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Abstract

This paper seeks to utilize the improved model of reverse charging scheme.
Reverse charging basically is defined as a capability of stored network that
replaces the network used when the network is suddenly shut down. In this paper,
charging back on 3G and 4G network that is user automated platform, will
change the access of 4G to 3G and on the contrary when platform conduct the
hosting. This research was solved as a problem Mixed Integer Nonlinear
Programming (MINLP) by LINGO 13.0. An optimal pricing scheme is applied to
a local data server, including digilib traffic and mail traffic. The improved model
of Reverse Charging is modified into 4 cases and formed by setting the base price
(α) and service level (β). Based on the analysis that has been done, the results of
this study indicate that the reverse charging model can be utilized Internet Service
Provider (ISP) to maximize profits and provide quality services for the user if
compared to previous model without reverse charging scheme.
Keywords: improved model of revere charging scheme, MINLP, ISP, QoS,
pricing scheme
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I. INTRODUCTION
he development of the Internet world is often be
accelerated by the acquisition of information,
business, education, social life, and even become a
place of their own entertainment. The high internet
users are increasing every year give a positive impact to
the Internet service provider (ISP) as service providers
must develop in each feature internet. ISP as a provider
company should be able to provide the best quality
service or Quality of Service (QoS) to the user. The
service price and good quality certainly affect both the
ISP in order to maximize profits [1].
Based on research [1-3] and advanced researchers
from [4-6] research has been conducted on the network
wired and wireless internet which use pricing utility
function that focuses on the level of use and models of

T

different packages. Bottleneck’s problems occurs
during the transfer of data where the number of data
packets sent and received does not match, resulting in
congestion of data transmission. This problem is solved
by charging Internet model where the model is used
when there is a transfer of redundant data that can be
adjusted using the data package savings.
Pricing level model also involves Internet service
QoS network and multi-service networks. The level of
pricing needs and high demand will become a problem
for ISPs. Then ISP applies bundle pricing strategy to
minimize costs and maximize profits [7]. The service
should pay attention to the level of satisfaction on the
service consumption, utility function associated with
the consumption level of satisfaction with the service so
as to achieve maximum profit [8]. The marketing
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strategy using the bundle pricing by combining two or
more products into one, as well as to overcome the
problems will be diversity and unpredictability of the
price level of consumer demand that has been discussed
previously [9].
Internet network problems pricing schemes need to
consider methods of storage and physical custody.
Some research [10,11] discuss the pricing scheme of the
Internet by exploiting the model of cloud computing
and cloud radio access network (C-RAN). Cloud
computing is a model that allows service providers to
access information without limits in time or place and
is only available when is needed by users [12]. While
the C-RAN used the base station exclusively (BTS)
stand-alone or centrally connected to the antenna cell to
process the radio signals (RRHS) of processing digital
(BBU) and send it to the core network / radio antenna
towers [13].
Reverse charging method is the introduction of
service quality and one ISP-to-ISP customers only do
speed of access of the user, the charging scheme focuses
on charging, so it is not allowed others to do the reverse
charging. For high-speed data transmission with the
necessary applications to connect customers to the
Internet that would allow a different quality (QoS) [14].
Other method of charging has a benefit for
subscription fees and the cost of sessions each in turn
consists of component set-up and recurring component
to the user [15]. In reverse charging model, collections
of other users are able to reduce congestion and get the
satisfaction of users [16]. Reverse charging is focused
on 3G and 4G networks turnover while doing the
hosting. This situation will be replaced automatically
influenced by the distance of the user to the main
antenna. To adjust the price, ISPs must fully understand
that the QoS affects the willingness of users to use the
product but ISPs cannot improve the quality of service
indefinitely because of limited network resources such
as bandwidth, capacity, delay, jitter and utilization.
This study attempts to further study and analyze the
network-pricing scheme by applying reverse charging
models. Reverse charging models themselves will be
simplified into a mathematical model to determine the
objective function and constraint functions. MINLP
(Mixed Integer Linear Programming) is a linear
programming model to optimize goal. In MINLP
process, the objective function is determined first. The
optimal solution of MINLP lies in a majority of
decision variable to be integers. This research uses 4
cases as a comparison of the data result and is applied
to local data server namely digital library and
information systems.

