CHAPTER 1V

PRICING SCHEMES FOR MULTISERVICE NETWO@

4.1 Overview Vz
1;-cl1zl['ging schemes of

The contributions in this chapter will address solutions to

these problems. These problems are consi be solved by

using optimization tools. Transfbrmal@ i cinﬁohlcm in multiple
services into optimization models is greateMand g sc i fained. This solution
will help us interpret the current &JUCs}invo :

levels. q Q—
A“'

¥. NS
Meanwhile, ByugP& ttcrjee‘?UO pu ed to formulate internet pricing
into optimization models an olvath® eﬁ@ as an optimization problem but by

using the simulation@ppMegch. ’Itﬂe oW |Iatiq%cs{xsci’ul in helping in our next proposed
model although 1% 0se lack(:}ﬁ'c’)rmation on how much QoS level can be

adopted in each ce. tdtal nel¥odk shardd and number of users allowed for using the

services. % P @»
’
AQ’ &

4.2 ew Approach to Pricing Schemes in Single Link Multiservice Networks

ThE first contribution is the attempt to solve pricing schemes in multiservice networks
to seek better solutions compared to Sain & Herpers (2003) that has been processed and
analyzed by LINGO 11.0. The second contribution is to derive a new formulation
involving the base price, quality premium and QoS level that does not exist in the

formulations by Sain & Herpers (2003) and our third contribution in multiservice
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networks will be a newly improved formulation that will work on multiple bottleneck

link networks.

4.2.1 Model Formulation of a New Approach to Pricing Schemes in %z Link

Multiservice Networks %

The idea was derived from Sain & Herpers (2003) and were anal_\,*"&vcomparing it
with the results from the new models. Same models, parameter *cision variables

were adopted but with small differences on the integer cogstr

T’hd on the approach
> use(' to process our

used. LINGO 11.0 and the Branch and Bound solvergy

2 method for

Parameters:

& : Total capacity
ds : Capacity needed to proguW
M - minimum level of \
Mg : maximum num%‘z s fi
Ps - user price sengitivityddf s
S : number of&%
(ﬂ\ ‘Y2

TABL%kamc?r al)xs s@e New Approach of Sain & 1 ferper’s (2003)
N~ Model
A S
~N

\ Service 1 2 3
0 ds 60 750 330

My 3 45 15 |
ns 0.8 2] 0% {05
s T EEE R
S 3

@ 5000




Decision variables:
ds : Reserved share of the total capacity for service s
qs : QoS level for service s

X - number of users of service s (\:

The optimization model proposed by Sain & Herpers (2003) Ygub aximize the

objective function (1) subject to Eq(2) to Eq(7). V

> lCles' in Single Link

o~
The profflen@#: lo C?c:rcd as

e | c{o the @:Lraints) is

nonlinear and the subset of the variables shoudg be j#te areas the Kl is permitted
to have continuous values. The solver J:d

solutions. It means that for the case ol?m, 5&{11 \

locally optimal, thus making the

4.2.2 Optimal Solution of a New Approach to Pricin

Multiservice Networks

Table 4 shows the results obtained from the m

MINLP since at least one of the expressions (o

i)}

ts todgnd local optimum

tim}s e available and are

local optimum, the problems tha

existing solutions sometimes a% jons ained were locally optimal,

whereby some solutions re Ettcr in fne g clm@c and the same exact solution
was given for another circumsggnce. b 4 ‘Q

S

10\\"@11‘61'011085 in some aspects such as in the

From Tab
er
n

& SOWiON
\ P !
QoS level, num congurr S
offered botl %tion angy 2 I§ n 1, for profit maximization reasons, the
p id not d#fer tervi?s 1 and 3. For service 2, a QoS level of 95% is
>

service <
opli['n\!&owing 7 cuncurren&xcrs to apply the service with a profit of 299.25. For

. 100% of the network was reserved and used. When adding up the profits it

- S‘ﬂ profit per service. Three (3) services are
itio

In solution 2, also for profit maximization reasons, the service provider did not
offer service 1 and 3. In service 2, the QoS level of 83% is optimal by allowing 8

concurrent users to use the service with a profit of 298.8. This service also reserves and
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uses 100% of the network and yields 298.8 profit and the usage of 4980 is of the total

capacity of 5000, which has a utilization degree of 99.6%.

