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ABSTRACT

The purpose of this article is to describe the rhageimplement to provides services, such as,|®@a3S,
and SaaS, for e-learning and collaboration in étecational environment in Salatiga. Currently, the
combination of cloud technology and e-learning &nly explored. Several efforts of using laaS cloud
technology in education focus on the reservatiorthef VM for students. This research used Moodle
technology as e-learning applications that is itexftaon the Cloud. Moodle is a software package &or
training purpose- web and internet based trainiogpraonly known as a Learning Management System
(LMS), Course Management System (CMS), or Virtuaarning Environment (VLE). Moodle is free,
since it is an open source software (under the ®Nblic License). Features of Cloud Computing plaitfo
using the OpenStack method quite appropriate fgration of learning system , so that it is ablddom
learning environments fully and efficiently, proeighersonalized contents, and facilitate the tdiap to
the present model of education.
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1. INTRODUCTION workloads, they require additional resources and
new configurations. This certainly adds to the cost
There are many e-learning softwares that is usethd becomes expensive.

extensively in various levels of education, such as . . -

. - . . The key issue is related to the efficient use of
universities, high schools, vocational schools, %hese resources. For example, the lab PC and server
junior. E-learning provides multiple benefits y pie,

, ~will be underutilized in the evening and semester
beyond conventional classroom- based learnin 9

The biggest benefit is the reduction in costs due olidays.  On t_he other hand, resource usage
the IT physical environment is no longer neede ecomes very high during the day and the semester

st threfore I can b accessed fom any place, %51 001 1 hovle ol consider (e costs
any time, and in accordance with the convenien & P

of students. In addition, teachers can easily u‘:pdaOr every software package used.
the study materials and incorporate multimedia
content in a user friendly fashion, making them
easier for students to understand the concepis
Finally, e-learning can be viewed as an approa fi
that emphasizes variation of learning materi
between teachers, and teachers can review th
own materials for improvement.

The rapid growth of the number of students,
aching content, services provided and resources
vailable, has made e-learning system grow at an
8f<rp0nential level. The challenge is how to op.t'Emilz
computing resources, storage, communication
needs, and dynamic concurrency that require the
However there are some drawbacks that shoulgse of appropriate platform with the scalabilitydan
be considered before fully integrate e-learning intcost control. For such problems, many educational
the academic framework. The main weakness is institutions with limited resources and infrastuuret
terms of scalability at the infrastructure levelthen find themselves difficult to continually keep
Some resources can only be installed for certainith the growth.
tasks so that when they are burdened with heavy
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Currently, educational institutions develop edemand self-service, broad network access,
learning system on an individual basis. By runningesource pooling, rapid elasticity, and measured
individually, their resources become less efficienservice), three service models (software, platform,
and expensive, since they have to invest in thend infrastructure), and four deployment models
computing infrastructure, perform the maintenancgPrivate, Community, Hybrid, and Public Clouds).
and improve the scalability. Therefore it is[2]
necessary to consider the application of e-learning
with the public infrastructure, which is developec
on the basis of cloud computing technology.

Cloud Computing is a computing paradigm ir ... ]
which IT resources provide a variety of services, “**"* [ -
and is available to users through the Interne%_ i 1
connection. It is the provision of infrastructure,g =saseve|
platform and software as a service (laaS, PaaS, ag i <
SaaS) on the basis of simply pay per use [1], [2 s seuee
[3]. In other words, it is a model of IT services

through catalogs that address users' needs in

flexible and adaptive way, and only charge fees fc

their actual usage. Therefore, two features of th
paradigm are clear, the use of resources on tic
demand, and transparent scalability so that _
resources needs can be determined accurat&ipure 1. The NIST's model of Cloud computing[2]
without having to know their details.

Private Cloud
Hybrid Cloud

Community Cloud ;'
Public Cloud
&

Deployment models

, , Cloud Computing is a technology services
The target of users in the development of thig,,,gh the use of information on the Internet, but

cloud computing are staff, student, students, fgeul ot 411 of the services that exist on the Intervest
anﬁl bext(_arnal hparnes for fthﬁ. pur_plose %be categorized as a Cloud Computing service.
collaboration. The purpose of this article iS Grpere are several requirements that must be met by
describe the model we implement to providegy jnemet-based services to be categorized as
services, such as laas, PaaS, and SaaS, foreyq computing [2], namely: 1) The services must
learning and collaboration in the educationaj, 5n demand. There is freedom to choose any
environment in Salatiga. services provided by the provider and the users pay
2. CLOUD COMPUTING basepl on what they use, 2) The services must be
elastic or scalable. The service must be able to
a distributedaccor_nmodate the requests and needs of. the user at
ny time, 3) The Services must be available and

