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Abstract—This paper presents a new model of mobile distance
learning system (MDL) in an extended mobile clouda@mputing
environment (MCC) by using High Performance Computhg
(HPC) Cluster Infrastructure, as well as some exigg
videoconferencing technologies enriched with mobileand
wireless devices. This MCC model can be applied ey&here
where there is need of fast and intensive computingnd
analysis of huge amount of data, such as modelingd @D
graphics visualization and animation in ecology, gbal climate
solutions, financial risks, healthcare and medicallearning,
decoding genome projects, etc. After the MCC model
presentation, the experimental system architecturewill be
provided, as well as its possibilities, with partialar reference
to mobile learning environment and its potential isues. In this
architecture the mobile device may optionally usehie open
source e-learning course management system platform
Moodle, to access the learning material and the reVant data
that needs to be transferred to the HPC Cluster Infastructure
for further computing. In order to provide higher quality of
presenting the learning material, the Cisco WebEx @plication
will be used to test the distance learning in botHixed and
mobile environment. Then, a Quality of Experience QoE)
evaluation of such mobile distance learning systerwill be
provided. Finally, it will be concluded that this MCC model
that incorporates HPC Cluster Infrastructure can be applied
anywhere where there is need of fast and intensivamputing
and analysis of huge amount of data which cannot be
performed by a conventional PC, Laptop or Mobile Dgice.

Keywords-Cloud Computing (CC); Distance Learning (DL);
Mobile Cloud Computing (MCC); Mobile Distance Learning
(MDL); High Performance Computing (HPC) Cluster.

l. INTRODUCTION

Together with the explosive and rapid growth oéintt,
mobile networks, mobile applications, and cloud pating,

mobile cloud computing is introduced as a potentiakenvironment.

technology for mobile devices.
infrastructures continuously improve, their daenfimission
becomes increasingly available and affordable,thns they
are becoming popular clients to consume any intesm-
based applications. Cloud computing provides defivaf
services, software and processing capacity ovesrriet,
reducing cost, increasing, automating systems, e of
service delivery from underlying technology, andwding
flexibility and mobility of information. Mobile Clod
Computing (MCC) integrates the cloud computing itite
mobile environment and overcomes the obstaclesettla
the performance (battery life, storage, and banthyid
environment (heterogeneity, scalability and avdlitsl, and
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security (reliability and privacy) [1]. One futungotential
application of MCC is the Mobile Distance LearniihDL),
where the students can get the knowledge from alered
shared resources at any place and any time [1], [2]

This paper presents a new Model of Distance Legrnin
System in Mobile Cloud Computing Environment, byngs
High Performance Computing (HPC) Cluster Infradtres
[3], [4] as well as some existing videoconferencing
technologies enriched with mobile and wireless cksii This
MCC model can be applied everywhere where thereésl
of fast and intensive computing analysis of hugewamh of
data, such as modeling of 3D graphics visualizatom
animation in ecology, global climate solutions, aficial
risks, healthcare and medical learning, decodingoge
projects, etc. Then, the experimental system achite of
Mobile Distance Learning (MDL) system in Mobile Qb
Computing (MCC) environment will be presented. st
architecture the mobile device may optionally use épen
source e-learning course management system platform
Moodle [5], [6] to access the learning material ahe
relevant data that needs to be transferred to #@ Eluster
infrastructure for further computing. In order teopde
higher quality of presenting the learning materitijs
architecture uses Cisco WebEx application [7], &l as
some existing videoconferencing technologies eedchith
mobile and wireless devices such as smart phonéablets.
The main contribution of the paper is the Quality o
Experience (QoE) evaluation of such MDL system iG®1
environment.

The paper is organized as follows. Section Il sunzea
the related work. Section Il presents the new rhaufe
distance learning system in mobile cloud computing
environment. Section IV provides the system archite of
MDL in MCC environment. Section V gives an overviefv
the Quality of Experience (QoE) aspects of MDL ilC®I
Section VI presents the QOE evaluation

As mobile network scenarios, while Section VII gives the comparisonEQ

evaluation results for MDL in MCC environment with
respect to the Distance Learning (DL) in the cotiosal
CC Environment. Finally, Section VIII concludes thaper
and provides information about future work.

