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Abstract

Mobile systems have limited resources, such as battery life, storage capacity, and processor performance. These restrictions overcome by
computation offloading. Energy efficiency is a fundamental consideration for mobile devices. Mobile Cloud Computing (MCC) is a model
for flexible growth of mobile device capabilities via universal wireless access to cloud storage and computing resources. Rather than
conducting all computational and data operations locally, MCC takes advantage of the abundant resources in clouds to store and process
data for mobile devices. Our objective is to conserve energy for the mobile device, by optimally executing mobile applications in the mobile
device (i.e., mobile execution) or offloading to the cloud (i.e., cloud execution). Our framework for energy optimal execution of applications
derived a condition when offloading is beneficial and amount of energy saved by optimal execution of application. Proposed system
demonstrated significant gain in execution speed and battery life of mobile phones.
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dynamic adaption to changes in the operating environment.
1. INTRODUCTION Rather than conducting all computational and data
operations locally, MCC takes advantage of the existing
resources in cloud platforms to gather, store, and process
data for mobile devices. Many popular mobile applications
have actually employed cloud computing to provide
enhanced services. Cloud computing and mobile
applications have been the leading technology trends in
recent years.

Together with an explosive growth of the mobile
applications and emerging of cloud computing concept,
mobile cloud computing (MCC) has been introduced to be a
potential technology for mobile services. The tension
between resource-hungry applications and resource-poor
mobile devices is considered as one of the driving forces for
the evolution of mobile platforms. Due to the limited
physical size, mobile devices are inherently resource-
constrained [1], equipped with a limited supply of resources
in computation, bandwidth, energy and storage. In
particular, the energy supply from the limited battery
capacity [2] has been one of the most challenging design
issues for mobile devices. The limited battery life has been
found by market research as the biggest complaint for smart
phones [3]. Therefore, resource limitations in the mobile
devices should be considered for the design of the mobile
applications [21].

Energy efficiency has always been critical for mobile
devices and the importance seems to be increasing. Use cases
are developing towards always on-line connectivity, high
speed wireless communication, high definition multimedia,
and rich user interaction. Development of battery technology
has not been able to match the power requirements of the
increasing resource demand [13]. The amount of energy that
can be stored in a battery is limited and is growing only 5%
annually [4]. Bigger batteries resulting into larger devices are
not an attractive option. Also thermal considerations limit the
power budged of the small devices without active cooling to
about three watts [5]. Energy efficiency improvements can
also always be traded for other benefits like device size, cost

MCC is a model for elastic augmentation of mobile
device capabilities via ubiquitous wireless access to cloud
storage and computing resources, with context-aware
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and R&D efficiency. Indeed, large part of the hardware
technology benefits have been traded for programmability in
mobile phone designs [6].

We illustrate architecture of the cloud-assisted mobile
application platform in Figure 1. Shows the system
architecture Energy monitor module measures the amount of
mobile energy consumed by an application to execute on
mobile or on cloud and the mobile components that will
check for energy consumption are CPU, LCD, Wi-Fi and
GPS. The offload decider decides based on the optimal
application execution policy. The applications run on cloud
make use of virtualization of resources thus this saves the
execution cost and also saves the mobile energy as the
execution done outside the mobile device and only the result
appear in mobile. Communication between cloud and mobile
should be secured and can be achieved by using encryption
and decryption [17].

2. RELATED WORK

To extend the battery life of mobile devices computation
offloading is necessary show by experiments that significant
power can be saved through remote processing for several
realistic tasks (up to 50% of battery life) decision making
algorithm that learns and adapts its decision based on
previous CPU time measurements [7][19][20]. Moreover,
some literatures have studied the energy issues of cloud
computing. [3] Presents an energy model to analyze whether
to offload applications to the cloud, mainly considering
computation energy in the mobile device the communication
energy for offloading [18]. Demonstrates that workload,
data communication patterns and technologies used (i.e.,
WLAN and 3G) are the main factors that highly affect the
energy consumption of mobile applications in cloud
computing. This analysis is roughly based on statistical
measurements and investigations [14] [15] [16].