According to Sain & Herpers (2003), the ratio for service 2 is 0.06, »&Rs: the
¢

highest price per capacity ration, so this service is offered first until the 1% work
capacity is filled up. This implies that the QoS level is 100% and t are 7 users
applying the service at a capacity of 4987.5. After offering this servi re exists an
idle capacity of 12.5, which cannot utilize for other services. Thw te comparison

between Sain & Herpers (2003) results and our solution is prescv Table 4.

Tlp‘dl‘bix) Sain &
Herper’s (2003). GMU shows the amou serated¥Hom LINGO's

éﬂ ER = 1 sec with
as& . ER=0 sec, ESS=1

available memory. Solution 1 is obtaine

and TSI= 28.

TABLE 4: Comparison of Slmel c@crs (2003) and This Study

( Solution 1 Solution 2
Sorvice Q . ; S [ 2 m A
Share of total netwagk \\ N
capacity () 0-1 @ o I 0
QoS level (gs)

.
No. of condggen

users(Xs)

L7

0.9| 095 |0.75]0.8| 0.83 | 0.5

0 7 0 0 8 0

0 |49875| O 0 | 4980 | O

Tz
on
< @
e S

4980 4987.5 4980

xY. 24 270 0 0 |299.25 0 0 [298.8| 0O
Total profit 2qs*ps* X 294 299.25 298.8
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By comparing the computational time taken to achieve the solution, a better
time taken to finish the iterations were reached by solution 2 and since it only took 28

iterations, but solution 1 took 115 iterations as shown in Table 5.

TABLE 5: Solver Status of Sain and Herpers’ Model by Using l,lNi‘iQ

[ Solver Status Solution 1 Sol
Model Class MINLP MINLP

State Local Optimal l.ocalwal
Objective

Infeasibility

[terations

Solver Type

Best Objective
Objective Bound
Steps

Update Interval
Generated Memory Used(K)
Elapsed Time(S)

4.2.3 Analysis of a New Appr\in
Networks T
Finally, what the ISPs %’ be{™s
slightly different valygg oIWbje
6
\ 4 ! (%’
HUWCVCLQI ¢ Jhe ppvidery };0[" afe considered, the new result is better than

ers ? 3 :1 CI'@\‘- new results showed better profit gain but had
differencéyin number Of serv@f)ﬂ’cred. They offered two types of services with

that in Sain

the toigl n er of users, while M’new approach only offered one kind of service.

N
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43 A New Improved Model on Pricing Schemes in Single Link Multiservice

Networks

‘ang (2004), Byun & Chatterjee (2004) and Yang et al. (2004; 2003) ﬁ‘wz‘d a
pricing strategy for differentiated service networks. Sain and Herpers (20" a¥so tried
to formulate a network charging scheme using the optimization model ‘andWplving it to
obtain maximum profit by considering the price, total network ca\gily of services
offered and QoS levels for each service offered. It is atlmnplthmparc Sain &

Herpers (2003) results with the proposed results. The nev

d internet pricing

models are adopted and modified from Yang (2004), Sain sers GZ()U}) and Byun

& Chatterjee (2004). The models are created to show th: - fesiieg e obtained

®
odi Ck’im&-their
qulity geghium of
service. Y
Optimization techniques were %to solve pr@n in this study.

Furthermore, optimization problem a cipd o be solved by using

optimization tools. The internet pri®y : Il-@brmcd in multiservice

A&& get an optimal solution.

involving pricing, network

sharing, base price, qualit@prem Iso
main concern to obtain maxigfum % ing prices for services available,

capacity allocation f&}servte‘ -rmin@u of base price and quality premium
for each service anw vel es 0®'ed.
=) L1

Let g bage

Cs

dependingdgn t target t lﬁﬁ w@ achieve. Additional parameter values are set, in
addiliO\Aﬁmetcrs set by Sm&?._ Herpers (2003), which are presented in Table 6.

The s for proposed improved model of MINLP were tested. By applying each

is clear how profit attained. The analysis previously described by Sain &
ergprs (2003) can also be adopted in the proposed model. The ISPs can also possibly

achieve their target by considering each case.
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4.3.1 Model Formulation of a Newly Improved Model on Pricing Schemes in

Single Link Multiservice Networks

The model formulations of the new improved model for internet pricing § uz for

multiservice networks in Single Link QoS networks were presented. pppposed

model formulations are considering for four possible cases, set up with difi™ent sets of

base price and quality premium. Y'
In)«wln'cmet Pricing

Service | i=1 = ' ‘S
o fixed 0.5 0.5
p fixed 0.4 0.4

TABLE 6: Additional Parameters for the New Modified

I &
b, 0.8 é
Ci 0

i 0.

