CHAPTER V \q

PRICING SCHEMES FOR MULTIPLE CLASS QOS NETW %

5.1 Overview Vz

zas(:c' on Yang et al.

)a TREY cribed the
. “ @ .
maxlmrf.l IS 1cvcn,KR'lhc
a

The researches focused on pricing schemes for QoS nety

pricing scheme based on auction to allocate QoS a

all!* &a?abilit):
c[]'u:icncy and fairness in sharing resources. Th tio:\é Wizarioy.pmhlems
goes from single bottleneck link in networks th an cncra@?mo multiple
bottleneck links using the heuristic n h%n the

tl&lscd single QoS
parameter-bandwidth and formulated the Wricing_ str for~=fifferentiated QoS

networks. In their discussions, they, %CUSQ- ’ k@, algorithm to find the
E b o )

optimal solution for differentiate ﬁaszo-an their idea, the attempt

auction pricing scheme for differentiated servi works i

here is to improve and modifvm mat

mathematical formulationghscuMed by Bjun

SNmpr ¢ the mathematical formulations of
04)629‘51111;}1@ formulation in single and multi
' lﬁLe ﬁﬂily function, the base price as a fixed price

xeq\Wrices or variable, index performance, capacity

in more tl ink afld P8 #hndwyeth required. The problem of an internet charging

or a variable % um gIs
[%?\

schem asidered as MINLI\Q&btain optimal solutions by using the LINGO 11.0
(201 gOWware. [n this part, the comparison of two models is conducted in which
I Wer decision variable is to be fixed of user admission to the class or not. This study

e P¥s to vary the quality premium parameters and see what decision can be made by

ISP by choosing this parameter.
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n

2 Model Formulation of a New Modified Model of Internet Pricing Scheme in

Single Bottleneck Link QoS Network

Optimization techniques are applied in solving the problem in this st Nc in
tﬁy

Sain & Herpers (2003), this study also considers the optimization probleg INLP
that can be solved by using optimization tools such as LINGO 11.0. The Wwoblem of

pricing the internet in multiservice networks is transformed into opti\dfzation models

and are solved to get an optimal solution of pricing scheme modMis solution will
help to interpret the current issues involving pricing, ne VOWring, base price,
quality premium and QoS levels. '

Y.
Assume that there is only one single network sourcq to st"nat'@sx:incc
h

the pricing schemes is the main focus of the researc the rpuiing shemgpe Assume

too that the routing schemes are already set up by IE ISP g (ZO(w}imcd out,
there are 2 parts to the utility function, nameewse p ich d& not depend on

resource consumption and cost, which N on resou con@ tion. The utility

function has characteristics such as mgf&inal pro \N\

unction of decreasing

with increasing bandwidth. The obj ofgpn” ISPYs "to QA¥ain maximum revenue

: 94
subject to constraints based on th& ns avangble cso@r
$
The Original Model of% Pricigg S 'ln@ Single Bottleneck Link QoS
Network when settingw ,.e( -‘(3)
&r latio

— D

Then, Original M LOrT set@ up o; to be Fixed will be as follows.
¢ (,) '
'
: n (J3)Psubpadto Eq(14) To Eq (25).

Max o@ funct
s
where % f \T

Paramg(creaen o; and f3; are ﬁﬁ&)
E‘ ? ¥ Base price for class j
. Total bandwidth

Minimum bandwidth required by user /

Cij . Predetermined value of upper bound price sensitivity for

user / at class j

Table 20 describes the parameter value of Original model proposed by Yang (2004).
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TABLE 20: Parameter Values for The Original Model (Yang, 2004) of Internet Pricing

Scheme in Single Bottleneck Link QoS Network when Setting up ¢; to be Fixed

Class j J=1 =2 \z

% 0.2 0.3 (o

@) 100 A

Vi 6 5

¢y, i=1,2 ci=5, 64 | ¢, o4 Y-
Decision variables when ¢; and ; fixed
Zij = {1, if user i is admil?ed to class j
0, otherwise

Price sensitivity for class j

W
X . Bandwidth assigned to each infliy
W,

g . Price sensitivity for user i 1% O

> A
The New Improved Model of Inter richhg S 1¥me @nglc Bottleneck Link
 to ' &

QoS Network when setting up o Py
\

The new proposed formulafio v; be , Io

s 4 .
\;ﬁﬁ,;ﬁj’mgi&; (75)

L

=]

J

Where Eq (75) igerg' aLI 'zeeo@iblcm for Yang (2004) and subject to

constraints (14 d thg prago? -o{ld@onal constraints as follow.
Q 3
% :J;Jrﬁf]élflﬁflfﬂ‘f)] (76)
R : OSWY;:]=L“.JH;JE[O.I] (77)

N
wher \
% when g; and S; are fixed
S
v

. Base price for class j
. Total bandwidth

Vi . Minimum bandwidth required by user i

B . Quality premium of class j that has /;service performance

Cij . Predetermined value of upper bound price sensitivity for
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user i at class j

d . Maximum quality index value in class j

Table 21 represents the parameter values for The New Improved Model of Wl
> be

Pricing Scheme in Single Bottleneck Link QoS Network when setting up o;@nes

Fixed. s
et “icing Scheme

o be Fixed

TABLE 21: Parameter Values for The New Improved Model of In{gn

in Single Bottleneck Link QoS Network when Setting up

Class j '
(z:f ‘ c'.}v
v; =
Y d
Cijy i=1,2
‘ | dj é

Zij = {1, if user i is admx class
0, othegavisc

geii (qained H use

X - Final band

]’Tl.lf
Wi
Xj
Wi
fj
NV
wmodcl descripliuns\:fg as follows. The objective function (75) basically
" ISPs want to maximize profit by maximizing their utility function with base

