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Improved Bundle Pricing Model On Wireless Internet
Pricing Scheme In Serving Multiple QoS Network
Based On Quasi-Linear Utility Function

Fitri Maya Puspita, Maijance Oktaryna
Mathematics and Natural Sciences
Sriwijaya University
South Sumatra, Indonesia
fitrimayapuspita@unsri.ac.id

Abstract— In this paper, an improved Bundle Pricing model
was developed in the internet wireless pricing scheme to serve
multiple QoS networks. The model formed is a combination of
Bundling problem model, consumer problem and quasi-linear
utility function on multiple QoS network. The model used is
solved with the aid of LINGO 13.0 program to get optimal
solution. Based on the results of each case, both ISP and internet
users get maximum benefit when ISP applies the model with
utility function and QoS attribute compared to original model.
The optimal solution is in the BER attribute QoS with a value of
3.04 x 10 on a flat fee and two-part tariff internet pricing
scheme.

Keywords—improved bundle pricing; utility function; multiple
QoS network; QoS attribute; pricing scheme

I. INTRODUCTION

The use of the internet is almost inseparable from the
public, so among the internet community, it is very important.
As a result, the quality of internet services is required to be
improved. Better quality of service or Quality of Service (QoS)
to serve users in achieving the best information quality and
maximizing profits is expected to be provided by internet
service providers (ISPs) [1]. QoS attribute is divided into three
namely, Bandwidth, End to End Delay and BER (bit error
rate).

Some research discussed previously [1-3] and continued
research by [4-9] and [10, 11] discusses the model for internet
services based on different quality levels by loading on
different schemes associated with QoS networks and multi-
service networks. One Global economic problem is internet
pricing, as ISP is currently in a state of high demand for
providing information of good quality. In order to benefit ISPs,
consumers are required to provide appropriate internet pricing
schemes. Bundle pricing is one strategy that can be conducted
by ISPs to minimize costs and maximize profits [12]. The
utility function relates to the level of satisfaction consumers
have available for the consumption of information services that
maximize profits to achieve a particular objective [13].

Some critical issues have been discussed mainly on pricing
schemes based on level of QoS in different allocations that
would control the congestion and load balance

978-1-4799-7675-1/17/$31.00 ©2017 IEEE
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[14] and the wuser sensitivity ability in network
through user’s utility probability in forms of packet loss,
average packet delay, packet tail, maximum packet delay and
also throughput [15]. Other form of pricing scheme is based on
the function of time strategy [16]. Other strategy that can also
be considered is dynamic pricing scheme which have
considered the model as partial differential equations computed
numerically.

Bundle pricing is a marketing practice in which two or
more different products are put together in one package; this
strategy extends across the market in various forms; in the past
decade, bundle prices have grown in product marketing[17].
Bundle Pricing is considered to overcome the uncertainty of
consumers to the product information services offered and to
overcome the diversity of consumer types and have a good
assessment of consumers [18].

To that end, the development of research for bundling
strategies and the bundle of information product prices is one
of the ISP's much-needed issues. Factors affect in the
completion of the bundling model. Enhanced bundling strategy
will be developed which is expected in the future can be used
as a tool for achieving the ISPs’ objective. Preliminary results
discussed by [4], [19, 20] indicate that MINLP's refinement
scheme on the bundle pricing strategy is proved to be better
than a bundle pricing scheme with no function Utilities.

With such preliminary results, we attempt to develop a
generalized MINLP enhanced model for consumer and service
in wired networks that are in the current Internet era. It needs to
be tackled because this issue includes critical issues that need
to be searched.

Based on previous research on wireless internet pricing
scheme on QoS [21-23], bundle pricing on internet pricing
scheme[4, 20], this study discuss the increase of package price
in wireless internet utilizing bandwidth function in serving
multiple QoS networks.

II.

In this paper, the internet pricing scheme is solved by
LINGO 13.0 program that is in form of non-linear optimization
problems to get optimal solution. Models are formed based on
the parameters and variables used to solve the optimization

RESEARCH METHOD
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problem. Data required for the model is from the local server
data to analyze the scheme based on multiple QoS networks.
To analyze the case on the quasi-linear utility function, the
usage data is required for peak hours and non-peak hours. The
solutions obtained help to determine the optimal pricing on
internet pricing on wireless bundle pricing modeling scheme in
multiple QoS networks for internet pricing schemes based on
quasi-linear utility functions.

III.

In this section, original model proposed previously [12] is
described along with our proposed improved model by
considering quasi linear utility function and varying the base
cost and quality premium.