New Improved Model of Inte ulti Service Network
When Setting up @ and f to l%
The new improved modgl fo :E

orm®lati

(45)

(46)

.
T

{) ldx <C (47)

0<a <li=12,..,8 (49)
m 1, <1Li=12,...,. S (50)
0<x <n,i=12,...,5 (51)

{x} integer,i=12,...,8 (52



Where Eq(46) to Eq(52) are adopted from Sain & Herpers (2003) and

Parameters when a and [ are fixed

¢ . Total capacity

mi : Minimum QoS level of service i \z
ni . Number of users applying service %

Di . User’s price sensitivity A

o . Base price for each service Y-

B :  Quality premium for each service V

S . Service number T

di . Capacity needed to provide full QoS unit of '

Decision variables when a and [ are fixed ' ‘\‘C—}
a . Reserved total capacity share for segvice b 4 Y'
N

I; :  Quality index of the ith service class \

X :  Number of users applying serﬁw

The following are descriptionsgbfthe mo @\ISPS desire to obtain

base Q:e and quality premium

and QoS levels to recover cost a& : 1Sgr's lo&bﬁse services based on their

A5

required capacity for serv S xdce “ @l'k capacity reserved. Constraint

(47) explains that lﬂlﬁ pacs ot gr@ than total network capacity C.

Constraint (48) ngAee th lnet k ca@y has different allocation for each

service that lies tN 0 png 1 ‘(;ttrt@.l@). Constraint (50) states that the QoS
I T W,

n thg desgrr 'ned@i level for each service. Constraint (51) tells

level should li
us that usw%gthe Plic j non@nive and is not more than the largest possible
number of\seWdetermined by thagPrvice provider. Constraint (52) tells us that there

are linfiggtions to the number of uds and it should be positive integers.

0 he Solution result is presented in Table 7, Service 1 has shown optimal QoS
of 0.8. One user allows applying the service and only 0.9% of the network is
reserved for 48. Service 2 obtained optimal QoS level of 0.807, for six users using the

service and 72.64% of network capacity is reserved in which of 3631.5 is used. For

Service 3, a QoS level of 50% is obtained, giving the chance for 8 users apply the
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service and 26.4% network is reserved and it use 1320. ISP targets to be able to recover

their cost of service and also can enable the users to select the services based on their

budget and preferences. If summing up all services then a total revenue of 308: P
obtained and usage capacity of 4999.5 or degree of utilization of 99.99 % t

\ re is
only 0.5 idle capacity that cannot be utilized for other services. 3%

TABLE 7: Solution of a New Improved Model on Pricing Scheme \g>tgle Link

Multiservice Network when a and 3 are !-‘ich

Service
Share of total network capacity(a;)
QoS level(/) ; ;
No. of concurrent users(x;) 1 ,’
Used capacity per service (/*d*x;) W@ 363?5
0.

Total capacity used(2 /i*di*x;))
Profit per service((o+8*)*pi*x,) > 184

Total profit (X (a+B*L)*pi*x,) q 308916
TPl Bl g

ulti Service Network

[39]

(54)
(55)

: . Total capacity
0 : Minimum QoS level of service i
n :  Number of users applying service i
pi . User’s price sensitivity

o . Base price for each service



S . Service number

l; :  Minimum quality premium for service i

b; :  Maximum quality premium for service i

N

Decision variables when « is fixed and £ varies %

a . Reserved total capacity share for service i A

I . Quality index of the ith service class T

X; . Number of users applying service i V

pi . Quality premium for service i T

The descriptions of the constraints are as follows.

that ISPs obtain maximum revenue by setting the p chargegble

“f b@ price,

rvicuéxain and
>ES, @’fstraim (54)
mél\

quality premium and QoS level to recover cost, ote c?'t'- n

Herpers, 2003) and increase the number of usersW]l

explains that quality premium has different Wm' czﬂ* S¢
same level or a lower level. Constraint (w s that thé
out of determined quality premium se by I'SP \

e

For cases where a=0.5 in Table 8, the different

solution was obtained. For t ization, ISP does not offer

service 3. Service 1, witl : i QW with four active users applying

the service and 3.84%@: & 192 is used. For service 2, a QoS

level of 80% is obtaigfd WWh ei uscn@ng the service and 96.16% network is

reserved with 8 ¢ ners apply irvic()y setting up « to be fixed and f varies,
@

ISP can target t ke Cll}tppromotc certain services which are service

s@e 3. By summing up all revenues, the revenue

| and servicg ZWgNO pI?[ tingl fi
0f 297.6 %ation dedee &9&34'% were obtained.
S
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TABLE 8: Solution of a New Improved Model on Pricing Scheme of Single Link

