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Abstract: Intemet Service Providers (ISPs) nowadays deal with
high demand to promote good quality information. However, the
knowledge to develop new pricing scheme that serve both
customers and supplier is known, but only a few pricing plans
mvolve QoS networks. This paper will seck new proposed pricing
plans are offered with QoS networks involved. We are going to
solve multiple QoS Networks scheme as an optimization model by
comparing two models in multiple QoS networks by taking into
consideration decision whether to set up base price to be fixed to
recover the cost or to be varied to compete in the market.

Keywords: charging scheme, multiple QoS networks, profit
maximization.

1. Introduction

Recent work on multiple QoS networks is due to [1]. She
described the pricing scheme based auction to allocate QoS
and maximize ISP's revenue. The auction pricing scheme is
actually scalability, efficiency and fairness in sharing
resources. The solution of the optimization problem goes
from single bottleneck link in the network and then she
generalized into multiple bottleneck links using heuristic
method. In this paper, she used only single QoS parameter-
bandwidth, while in networks, there are many parameters
affect QoS that can be considered.

Although QoS mechanisms are available i some
researches, there are few practical QoS network. Even
recently a work in this QoS network [2], it only applies
simple network involving one single route from source to
destination.

Yang [1] and Yang et al. [3, 4] formulate pricing strategy
for differentiated QoS networks. In their discussion, they
focus on auction algorithm to find the optimal solution. We
apply their mathematical formulation and combine it with
mathematical formulation discussed by Byun and Chatterjee
[2]. We apply their mathematical formulation and combine it
with mathematical formulation discussed by Byun and
Chatterjee [2]( see in Puspita et al._ [5. 6]).

Recent studies have been conducted to address problem of
multiple service network. Sain and Herpers [7] discussed
problem of pricing in multiple service networks. They solve
the internet pricing by transforming the model into
optimization model and solved using Cplex software. Also,
Puspita et al. [8, 9] discussed the new approach and new
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improved model of [1, 2] and got better results in getting
profit maximization of ISP.

Basically. we would like to modify the mathematical
formulation of [2, 3] to be simpler formulation by taking into
consideration the utility function, base price as fixed price or
variable, quality premium, index performance, capacity and
also bandwidth required. Next we consider the problem of
internet  charging scheme as Mixed Integer Nonlinear
Programming (MINLP) to obtain optimal solution. In this
part, we also would like to compare two models in which
whether we fix decision variable of user admission to the
class or not and also compare the onginal models [1] with
our models to show better solution.

2. Previous Research on Pricing Scheme

Past rescarches mainly showed us the extra pricing occurs
when there exists congestion that causes degradation of QoS.
Three stages proposed by [10] consisted of no use of
feedback and user adaptation, use of feedback of closed-loop
and one kind of variation of closed loop forms.

Also, scheme named congestion avoidance was also
proposed by [11] and scheme of smart market [12] and [13].
Karp [14] then discussed problem of congestion. Problem
occurring when sending packet in a flow can be dropped if
there exists congested flow. In order to reach destination, the
packet should be transmitted again in other rate. But it is
obvious that we do not know how much for the
retransmission rate. How can go through? How can the
source A, for instance, know and manage its flow over
continuing certain time, meaning that time is divided into
duration length of time like suggested [15] and [16].

Tuffin [17], Ros and Tuffin [18] and Odlyzko [19] also
proposed Panis metro pricing scheme for charging the
network. In this case, the different service class will have
different price. The user has choice to choose channels to
travel and price to pay. They strategy basically attempted to
optimize the profits not just increasing the profits but rather
more on controlling the congestion to gain maximum profit.
They proposed scheme by using partition to show different
class has different services. The drawback is still due to
unknown idea whether this scheme is applicable for current
network or not. Meanwhile, Altmann and Chu [20] offer new
pricing plan that gives benefit to ISP and users. This plan is
combination of flat rate and usage based pricing. In this plan,
user will get benefit from unlimited access by choosing



higher QoS and at the same time ISP is able to reduce its
peak load. The drawback is still due to lack of information
how that plans can be adopted into multiple route networks.
For the next generation internet, the availability of fast
transportation of data is required. The multicast
communication can decrease due to limitation of bandwidth.
So we need QoS specification and compute optimal routes to
a multi-construined problem, by using greedy algorithm such
as meta-heuristics algorithm, like suggested in [21].