RESULT AND DISCUSSIONS

A. Bundling Original Model
Optimization Model for Provider
MaxR = Yi, Z§:1(Pj — Bj)Xij — Z§=1 MY;
Subject to set of Constraints (1.1):
S;=(Ry—-P)Y;, i=1..,Lj=1.,]

J
Si= Z(Ru' —P) Xy, i=1.0
j=1

1.]

M

(Rij_Pj)XijZO: i=1,.5Lj=
J

Y, =00r1
Optimization of consumer issues
Max 6 = Ui(Xiin) - PXX,: - Pyyl - PZl
Subject to Constraints (2.1):
X, <XZ;
Y, <VZ;
—PyX;—PY,—PZ; =0
Z;=0or1

2

Ui XiYy)

B. Wireless Pricing Scheme based on Quasi-Linear Utility
Function
According to [24], a general form of utility function based
on quasi linear is as follows.
UX,Y)=aX +f(Y)
with  f{Y) is a non-linear function and a is a constant.
Nonlinear function used in this research is {Y) = Y’ with b is a
constant.
The

X7 X (PRy;
With set of Constraints (3.1):
x
Qbij

Followed by the following Constraints (3.2):

maximize

€)

objective function is to

mj
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PBL] = ai]-(e - e_xB)Tl/].OO
Ly=a(e—e™) f<a;<gyg
h<T <k

0<x<1
0.8 <B <1.07

a=1
2

ZZXU SQ,i=1,...,Tl

j=1 i
XUZL;—{l—Lﬂlew”mszZm

W <sWii+(1-25),i=1..,nj=12.
X;=2vi-(1-25),i=1,..,mj=12,..
Xj=2X-(1-25),i=1..nj=12

X;=22;, i=1..,mj=12.
X;=0,i=1,..,nj=12..
Lm; 2001,j=12,..

ij

W;20,j=12,..
XUSX]', i=1,...,7’l;j=1,2,..
Zij =0orl

The maximum value for the end-to-end QoS attribute is
350Kbps, and for the QoS attribute BER (Bit Error Rate) is
depending on the type of traffic[25].

In this research, 4 cases are discussed in the model in each
QoS attribute. F each case, the objective function will change
depending on the case of each. Cases to be discussed are as
follows.

1. Case 1( PQ;; increase, x increase)

Its objective function is to maximize:

m n ~
X
J 12 J

With constraints:
X
Qpij

This is followed by constraint (3.2).

2. Case 2 (PQ;jincrease, x decrease).

Its objective function is to maximize:
m n —~
i j
With constraints:
X

This is followed by Constraint (3.2).
3. Case 3 (PQ;; decrease, x increase)

Its objective function is to maximize:
m n ~
T j
With constraints:
P@j=(1+—L>P&ﬂx
Qbij
This is followed by Constraint (3.2).
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4. Case 4 (PQ;; decrease, x decrease)

Its objective function is to maximize:
m

2.

n ~
X..
joi U
With constraints:

X
Qbij
This is followed by Constraint (3.2).

C. Bundling Improved Model

Based on Eq. (1), (2), and (3) then it is obtained the
objective function as follows.

1]
Max R = ZZ(P]- - B;)X;j —

i=1 j=1
+B,+PZ

m n
+ ZZ (PRL']' t PQiyj + o Z;;
j=1

i=1

J
Z MY, — X°Y" + B.X
j=1

Subject to the Constraints (1.1), (2.1), (3.1) and (3.2).

Table I depicts the traffic data observed from server local
at Palembang. Table II explains the parameter used for the
models.

TABLE L INTERNET USAGE DATA AT PEAK AND NON PEAK HOURS
Digilib(byte) Digilib(kbps)
X 55,013 532
X, 33,817 33.02
Xn 10,537 10.29
Y 60,998 59.57
Y, 47,829 46.71
Y 7.217 7.05

Table III-V show the decision variables, parameter used
for homogenous and heterogeneous consumers, based on the
data obtained from the local server and the predetermined
numbers set up by the research, respectively.

