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Abstract
The advent of cloud computing has enabled the possibility of moving complex calculations and
device operations to the “cloud” in an effective way. With cloud computing being applied to
mobile devices some of the primary constraints of mobile computing, such as battery life and
hardware with less computational power, could be resolved by moving complex operations and
computations to the cloud. This thesis aims to identify advantages and disadvantages
associated with running cloud based applications on mobile devices. We also present a study of
the power consumption of five cloud based mobile applications and compare the results to their
noncloud counterparts. The results from the experiment show that migrating all your
applications to the cloud will not significantly reduce the power consumption of your mobile
device at the moment, but that mobile cloud computing has matured within the last year and will
continue doing so with the development of cloud computing.

PA1403

20130528

2

Table of contents
Abstract …......................................................................................................................
2
Table of contents ….......................................................................................................
3
Introduction ….................................................................................................................
4
Theory …........................................................................................................................
9
Publications ….........................................................................................................
9
Related work …..............................................................................................................
11
Research Methodology ..................................................................................................
12
Literature study …....................................................................................................
13
Search resources used ….................................................................................13
Search keywords used …..................................................................................
13
Search strings used …......................................................................................13
Search process …..............................................................................................
13
Empirical study  Technical experiment …..............................................................14
Results ….......................................................................................................................
14
Experiment process ….............................................................................................
14
Messaging …............................................................................................................
15
Native Messaging (noncloud) ….......................................................................
15
Facebook Messenger (cloud) …........................................................................
16
Calling …..................................................................................................................
16
Native Calling (noncloud) …..............................................................................
16
Skype (cloud) ….................................................................................................
17
File Management …..................................................................................................
17
ES File Explorer (noncloud) …..........................................................................
18
Google Drive (cloud) ….......................................................................................
18
Music ….....................................................................................................................
19
Android Walkman Player (noncloud) ….............................................................
19
Spotify (cloud) ….................................................................................................
20
Video Playback ….....................................................................................................
20
MX Player (noncloud) …....................................................................................
21
YouTube (cloud) ….............................................................................................
21
Result analysis/discussion ….........................................................................................
22
Conclusion …..................................................................................................................
28
References ….................................................................................................................
30
Appendix ….....................................................................................................................
32
Abstracts/summaries …...........................................................................................
32
Key words ….............................................................................................................
36
Acronyms …..............................................................................................................
36

PA1403

20130528

3

Introduction
With the advent of Cloud computing (CC), the possibility of moving complex calculations and
device operations to the “cloud”, or the internet, is a real possibility. Mobile devices have always
been inferior to PCs in terms of hardware. But with the rise of not only cloud computing, but
more specifically mobile cloud computing (MCC), there is no reason for mobile devices to come
in second place in terms of hardware any more.[18]
The cloud computing model introduces a three layer structure, as shown in figure 1, to the way
resources, services and applications are distributed. The bottom layer is the IaaS, or
“Infrastructure as a Service” layer. This layer represents the physical hardware that provides
computational power, storage etc. This layer is practically invisible to application developers and
end users and is meant to be managed automatically or by the IaaS service provider.
The middle layer is the “Platform as a Service” (PaaS) layer which delivers functionality to
developers. The PaaS layer services are essentially development platforms that let developers
focus on their application instead of the physical hardware problem.
The top layer is the SaaS, or “Software as a Service” layer where applications interface with end
users. It is on this layer that the applications are accessed and used by its users. “Apps” such
as Youtube, Gmail, Facebook etc. belong in the SaaS layer. Users do not need to know how the
underlying hardware layer (IaaS) functions and they do not need access to development and
deployment platforms in the PaaS layer.
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Figure 1: The three layers of Cloud Computing
The term “cloud computing” was first used in its current context in 1997 by Ramnath
Chellappa[25], he said that cloud computing was a “computing paradigm where the boundaries of
computing will be determined by economic rationale rather than technical limits alone.” It has
become synonymous with ecofriendly computing because of the way resources are utilized
only as much as they are needed. Instead of having a data center full of servers capable of
handling peak load running all day, using up enormous amounts of power, cloud computing
enables the dynamic allocation of just enough resources to carry out tasks, while minimizing
overhead. Load balancing and offloading technologies are imperative to the effectiveness of
CC.[9]
The term mobile cloud computing began appearing soon after cloud computing gained some
credibility. It is only logical that if you can offload expensive operations from computers, why not
do it on mobile devices that are becoming increasingly similar to PC’s? However MCC
technology is faced with not only the standard concerns of cloud computing, but there’s also the
inherent problems of connectivity, or lack thereof. How do you base something completely off of
internet access when it cannot even be guaranteed in most of the world?