Puspita et al[5, 6] also discussed internet charging scheme
under multiple QoS networks by comparing two models that
involve base price as a fixed and variable set up by ISP. The
model created by setting up base price as fixed price will
yield higher optimal solution if ISP intended to recover the
cost. But if ISP would like to compete in market, then the
choice of model involving base price as variable price would
be the best option to choose.

3. Research Method

We attempt to apply optimization techniques in solving the
problem in this paper. Like in [7], we also consider the
optimization problem as MINLP that can be solved by using
optimization tools. We transform the problem of pricing the
internet in multi QoS networks into optimization model and
attempt to solve it to get optimal solution. This solution will
help us interpreting the current issues involving pricing,
network share, base price, quality premium and also QoS
level. Figure | below shows us the research model proposed
in single link multi QoS networks.
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Figure 1. Rescarch Model Proposed in Single Link Multiple
QoS Networks

4. Results and Discussions

The idea basically generates from [1, 2, 3. 4] for single QoS
network and also we also use utility function adopted by [1,
3.4].

4.1. Assumptions

Assume that there is only one single network from source
to destination since concentrate on service pricing scheme.

Assume that the routing schemes are already set up by the
ISP. As [1] pointed out, we have 2 parts of utility function
namely, base cost which does not depend on resource
consumption and cost which depends on  resource
consumption. The utility function has characteristics as
marginal profit as function of bandwidth decreasing with
increasing bandwidth. The Objective of ISP is to obtain
maximized revenue subject to constraints based on system'
available resources.

4.2. Mathematical Formulations

Model I original
We have parameters as follows:
a; : Base price for class
Q@ : Total bandwidth
Vi 1 Minimum bandwidth required by user

Decision vanables are as follows:

y = [Lifuseriisadmitted to class j
0. otherwise
X,, . Final bandwidth obtained by user i for class j
Lm’ : Minimum bandwidth for class j
W;  :  Price sensitivity for class j
X; . Bandwidth assigned to each individual user in
class j
W“ Price sensitivity for user i in class j

Model | original will be

Max Profit = ¥, ¥i(ay. Z;5)+wjlog f—"'{; (1

Subject to
CiZX;)=Q (2)
X‘ial‘"f (1-Zgi=\, ., j=l....m (3)
W< Wy+(1-2Zp),i=), mj=l...m 4)
RyzVi-(-2p,i=, .nj=\,...m (5)
R2X-0-Z)i=1, .nj=l..m (6)
Ryz2Zpi=1 mj=l .m (M
Ryz0i=1,  mj=lm (8)
L,.,ZO.FI. - (9)
W;z0,j=1, . ...m (10)

Ry X i=l, .m =), om (11)

1, if useri is admitted to class j
Zf{o. otherwise (12)
0<Wyzc,i=l,..,mj=l ..m (13)

Where ¢ is predetermined value of upper bound price
sensitivity for user 7 at class j respectively. Also, the value of
d is as the upper bound of quality index.

Model I modified
Parameters
a; : Base price for class j
F;  : Quality premium of class j that has J service
performance
;1 Quality index of class j
Q : Total bandwidth
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V; : Minimum bandwidth required by user i

Decision variables
zy = 1, if user i is admitted to class j
0, otherwise
xu ¢ Final bandwidth obtained by user i for class j
I'm, ¢ Minimum bandwidth for class j
W, : Price sensitivity for class j
X; :  Bandwidth assigned to each individual user in
class j
W, : Price sensitivity for user i in class j
I; ¢ Quality index of class j

Our Model | modified is as follow.

