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Abstract—Mobile Cloud Computing (MCC) integrates mo-
bile computing and cloud computing aiming to extend mobile
devices capabilities through offloading techniques. In MCC,
many controlled experiments have been performed using mobile
applications as benchmarks. Usually, these applications are used
to validate proposed algorithms, architectures or frameworks.
The task of choosing a specific benchmark to evaluate MCC
proposals is difficult because there is no standard applications list.
This paper presents a systematic mapping study for benchmarks
used in MCC research. Taking five months of work, we have
read 763 papers from MCC field. We catalogued the applications
and characterizes them considering three facets: category (e.g.:
games, imaging tools); evaluated resource (e.g.: time, energy); and
platform (e.g.: Android, iPhone). The mapping study evidences
research gaps and research trends. Providing a list of download-
able standardized benchmarks, this work can aid better choices
to guide more reliable research studies since the same application
could be used for different scientific purposes.

Index Terms—Mobile Cloud Computing; Offloading; Partition-
ing; Performance Evaluation

I. INTRODUCTION

Cloud computing can be defined as the aggregation of
computing as a utility and software as a service where
applications are delivered as services over the Internet and
data centers provide those services [1]. In another side there
are smartphone applications increase in complexity and re-
quired resources. Unfortunately, the advances in smartphone
hardware and battery life have been slow to respond to the
computational demands of applications evolved over the years.
Hence, many applications are still unsuitable for smartphones
due to constraints, such as low processing power, limited mem-
ory, unpredictable network connectivity, and limited battery
life [52].

To tackle this problem a strategy called offloading is applied.
Computation offloading is a process that migrates resource-
intensive computations from a mobile device to the resource-
rich cloud (called cloudlet, in case of nearby infrastructure).
Cloud based computation offloading enhances the applications
performance, reduces battery power consumption, and execute
applications that are unable to execute due to insufficient
smartphone resources.

Mobile cloud computing (MCC) is an integration of cloud
computing technology with mobile computing in order to
make mobile devices resource-full in terms of computational
power, memory, storage, energy, and context awareness. A sig-
nificant amount of research has been performed on computa-
tion offloading in such a field [18], [9], [33], [53]. These stud-

ies usually focus on: why to offload (improve performance or
save energy); when to decide offloading; what mobile systems
use offloading; and which are the infrastructures for offloading.
Aiming to conduct these studies, most of the researchers
adopt mobile applications to prove their hypotheses, when
proposing new theories. However, there is no place with a list
of possible applications that could be used in experiments in
mobile cloud computing. Consequently, researchers might not
know the level of adoption of a specific application in the field.
They may also be unaware of which platform (e.g.: iPhone) is
more used combined with a specific application category (e.g.:
Mathematical app). These pieces of information are useful to
guide new research studies and standardize the characteristics
of controlled experiments with offloading techniques. This
paper provides such information by addressing and answering
the question “What are the benchmark offloaded applications
used in MCC and which characteristics define them?”.

This paper presents a systematic mapping study, performed
in order to map out the applications used in MCC field.
By means of analyzing three facets (category, platform, and
evaluated resource), we synthesize implications for practicing,
identifying research trends, open issues, and areas for improve-
ment. A mapping study is an evidence-based approach, applied
in order to provide an overview of a research area, and identify
the quantity and type of research.

The remainder of this paper is organized as follows: In
Section II, the systematic mapping study method is better de-
scribed; Section III reports the findings based on the frequency
of applications use; Section IV presents the related work; Sec-
tion V draws some conclusions and provides recommendations
for further research on this topic.

II. SYSTEMATIC MAPPING STUDY PROCESS

A mapping study is a systematic process that provides an
overview and summarizes published paper results of a partic-
ular research area, by answering questions and categorizing
studies. As main benefit, it can be used to identify gaps
in the existing research that will lead to topics for further
investigation. Thus, a systematic mapping study was used in
this research to “map out” the benchmarks used in mobile
cloud computing. The study follows the systematic mapping
process proposed by Petersen et al. [43]. The essential process,
is composed of five steps with specific outcomes and each
phase is discussed in the following sections: (Definition of



Research Questions, Conducting Search, Screening of Papers,
Keywording and Data Extraction).

The main reasons to perform a mapping study, and conse-
quently the contributions of this paper, can be stated as follows
[2]:

• To make an unbiased assessment of as many studies
as possible, by identifying existing gaps in current re-
search and contributing to the research community with
a reliable synthesis of the data. The gaps point out
clear opportunities of research topics. For instance, in
MCC, which mobile phone platform is less explored,
BlackBerry or iPhone?;

• To provide a systematic procedure for identifying the
nature and extent of the empirical study data that is
available to answer research questions. By following a
systematic procedure, the research can be replicated in
future, updating the results. In our study, we list the most
used applications in MCC. This list can be improved
along with the time;

• To assist planning new research, avoiding unnecessary
duplication of effort and error. Since we catalogue the
benchmark applications used in MCC, probably it is not
interesting for researchers to adopt an application outside
such a list;

A. Conduct Search

The second step is to prepare search strings to use in differ-
ent digital libraries and then collect related papers. Firstly, an
automatic search was conducted in different search engines
(IEEEXplore, ACM Digital Library, Scopus, ScienceDirect
and Springerlink). It is important to mention that all search
strings were calibrated regarding each search engine. In total,
763 studies were collected by applying that search strategy.