The Cloud references

collection of computing resources where th i d by th id hil |
applications can reside anywhere on the accessi [ly managed by the provider while users only

networks. In the Cloud, a large pool of accessibl@eed an_lnternet connection to use the service, 4)
The services must be measurable. Cloud resources

virtualized resources such as hardware, h " iiabl b timized and
development platforms, and ideally services, can g€ ‘ransparéntly available, can be optimized an

dynamically reconfigured to adjust to a scalapl§c@lable, and become a reference in determining
load, with minimal management effort or SpUSers needs, 5)_The services must be resource
interaction. This pool of resources is typicallyp0°|'ng' The Providers prow_de services through f[he
exploited by a pay-per-use model and th&esources that are grouped in one or many locations

guarantees are offered by means of a Service Le\%’i‘ta. center consisting_ of a numbe_r of SEIVers with
Agreement (SLA). [2] multi-tenant mechanism. This  multi-tenant

mechanism allows a number of computing
resources be used jointly by a number of users,
because these resources, either in the form of
¥Jhysical or virtual, can be dynamically allocated o
demand needs. Thus, customers do not need to
X _ %now how and where the demand for computing
computing technology. As shown in the threeresources met by the provider. What is important is

_dimensional diag“?‘m of Figu_re 1, this CIO_Ud_ mod hat every request can be fulfilled. The computing
is composed of five essential characteristics (on-

In accordance with the definition from the

(NIST) Information Technology Laboratory, Cloud
Computing actually covers more than jus
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resources include storage, memory, processatepending on the demand and only paying for the
network bandwidth , and virtual machine. resources that are actually used. The answer to
these necessities is the Cloud Computing

The existence of cloud computing changénvironment.
the way companies and organizations see
information communication technology Cloud Computing [5, 6] is a computation
investments. Because IT investment capitals amaradigm in which the resources of an IT system
now simply operating costs which are moreare offered as services, available to the users
efficient. This makes the users free to concentraterough net connections, frequently the Interniet. |
on more creative things than to think abouts a model of provision of IT services offered
infrastructure (data center, processing powethrough a catalog that answers to the necessities o
storage, applications to the desktop), sincthe user in a flexible and adaptive way, only bdli
everything has been provided virtually for the actual usage that is made. Therefore, tiwo o
the distinctive features of this paradigm are, o t
Currently the need for security of One hand, the use of resources under demand and,

information systems has been increasing. Sinc@ the other hand, the transparent scalabilityhs
companies and organizations in general do not hadeWay that the computational resources are assigned
adequate resources to secure their systems, itifis@ dynamical and accurate manner when they are

likely that Cloud Computing would be the firstStrictly necessary, without the requirement of a
Choice’ and growing, especia”yin Indonesia. detailed Understandlng of the infrastructure from

the user’s point of view.

3. ADVANTAGES OF CLOUD-BASED E-
LEARNING E-Learning in the cloud can be seen as
Education Software-as-a-Service. The installation
Electronic Learning, or E-Learning [4], is ¢&n be done quickly, because of very low hardware
defined as an Internet- enabled learningi€duirements. In addition, maintenance is also
Components of e-Learning can include content gfupported by the vendor, which provides system
multiple formats, management of the learning!Pdates and allows users to focus on their core
experience, online community of learners, conterRusiness of learning.
developers and experts. The study summarized the

main advantages, which include flexibility, The following are consequences and
convenience, easy accessibility, consistency and implications associated with the development of e-
repeatability. learning in the cloud environment as demonstrated

by Masud-Huang [7]: 1) Accessed via the Web.