Max Profit = ¥, Y((ay. Zy; + ;. I)+wjlog L’—f—) (14)
!

Subject to
Constraint (2)-(13) and additional constraints as follow.
a; + ﬁ".li Zaj, + ﬁj-l'll—l'l >1 (15)
0<l=dj=l...m (16)

Model 2 original
Parameters

@ : Total bandwidth

¥V, : Minimum bandwidth required by user i
Decision vanables

zy = (1, ifuseriisadmitted to class j

0, otherwise

ill ¢ Final bandwidth obtained by user i for class j

Minimum bandwidth for class j

W; : Price sensitivity for class j
X; : Bandwidth assigned to cach individual user in
class j
:  Price sensitivity for user 7 in class j
I ¢ Quality index of class j
a; : Base price for class j

Next, Model 2 original is below.

X
Max Profit = 3; ¥ (a; +w;log :";)Z,-, (mn

Subject to
Constraint (2)-(13) and additional constraints as follow.
a<aj<hj=l...m (18)
aza;_.)>1 (19)

Model 2 modified
Parameters
Q : Total bandwidth
¥V, : Minimum bandwidth required by user i

Decision variables
z, = {l.ifuseriisadmimdtodass[
0, otherwise
X‘I : Final bandwidth obtained by user i for class j
: Mimimum bandwidth for class j

¢ Price sensitivity for class j
X; : Bandwidth assigned to cach individual user in

class j

Price sensitivity for user i in class j

Quality index of class j

Base price for class j

Quality premium of class ; that has J; service
performance

Wy
5
"
By

We also have the Model 2 modified that is

Max Profit = ¥; ¥i((a; + B; . 1)) +w;log i‘-"-)z.-, (20)

Subject to

Constraint (2)4(13), (15)-(16) and (18)-(19).
Where a and b are predetermined value of lower bound and
upper bound base price respectively.

Model explanations are as follows.

e Objective function (1) basically states that ISP wants to
maximize its profit by maximizing its utility function
with base price @; to be fixed to recover cost.

e Constraint (2) tells us that total final bandwidth of all
users cannot exceed the total bandwidth available.

e Constraint (3) states that bandwidth obtained by user ¢
should exceed minimum bandwidth for class jif useri is
admitted to class j or otherwise.

e  Constraint (4) tells us about price sensitivity for class j
should be less than the price sensitivity for user 7 in class
J ifuser i 1s admitted to class ;.

e Constraint (5) gives the information about bandwidth
obtained by client 7 for class j should exceed minimum
bandwidth required by user 7 if user i is admitted to class
J-

e  Constraint (6) tells us that bandwidth obtained by user 7
in class j should exceed bandwidth assigned to each
individual user in class j if user i is admitted to class j.

e  Constraint (7) shows that bandwidth obtained by user ¢
in class j should be greater than the availability of user i
in class j and should be nonnegative ().

e Nonnegativity requirement occurs in price sensitivity
(10) and minimum bandwidth for class j in (9).

e  Constraint (11) shows that bandwidth obtained by user i
in class j should not exceed bandwidth assigned to each
individual user in class ;.

e Constraint (12) tells us the value of whether the user i is
admitted to class j or not.

e Constraint (13) states the price sensitivity of user i in
class j lies between range of 0 and predetermined value
(c) of price sensitivity for user i.

e Objective function (14) basically states that ISP wants to
maximize its profit by maximizing its utility function
with base price @; to be fixed to recover cost and quality
premium also to be fixed to enable user to choose the
class based on their budget and preferences with chosen
QoS level.

e Constraint (15) shows that the summation of price and
quality premium to yield perfect service for j class
should exceed the one in (j-1) class with >1.
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e Constramt (16) shows that the range of index quality
should lic between 0 and | with predetermined d value
set up by ISP,

e Objective function (17) basically states that ISP wants to
maximize its profit by maximizing its utility function
with base price a; to be variable to cnable ISP to have
market competition if there are chances.

e Constraint (18) tells us the range of base price (@ and b)
is lower bound and upper bound of predetermined base
price, respectively.

s Constraint (19) shows that base price for j class is more
than base price or j-1 class with j>1.

e Objective function (20) basically states that ISP wants to
maximize its profit by maximizing its utility function
with base price @; 1o be variable to enable ISP to have
market competition if there are chances and quality
premium to be fixed to enable user to choose the class
based on their budget and preferences with chosen QoS
level.