;i to be fixed to recover cost. Constraint (14) states that the total final bandwidth

;1] users cannot exceed the total bandwidth available. Constraint (15) states that
bandwidth obtained by user i should exceed minimum bandwidth for class j if user / is
admitted to class j or otherwise. Constraint (16) states that price sensitivity for class /

should be less than the price sensitivity for user i in class j if user 7 is admitted to class J.
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Constraint (17) states that the information about bandwidth obtained by client i for class
j should exceed minimum bandwidth required by user / if user / is admitted to class j.
Constraint (18) states that bandwidth obtained by user i in class j shoul
bandwidth assigned to each individual user in class j if a user i is admittc\ ass J.
Constraint (19) states that bandwidth obtained by user 7 in class j should %

the availability of user 7/ in class j and should be nonnegative (20). negativity

requirement occurs in price sensitivity (22) and minimum barndwidlfYH
SpOU

ass j in (21).

Constraint (23) shows that bandwidth obtained by user i in claS Id not exceed
bandwidth assigned to each individual user in class j. Cgnst 24) states that the

value of whether the user i is admitted to class j or not. C (i (21) states the price

sensitivity of user 7 in class ; lies between the range of 0 red tcwulue (c) of

‘ .
v c@_’Sj lies
upp% ound of

e piwe for j class

price sensitivity for user i. Constraint (27) shows t he basq pric

between the fixed value, which (@ and b) is er bound fan

is more than base price or j-1 class with j > 1§
of price and quality premium to yield a g

WS h@t\hc summation
in (j-1) class with j >1. Constraint (77 show¥ thaf\Qe IY
between 0 and 1 with the predetern dlalue

SHC
Pss 6‘“ exceed the ones
ui'_'ﬁn ex quality should lie
Py )

q %
The New Improved Model OMnc Mch@ in Single Bottleneck Link
QoS Network when settc' 2 u%; to be n‘ean'l @Jcs

The proposed formulgﬂis as fi \

'?Jy)’

Max object nctl 5) }
(77) and additioel E strajnte a IP ) (J
wh{:reA

Par? x when ¢; is fixed and f; varies

Base price for class j

(78)

(79)

Total bandwidth
Vi :  Minimum bandwidth required by user i
Cij - Predetermined value of upper bound price sensitivity for

user 7 at class j
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d; . Maximum quality index value in class j
i . Minimum quality premium value for class j
g - Maximum quality premium value for class j

Table 22 explains the parameter values for The New Improved Mod N rnet
Pricing Scheme in Single Bottleneck Link QoS Network when setting upsi angpj; to be
Fixed.

TABLE 22: Parameter Values for The New Improved Model of Inte Pricing Scheme

in Single Bottleneck Link QoS Network when Setting up ¢to NFixed and f; Varies

[ Class j

" oy

Decision variables when ¢ is ﬂxe%

A = {1, if user i is adMgitedpt
0 l

Final 1 obtaified

Lmj = Minﬂm anli ﬁ{
W @nsit'\\@hss‘@
X; : % wi 5
Wi %ice sg?it
I % Qua{t‘ maak of SJ

/)é Quality pren@f‘or class j

uglity premium in previous classes. Constraint (79) shows that the range of quality
premium lies in [f, g] with /> 0, g > 0 and both are predetermined values set up by

[SPs.
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The Original Model of Internet Pricing Scheme in Single Bottleneck Link QoS

Network when setting up ¢; varies

The model formulation for model 2 original proposed by Yang (2004) is as follow

Max obijective function (26) subject to Eq(14) to Eq(25) and Eq(27) 28).
Where 5%
Parameters:
€, - Total bandwidth i
\'

V; . Minimum bandwidth required by customer /

Cij . upper bound value of user’s i price sensitivity at clafyg z
a; . lower bound of base price in class j '
b; - upper bound of base price in class \do
| | S
Table 23 explains the parameter values for Th N lnrlMdQ Internet
Pricing Scheme in Single Bottleneck Link QoS NW N ng u )%%U'il.‘&

oL Pricing Scheme
ing_ﬂ o Varies

Table 23: Parameter Values for The NQ\%@C{ M
in Single Bottleneck Link ue ok he

Q: s !'W‘Zﬁf‘“ ‘Qé%)

otherwise A\
Xij \Tinal bandwidth obtaine\?{)

y user i for class j

L /[inimum bandwidth for class j

- Price sensitivity for class j

- Bandwidth assigned to each individual user in class

. Price sensitivity for user i in class j

0 - Base price for class j
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The New Im yroved Model of Internet Pricing Scheme in Single Bottleneck Link
I g g

QoS Network when setting up o; varies

The proposed improved mathematical formulation will be as follows. \

X
Max Y > (@ +B,1 )+ W, log—)Z, 3L ) (80)
j i

subject to constraints (14)-(25), the improved constraints (76)-(77) andvaints (27)-
(28). \'
where z
Parameters when @; varies and B; is fixed '
& . Total bandwidth \d.
| S
B . Quality premium of class j that has Lgervite perfgfmanc Y-
Cij . Predetermined value of upper Qoun rice agsW Ity fC Y'
user i at class j é

d; . Maximum quality index VaN;dSS;"
a . Minimum base price vall%up by \'N?
1fiby 1 g

Table 24 explains the pv r v4ucs E -‘%w Improved Model of Internet
Pricing Scheme in Single% ck Link Q Neu@ when setting up ¢; varies and
B, is fixed. \ | el 6»