TABLE II. PARAMETERS FOR EACH IMPROVED MODEL
Symbol Definition
PR;; The specified linear parameter
a Fees for connecting with available QoS (Rupiah)
Qpij The nominal value of the QoS attribute in network (kbps)
f The minimum value that the service provider has set for a;;
g The maximum value that the service provider has set for a;;
h Minimum number of payload allowed for 7/ (kbps)
k Maximum number of payloads allowed for 7/ (kbps) T;
a; The base price for class j (rupiah)
9] Total bandwidth (kbps)
V; The minimum bandwidth required by user i
B; The cost of making a bundle for each service ;.
1 The number of potential customers as a marketing target.
J The number of services provided by the service provider.
M Marginal cost if adding more than one bundle service in the
menu.
Vi The price of the i-th customer's order for each of k-favorite
services.
R, The total order price for each i-th customer on each favorite
v service to k.
P Cost to be paid by consumers to subscribe the service.
Py The unit price set by the service provider during peak hours.
p The unit price specified by the service provider on the clock is
Y not busy.
_ The consumer utility function i for the rush hour and clock
‘YD) | rate is not busy
TABLE IIL DECISION VARIABLES FOR EACH IMPROVED MODEL
Symbol Definition
P The price set for each bundle of services j.
S; Benefit usage for -i customer
1, if consumer i selects bundle in service j
Xij {0, if consumer i does not select bundle in service j
Y {1, if the service provider offers a bundle of services j
/ 0, ifthe service provider does not offer a bundle of services j
X; Consumer consumption level 7 on busy hour service.
Y; Consumer consumption level i on clock service is not busy.
1, if customer i chose to join with program
Zi {0, if customer i did not choose join program’
X, The consumer's maximum consumption level 7 on the peak hour
Y, The consumer's maximum consumption rate / on non-peak hour
PQy; Cost change as long as QoS changes (Rupiah)
PB;; Basic cost for a connection with user i and class j
Lx Linearity factor
a;;j Linear cost factor in user 7 and class j
T Traffic load
X Number of increase or decrease in QoS value
B The specified linear parameter
1, ifuseriisinclassj
Zij {O, user i is notin classj
w; Price sensitivity for class j
X j The final bandwidth obtained by user i for class j
L Minimum bandwidth for class j
Wi Price sensitivity of user i in class j
X; Bandwidth for each individual in class j
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TABLE IV. PARAMETER VALUE FOR HOMOGEN CONSUMERS
Parameter Value
Flat fee Usage based Two-Part tariff
Vit 500 500 500
Via 800 800 800
Voq 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
TABLE V. PARAMETER VALUE FOR HETEROGENEOUS CONSUMERS
Parameter Value
Flat fee Usage based Two-Part tariff
Vi 500 500 500
Vi, 800 800 800
Vo 600 600 600
Vs, 900 900 900
M 200 200 200
B, 300 300 300
B, 500 500 500
a, 3 3 3
a, 3 3 3
by 2 2 2
b, 2 2 2
X, 53.72 53.72 53.72
X, 33.02 33.02 33.02
v 59.57 59.57 59.57
A 46.71 46.71 46.71

To solve the case, Lingo 13.0 program is required. The
model formed is a Mixed Integer Nonlinear Programming
model that is solved interatively using Branch and Bound

TABLE VIL ORIGINAL SOLVER STATUS FOR BER QOS ATTRIBUTE
Case
Solver PQ; PQ;; PQ;; PQ;
Status increase increase decrease decrease
X increase x decrease X increase x decrease
Model MINLP MINLP MINLP MINLP
Class
Stat Local Local Local Local
¢ Optimal Optimal Optimal Optimal
Objective 3 x 108 618.133 601.821 602.19
Infeasibility | 4.1 x 1072 | 0.00048743 | 0.00024892 7.7 X 108
Iterations 50 52 56 45
Extended Solver Status
Solver Bfg:ich Branch and Bze;r(lich Branch and
Status Bound Bound Bound Bound
Best 8
. 3 x 10 618.133 601.821 602.19
Objective
Steps 1 1 1 1
Update 5 2 2 5
Interval
GMU (K) 34 34 34 34
ER (Sec) 1 0 1 1

Table VI-VII show the solution of the original model with
end-to-end delay and BER QoS attributes, where the optimal
solution is found in the original model with the BER attribute
QoS. Table VIII-IX show the solution for End to End Delay
and BER QoS Attributes for each homogeneous and
heterogeneous consumers, respectively. For end-to end delay
QoS attribute, optimal iterations are found in the flat fee
pricing scheme.

Table X-XI show an improved model solution with quasi-
linear utility functions for heterogeneous consumers. For QoS
attribute end-to-end delay and QoS Attribute The optimal
iteration BER is in the two-part tariff pricing scheme.

Solver.

TABLE VIII.  WIRELESS IMPROVED MODEL SOLUTIONS WITH END-TO
END DELAY QOS ATTRIBUTE FOR HOMOGENEOUS CONSUMERS
Case
Solver PQy PQy PQy PQy
Status increase increase decrease decrease
X increase x decrease x increase x decrease
Model Class MINLP MINLP MINLP MINLP
State chal chal chal chal
Optimal Optimal Optimal Optimal
Objective 633.34 633.16 633.34 633.169
Infeasibility | 0.0001143 | 0.00011435 | 0.00011435 | 0.000114354
Iterations 87 89 87 89
Extended Solver Status
Solver Branch and | Branch and | Branch and Branch and
Status Bound Bound Bound Bound
Best 633.34 633.16 63334 633.169
Objective
Steps 1 1 1 1
Update
Interval 2 2
GMU (K) 47 47 47 47
ER (Sec) 0 0 0 1

