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1. INTRODUCTION

One way for Internet service providers (ISPs) to enhance their quality of service is to perform the
method of bundling and utility function [1], [2]. In wireless communication, one problem exists regarding
with setting up the bundling or combining the service [3]. So, the best of services that are available can be
taken that the maximum benefits. Model of focusing on bundling scheme maintains a utility function to
support the quality of services (QoS) [4], [5] so the main goal to attract consumers to subscribe the services
will improved fast and ISPs consider their level of satisfaction that can be maintained to engage users in
dealing with the network [6], [7].

Network management is considered in critical state that every scheme regarding the pricing strategy
should be maintained effectively. Internet pricing also should include the incentive for users maintaining the
network [8]-[10]. Then, the requirement to have some mechanism to give user’ incentive to upgrade the
profit [11]-[16]. It means that users need some resources to enhance their satisfaction. Many pricing schemes
are divided into whether the pricing scheme depends or not in the technical network that are leading to
parameter selection to identify the price. The internet pricing scheme [6], [17], [18] has been developed
tremendously nowadays. Many schemes that focus on users point of view [19]-[21] has emerged to persuade
users in applying the wireless network. Reverse charging of internet is basically one of the scheme that focus
on user while enhance ISP to obtain higher profit by conducting charging on using the network [22]. On the
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other side, bundling strategy that enhances users through promotion of some networks in one price, has been
extensively used in wireless network [23], [24].

While some research focusing on some strategies to enhance users to obtain the benefit for ISP, very
scarce research that focus on combination of incentive pricing, reverse charging strategy and bundling
strategy in wireless network are discussed. In fact, the approach of those pricing scheme would be better for
both users and ISP since they both get some satisfactions from the network. Therefore, it needs to model the
improved incentive pricing based on internet usage on 3G and 4G networks that works on reverse charging
scheme that allow user preferences. The bundling strategy allows users to differentiate the pricing scheme
based on utility function chosen which is quasi-linear function as one of the well-known utility
functions [25]-[28] to measure the level of satisfaction of the users. The models seek for ideal model that can
both satisfy ISP for maintaining the networks and users applying the network.

2. RESEARCH METHOD

In this paper, the incentive scheme was set up by using a combination of optimization model of
bundling pricing, quasi-linear utility function, the optimization problem of consumers, and improved reverse
charging models with some numerical computations. The choice for setting the model is based on the ability
of solver in LINGO 13.0 to solve the problem. The variables and parameters defined are described properly.
Those include all variables and parameters involving in bundling strategies, utility function and improved
reverse charging. The optimal solution is completed by using the LINGO 13.0. Numerical computations on
this model are applied to the local data traffic server for examining the model designed. The main framework
of designing the new model is presented in flowchart as Figure 1 showed.
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Figure 1. Flowchart of designing new model
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3. RESULTS AND ANALYSIS

All information needed are described in Tables 1 and 2. The value of parameter is presented in
Tables 3 and 4. Parameters stated in Table 1 are basically regarding with bundling strategy, utility function of
consumer, base price and quality premium that are maintained by ISP and reverse charging scheme
parameters that allows ISP to charge back user that use the network.

Table 1. Parameters for each improved model
Parameters for improved model

B; : Bundle cost for service j.
M : Marginal cost added in list.
R;j : Price of ttotal order for consumer | in service k.
Uix,vp - Utility function i in busy hour
Py : Price per unit in busy hour.
P, : Price per unit in non busy hour.
P : Paid cost by consumer.
a : Base price for maintanining class j.
B : Quality premium
C : Network capacity limitation
PR;; : Fee to connect needed
m; : Amount of minimum QoS require for service i
n; : Amount of maximum QoS required for service i
dy; : Capacity of service i on network j
Qpij : Amount of value for QoS attribute
f : Amount of minimum value for a;;
h : Amount of minimum payload for T,
k : Amounf of maximum payloads for T,
g : Amount of maximum value for a;;

Table 2 states the decision variables to be determined that consist of decision of user to join the
network or otherwise, benefit for user, cost change in reverse charging scheme and consumer consumption of
the network. For Table 3, the values are set up by condition in the network on the data traffic from local server.
Lastly, Table 4 describes the value set up for homogeneous users. Therefore, the improved incentive models
attempt to have satisfaction of homogeneous users in network while enable ISP to gain their profit. Then, based
on parameters and variables set up, the design of new improved model of incentive pricing is as (1).