4.3.Solutions in Multiple Classes

We begin with introducing two classes and two users, so /=2
and i = 2. The results by LINGO 13.0 are presented in Table
L.

In Table 1, we can sce the solver status of our model.
Model class for each model is Mixed Integer Nonlinear
Programming (MINLP), with status of current solutions are
all local optimal. Infeasibility is 0 for cach model except
there exist a very small infeasibility in model onginal with
39 x 10 ™. Solver type is Branch and Bound solver and
active field lists that 2 of subproblems remaining to be
evaluated for each model until that number go to 0. Highest
Generated Memory Used (GMU) for memory allocation in
model | modified is 42K and in model 2 modified which is
44K. Elapsed Runtime (ER) for cach model is 0 sec time to
generate and solve those models. Best objective for model |
and model 2 are model | modified and model 2 modified.
Those models obtain highest value of 254,985 and 171.1,
respectively. The theoretical bound on the objective is also
the same value like best objective for each model. Steps = 0
shows us that there are 0 of branches in the branch and
bound tree. The solver run the model until the active field
tums to 0 as stated in the Table 1. Lastly, it takes 35
iterations to solve model 1 and it takes 14 iterations to solve
model 2.

In Table 2, user | is allowed to take class | and class 2
since final price sensitivity for user / in class j is at least
greater than or equal to price sensitivity for class 1 or class 2.
That is why only user | is admitted to cither class | or 2.
Bandwidth obtained by user 1 in class | is 25 bps. It happens
also for user 2 in class | or 2.

Bandwidth obtained by user | in class 1 is at least than or
equal to bandwidth for class 1. Bandwidth obtained by user |
in class 2 also occur the same condition like in class 1.

We can sce from the objective value [1] in cach model
that the modified model yields better solution compared to
oniginal model proposed by [1].

Next result deals with /=3 and j =3 that is shown in Table
3. User | and user 2 are allowed to take class 1, 2 and 3 since

their final price sensitivity is at least greater than or equal to
price sensitivity of those classes. That is the reason why user
| and 2 are admitted to class |, 2 and 3.

User 3 is not permitted to use any class in each model.
Bandwidth obtained for each user in each class s 11.1 kbps.
Also, the bandwidth obtained for user 7 in class j is at least
less than or equal to bandwidth for class ;.

We also can see that the modified model yields slightly
better result than oniginal model proposed by [1]. Whether if
we fix or vary the base price.

Table 1. Solver status of Model | and Model 2

Model 1 Model 2
Solver Se
s Original  Mod  Original  Mod
Model MINLP  MINLP MINLP MINLP
Class
State Localopt Local  Local  Local
opt opt opt
Objective 254872 254985 171024 1711
Tnfeasibility 3.0x10 0 0 0
Terations 35 35 12 13
Extended Solver state
Solvertype B&B _ B&B B&B  B&B
Best obj 254872 254985 171.024 1711
Obj. Bound 254872 254985 171.004 1711
Steps 0 0 0 0
Active 0 0 0 0
Update Int 2 2 2 2
GMU(K) 39 2 11 4
ER(scc) 0 0 0 0
Table 2. Results for i=2 and j=2
Model 1 Model 2
original _modified_original _modified
a,(Sbps) 0.2 0.2 03 03
axSbps) 0.3 03 03 03
I = 09 = 0.9
A - 08 - 0.8
W, B 5 5 5
Wy 5 5 5 B
X, (bps) 25 25 255 255
Xo(bps) 25 25 245 245
Xy, (bps) 25 25 25.5 255
Xaa(bps) 25 25 24.5 245
Luibps) 001 001 0.01 0.01
“Taibps) 001 001 0.01 0.01
s 1 1 1 1
Zis 1 1 1 1
Zx 0 0 0 0
7o 0 0 0 0
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So, the choice of whether to fix or vary the base price
depends on ISP, If the choice of recovering cost would be
the main goal, then, ISP should choose to fix the base price.
But, if ISP chooses to have competition in market, then the
choice of varying the base price will be the best choice.