TABLE VL ORIGINAL MODEL SOLUTION FOR END-TO END DELAY QOS
ATTRIBUTE
Case
Solver Status . PQ; . PQ; PQ; PQ;
increase increase decrease decrease
X increase x decrease X increase x decrease
Model Class MINLP MINLP MINLP MINLP
State Lo_cal Lo_cal Lopal Lopal
Optimal Optimal Optimal Optimal
Objective 632.743 632.569 601.806 601.806
Infeasibility | 0.00048753 | 0.00048753 | 0.00013577 | 0.00013577
Iterations 54 55 54 54
Extended Solver Status
Solver Branch Branch and Branch and Branch and
Status and Bound Bound Bound Bound
Best 632.743 632.569 601.806 601.806
Objective
Steps 1 1 1 1
Update
Interval 2 2 2 2
GMU (K) 34 34 34 34
ER (Sec) 0 0 1 0
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TABLE IX. MODEL IMPROVED WIRELESS SOLUTIONS WITH BER FOR TABLE XI. MODEL IMPROVED WIRELESS SOLUTIONS WITH QOS
HOMOGENEOUS CONSUMERS QOS ATTRIBUTE ATTRIBUTE BER FOR HETEROGENEOUS CONSUMERS
Case Case
Solver PQ;; PQ;; PQ;; PQ;; - - - -
Status . ij . ij d ij d ij Solver PQ” PQ” PQ” PQ”
Increase Increase ecrease ecrease Status increase increase decrease decrease
X increase | x decrease X increase x decrease X increase x decrease x increase x decrease
Model Class MINLP MINLP MINLP MINLP Model Class MINLP MINLP MINLP MINLP
Local Local Local Local
State . . . . Local Local Local Local
Optimal Optimal Optimal Optimal State Optimal Optimal Optimal Optimal
Objective | 3.04x10° | 618.733 | 3.04x10° | 618.733 — P . P L
Infeasibility | 5.1x 10~/ | 0.0001143 | 5.14x 10~7 | 0.00011435 Objective | 3.04x 10" | 618.733 3.04x10° | 618.733
Iterations 62 87 62 87 Infeasibility 5.1x 1077 7.9x107° 5.1x 1077 7.9 x 107°
Extended Solver Status Iterations 62 88 62 88
Solver Branch and Branch and | Branch and Branch and
Status Bound Bound Bound Bound Extem];ed S(;llver Status
Best 8 8 Branch ranc Branch and Branch and
Objective 3.04 x 10 618.733 3.04 x 10 618.733 Solver Status and Bound and Bound Bound
Bound
Steps 0 1 0 1 Best
8 8
Update 5 5 5 5 Objective 3.04 x 10 618.733 3.04 x 10 618.733
Interval
GMU (K) 47 47 47 47 Steps 0 ! 0 !
ER (Sec) 1 1 1 0 Update 2 2 2 2
Interval
Based on Table VI-XI, it can be observed that through the GMU (K) 49 49 49 49
improved models for homogeneous and heterogeneous ER (Scc) 0 ! 0 0

consumers, ISPs are able to obtain higher profit rather that
only applying the original model without any utilization of
utility function. As the meaning of the utility function, it has
greater impact in deciding the willingness to pay of the

consumer.

TABLE X. MODEL IMPROVED WIRELESS SOLUTIONS WITH QOS
ATTRIBUTE END-TO END DELAY FOR HETEROGENEOUS CONSUMERS
Case
Solver PQ; PQ;; PQ;; PQ;
Status increase increase decrease decrease
x increase | x decrease X increase x decrease
Model Class MINLP MINLP MINLP MINLP
State chal LoF:al Lopal Lopal
Optimal Optimal Optimal Optimal
Objective 633.343 633.169 633.343 633.169
Infeasibility | 0.0001143 | 0.00011435 | 0.00011435 | 0.000114353
Iterations 92 90 92 90
Extended Solver Status
Solver Branch and | Branchand | Branch and Branch and
Status Bound Bound Bound Bound
Best 633.343 633.169 633.343 633.169
Objective
Steps 1 1 1 1
Update
Interval 2 2 2 2
GMU (K) 49 49 49 49
ER (Sec) 1 0 0 1

IV. CONCLUSION

Based on wireless bundle pricing modeling in multiple
QoS networks based on Quasi-Linear Utility Functions
discussed in this paper, a more optimal solution is found in the
models with utility functions compared to the original model.
The optimal solution is in the BER attribute QoS with a value
of 3.04 x 108 on a flat fee and two-part tariff internet pricing
scheme.
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