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 The recent development in information technology has revolutionized education. Today, e
widely by various stakeholders in the field of education. It enables resource 
the teaching and learning process. It also contributes in providing widespread and easily accessible learning resources from 
of the world. As the result of emerging technologies ov
computing. Cloud computing provides services and storage over the internet. It provides service oriented computing platforms 
flexibility in accessing and delivering resources over the network. This enables cloud computing to be used effectively in the e
process and the sharing of resources. Integration of these two technologies enriches the process of teaching and learning. Th
provides a review of some proposed cloud based e
of moving on to cloud based e- learning. 
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INTRODUCTION  
 
 E-learning is an interactive web based 
application which provides access and effectively 
delivers learning contents to users from various 
backgrounds, interests and locations.  There are 
various terms to express e-learning which includes 
web-learning, virtual learning, e
environment, digital learning environment and so on 
[1]. Users can fully access and organize various 
resources to expand their learning needs interactively 
using e-learning applications. In the present scenario, 
traditional learning methods in a traditional class 
room setting alone is insufficient to impart 
knowledge [2]. E-learning however enables access to 
content that extends beyond the classroom and 
increases opportunities for collaboration. Discussion 
of class material is no longer limited to a physical 
classroom. Students can participate in discussions in 
online forums that pertain to the learning material. 
They hold study sessions online, blog about their 
learning experiences, and share online information 
with their classmates that supplements course 
materials.  
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ABSTRACT 

The recent development in information technology has revolutionized education. Today, e- learning is a fundamental tool used 
widely by various stakeholders in the field of education. It enables resource sharing using Internet and web based application to support 
the teaching and learning process. It also contributes in providing widespread and easily accessible learning resources from 
of the world. As the result of emerging technologies over the last few years, a new form of computing paradigm was formed called cloud 
computing. Cloud computing provides services and storage over the internet. It provides service oriented computing platforms 

resources over the network. This enables cloud computing to be used effectively in the e
process and the sharing of resources. Integration of these two technologies enriches the process of teaching and learning. Th

me proposed cloud based e- learning architectures initiatives along with issues in both technologies and the reasons 

Learning, Cloud Computing And Cloud Based Architectures;.
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 However, as the e-learning resources and web
based users increase rapidly, the existing e
environment has become inadequate to support this 
growth. The current models of e
[3] [4] lack the support of underlying infrastructures, 
which dynamically allocate the required computation 
and storage capacities for an e
These platforms require high initial cost on the 
infrastructure and software applications. Generally 
software applications from vendors are proprietary, 
not based on open standards. This hinders 
collaboration with other educational institutions due 
to high cost and time for customization [2]. 
Institutions facing many challenges such as financial 
constraints and lack of expertise to support the 
technical issues arise from current infrastructure, 
high maintenance cost of the technology and others.  
 In view of this, there is a need to focus on an 
interoperable way to improve the current e
environment to benefit the educators, learners and 
institutions. Cloud computing is the recent 
breakthrough in the computing paradigm which has 
been adapted in e-learning.  Cloud computing 
provide an opportunity to build a self
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sharing virtual environment for tea
learning. It provides service oriented computing 
platforms and greater flexibility in accessing and 
delivering resources over the network across the 
world. This enables it to be used in educational 
institutions for delivering e-contents and shari
resources [5].  
 
2.E-Learning Environment:  
 Attempts to use Information Technology in 
education have attracted many educational 
institutions following the development of web sites.  
E-learning, which is based on client
architecture and web based technology, has become 
a foremost technology to simplify learning with the 
aid of software applications and virtual learning 
environment. E-learning content is delivered via the 
Internet and multimedia tools such as audio
aids, text, image, animation, satellite TV and CD
ROM. It can be implemented in distance learning 
programmes and also used to enhance the ability of 
other existing programmes in an educational 
institution [6]. 
 Some of the advantages of e
education are the reduction of time, effort and cost in 
addition to the improvement of the overall level of 
academic achievement. It provides an attractive 
learning environment with more teacher
interaction that is independent of venue and time.  E
learning also enables development of new 
generations of educational applications focusing on 
interactivity and collaboration. 
 Figure 1 shows the basic architecture of the e
learning system. 
 

 

Fig. 1: E-Learning System and Architecture 
 
 The current use of e-learning applications can be 
based on commercial products or from an open 
source. Initial cost of acquiring the commercial e
learning products is high with additional on
maintenance cost. On the other hand, the initial cost 
of open source e-learning applications is very low, 
but the investment for the infrastructure and the cost 
to hire professionals to maintain and upgrade e
learning applications are high [7]. Furthermore, e
learning systems are also constrained by the 
limitations of interoperability and accessibility. This 
makes it challenging to implement e
educational institutions.  
 In addition to that, foggy landscape in e
architecture makes it difficult to develop transferable 
models from particular institutions. Inadequately 
trained academic personnel are a challenge to the use 
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3 Cloud Computing Environment
 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 [8].  
 