The virtual courses that are supported b)This_ reflects the ease of access from_anywhere, and
the e-Learning approach favors the achievement 8fytime people can access the application,2) Does
a higher impact for the educative framework thafot require any software on the client-side.
those of the classical attendance group. As amherefore, this will reduce costs for users, simme
example, in the first edition of the “Machine installation, software maintenance, deployment, and
Learning” course of Stanford2 more than 160,008€rver administration costs. In other words, the
worldwide students were registered. Theséotal cost of ownership is lower, the time to
dimensions affects different issues; on the onénplement is shorter, and the number IT staff
hand, the infrastructure provisions that ardequired is fewer, 3) Pay per use, 4) SaaS Server
necessary to give a concurrent service for th&&n support many educational institutions. Sinee th
amount of students clearly exceed the capabilitiePplications run in the server group, then scatgbil
of a conventional web server. Furthermore, thé maintained, for example, if the number of
demand of the teaching resources usually vary inudens who use the system is increased, the
dynamic and very quick way, and presents higﬁerformce will not degraded, 5) All customer da_ta
peaks of activity. To attend requests during thedé at SaaS Server. Therefore, the SaaS provider
periods of time without other system services to bBeeds a high level of security system and a
resented, it will be necessary to prepare a quif@Phisticated software architecture to gain thettr
superior infrastructure than that required for th@f customers .
regular working of the learning institution. An
alternative would be to provide those services
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Finally, Ouf et al in [8] give several values | . cooueseics @as 8oL g
of cloud computing potential for education include; — Passesreronsecendnod Selfcortaned sorage of virtusl mages
1) No back up required both to drive and transfe &
from one platform to another. This means tha &%
students can create their own informatior iy
repository, 3) Almost no crash recovery needed.
a computer crashes, then virtually there is n
missing data, because everything is stored in tt
cloud, 4) Allowing access from a variety of places
(home, classroom, library, etc.). Students can fin
and edit a file via the cloud. In addition, browser
based applications enable students to acce e
through a variety of platform (mobile, laptop and Roter
PC), 6) Flexibility. Cloud computing allows users
to increase their demand for cloud services _ . :
dynamically, 7) Almost no stolen data. Since it i igure 2. Cloud computing Architecture for E-Leargi
almost impossible for students to determine the )
location of the server that stores a desired das, ( ~ Figure 3 shows the Infrastructure as a
exam questions, exam results, grades, etc.), Bfrvices (laaS) and Software as a Services (SaaS).
Virtualization.  Cloud computing allows quick The details of the features are as follows: 1)nFro
replacement of servers without great expense &€ perspective of laaS: a) Storage management for
damage, 9) Centralized data storage. The loss of@@rning system and the user, b) Load Balance for
client is no longer an issue, because the main p&# the learning system, c) Scaling management for
of the application and the data are stored in thértual machines, d) Backup and Restore for
cloud so that new clients can be connected Ve,lgarning applications; 2) From the perspective of
quickly. This is very different with when a laptopSaaS: a) Management application registry, b)
that stores examination questions is stolen, 1§erver application for managing and deploying

Monitoring data access becomes easidf@rning contentto users,c) ~ Account
given the fact that only one place to be watchedn@nagement system for authorized users, d) Virtual
even though there are thousands of computekd€sktop Deployment providing personal desktop
spread over a wide geographical area. Alsghat includes learning content, e) Session
changes in security procedures can easily be test¥@nagement to ensure Virtual Desktop is used by

¢ Private Switch

I

and applied. authorized users, f) Personalized management for
registration management of popular learning
4. CLOUD COMPUTING ARCHITECTURE ¢ontent
FOR E-LEARNING ~ i
(CE D T D (= Do
Figure 2 shows the platform of Cloud — ——

Computing architecture that we use for e-Iearning/—L\liﬂiJ’)—
This architecture has been used for most of the Namiemen et ) N Senersplios )
learning that is placed in the cloud. The firSEBIS | (oeormenpesiopvimar) ( vmgomensesi ) ( vamenenvser ) ga2s
the interface that connects to the Clouc_
environment. This layer contains several-
management subsystem to determine users’ nee (i ) (" Lobaace ) (et ) (Backup & Restor)
for computing resources, planners in storag 1aas
services, load distribution management execute K |
among virtual machines, system administrators t
monitor and initiate activities of each layer, and  Figure 3 Architecture Of Personalized E-Learning
security components to ensure privacy, recovery, Environment

integrity and security of users’ transaction anthda

The second layer is a virtual machine, and finally,

the third layer includes all of the physical

architecture of the system.

CPU ‘ ‘ Memory ‘ ‘ Network ‘ ‘ Storage ‘
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5. USE OF OPENSTACK ASIAAS the cloud and features of the virtualization

hardware, will reduce the cost of developing of and

OpenStack is an open source cloudnaintenance of learning resources significantly.
computing software for building reliable cloud Currently, the combination of cloud technology and
infrastructure. OpenStack goal is to allow any-learning is being explored. Several efforts of
organization to create and offer cloud computing/Sing laaS cloud technology in education focus on
services using open source software running of€ reservation of the VM for students.
standard hardware.

