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Abstract: Low latency, low energy consumption and high security make the mobile edge 
computing (MEC) receive a lot of attention and good comments from art industry in the past few 
years. However, with task offloading, pricing of data is always a difficulty in MEC. In this paper, 
dynamic pricing schemes based on adaptive terminals are studied for wireless service providers. 
Adaptive terminals (ATs) use computational and machine learning technologies to analyze and 
induce the historical cosmetology records for self-decision making. In the considered model, there 
is a wireless marketplace monopolized by two competing operators who offer differentiated 
wireless service to users and price wireless service in different periods. Each user has a valuation on 
quality of wireless service. ATs will adjust automatically the valuation and make it most suitable for 
the owners' psychological expectation, then it can help the users determine when to connect to 
which base station (BS) for maximum individual benefit. Toward this end, the problem is modeled 
as a Markov decision process. This paper aims at designing an algorithm for finding the two 
operators' optimal pricing strategies in a competing version.  

1. Introduction 

In recent years, MEC becomes the emerging trend research topic in most countries for its low 
latency, low energy consumption and high security and so on [1-2]. The authors in [3] define that 
MEC is an emergent architecture where cloud computing services are extended to the edge of 
networks leveraging mobile base stations. 

Most research in MEC focuses on task offloading, resource allocation and management, and 
lowering latency [4-7]. In addition, the authors in [8] develop an user level online offloading 
framework for MEC, offloading up to 73 percent of computations, and improving the execution 
time by 50 percent while at the same time significantly reducing the energy consumption of mobile 
devices; The authors in [9] develop a novel online small-cell base stations peer offloading 
framework for maximizing the long-term system performance while keeping the energy 
consumption of small-cell base stations below individual long-term constraints. The authors in [10-
11] proposes the edge computing architecture with low energy consumption. Indeed, the authors in 
[12] proposes human-enabled edge computing that exploits the crowd as a dynamic extension of 
MEC. However, the traffic accounting were not mentioned for MEC. 

In our paper, we will design an algorithm in terms of traffic accounting for operators. The BSs 
collect the relative data information about adaptive terminals and other competitors and upload 
them to the MEC server. Then, the server uses the algorithm to calculate the pricing strategies for 
operators. The application of MEC greatly reduce the energy consumption and network congestion. 

2019 2nd International Conference on Mechanical, Electronic and Engineering Technology (MEET 2019)

Published by CSP © 2019 the Authors 341



2. The opt

2.1 The m

Conside
differentiat
respectivel
price DDS
by Oi (i=H
quality of D

The tota
quality of 
valuation θ
operator, it
DDS at mo

We con
the current
higher than
of DDS, w
denoted by
where θt i
between re

The sys

2.2 Strateg

The pro
perfect equ
we can use

2.2.1 Anal

Given th
θ-PT,H if i
valuation θ
and choosi
satisfied th
period is g

timal strate

ulti-period

er an area m
ted quality 
ly. Duration

S simultaneo
H,L) in perio
DDS, so if t
al number 
DDS, whe

θ choose O
t earns zero
ost once ove
nsider the nu
t period. If 
n θ must als
which is ch
y γ. Therefo
s both the 

eceiving DD
stem model 

gy analysis

oblem is mo
uilibrium (M
e backward 

lysis for the

he state var
t chooses O

θT,M, equal t
ing OL in t
hat θT,M ≤ θ
iven by 

egies studie

d access mo

monopolized
of data do

n of the wh
ously at the
od t (t=1,2,
the unit cos
of ATs is n

ere θ is sup
i (i=H,L) at

o surplus. S
er the entire
umber of re
an AT with
so choose O
haracterized
ore, the rem
state of pe

DS in period
is shown in

Fig

s 

odeled as a 
MPE). MPE
induction to

e Last Perio

riable θ  an
OH and RL

to RH*(PT,H

the current 
θT and PT,L

ed for mult

odel 

d by two co
ownload se
hole game 
e beginning
...,T) is den
t of DDS of
normalized 
posed to fo

t price Pt,i in
uppose that

e game.  
emaining AT
h valuation θ
Oi in period 
d by the pe
maining AT
eriod t and 
d t-1 and rec
n FIG.1. 

g. 1. The Mu

Markov de
E is a subgam
o solve the 

od 

d the price p
L/RH*θ-PT,L 
- PT,L)/(RH-
period. To

L ≤ RL* PT,H

ti-period ac

ompeting op
ervice (DDS
is divided 

g of each pe
noted by p ,
ffered by O

d to 1. Each
ollow a Un
n period t, 
t ATs are in

Ts having n
θ choose O
t or earlier 

er-period de
Ts in period

the margin
ceiving DD

ulti-period A

ecision proc
me perfect 
equilibrium

pair PT=(PT

if it choos
-RL), at whi
o ensure no
H/RH. The u

ccess model

perators, OH

S), characte
into T con

eriod. Speci
, . We assum

OH is c, that o
h AT has a
niform distr
its surplus 
nter-tempor

not yet rece
Oi (i=H,L) in

periods bec
elay discoun

t can be ch
nal valuatio
S in period 

Access Mod

cess, whose
equilibrium

m.  