To sum up, the choice of model depends on ISP point of
view but in all models, our proposed models yield slightly
better optimal solution than model proposed by [1].

Table 3. Results for /=3 and /=3

Model 1 Model 2
ori Einal modified ori§inal modified
a(5) 03 03 0.3 0.3
ax(5) 0.4 0.4 04 0.4
a(S) 0.5 0.5 04 04
A : 0.9 E 0.9
A : 0.85 =z 0.85
I3 - 0.8 - 08
W, 3 3 3 3
Ws 3 3 3 3
A 3 3 3 3
Xpalbps) 111 111 TEE
Xaq(bps) 111 1.1 11.4 114
“Xaylbps) 111 .1 104 104
Xpalbps) 111 111 14 114
Xaa(bps) 111 11.1 11.4 114
“Xaalbps) 111 TN 104 104
Xpalbps) 111 111 14 114
Xaalbps) 101 101 T
“Xaalbps) 111 TN 104 104
Lei(bps) 001 0.01 001 001
Taz(bps) 001 001 001 001
Lus(bps) 001 001 001 001
“Zii 1 1 1 1
Zy3 1 1 1 1
Zys 1 1 1 1
2 1 1 ] 1
- 1 1 1 1
Z 1 | 1 |
Zi 0 0 0 0
Zz 0 0 0 0
En 0 0 0 0
Wi 5 5 g g
Wi 5 3 g 5
Wi 5 5 3 g
Was 3 3 2 3
W, 4 4 4 4
W, 4 2 3 3

105

W,, 5 5 5 5 W, 3 3 3 3
W, 5 5 5 5 W, 3 3 3 3
W, ] 3 3 3 W, 3 3 3 3
W, 4 4 4 4

5. Conclusion

The model represented shows the connection between
bandwidth required, bandwidth obtained and QoS by giving
the assumptions and data; we can find the optimal solution
with profit maximization. ISP has choices to whether adopt
modified model | or modified model 2 according their
priorities. Our proposed models show slightly better result
than model proposed by [1].

However, due to assumptions, we have limited the model
into static optimal solution and cannot be dynamic solution
where we should have various demands for capacity (peak
and off-peak).

Further rescarch should address issue with more
generalization of users and classes applying the model.

References

[1] W. Yang, Pricing network resources in differentiated
service networks. Ph.D. thesis. School of Electrical and
Computer Engineering. Georgia Institute of Technology,
2004.

[2] J. Byun, S. Chatterjee, A strategic pricing for quality of
service (QoS) network business. Proceedings of the
Tenth Americas Conference on Information Systems
New York, 2004,

[3] W. Yang, H. Owen, D.M. Blough, Y. Guan, An auction
pricing strategy for differentiated service network.
Proceedings of the IEEE Global Telecommunications
Conference, 2003,

[4] W. Yang. H. Owen, DM. Blough, A comparison of
auction and flat pricing for differentiated service
networks. Proceedings of the IEEE  International
Conference on Communications, 2004.

[5] F. M. Puspita, K. Seman, B. Sanugi, Internet charging
scheme under multiple QoS networks. Proceeding of
The International Conference on Numerical Analysis
and  Optimization  (ICeMATH2011). Yogyakarta,
Indonesia, 201 1.