Table 2. Decision variables for each improved model Table 3. Parameter values for improved models
The decision variable for the improved model Parameter Value
. - {1‘ selecting bundle in service j Cost of connecting user 1 class 1 (PR,;) 0.5
Y 710, notselecting bundle in service j Cost of connecting user 1 class 2 (PR;,) 0.6
v, {1‘ ISP sells bundle of services j The cost of connecting users 2 class 1 0.4
J 10, ISP does not sell bundle of services j (PRy;) 0.7
S : Amount of advantage for -i consumer The cost of connecting users 2 class 2 1
e : Amount of minimum consumption level i on the busy (PRy,) 0.05 < ay,
v hour. Linearity parameters (a) <0.15
7 - Amount of maximum consumption level i on non Value limit a,, 0.06 <a,,
' busyhour. Value limit a;, <0.14
7 {1, joining the scheme Value limit a,, 0.07 < ay,
" 710, nojoining the scheme’ Value limit a,, <0.13
PQ;; : Amount of change in cost for change in QoS (IDR) Limitation of traffic load for T, 0.08 < ay,
PB;;  :Primary cost for a connection with user i and class j The base price for grade 1 () <0.12
a;; : Linearity cost factor in user i and class j The base price for grade 2 (a;) 50 < T, < 1000
I : The base price of the minimum required for Total bandwidth (Q) 0.1
i service i Minimum user bandwidth 1 (V,) 0.2
T, : Traffic load Minimum user bandwidth 2(V5) 102,400
Lx  : Elasticity Factor 1
X - Number of increase or decrease in QoS value 1
B : The specified linear parameter

Improved incentive pricing-based quasi-linear utility function of wireless networks (Fitri Maya Puspita)



1470 O ISSN: 2502-4752

Table 4. Parameter values for homogeneous consumers

Parameter Value .
Flat fee Usage based Two-Part tariff

Vip 500 500 500
Via 800 800 800
Va1 600 600 600
Vs, 900 900 900

M 200 200 200

B, 300 300 300

B, 500 500 500

a 3 3 3

b 4 4 4

X 53.72 53.72 53.72

Y 59.57 59.57 59.57

Max R = Y2, 2,(P, — B)) X;; — X2, MY, — (4x + Y3) + PyX + P,Y +
PZ Y7 %3 ((PR ij £ PQi) + (a+ Bli)Pinij) @

Subject to (1.1)-(1.26).

S; = (R —P)Y; (1.1)
Si= Xi-1(Rij — Py) (12
(R —P)X;; =0 (1.3)
YiaXy<1 (1.4)
Xij <Y, (1.5)
S >0 (1.6)
P>0 (L7
X, € (0,1} (L8)
v, € {0,1} (1.9)
X; < X,Z; (1.10)
Y, <Y,Z; (1.11)
UX,Y) — PyX + P,Y + PZ > 0 (1.12)
7, € {0,1} (1.13)
Ldix; < a; C (1.14)
iaXjelidiyx; < a;C (1.15)
Yi,a,<1<1a €{01} (1.16)
mi <I; <1m; =20 (1.17)
0 < x5 <mn,x5 =20 (1.18)
Py =(1+ Q:ij)PBU Lx (1.19)
PB;; = a;;(e — e ™F) T, /100 (1.20)
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Lx = a(e — e™*B) (1.21)
f<aj<g (1.22)
h<T <k (1.23)
0<x<1 (1.24)
08<B <107 (1.25)
a=1 (1.26)

