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Abstract  
The fast development of mobile-based technologies has utilized resource-hungry mobile applications, such as 

Augmented Reality (AR), Virtual Reality (VR), vehicular networks, etc. However, the fast development of these 

applications leads to more complexity and requires more computation resources over time. Mobile Edge Computing 

(MEC) is introduced that brings computation environment near the end-users to achieve essential requirements such 

as low energy consumption, low latency, low cost. This paper proposes a task offloading framework to optimize the 

energy consumption of multi-device in consideration of the edge server computation capacity in MEC environment. 

 

 

Ⅰ. Introduction  

With the rapid development of mobile applications, 

there has been a great striving for computation 

capacity to provide various services. Furthermore, the 

massive amount of data generated by those 

applications cause some significant problems such as 

security, delay, energy consumption, etc [1]. Mobile 

devices have limited computation capacity and energy, 

so some massive tasks can not run locally [2,3]. 

Mobile Edge Computing (MEC) is introduced to handle 

these challenges. It brings the computation 

environment near the end-users [4].  

Mobile can offload the task to edge cloud for 

computing or choose to execute it in the local [5]. In 

most existing work on task offloading, the edge cloud 

computation power value has been already known and 

been a fixed value. However, the computation capacity 

can change overtimes dynamically because of various 

kinds of computation tasks. And this will affect the 

offloading decision of mobile devices. 

In this paper, we formulate and propose a multi-

device task offloading framework for energy 

optimization based on the computation capacity of the 

edge cloud. 

 

Ⅱ. Proposed system model 

Figure 1 shows the system model. There are 

multiple smart devices, edge cloud servers, and a 

central cloud server in the system. The mobiles send 

the energy and task information to the closest edge 

servers. There are multiple edge servers 𝑅 =

{1,2, … , 𝑅}  in the system. The edge servers have 

bigger computation capacities for computing heavy 

tasks. Suppose there are N smart devices and M 

multiple tasks. Then, we describe the set of multiple 

devices as 𝑁 = {1,2, … , 𝑁}; and set of multiple tasks as 

𝑀 = {1,2, … , 𝑀}.  

We suppose that a mobile device can only request 

one task per time slot, and mobile devices are fixed in 

the system. We define: 

 The task m that the mobile n request as 

𝑢𝑛,𝑚 

 The computation resource required for 𝑢𝑛,𝑚 

is denoted as 𝑟𝑛,𝑚 

 The total data size for offloading is 𝑠𝑛,𝑚 

 The required completion time is 𝑑𝑛,𝑚.  

 The computation capacity of the edge 

server is 𝑐𝑛,𝑚 

 

A. Communication model 

The uplink data transfer communication is 

described in Equation (1) below: 

𝑡𝑟𝑎𝑛𝑠_𝑢𝑝𝑛 = 𝐵𝑎𝑛𝑑𝑤𝑖𝑑𝑡ℎ ∗  log2 (1 +
𝑃𝑛𝐺𝑛

𝜎2 + 𝐼𝑛
) 

(1) 

 

Where 𝐵𝑎𝑛𝑑𝑤𝑖𝑑𝑡ℎ  is the channel bandwidth. We 

denote 𝑃𝑛 as the mobile 𝑛’s transmitted power, 𝐺𝑛 as 

the gain of the channel between the edge cloud and 

mobile 𝑛. 𝐼𝑛  is the intervention between edge cloud 



 

and mobile 𝑛 , and 𝜎2  indicates the Gaussian noise 

power.  

 
Figure 1 Proposed multi-device task offloading system 

 

The same with studies [5-8], we ignore the lag of 

downlink transmission due to many applications' 

output data is typically substantially smaller than their 

incoming data. 

B. Computation model 

 Mobile device model 

 

𝐸𝑛𝑒𝑟𝑔𝑦𝑛,𝑚
𝑙 =  𝑟𝑚𝛽𝑙 (2) 

 

The computation energy utilization of mobile 

device 𝑛 is given in Equation 2. We denote 𝛽𝑙 as 

the coefficient. According to study [5], the 𝛽𝑙 is 

expressed in Equation below: 

 

𝛽𝑙 = 𝑘(𝑓𝑛
𝑙) (3) 

 

Where 𝑘 is the energy coefficient and equals to 

1011  according to [9]. We denote 𝑓𝑛
𝑙  as the 

computation resource of the mobile device 𝑛. 

