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   Abstract— Mobile systems have limited resources, such as battery life, 

network bandwidth, storage capacity, and processor performance. These 

restrictions overcome by computation offloading. Energy efficiency is a 

fundamental consideration for mobile devices. Mobile cloud 

computing(MCC), with its promise to meet the urgent need for richer 

applications and services of resource-constrained mobile devices, is 

emerging as a new computing paradigm and has recently attracted 

significant attention. 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.  

This paper provides an overview of mobile cloud computing, 

computation offloading, offloading decision: performance, energy saving 

analysis, challenges of MCC, advantages, and applications.  

Keywords-mobile cloud computing, computation offloading, energy 

analysis , performance. 

I. INTRODUCTION 

   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. 

 

 

   MCC is a model for elastic augmentation of mobile device 

capabilities via ubiquitous wireless access to cloud storage and 

computing resources, with context-aware dynamic adaption to 

changes in the operating environment. 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.  

 

   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. 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 and R&D efficiency. Indeed, 

large part of the hardware technology benefits have been traded for 

programmability in mobile phone designs [6]. 

II. 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]. 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. 

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. 

  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 
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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 mobile execution and cloud execution in order to 

conserve energy consumption. 

III. OVERVIEW OF MOBILE CLOUD COMPUTING  

    In this section, we present computation energy model for the 

mobile execution and a transmission energy model for the cloud 

execution. First, we overview the mobile cloud computing. Following 

that, we describe the architecture of mobile cloud computing and 

service oriented cloud computing architecture 
 

A. Mobile cloud computing (MCC) 

   The term ‗mobile cloud computing‘ was introduced after the 

concept of ‗cloud computing‘. The attentions of entrepreneurs as a 

profitable business option that reduces the development and running 

cost of mobile applications, of mobile users as a new technology to 

achieve rich experience of a variety of mobile services at low cost, 

and of researchers as a promising solution for green IT [3].  

    Mobile cloud computing is an infrastructure where both the data 

storage and data processing happen outside of the mobile device. 

Mobile cloud applications move the computing power and data 

storage away from mobile phones and into the cloud, bringing 

applications and MC to not just smart phone users but a much 

broader range of mobile subscribers. 

   MCC as a new paradigm for mobile applications whereby the data 

processing and storage are moved from the mobile device to powerful 

and centralized computing platforms located in clouds. These 

centralized applications are then accessed over the wireless 

connection based on a thin native client or web browser on the 

mobile devices [5]. MCC combines both cloud and mobile 

applications this is most popular for mobile users to access 

applications and services on the Internet. 

   Briefly, MCC provides mobile users with the data processing and 

storage services in clouds. The mobile devices do not need a 

powerful configuration (e.g., CPU speed and memory capacity) 

because all the complicated computing modules can be processed in 

the clouds.  

   Virtualization technology is studied in [11]. Making it possible to        

run multiple operating systems and multiple applications on the same 

computer (or a set of computers) simultaneously, increasing 

Utilization and flexibility [3]. Since different types of virtual 

machines can be created, users can scale the number of virtual 

machines based on demand. Due to virtualization, these machines 

have separation and protection. Cloud computing uses virtualization 

to offer computing as a service based on their requirements. 

B. Architectures of mobile cloud computing 

   The general architecture of MCC can be shown in Figure 1. In 

Figure 1, mobile devices are connected to the mobile networks via 

base stations (e.g., base transceiver station, access point, or satellite) 

that establish and control the connections (air links) and functional 

interfaces between the networks and mobile devices. Mobile users‘ 

requests and information (e.g., ID and location) are transmitted to the 

central processors that are connected to servers providing mobile 

network services. 

   Here, mobile network operators can provide services to mobile 

users as authentication, authorization, and accounting based on the 

home agent and subscribers‘ data stored in databases. After that, the 

subscribers‘ requests are delivered to a cloud through the Internet. In 

the cloud, cloud controllers process the requests to provide mobile 

users with the corresponding cloud services. These services are 

developed with the concepts of utility computing, virtualization, and 

service-oriented architecture (e.g., web, application, and database 

servers). 