Computation offloading has been the topic of a number of
studies. However, only a subset of those studies focus on the
effect offloading has on the energy consumption of the
mobile device. In most cases the focus is on response time
and other resource consumption. Large part of the research
uses modeling and simulation, like [8], which is an early
investigation of offloading work from mobile to a fixed host
concluding that under certain conditions 20% energy
savings would be possible.

Compiler technology has been studied in, e.g., [10],
where a program is partitioned to client and server parts. The
client parts are run on a mobile device and the server part is
offloaded. The main metrics evaluated are execution speed
and energy consumption. Even though the measurements
show that significant energy savings are possible, the
outcome is shown to be sensitive to program inputs.

Middleware based approach has been studied in, e.g.,
[6]. The described framework performs resource accounting
and uses execution time, energy usage and application
fidelity as criteria for deciding between local, remote and
hybrid execution.

Compared to these previous efforts, this paper provides
the framework of optimal execution of application on
mobile execution and cloud execution in order to conserve
energy consumption and time.

3. SYSTEM MODELING AND PROBLEM
FORMULATION

In this section, we present a model for application
execution on the cloud-assisted mobile application platform.
First, we define an application model. Following that, we
introduce an Energy monitor module for measures the
energy consumption for application execution, and one more
model is there to take decision for energy-optimal
application.
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Figure 1. A cloud-assisted mobile application platform: the mobile
device is cloned by a energy monitor, offload decider, security
which helps in optimal execution of application.

3.1 Application Module

A model that completely depicts all the aspects of an
application is complex. Most suitable application for
offloading and to get maximum benefit from offloading is
an application which is computationally complex and the
application input is as low as possible. Both the input data
size and the application execution time have the impact on
the energy consumption of mobile device. Normally with
more data input and (or) high execution time the energy
consumption is higher [9].

Image clustering is one of the suitable applications for
offloading as it is computationally complex and input is
smaller size. Figure 2. Shows execution mode of an
application in the proposed system, the image clustering
application executes optimally in two alternative modes: the
mobile execution and the cloud execution based on the
optimal application execution policy which is explained in
offload decider module.

Working procedure of Image Clustering with the k-means
Algorithm Simple and easy way to classify a given image
through a certain number of clusters (assume k clusters)
fixed a priori. Discrete cosine transform (DCT) helps to
separate the image into parts (or spectral sub-bands) of
differing importance (with respect to the image's visual
quality).

The algorithm is composed of the following steps:
1. Place K points into the space represented by the

objects that are being clustered. These points
represent initial group centers.
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2. Assign each object to the group that has the closest
centers.

3. When all objects have been assigned recalculate the
positions of the K centers.

4. Repeat Steps 2 and 3 until the centers no longer
move.

Algorithm aims at minimizing an objective function in this
case a squared error function. The objective function
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Figure 2. Application Executes in Two Modes
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Figure 3. Optimal Execution of Application
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Where in Eqg. (1) is a chosen distance measure
between a data point and the cluster centre is an indicator of
the distance of the n data points from their respective cluster
centre.

3.2 Energy Monitor Module

Energy Monitor app runs on Android devices to measure
the energy consumption of the device. Energy Monitor app
makes use of open source code of PowerTutor [11] Android
app. Energy Monitor app measures the energy consumption
by components including CPU, WIFI, 3G and Display. Each
component has different states and the power consumption
rate at each state differ. Energy Monitor app includes a set
of Parameters for each state describing how fast power is
consumed at the state.

Energy Consumption for Each Mobile Application or
process is considered as a separate user with its own UID.
Under /proc/uid_stat/<UID>/ directory lots of information
are available about the app or process including data
transmitted, memory usage etc. Energy Monitor app map
process id to UID then based on the statistics found under
the <UID> folder to decide the states for each component.
Based on statistics for each component for each UID or app,
Energy Monitor app obtained the power consumption for
each UID or app [12].

3.3 Offload Decider Module

The decision for energy-optimal application execution
is to choose where to execute the application with an
objective to minimize the total energy consumed on the
mobile device. Based on optimal execution policy offload
decider module decides the execution of application.

The two energy values that need to consider for
deriving optimal execution policy are below:

Eocat —Performing computation on mobile.

Eremote —Performing computation on cloud. It is sum of
energy for transferring the computational data and Eya;; - the
energy consumption while waiting for the result of the
offloaded computation E o and Egemote are mobile energies.