T,H, PT,L), an
ses OL. The
ch an AT is

on-zero prof
utility funct

l 

H and OL. T
erized by d

nsecutive pe
ifically, the 
me the cost
offered by O

a valuation, 
ribution on 
is θ- Pt,i; If

ral utility m

eived DDS a
n period t, a
cause ATs d
nt coefficie
haracterized

on at which
t.    

del. 

 optimum s
m in Markov

n AT with v
en, we can
s indifferent
fit for both 
tion of both

They provid
data rate, R
eriods. Both
 price of D
t is proport
OL is c*RH/R

denoted by
[0,1]. If a

f it doesn't 
maximizers a

as the state 
all ATs with
discount fut
ent (PDDC)
d by an inte
h an AT is 

 

solution is t
v strategies.

valuation θ g
n calculate 
t between ch

h operators, 
h operators

de ATs with
RH and RL,
h operators

DDS offered
ional to the
RL.  
y θ, on the

an AT with
choose any
and receive

variable of
h valuations
ture utilities
) for users,
erval [0,θt],
indifferent

the Markov
. Therefore,

gets surplus
the middle
hoosing OH

it must be
 in the last

h 
, 
s 
d 
e 

e 
h 
y 
e 

f 
s 
s 
, 
, 
t 

v 
, 

s 
e 
H 
e 
t 

342



, (T H Tr 

Obvious
equilibrium

*
,

*
,

T H

T H

P

r

Where 

  ,T HA 

2.2.2 Anal

In the m
the current
can establi
condition i
than choos

Conside
pure strateg

To ensu
be satisfied
in period t 

To simp
The symbo

,t HA 

,

,

(

(

t H

t L

R
B

R
B





When R
recursive e
BT,L have
{Bt,i}(t=1,2
the sequen

,, ) (T T T HP P

sly, there e
m solution b

,

,

( )

( )

H T T H

H T T H

A

B









2 2

4
H L

H L

R R

R R






lysis for the

multi-period
t period mig
ish a simple
is a natural
sing high-qu
er the game
gy with 

ure that only
d that RL/R
can be char

plify notatio
ols of (4) are

( )

2
H LR R

R




2

)((

)

H L

H L t

R R M

R R M 





RL/RH ≥ γ,
equations. W
e been giv
2,…,T-1, i=

nce of states

)(H Tc   

exists an u
by the first d

2 *

( )

( ) ,

H T

H T T

c c

c r





 



,,
2

L
T L

R
A

R


e former t-

d game, ther
ght be equa
e condition 
 one becau

uality opera
e in period t

y a pure-stra
RH-γ(1- At+1,

racterized b

ons, define 
e specified 

2
1

1

)( t t

H t

M N

R N
 





2 2
1 1

2
1 1

)

(2

(

t t

t H

M N

R

N R

 

 





, a unique 
We can solv
ven in (3)
=H,L) can b
s, {θt}(t=2,3

, ,), (T M T L Tr 

nique Nash
derivative. T

*
,

*
, ,

, ( )

( )

T L T

T L T T

c P

B









, ,,L
T H T H

H

R
A B

R

1 periods 

re exists a m
al to the surp
that RL/RH 
se it indica
tor in the ne
t with state

ategy MPE 
H)-2Bt+1,L≥0

by 

Mt+1=RL/R
by 

1
,

) (
, t L

R
A 

2

2
1

2
1

2
1

4(

)

2

2( )

H H

H t

t H

H t

R R

R N

M R

R N











pure-strate
ve the equili
), the sequ
be calculate
3,…,T), are 

,, ) (T T T LP P

h equilibriu
The equilibr

,

2
,

(

( ) .

T L T

L T

A c

c









2

4
H

H
H

R

R R




mixed-strate
plus of cho
≥ γ, under 

ates that AT
ext period i

e θt. Suppos

exists and b
0 and Bt+1,H

RH-γ(1-At+1,H

2

1

)H L t

H t

R R M

R N






1,)

( )(

L t H

H L

R B M

R R M





egy MPE e
ibrium by th
uence of 

ed backward
determined

)(L
L T

H

R
c

R


um in the l
rium pricing

) ,L

H

R
c

R


.   

, ,,T H T L
L

A B
R

gy MPE wh
osing OH in
which there

Ts prefer ch
f these two 

se the Mark

both operat
H- Bt+1,L≤(R

H) and Nt+1

1 ,

2
1

1 1,

)
,

)

t

t t L

M

M B



 

exists and c
hese recursi
price and 

ds according
d forward, b

, ,
H

T M T L
L

R
P

R


last period, 
g strategy p

8 2
L

L
H

R

R R




here the surp
n the next p
e exists a pu
hoosing low
options are

kov equilibr

ors have po
H-RL)/2RH. 

1=3Mt+1
2+4(

))
.

can be cha
ve equation
profit coe

g to (6) and
based on the

).L               

 then we c
profile is giv

, .T H
L

A
R

     

rplus of cho
period. Fortu
ure-strategy

w-quality op
e equally pri
rium in peri

ositive dema
Then, the e

(1-RL/RH)(M

aracterized 
ns. AT,H, AT

efficients, 
d (7). Noted
e equilibrium

             (1)

can get the
ven by 

             (2)

osing OL in
unately, we

y MPE. The
perator now
iced. 
iod t+1 is a

(4)

and, it must
equilibrium

(5)

Mt+1-Bt+1,L).

             (6)

by explicit
T,L, BT,H and

{At,i} and
d that θ1=1,
m price (Pt-

) 

e 

) 

                          (3) 

n 
e 
e 

w 

a 

) 

t 
m 

) 

. 

) 

                          (7) 

t 
d 
d 
, 
-

343



1,H, Pt-1,L) in the last period. 

3. Conclusion

We consider the dynamic pricing strategies based on ATs for two competing operators with
differentiated quality of wireless service. An mixed-strategy MPE exists in the game. Furthermore, 
we give a simple condition for the existence of a unique pure-strategy MPE, which admits explicit 
recursive expressions. In the competing version, two operators only need to collect relative data 
information about ATs and another competitor, then send them to the MEC server. The server can 
calculate the optimal price in each period for the operator by our algorithm, which will contribute to 
pricing of data in MEC. In the future, we will study a version of the model where one operator 
unilaterally commits to static pricing and the situation that there are more than one competitor. 
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