Multiservice Network when a is Fixed and 3 Varies

Service =1 D
Premium quality (5)) 0.375 10.375
Share of total network capacity(a;) 0.0384 [0.9616
QoS level(/)) 0.8 0.8
No. of concurrent users(x;) 4 8
Used capacity per service (/*d*x;)  [192 4800, |0

Total capacity used(X. 7,*d*x;)
Profit per service ((a+f*1)*p*x;) 9.6
Total profit (X (at8:*1)*pi*x))

New Improved Model of Internet Pricing in S@nk MAIti S r*c@twurk

When Setting up @ and f vary

The new proposed model formulation whel‘em vary

&
4 ® 8

Max&x, B, [ IR, _\
" | S

“« Q-
subject to constraints (46)-(52) )-(35). dinbiiﬂd new proposed constraints
then we have as follows. Yv l Ny
%‘. +l‘ff,j i-1 ! Ql (37)

(58)

O )

where
Parameters whe \ﬁv ry'? " (-)

: ppacit
m; w num6 >t okedrvice i
ANumbt:r of users ag@?ﬁg service i

User’s price sensitivity

Service number

Minimum quality premium value for service i

Maximum quality premium value for service i
i :  Minimum base price value for service i

gi :  Maximum base price value for service i



Decision variables when o and 3 vary

a . Reserved total capacity share for service i

I; : Quality index of the ith service class

X; :  Number of users applying service i \z
o : Base price for service / %

Bi . Quality premium for service i A

The descriptions of the constraints are as follows. OM function (56)

explains that ISPs want to obtain maximum revenue by se ¢ price chargeable

for a base price and quality premium to compete in the marfe m cl'lion if there is a

er of users
®

over all other services. Constraint (57) guarantees the bgse pi c' an(%q;lulil\f

premium has at least the same level or lower level B Ibr’a 1 sgfvice -?u] that the

base price should lie between the prescribed base |¥"c set P (Co@‘ﬁim 58).

¢ market er a@f competition and

HRXevenue maximization.

chance and in the meantime, ISPs can promote certain s€

In Table 9, The ISP targets on ¢

try to promote certain services which ce serv

cec

This is the reason why ISP has chos®o ffcﬁe 1ate phe va@o[’ a and f. For revenue
reason, ISP does not offer servi servveg 1, § Qo Ogél of 80% is offered with
four active users using the sery 3 o petWvork &eserved in which 192 is used.

Service 2 obtain a QoS |
% of network is reserved wit

utilization degree of& . Solthe iJJe capyegy left enough for 8 only but not to be

used by other scr%\ | (—)O
&
paa
Y-
S
N

o

Q.
§w
S
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TABLE 9: Solution of a New Improved Model on Pricing Scheme of Single Link

Multiservice Network when & and £ Vary

Service i=1 =2 | z
Base price(a;) 0.26 0.6301951 (0.6

Premium quality (f)) 0.8 0.3372562 Lss
Share of total network capacity(a;) [0.0384 0.9616 0

QoS level(/) 0.8 0.8
No. of concurrent users(x;) 4 8

—
J

Used capacity per service (*d;*x;) (192 4800

Total capacity used(2. /*di*x;) 49?'

Profit per service ((a4f8:*)*pi*x;) [10.8 [ [Q

Total profit (X (a+*[)*p*x; A | !

@
| S
> Link tigServigs, Network
Y

New Improved Model of Internet Pricing in Sir

When Setting up a varies and / is fixed Y'

subject to constraints (46)-(52),\ : > ;
where %z ,
Parameters when & varges and®3 is

G : Total@
m; . Mi N 0 Isve
: %ol‘u rs

vice number G?}
\ uality premium fONeach service

Minimum base price value for service i

OE . Maximum base price value for service i

(59)

Decision variables when a vary and S is fixed
ai . Reserved total capacity share for service i

I; . Quality index of the ith service class
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X; :  Number of users applying service i

o . Base price for service i

that ISPs seek to maximize the price chargeable for a base price and qu emium,

The descriptions of the constraints are as follows. Objective I'unctii:wzlalcs
f

QoS level to have market competition if there is a chance and users are aB® to choose
the service according to their budget and preference and for the numbc;?! Visers over all

other services.