This model combines the optimization of bundling issues, which is to maximize

= Y7 X3 (P — B) X;; — X3, MY, utility function based on Quasi-linear that is in form of
U(X,Y) = (4x + Y?3), in which quasi-linear has combination of linear and nonlinear function. Then the
optimization of consumer issues is to maximize 8 = U(X,Y) — PyX + P,Y + PZ, and improved model of

reverse charging of maximizing R = Y2, 213:1 ((PRU- + PQU) + (a+ ﬁli)PL-jXU). The calculation of this
model is divided into four cases which is based on whether to increase PQ;; or to increase x or otherwise. Increase

case means positive sign and decrease case means negative sign. Four cases are set up as follows:
For Case a: PQ;; and x increase, then it will become (2).

MaxR = %Z;(PRy + PQu) 2
with PQ;; = (1 + %}) PB;j Lx.

For Case b: PQ;; increases and x decreases, then it will become (3).

MaxR = Y2 ,(PRy + PQy) 3)

with PQ;; = (1 + ﬁ]) PBj; Lx.

For Case c: PQ;; decreases and x increases, then (4).

MaxR = Y% ,(PR;; — PQ;1) 4
with PQ;; = (1 — ﬁ) PB;; Lx and for Case d: PQ;; and x decreases, then (5).

Max R = ¥7_;(PRy — PQu) (5)

_ X
bij

The pricing scheme widely known in network pricing scheme involves three schemes namely flat
fee, which is based on subscription plan set up by ISP, usage based is based on network consumption per day,
and two-part tariff scheme which has properties that users have to pay subscription fee and payment also be
made based on consumption in those times. All those schemes are applied in homogeneous user which means
that user only has consideration to apply the network or otherwise. In flat fee scheme, Py and Py have to be 0
and P>0; usage-based scheme set the value of Py and P, should greater than 0 and P=0 and in two-part tariff
scheme, P, Py and Py, should be greater than 0.

The (1.1)-(1.9) explain about bundling scheme in internet. If the consumer i does not order the
bundle, then X; =0, so that it will cause (1.2) and (1.3) to be 0. If the consumer chooses to join the bundle
provided, X = 1, so the value of P; must be calculated, which will not exceed the upper limit of the (1.7). As
shown in dealing with user’ satisfaction is presented in (1.10)-(1.13). The (1.13) are determined by consumer
i, if consumer idoes not join the program then Z; is 0 so that (1.10) and (1.11) are O for their consumption
level (Xi and Yi) and total utility and cost are both zero. If consumer i decides to join this program and
chooses Z; = 1, then the consumer must decide on the optimal level of Xi and Y; consumption, which cannot
exceed the upper limit X; and ¥;.
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The (1.14) explains that the capacity required for services does not exceed the network capacity
provided. The (1.15) explains that the capacity required for services cannot be greater than the total network
capacity on the link k. The (1.16) explains that the amount of network capacity has a different allocation for
each service located that lies between 0 and 1. The (1.17) states that the QoS level must be within the range
of QoS levels that have been set for each service and the value of the QoS level is a positive integer. The
(1.18) explains that the user implements a non-negative service and does not exceed the maximum number of
service users determined by the service provider. The (1.19) explains the change in cost depending on the
cost factor that involves the QoS bandwidth attribute, the base cost with service i and link k, and the linearity
factor. The (1.20) explains the basic costs for a connection with service i and link k, which depend on the
linear cost factor in service i and link k, (e — e™*E) and the amount of traffic content. Furthermore, (1.21)
explains the linearity factor which depends on the parameters « and (e — e™*B). The (1.22) describes the
limitation of the linear factor value that is at the value set by the service provider. The (1.23) explains the

restrictions on the allowable traffic load T, which the service provider also determines it. The (1.24) describes
a number of increases or decreases in QoS values, which are set to 0 and 1 which indicate implicitly that if 0
means it is in the best effort condition and 1 is in perfect service condition. The value of B on (1.25) is set to
be between 0.8 and 1.07 because within this limit, the best service quality occurs. Value of a on (1.26) is a
linear parameter that must be determined, with « parameter setting the basic level of prices.