Il RELATED WORK

Cloud computing in mobile platforms has invokedeavn
wave of evolution in the rapidly developing mobilerld.
Many mobile devices such as smart phones, PDA&tsab
pockets PC have been added to the Mobile Cloud Qtingp
(MCC) Environment. Today these mobile cloud agtlans
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(like Google’'s Map, Gmail for iPhone, and Cisco'seNEx  with much richer services in terms of data (infotior) size,

on iPad and iPhone, etc.) are already available [8] faster processing speed, and longer battery life.
The Mobile Cloud Computing Forum defines MCC as One MCC model that is made up of complex network
follows [1], [9]: and relationships of and in between InfrastrucRmeviders,

“Mobile Cloud Computing at its simplest refers to a Application/Services Providers, End-Users and Deyvels
infrastructure where both the data storage and déa  all producing and/or consuming applications andknwvices
processing happen outside of the mobile device. illob on internet is given in [23]. Of a particular irget in this
cloud applications move the computing power anda datmodel are the developers that offer their applceti and
storage away from mobile phones and into the cloudservices on the web via Software as a Service (Saa8els
bringing applications and mobile computing to nastj running on other's hardware (HW) and software (SW)
smartphone users but a much broader range of mobilefrastructure providers. However since MCC carapplied
subscribers”. in many areas, this model is too general and doespecify

Mobile Cloud Computing will provide many benefite' f  any details about MCC implementation.
cloud computing, mobile network operators, such as Microsoft has proposed an HPC Server and Cloud
increased reach, reduced costs, and reduced melianc Platform [24]. This platform uses Windows HPC Serve
hardware and software equipment. Mobile cloud cdimgu 2008 Service Pack 1 that enables service oriehtBd; jobs
has many advantages among the few listed below: to be executed as a service using Windows Azuwcdater.

e Sharing information and applications without theHigh Performance Computing (HPC) gives analysts,

need of complex and costly hardware and softwar@ngineers, and scientists the computation resotiieganeed

since computations are run in the cloud [10]; to make better decisions, fuel product innovatiepeed
e Enhanced features and functionalities of mobileresearch and development, and accelerate time tketa
devices through new cloud applications [10]; Some examples of HPC usage include: decoding gesjome

« Ease of access and development since the acce®8imating movies, analyzing financial risks, stréaimg
point to mobile cloud computing is through a crash test simulations, modeling global climateusohs,
browser and not a mobile operating system [10];  computational fluid dynamics (CFD) and other highly

« Cheaper for cloud computing vendors to build complex problems. However this platform is spedifanly
mobile cloud applications because of access to affr Conventional Cloud Computing Environment. _
mobile devices, i.e. one application can be shared Therefore, we propose a new Mobile Cloud Computing
and accessed by many mobile device users [10]; Model for Mobile Distance Learning that uses HPGstgr

«  Broader reach, since mobile cloud applications caffrastructure. The advantage of the presence HBElec
be accessed through a browser, the cloud computirigrastructure in the MCC model is that it can k&edi in
applications can be reached by all mobile devicesltiuations ~where the necessary computing cannot be
users, as long as the mobile device has an internBe’formed by a mobile device, or a conventional BC,
access [10]: aptop. This model is described in the next section

« Extending battery lifetime for mobile devices [1], 1
(11], [12], [13]; ' . .

« Improved data storage capacity and processin%I Our proposed Mobile Cloud Computing Model for
power since MCC enable mobile users toMobile Distance Leaming is given on Fig. 1. Thindél

store/access the large data on the cloud througiicorporates High Performance Computing (HPC) @lust
wireless networks [1], [14], [15], [16], [17]; and Infrastructure. The communication between the esaf-u

« Improved reliability since data and Computerdevices (terminals) and the HPC Center is in a ctlou

applications are stored and backed up on a numb&PMputing er!vironmentdue to the various servigeests.
of computers [1], [18], [19]. The terminals can be connected to the HPC Cluster

