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Abstract 
 

Technology in the hands of young professionals leads to many superficial inventions among that smart mobile device are now with all hu-

man beings who may be in the village or in a modern town always busy looking at their mobile devices. People interacting with social 

media or many online games through smart mobile device leads the battery power down and slower the performance. Mobile Cloud Com-

putation offloading is the best strategy to overcome this pitfall. Binding of Mobile devices to the powerful cloud with the side support from 

tele-communication is called Mobile cloud computing. Offloading takes the heavier computation to the cloud through the network and 

resolves the problem there and come back to smart mobile device. This paper compares and contrasts the features of offloading types and 

frame-works. 
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1. Introduction 

Mobile devices are becoming more powerful gadget and easy to use; 

they are replacing traditional Personal Computers for both personal 

use and work purpose. Rapid advancement in Wireless Mobile Net-

works (WMN) and mobile handsets facilitate enormous infrastruc-

ture and support a wide range of mobile persistence and services in 

addition to Mobile internet access. The user wants the service from 

anywhere and anytime without much effort. 

Mobile devices are handy computing device which equipped with 

multiple sensors; they enable many useful applications which were 

unrealistic before. With the advancement in mobile hardware tech-

nology, evolution has been achieved from basic operations to com-

plicated ones, ranging from three dimensional 3Dgames to image 

processing, speech recognition and bigger reality applications. Mo-

bile applications are becoming energy hungry. 

The statistical results of mobile phone users in India from 2013 to 

2019 increased in millions. For 2017 the number of mobile phone 

users in India is expected to rise to 730.7 million. In this same year 

the number of SMD users in India is predicted to reach 340 million 

and could reach almost 468 million by 2021 [24]. 

 

 
Fig. 1: Offload Traffic from Mobile Device. 

 

Source: Cisco VNI Mobile, 2017 

The amount of traffic offloaded from smart phones will be 64 per-

cent by 2021. The amount of traffic offloaded from 4G was 63 per-

cent at the end of 2016, and it will be 66 percent by 2021. The 

amount of traffic offloaded from 3G will be 55 percent by 2021, 

and the amount of traffic offloaded from 2G will be 69 percent. As 

5G is being introduced, plans will be generous with data caps and 

speeds will be high enough to encourage traffic to stay on the mo-

bile network instead of being offloaded, so the offload percentage 

will be less than 50 percent. As the 5G network matures, we may 

see higher offload rates [25]. 

Most of the people use SMD for E-Commerce, Online transactions 

which include net banking, travel transactions, online Advertise-

ments, online bookings, bill payments, online shopping of all 

household items, online grocery, and online purchase from Amazon, 

Flip Cart. As the Smart phone users access the internet for various 

purposes the load balancing of SMD got affected. So the execution 

in SMD decreases the battery power. At this time the user needs an 
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external support which reduces the work of mobile device here 

comes the cloud which supports the processing from outside the de-

vice on demand. This binding of Mobile Devices to the Cloud 

through the internet is called as Mobile Cloud Offloading which 

reduces the hunger of power consumption. 

2. Literature review 

2.1. Overview of computation offloading 

 
Fig. 2: Overview of Computation Offloading. 

 

Researchers are concentrating on feasibility in late 90’s, after that 

attention changed to designing algorithms for offloading decision 

whether it is needed or not. Further the direction moved towards 

Virtualization, bandwidth utilization, and cloud infrastructure. Now 

the offloading reaches its highs as unexpected [1]. 

Enablers of Offloading Wireless Mobile Network and Mobile 

agent, Virtualization and Cloud computing. A mobile agent is a pro-

gram that can migrate from mobile to some other system like cloud 

within the network. Features of mobile agent reduce the network 

load, overcome network latency, adapt dynamically, encapsulate 

protocols, executes asynchronously and automatically. Cloud com-

puting offers virtualization as a service on demand to the user. 

2.2. Approaches of offloading 

This approach is Fine-grained – applications only offload the sub-

parts that benefit from remote execution, thereby it leads to large 

energy savings. For example, a video player decodes and plays 

video. Offloading its decoder which is the Energy-intensive part can 

reduce its energy consumption on the mobile device.  

The second approach is to offload full process or full VM to the 

infrastructure. For example, in Android, each app runs in a process 

which runs in a separate VM. The downside of this approach is that 

the migration cost is high because all program states need to be 

transferred.  