Figure 2 displays the result for flat fee, usage based and two-part tariff schemes of homogeneous
users solved by LINGO 13.0. All conditions of PQ;; and x shows the same value. It means that user can
choose any scheme based on their preferences and gain their incentive value based on their preferences while
ISP enjoy their profit per user submitted. Again, the results show the same value for flat fee case, but for
usage based, the time to complete the iteration takes 105 iterations. In real situation, it means that the
operational cost to complete the job is in shorter time rather than other pricing schemes. Since two-part tariff
strategy takes shorter time to complete the iteration, rather than for flat fee and usage-based schemes, then it
is the best choice for users and ISP to be adopted since the profit for ISP is all the same values, but it needs
only shorter time to complete the calculation. It can be seen as to save more resources on applying the
network. It can be seen from Figure 2 (a) that for objective function value results in the same value. The
solution with quasi linear-utility functions on homogeneous consumer showed that two-part tariff strategy
has the best solution due to least number of iterations needed to complete the model as stated in Figure 2 (b).
Previous model proposed by Puspita et al. [29] attempted to design model based on charging user that
changing network from 3G to 4G. The model makes the usefulness of price and QoS that change over the
network. Unfortunately, the models are lack of the important features such as packet bundling strategy and
user’ choice on network. The solution is presented in Figure 3. As Figure 3 explained, the solutions are
displayed in terms of objective function value, number of iterations, generated memory used, Steps taken and
update interval using LINGO 13.0.

6{3{1.‘;4;-" 1000
1000 gsn y I
300 two part tariff 500
usage based
0 flat fee 0
m flat fee  Wusage based two part tariff mflat fee  Wusage based ™ two part tariff
(@) (b)

Figure 2. The result for flat fee: (a) objective function values and
(b) number of iterations for improved incentive pricing

Therefore, to overcome such disadvantages, the improved model seek for the strategy that use the
bundling strategy, on different pricing strategies that depends on price and QoS that change over the network
as presented in Figure 4, that depicts the improved (1) subject to (1.1)-(1.26) that are compared with previous
model proposed by Puspita et al. [29]. Figure 4 displays the comparison between model proposed by
Puspita et al. [29] and our proposed model that differs in terms of the availability of three pricing schemes
and bundle-pricing scheme How many incentives achieved by user’s is by seeking the difference value from
previous model [29] having the optimal incentive value of 107.47/kpbs and our improved model of
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652.427/kbps that has the difference value of optimal revenue of 544.957/kbps that can be seen as the
incentive gained by users.

107.47 1000
652.427
100
49
0 27 500
) 0 IS 2 &=y 107.4 29 95
Value 0
m Objective ® Infeasibiliy Iterations objective lterations
m Steps Update Interval m GMU (K) ® Model proposed by [29] ® Our Improved Model
Figure 3. Solver status of model proposed by Figure 4. Comparisons between model proposed
Puspita et al. [29] by Puspita et al. [29] and our improved model

4. CONCLUSION

Pricing incentive model of the internet has the best solution in homogeneous consumer by maintaining
quasi-linear utility function if applying the two-part tariff schemes. It takes quite shorter time to finish the iterations
rather than flat fee and usage based. It means that by both combine the subscription fee and based on usage, the
incentive can be gained by user while ISPs obtain their goal to get higher revenue. However, of course, this
research is more likely to be theoretical point of view rather than the practical terms. The idea for designing the
model that ideally satisfies both ISP and users somehow can be designed in real condition. The involvement of
heterogeneous users can be also considered to make very real condition of network. Therefore, for further research
it is also possible to include heterogeneous users to have more complete objective of ISP to get higher profit.
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