However, there are still many obstacles for MCC Infrastructure inside the University Local Area Wetk
including service availability, mobility management (!-AN)’ or _they can be connected on external network
security, privacy, energy efficiency, etc. Thes@bfems (internet). The University Moodle Platform Servétopdle

must be carefully addressed before MCC could becom&OUrse Management System) [5], [6] hosts educdtiona
completely operational. resources and it is connected on the University LANe

Mobile Distance Learning is seen as one of therpiale  USET may access the Moodle platform directly frdme t
future applications of MCC [1], [2]. Mobile Learmjn(m- University LAN or through the Internet in orderdollect the
learning) is one of the applications that can gpeued by ntlecessa}ry Idatallqth%t nee?]s to be(;:ompubted by th&b&mg'
MCC. Traditional m-learning applications have liatibns in Alternatively, the data that needs to be computad be
terms of high cost of devices and network, low metw collected by the HPC cluster infrastructure thraughthe

transmission rate, and limited educational resauf@o], University LAN if the data is too large and canriog
[21], [22]. Cloud-based mobile learning (m-learding collected by the mobile terminal. When the usertaaome

applications are introduced to solve these limitati For dat@ to be computed by the HPC cluster infrastractt

example, utilizing a cloud with the large storageaxity and S€nds request to the HPC center. When the HPC

owerful processing ability, the applications previearners —acknowledges the request it receives the datatlfirzom
P P 9 4 PP P the user terminal or from the University Moodle tRlam.

MoBILE CLouD COMPUTING MODEL
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Figure 1. Mobile Cloud Computing (MCC) Model with High Perfoance Computing (HPC) for Mobile Distance Learr(ikiiL)

The user can access the HPC center either fromeldity
LAN, or directly from internet, through the HPC
Management System (HPC Controller). The HPC Cdetrol
manages the authorized access to the HPC Centkit Bn
directly connected on both passive and active sehike
that a redundancy is provided in case the activeesgoes
Out Of Service (OOS). The passive and the actinese are
connected to the Load Balancer, which determineglwh
server is active. The Load Balancer also determingsh
server needs to manage the load (either the activieoth),
i.e. the incoming service request from the user.

the learning material, the Cisco WebEx applicatidh be
used as an end-user application on the mobile dgvic

IV. Experimental System Architecture

The experimental system architecture for Mobile
Distance Learning (MDL) that supports Mobile Cloud
Computing (MCC) with High Performance Computing is
given on Fig. 2. According to this architecture trversity
classroom is connected to the University Moodlev&er
Platform, internet and HPC Platform. The University
Classroom usually should have the following equipmiC,

Both active and passive servers are connected €o tiyr |aptop, microphone, speakers, tablet, webcawjegtor,

storage area network and the cluster network itnretsire.
The server takes additional data from the storagma a
network that needs to be processed (computed)themdit
forwards all the necessary data to the cluster aortw
infrastructure for further computing. The clusteztwork
infrastructure consists of N interconnected compuntales.
One of these nodes is the main node, or master, andeit
determines which nodes should perform the compubing
data. Like that parallel processing is enabled.ethe data
computation is completed, the final informatiorsent back
to the user. If the master node fails to operatenatly, then
another node becomes master node. Like that a dedoy
among the nodes is achieved.

The advantage of this model is that it offers newises
on mobile devices, as a special benefit from usimegHPC
center within the mobile cloud environment. In case, we
have provided many statistical calculations coretktt the
MDL by using HPC center. HPC Cluster infrastructise
useful in situations where the necessary compwamyot be
performed by a mobile device, or a conventional BC,
laptop. Another advantage of this model is thatrdvides

and a monitor, or screen. At the University Classrcthe

instructor presents and delivers the content ofl¢laening

material to the students in a classical mannevjainternet
to the students that are at home, at work, or sirtipdy are
mobile (on the road). The students that are at hanat

work connect to the course by using their PC, ptola using
the high speed internet from their home, or théfice. On

the other hand, the mobile students (studentsenod) use
their mobile devices (mobile smartphones, or tapled

connect to the course via their mobile networksl{sas
GPRS, UMTS, HSPA, WiFi, WIMAX or LTE).