PA1403

20130528

5

Since owning a mobile device that’s connected to the internet has become the norm in the
wireless world of today, MCC has a very large potential user base. Some apps already exist
which utilize this approach. One example is the rapidly growing movie streaming service
Netflix[19]. With the official app and a Netflix service subscription it’s possible to stream an entire
movie in high definition to a mobile device without using up any of the devices local storage. This
is only one example of how cloud technology opens up possibilities that were never possible
before.
If mobile cloud computing can follow the trend of regular cloud computing to receive widespread
adoption, the separation between mobile platforms and their respective operating systems (iOS,
Android etc.) would slowly fade away. All mobile devices would access services and applications
the same way (e.g. by using HTML5) and their hardware performance would no longer matter as
all computation would be done “in the cloud”, on a virtual device, and then sent back to the user.
This could also potentially prolong battery life and lower device costs[10], as more expensive
hardware would no longer be necessary.
The aim of this thesis is to evaluate what kind of performance and features one can expect from
a cloud based application on a mobile device, what effects it will have on the device that runs it in
terms of power consumption and performance, and to analyze issues that can emerge when
running cloud based applications on mobile devices.
Two major constraints for mobile cloud computing are limited energy and wireless bandwidth.
Studies[8] have been conducted on power consumption for cloud and noncloud based
applications and these studies show that the cloud based applications consume more power
than the noncloud ones. They believe that this is because of the WiFi interface on mobile
devices being a large factor in power consumption. But a lot of progress has been made in
wireless performance since the studies by Namboodiri and Ghose (2012)[8] and our theory is that
the WiFi interface has improved to such an extent that power consumption of cloud based
applications is now much smaller.
Other concerns with mobile cloud computing are hardware with less computational capacity and
availability. We believe that the computational issue can be solved by moving the “heavy lifting” to
dedicated computers in the cloud. This has been proven to work in a desktop environment with
the thin client architecture that is already being used in many businesses and schools. With the
continued development and expansion of 4G we also believe that the availability issue can be
resolved.
As with all new technologies, there will be problems and hurdles to overcome. The purpose of
the evaluation is to identify what problems the technology will initially face. We will then survey
our key forums for already proposed solutions, or come up with our own in order to alleviate
these problems. We also aim to identify as many advantages of mobile cloud computing as
possible. Ultimately we wish to prove that there are no critical drawbacks to using cloud based
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technology, and if there is we want to solve them.
Our research approach is a technical experiment following our literature study. For our literature
study we will use Summon@BTH to find relevant papers in the area. Most of the papers used in
this thesis were gathered from the IEEE Xplore database. We will start by finding publications
about mobile cloud computing in general and then narrow down our search results by building
more specialized search strings. The papers we ultimately will choose to include in our thesis
will be the ones with hard data that give us something to compare our findings to.
Our empirical study consists of a technical experiment where we compared power consumption
of noncloud applications and their cloud based counterparts. We compared the cost of the extra
network traffic that is required by cloud based apps to less network traffic and local processing
that is used by traditionally designed apps.
Seeing as the way smartphones are used varies a lot with demographics and age groups, this
means that there are no definitive top five usage scenarios. In a study carried out by Comscore
in 2012[22], it was revealed that in the U.S sending text messages is the dominant activity on
smartphones. The same study reports that listening to music is also among the top activities.
We have evaluated apps in the categories calling, messaging, audio playback, video playback
and file management. An example is the builtin Android video player versus the YouTube app.
Studies[8] have been conducted on power consumption for cloud and noncloud based
applications on laptops and smartphones. These studies compares power consumption of cloud
and noncloud based versions of three types of applications (word processing, multimedia and
gaming). The results from these studies show that all three of the cloud based applications
consume more power than their noncloud counterparts on smartphones while only the cloud
based multimedia application consumed more power on a laptop. Both the cloud and noncloud
based multimedia applications had similar power consumption when rendering the video on the
device but the cloud based application used up more power because of the large amount of data
that had to be transferred from the cloud. They believe this is due to the fact that the WiFi
interface is a much bigger share of the power consumption in smartphones than laptops.[8]
These previous experiments have been done on outdated versions of the Android operating
systems[8] and it can therefore be argued that network interfaces of have matured significantly in
parallel with the growth of cloud solutions. This is what we aim to find out.
In order to get the results we were looking for, we identified two main areas that warranted
further investigation. They are:
●

Will remote computation (cloud computing) decrease power consumption on mobile
devices?

We wanted to investigate the likelihood of performance gains when migrating applications and
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operations to the cloud. If there is a significant gain, both users and developers will be more
willing to adopt to this approach. The results were then used to ascertain whether a migration to
cloud based applications offers any form of return of investment.
●

Are there any drawbacks associated with running cloud based applications on mobile
devices compared to running native ones?
● Are there any other advantages to running cloud based applications on mobile devices
compared to running native ones?
Our empirical study consisted of five comparisons between traditionally designed, noncloud
based apps and cloud based apps which could act as their replacements. To measure the
power consumption we used PowerTutor[21], an app developed by PhD students at the university
of Michigan with the sole purpose of measuring power consumption of apps and system
services and components on Android devices. When choosing the power monitor app we
decided to go with the PowerTutor app for Android because it seems to be the dominant choice
when making power profiles for the Android platform, both for developers and users. It has been
used before in similar experiments[23] and the website promises accuracy within 5% of the actual
values[21]. The only other alternative for measuring power consumption that we could find was
the Little Eye software suite. We preferred PowerTutor because the Little Eye software is only
available for free as a trial, which we feel would hinder our tests sooner or later. We identified
apps from five major areas that we feel are the most desired by the average smartphone user.
These decisions were based on the Google Play marketplace ratings at the time of writing this
thesis. The apps we chose for measuring the chosen usage scenarios were:
●
●
●
●
●

Android builtin calling app vs. Skype
Android builtin SMS app vs. Facebook messenger
Android builtin Walkman Music Player vs. Spotify
MX Player vs. YouTube
ES File Explorer vs. Google Drive

The results from the experiment show that apps in some areas have evolved better with the
concept of cloud computing than others. The YouTube and Facebook messenger apps proved
to reduce power consumption on the mobile device. The YouTube app saves power because the
more expensive operations such as decoding video/audio data is offloaded onto remote servers
while the noncloud app, MX Player, must perform these operations on the device. When
comparing messaging apps we discovered that the data transmission operations are not as
costly as sending texts the “normal” way. Therefore the Facebook messenger also consumes
less power than the noncloud app.
However, when comparing voice call apps, we determined that Skype uses a lot of processing
power in order to reduce background noise. This makes it very battery heavy compared to the
builtin calling app in Android and therefore consumes more power. Our experiment also show
that it is more costly to stream music than playing it locally. This is because streaming the data
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via a network connection is more expensive than the local encoding/decoding process.
The result from our file management test shows that the noncloud ES File Explorer consumes
less power than the cloud based Google Drive app but not by much. However it must be noted
that ES File Explorer also performed its operations faster which must be taken into
consideration.
On a high level we can say that mobile cloud computing is in some cases a preferable
alternative to traditional native execution. We believe this is due to advances in both WiFi
interface technology, as well as in the Cloud computing field. Compared to the results found by
Namboodiri and Ghose (2012, pp.45)[8] we see that video playback is now significantly cheaper
in terms of power consumption (fig. 12). Our experiment on messaging applications shows
similar results.