2.3. Parameter of offloading 

User preferences are data security and constancy. Type of network 

used might be 3G, 4G, WIFI, and speed and bandwidth latency to 

be taken into account. In SMD its CPU type and speed, Memory 

size, storage, battery size, load capacity and location must be kept 

in mind. And in application side input size, average processing time, 

type of the application, untransferable parts are the metrics of of-

floading.  

Parameter decides offloading is bandwidth and how much data to 

be exchanged through wireless mobile network, access speed of and 

memory storage of SMD, availability and execution cost of the 

cloud. Offloading must either reduce the cost or reduce the compu-

tational process or time consuming might be decreased according 

to the user requirements. 

 
Table 1: Comparative Study of Frameworks Based on Metrics of Offload 

Frame Work 
Offload 

Type 
Granularity Partitioning Metric 

Spectra [14], 

[15] 
Static 

Fine 

Grained 

Entire Ap-

plication 

Energy, 

Latency 

Chroma [16], 
[17] 

Static 
Fine 
Grained 

Entire Ap-
plication 

Latency 

Maui [20] Dynamic 
Fine 

Grained 

Application 

Level 
Energy 

Slingshot 

[19] 
Static 

Coarse 

Grained 
Task Level Latency 

Scavenger 
[22] 

Dynamic 
Coarse 
Grained 

Application 
Level 

Energy 

Clone Cloud 

[23] 
Static 

Coarse 

Grained 

Entire Ap-

plication 
Energy 

2.4. Goals of computation offloading 

a) Enhance application performance  

b) Reduce energy consumption for mobile device 

2.4.1. Enhance application performance 

For systems target rising application performance, computation of-

floading is an attractive solution for shortening response time of 

mobile applications as applications become more and more compli-

cated. 

  In context-aware computing, input data stream comes from 

various originations like GPS, sensors, maps, temperature 

need to be verified before they are utilized. 

 A navigating app for a moving golem might have to 

acknowledge associate obstacle before the robot smash with 

the obstacle. Computation may have to be offloaded if the 

golem doesn’t have quick enough processors. 

To enhance the performance for mobile applications, we need to 

partition a program into two parts: 1) Execution on smart mobile 

device 2) The part to be offloaded. We can formulate the condition 

for offloading to maximize the performance as below. The speed of 

the mobile system be sm, w is the amount of computation for the 

second part is 

 
𝑤

𝑠𝑚
                                                                                                  (1) 

 

To consider the execution time of the second part on the server, we 

ignore initial setup time of next work and the size of the program 

(server can download the program before offloading). If the second 

part is offloaded to a server, forwarding the input data di takes d_i/B 

seconds at bandwidth B. Offloading can improve application per-

formance if and only if remote execution can be performed faster 

than local execution. Let ss be the speed of the server. The time to 

offload and run the second part is 

 
𝑑𝑖

𝐵
+

𝑤

𝑠𝑠
                                                                                            (2) 

 

We can see that computation offloading improve the performance 

of application when eq. 1 > eq.2  

 
𝑤

𝑠𝑚
>

𝑑𝑖

𝐵
+

𝑤

𝑠𝑠
⇒ 𝑤 × (

1

𝑠𝑚
−

1

𝑠𝑠
) >

𝑑𝑖

𝐵
                                          (3) 
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Table 2: Measurements Taken from Frameworks for Mobile Cloud Offloading 

S. 
No. 

Year Author Topic 
Measure-
ments 

Challenges 

1 2017 
Chen, Xing, et 
al 

[4] 

Framework for context-

aware computation of-

floading in mobile cloud 
computing 

Execution 

time 

Power con-
sumption 

a)Reduces execution time by 6-96% 

b)Reduce power consumption by 60-96% 

2 2016 
Zhu, 
Chunsheng, et 

al.[5] 

A novel sensory data 

processing framework 
to integrate sensor net-

works with mobile 
cloud 

Traffic load 

Storage re-
quirement of 

the sensor 

a)data compressed to 70-75% 
b) to get better data performance a combination of attributes 

set.(e.g.)temperature and humidity threshold is .49 

3 2015 
Abolfazli S, 
Gani,et al[6] 

A hybrid mobile cloud 

computing framework 
exploiting heterogene-

ous resources 

Round trip 

time 
Energy effi-

ciency 

a)energy saved to 83-96% 
b)using round trip time performance evaluation gains is 80%-96% 

4 2015 

Shiraz, Mu-

hammad, et al 
[7] 