C. Service-Oriented Cloud Computing Architecture 

The details of cloud architecture could be different in different 

contexts. In this paper, we focus on a layered architecture of CC 

(Figure 2). This architecture is commonly used to demonstrate the 

effectiveness of the CC model in terms of meeting the user‘s 

requirements [9]. 

 Data centers layer provides the hardware facility and 

infrastructure for clouds. In data center layer, a number of servers are 

linked with high-speed networks to provide services for customers. 

Typically, data centers are built in less populated places, with high 

power supply stability and a low risk of disaster. 

 Infrastructure as a Service (IaaS) is built on top of the data 

center layer. IaaS enables the provision of storage, hardware, servers, 

and networking components. The client typically pays on a per-use 

basis.The examples of IaaS are Amazon Elastic Cloud Computing 

and Simple Storage Service (S3). 

 

 
                 Figure 1. Mobile cloud computing architecture 
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Figure 2. Service-Oriented Cloud Computing Architecture 

 

 Platform as a Service (PaaS) offers an advanced integrated 

environment for building, testing, and deploying custom applications. 

The examples of PaaS are Google App Engine, Microsoft Azure, and 

Amazon Map Reduce/Simple Storage Service. 

 Software as a Service (SaaS) supports a software distribution 

with specific requirements. The users can access an application and 

information remotely via the Internet and pay only for that they use. 

Salesforce is one of the pioneers in providing this service model. 

Microsoft‘s Live Mesh also allows sharing files and folders across 

multiple devices simultaneously. 

   Although the CC architecture can be divided into four layers as 

shown in Figure 2, it does not mean that the top layer must be built 

on the layer directly below it. For example, the SaaS application can 

be deployed directly on IaaS, instead of PaaS. Also, some services 

can be considered as a part of more than one layer. For example, data 

storage service can be viewed as either in IaaS or PaaS. Given this 

architectural model, the users can use the services flexibly and 

efficiently. 

IV. SYSTEM MODELING AND PROBLEM FORMULATION 

   In this section, we describe computation offloading, offloading 

decision in that performances and energy saving analysis from 

mobile cloud computing.  

A. Computation offloading 

   To overcome resource constraints on mobile devices, a general idea 

is to offload parts of resource-intensive tasks to the cloud. Since 

execution in the cloud is considerably faster than that on mobile 

devices, it is worth shipping code and data to the cloud and back to 

prolong the battery life and speed up the application.  

 

 
Figure 3. Computation offloading schemes in mobile wireless environment 

                           

   Figure 3 shows general computation offloading schemes in mobile 

wireless environments. From the application layer perspective, the 

entire application or part of the code/data can be offloaded to the 

mobile cloud side to achieve better energy utility or better 

performance. The context and runtime of the application process is 

still maintained by operating system in mobile host. In the meantime, 

the whole execution platform (application runtime or infrastructure) 

can also be migrated to the cloud side, which indicates that the 

burden on programmers can be reduced. 

B. Offloading decision  

 Offloading migrates computation to a more resourceful Computer 

(i.e., servers). It involves making a decision regarding whether and 

what computation to migrate. The body of research exists on 

offloading decisions for (1) improving performance and (2) energy 

saving analysis 

 

1) Improving performance 

 
   The condition for offloading to improve performance can be shown 

below. Without loss of generality, we can divide a program into two 

parts: one part that must run on the mobile system and the other part 

may be offloaded. The first part may include user interface and the 

code that handles (such as the mobile system‘s camera). Let sm be the 

speed of the mobile system. Suppose w is the amount of computation 

for the second part. The time to execute the second part on the mobile 

system is 

                           w/ sm                                                            (1) 

 

   If the second part is offloaded to a server, sending the input data di 

takes di /B seconds at bandwidth B. Here we ignore the initial setup 

time for the network. The program itself may also need to be sent to 

the server. We assume the size of the program is negligible, or the 

server may download the program from another site through a high-

speed network [12]. Offloading can improve performance when 

execution, including computation and communication, can be 

performed faster at the server. Let ss be the speed of the server. The 

time to offload and execute the second part is 

 

                  di /B + w/  ss                                                            (2) 
Offloading improves performance when Eq. 1 > Eq. 2 

    w/  sm > di /B + w/ ss ⇒ w (1/ sm +1/ ss )  >  di /B              (3)  

                                                                                                            
This holds for 

• large w: the program requires heavy computation. 