/\K Q &

Vi . Minimum bandwidth required by user

b; - Maximum base pricg et L
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TABLE 24: Parameter Values for The New Improved Model of Internet Pricing

Scheme in Single Bottleneck Link QoS Network when Setting up «; Varies and f3; to be

Fixed

Classj j=1

C

Vi 6

B 0.01
G 1122 c1=3, co4

R 0.9
a 0.1
b; 0.4

Decision Variables when ¢ vary and f; is fixed !j ' ‘S
Zy = [é if user i lqoﬁ?;?:\t,::: to class b 4 \’Y'
X . Final bandwidth obtained by $ ]
Lm, - Minimum bandwidth for (\%
W; . Price sensitivity for clagy
X . Bandwidth assigned lo?%n '
Wi . Price sensitivity f% i in%j

I - Quality index o ¥ ,
o . Base price% J \:v}

\

The New Improv el

t P@Eg Scheme in Single Bottleneck Link

3 &y
&

The propgSegin 1'0ve<; I wati@ngramming will be as follows.
NV
A S

ximum obijective function (80) subject to constraints (14)-(25), constraints

QoS Network v ting wp

% and constraints (27)-(28).

where
parameters when a; and f3; vary

(L . Total bandwidth
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V; . Minimum bandwidth required by user i
Cij . Predetermined value of upper bound price sensitivity for
user i at class j
d; . Maximum quality index value in class j Y'
f . Minimum quality premium value for class j %\
g . Maximum quality premium value for class j A
aj - Minimum base price value set up by ISP for class j
b; . Maximum base price value set up by ISP for class j z

Table 25 explains the parameter values for The New I

'(W”lodel of Internet
S 1nuu.7=\:x9d f3; vary.
I ”

S“ltPg up g ¢

C]a.ssj =1 ; °‘l év

C
Vi

¢y 1=1,2
d;
Ji
&

Pricing Scheme in Single Bottleneck Link QoS Network

TABLE 25: Parameter Values for The New Impro

Scheme in Single Bottleneck Link QoS Network v

s |

[ isfadeni

4 — (1fr
thagwe (J
Xy - an}\ dt])b in@y user / for class j
) :%nimumb 1dv\f1dthlass;‘
I

Price sensitivity lbﬁlass}

W\
% . Bandwidth assigned to each individual user in class ;
0 - Price sensitivity for user 7 in class j

If . Quality index of class j

@ - Base price for class j

Bi . Quality premium for class j
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The description of the objective function is as follows. Objective function (80)
states that ISPs want to maximize profit by maximizing its utility function with the base

price a; to be a variable to enable ISPs to have market competition if there are clances.

N

5.3. Optimal Solutions for Internet Pricing Schemes in Single aneck Link

Yv

In the next part, the results of the computation of models inwlc class QoS are
"abl

' 26 explains the

QoS Networks

shown by introducing two classes and two users, so /=2 an
Networks

th [J’ \El' and

solver status for Internet Pricing Schemes in Single >neck pl g

when ¢; is fixed with by comparing three cases of or , modffied

[3 varies.

TABLE 26: Solver Status for Inter cige Sc
QoS Netwgrks wifen

Modified
Solver status Y i)
Model Class MINLP
State | [Local optimal
Objective 157117
[nfeasibility 0
[terations 32
Extended §IlviNgate N
Solver ty, 4 | & B B & B
Best Obi 156. ¢ 157.031 157117
Objed nd JIsgPpsP &7 [157.031 157.117
Ste " g é 0 0
X Tk il v 0
e interval 2 | &> > 2 2
U(K) 08 e D9 30
a(sec) 0 0 0

In Table 26, the solver status for model 1 is obtained. The model class will be
MINLP since in the model there is at least one nonlinear constraint. The models have

one or more nonlinear constraints but the solver's local search procedure is unable to
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search for better optimal solutions, thus it terminates only in local optimum. For that
reason, the solver will be able to find the objective value for each model, which is
156.981, 157.031 and 157.117, respectively. No constraints in the models are vi

the 0 infeasibility field shows. The number of iterations completed by L lN

varies according to the models created. Like in our model 1, it ob tas ‘ same

iterations, which were 32 iterations, to find the local optimal solution. N employs

branch and bound solver while dealing with integer constraints. vul possible

objective value found so far in the model, turns out to be the® alue as in the

).

objective, with the highest value achieved by a modified mogdel r},

c in value

c
é)&' e the

\"L
l‘dﬂCﬁg d bound
in Qbhmda |.The

D¥as stated in the

At some point, the best objective and objective

as the bound shows the limit on how far the solver ca rove t

solver type is branch and bound then the number anches infthe

e o'

-pr 1s to be evaluated
‘ .&ich indicates that the
e 101@ location. Total time to

generate and solve the models i 1s as showg in 49 @'

The interpretationg®or 1%]6 27 1, qui siin@ with Table 26. Model class for
w;l

memory generator is currently usi : L]# ;

each model is MINLP, ncl theo nd so far by the solver. Objective

value reached so fargk hlghdst

ints ated as the infeasibility field shows. The

e acl Qd by the modified model 2 (f vary).
There are 0 or nea nut¥ber O &

: ) '
Branch and bom ver @pe a aﬁ)ll{J 1 the models. The same value for the best

objective an %VC 0 ﬂd?’ obAdned. There are 2 branches in the branch bound
tree taker thcndc sol(ct n'R!ach model. The number of active sub-problems

that re \ be analyzed is 1 odcl 2 original and 2 in model 2 modified (f fixed)

modified (8 vary). The solver must then run until it reaches zero.
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TABLE 27: Solver Status for Internet Pricing Schemes in Single Bottleneck Link