Theory
Publications
The information gathered in papers [8], [9], [10], [11] and [12] relate to our first research
question:
● Will remote computation (cloud computing) decrease power consumption on
mobile devices?
The primary constraints for mobile computing are limited energy and wireless bandwidth[11] and
these constraints also apply to mobile cloud computing. Users tend to value longer battery life on
mobile devices higher than most other features. Cloud based applications on mobile devices
uses a technology referred to as offloading[9][10] that aims to have most, if not all, calculations
and device operations done on a virtual machine in the cloud. This will result in less CPU usage
and memory consumption[7] but will it also reduce power consumption on the device?
Studies[8] have been conducted on power consumption for cloud and noncloud based
applications on laptops and smartphones. The studies compares power consumption of cloud
and noncloud based versions of three types of applications (word processing, multimedia and
gaming). The results from these studies show that all three of the cloud based applications
consume more power than their noncloud counterparts on smartphones while only the cloud
based multimedia application consumed more power on a laptop. Both the cloud and noncloud
based multimedia applications had similar power consumption when rendering the video on the
device but the cloud based application used up more power because of the large amount of data
that had to be transferred from the cloud. They believe this is due to the fact that the WiFi
interface is a much bigger share of the power consumption in smartphones than laptops.[8]
But a lot of progress has been made in wireless performance and there are several technologies
that are believed to minimize the issues of high energy consumption. An example is the
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improvements that are being done to wireless data transmission. “With the energyefficient
wireless data transmission mechanism, the total energy cost (including data traffic produced by
network related applications and extra data traffic caused by task offloading) of mobile systems
could decrease.”[12] One of the ways to achieve this is the 802.11 power saving mode (PSM)
which has been well received and is widely supported by wireless interface cards. PSM is used
to minimize the time spent in idle listening in order to reduce energy consumption and can
therefore prolong battery life on mobile devices.
The information gathered in papers [13], [14], [15], [16] and [17] relate to our second and
third research questions:
● Are there any drawbacks associated with running cloud based applications on
mobile devices compared to running native ones?
● Are there any other advantages to running cloud based applications on mobile
devices compared to running native ones?
Without a doubt the biggest hurdle to overcome in mobile cloud computing is the mobility part.
Network access and speed is currently not very reliable when moving around a lot. This could
potentially render the use of cloud technology useless in many parts of the world. Availability and
QoS is still a big problem in general when talking about CC technology, not only in the mobile
area.[13][14] With the continued development of 4G and its expansion more and more areas will
have internet access which is a step in the right direction to solve the availability issue.
Other concerns with MCC are connected to the usual drawbacks of mobile devices. That is
hardware with less computational capacity than their desktop counterparts. Another one is
limited battery life.
The hardware problem would be mostly alleviated by moving computations and complex
operations to the cloud where dedicated computers would carry out the “heavy lifting”, and the
mobile device would simply send and receive data over a network. This would essentially make
mobile devices into “thin clients” that are already prevalent in many businesses and schools.
Thin clients are less powerful desktop computers that offload much of their work to more
powerful computers situated somewhere else. The thin client architecture was rejuvenated in
recent years in conjunction with the rise of cloud computing.[16] With the concept already proven
to work in a desktop environment, it should be feasible on mobile devices as well.
One problem that mobile devices have that stationary PCs don’t, is the issue of battery life and
battery consumption. It more an inherent side effect of mobility than a problem that can be
solved.[15] However as previously mentioned offloading complex operations could result in a
decreased power consumption which will in turn extend battery life.
Another problem could be the fixed memory assigned to the browser by the mobile operating
system. Since cloud based applications will use the web browser in order to run, this could limit
their functionality and performance. But as the mobile cloud computing development continues
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and more applications will be moved to the cloud the mobile devices will have more memory to
use and we could see mobile operating systems free up more space to browsers.
There is also different mobile platforms being developed that aims to be more suitable for cloud
computing. One of these platforms is Cloudberry.[17] Cloudberry is a HTML5 cloud phone
platform which has all the applications, including the standard applications such as contacts,
phone dialer, calendar etc. written as web applications. All the applications are run via a web
interface. This means that these platforms and the devices running them can be optimized in
terms of cloud performance and eliminate the issue of web browser memory limitations that
other mobile operating systems may have.

Related work
The information gathered in papers [1], [2], [3], [4], [5], [6] and [7] relate to our study of
HTML5 and its viability as a basis for multiplatform cloud based applications.
In a 2010 Wired magazine article, Chris Anderson and Michael Wolff provocatively claimed that
“the (World Wide) Web is dead.”[1] However since 2010, a lot has changed in the way the (World
Wide) Web is used. The HTML5 standard comes with a vast range of new features that aim to
enrich the web experience. Almost to the point of eradicating the need for locally installed
applications. Below is a quick summary of the pros and cons of HTML5.
Pros [2]
● No installation.
● Platform independent. (Needs only a HTML5 compatible web browser)
● Instant deployment and availability (No need for publishers, distributors, app stores etc.)
● Can do a lot of the things normal desktop applications can.
Cons [2]
● HTML5 is still a relatively new technology.
● Browsers must increase security to cope with new features that can be used
maliciously.
● Not all browsers are evolving quickly enough to adapt to new functionality and widespread
support and compatibility is a problem with some features.
Many flagship features of HTML5 continue to blur the line between desktop application and web
page. With geolocation, camera, audio/video playback and local file manipulation the need for
installed applications on the device seems more and more outdated.[3]
Despite it’s many features HTML5 can still not cover all aspects of traditional desktop
applications. For instance games which require complicated logic and graphics will probably
remain as locally installed applications until GPU rendering has had time to mature on RIA (Rich
Internet Application) frameworks.[4]
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While all applications may not be ready to fully migrate to the web, some of the most glaring
problems can be alleviated by using cloud computing. Many big name companies are already
rolling out cloud solutions that make use of HTML5 to provide user friendly web applications.[5]
Google, for example, allows users to attach files to emails using their cloud storage service
Google Drive. Instead of attaching the file a link to the cloud stored version is included. This
reduces both email size and transfer time. It also gives recipients continuous access to the
latest, most up to date version of the file. The Gmail app is powered by HTML5 and takes
advantage of many of its features.
There are significant benefits in using HTML5 as the basis for an application, instead of
developing and supporting many different versions. The cost and effort decrease is highly
desirable and the increased compatibility and portability is very positive indeed.[6] The
development of small scale apps based on HTML5 is promising but the current state of the
standard does not warrant a complete migration of desktop apps to HTML5. However it should
become more common within the next year or two.

