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In this paper, a modification model for single-link reverse charging of
internet is formed on a multi-link wireless network. The pricing scheme also
takes into account the base costs and quality of services provided by the
service provider. Bit error rate (BER) was utilized as one of the well-known
quality of service (QoS) attribute that can guarantee best performance for
internet service provider (ISP) and users. The base price is determined as a
decision variable to help ISP to maximize profit. This optimization model
can be solved using the LINGO 13.0 program to gain optimal values. The
computational results show that by setting costs as constants and service
quality as variables, optimal results are obtained for ISPs. This can make ISP
considerations in determining the base price that can benefit the ISP and
according to the services provided.
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1. INTRODUCTION

The internet in this modern era is advancing so that the number of internet users every day is always
increasing. This condition can be utilized to maximize profits for ISPs [1, 2] by also taking into account the
level of customer satisfaction. The increasing number of internet users, the demand for quality is also greater.
It is a major task for ISPs to provide better and different QoS [3, 4] to users in achieving the best quality
information at an efficient cost.

Some research [5, 6] examined that three internet pricing schemes such as flat rate, usage based, and
two-part tariffs in obtaining the profit of ISPs. If dealing with wireless internet pricing scheme then QoS
attributes are introduced namely bandwidth, BER, and end to end delay [7, 8]. QoS attribute will be one
parameter that is critical in determining the level of quality of network. Base cost which is the cost that is
predetermined by ISP to avoid the loss and quality premium which measures the level of quality offered [9],
[10], will also be other parameters that can measure the profit of ISP gains.

One pricing scheme that deals with charging [11] back to user whoever utilize the other network is
called reverse charging scheme [12, 13]. Reverse charging is applied for electrical devices [14-16], even
vehicles [17, 18] and can be formulates as probabilistic mathematical modelling [19]. Currently, the
extensive use of wireless network make ISP attempts to set up new pricing plan based on reverse charging
(internet reverse charing-IRC) scheme in wired and wireless network [20]. That scheme works well in
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increasing ISP’profit in wired single link QoS [21, 22] network. In fact, the real network is not only
applicable for single link [23]. It is a necessity to extend the research to also include the multi-link network
[24, 25]. Link must be connected to end-user [26] and show us how many users [27] utilizing the network. It
also a necessity to include charging network when users would like to switch from 3G to 4G network [7, 28,
29].

That is why in this paper, the improved IRC [30, 31] model by determining the base cost as a
decision variable by using the BER QoS attribute is attempted to be designed. This QoS attribute pays
important role in measuring the quality of network in terms of bit error per unit time. This modification
model is then compared by setting the base cost and quality premium as parameters or variables. Base cost
and quality premium were to be varied or be fixed to achieve some certain aim proposed by ISP to obtain
better profit and make it easier for users to choose services that suit their needs.

2. RESEARCH METHOD

The data used in this study was obtained from one of the local server. Data then is described into
grouped based on capacity usage. Data is useful in proving that improved models proposed will work
perfectly in this framework. Next step is to classify the parameter and decision variables that are used in the
model for the consumption of BER on the network. Determination of parameter and decision variables are
based on previous original model set up by Puspita et.al [20], base cost and quality premium in network
proposed by Sain [9] and BER QoS attribute in wireless network proposed by Wallenius [7, 29]. Four models
with whether to vary or to fix the base price and quality premium are conducted to seek for ideal goal for ISP
in achieving the best profit. The models then are run by LINGO 13.0 application software.

The idea of improved IRC basically are depicted in the Figure 1. Models from reverse charging
model and knowledge of utility function to measure user’s satisfaction will be included in the improved IRC.
Solution by optimization tool, LINGO 13.0 as one of the powerful tool to solve the problem using branch and

bound solver.
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Figure 1. Flowchart of New Designed Model of Improved IRC
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3. RESULTS AND ANALYSIS

The improved IRC are modelled by utilizing the model proposed by Puspita et al [20, 32],
Wallenius [7, 29] and Sain [9, 33]. All parameters and variables considered are models in looking into the
best profit that ISPs can be achieved. Then, the general form of the model is presented as follows.