The three essential types of services that can be 
obtained from cloud computing are as follows:
1. Cloud Infrastructure as a Service
required hardware to run a business is provided by 
cloud service providers and the customers manage 
their own application software.
2. Could Platform as a Service
cloud computing, a customer pays to the service 
provider to use their platform as their IT solution. 
For example, if you need email system or dat
software for your business, you can use a third 
party's computing service that prove email and 
database solutions. 
3. Application Software as a Service
need to use a specific kind of software to get a 
output or to perform an analysis, then 
cheaper to use that software service from a cloud 
service provider rather than buying, installing and 
maintaining it. 
 The following figure 2 shows the basic cloud 
environment architecture. 
 

 
Fig. 2: Cloud Environment Architecture 
 The key drivers of cloud computing are the 
ubiquity of broadband and wireless networking, 
falling storage costs, and progressive improvements 
in Internet computing software. Cloud service clients 
will be able to add more capacity at peak demand, 
reduce costs, experiment with new services, and 
remove unneeded capacity, whereas service 
providers will increase utilization via multiplexing, 
and allow for larger investments in software and 
hardware. Figure 3 below shows some other benefits 
of Cloud computing. 
 In view of this, cloud computing may have a 
significant impact on the teaching and learning 
environment. Some research has been initiated to 
integrate cloud computing in e
problems occurred in the current e
environment. 
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introduces a blended strategy in teaching and 
learning.  Cloud based e-learning applications can be 
run through in any device with minimum 
configuration and internet connectivity. Institutions
would not have limitations in storage capacity where 
large amounts of data can be stored at minimum 
cost. Improved performance is evident with 
increased compatibility of software on local 
hardware. Since the cloud based application for e
learning runs with the cloud power, the software are 
automatically updated and e-learners get updates 
instantly. The knowledge of cloud based e
architecture plays a significant role for all 
stakeholders. In this section we will discuss some of 
the proposed cloud based e-learning architecture that 
could be considered for implementation.  
 

 
Fig. 3: Cloud Computing Benefits 
       Z. Zheng, F. Ye, and S. Tong, 2010)
 
 Zhang and Liu (2010) introduced three layer 
architecture, e-learning infrastructure layer, 
integration platform layer and access layer. The 
infrastructure layer consists of information 
infrastructure and teaching resources. Teaching 
resources component is a combination of different 
teaching materials that are distributed in
places. The integration platform layer is to integrate 
the different resources from various platforms. 
Finally, the access layer consists of the applications 
that share teaching resources to support the learning 
and teaching process with aid of 
The main contributionof this study 
application layer [8]. 
 Wang Zhengxia and Xiao Laisheng (2011) 
proposed architecture which consists of five different 
layers, namely hardware resource layer, software 
resource layer, resource management layer, service 
layer and business application layer. The first layer 
is hardware resource layer, which include the 
physical infrastructure of the computing resources. 
The second layer is software resource layer, which 
consists of operating system and middleware. This 
layer integrates the various software resources in a 
unified form. The third layer in the presented 
architecture is resource management layer. The 
function of this layer is to manage the on demand 
flow of distributed software resources over the 
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infrastructure and teaching resources. Teaching 
resources component is a combination of different 
teaching materials that are distributed in different 
places. The integration platform layer is to integrate 
the different resources from various platforms. 
Finally, the access layer consists of the applications 
that share teaching resources to support the learning 
and teaching process with aid of interactive tools. 

main contributionof this study is mainly on the 

Wang Zhengxia and Xiao Laisheng (2011) 
proposed architecture which consists of five different 
layers, namely hardware resource layer, software 

source management layer, service 
layer and business application layer. The first layer 
is hardware resource layer, which include the 
physical infrastructure of the computing resources. 
The second layer is software resource layer, which 

g system and middleware. This 
layer integrates the various software resources in a 
unified form. The third layer in the presented 
architecture is resource management layer. The 
function of this layer is to manage the on demand 