Research Methodology
Literature study
The majority of the papers we chose to our literature study were gathered from IEEE Xplore.
IEEE are one of the leading developers in cloud computing and are continuously hosting
conferences and publishing papers in the area.
Our search was conducted by first building a couple of basic search strings such as “Mobile
Cloud Computing”, and identifying the keywords that gave us the most relevant results. Then we
combined these and built more specialized search strings such as “Mobile cloud computing
offload”. The more refined search strings gave us the results we were looking for. We used
Summon@BTH for the most part when searching for publications. Summon@BTH is a
publications search engine that offers instant access to publications from numerous sources. It
is a useful tool when searching for published work by credible authors.
The papers were mostly smaller parts of scientific publications such as the International Journal
of Computer Applications which calls itself a scholarly peerreviewed research publishing
journal. The publications we used were scientific studies of different areas of the computer
science field. They provided us with hard data to support our claims and helped identify areas
where we could contribute. Since the technology we are studying (Cloud computing) is relatively
new, most of the scientific reports that we used had to be contemporary as well. The majority of
our references point to papers published within the last 3 years.
The papers we chose to include in our thesis are the ones with hard data that give us something
to compare our findings to. We will intentionally leave out the ones that contains general
information on our subject, because that will be covered in the introduction and related work.

PA1403

20130528

12

When conducting the empirical investigation we applied the same limitations as the things to use
in our thesis. We wanted hard comparable data, which we found enough examples of. We do
not need the more general papers on Cloud computing or HTML5.

Search resources used
●
●
●
●
●

Google (Search Engine)
Summon@BTH (Publications Search Engine)
Google Scholar (Reference database)
BTH Arkiv EX (BTH paper database)
IEEE Xplore (Database)

Search keywords used
●
●
●
●
●
●
●
●
●

Cloud
Mobile Cloud
Cloud Computing
Offload
Performance
Wifi
Efficiency
Compatibility
HTML5

Search strings used
●
●
●
●
●
●
●
●
●
●
●
●
●
●

“HTML5 Cloud Mobile”
“HTML5 Replace Desktop Applications”
“HTML5 viability”
“Cloud based HTML5”
“HTML5” AND “desktop” OR “features”
“Mobile compatibility HTML5”
“Mobile cloud computing”
“Mobile cloud computing” AND “performance” OR “offload” OR “Wifi”
“Cloud based applications on mobile devices”
“Mobile Cloud Offloading” OR “Mobile Cloud Computing”
“Mobile Device Cloud”
“Cloud Computing Offloading” OR “Cloud Offloading”
“Cloud Computing”
“Thin Client Cloud”

Search process
Our main source of related works was Summon@BTH. Our selection process was based on
information in abstracts and keywords.
1. First we read the abstract, and decided whether the document would contain relevant
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information.
2. If the abstract seemed relevant, we checked the keywords section to find out if the
document contained the information we were after.
3. The next step involved scanning through the document quickly for the results chapter in
order to validate that the information was worth using in our study.
4. The last step was simply to read through the entire document from start to finish, and
then discuss the findings therein.

Empirical study - Technical experiment
Our empirical study will involve evaluating different cloud based mobile apps and comparing
them with traditionally designed apps. We compared the cost of network traffic (where complex
calculations are done in the cloud) to less network traffic and local processing.
We have chosen to evaluate apps that offer the most common functionality that we think the
average smartphone user desires. They are:
○ Calling
○ Messaging (SMS)
○ Music listening
○ Video playback
○ File management
We have found applications that work locally such as the default SMS apps or a media player
that plays locally stored files and we intend to compare them to viable cloud based replacements
such as the Facebook messenger and the official YouTube app. This will be done for each of the
listed tasks. The results of this investigation will then be used to prove or disprove our theory of
cloud based applications using less power.

Results
The smartphone device used in this experiment:
Sony XPERIA P
Model number: LT22i
Android OS Version: 4.0.4 (ICS)
WiFi interface: 802.11/b/g/n
In order to measure the power consumption of the apps we used an application called
PowerTutor.[21] The application was created by PhD students and teachers at the University of
Michigan for the sole purpose of measuring power consumption of different apps on Google's
Android Phones. The application promises to provide estimations within 5% of actual values.

Experiment process
In order to carry out the power measurement, make sure that the PowerTutor application is
installed. For our experiment, we set the application to include network traffic and screen activity
as part of the total power consumption of one application. Each part of the experiment was
carried as described below.

PA1403

20130528

14

1. Start the PowerTutor application.
2. Make sure all the settings for the application are correctly set according to the above
description.
3. Start the capture process.
4. Switch to the application being tested.
5. Carry out the tasks covered in the scenario description
6. Switch back to the Powertutor application and stop the capture process.
7. Examine the saved log file and extract the relevant data.
8. mW = milliWatt
J = Joule
t = Time in seconds
Calculate mW value using the following formula: mW = (J/t)*1000

Messaging
This experiment was chosen because texting is one of the most common activities on
smartphones of today. We chose a simple scenario where 10 messages were sent and
received in no particular order. This means sometimes 2 messages could arrive after each
other, and 3 could be sent in succession. The total message count was 10 messages sent, and
10 messages received.

Native Messaging (non-cloud)
With the builtin Messaging application, the experiment took approximately 6 minutes and 53
seconds in total. During the full duration of the experiment the messaging app consumed 69.5%
of the total battery power. It used up a total of 176.5 J during the test period, which equals 427.36
mW. See figure 2.