This research used Moodle technology as

There are two types of OpenStackg-learning applications thatis installed on theudl

namely OpenStack Compute and OpenStadiigure 5). Moodle is a software package for a
Storage. The OpenStack Compute is software #gining purpose- web and internet based training
perform automation when creating or managing §ommonly known as a Learning Management
virtual private server (VPS) in large numbersSystem (LMS),  Course Management System
While OpenStack Storage is software for creatingCMS), or Virtual Learning Environment (VLE).
object storage in scalable and redundant mannioodle is free, since it is an open source software
using clusters to store the data in terabytesven e (under the GNU Public License).

petabytes.

The entire OpenStack code is under the  F/STE/4
Apache 2.0 license. This allows anyone to run, ¢ " 7™
build other software on OpenStack software, o
send modified codes either as a patch or ne

features.

Editing quiz: T. A S Tek Stream

Currently OpenStack has been used b
large hosting companies like Rackspace Hostin
and NASA. They use this technology to manag
tens of thousands compute instances and storage
petabytes size.

Figure 5 Model of E-Learning Using Moodle Installe
On Openstack

openstack

Moodle provides 7 layers of users as
follows: 1) Administrator. An administrator is the
person who manages the site in general such as
website  displays, menus, or users' privilege s
(roles); 2) Course Creator. A course creator is a
person who can create a course subject, teach the
subject, assign another teacher to teach the
subject, or monitor subjects that have not been
published. This role is usually performed by the
head of study program; 3) Teacher. A teachereas th
person who manage a taught subject, e.g changing
the activity of course, giving marks,dropping out

Figure 4 The Use Of Openstack As laas students , or appointing a non editing teacher to

teach the subject; 4) Non-editing teacher. A non-
6. APPLICATION OF E-LEARNING-BASED editing teacher is a teacher who can teach a dubjec
CLOUD COMPUTING such as giving marks, but he/she cannot change the
activities created by a taught teacher. A non-egiti
Cloud computing opens a new era ofteacher can be considered as an assistant teacher o

learning through e-learning application hosting idecturer; 5) Student. A student is a user who is
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taking a subject. The student must register in Consumers and Designers of Multimedia
advance on the subject before he or she can attend Learning, 3rd edn. Pfeiffer
the subject. The teacher who teach the subjett & Buyya, R., Broberg, J., Goscinsky, A., 2011,

give the grade of the student achievement at the en  Cloud Computing: Principles and Paradigms.
of the course; 6) Guest. A guest is a user who has Jjohn Wiley and Sons

a read-only access. Any user not listed in Mooslle['s Sosinksy, B., 2011
a guest. A guest can joint any course provideJ John WiI('ey and Sons

Fﬂ Masud, A.H., Huang, X., 2011, ESaaS: A New
Education Software Model in E-learning
Systems. In: Zhu, M. (ed.) ICCIC 2011, Part V.

Cloud Computing Bible.

to follow any activity in the course; 7)
Authenticated Users. By default all users who have
logged in are authenticated users. Even though a .
user acts as a teacher in a subject, but in another ﬁgildsélbeerL 235, pp. 468-475. Springer,
subject he/she only acts as an authenticated user 9 ) ) o
who has the same status as a guest. There isra ¢aOuf, S., Nasr, M., 2011, Business intelligenn
difference between a guest with an authenticated the cloud. In: IEEE 3rd International Confer-

user. An authenticated user can enroll into a €nce on Communication Software —and
subject, but guest can not. Networks (ICCSN 2011)

7. CONCLUSION

This study has shown the main
components of e-Learning system that is placed on
OpenStack Cloud Computing, which focused on
flexibility, comfort, ease of access, consistenny a
repeatability in the system .

Features of Cloud Computing platform
using the OpenStack method quite appropriate for
migration of learning system , so that it is alde t
form learning environments fully and efficiently,
provide personalized contents, and facilitatee th
adaptation to the present model of education.

Integration of e-learning systems with
Cloud Computing has enabled the flexibility and
scalability of resources include storage, computing
and network access, with lower costs, due to the
use of pay-per-use payment system, thus saving the
use of new hardware and software licenses for
educational programs.
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