QoS Networks when ¢; Varies

; ke Modified Modified Y i
Solver status Original (5 fixed) (8 vary) \
Model Class MINLP MINLP MINLP
State Local optimal |Local optimal Local opting
Objective 79.0385 79.0635 79.0865
Infeasibility 0 1.4x10"" 0
[terations 0 78 82
Extended Solver state
Solver type B&B B&B
Best Objective 79.0385 79.0635 3
Objective bound _ [79.0385 79.0635 .U%65 g
Steps 2 2 N
Active 1 2 2
Update interval 2 2 2 6’}?
GMU(K) 28 30 31
IER(sec) 0

0 ‘Y ~
In Table 28, user 1 is allowed to I:N:s I and clegk 2 sn@ the final price

sensitivity for user 1 in class 1 ( Wypan %) is at ] a \
)q hat I yhy user 1 is admitted to

1 &?bp% It happens also for

NS
| in | is at least more than or
od @ @1 | in class 2 also faces the

in each model, it is obvious that

r or equal to price

sensitivity for class 1 and/or class 2 (& W

either class 1 or 2. Bandwidth obtain

user 2 in class | or 2. Band\c Wmd

equal to bandwidth for class dmdt?

same condition as in cla om 1'\@
the modified model éit er :
(Yang, 2004). %

omg to the original model proposed by
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TABLE 28: A Comparison of for Internet Pricing Schemes in Single Bottleneck Link

QoS Networks when ¢; is Fixed and when o; Varies for Different Parameter Settings

Model 1 (¢; is Fixed) Model 2 (¢; Varies)

Variable [Original [Modified [Modified |(Original Modified [ModghedN
(P fixed) |(f vary) (f fixed) |(f
a1($/bps) [0.2fixed  [0.2fixed  [0.2fixed 0.3 0.3 0
0>($/bps) [0.3fixed |0.3fixed  |0.3fixed 0.3 0.3 3
71(8) - 0.01fixed |0.04 - 0.01fixed %i
3(8) - 0.02fixed [0.03 1 0,
I - 0.9 0.9
I - 0.8 0.8
I‘V](bpS) 5 5 S
Ws(bps) |5 )
X11(bps) 25 25
X'M(bps) 2o 25
i’lg(bps) 25 25
?EE(bps) 25 25
£,,,t(bps) 0.01 0.01
Lnma(bps) [0.01 0.01
711 I 1
Z12 0 0
751 1 1
7 0 0
Wiy > > >
W, b 5 5
Wiy 4 4 % B 4
W, 4 N ) h 4
Xi(bps) 125 Q 3 5 PR 25,5
Xo(bps) 25 25 L (PSS 3.5 25.5
L | S’
’ : (JG)
Q— N3
5.4 The ed M{ 0 nt@ Pricing Schemes in Multiple Bottleneck

N

Yang

New, i
Li_hltiple QoS Netwo@’

@ically generates from Yang (2004) and Byun and Chatterjee (2004) for

S networks. Assume that the routing schemes are already set up by the ISP. As

2004) pointed out, there exist 2 parts of utility function namely, base price, which

does not depend on resource consumption and cost, which depends on resource

consumption. The utility function has characteristics such as marginal profit as a
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function of decreasing with increasing bandwidth. The objective of ISPs is to obtain

maximum profit subject to constraints based on the system’s available resources.

5.4.1 Model Formulation of A New modified model for Internet pricing SKRs

in Multiple Bottleneck Link QoS Networks %

Original Model Formulation for Internet pricing Schemes in Multiwttleneck
Link Multi QoS Networks ; is Fixed V

The original model formulation for model 1 original in multi li in Q(,S network is

as follows. \d
o

Max objective function (29) subject to Eq(30) to E

where Y
Parameters:
C, :Bandwidth capacity of link / that rt:p\%m set R thuo%w i of class j

crosses in the network.

a; : Base price of a network service '%c thgs s fad™ of service quality
@ " e
cannot guaranteed so & could b len{ to the st-effort service in

the current internet architecture.
,' on

L. . Minimum bandwidth l‘tlseriin class
i theft sh ’;t

L;
W} Price sensitivity for user /

j O\
bandwidth in clas@k .’.Q
N
\ ¢ J (.5"
Table 29 explains aipmetd valu fﬁ cw hal Model of Internet Pricing Scheme in
h%

multi bottlenect oS trt
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TABLE 29: Parameter Values for Original Model of Internet Pricing Scheme in Multi

Bottleneck Link QoS Network when Setting up «; to be fixed

Link /=1 Y'
Classj | /=1 =2 \

C 100 (Q

0 0.2 0.3 A

Li; L3;=5, L3;=6 Li=4, ;=7
W We=8, W=7 | Wi=9, W3=10 z

= Link /(=2

€ 150

0 0.2 0.3

I Z-50,6 | \d‘

\ o

71 2 _0 72— 7 _
Wff le"'g._. sz—? W : g =t ' ‘\%\
P 4
Y' \ \/Y-
Decision variables are as follows. V ,,‘
)?f;. . Bandwidth obtained by user 7 in class 4 [% )

X;; : Final bandwidth obtained by user i Itb :\7 E

1, iisadmitted to class j
ZI" ::[ i (]
J 10, otherwise q &
W; : Price sensitivity for class J. \ \A
L ¢ Bandwidth for class j. q , | 0
Xy Bandwidth assigned to eacl;>1div'dL‘l ifc&@_;_