Figure 2: Percentage of total power consumption of the builtin SMS app.

Facebook Messenger (cloud)
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The cloudbased Facebook Messenger application generally has faster transfer times of
messages (this would vary depending on the network speed), which impacted the total time
taken for the experiment. The same succession of messages was sent over this application in 5
minutes and 22 seconds. During this period the app accounted for 74.9% of the total power
consumption on the phone. It consumed a total of 121 J, which equals 375.78 mW. See figure 3.

Figure 3: Percentage of total power consumption of the Facebook Messenger app.

Calling
Traditional phone calls is another obvious choice, seeing as it is the most basic functionality in a
phone. We chose to pit the native calling application against the Skype app, which is the
dominant 3rd party app for voice calls. Skype has a bad reputation of draining battery quickly. We
found that these accusations were indeed true. Our experiment involves a 10 minute call with
constant audio data being transmitted.

Native Calling (non-cloud)
During the experiment, the app accounted for 47.8% of the total battery use on the phone, and
drained approximately 72.2 J, which is equal to 120.33 mW. See figure 4.
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Figure 4: Percentage of total power consumption of the builtin calling app.

Skype (cloud)
The general consensus is that this app is very heavy on the battery. Our test validated these
complaints as a conversation of the same length (10 min) required 393,8 J, or 656,33 mW.
During the test period, the Skype app consumed 79,6% of the total battery power within the 10
minute timespan. See figure 5.

Figure 5: Percentage of total power consumption of the Skype app.

File Management
We consider file management to be another important task, with music and photo collections
residing on the same sd card, together with installed apps and downloaded files, file
management is a necessity when using a smartphone. For the experiment we chose the ES File
Explorer app, which seems to be the most common file management application on the Google
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Play marketplace when writing this thesis. It supports all the most common file operations on
local files. For the cloud based alternative, we chose Google Drive as our candidate. It allows
users to manage their cloud based drive with ease, and supports uploading of files in addition to
all the normal features (rename, move, etc.).
The experiment was designed around what we consider to be the most common file operations.
They are creating, renaming, moving and removing files. We designed a test scenario that
included all these features in a series of test steps.
1.
2.
3.
4.
5.

Create a file. Name is “file1”.
Create a folder. Name it “folder1”.
Move file1 to folder1.
Rename file1 to “file2”.
Remove folder1.

ES File Explorer (non-cloud)
The experiment took roughly 3 minutes (2 minutes, 54 seconds) with the local file management
application. During this time, the app consumed 40.2% of the total power consumption. It
consumed a total of 40.6 J, or 233.33 mW. See figure 6.

Figure 6: Percentage of total power consumption of the ES File Explorer app.

Google Drive (cloud)
When using the cloud based Google Drive, file operations were a little slower. The total time was
3 minutes and 37 seconds for the same scenario. The test cost 48.2 J, or 222.12 mW. This
means that the Google Drive app used less power than the local app, even though it needed
longer time to complete the actions. during the test, Google Drive used 67.5% of the total battery
power. See figure 7.
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Figure 7: Percentage of total power consumption of the Google Drive app.

Music
Playing music is another essential feature of smartphones today. With the release of Spotify
more and more people stream their music instead of storing it locally. However services such as
iTunes still warrant a local music library which makes us think that the choice between local and
cloud stored music libraries is interesting. For the local music player we chose the native app
which was installed on the phone, called simply Walkman. For the cloud based counterpart we
chose the most common music streaming service as of 2013, which is Spotify.
The experiment is simple playback of a song, roughly 10 minutes in length (10 minutes, 7
seconds) on max volume.

Android Walkman Player (non-cloud)
We experienced some difficulty in measuring music playback as the walkman app itself only
used up 4.3 J (7.08 mW), but there are also system services called Media Server and Audio
Devices, which used up 66.5J (109.56 mW) and 16.4J (27.02 mW) respectively. For the sake of
comparison, we have decided to use the total power consumption of these three instances
combined. The total power consumption was 87.2 J, or 143.66 mW for playing back a 10minute
track on max volume using the native Walkmanapplication. See figure 8.
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Figure 8: Percentage of total power consumption of the builtin Walkman player app.

Spotify (cloud)
Using the same approach when calculating the total power consumption of the Spotify app,
playing back the same 10minute song we get 127.2 J(209.56 mW). If we divide the results into
the Spotify app (53.6J / 88.30 mW), Media Server (42.1J / 69.36 mW) and Audio Devices (31.5J /
51.89 mW) we can see that the Spotify app itself draws significantly more power than what the
Walkmanapp does. This is most likely due to the fact that streaming data is a more “expensive”
operation than opening locally stored files. Figure 9.

Figure 9: Percentage of total power consumption of the Spotify app.

Video Playback
The last scenario that we considered to be interesting is video playback. Whether it’s recorded
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camera footage or entire movies, video playback is an often used feature in the smartphones of
today. For this experiment we chose to play back a video roughly 10 minutes in length (10
minutes, 21 seconds), in 720p resolution and with maximum volume. Both players were set to
keep the screen lit during the entire playback of the file.

MX Player (non-cloud)
We chose the most popular app on Google Play at the moment of writing this, which is MX
Player. It plays back locally stored video files in most formats. during the experiment, the app
consumed 56.5% of the total battery consumption. The Media Server service used 23.6% of the
total battery power during the test. The app used up a total of 301.8 J (486 mW) for the duration
of the video. The Media Server service used 127.9 J (205.96 mW). The total power consumption
was 429.7 J, or 691.95 mW. See figure 10.

Figure 10: Percentage of total power consumption of the MX Player app.

YouTube (cloud)
For our cloud based alternative we chose the leading video streaming service, Youtube, and the
official app for using their service. The app accounted for 1.4% of the total battery consumption
during playback. The Media Server service accounted for another 21.6% of the total battery
consumption. Combined they used 23%.
The total power consumption of the YouTube video playback was 136.5 J, or 219.80 mW (Media
server included). The app alone only used 8.4 J (13.53 mW), while the Media Server service
used 128.1J (206.28 mW). See figure 11.
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Figure 11: Percentage of total power consumption of the YouTube app.