The University Moodle Server Platform provides
possibility to host the digital educational res@asi,cwhich
can be accessed by the instructor and all studsittier
locally, or throughout internet connection. Additadly all
students, as well as the instructor over the ietetan access
the University Moodle Server Platform to collecty o
download the data that needs to be computed afuivtard
it to the HPC platform, for huge amount of datagessing
in a cloud computing environment. AlternativelyethlPC
cluster infrastructure may download the necessatg fiom

service continuity, or seamless mobility as the rusethe University Moodle Platform, when it receiveseguest

handovers from external network to the Universitycal
Area Network.

The next section will present the Experimental Syst
Architecture for m-learning that supports Mobileo@i
Computing. In order to provide higher quality oepenting
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from the authorized user. In the HPC platform, HieC
controllers process the users’ requests. The HR@ @anter
provides the hardware and software facility, asl &slthe
infrastructure for cloud computing service provileit the
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Fiaure 2. Mobile Cloud Computina (MCC) Svstentrchitecture with Hiah Performance Computina (HPor Mobile Distance Learnina (ML)

HPC Data centers, several servers are linked viggh $peed
networks to provide services requested by users.

and procedures in the network and the terminal ¢haure
the provision of the negotiated service qualitywasin the

Particularly the overall theoretic performanceted HPC  User Equipment (UE) and the Core Network (CN). Q@S
cluster in Macedonia is 9 TFlops, and achieved peakneasured, expressed and understood in terms ofrietw
LINPACK performance is 7.776 TFlops, that is 86% and network elements, which usually has little negto a
efficiency. It consists of 84 computational blagevers with  user. The reliability in service concerns throughmlelay,
2 Six core L5640 CPUs and 24 GB RAM. The 6jitter and loss in data during transmission of gdatervice
management servers have also 2 Six core L5640 @RtIs availability, security in terms of authenticatios well as

24 GB RAM, four of which act as storage servers arel
connected in a failover configuration to a Seridgtadhed

authorization, coverage area, and service setup tifrthe
related bearer service; service retain ability, ganeral

Small Computer System Interface (SCSI) storage witltharacterizes connection losses [27].

60x600 GB Dual channel Serial Attached SCSI (SASisd
The HPC cluster provides possibility for deploymehany
needed library, or software pack for any
community.

One potential application that delivers the infotioa
(learning content) from the course lecturer to distance
student and vice versa with a very high preserdginglity is
the Cisco WebEx application. WebEx suite, compared
other tools, offers a broad range of Web conferepcand
content sharing [25]. No software download is reeglifor
participants, and WebEx will run on any Internetvee, or
mobile devices such as smart phones, or tabletsurdmary
of WebEx Key features is given in [26].

WebEx can be used for different educational scesari
For example the WebEx Whiteboard is a suitable fool
teachers in distance learning sessions. Also there
possibility of annotations of the browser’s appiica while
sharing a map. WebEXx is also a suitable tool farialy and
highlighting medical images in Telemedicine. Weliifers
possibility for sharing a presentation, where eitben be
used the WebEx annotation tools, or better the P@omt
annotation tools that are available in the presentzle.

V. QUALITY OF EXPERIENCE(QOE) ASPECTS ORVIDL IN

MCC ENVIRONMENT
Mobile Distance Learning in a Mobile Cloud Compagtin

QOE refers to the perception of the user aboutjtlaity
of a particular service, or network, i.e. it depgndn

researcltustomer satisfaction in terms of usability, acitsidy,

retain ability and integrity of the service. QoEans overall
acceptability of an application, or service, ascpied

subjectively by the end-user. Quality of Experieimegdudes
the complete end-to-end system effects (clientmiteal,

network, services infrastructure, multimedia leagi
content, etc.). Overall acceptability may be inflced by
user expectations and context.

However, the overall QoE (user perception) is iaficed
by both technical performance of the network (Qefeats)
and the non-technical aspects of the service. @b&rs to
the personal feelings of the customer about thditguat a
service, and it expresses using perceptive wokés'djood’,
‘excellent’, ‘poor’ [28].

