infrastructure for
deploying web-scale solutions, with minimal support and administration costs, and more
flexibility than you have come to expect from your own infrastructure, either on-premise
or at a datacenter facility. With AWS you can requisition compute power, storage, and
other services—gaining access to a suite of elastic I'T infrastructure services as your busi-
ness demands them. With AWS you have the flexibility to choose whichever development
platform or programming model makes the most sense for the problems you are trying
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to solve. You pay only for what you use, with no up-front expenses or long-term com-
mitments, making AWS the most cost-effective way to deliver your application to your
customers and clients. Figure 3 introduces you the AWS terminology and helps you to
understand how the applications interact with different Amazon Web Services and how dif-
ferent services interact with each other. Amazon SimpleDB is a web service that provides
the core functionality of a database real-time lookup and simple querying of structured
data — without the operational complexity. Amazon Relational Database Service (RDS)
provides an easy way to setup, operate and scale a relational database in the Cloud.
You can launch a DB Instance and get access to a full-featured MySQL database and
not worry about common database administration tasks like backups, patch management
etc. Amazon Simple Queue Service (SQS) is a reliable, highly scalable, hosted distributed
queue for storing messages as they travel between computers and application components.
Amazon Elastic Compute Cloud (EC2) is a web service that provides resizable compute
capacity in the Cloud. You can bundle the operation system, applications and associ-
ated configuration settings into an Amazon Machine Image (AMI). You then use AMI to
provision virtualized instance and load it into the EC2 service. Also, you can purpose
On-Demand Instances in which you pay a low, one-time payment and receive a lower
usage rate to run the instance. Amazon S3 is highly durable and distributed data store.
With a simple web services interface, you can store and retrieve large amounts of data as
objects in buckets at any time, from anywhere on the web using standard HTTP verbs.
Copies of objects can be distributed and cached at 14 edge locations around the world by
creating a distribution using Amazon CloudFront service. Amazon Elastic MapReduce
provides a hosted Hadoop framework running on the web-scale infrastructure of EC2 and
S3, and allows you to create customized JobFlows. JobFlow is a sequence of MapReduce
steps. Amazon Virtual Private Cloud (VPC) allows you to extend your corporate network
into a private Cloud contained within AWS. Amazon VPC uses IPSec tunnel mode that
enables you to create a secure connection between a gateway in your data center and a
gateway in AWS. AWS delivers a number of benefits for I'T organizations and developers
alike, including cost-effective, dependable, flexible and comprehensive. Using AWS, you
are free (1) to use the programming model, language, or operating system of your choice,
(2) to pick and chose the AWS products that best satisfy your requirements, (3) to con-
sume as much or as little and only pay for what you consume and (4) to use the system
tools you have used in the past and extend your datacenter into the Cloud.
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FIGURE 3. Structure of Amazon web services

5. Conclusions. This paper reviews the state-of-the-art advances of Cloud computing
and presents some functional views on Cloud computing. The advantages of Cloud com-
puting are (1) satisfying business requirements on demand, (2) lowering the cost and
energy-saving and (3) improving the efficiency of resource management. However, some
challenges to be further studied are (1) privacy, (2) the continuity of service and (3) service
migration. Also, Cloud computing can be classified as SaaS, PaaS and laaS. SaaS provide
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services to end users, while TaaS and PaaS provide services to independent software ven-
dors and developers. The AWS Cloud offers highly reliable pay-as-you-go infrastructure
services used as the best practice of Cloud architecture in this study. The perspective
research aims to contribute the development of Cloud computing paradigm and provides
the information to evaluate the existing systems.

(1]
2]
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