%mu Q}ir l@%et pricing Schemes in Multiple

The Improved Mo
: ¢ ‘Q ,
Bottleneck Link oS Netwdks#vhen & and g; are Fixed

% N
r/ | | |
In this imp:v- odel forvhul non\,?Vc obtain the mathematical programming as
follows. \ \('3
m n )Z
Max (e, Z, + B,1,)+W, log—=) (81)
% ;; et il J L_}
:oal to constraints (30)-(41) and an additional proposed constraint as follows:

0<1, <d;d €[0,1] (82)
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where

Parameters when @; and f; are fixed

C, . Bandwidth capacity of link / that represents the set of links that
flow i of class j crosses in the network Y'
a; . Base price of a network service j %\
LY . Minimum bandwidth for user i in class j on link / A
Wi[j . Price sensitivity for user i that shows the satisfaction of thv

by receiving the bandwidth in class j on link /.
B : Quality premium of service class j that 1asvcrv1u.

performance.

d; . Upper bound value of quality index for class ;
' o
l S
Table 30 explains the parameter values for original M of [ntum. Priggng @nc in
multi bottleneck link QoS network when setting up {3J a N

TABLE 30: Parameter Values for The Ne | d Mod?@ 1-:r§@ricing Scheme
in Multi Bottleneck Link QoS Net -a_lﬂ ; are fixed
A
N,

Decision variables when «; and p; fixed

Xk . Bandwidth obtained by user i in class j on link /.
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X :  Final bandwidth obtained by user i in class ;.
Zy L {lq if user i is admitted to class j
0, otherwise
wW; . Price sensitivity for class /. Y'
L; :  Bandwidth for class ;. %\
X . Bandwidth assigned to each individual user in class j. *

I; :  Quality index of class j. Y'

[n objective function (81), ISPs want to maximize profitg N}{imizing the

as .' function of
N

total sum of base price for bps of jth class and utility f

decreasing and increasing bandwidth, which shows the usg

a bandwidth -i’,_-f . Since the base price is already set up by ISPs te
[SPs want to maximize profit by maximizing the tolw&o' base

class and utility function as a function of decreasin necregsin

en geeiving

; sh

dwi&ﬁ- which

shows the user satisfaction when receiving a e theedd¥se price is

; th@l’s have fixed
% B, as a variable.

already set up by ISPs, at least to avoid IS

a, but ISPs have the choice to fix qualg

Constraint (30) explains that total ban

exceed the bandwidth available il\& . i tell us that bandwidth
obtained by user 7 in class j on lir st ndwidth obtained by user
i in class j. Constraint (32) s sWhat t alldhhh obtained by user / in class j

must exceed the minimunq dtl & 7 In @j on link Z if user i is admitted
to class j. Final band\&:t ai cl by ger i Q,ehsb J should exceed 1 if user i is

stfre iﬁ}onstraim (33). Constraint (34) states

that price sensitiya clasgj cant tgxc@ price sensitivity for user i in class j on
link /, if user f% ted yp dlas / é
>

wuhl bandwidth for c'lzg?r should exceed the minimum bandwidth for user

n link /, as stated in Constraint (35). Constraint (36) tells us that final

admitted to class j the wije,

obtained by user i/ in class j should exceed the bandwidth assigned to each
al user in class j, if user i is admitted to class j. Constraint (37) informs us that
the final bandwidth obtained by user i in class j cannot exceed the bandwidth assigned
to each individual user in class j. Constraint (38), (39) and (40) are non-negativity

constraints where final bandwidth obtained by user i in class j, minimum bandwidth for
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class j and price sensitivity for class j should be non-negative value. Constraint (41)

states that admission decision for user 7 in class j, if 0 than it means that user 7 is

admitted to class j, or else 0. Constraint (82) shows that the range of index qgality
should be [0, d], d€[0,1] and this range is set up by ISPs. 2

The Improved Model Formulation for Internet pricing Scheme ultiple

Bottleneck Link Multi QoS Networks when ¢; is Fixed and p; varich'

The new improved model formulation when ¢ is fixed and f3; vavmtcrncl pricing

.

Maximum objective function (81) but subject to straints §30)- Il‘ {%
additional proposed constraints as follows: s A\

scheme of multi bottleneck link multi QoS network is as follov

) +ﬁ_!‘(_f 2 af—[ﬁf—] IJ—Y Y\-’ (83)
B < By N °\ 4\ (84)
fiﬁ,ﬁg.ﬁlN,g]E[OJ] (85)

S AE

Parameters when ¢; is fixed and ﬁjw

C . Bandwidth ‘apzw‘!in :
flow i of sses i}

G J

~ & ‘e 7 o ik

L . g/clasbj on link /

T - atiofanrnt: y -3 Tl n
W - & l](a‘pshows the satisfaction of the user

in class j on link /.

fe ofgdmlity index for class j

d; ! :
fi A Lower bound valu,@"qualily premium for class j
g %\ Upper bound value of quality premium for class j

@ explains the parameter values for new improved Model of Internet Pricing

Scheme in multi bottleneck link QoS network when setting up ; is fixed and f3; varies.
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TABLE 31: Parameter Values for The New Improved Model of Internet Pricing Scheme

in Multi Bottleneck Link QoS Network when Setting up ¢; is Fixed and /3 Varies

Link /=1 2

Class j J=1 j=2 %\

C 100 s

a 0.2 0.3

L Ly =5, L3;=6 L3=4.1}=7 Y'

W W{;=8, W=7 W,=9, W;),:IN

5 0.01 0.08

d; 0.9 0.8 '

fi 0.01 0.02
g 0.04 0.03 \d‘ v

Link /=2 ' ‘S

C 150

% 0.2 \Y
L L3;=5, L5;=6 =4, ”'_ = | b,
W W=8, Wi= £=9.\W.2 0 Q

B 0.01 0.08
f: 0.01 QL O

Decision variables when T i
Xi; : Bandv%) ai
Xy :+ Ein ndwid.]
Zij : & ser i

0
@
W, '%c seffsitivit f ss7.
L %anc?v' th Br Q\
X: BandwMth :gsi@'to each individual user in class J.