Since High Speed reliable and secured internetsadse
used at the University Campus Network it can beirassl
that the network has excellent technical perforreanci.e.
no QoS technical issues are present. Thereforenthia
focus in this paper is directed towards the noh+eml
aspects of QoE evaluation of the mobile distaneeniag
system in MCC environment, and its comparison te th
conventional distance learning system in CC enviremnt

The QoE will be evaluated through answering th@esur
questions by the participants after the completdnthe

Environment can be tested on both QoS and QoE Bspecdistance learning course. The survey consists & th

Below is provided a short description for each bése
aspects

QoS refers to the technical aspects. It is defiagdhe
ability of the network to provide a service at asswaed
service level. QoS encompasses all functions, nmesimng

Copyright (c) IARIA, 2012.  ISBN: 978-1-61208-216-5

following questions:
from quality of presentation of learning documents?
Is it easy to understand the presented concept?

Did the user focus very easy to the presentation?

102

What is the user’s satisfaction in using the system
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* How interactive is the system for communicationB. QoE Evaluation of MDL Systemin MCC Environment

with the presenter, asking the questions, etc.? After the successful tests in subsection A, the Bweb
* Did the user find the Human Computer Interactionapplication was tested in a MDL System. This scinar
(HCI) friendly for himself/herself? corresponds to the mobile students’ category (aatitn

* How available is the learning system to the user?  when the students are on the road), describedgnZiln
+ Did you find the usage of High Performance order to perform the tests of this scenario one used the

Computing (HPC) Center useful? following mobile devices: Motorola Milestone, HTC
Sensation, iPhone 4 and iPad. The tests were sfoltes
VI. QOE EVALUATION SCENARIOS performed locally within the University, or regidlya

In order to provide the QoE evaluation results tipac between the cities Ohrid and Skopje, at a distafieround
VII), the system has been tested in the followiwgpt 175 km. Screenshots from these tests are giverigpiF5,
environments: the Distance Learning (DL) systemtie  and 6.
conventional Cloud Computing (CC) environment andLM
system in MCC environment. These two scenarios are
described in subsections A and B.

A. QoE Evaluation of DL Systemin a Convetional CC
Envrionment

The test of WebEx Communication System for the DL
system in the Conventional CC Environment was peréad
in the following two distance learning conferencergrios: - 3
Local Conference and International Conference. This R o soanc s et ()
corresponds to the scenario Student at Home, Stadehe 0 A"
Office, or Student in a Distant Classroom, desdileFig. e _ — —
2. The test was performed in the following two @ehce —
scenarios: the local scenario and the internatiscehario.

The local distance learning conference was perfdrme
locally within the University in Ohrid, in order twgerify
whether the WebEx can be used for distance learraag
well as to discover the possibilities and featuied/ebEXx.

The international distance learning conference was
performed between the University for Informationiedce
and Technology from Ohrid, Macedonia and the Nonwic
University from Vermont, USA. A screenshot fromsthést
is given on Fig. 3. It can be noticed that durinig test there
was a course presentation about Network Securépgred
by the University of Norwich. Students were ablsilgato
follow the presentation, to ask questions, or tchexge
some ideas using the WebEx features. Several gmfeand
students participated from both Universities.

Both scenarios were several times performed ane wer
successfully completed.

Figure 3. iPhone 4 as a Part of the Learning Sy:

Figure 5. A Screenshot from the testing of WebEx on Inteomatl Figure 4. iPad as a Part of the Learning System
Distance Learning Conference
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VII. COMPARISON OFQOE EVALUATION RESULTS audio and video conversation, and chat. The mqiilene

The survey questions were answered by 30 studeats t supports audio conversation and chat. Currentlg slaaring
participated in the distance learning sessionsoti EC and (content sharing) from the mobile devices is nqipsuted.
MCC environment. They answered the questions #iir These constraints are due to the capabilities efntiobile

C o ; ; L devices as well as the features that are suppdayethe
articipation in the distance learning course. §iamplicit .
\F/)ve mgde the answers to have two %ptionS' ‘gooc?bad’y current WebEx version. However, the smart phonethed

i.e. ‘yes’, or ‘no’. Each student's vote for eadkegtion has a tablet (iPad) can only view the data (content) tkathared

weight of 10/3 by 30 participants. A summary of eE from a PC or Laptop. This is sufficient for mobgtidents

evaluation results is given in Fig. 7. The follogithings can (students on the road) to listen, to view and folithe
be concluded. lecture, since it not expected from them to makg an