Energy Efficient Com-
putational Offloading 

Framework for Mobile 

Cloud Computing 

energy con-

sumption 
cost 

a)data transmission reduced by 84% 

b)energy consumption cost reduced to 69.9% 

5 2015 
Shiraz, Mu-
hammad, et al 

[8] 

A study on the critical 

analysis of computa-
tional offloading frame-

works for mobile cloud 

computing 

Turnaround 

time 

Energy con-
sumption 

cost 

Data trans-
mission cost 

a)additional energy consumed 

31.6 % 

b)39% additional time is taken and 13241.2 KB data is transmitted in 
offloading 

6 2015 
Mora Mora, 
Higinio, et al 

[9] 

Flexible framework for 

real-time embedded sys-
tems based on mobile 

cloud computing para-

digm 

Throughput 

Delay 

A computational model based on imprecise computation method is pro-
posed 

a)utilization of cloud is 25% 

7 2014 

Abolfazli, 

Saeid, et al 
[10] 

Rmcc: Restful mobile 

cloud computing frame-

work for exploiting ad-
jacent service-based 

mobile cloudlets 

Mean time 

Energy sav-
ing 

a)Rmcc conserves energy by 71.45% 

b)time conserved by 87% 

8 2014 
Shiraz M, 
Gani A 

[11] 

A lightweight active 

service migration frame-
work for computational 

offloading in mobile 

cloud computing 

9 2014 

Shiraz, 

Muham-
mad, et 

al 

[12] 

A lightweight distrib-

uted framework for 
computational of-

floading in mobile 

cloud computing 

Turna-

round 

time 
Size of 

data 

trans-
mission 

a)data trans-
mission re-

duced by 

91% 
b)energy con-

sumption cost 

minimized by 
81% 

c)turnaround 

time de-
creased by 

83.5% 

 

Descriptions of the variables explained below: 

 Heavy computation indicated as - large w  

 When the server is fast - large ss 

 If the size of data transfer is small - di 

 Bandwidth of network is high - large B 

This inequality also shows that if 
𝑤

 𝑠𝑚
<

𝑑𝑖

𝐵
  , performance can’t be 

improved by offloading, even if the server is infinitely fast (i.e., 

ss→∞). Hence, when analyzing the program to be offloaded, only 

tasks that require heavy computation (large w) with light data ex-

change (small di) should be considered. 

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. 

2.4.2. Reduce energy consumption 

Some computation offloading system helps reduce the energy con-

sumption of the mobile device by delegating energy intensive com-

putation to remote server. The following analysis explains which 

task is suitable for computation offloading. Let pm be the power of 

the mobile device, the energy cost of executing the task is 

 

𝑝𝑚 ×  
𝑤

𝑠𝑚
                                                                                        (4) 

 

Let pc be the power of network interface of mobile device in work-

ing state, pi is the power in idle state. So the energy consumed by 

network interface of the mobile device  

 

𝑝𝑐 ×
𝑑𝑖

𝐵
 + 𝑝𝑖  ×  

𝑤

𝑠𝑠
                                                                       (5) 

 

Computation offloading saves energy when eq. 4 > eq. 5, such that 

[1]  

 

𝑝𝑚 × 
𝑤

𝑠𝑚
 >  𝑝𝑐 ×

𝑑𝑖

𝐵
 + 𝑝𝑖  ×  

𝑤

𝑠𝑠
 ⇒ 𝑤 × (

𝑝𝑚

𝑠𝑚
 −  

𝑝𝑖

𝑠𝑠
 ) > 𝑝𝑐  ×  

𝑑𝑖

𝐵
           (6) 

 

From eq. 6, we can see that tasks with heavy computation (large w) 

and light data size (small di) are suitable for computation offload-

ing. 
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By this study, whether offloading decision to cloud necessary or not 

implied from the above constraint. 

3. Existing works 

3.1. Frameworks of mobile cloud computation offload 

The above table describes the list of measurements taken from 

frameworks for mobile cloud computing. These works specifies the 

methods and techniques used to offload the data from SMD to cloud. 

The table also mentions how different Authors used various frame-

works to solve the energy constraint issues. 

4. Conclusion  

In this paper, we concentrates on the offloading techniques, param-

eters, types, goals .Further the study extends the measurements of 

mobile cloud offloading frameworks. We describe why computa-

tion offloading can become progressively vital for resource strained 

devices within the future. 
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