[6] F. M. Puspita, K. Seman, B.M. Taib, A Comparison of
Optimization of Charging Scheme in Multiple QoS
Networks. Proceeding of 1st AKEPT Young Researchers
Conference and Exhibition (AYRC X3 2011) Beyond
2020: Today's Young Researcher Tomorrow's Leader
19-20 December 201 1. PWTC, Kuala Lumpur, 2011.

[7] S. Sain and S. Herpers. Profit Maximisation in Multi
Service Networks- An Optimisation Model, Proceedings
of the 1lth European Conference on Information
Svstems. In 11th European Conference on Information
Systems, ECIS 2003 2003. Naples, Italy

[8] F. M. Puspita, K. Seman, B. M. Taib, Z. Shafii, (2012).
A New Approach of Optimization Model on Intemet
Charging Scheme in  Multi  Service Networks.
International Journal of Science and Technology,
Volume 2 (No.6), 391-394.



2012 International Conference on Mathematical Sciences & Computer Engineering (ICMSCE 2012)

[9] F. M. Puspita, K. Seman, B. M. Taib, Z. Shafi. (2012).
An Improved Optimization Model of Internet Charging
Scheme in Multi Service Networks. TELKOMNIKA,
10(3).

[10]J. K. Mackie-Mason, L. Murphy, J. Murphy. The role of
responsive pricing in the internet. In Bailey J and
McKnight L, editors. Internet Economics, Cambnidge
MIT Press; 1996, p. 279-304.

[11]V. Jacobson, Congestion avoidance and control, Proc.
ACM SIG-COMM.88 Symp. Stanford, CA:; 1988.

[12]E. P. Kelly, A K. Maulloo, D. K. H Tan, Rate control for
communication networks: shadow prices, proportional
faimess and stability. Journal of Operations Research
Society, Vol 49, pp. 237-252, 1998.

[13]T. Henderson, J. Crowcroft, S. Bhatti, Congestion
pricing paying your way in communication networks.
IEEE Internet Computing, Vol 5, pp.85-89. 2001.

[t4]R. Karp, Optimization problems related to internet
congestion control. In M. C. Golumbic & L B.-A.
Hartman (Eds.), Graph Theory, Combinatorics and
Algorithms Interdisciplinary Applications, New York:
Springer Science, pp. 1-16, 2005.

[I5]E. W. Fulp, D.S. Reeves, The economic impact of
network pricing intervals. Proceedings of the Workshop
Advanced Internet Charging and QoS Technology
(1COT). Zurich, Switzerland, 2002.

[16]M. Yuksel, S. Kalyanaraman, B. Sikdar, Effect of
pricing intervals on the congestion-sensitivity network
service prices. Troy, New York, Rensselaer Polytechnic
Institute Troy, New York ECSE Nets Lab. Tech. Rep.
ECSE-NET-2002-1, 2002.

[17]B. Tuffin, Charging the intemet without bandwidth
reservation:  an  overview and  bibliography of
mathematical approaches. Journal of Information
Science and Engineering Vol 19, pp. 765-786, 2003.

[18]D. Ros, B. Tuffin, A mathematical model of the paris
metro pricing scheme for charging packet networks.
Computer Networks: The International Journal of
Computer and Telecommunications Networking -
Special issue: Internet economics: Pricing and policies.,
Vol 46, 2004.

[19]A. Odlyzko, Paris metro pricing for the internet.
Proceedings of 1" ACM Conference on Electronic
Commerce, 1998.

[20]J. Altmann, K. Chu, How to charge for network service-
flat-rate or usage-based? Special Issue on Networks and
Economics, Computer Networks Journal 2001, Vol 36,
pp- 519-531, 2001.

[21]N.B. Ali, M. Molndr, A. Belghith, Multi-constrained gos
multicast routing optimization, Rennes Cedex, Institut
De Recherche En Informatique Et Systémes Aléatoires;
2008.



