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ABSTRACT

Cloud computing is a modern technology that makesputing power universally available and providksid
utilities in resources acquisition. The integratmicloud computing into the mobile computing eowiment overcomes
obstacles related to the performance, like storagel bandwidth to the communication network resairce
We are witnessing a rapid adoption of smarter asviall around us, which brings with it orders ofgmiéude in
heterogeneity. Here comes the challenge to optirpedormance for devices that are so diverse imgeof energy

consumption, processing power and communicatioaluéfes.

We can extend the capabilities of mobile devicesuph cloud offloading. In this paper we brieflypéain two
applications that make use of cloud offloading niiove its performance as well as to save mobitéehalifetime.
The first application is based on CBIR, Content d&®hstmage Retrieval and the second one is a Cloadeb&obile

Social TV. In both the applications storage ancptfomputations are offloaded into the cloud.
KEYWORDS: Mobile Cloud Computing, CBIR, laaS, PaaS
INTRODUCTION

Cloud computing is a new paradigm in which compuitiesources such as processing, memory, and starage
not physically present at the user’s location. dadt a service provider owns and manages thesarcesp and users
access them via the Internet [1]. For example, Ama¥eb Services lets users store personal datdsv&mple Storage
Service (S3) and perform computations on stored daing the Elastic Compute Cloud (EC2). This tgpeomputing
provides many advantages for businesses—includwgtitial capital investment, shorter start-up eifior new services,
lower maintenance and operation costs, higherzatibn through virtualization, and easier disastgovery—that make
cloud computing an attractive option. Reports ssgtet there are several benefits in shifting catimg from the desktop
to the cloud [2], [3].

The primary constraints for mobile cloud computarg limited energy and wireless bandwidth. Clouchgoting
can provide energy savings as a service to mobéesythough it also poses some unique challeAgsstvey last year by
ChangeWave Research [4] revealed short batteryolifee the most disliked characteristic of Appi@hone 3GS, while a
2009 Nokia poll showed that battery life was the toncern of music phone users. Many applicatioasa computation

intensive to perform on a mobile system.

If a mobile user wants to use such applications,dtimputation must be performed in the cloud. Ia gaper,
we first describe the design of a novel mobile alotlV system, CloudMoV [5], which can effectivelyilize the cloud
computing paradigm to offer a living-room experiertf video watching to disparate mobile users wsftbntaneous social
interactions. In CloudMoV, mobile users can impative or on-demand video to watch from any videeaming site,

invite their friends to watch the video concurrgntind chat with their friends while enjoying thideo. It therefore blends
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viewing experience and social awareness amongdfiem the go. Secondly we describe mobile imagegssing.
In both cases cloud computing is integrated to teotdmputing environment which not only improves fiierformance

but also saves battery lifetime of the mobile desic
OBJECTIVES OF THE STUDY

To study the importance of cloud computing in melmdmmunication network.
CLOUDMOV: ARCHITECTURE AND DESIGN

As a novel Cloud-based Mobile sOcial tV system,udloMoV provides two major functionalities to paitiating
mobile users: (1) Universal streaming. A user dagasn a live or on-demand video from any video sesithe chooses,
such as a TV program provider or an Internet viskeeaming site, with tailored encoding formats saies for the device
each time. (2) Co-viewing with social exchangesis#&r can invite multiple friends to watch the sasigieo, and exchange
text messages while watching. The group of friewdtching the same video is referred to as a ses$twa mobile user
who initiates a session is the host of the ses$impresent the architecture of CloudMoV and thritbel designs of the

different modules in the following.
KEYMODULES

Figure 1 gives an overview of the architecture @udMoV. A surrogate (i.e., a virtual machine (ViM}tance),
or a VM surrogate equivalently, is created for eanline mobile user in an laaS cloud infrastructuréhe surrogate acts
as a proxy between the mobile device and the v&teoces, providing transcoding services as webBeggnenting the
streaming traffic for burst transmission to therug@esides, they are also responsible for handliaguently exchanged
social messages among their corresponding usees timely and efficient manner, shielding mobile ideg from
unnecessary traffic and enabling battery efficiesipntaneous social interactions. The surrogatehagmge social
messages via a back-end Paa$S cloud, which addsbsitgland robustness to the system. There istawggy server in
CloudMoV that keeps track of participating usersl dimeir VM surrogates, which can be implementedalbstandalone

server or VMs in the laaS cloud. The design of @MuaV can be divided into the following major furmtial modules.