The mobile devices provide higher and easier avititta ~ Presentation.
of the MDL system in MCC environment, since the VIIl. Conclusion and Future Work
conventional DL system in CC environment cannotio® . . . .
the learning content for the mobile students. Addilly the This paper provided a new Model of Distance Leanin

usage of High Performance Computing (HPC) Center i$ystem in Mobile Cloud Computing environment, bjngs
more useful for MDL system in MCC environment, gath High Performance Computing (HPC) Cluster infrastite,
than DL in CC environment. HPC Cluster infrastruetis @S Well as some existing videoconferencing tectgieto
useful in situations where the necessary computiamgiot be  €nriched with mobile and wireless devices. Aftee th
performed by a mobile device, or a conventional BC, introduction and the related work, t_he new MCC nhodas
laptop. This MCC model can be applied everywhererwh Presented. Then new system architecture was propose
there is need of fast and intensive computing aradyais of ~theé Mobile Distance Learning System in Mobile Cloud
huge amount of data, such as modeling of 3D graphiCComputlng Environment that uses the Internet Accéksn
visualization and animation in ecology, global cbm SOme QOE aspects of such distance learning systere w
solutions, financial risks, healthcare and medieaiming, —addressed. Finally QoE evaluation was performed by
decoding genome projects, etc. comparing the MDL system in MCC environment with
Additionally, the following was concluded. For tie. ~ 'espect to the DL system in CC environment. It was
system in CC envionment was noticed a perfecéoncluded that mobile devices provide higher ansieea
communication, without any delay, or noise intesfere, ava|Iab|I_|ty of MDL system in MCC environment, sinthe
since a high speed secured reliable internet aseessised.  conventional DL system with CC environment cannot
For the MDL system in MCC environment the network provide the learning content for the mobile studerthe
may not have good performances if the user usesetireork ~ Smart phone and the tablet (iPad) can only view dat
on a high speed train. Additionally, the mobile ides have (content) that is shared from a PC, or Laptop, Whie
limited capabilities compared to conventional Laptor PC. ~ Sufficient for the mobile students (students on tbad).
Laptop, or PC can provide audio and video conviersat They have to listen, to view and to follow the lget since it

chat, and data sharing option. The tablet (iPagypsus IS not expected from them to make any presentation.
Additionally, the usage of High Performance Conpgiti

Comparison of QoE results in [%]

30 4
20 |
10 4
0 T T T T T

B DL in CC Environment

B MDLin MOC Environmen t

B ow o@ 4 @ om B

Oueality of Easyto Eazyfocus to Easyinteractive Friendhy Ayailability of U =sbility of

presentating wnderstand the the system for Human thelgaming High
=3Tning pressnted presentation communication Computer  systemto the Performance
doCuments o0 eoEpt with the Interaction uzer Computing
presenter [HCT) [HPC) Center

Figure 7. Comparison of QOE Evaluation Results in %
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(HPC) Center is more useful for the MDL system €™
environment, rather than for the DL system in CC
environment. HPC Cluster Infrastructure is usefal i [°]
situations where the necessary computing cannot be
performed by a mobile device, or a conventional BC, [10]
laptop. This MCC model can be applied everywhererah
there is need of fast and intensive computing aradlyais of

huge amount of data, such as modeling of 3D graphiéll]
visualization and animation in ecology, global dim
solutions, financial risks, healthcare and mediealning,
decoding genome projects, etc.

In future, we plan to address some additional s<oe
the MCC, such as, Low Bandwidth, that could be ewlv
with 4G (5G) and/or Femtocells, Network Access
Management, QoS (from technical point of view swash [13]
network delay by using cloudlets, clonecloud, etbilling
and standardization of the interface. However owinm
interest is to provide more services on a Softwasea
Service (SaaS) basis for mobile learners and/oremori14]
efficient MDL by using HPC center. We plan to indtu [15]
services based on simulation, or experiments paddrby  [16]
the HPC center on behalf of mobile users, partibulen  [17]
healthcare and medical education and learning, avherg
extremely is necessary to perform quick data arsalys3D
medical images.
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