Max R = ¥£,((PR;; £ PQ;;) + (a4 BLy) piyXip)

subject to:
[ digxie < a;C
12k [ dyexie < a5 C
a;<1<1,3 €{0,1}
mi <[ <1

0< Xik < n;, Xk >0

PQy = (14 2 ) PBy Lx

X
bik

PBik = aik(e - e_XB) T1/100

Lx = a(e — e™*B)

0.8<B <1.07

a=1

o))

(1a)
(1b)
(1)
(1d)
(1e)
(1)
(19)
(1h)
(1i)
(1)
(1K)
n

(Im)

Then, the parameter and decision variables, for instance for case 1 is defined in Table 1 and Table 2,
respectively. For case 2-4, the parameters and variables defined are almost similar. The difference is in the

existence of a and 8 as parameter or as variable.

Table 1. Parameters for Each Case on Improved IRC

Table 2. Variables for Each Case on Improved IRC

For Case 1 Model
Parameter Case 1: a and 8 as parameters Variables  Case 1: « dan B as parameters
a The base price each service PQy Cost change along with QoS change
B Premium quality for each service Xik The number of users of the service i at link k
C The total capacity contained in the link PB. The basic fee for the connection with the service
PRy, The cost to connect to the QoS provided ik iand link k
Dik The price of the service i at the link k [P Linear cost factor in the service i and k link
m; Minimum QoS for Serice i I The base price of the minimum required for the
n; The number of users of the service i t service i
di The capacity required to service i at the link k T, Traffic load
fi Limit values specified for the service provider Lx Linearity factor
Ak Some of the increase of decrease in the value of
h Limitation of traffic load this is allowed to T, QoS
k Limitation of traffic load this is allowed to T, Parameter Linear set
gi Limit values specified for the service provider
ik
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Table 3 describes the values of parameters predetermined for the model. The values is based on the
real network occur in one of local server. The value of these parameters is used to do computation on models
as mathematical programming problem. Then, the model of Improved IRC when varying the cost change and
value in QoS to be increased or decreased, then the following model is shown and based on whether the base
cost and quality premium are parameter or variables.

Table 3. Values of Parameters in Improved IRC Model

Parameters Value
The cost of connecting users 1 class 1 0.5
The cost of connecting users 2 class 1 0.6
The base price of each service 0.1
The premium quality of each service 0.5
The total capacity contained in the class (C) 350000
Minimum QoS for service 1(m,) 0.01
Minimum QoS for service 2(m,) 0.01
Number of users of the service 1 (n,) 10
Number of users of the service 2 (n,) 10

3.1. Case 1: aand B as Parameters
Case a: PQ;, and x increases

MaxR = (0.5 + PQy;) + ((0.1+ 0.51;) 15%;) + (0.6 + PQ,,) + ((0.1+ 0.51,)15%,,) +

(0.7 + PQyz) + ((0.1 4+ 0.51;) 15%,,) + (0.8 + PQ,,) + ((0.1+0.51,) 15%;,) 2)
By constraint (1a) then I,675.4053 x,; < a; C, [,675.4053 x,; < a, C (2a)
By constraint (1b) then (I,675.4053x,,) + (1,675.4053%,,) < (a; +a,)C (2b)
By (1c) thena; +a, =1 (2¢)
By (1d) then 0.01 <1, < 1,001 <1, <1 (2d)
By (16) 0 < x;; < 10,0 < x,; < 10 (2¢)
BY (1f)PQy; = ( 1+ —) PByy Lx, PQyy = ( 1+ —) PBy; L 2f)
By (1g) PB;; = a;;(e — ¥ B)%, PB,, = a,;(e — e7*B) 1TTIO (29)
By (1h) then Lx = a (e — e *B) (2h)
By (1i) then 0.05 < a,; < 0.15, 0.06 < a,, < 0.14 (2i)
By (1j) then 50 < T; < 1000 (2))
By (1k)then0 <x <1 (2k)
By (1h) then 0.8 < B < 1.07 20