resources over the 

available hardware resources. The next layer is 
called service layer. This layer is to define the 
required service type from the cloud. Finally, 
business application layer where the required 
applications for the e-learning process, such 
creating and delivering learning materials, 
communication, assessment and r
management, are held.In this paper, the authors built 
an e-learning cloud and explore its work mode, 
architecture, construction method and the external 
interface with the business model
 In 2011, Wang, Pai and Yen proposed three 
layer architecture.  Their architecture consists of 
Infrastructure layer, middle layer and application 
layer. The infrastructure layer employed as the e
learning resource pool that consists of 
software virtualization technologies to ensure the 
stability and reliability of the infrastructure. 
Following this layer, next layer is middleware layer. 
It focuses in providing a sharable platform. The final 
layer is application layer. At thi
computing provides convenient access to the e
learning resources. Their main contribution is on the 
middleware layer which imports an indexing module 
and a metadata transformation module to complete 
metadata exchange among acknowledged e
standards [10]. 
 The next architecture proposed by Ye Conghuan 
and Chen (2011), is a three layer architecture which 
includes Physical Resource layer, Resource Virtual 
layer and Service support layer. The Physical layer 
contains raw resources such as 
storage resources, network resources, devices and 
files. The Resource Virtual layer serve as the upper 
layer and contains resources that have been 
virtualized for e.g. virtual computer or a logical file 
system. The service support laye
specialized tools, middleware and services on top of 
the virtual resources layer provides development of 
services that would be supported by the campus 
cloud. Their research contribution is on service 
support layer which is mainly on provid
learning support service based on interaction among 
local campus clouds, in which educational resources 
are virtualized into learning service based on the 
virtualization technology [11].
 Followed by this, ManopPhankokkruad 
developed three layers architecture in 2012 that is 
the infrastructure layer, platform (middle) layer, and 
application layer. The infrastructure layer is a 
hardware layer that supplies the computing and 
storage capacity for the higher level. The second 
layer is the platform layer, consist of web service. It 
is used for providing the learning resources as a 
service. The third layer is the application layer which 
is responsible for interface provision for the students. 
Designing components in order to transfer the 
learning resources to the cloud platform is their 
significant contribution [12].   
 Five layers architecture was proposed by Masud 
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and Huang. The First layer is the infrastructure layer. 
It is composed of information infrastructure (which 
includes internet/intranet, system software, 
information management system and some common 
hardware) and teaching resources. The second layer 
is the software resource layer, composed of 
operating systems and middleware that provides 
unified interface through middleware technology. 
The third layer is the resource management layer that 
utilizes integration of virtualization and cloud 
computing scheduling strategy. The fourth layer is 
the service layer which offers three types of services, 
IaaS, PaaS and SaaS. The last layer, application
layer integrates teaching resources [1
paper the authors tried to introduce cloud computing 
to e-learning by exploring its architecture, 
 
Table 1: Comparison of the Previous Architectures.

 
 As a result of the above comparative study on 
cloud based architectures, we can conclude that all 
seven proposed cloud based e-learning architectures 
are based on three common layers; infrastructure 
layer, middle layer and application layer. Some 
studies had customized these common layers into
e-learning environment. On the other hand, some 
had expanded these three layers with additional 
layers to extend the functionalities of cloud based e
learning environment. For future work, the authors 
intend to propose an enhanced 
learning architecture by taking advantage of 
above studies. However, designing the proposed 
architecture should consider issues pertaining to 
migration of e-learning to cloud based environment 
such as performance which rely on Internet, security 
and privacy issues of the data and reliability of the 
vendors towards the services providing.
 
Conclusion: 
 Cloud based e-learning systems are emerging as 
an alternative way of providing teaching and 
learning services to current e-learning issues. In this 
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and Huang. The First layer is the infrastructure layer. 
It is composed of information infrastructure (which 

system software, 
information management system and some common 
hardware) and teaching resources. The second layer 
is the software resource layer, composed of 
operating systems and middleware that provides 
unified interface through middleware technology. 

e third layer is the resource management layer that 
utilizes integration of virtualization and cloud 
computing scheduling strategy. The fourth layer is 
the service layer which offers three types of services, 
IaaS, PaaS and SaaS. The last layer, application 
layer integrates teaching resources [13].  In this 
paper the authors tried to introduce cloud computing 

learning by exploring its architecture, 

construction and the external interface.
 Lastly in 2013, NungkiSelviandro and Zainal 
ArifinHasibuan proposed an architecture that was 
designed and modified from the previous 
architectures which were used as references. Their 
architecture consists of five layers:  infrastructure 
layer; platform layer; application layer; access layer 
and user layer. They modified their architecture by 
adding access layer and user layer. Access layer 
manages the access to cloud e-
devices. User layers represent the various institutions 
who wish to access the cloud based e
 Table 1 summarized the comparison of the 
previous architectures in terms of layers, 
contributions and benefits. 

Comparison of the Previous Architectures. 

 

result of the above comparative study on 
cloud based architectures, we can conclude that all 

learning architectures 
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layer, middle layer and application layer. Some 
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layers to extend the functionalities of cloud based e-
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architecture should consider issues pertaining to 

learning to cloud based environment 
on Internet, security 

and privacy issues of the data and reliability of the 
vendors towards the services providing. 

learning systems are emerging as 
an alternative way of providing teaching and 

learning issues. In this 

paper the authors have reviewed some of the current 
cloud based e-learning architectures exploring their 
layers, contributions and benefits. This discussion 
suggests that cloud based e
because it complements the fundamental layout of 
both architectures. However the readiness of the 
educational institutions in terms of curriculum, 
infrastructures, technologies and the willingness of 
the educators and learners should be taken into 
consideration for this paradigm shift. Investigation 
into further improvement of each cloud based e
learning layers should be considered too
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