. Quality index@classj.

J
\§i : Quality premium for class j

gij on link /.

onstraint (83) shows that summation of base price and quality premium in
class j should exceed the summation of base price and quality premium in previous
classes (or in j-1). Constraint (84) shows that quality premium in class j should not

exceed the quality premium in previous classes. Constraint (85) shows that the range of
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quality premium lies in [£ g][0, 1] and both are predetermined value set up by ISPs.

Constraint (43) shows that base price for class j should exceed the base price for

previous classes. Constraint (44) shows that the range of base price lies betweg
b]€[0, 1] where a and b are predetermined values set up by ISPs. Ob](:clwc\

ing

J‘

(86) tells us that ISPs want to maximize profits by maximizing the total 5Ll]}1

base price for bps of jth class and utility function as a function of and
increasing bandwidth, which shows the user satisfaction when receivi andwidth

Y, . ISPs will vary the base price @, to see whether in certain clas®ug s are able to

itmum B, with the

gt u. maks 3, as a

meet market competition and ISPs have the choice to fix qug

purpose of enabling users to choose the class based on tl

variable with the objective to promote certain services inghe ne

ple.@. tleneck
S‘
&
er's tODasc price as a

variable is as follows. _\_
Max objective function (42 cl % int )(4|) and additional
constraints (43) to constraint (44) \ A‘Q

Original Model Formulation for Internet prici

Link Multi QoS Networks when Setting o; VN

where

The parameters and the

Parameters: C

y Bandwidl of flink tﬁéums the set of links that flow 7 of class j
Crosse € Lt“Oﬁ

SSE
Iy Mil&bandwndth for usc@%ldss jon link /.

wsitivity for user i, which shows the satisfaction of the user i by receiving

andwidth in class j on link /.
wer bound value for base price in class j

b; : Upper bound value for base price in class j
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Table 32 explains the parameter values for original Model of Internet Pricing Scheme in

multi bottleneck link QoS network when setting up ¢; varies.

TABLE 32: Parameter Values for Original Model of Internet Pricing Schum\Nlll

O

Bottleneck Link QoS Network when Setting up ¢; Varies

Link /=1
Class j J=1

C
f,lij Lllj=5, L12)-=6
Wii" W11j=8.. W21j :?
a; 0.1
hj 04

Link /=2
&y 150
W, W =8, W2=7
a; 0.1
b; 0.4

Decision variables

}?f;- . Bandwidth obtained by user Ess; on

X;; : Final bandwidth obta

IIide iin IdS

(1, iisadmitted to §
ZUd{O, otherwise (S’
Wj . Price scnsntmt ;’ (‘?

O
L5 B'md\wdlhi ¢ (_)
Xj ¢ Bd!'ldWld

The Inw&d

sl tofk ac?m Wld@JSCI‘ in class j.

odel Formula

for Internet pricing Schemes in Multiple

Bottl Nmk Multi QoS Ne ers when Setting ¢; Varies and f; is fixed

In N improved model formulation, adopt the objective function (86) then the

m matical programming problem will be as follows.

m n

Max ) > (@, +B,1)+W, IOQ LYz, (86)

f=1 i=1 a‘

Subject to constraints (30)-(41) and (43)-(44).
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where

Parameters when ¢; vary and f3; is fixed

C - Bandwidth capacity of link / that represents the set of links llf\z

flow i of class j crosses in the network

ﬁ” : Minimum bandwidth for user 7 in class j on link / A

ﬁ/{.ij Price sensitivity for user i that shows the satisfaction ot'mr i
by receiving the bandwidth in class j on link /. V

B . Quality premium of service class j tha Im service
performance. '

d; . Upper bound value of quality index for class \d‘

aj - Lower bound value of base price for class) ' (}T

b; . Upper bound value of base price for clas -

Table 33 explains the parameter values fb'Wpro

Scheme in multi bottleneck link QoS ncl@n settin

b:d >y
@

iser i inglass Jorfli

s

Decision variables when a; vary and

X} - Bandwidth obtaine

X : Final bandwidthgbtai™d b &,
Z; - {l.ifuseri' dmWed to clpss j

0,

W . Price ser wy :
L : Band\&’or cl
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TABLE 33: Parameter Values for Original Model of Internet Pricing Scheme in Multi

Bottleneck Link QoS Network when Setting up ; Varies and /3 is fixed

Link /=1 Y'
Class j ! ‘j=2 \
Ci 100 (O
I =5 0,=6 | L4 0557 A
W Wi=8, W=7 | Wy=9, W3=10 | Y-
R 0.01 0.02 :
d, 0.9 0.8
aj 0.1 0.2
by 0.4 0.3
Link /=2 \d
Cr 150 ‘\Y’
Tl I2,=5, I3,=6 Q)
il W WZ=8, W=7 \,v
B 0.01 X
d, 0.9 '8 {\
aj 0.1 0.2 .
b, R 3

% f ‘}
“« Q-
The Improved Model Formul: or In pri&%ﬁ Schemes in Multiple

Bottleneck Link Multi Q kaj wien ng d f3; Vary
S
s &
In this improved mo ‘Ormuhf pt lubjective function (86) then the
mathematical prografin pro Wi eas\ WS.