B. Screening of Papers

In the screening phase, the papers initially collected are
filtered to remain only papers that may answer the research
question. In this work, we applied three filters. Starting with
763 papers, the first filter was applied focusing on the title
of the identified studies, resulting in 491 studies. The large
number of duplicated studies contributed to this large differ-
ence. The second filter was applied on the title and abstract,
which resulted in 113 studies. The last filter focused on the
introduction and the evaluation section, resulting on 47 studies
that we have read as a whole: [42], [3], [54], [32], [53], [20], [61], [56],

[49], [5], [39], [26], [16], [48], [57], [22], [34], [47], [29], [50], [60], [27], [36], [14],

[11], [6], [8], [23], [25], [7], [13], [19], [46], [12], [58], [35], [44], [10], [59], [31], [63],

[62], [15], [65], [55], [17], [45].

C. Keywording

Researchers must identify possible facets to characterize the
papers and derive useful information. A classification scheme
is a mechanism composed of a categories set used to classify
the primary studies such a way it extracts detailed information
and identifies research gaps. Aiming to build our classification
scheme, we based it on a systematic process proposed by [43]

called keywording. Three different facets were used derived
from the studies found, namely following:

1) Category: Mathematical tools, Games, Standalone, Web
Applications, Video Streaming, Text Search, Antivirus
and Imaging Tools

2) Evaluated Resource: Time, Energy and CPU/Memory
Usage.

3) Platform: Android, Windows, iPhone, Android x86,
Maemo 5 Linux Blackberry and Simulation (using only
computers without devices emulation).

D. Data Extraction

A data extraction form was designed in order to gather the
required information to address the objectives of this study,
classifying and answering the research question. The full paper
was read and the following information was extracted from
each study: the research facets (category of each application,
evaluated resource, and platform), the application’s name and
the URL to download it (whenever it was available).

To organize this information, spreadsheets were adopted
to document the data extraction process. They contained
each category of the classification scheme and the posi-
tion inside the paper which answered the research question.
All data and classification can be found in the web-page:
http://cin.ufpe.br/˜faps/mapping.

III. MAPPING BY QUANTITIES OF OCCURRENCE

This section presents our findings, highlighting evidences
gathered from the data extraction process along with com-
ments about the results. In this section, the results are pre-
sented according to the quantity of studies classified by each
facet.

A. Application Category

The facet Category classifies the studies according to their
main functionality or utility. Figure 1 presents the quantity of
papers related to its respective category. It can be observed
that the vast majority of applications used as benchmarks are
categorized as Imaging Tools. These applications are tools
that somehow manipulate images and usually requires a high
amount of resource [55]. It is a hard task to trace conclusions
about reasons to the rankings presented in this mapping study.
However, mobile cloud experiments usually test strategies to
decrease the time and save energy, so it is assumed that
applications that require more resources are more susceptible
to be adopted.

Mathematical Tools also have great demand for resources
as seen in examples like sorting algorithms, Fibonacci, etc.
They are easy to use once the entrances are usually very simple
numerical data with high scalability that makes the experi-
ments flexible. Games are becoming more and more popular
not only for PC platforms but also mobile devices and they
present innovations like 3D graphics and multiplayer modes.
In mobile field developers deal with scarcity of resources as
the major challenge [24]. Web applications on mobile devices
are already a necessity, as users want to consume information
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and interact with other people. Hence, the need to access some
web pages is enhanced, such as Google, Facebook, Youtube,
etc. There are mobile application versions for these web pages
that can provide useful content to users, taking advantage of
mobile nature features such as GPS location service [40].

The easy access of Wi-Fi internet contributed to Video
Streaming being highly used through mobile devices. Nam-
boodiri et al. [41] tested three applications that belong to
the categories highlighted in this article: text search (word
processing), multimedia applications and games. They aimed
to verify when it is advantageous to carry out the execution
of these applications on remote servers in terms of energy
consumption. Results showed that running applications in
cloud consumes more battery than when running locally, due
to Wi-Fi connection. The increased adoption of Anti-virus for
mobile platforms is related to the rapid malware emergence,
especially for Android operating system. According to Yajin
et. al [64], between 2010 and 2012 there was an increase of
400 percent in amount of malware for Android. Majority of
malwares come from installing applications from PlayStore.