• large: ss the server is fast. 

• small a di: small amount of data is exchanged. 

• large B: the bandwidth is high. 

 

   This inequality shows limited effects of the server‘s speed. If w/ sm 

< di /B even if the server is infinitely fast (i.e., ss →∞), offloading 

cannot improve performance. Only tasks that require heavy 

computation (large w) with light data exchange (small di) should be 

considered. This requires analyzing programs to identify such tasks. 

Moreover, if we define w( 1/ sm -1/ ss)- di /B as the performance gain 

of offloading, the server‘s speed has diminishing return doubling ss 

will not double the gain. 

 

2) Energy saving Analysis 

 

   Energy is a primary constraint for mobile systems. A survey of 

7,000 users across 15 countries showed that ―75% of respondents said 

better battery life is the main feature they want‖ [17, 18]. Smartphones 
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are no longer used only for voice communication; instead, they are 

used for acquiring and watching videos, gaming, web surfing, and 

many other purposes. As a result, these systems will likely consume 

more power and shorten the battery life. Even though battery 

technology has been steadily improving, it has not been able to keep 

up with the rapid growth of power consumption of these mobile 

systems. Offloading may extend battery life by migrating the energy-

intensive parts of the computation to servers [3]. 

   The following analysis explains the conditions when offloading 

saves energy. Suppose pm is the power on the mobile system and w is 

the amount of computation. Let sm be the speed of the mobile system. 

                           pm × w/sm                                       (4)     

   Let pc be the power required to send data from the mobile system 

over the network. After sending the data, the system needs to poll the 

network interface while waiting for the result of the offloaded 

computation. During this time, the power consumption is pi. Let ss be 

the speed of the server. If task is offloaded to a cloud, sending the 

input data di takes di/B seconds at bandwidth B. 

              (pc × di/B) + (pi × w/ss)                   (5)                                                         

Offloading saves energy when Eq. 4 > Eq. 5. 

                (pm × w/sm) > [(pc × di/B) + (pi × w/ss)] 

To make offloading save energy, heavy computation (large w) and 

light communication (small di) should be considered. In equation, we 

assume that data must be transmitted from the mobile system to the 

server. Fortunately, this may not be true in many cases. For example, 

the data (such as photographs and videos) may also reside in servers 

with high-speed networks (such as Facebook.com and YouTube.com). 

Instead of transmitting the data from the mobile system to the server, 

the mobile system needs to provide links to the server and the server 

may download the data directly from the hosting sites. In this case, the 

bandwidth B can be substantially higher, allowing offloading to 

improve performance and save energy [13, 14]. 

V. CHALLENGES AND ADVANTAGES OF MCC 

   In this section, we describe challenges, advantages of mobile cloud 

computing and applications of mobile cloud computing.  

A. Challenges of MCC 

   While cloud computing has tremendous potential to save energy, 

designers must consider several issues including privacy and security, 

reliability, handling real-time data and authentication. 

(1) Privacy and security. In cloud computing, Web applications and 

data replace traditional stand-alone programs, which are no longer 

stored in users‘ computers. Shifting all data and computing resources 

to the cloud can have implications for privacy and security. Because 

the data is stored and managed in the cloud, security and privacy 

settings depend on the IT management the cloud provides. 

(2) Communication. Another potential concern with mobile cloud 

computing is communication between cloud and mobile device [15] A 

mobile user performing computation in the cloud depends on the 

wireless network and cloud service. Dependence on the wireless 

network implies that cloud computing may not even be possible, let 

alone energy efficient, when connectivity is limited. This is typical in 

regions like national parks; a user may thus not be able to organize, 

retrieve, or identify any images captured in the park. Mobile cloud 

computing is also difficult in locations such as the basement of a 

building, interior of a tunnel, or subway. 

(3) Real-time data. Some applications—including chess, searching 

newly captured images for content-based image retrieval, mobile 

surveillance, and context-aware navigation has real-time data. If the 

value of data to transfer to cloud is large, offloading may not save 

energy. In such cases, performing the computation on the mobile 

system may be more energy efficient. A possible solution is 

partitioning computation between the mobile system and the cloud to 

reduce energy consumption. Such a solution may include partially 

processing the real-time data on the mobile system. If the processed 

data are smaller in size, sending the processed data to the server 

reduces the wireless transmission energy. 