e fineti yb W/t to constraints (30) to constraint (41),

raint J44)PIndcongdalnts (82) to constraint (85).
4 f 4 $

Ao V
where A \(_)
Paran:the n @; and f3; vary

Maximum

constraint (43)

Bandwidth capacity of link / that represents the set of links that

flow i of class j crosses in the network
1 . Minimum bandwidth for user i in class j on link /

Wiﬂ, . Price sensitivity for user i that shows the satisfaction of the user /

by receiving the bandwidth in class j on link /.
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d; . Upper bound value of quality index for class j
fi . Lower bound value of quality premium for class j
g . Upper bound value of quality premium for class j

a; . Lower bound value of base price for class j

b; . Upper bound value of base price for class j %\

Table 34 explains the parameter values for the improved Model of et Pricing

Scheme in multi bottleneck link QoS network when setting up a; ar

icz= Scicme in Multi
nd S w
| :

TABLE 34: Parameter Values for Original Model of Interne

Bottleneck Link QoS Network when Setting

h g

Link /=1 | &
Class j =1 Jj=
Ci 10 g
W Wi=8, Wa, W= 17=10 %c
B 0.01 0.02

d; 0.9

D

Final bandwidth obtained by user i in class j.

Zi = {1. if user i is admitted to class j
0, otherwise

Wi . Price sensitivity for class j.
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L; . Bandwidth for class j.

X; Bandwidth assigned to each individual user in class /.

I; . Quality index of class .

0 - Base price for class j Y'
B . Quality premium for class j @

5.4.2 Optimal Solution of The New Modified Model of Interng l’ritzg Scheme in
Multiple Bottleneck Link QoS Networks when Setting to be fixed and

_\K'W,p.

sl’ou\ 1s the

ed is the

when Setting up q; to varies

Table 35 shows the solver status of model 1. Model
with status of current solutions being all locally
amount of constraints violated and it is 0 for eac

Branch and Bound solver and the active fie

us the amount of LINGO's memory alloc

generator. The highest amount of m:%lloc@s'

I modified (f vary)

which is 37K. ER explains about t used to g watc@solvc the model maybe

CO N
For the improved modelJy the soﬂJﬁ@s 0 sec time to generate and solve

those models. The be@ivc s'o \ﬁhat t&ﬂjcctive value of the best solution in
& oW :

each model which\ fied 'that hined the highest value of 46.67. The
theoretical bound% obgetty gho l‘l@samc value as the best objective for each
model. ESS on the sojfepth: running. Since all models have solver type

Branch at SO I:rS f that there are 0 branches in the branch and
bound stly, Total solver i@fons show the number of solver iterations for each

modeTNg Model 1 Original there are 30 iterations to solve the model.

S
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TABLE 35: Solver Status for Internet Pricing Schemes in Multiple Bott leneck Link

Multiple Class QoS Network when Setting up o; to be Fixed

Solver status Original Modified (4| Modified (4 Y.
fixed) vary) \
Model Class MINLP MINLP MINLP
State Local optimallLocal optimallLocal opti
[nfeasibility 0 0 0
Extended Solver state 4 )
Solver type B&B B & B
Active 0 0
Update interval 2 2
GMU(K) 34 36
ER(sec) 0 0 "
Best Objective 46,55 46.6 . Y
Objective bound 46.55 46.6 : ﬂ ‘\C—)
ESS 0 0 .\
TSI 30 30 o d

Table 36 shows the solver status odpl 2. The el oy for each model

falls under the MINLP, with the slatu%:ur'en tiIls cmall locally optimal.
Infeasibility is 0 for each model. ThéNglv: W& Se e @ch and Bound solver

: “ :
remaimg tgbe ev@tcd for each model until
I Menpry alldeation is in Model 2 modified

|

U a
vary) vghich)fs 17 R for each model is 0 sec time
to generate and solve thgse mod€ls. '1% 3j€c(§a is Model 2 modified (f vary) that

obtained the highesl% 0.9". The)theor Ql bound on the objective is also the

same value as th ‘No jeetive™ :lch @el. ESS=0 shows us that there is 0 of

and the active field lists 2 sub-pr
that number reaches 0. The hig

(f fixed) and Model 2 modgfi

branches in theggrangp an boyn tl&:.df‘)aly, for total solver iterations in Model 2

ol-iginal,t&% Teragofls | ..'o
=
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TABLE 36: Solver Status for Internet Pricing Schemes in Multiple Bottleneck Link
Multiple Class QoS Network when Setting up @; Varies

Solver status Original Modsfiedi(f) Modified (2 \z
fixed) vary)
Model Class MINLP MINLP MINLP %
State Local optimalLocal optimallLocal optir
Infeasibility 0 0 0.5x 10"
Extended Solver state 5 )
Solver type B&B B & B B
Active 0 0
Update interval 2 D
GMU(K) 35 37
ER(sec) 0 0 .
Best Objective 0.9 0.93 0.97 ' C;}Yv
Objective bound 0.9 0.93 0.97 A
ESS 0 0 04 b
TSI 5 5

Table 37 shows us that for 3 3} n | 1 ; use™1 and user 2 are
admitted to class 1 and class 2, respe %Ban@ ai @uscr 1 of class | on
(]

link 1 and on link 2 (X}, and X bps Sincgistr kzl*ddmitlcd to class 1, then

Zh
D

SILIVRty Ofﬂé‘ | inclass 1 on link 1 and
W 1=B.$ user 2 is admitted to class 2
s

user 1 in class 1 on link 2@viy
pricc(sgfsitivily of user 2 in class 2 on link
2

since the price sensitivitgof cla€s 2

anduser 240 Classi‘g}‘ lich - @11_ = 10 with X}, = X3,=27.8 bps.