of MINLP in which LINGO 13.0 will simulate formulas
and research results. The optimization model is
established based on parameters and variables that will
be used to solve optimization problems. An pricing
scheme is aplied a local data server, including digilib
and mail traffics.
III. RESULTS AND DISCUSSIONS
Results should be presented in tables and figures in
order to highlight all findings. Author should compare
their findings to other published articles. All tables and
figures should be cited or referred in the body text.
Detail information regarding the manuscript
preparation is presented as follows.
Basically, the optimization model used is based[5].
The proposed improved model is as follows. First case
is when 𝛼 and 𝛽 are fixed, based on eq. (1).
Max 𝑅 = ∑2𝑖=1(𝛼 + 𝛽𝐼𝐼 )𝑝𝑖 𝑥𝑖

(1)

Subject to:
𝐼𝑖 𝑑𝑖 𝑥𝑖 ≤ 𝑎𝑖 𝐶 , i=1, 2

(2)

∑2𝑖=1 𝐼𝑖 𝑑𝑖 𝑥𝑖 ≤ 𝑎𝑖 𝐶 , i =1, 2

(3)

∑2𝑖=1 𝑎𝑖 = 1 , i =1, 2

(4)

𝑚𝑖 ≤ 𝐼𝑖 ≤ 1 , i =1, 2

(5)

0 ≤ 𝑥𝑖 ≤ 𝑛𝑖 , i =1, 2

(6)

{xi} integer, i =1, 2

(7)

Second case when 𝛼 is fixed and 𝛽 varies:
Max 𝑅 = ∑2𝑖=1(𝛼 + 𝛽𝑖 𝐼𝐼 )𝑝𝑖 𝑥𝑖

(8)

With subject to constraint of equation (2) to (7). It
may be added new constraints as follows:
𝛽𝑖 𝐼𝑖 ≥ 𝛽𝑖−1 𝐼𝑖−1 , i >1

(9)

𝐼𝑖 ≤ 𝛽𝑖 ≤ 𝑏𝑖 , i =1, 2

(10)

Further case for 𝛼 is fixed and 𝛽 varies:
Max 𝑅 = ∑2𝑖=1(𝛼𝑖 + 𝛽𝑖 𝐼𝐼 )𝑝𝑖 𝑥𝑖

(11)

With subject to constraint of equation (2) to (7) and
equation (9) to (10), it may consider new constraints as
follows:
𝛼𝑖 + 𝛽𝑖 𝐼𝑖 ≥ 𝛼𝑖−1 𝛽𝑖−1 , i >1

(12)

𝑐𝑖 ≤ 𝛼𝑖 ≤ 𝑔𝑖 , i =1, 2

(13)

Last case is for 𝛼 is fixed and 𝛽 varies:
Max 𝑅 = ∑2𝑖=1(𝛼𝑖 + 𝛽𝐼𝐼 )𝑝𝑖 𝑥𝑖

(14)

With subject to constraints of equations (2) to (8)
and eq. (14), it may added new constraints as follows:
II. MATERIALS AND METHODS
The calculation of the amount of bandwidth
consumption will be settled using optimization model

𝛼𝑖 + 𝐼𝑖 ≥ 𝛼𝑖−1 +𝐼𝑖−1 , i >1
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In the following calculation, four cases from the
above model will be discussed, each case will be
distinguished based on the selection of parameters and
variables on the function of certain constraints.
A. Case 1
On the case 1, base price of service is (𝛼) selected as
parameter and quality premium (𝛽) is also a parameter
in which the Table 1 and 2 presents the parameter and
variables, respectively. The parameters and variables
are set to satisfy all the condition requires by the Model
(1) to (7).
Table 1. Parameter for Each Improved Model for Case 1
Symbol
𝛼
𝛽
𝐶
𝑝𝑖
𝑑𝑖
𝑚𝑖
𝑛𝑖

Definition
Base price
Quality premium
Total capacity
User price of service i
Capacity needed to provide full QoS unit of
service i
Minimum level of QoS for service i
Maximum number of users for service i

Table 2. Variables for Each Improved Model for Case 1
Symbol
𝐼𝑖
𝑋𝑖
𝑎𝑖

Definition
QoS level for service i
Number of users of i
Allocation of network i

B. Case 2
On the Case 2, base price of service i is (𝛼) selected
as parameter and quality premium i (𝛽𝑖 ) selected as
variable in which the Table 3 and 4 presents the
parameter and variables, respectively. The parameters
and variables are set to satisfy all condition required by
the constraints of (8) to (10).
Table 3. Parameter for Each Improved Model for Case 2
Symbol
𝛼
𝐶
𝑝𝑖
𝑑𝑖
𝑚𝑖
𝑛𝑖
𝑏𝑖