By (Im)thena=1 (2m)

For three other cases, the formulation of (2)-(2m) is exactly the same equations except for increase
means having positive sign and decrease means negative sign. Then next table shows us the optimal solution
for four cases of base cost and quality premium when in each of four those cases, another subcases were split
and declared.
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3.2. Case 2: a as Parameter and @ as Variable
Max R = (0.5 + PQ;;) + ((0.1 + B;1;) 15 x3;) + (0.6 + PQ,y) + ((0.1 + B,1,) 15x,,) +
(0.7 + PQy5) + ((0.1+ B11;) 15%;,) + (0.8 + PQy,) + ((0.1 + B,1,) 15%,,)

Subject to (2a)-(2m) and,

B, 0.01 > B, 0.01 (2n)
0.01<B, <05 (20)
0.01<B,<05 (2p)

In (2n)-(2p) states that when o is as parameter and 3 is as variable, then those constraints should be
added to model in order to get the desired value for ISP.

3.3. Case 3: a as Variable and g as Parameter
Max R = (0.5+PQyy) + ((o; + By 1)) 15%;;) + (0.6 + PQ,y) + ((op + B; 1) 15%,,) +
(0.7 + PQy,) + ((ay + By 1) 15 X12) + (0.8 + PQyy) + ((oy + By 1;) 15 %)

Subject to (2a)-(2m) and,

0<a <1 (20)
0<a, <1 (2r)
o+, = o +1 (2s)

in (29)-(2s) states that when a is as variable and B is as parameter, then those constraints should be added to
model in order to get the desired value for ISP.

3.4. Case 4: a and B Variable
Max R = (0.5 + PQ;;) + ((ay +0.51,) 15%,,) + (0.6 + PQ,,) + ((a, + 0.51,) 15 x,;) +
(0.7 + PQy;) + ((oy + 0.51;) 15 %;,) + (0.8 + PQ,,) + ((oz + 0.51,) 15%,,)

Subject to (2a)-(2m) and,

0 +B L= +B L (29
0<a <1 (2u)
0<a, <1 (2v)

In addition, (2t)-(2v) explain that when o and {8 are variables, and then those constraints should be
added to model in order to get the desired value for ISP.

3.5. Numerical solution

LINGO 13.0 then be utilized to solved four cases in Tables 4-8. The model obtained is in form of
mixed integer nonlinear programming, with information on value of objective function and decision
variables. Table 4 depicts the variable values obtained when setting base cost and quality premium as
parameter. This means that the goal of ISP is to recover cost in order to avoid bankruptcy and user can select
the class according the user’ preferences and budget where the model chosen is when cost change and
increase in QoS value occurred. In Table 5, when setting up base price as parameter and quality premium as
variable then the solution again occurs when cost change and increase in QoS value. MINLP stands for one
class model, which is mixed integer nonlinear programming model.

In Tables 6 and 7, the same results occurs as in Tables 5-6. PQ;, and x increase shows the best
solution compared to other models. In addition, the value for cost change and increase in QoS value case
show the same values. It means that whether varying or fixing the base price or quality premium, then cost
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change and increase in QoS value will always occurred. Again, it tells us ISP can adopt any scheme
explained, as cost change and increase in QoS value always occurred too.

Compared to previous model on improved reverse charging model proposed by Puspita et al. [20],
the new model involves the cost changes and QoS changes explained in (1f)-(1g) which does not exist in
previous model. The absence of those equations lead to lower objective function values obtained in every
case of base cost and quality premium. The results shown in Tables 4-7 clearly show that all results yield the
same values that occurs when choosing PQ;; and x as increase parameters. It means that ISP can reach
maximum profit by increasing the cost change along QoS change and the increase on QoS value. The
decision to fix base price or to vary the base price to recover cost or to have market competition will always
be good choices since the computation show the same values. Again, the decision to fix or to vary the quality
premium as to have user selection on class and to enable ISP to promote certain class will always make an
advantage for ISP since the numerical example show that the value is also the same.