The final bandwi@in lwy }"m (é?l (X;,) and user 2 in class 2 (X,,) are
ivgly. pMins

22.2 bps and % respget m bandwidth for class 1 and class 2 (L; and
L) are 7 QiNgayly ba{ ' ssli

price sensitivity for class 1 eq

[§9]

to each individual user in class 1(X)) is 22.2

4

s 2(X2) is 27.8 bps\ﬁ}f =X\, = X%=22.2 bps and Xo= X},= X3,=27.8

The quality index of each class is obtained which is /;=0.9, and L=0.8. The same
quality index result was also found with added results of quality premium in class 1 (/)
of $0.04 and in class 2 () of $0.03. From the models it can be seen that model 1

modified (B vary) yields slightly better results of $46.67. So if ISPs apply the option to
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recover cost (by fixing @) and also to promote certain services in the networks (by

varying /3), ISPs will gain more profit.

TABLE 37: Solution for Internet Pricing Schemes in Multiple Bottleneck Lin% yple

Class QoS Network when Setting up @; to be Fixed

The results in Table 38 illustrates that for 3 cases of model 2, user | and user 2

are admitted in class 1, user 2 is admitted to class 2 with bandwidth obtained by user |

orioinay | Modified | Modified Y'
ngMmat| (4 fixed) (p vary)
a 0.2 0.2 0.2
Zi |1 1 I
W I8 8 8 '
£, 222 22 22.
L [7 7 Z \d-
Z 0 0 0 j q?'
%, P22 . boo A
o (0.3 fixed [0.3 fixed IXe '3-
Zi> |0 0 A L9
W, |10 10 0 4"
%, 278 27,y 273N\ &
Ly |7 7 Y
= -y
| Zy |1 l
%, 278 % o Q7 S
ZT b2 2 2.2 &
i 22 22.
Ve 4 27.8
ZE 7. 3 &8
L ™\ ™ 22.2
& —
J 2 299
o 2.2 !2’(} 22.2
¥ B " K] 27.8
2 [oF8 AN’ 27.8
<</ odr =€ R 22.2
s X 7.8 Q{N.S 27.8
B N2(0.01 0.04
\ B | 0.02 0.03
L 0.9 0.9
0 L |- 0.8 0.8
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i1 class 1 on link 1 (X}, and X7) is 6 bps, X3,= X3,=6 bps and X3, =X3, =7 bps. So
IT can be se that the bandwidth assigned to each individual user in class 1 equals to the

final bandwidth obtained by user 1 and user 2 in class 1 and equals to the hu[v1
A X

obtained by wuser 1 and 2 in classt 1 on" “link 1 ant\

Xi= ,{’H = ,‘{'2] = ,.‘I’lll = .‘I’]:, = i;] = -{'fi =6bps and Xy = .{’_1_3 = ;{:_ =7 bps imum

uld choose to

bandwidth for class 1 and class 2 (Z; and L) are 6 bps and 7 bps respgetively” Next, the
price sensitivity for class 1 and class 2 (W, and W>) are 0. Since ISPs RE 1l

be able to compete in market competition, ISPs vary the base prichs | and class 2

In model 2 modified (f fixed) and model 2 modifie va?). th ‘Ul_\f%&lcx

of $0.3/bps for all models 2.

1'10&9 lium

quality in class 1 and class 2 (3 and /%) are of $Q04 aM $0.02 &spg li\-'c!_\YI'rmn the
. N

models, observe that modified (8 vary) model of Rpdel -_}'w ation Nelds slightly

better results of $0.97. So, if ISPs would likefto markqt cli@}* varying o)

ying@ ISPs are able to

gain more profit. % :
% o
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TABLE 38: Solution for Internet Pricing Schemes in Multiple Bottleneck Link Multiple

Class QoS Network when Setting up ¢; Varies

T Torieinal | Medified | Modified \z
gmall 1 fived) (8 vary) (0
@ 0.3 0.3 0.29 s
Zai |1 1 1
Wi |0 0 0
%, 6 6 6
T lb 6
| Zn |l 1
':{;21 6 6
o 0.3 0.3
7o 0
20 0
%, 7 7
T 7
_Z:_‘_s | |
.if:: 7 7 V
NG 6&%
X 6 6 N
B2 =
Xn |1 o
Xy 6
| X
X3
6 . A
< NG ~ [
NMONFOL AV 10.04
02687 [0.03
Xy 0.9
0.8

KNgfe s

5.4.3 ysis of Pricing Schemes in Multiple Bottleneck Link QoS Networks

The Wodel shows the connection between bandwidth required, bandwidth obtained and
Qo> level by giving the assumptions and data; we can find the optimal solution with
profit maximization. ISPs have the choice to either adopt modified model 1 or modified

model 2, according their priorities. If ISPs choose to recover cost while promoting

certain services, then model 1 modified (# fixed) will be the best model to adopt. Again,
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if ISPs would like to have market competition when there is a chance to do that while
promoting certain services then model 2 modified (f vary) will be a good model to

apply. Overall, our proposed models show slightly better results than previous Wh

models. \
Summary Y'

Chapter V explained the internet pricing scheme in a multip

n
n

model formulations began from schemes in single bottleneck ctwark and extended

to model schemes in multiple bottleneck link networks. solgtioMssfifw that the

®
improved models exhibited better results compared %}ﬂl resglts pi prsc:@g'pzmt

research. The results also have contributions, especia¥ygto IS[} i orgler towggltieve its

on gegglization of

described.