The total computation latency when executing the 

task 𝑚 in mobile device 𝑛 is express as: 

𝑇𝑛,𝑚
𝑙 =  

𝑟𝑛

𝑓𝑛
𝑙
 (4) 

 

 Mobile edge server model 

The communication delay has three parts: (1) the 

task process time 𝑇𝑛,𝑚

𝑝𝑟𝑜𝑐𝑒𝑑𝑔𝑒 , (2) the transmission 

time 𝑇𝑛,𝑚

𝑡𝑟𝑎𝑒𝑑𝑔𝑒 , and (3) the queue delay 𝑇𝑛,𝑚

𝑞𝑢𝑒𝑢𝑒𝑒𝑑𝑔𝑒 . 

The communication delay is obtained by: 

 

𝑇𝑛,𝑚
𝑒𝑑𝑔𝑒

=  𝑇𝑛,𝑚

𝑝𝑟𝑜𝑐𝑒𝑑𝑔𝑒 + 𝑇𝑛,𝑚

𝑡𝑟𝑎𝑒𝑑𝑔𝑒 + 𝑇𝑛,𝑚

𝑞𝑢𝑒𝑢𝑒𝑒𝑑𝑔𝑒 

=  
𝑠𝑛,𝑚

𝐸𝑛𝑒𝑟𝑔𝑦𝑛,𝑚
𝑙

+
𝑟𝑛,𝑚

𝑓𝑛,𝑚
𝑒𝑑𝑔𝑒 + 𝑇𝑛,𝑚

𝑞𝑢𝑒𝑢𝑒𝑒𝑑𝑔𝑒 

(5) 

 

where 𝑓𝑛,𝑚
𝑒𝑑𝑔𝑒

 is the CPU computation resource of 

the edge server assigned to 𝑢𝑛,𝑚 . The energy 

utilization of mobile device 𝑛 that sends the task 

𝑚 to the edge server can be obtained by: 

𝐸𝑛𝑒𝑟𝑔𝑦𝑛,𝑚
𝑒𝑑𝑔𝑒

=  𝑃𝑛 𝑇𝑛,𝑚

𝑡𝑟𝑎𝑒𝑑𝑔𝑒 (6) 

 

 Problem statement 

In this study, the task offloading decision is a 

binary option. We define ℎ𝑛,𝑚 ∈ {0,1}, where the 

value 0 indicates that the task is executed at 

mobile device and value 1 indicates that the task 

is executed at the edge cloud. 

The objective of this study is to minimize the 

energy consumption of mobile devices in 

consideration of the CPU computation capacity of 

the edge cloud, which can be expressed below: 

 

min
ℎ𝑛,𝑚

∑ 𝐸𝑛𝑒𝑟𝑔𝑦𝑛,𝑚

𝑁

𝑛=1

(𝐸𝑛𝑒𝑟𝑔𝑦𝑛,𝑚
𝑙 , 𝐸𝑛𝑒𝑟𝑔𝑦𝑛,𝑚

𝑒𝑑𝑔𝑒
) 

 

(7) 

 

We also present four constraints as below: 

 

𝐶𝑜𝑛𝑠𝑡𝑟𝑎𝑖𝑛𝑡 1:   𝑇𝑛,𝑚 < 𝑑𝑛,𝑚,      ∀𝑛, 𝑚 ∈ 𝑁, 𝑀  

𝐶𝑜𝑛𝑠𝑡𝑟𝑎𝑖𝑛𝑡 2:  ∑ 𝑢𝑛,𝑚 ≤ 1,      ∀𝑛, 𝑚 ∈ 𝑁, 𝑀  
𝑅

𝑟=1
 

 

𝐶𝑜𝑛𝑠𝑡𝑟𝑎𝑖𝑛𝑡 3:  ∑ ℎ𝑛,𝑚

𝑁

𝑛=1
 𝑓𝑛,𝑚

𝑒𝑑𝑔𝑒
,      ∀𝑚 ∈ 𝑀 

 

𝐶𝑜𝑛𝑠𝑡𝑟𝑎𝑖𝑛𝑡 4: ℎ𝑛,𝑚 ∈ {0,1} (8) 

 

Constraint 1 guarantees that the task 𝑚 must be 

completed before the required time. Constraint 2 

states that each mobile device 𝑛 can connect and 

offload the task 𝑚  at most one edge server. 

Constraint 3 presents the computation utilization 

needed for executing the tasks must be smaller 

than the computation capacity of edge cloud at 

each time slot. And finally, Constraint 4 mentions 

the offloading decision is a binary option. 

 

Ⅲ. Conclusions 

In MEC system, mobile devices can choose to 

offload their tasks to be executed in the edge cloud 

or in local devices. However, in most studies, the 

computation utilization power of the edge cloud is 

not considered well. To minimize the energy 

consumption of mobile devices in MEC system as 

well as to meet the task completion requirement, 

we formulate a multi-device task offloading 

framework for energy optimization based on the 

computation capacity of the edge cloud. For the 

future direction, based on this study, we design an 

efficient strategy to solve these formulated 

problems. 
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