Table 4. Optimal Solution of Improved IRC Using Sisfo Traffic where a and 8 as Parameter

Variable PQ;, and x increase PQ, increase x decrease  PQy decrease x increase  PQy and x decrease
Model Class MINLP MINLP MINLP MINLP
Objective 1.63617e+007 99.6622 90.9376 91.1
PQyq 8462893 4.428739 0.07381231 0.0
PQy; 7898701 4.133489 0.08857477 0.0
X11 10 10 10 10
Xy 0 0 0 0
apq 0.15 0.15 0.05 0.05
ay, 0.14 0.14 0.06 0.1
I 1 1 1 1
I, 0.505 0.505 0.505 0.505
B 1.07 0.935 0.935 0.935
T, 1000 1000 50 50
Lx 2.375273 1.718282 1.718282 1.718282
x 1 0 0 0

Table 5. Optimal Solution of Improved IRC where a as Parameter and 3 as Variable

Variable PQ; and x increase  PQ;, increase x decrease PQ;; decrease x increase PQy, and x decrease
Model Class MINLP MINLP MINLP MINLP
Objective 1.63616e+007 254122 16.6876 16.85
PQyy 8462893 4.428739 0.07381231 0.0
PQ,, 7898701 4.133489 0.08857477 0.0
X11 5 10 10 10
Xp1 0 0 0 0
ay, 0.15 0.15 0.05 0.05
asq 0.14 0.14 0.06 0.1
I 0.01 0.01 0.01 0.01
I, 0.01 0.01 0.01 0.01
B 1.07 0.935 0.935 0.935
T, 1000 1000 50 50
Lx 2.375273 1.718282 1.718282 1.718283
x 1 0 0 0.000001

Table 6. Optimal Solution of Improved IRC where o and 8 Variables

Variable PQ;, and x increase  PQ, increase x decrease  PQ;, decrease x increase  PQy, and x decrease
Model Class MINLP MINLP MINLP MINLP
Objective 1.63617e+007 160.412 151.688 151.85
PQyq 8462893 4.428739 0.07381231 0.0
PQ,, 7898701 4.133489 0.08857477 0.0
X11 10 10 10 0
X1 0 0 0 10
ay, 0.15 0.15 0.05 0.05
ayq 0.14 0.14 0.06 0.1
I 0.01 0.01 0.01 0.01
I, 0.01 0.01 0.01 0.01
B 1.07 0.935 0.935 0.935
T, 1000 1000 50 50
Lx 2.375273 1.718282 1.718282 1.718283
x 1 0 0 0.000001
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Table 7. Optimal Solution of IRC where o variable dan 8 as Parameter

Vari PQ;, and x PQy, increase  PQ;;, decrease x PQ;, and x
ariable : ¢
increase x decrease increase decrease
Model Class MINLP MINLP MINLP MINLP
Objective 1.636173+007 160.412 151.688 151.85
PQiq 8462893 4.428739 0.07381231 0.0
PQy, 7898701 4.133489 0.08857477 0.0
X11 10 10 10 0
X1 0 0 0 10
a;; 0.15 0.15 0.05 0.05
ay, 0.14 0.14 0.06 0.1
L 0.01 0.01 0.01 0.01
I, 0.01 0.01 0.01 0.01
B 1.07 0.935 0.935 0.935
T, 1000 1000 50 50
Lx 2.375273 1.718282 1.718282 1.718283
X 1 0 0 0.000001

4.  CONCLUSION

The results show that the decision for ISP to adopt the model is based on ISP goals in achieving the
target. Our Improved IRC, clearly shown better result since involving more parameter and variables rather
than the original proposed before which only deal with single link PQ;; and x as increase parameters will
maximize ISP goals to get higher revenue and it occurs in all cases for setting base cost and quality premium.
The research seem to be quite real in some sense, but in fact, the research is in theoretical point of view. It
needs more real situation though the research attempts to have multilink rather than single link. It is due to
software limitation of defined parameters and variables. Therefore, for future work, the possibility to include
more links is critical to allow as many as parameters and variables can be included.
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