CHAPTER III

RESEARCH METHODOLOGY :%

3.1 Overview
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This chapter explains the research methodology adopted f¢
methodology adopted consists of the following steps:
i. Formulate pricing schemes for multiple service

networks.

ii. Solve the optimization problems using LHWI.

iii. Draw conclusions from the results.

iv. Finally, propose the pricing sche -";;m"nu Itiple
class QoS networks. c :\T
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3.2  Multi Service Netwo mM 4 etwc;@
N
The internet pricing in mulifervige ot lwl'z@itcclure that is proposed can be

described based on @ illu‘tra'
on

network is set up

network as shm% igufe 7.
focuses on &schen i

adapted g€ p from N 004?& hd pricing scheme in multi class QoS network as
show ire 9. @"
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FIGURE 7: The Proposed Multiservice Networks
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Figure 9 depicts the diagrams of our pricing scheme in multiple class QoS

network. It shows the scheme in single bottleneck link (Figure 9(a) and 9(b)) and in

As

FIGURE 9: (a) Pricing Scheme Diagram in Multiple class QoS thwoﬁin Single
Bottleneck Link QoS Networks, (¢) in Multiple Bottleneck Link (Wtworks

multiple Bottleneck link (Figure 9(c)).
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3.3. Model Formulation

parts.
i.  Parameters (constants).
ii.  Decision variables.
iii.  Objective function to be a nonlinear function

iv. Set of constraints that should be satisfied.

Thus, if the problem involves one or more deciSNgg varigblOnguggas integers,

L s
na %n, i

hence, the problem is said to be a mixed integer-profgming pjoble

the objective function or the constraint is nonline

mixed integer nonlinear problem.

The proposed models have bemw o Bt
point of view. The objective of thg netMBrk . deQvi

S g haximize profits by
th: ge or rates for services

‘ r\?iccggoﬁ to determine QoS levels

Q

'S

Likpyilt in these following steps. First is

by identifying the V&xby speciiyyng the measures such as in kbps, number of
- éﬁria or the objective inclusive of its unit

ts that are inclusive of unit measured.

So, the approach to ¢

users. dollars, etcgecomd is

measurements. %aﬁ 11
: ’
3.3.1 ::%Eel Deriv im’

In 1\csis the optimization technique is applied in solve the problem. The

Je

i7ation model problem is considered as MINLP. The problem of pricing the
int@net services in multiservice networks is transformed into an optimization model and
‘s solved in order to obtain the optimal solution. This solution will help to interpret the
current issues involving pricing, network share, base price, premium quality and QoS

level.



It is assumed that there is only one single network from the source to the
destination; hence the service-pricing scheme is the main focus of the research Jguagadhc
routing schemes are already set up by the ISPs. There are two parts t \ ility

%{'

function, namely the base price, which does not depend on consumpti sources
s\l

T

and other part is cost which depends on the consumption of resources™Che utility
function has characteristics such as marginal profit, which is a I'uncw’f decreasing
and increasing bandwidth. The objective of ISPs is to obtain nmerevcnue subject

to constraints based on the systems available resources. Fab elow explains the

various conditions for base price (@) and quality premi ) in'intemcl pricing

models. ISPs can adopt the model formulation scheme by ly ghoo™ set up the

®
base-price and quality premium for each model fo ation i the n1f1‘l1®9i‘icing
scheme proposed. P

i od

TABLE 2: Target of ISPs in Adopting lhw 'opos@y Byun and

Target
a fixed
(constant)

a varies

] M: competition can
rvicgs ! te certain services
' NY

Two kinds 0@ fu@ the @et-pricing were proposed. First is by
N

considering the N1 of ipte t’drl ' n multiservice networks and second is
roDcm of int&rn pric@_g on multiple class QoS networks.

ﬁry stage of proposig&'odc! formulation in multiservice network is by

focussing on t

nulation. The improved models are applied in single and multiple bottleneck

he parameters have been predetermined as the constant values for each service.

The next stage will be models to be generated in multiple class QoS networks.
The new improved model in internet pricing is described by improving the formulation

of models by Yang (2004) and Byun & Chatterjee (2004) in single and multiple
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bottleneck link networks. The parameters are predetermined as the constant values for

each class.

3.3.2 Decision Variables \z

The decision variables describe the quantity to be determined to sol > problem of

internet pricing model. Certain symbols are chosen and put into g yhese variables

can be integer value or real value. The case of MINLP will yiel | valued, integer

of final bandwidth

W decision
intfger gpltic® dvﬁmn

‘u.ggl valued

valued and binary integer valued decision variables. Th
obtained of a user, minimum bandwidth for class
variables, number of users subscribing the service
variables the and admission of user 7 in class j wil

decision variables.

34 Modeling Process \

Three stages performed in proce\ ¢ mo

2010) are as follows

1. Model constructio 2

2. Model solution

Model result y@lid¥pon ar‘:\ int® retalu%
NS
1 O

For S d“%l en 1cali 1 Jldcéanmon of parameters, decision variables,
constraints %cct} i 1$~needed. Assigning the proper symbols to
pqrametc:%mn vari rc\:fmbsaw to transform the internet pricing problem
into n tical formulation. @ tive function should be stated clearly in a way 1o

maxin Whe profit for ISPs. Constraints always connect with availability of resources,

ot al.,

Lo

nents and rules in performing the model. The functions of objective are in the

o\ ol of nonlinear while the some constraints are in the form of linear and nonlinear.

For Stage 2, translate all descriptions in Stage 1 into mathematical formulations
using the parameters, decision variables and objective function symbols. Function of the

variables which represents the objective will be maximized and other functions together
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with parameters and decision variables will form the constraints. The constraints can be
inequality or equality constraints. These constraints usually show the limitation of
resources in the networks, such as the bandwidth availability or certain requiggments
that should be satisfied in solving the mathematical formulation su the
nonnegativity constraints that inform to have nonnegative values c LLIblOIl
variables. Solving the models manually is quite difficult since the pro s NP-hard.

The software application LINGO 11.0 is used to help with nuaTwaUnﬂ the
1

formulation based on the LINGO format will reveal the solutio aximizing the

objective function and values of decision variables. T

For Stage 3. the non MINLP factors in pricing stggae suph™»§ digffete but not

integer variable, nonlinear constraints are examined tqwheck whather

0ge n&m can

be transformed into mathematical expressions and S%gly ssum@nns. The
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or binary values {0 or 1}.

_ Constant, that each parameter is %L}:
4. Linearity, that the total conty n of fugeti 2 He f&ariable unit is constant.

5. Separability, that each fur n : ¢ f sums of some functions.

J

6. Single objective fungffon. tRat the o je' '
be maximize is in single ecu

T Slmultamously, \crs an CdSlb

n &
] ution of the models does not violate

the Lon‘;tmml. M P O
. the a IIOI not VlOldlLd in forming the MINL P. If some
assumptiqQ fiolated @'nallon into MINLP is needed.
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\“7

3
§



38

3.5. Summary

Chapter 111 focuses on the methodology concept regarding the optimization ogguternet
pricing schemes under multiple class QoS networks. The decision to c‘.‘honm& eters

and decision variables is important in order to generate oplimi/ulio:‘n%: s. The

models created can pose as preferences for Telcos to decide and adopt ACE8 ingly.