B. Imaging Tools

Due to the expressive quantity of papers using Imaging
Tools, (illustrated in Section III-A) we investigated more
closely this topic in order to know what type of applications
researchers are using more. Figure 2 illustrates that Face
Detection and Face Recognition had greater adoption. It might
be justified by the fact that nowadays various commercial ap-
plications provide detection functionality, whereas recognition
is very useful to security contexts [51].

.

C. Evaluated Resource

With this facet, we desire to identify the investigated metrics
used as dependent variables. Figure 3 shows that the most
evaluated resources are Time and Energy.

Energy consumption is so used as metric of quality in mo-
bile cloud research because it has always been a users’ concern
and consequently a mobile industry interest. Many applications
are still unsuitable for smartphones due to hardware constraints
[28]. Computing speeds of these mobile devices, however,
will not grow at the same pace as servers’ performance.

This is due to several constraints, including: Form Factor, as
users want devices that are smaller and thinner and yet with
more computational capability; Power Consumption, insofar
the current battery technology constrains the clock speed of
processors, doubling the clock speed approximately octuples
the power consumption. Consequently, it is difficult to offer
long battery lifetimes with high clock speeds [33]. Finally,
not so explored, the impact for CPU and Memory resources
depends on the type of application, there are applications that
use more CPU than memory and vice versa [62].

Due to the expressive quantity of papers using Time as a
dependent variable (illustrated in Section III-C), we investi-
gated more closely this topic to know what type of metric the
researchers have been evaluated more. Figure 4 presents three
types of metrics related to time. The communication time is
the transmission time taken between the mobile device and
the cloud. Time to process is the time taken by the task to
process inside the cloud. Finally, the elapsed time is the sum
of communication time and time to process.

The most common metric to assess mobile applications
performance is total execution time or also called elapsed time.
Great importance is given to this factor because it influences
directly on user experience. When taking into account the
elapsed time or communication time, the quality of internet
and client-server proximity influences the results. Instead,
evaluating the time to process, the number of servers interferes
directly in the process runtime.

D. Platform

Platform represents the testbeds used by the experiments
in MCC. In most of the cases, platforms are, in fact,the mo-
bile devices used in the experiments. Nonetheless, simulated
devices were utilized in conjunction with a computer desktop
without any special program. We included the use of Android-
X86 which are an unofficial initiative to port Google’s Android
mobile operating system to run on devices powered by AMD
and Intel x86 processors. Figure 5 depicts the results regarding
platforms.

The three most popular mobile OS are Android, iOS (iPhone
OS) and Windows Phone, and they have similar function-
alities. Still, many people speak about security and quality
on iOS applications or communication features of Windows
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Phone, but the majority of smartphones around the world
have Android running on it [21]. Considering MCC research
context, although iPhone and Windows Phone are very popular
platforms, they are not positioned at the top of ranking.

In MCC, offloading is the task in which a mobile device
sends a workload to be processed by a remote server or virtual

machine. A myriad of studies proved that this strategy may
save high amounts of time and energy [18], [9]. Android x86
is adopted on many papers and it runs on the virtual machines
very easily, without the necessity of source-code adaptation.



IV. RELATED WORK

In mobile cloud computing there are a number of surveys
[29], [33], [4], but to the best of our knowledge no one
systematic mapping study. Montesi et al. [38] explains that
a survey basically answers the question: “What is currently
known about this area, and what does it mean to researchers
and practitioners?”. It should supply the basic knowledge to
enable new researchers to enter the area, current researchers to
continue developments, and practitioners to apply the results.
Systematic mapping studies also aims to identify the state of
practice or research on a topic and typically identify research
trends [30], however in a systematic way by following a
research method. Other aspect is the focus of such surveys,
only one study [29] tried to classify the types of application
categories (mathematical, games, etc.) but just giving some
examples of real applications.

V. CONCLUSIONS

This paper introduced the results of a systematic mapping
study about benchmark applications used in mobile cloud
computing by investigating scientific literature production. In
the end, starting from 763 papers, 47 filtered studies used ap-
plications as benchmarks. It is important to note that our goal
for this systematic mapping study was providing an overview
of current literature in mobile cloud focusing on applications;
it was outside the scope of this paper to evaluate the quality
of the studied papers or explain specific findings. Given the
current state of MCC research, we judge that there are few
studies with controlled experiments using real applications. In
our study, only 47 papers used applications to evaluate their
proposals, probably because this field is still relatively recent
with the first mobile cloud paper dating from 2009 [37]. In
most of the cases, the studies did not provide evidences of how
other researchers could access and download the applications
used, making it hard to replicate their experiments. From
the 47 papers, we listed 25 downloadable applications with
their corresponding category and URL. We believe that this
mapping study generated state-of-the-art information about the
main issues because the studied subject can be understood
through the provided answers. In future work, more systematic
mappings should be conducted to acquire further experience
to aid new experiments.
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