Definition
Base price
Total capacity
User price of service i
Capacity needed to provide full QoS unit of
service i
Minimum level of QoS for service i
Maximum number of users for service i
Maximum of quality premium for service i

Table 4. Variables for Each Improved Model for Case 2
Symbol
𝐼𝑖
𝑋𝑖
𝑎𝑖
𝛽𝑖

Definition
QoS level for service i
Number of users of i
Allocation of network i
Quality premium for service i

Table 5. Parameter for Each Improved Model for Case 3
Symbol
𝐶
𝑝𝑖
𝑑𝑖
𝑚𝑖
𝑛𝑖
𝑏𝑖
𝑔𝑖
𝑐𝑖

Definition
Total capacity
User price of service i
Capacity needed to provide full QoS unit of
service i
Minimum level of QoS for service i
Maximum number of users for service i
Maximum quality premium value for service i
Maximum level of QoS for service i
Minimum quality premium value for service i

C. Case 3
On case 3, base price of service i is (𝛼𝑖 ) selected as
variables and quality premium i (𝛽𝑖 ) is also selected as
variable presented on Table 5 and 6 of the parameter
and variables respectively. The parameters and
variables are set to satisfy all the condition requires by
the constraints (11) to (13).
Table 6. Variables for Each Improved Model for Case 3
Symbol
𝐼𝑖
𝑋𝑖
𝑎𝑖
𝛽𝑖
𝛼𝑖

Definition
QoS level for service i
Number of users of i
Allocation of network i
Quality premium for service i
Base price for service i

D. Case 4
On the case 4, base price of service i is (𝛼𝑖 ) selected
as variables and quality premium (𝛽) selected as
parameter in which the Table 7 and 8 presents the
parameter and variables respectively. The parameters
and variables are set to satisfy all the condition requires
by the equations (14) to (15).
Table 7. Parameter for Each Improved Model for Case 4
Symbol
𝛽
𝐶
𝑝𝑖
𝑑𝑖
𝑚𝑖
𝑛𝑖
𝑏𝑖
𝑔𝑖
𝑐𝑖

Definition
Quality Premium
Total Capacity
User price of service i
Capacity needed to provide full QoS unit of
service i
Minimum level of QoS for service i
Maximum number of users for service i
Maximum quality premium value for service i
Maximum level of QoS for service i
Minimum quality premium value for service i

Table 8. Variabel for Each Improved Model for Case 4
Symbol
𝐼𝑖
𝑋𝑖
𝑎𝑖
𝛼𝑖

Definition
QoS level for service i
Number of users of i
Allocation of network i
Base price of service i
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To solve the models presented in Eq. (1)-(7), we give
the numerical example of parameters and it is solved
numerically by using LINGO 13.0. In Table 9, we give
the numerical value of the parameters.
The solver status for each case is obtained like stated
in Table 10. For the decision variables, the solution for
each case is presented in Table 11.

optimum result of 787.5. In case 3, base price of service
i is (𝛼𝑖 ) selected as variables and quality premium i (𝛽𝑖 )
is also selected as variable.
Optimization model is MINLP with optimum result
of 450. The optimization model is MINLP with
optimum result of 787.5. In the case 4, base price of
service i is (𝛼𝑖 ) selected as variables and quality
premium (𝛽) selected as parameter.

Table 9. Numerical Example
Parameter
𝛼
𝛽
𝐶
𝑝1
𝑝2
𝑔1
𝑔2
𝑐1

Value
0.1
0.5
350000
45
15
1.5
1.5
0

Parameter
𝑛1
𝑛2
𝑏1
𝑏2
𝑚1
𝑚2
𝑐2
𝑑1
𝑑2

Value
10
10
0.5
0.5
0.01
0.01
0
4.24
1.87

Table 10. Solver Status
Solver
Status
Model
Class
State
Objective
Iterations

IV. CONCLUSIONS
Prepare the conclusion in a single paragraph without
reference. Conclusion should be prepared in a complete
sentence and paragraph without numbers or pointers.
Please inform the future study or application of the
current findings. Based on the solution of reverse
charging model using LINGO software, the optimum
result obtained from the model is that in case 3 the
optimum result is 787.5 unity of time. Of our four cases
we obtained same type of model which is MINLP.

Case 1

Value
Case 2
Case 3

Case 4

ACKNOWLEDGMENT

MINLP

MINLP

MINLP

MINLP

Local
Optimal
270
27

Local
Optimal
337.5
29

Local
Optimal
787.5
8

Local
Optimal
450
36
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