(4) Authentication. In this method using CC to secure the data access 

suitable for mobile environments. The system requires input 

constraints that make it difficult for mobile users to use complex 

passwords. As a result, this often leads to the use of simple and short 

passwords or personal identification numbers (PINs).  

B. Advantages of MCC 

   Cloud computing is known to be a promising solution for mobile 

devices because of many reasons (e.g., mobility, communication, and 

portability [16]. In the following, we describe how the cloud can be 

used to overcome obstacles in MC, thereby pointing out advantages of 

MCC. 

(1) Extending battery lifetime. Battery is one of the main concerns 

for mobile devices. Several solutions have been proposed to enhance 

the CPU performance [19, 20] and to manage the disk and screen in an 

intelligent manner [21, 22] to reduce power consumption. However, 

these solutions require changes in the structure of mobile devices, or 

they require a new hardware that results in an increase of cost and may 

not be feasible for all mobile devices. Computation offloading 

technique is proposed with the objective to migrate the large 

computations and complex processing from resource-limited devices 

(i.e., mobile devices) to resourceful machines (i.e., servers in clouds). 

This avoids taking a long application execution time on mobile 

devices which results in large amount of power consumption. 

 (2) Improving data reliability. Storing data or running applications 

on clouds is an effective way to improve the reliability because the 

data and application are stored and backed up on a number of 

computers. This reduces the chance of data and application lost on the 

mobile devices. In addition, MCC can be designed as a comprehensive 

data security model for both service providers and users 

(3) Improving data storage capacity and processing power. Storage 

capacity is also a constraint for mobile devices.MCC is developed to 

enable mobile users to store/access the large data on the cloud through 

wireless networks. 

In addition, MCC also inherits some advantages of clouds for 

mobile services as follows: 

 Dynamic provisioning. Dynamic on-demand provisioning of 

 resources on a fine-grained, self-service basis is a flexible way for 

 service providers and mobile users to run their applications 

 without advanced reservation of resources. 

 Scalability. The deployment of mobile applications can be 

 performed and scaled to meet the unpredictable user demands due 

 to flexible resource provisioning. Service providers can easily add 

 and expand an application and service without or with little 

 constraint on the resource usage. 

 Multitenancy. Service providers (e.g., network operator and data 

 center owner) can share the resources and costs to support a 

 variety of applications and large number of users. 

 Ease of integration. Multiple services from different service 

 providers can be integrated easily through the cloud and Internet 

 to meet the user demand. 
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C. Applications of MCC 

   Applications used for evaluation include multimedia [23, 24] text 

editors [27, 28] vision and recognition [25, 26] and gaming [29, 30] 

Text editors transfer relatively small amounts of data—i.e., text, and 

perform computations like spell check. Multimedia, vision, and 

recognition applications transfer large amounts of data in the form of 

images and videos. If all the multimedia is on the mobile system, the 

offloading decision depends primarily on bandwidth if most of the 

data is already on a server (such as YouTube), then offloading can be 

more beneficial. Gaming applications like chess are interesting 

candidates for offloading, because the amount of computation for the 

program to win the game depends on the skill level of the user thus 

computation w depends on how the user plays the game. The 

applications run on a wide range of clients with different 

computational capabilities, ranging from PDAs, laptops, and robots. 

VI.  CONCLUSION AND FUTURE ENHANCEMENT 

   In this paper we proposed a theoretical framework to Improving 

performance and save mobile energy by offloading computations to 

cloud. Our analysis suggests that cloud computing can potentially 

save energy for mobile users. However, not all applications are 

energy efficient when migrated to the cloud. Mobile cloud computing 

services would be significantly different from cloud services for 

desktops because they must offer energy savings. The services should 

consider the energy overhead for privacy, security, reliability, and 

data communication before offloading. 

This paper only focuses on the theoretical parts of application 

offloading. For future work, we will evaluate the performance by 

running real applications with intensive computation and show the 

applicability of our theoretical framework. In addition, we will 

consider the multi-task offloading in a more fine-grained choice for 

mobile application execution. 
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