Result analysis/discussion
In analyzing the results of our empirical study of power efficiency in cloud computing we find that
some areas have evolved better with the concept of cloud computing. We can see that playing
video files is cheaper when done through streaming, rather than playing back a locally stored file.
This is because the more expensive operations such as decoding video/audio data can be
offloaded onto servers. When playing back a local file all this work has to be done on the device,
which in turn uses more power. The results for video playback are presented in figures 12 and
13.

Figure 12: Power consumption during video playback (J).
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Figure 13: Power consumption during video playback (mW).
These results are an example of how far mobile cloud technology has come in less than a year.
Namboodiri and Ghose (2012, pp.45) [8] presented results that showed that cloud based video
playback had a higher power consumption. Our experiment shows a significant difference,
because in our case, cloud based video playback consumed a lot less power.
However our results in other parts of the experiment also show that some areas still aren’t
mature enough to warrant a complete reliance on cloud technology. In music playback we see
that it is actually more costly to stream music than to play back local files. This is because the
encoding/decoding process of simple mp3 files is cheaper than streaming the data via a network
connection. There really isn’t that much to gain from streaming lower quality music, besides
obvious reasons such as saving storage space. The results for audio playback are presented in
figures 14 and 15.
Cui et al.[12] (2013, pp.4) propose a model for reducing the cost of data transmission in mobile
cloud solutions. This could potentially decrease power consumption, and in the case of audio
streaming make it a more cost effective alternative than the local approach.
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Figure 14: Power consumption during audio playback (J).

Figure 15: Power consumption during audio playback (mW).
In the case of voice calls, we have determined that the Skype app uses a lot of processing
power in order to reduce background noise and deliver audio data without stutter. It is a very
battery heavy app compared to the default calling application on our test device. The average
user may not see the more advanced operations of Skype as something they need, as the
default calls are more than good enough in terms of quality. There’s no incentive to sacrifice that
much battery power unless you count the fact that Skype calls are free. The results for voice
calls are presented in figures 16 and 17.
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Figure 16: Power consumption for one call (J).

Figure 17: Power consumption for one call (mW).
During our tests on messaging, the results showed us once more that the data transmission
operations are not as costly as one might imagine. In the case of messaging, these costs are
much lower than that of sending texts the “normal” way. We found that using the Facebook
messenger app saved lots of energy. This benefit, in conjunction with the fact that the facebook
messages are also free of charge, proves that it is a highly desirable substitute for sending short
text messages. Our experiment did not include sending images via MMS/Facebook messenger.
The results for messaging are presented in figures 18 and 19.
Namboodiri and Ghose (2012, pp.45)[8] proposes that mobile cloud computing will be a more
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energyefficient alternative if, and only if the reduction of local processing load can offset the
costs of data transmission. In the case of messaging our results show that the cost of local
processing does offset the costs of data transmission making the cloud based solution a
preferable approach.

Figure 18: Power consumption during text message conversation (J).

Figure 19: Power consumption during text message conversation (mW).
Our file management test was a very interesting one because as far as software and services
goes, remote files storage, and Google Drive has been around for a long time, in one form or

PA1403

20130528

26

another. This would naturally make you assume that since it has had more time to evolve, it
would give clear results as to what we can expect from mobile cloud technology as a whole.
Our experiment was designed to incorporate the most basic and common file operations we
employ as users. The test case is described in more detail in the previous chapter, Results.
We found that despite the already established cloud storage technology, the Google Drive app
uses up slightly more power when performing certain file actions compared to its local
counterpart. However it must be noted that the local file management application was not only
cheaper in terms of power, but also quicker. This lead to the experiment being shorter when
using the ES File Explorer app. Instead of intentionally delaying the experiment, we used this as
a result.
The conclusion is that not only is it cheaper (if only marginally) to manage files locally, but it is
also faster.
In the case of file management, the costs of local processing is not large enough to offset the
transmission costs, thus the results prove that file operations are best done locally. It should be
noted that the differences in power consumption are only marginal, and the difference is barely
noticeable. The results for file management are presented in figures 20 and 21.

Figure 20: Power consumption during file management (J).
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Figure 21: Power consumption during file management (mW).

Conclusion
Following our experiments, we have come to the conclusion that mobile cloud technology still
has room for lots of improvement. In our experiments, the cloud based alternative only “won” in 2
categories, video playback and messaging. The file management experiment is somewhat
inconclusive but we find that the difference between managing files locally and in the cloud is
barely noticeable. Video playback using the official YouTube app is cheaper than playing back a
locally stored file. This does not apply to music playback however, as the Spotify app is more
costly than playing mp3files from the device’s storage. The Skype app is also a serious power
leech during calls, compared to the standard builtin calling application. As for messaging, the
cloud based alternative Facebook messenger, is cheaper both in terms of power and money, as
individual messages are free of charge.
We can see that mobile cloud computing has evolved significantly in just under a year because
our experiment results differ from what has been said previously.[8][10]
In the introduction chapter we specified three research questions.
●

Will remote computation (cloud computing) decrease power consumption on mobile
devices?

This is true were the reduction of local processing load offsets the costs of data transmission as
proposed by Namboodiri and Ghose (2012, pp.45)[8]. Our experiment results show that power
consumption is decreased in some cases which tells us that cloud based applications are
evolving and slowly overcoming their drawbacks. This is especially evident in our video playback
experiment where the power cost is far lower using a cloud solution. This was not the case a
year ago.[8]
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●

Are there any drawbacks associated with running cloud based applications on mobile
devices compared to running native ones?