» Transcoder: It resides in each surrogate, and is responsislelfoamically deciding how to encode the video
stream from the video source in the appropriaten&ty dimension, and bit rate. Before delivery te trser,
the video stream is further encapsulated into gerdransport stream. In our implementation, eaideor is
exported as MPEG-2 transport streams, which isléhfacto standard nowadays to deliver digital vided audio

streams over lossy medium.

» Reshaper:The reshaper in each surrogate receives the end¢aeghort stream from the transcoder, chopsat int
segments, and then sends each segment in a bursthedo mobile device upon its request
(i.e., a burst transmission mechanism), to achibeebest power efficiency of the device. The beizg, i.e., the
amount of data in each burst, is carefully decidedording to the 3G technologies implemented by the

corresponding carrier.

e Social Cloud: The social cloud is built on top of any general®akbud services with Big Table-like data store to
yield better economies of scale without being latkkown to any specific proprietary platforms. Déspts
implementation on Google App Engine (GAE) as a pada@oncept, our prototype can be readily portedther
platforms. It stores all the social data in thetesys including the online statuses of all usersprés of the

existing sessions, and messages (invitations aati iktories) in each session. The social datecategorized
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into different kinds and split into different em# (in analogy to tables and rows in traditiomddtional database,

respectively) [6]. The social cloud is queried frime to time by the VM surrogates.

* Messenger:lt is the client side of the social cloud, residingeach surrogate in the laaS cloud. The Messenger
periodically queries the social cloud for the sbdiata on behalf of the mobile user and pre-prazesdise data
into a light-weighted format (plain text files), atmuch lower frequency. The plain text files (iMX formats)
are asynchronously delivered from the surrogat¢ho user in a traffic-friendly manner, i.e., littteaffic is
incurred. In the reverse direction, the messengsedhinates this user's messages (invitations hatressages)
to other users via the data store of the sociaidtlo

e Syncer: The syncer on a surrogate guarantees that viewingygss of this user is within a time window oferth
users in the same session (if the user choosgmthi®nize with others). To achieve this, the symaiodically
retrieves the current playback progress of thei@edsost and instructs its mobile user to adjustpitayback
position. In this way, friends can enjoy the “sitfitogether” viewing experience. Different from ttesign of
communication among messagers, syncers on difféf®hsurrogates communicate directly with each otagr

only limited amounts of traffic are involved.

» Mobile Client: The mobile client is not required to install angsific client software in order to use CloudMoV,
as long as it has an HTML5 compatible browser (@pbile Safari, Chrome, etc.) and supports the ATIve

Streaming protocol [7]. Both are widely supportednaost state-of-the-art smartphones.

* Gateway: The gateway provides authentication services ferauto log in to the CloudMoV system, and stores
users’ credentials in a permanent table of a My$i@iabase it has installed. It also stores inforonatif the pool
of currently available VMs in the laaS cloud in #rey in-memory table. After a user successfullyslagto the
system, a VM surrogate will be assigned from thelgo the user. The in-memory table is used to gukze
small query latencies, since the VM pool is upddteduently as the gateway reserves and destroysngtdnces
according to the current workload. In addition, ¢feeeway also stores each user’s friend list ifaan gext file (in

XML formats), which is immediately uploaded to th&rogate after it is assigned to the user.