If D is the amount of data to be transferred in bytes
and C is the computational requirement for the workload in
CPU cycles then

ERemote = (D/Deff) + EWait ------ Eq- (2)
ELocaI = C/Ceff ................. Eq (3)

Where D¢ and C are device specific data transfer and
mobile computation efficiencies respectively. The Deg
parameter is a measure for the amount of data that can be
transferred with given energy (in bytes per joule) whereas the
Cess parameter is a measure for the amount of computation
that can be performed by mobile with given energy (in cycles
per joule). After sending the data the mobile needs to poll the
network interface while waiting for the result of the
offloaded computation this energy consumption by mobile
device iS Ewait- Eremote 1S the sum of transfer energy and the
waiting energy Ew,itas given in the Eq. (2).

3.3.1  Optimal Execution Policy

Optimal execution of an application is as shown in the
Figure 3. Offloading to cloud is beneficial when an
application execution satisfies Eq. (4) where the sum of
energy to transfer the computational data and waiting energy
is less than the energy to perform computation locally on
mobile. And the mobile execution is beneficial when an
application execution satisfies Eq. (5). So based on the
energy which is less the offload decider decides where to
execute. Based on previous execution history will decide
future execution.

ERemote < ELocaI .............. Eq (4)
ELocaI < ERemote .............. Eq (5)

To make offloading save energy heavy computation
and light communication should be considered [7]. In Eq.(2)
assumes that data must be transmitted from the mobile
system to the cloud. Fortunately this may not be true in many
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cases. For example the data (such as photographs and videos)
may also reside in clouds with high-speed networks (such as
Facebook.com and YouTube.com). Instead of transmitting
the data from the mobile system to the cloud the mobile
system needs to provide links to the cloud and the cloud may
download the data directly from the hosting sites. In this case
offloading improves performance of mobile and save large
amount of energy.

4. PERFORMANCE EVALUATION

To validate the performance of the proposed system,
run the image clustering application for different number of
images and on different configuration mobile devices.
Mobile A slightly high processing power than the Mobile B.
Table 1 give the phone specifications. Figure 4. And Figure
5.shows a comparison of amount of mobile energy consumed
by clustering application that run on cloud and mobile for
Different number of inputs. Figure 6. and Figure 7. shows a
comparison of execution time of clustering application that
run on cloud and mobile for different number of inputs.

Table 1 Phone Specifications

Mobile Name and OS CPU RAM
Micromax 1.2 GHz
Mobile A Canvas 2 and Dual Core 512
Android 4.0 Cortex-A9 MB
Samsung Galaxy
. 1 GHz
Mobile B S and Android 512
23 Cortex-A8 MB

Figure 4,5,6,7 show the comparison between the energy
consumption and execution time when an image clustering
application is executed on mobile and cloud. From the
following figures clearly see the difference between various
energy values and execution times. For smaller input the
execution on mobile might be better but as go on increasing
the input size i.e., number of images cloud execution proves
to be the better option.

From the above figures conclude that perform high CPU
bound tasks on mobile devices with the help of cloud
computing. Comparison between the energy consumption
and execution time shown in the above graphs clearly states
that with the help of developing network technology
perform all the CPU intensive jobs on mobile devices and
meanwhile Mobile CPU is free to perform other important
tasks which are required to be performed. Moreover it can
also save battery as most of work is done by cloud and not
by the device.
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Figure 4. Graph of energy consumed versus number of images -
mobile A
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Figure 6. Graph of execution time versus number of images for
mobile A.
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Figure 7. Graph of execution time versus number of images for
mobile B

5. CONCLUSION

The convergence of cloud computing and mobile
technology is one possible solution to the constraints of
mobile devices such as limited computation capability and
battery power. Proposed model transfer data and
computation from mobile devices into the cloud using native
mobile application based on execution policy. The recent
execution history of application will take into consideration
to take decision for future executions. The mobile devices
can be used to save both time and energy when it comes to
executing computationally heavy tasks by offloading it to
cloud. And also showed the amount of energy saved and
execution time is device specific.

This approach can significantly improve the energy saving
and time, system efficiency and performances. In this
system offloading operations are done manually. With this
importance, this article has provided an architecture module
description about application, energy monitor and offloads
decider execution policy. Then performance evaluations
have been discussed.
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