Two major drawbacks of running cloud based applications are availability and QoS. With the
continued development and expansion of 4G we believe that these issues can be resolved by
reducing latency and providing more areas with network access.[14][24]
●

Are there any other advantages to running cloud based applications on mobile devices
compared to running native ones

With mobile cloud computing all computations and complex operations will be moved to the
cloud. This will eliminate the need for expensive hardware and therefore lower device costs. It
will also free up storage space since most of the data will be stored in the cloud and provide
easier accessibility.[14]
As of right now, fully migrating from all of your everyday applications to their cloud based
counterparts will not result in longer battery life, as the alternatives only differ significantly in
some cases. What we can say however, is that mobile cloud technology has matured within the
last year or two, and will probably continue to do so until it has surpassed the traditional
approach. As cloud computing evolves further, mobile cloud computing will follow.
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Appendix
Abstracts/summaries
[1]

Reports of the Web’s Death Are Greatly Exaggerated
The development of entirely new types of Web-based software systems built to
leverage the vast capabilities of the World Wide Web allows the use of dynamically
downloaded applications and services from any type of terminal, including both
desktop computers and mobile devices, implying radical changes in the ways people
develop, deploy, and use software

[2]

Ready for a Web OS?
A new generation of browsers may finally herald the long-awaited convergence of the
Web and operating system.

[3]

HTML5 - A new standard for the web
HTML5 is the newest revision of the HTML standard developed by the World Wide Web
Consortium (W3C). This new standard adds several exciting news features and
capabilities to HTML. This article will briefly discuss the history of HTML standards,
explore what changes are in the new HTML5 standard, and what implications it has
for information professionals. A list of HTML5 resources and examples will also be
provided.

[4]

Graphics Performance in Rich Internet Applications
Rendering performance for rich Internet applications (RIAs) has recently focused on
the debate between using Flash and HTML5 for streaming video and gaming on
mobile devices. A key area not widely explored, however, is the scalability of raw
bitmap graphics performance for RIAs. Does Flash render animated sprites faster
than HTML5? How much faster is WebGL than Flash? Answers to these questions are
essential for developing large-scale data visualizations, online games, and truly
dynamic websites. A new test methodology analyzes graphics performance across
RIA frameworks and browsers, revealing specific performance outliers in existing
frameworks. The results point toward a future in which all online experiences might
be GPU accelerated.

[5]

Migration of Services to the Cloud Environment: Challenges and Best Practices
Cloud computing is coming-up as a new generation business paradigm with significant
potential to increase the agility and lower the costs. Business people are looking for
better ways to migrate their existing applications to a cloud-based infrastructure to
enjoy the immense cloud potential. However, the security risks, lack of mature
technology and standards, and other concerns prevent widespread enterprise
adoption of external clouds. Companies are developing a cloud computing strategy
based on growing the cloud from inside-out. Still, many applications are not suitable
for hosting at external clouds. Hence, migration of services to the external cloud
becomes a major issue whenever there is a paradigm shift. There are many key
Challenges of Enterprise Cloud Computing like Data Governance, Manageability,
Monitoring, Reliability, Availability and Virtualization. Present work discusses the major
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challenges towards the migration of services in cloud environment, considering both
the public as well hybrid clouds. In order to signify the challenges, both technical and
business issues have been considered. The best practices by IT giants have also
been highlighted, considering the present day business environment.
[6]

Smart Phones Application development using HTML5 and related technologies:
A tradeoff between cost and quality
Smart Phone Revolution has forced companies to develop the smartphone versions of
their applications. Smart Phone market is very fragmented and volatile and there is
no single dominant platform. Building native applications for all the platforms is too
costly and time consuming. As HTML5 is emerging as a viable option for building
cross platform applications, experts are debating their quality and cost
effectiveness. In this research paper we have evaluated the quality as per ISO 9126
and look closely where HTML5 based applications are standing against the major
quality factors of ISO 9126. In this paper HTML5 based applications were evaluated
against the quality factors like Functionality, Usability, Efficiency, Maintainability,
Reliability and Portability. We have also discussed the possible cost effectiveness of
HTML5 based applications in comparison with native application development.

[7]

Network Performance of HTML5 Web Application in Smartphone
Hypertext markup language 5 (HTML5), a new standard for HTML, enriched with
additional features is expected to override all the basic underlying overhead needed
by other applications. By the advent of new extension, HTML5, the web’s basic
language is transplanted from a simple page layout into rich web application
development language. Furthermore, with the release of HTML5, traditional browsing
is expected to change and modify accordingly and on the other hand the potential
users will have an alternative rather than sticking in platform and OS dependent
native applications. This thesis deals with the readiness assessment of HTML5 with
regard to different smart phones- Android and Windows. In order to visualize the
fact, we analyzed different constraints like DNS lookup time, page loading time,
memory and CPU consumption associated with two applications-Flash and HTML5
running right through the smart phones. Furthermore, the comparative analysis is
performed in different network scenarios- Wi-Fi and 3G and user experience is
estimated based on network parameters. From the experiments and observations
taken, we found that android phones provide better support for HTML5 web
applications than windows mobile devices. Also, the HTML5 applications loading time
is limited by the browser rendering time rather that the content loading time from
the network and is also dependent on hardware configuration of device used.

[8]

To cloud or not to cloud: A mobile device perspective on energy consumption of
applications
The cloud computing paradigm enables the work anywhere anytime paradigm by
allowing application execution and data storage on remote servers. This is especially
useful for mobile computing and communication devices that are constrained in
terms of computation power and storage. It is however not clear how preferable
cloud-based applications would be for mobile device users. For users of such battery
life constrained devices, the most important criteria might be the energy consumed
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by the applications they run. The goal of this work is to characterize under what
scenarios cloud-based applications would be relatively more energy-efficient for
users of mobile devices. This work first empirically studies the energy consumption
for various types of applications and for multiple classes of devices to make this
determination. Subsequently, it presents an analytical model that helps characterize
energy consumption of mobile devices under both the cloud and non-cloud
application scenarios. Finally, an algorithm GreenSpot is presented that considers
application features and energy-performance tradeoffs to determine whether cloud
or local execution will be more preferable.
[9]

A Survey of Computation Offloading for Mobile Systems
Mobile systems have limited resources, such as battery life, network bandwidth,
storage capacity, and processor performance. These restrictions may be alleviated
by computation of f loading: sending heavy computation to resourceful servers and
receiving the results from these servers. Many issues related to offloading have been
investigated in the past decade. This survey paper provides an overview of the
background, techniques, systems, and research areas for offloading computation.
We also describe directions for future research.