In this application the entire storage including tiser details resides in the cloud. The videos@meamed from
the cloud via internet. Computations are also affled into the clouds computing nodes. A breakdaovatyais conducted
by Carroll et al. [8] indicates that the network dates (both Wi- Fi and 3G) and the display contiébto a significant
portion of the overall power consumption in a mehdlevice, dwarfing usages from other hardware nesdiricluding
CPU, memory, etc. Offloading to cloud alone carinotease the battery lifetime. We target at ensaging coming from
the network module of smartphones through an efiicdata transmission mechanism design. We focudGmireless
networking as it is getting more widely used andaliemging in our design than Wi-Fi based transroissi
Based on cellular network traces from real-world &@riers, we investigate the key 3G configurapamameters such as
the power states and the inactivity timers, andgsea novel burst transmission mechanism for stregnfrom the
surrogates to the mobile devices. The burst tression mechanism makes careful decisions on bursts sand
opportunistic transitions among high/low power aanption modes at the devices, in order to effebtiviecrease the

battery lifetime.
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MOBILE IMAGE PROCESSING

This application is implemented using an androidgfphone and a cloud infrastructure. The andrpjalieation
is capable of capturing image using its camera aedd to a cloud server for content based imageeivatr
For reducing the processing overload of CBIR inraitdphones, the captured image is sent to a céauder running

CBIR algorithm over a stored image repository farshing images with similar feature set.

* Android Module: Is an android application that enables the ustake an image using his camera and search for
similar images stored in cloud server. The Comnativa between android phone and cloud server ig dsing

Wi-Fi connectivity.

e Cloud Server Module: Is implemented using two or three laptops runnimfpian Linux servers which are
clustered to run openstaaloud server. The cloud server manages the diffenestances running CBIR

application server, image storage server and imagesitory management server.

» CBIR Module: Is the application server running CBIR (contentdubsnage retreivel algorithm). One Function
of this module is to categorize the available insafyjem the storage repository based on the imaairie sets.
Other function of this module is to accept the imag search from the android smart phone and r@B&R

search over that image and provide a better rasulter with matching image feature sets.

* Image Repository Management Modulels a web application running in cloud server, whitgips the user to

upload images to the storage repository and alsel&te image from repository.
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Fig. 1. The architecture of CloudMoV.

Figure 1: Architecture of Cloud MoV
CONCLUSIONS

In this paper we introduced two mobile applicatitimest use cloud computing technology. The rapidbréasing
power of personal mobile devices (Smartphone, tabédc.) is providing much richer contents andaldoteractions to
users on the move. This trend however is throtbiedhe limited battery lifetime of mobile devicesdaunstable wireless
connectivity, making the highest possible qualifyservice experienced by mobile users not feasible recent cloud
computing technology, with its rich resources tanpensate for the limitations of mobile devices aathnections,
can potentially provide an ideal platform to sugpbe desired mobile services. We are using th8 [daud services in
both the applications. The open source tool usegésn nebula and the upcoming open nebula sunttoheology is used
for the cloud implementation.

The cloud helps to utilize the power properly. loutlMOV an android mobile user that is the clientonnected
to the cloud and the user can watch the video igHriends who are online at the same time. Tleas are uploaded in
the multimedia repository and the proper sharingaddieved by the DASH. MySQL is used for storing thser
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information. While watching the video the user adso chat with the friends. As like any social netithis application is
also support the friends inviting and chats. Futmoek is to add additional features to this appla@asuch as online video
chatting.

In mobile image processing application preprocessire images saves energy if the reduction in migson
energy compensates for the energy spent due toquesgsing. If the wireless bandwidth is high, tladue of the former
reduces. Moreover, different images may have diffevalues of the latter based on their contenésmcd preprocessing
must be adaptive based on the wireless bandwidthtenimage contents. Our analysis suggests tbatl domputing can
potentially save energy for mobile users. How-ewvet, all applications are energy efficient when matgd to the cloud.
Mobile cloud computing services would be signifitamlifferent from cloud services for desktops heszathey must offer
energy savings. The services should consider theggroverhead for privacy, security, reliabilithdadata communication

before offloading.
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