[10]

Cloud Computing for Mobile Users: Can Offloading Computation Save Energy?
The cloud heralds a new era of computing where application services are provided
through the Internet. Cloud computing can enhance the computing capability of
mobile systems, but is it the ultimate solution for extending such systems’ battery
lifetimes?

[11]

Energy-as-a-Service (EaaS): On the Efficacy of Multimedia Cloud Computing to Save
Smartphone Energy
In spite of the dramatic growth in the number of smartphones in recent years, the
challenge of limited energy capacity of these devices has not been solved
satisfactorily. However, in the era of cloud computing, the limitation on energy
capacity can be eased off in an efcient way by ofoading heavy tasks to the cloud.
It is important for smartphone and cloud computing developers to have insights into
the energy cost of smartphone applications before implementing the ofoading
techniques. In this paper, we evaluate the energy cost of multimedia applications on
smartphones that are connected to Multimedia Cloud Computing (MCC). We have
conducted an extensive set of experiments to measure the energy costs to
investigate whether or not smartphones save energy by using MCC services. In
other words, we investigate the feasibility of MCC to provide the Energy-as-a-Service
(EaaS). Specically, we compared the energy costs for uploading and downloading a
video le to and from MCC with the energy costs of encoding the same video le on
a smartphone. The aforementioned comparison was performed by using HTTP and
FTP Internet protocols with 3G and WiFi network interfaces. All the experiments were
conducted on an Android based HTC Nexus One smartphone. Our results show
that MCC provides the smartphones with many multimedia functionalities and saves
smartphone energy from 30% to 70%.

[12]

A Survey of Energy Efficient Wireless Transmission and Modeling in Mobile Cloud
Computing
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The emergence of mobile cloud computing (MCC) indicates that increasingly
abundant applications are available, thus deeming energy problems even more
significant. To achieve energy optimization in mobile systems, power consumption
involved with each component or application need to be estimated prior to
execution. In this paper, we present a survey on the universal energy estimation
model for mobile devices. Additionally, due to the significance of wireless network
interface card (WNIC) in the power use of mobile devices, considerable researches
have been devoted to a low-power design of the WNIC (i.e., Cellular and WiFi). These
efforts have allowed us to provide a comprehensive summary of recent work on
transmission energy savings. Finally, we conclude the survey and discuss the future
research directions.
[13]

Cloud Computing - An on Demand Service Platform
Since computing required number of hardware and software resources which
continuously changed or upgraded thus requiring customers and users to
consistently pump in investments to upgrade their infrastructures. This required
researchers to arrive at a solution where users and customers would have access to
latest versions of hardware and software without requiring new investments. This led
to the very concept of cloud computing where a customer or user pays only for the
service rather than for the product. This paper is a base paper that gives a brief
introduction to the cloud computing, from what technologies cloud computing is
derived, its components, its merits and demerits, also main challenges to the cloud
computing. This paper also helps to categorize the various services provided by any
cloud service provider in some categories depending upon the type of service.

[14]

A Survey on Mobile Cloud Computing
Today, during global economic downturn, exponential growth of businesses and
e-commerce deeply require better and innovative technique to reduce cost with
increasing value. Now a days due to the requirement of anytime anything from
anywhere, the volume of data accessibility increases, which gave birth to the cloud
computing. More or less Cloud computing describes highly scalable computing
resources supplied as an outer service through internet on pay-as-usability basis.
Main call for Cloud computing is that users only utilize what they required and only
pay for what they really use. Cloud computing is used to provide services to a local
client through internet on on-demand basis. With increasing use of mobile devices,
the requirement of Cloud Computing in mobile devices arises. The emanation of Cloud
Computing with Mobile web gave birth to Mobile Cloud Computing (MCC). Mobile
devices do not need to have powerful configuration because all computations can be
performed outside the mobile devices. This paper gives summary of Mobile cloud
computing (MCC), which includes introduction, architecture, applications and benefits
of MCC. It also covers what are the issues and approaches for MCC and future
research directions of Mobile Cloud Computing.

[15]

Mobile cloud computing: A survey
Despite increasing usage of mobile computing, exploiting its full potential is difficult
due to its inherent problems such as resource scarcity, frequent disconnections, and
mobility. Mobile cloud computing can address these problems by executing mobile
applications on resource providers external to the mobile device. In this paper, we
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provide an extensive survey of mobile cloud computing research, while highlighting
the specific concerns in mobile cloud computing. We present a taxonomy based on
the key issues in this area, and discuss the different approaches taken to tackle
these issues. We conclude the paper with a critical analysis of challenges that have
not yet been fully met, and highlight directions for future work.
[16]

Cloud-Based Desktop Services for Thin Clients
Cloud computing and ubiquitous network availability have renewed people's interest in
the thin client concept. By executing applications in virtual desktops on cloud
servers, users can access any application from any location with any device. For this
to be a successful alternative to traditional offline applications, however, researchers
must overcome important challenges. The thin client protocol must display
audiovisual output fluidly, and the server executing the virtual desktop should have
sufficient resources and ideally be close to the user's current location to limit
network delay. From a service provider viewpoint, cost reduction is also an
important issue.

[17]

Cloudberry: An HTML5 Cloud Phone Platform for Mobile Devices
This article presents Cloudberry, a HTML5 cloud phone platform for mobile devices.
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Acronyms
CC

Cloud Computing

MC

Mobile Computing

MCC

Mobile Cloud Computing

SOA

ServiceOriented Architecture

SaaS

Software as a Service

Paas

Platform as a Service

IaaS

Infrastructure as a Service

HTML5

HyperText Markup Language 5

CPU

Central Processing Unit

PC

Personal Computer

IEEE

Institute of Electrical and Electronics Engineers

PSM

Power Saving Mode
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