4

can gain market competition when there is chance mea
choose the service that suitable with their needs and ets. Fgr rev m’: rc@ 1, ISP
does not offer service 3. Service 1 obtains a QoS leMag of 80%o. Bvithy4 us*;s.%lpply the
service, 3.84 % networks are reserved and 19?’- ice 2%68 level of
80.13% is offered and users of 4 is allowi w ;

S, W users use the
service and 96.16% networks is reser

which use of 4999.99 %5000 of totrﬁa)pac ty. \a\aT '

capacity to waste. o

L]
—
e
—

TABLE 10: Solution of a . royg I on Raging Scheme of Single Link
twork gvher

Multis%

i=1 = i=
b. 0.7 0.6
0.0384 10.9616 [0
0.8 0.8013  [0.9013
8 0
192 4807.999 [0
JAGY ) 4999.999
gl (1( per service ((aﬁ@[,-)*p,—*x,-) 7.92 E67.39l \U
\ﬁoml profit (3 (a+f*L)*pi*x;) 371.232

lable 11 basically summarizes the solver status of four cases using LINGO 11
Wf|). Some cases such as the case when a, £ are fixed, it took a long time to finish the
iterations but it managed to obtain the local optimal for the solutions. Some cases also

showed a very small infeasibility, which can be called zero infeasibilities.
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TABLE 11: Solver Status of the New Improved Model on Pricing Schemes for Single

Link Multiservice Networks

! o fixed
a, f fixed Bivurs a, f} vary
Solver Status
Model Class MINLP MINLP MINLP MINL
State Local Local optimal [Local optimal |0 ptimal
iy optimal 2
Objective 308.628 297.6 334.8 2
Infeasibility 7x10"° bx10™ 0
[terations 528 150 128 147
i
Extended Solver status
Solver Type Branch and |Branch and Bganch Ind J Br aH‘d\Y"
Bound Bound B Boyn
Best Objective  308.628 297.6 4.8 323
Objective bound [308.628 297.6 b 7.28)
Steps 12 5 4
Active 0 1 0 3
Update interval 2 2 %)
GMU(K) D5 27 \ o8
ER(sec) I 0 - A 0
% N 2N
% o (}
4 &
4.3.2 Analysis of The New ]hve on Pgeg Schemes of Single Link
Multiservice Ne rkY' [ §
’ ¢ &
To sum it up, better ges werel ob™td in ases compared to Sain and Herpers

(2003) as shown i Iagb he new model is that an ISP can set its

12.
base price and qiggs emfur® b cm)n tMISPs preferences. For some cases related to
revenue max%n notfall ghe c§ were offered but only a few. It means that

SOme reso, wn b

(g
W
0
-
.
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TABLE 12: Comparison between the New Improved Model in Single Link

Multiservice Networks and Sain & Herper’s (2003) Results

Sain & Our model
Comparison Herpers (2003)|a, B fixed jo. fixed a, p ary
Model vary valNy fixed
Total CEI])I:!CH}’ l]SCd(z ]I*d!-*,\‘,-) 4980 4999.5 1992 4097% 14992

Total profit 294 308.616 [297.6 Yw 334.8

44 An Improved Model for Internet Pricing Sc Multiple Link

.

N
llc’neiamrging

weperalization

Multiservice Networks

The next contribution will be a new modified
schemes of multiservice networks in multiple b

of our model into multiple bottleneck links osed problem

was formulated as MINLP, which can be / t Bar pré{rammmg method,

to obtain exact solutions.

The proposed model is ;cu%ﬂ b i ipQeNet pricing based on Sain
& Herpers (2003). By 10rmulam

M A . the model can be solved
using the Branch and Bougd Soyer by L}NG .0§sider cases of a, the base price
or 3, the quality premlun;%: t vl
achieve. The objectiv N. lSPl; 1S YO tam,@cc):mum revenue subject to constraints

%ldln\g on what targets ISPs would
based on system avgllab {0
| (J
Cnl filapays
Mod %ul atiop ofAnim \cd Model for Internet Pricing Schemes of
M Mmk ulSewice Yetworks
)
S
The formulauons of the new improved model for internet pricing schemes for
] vice networks in multi link networks were presented. The proposed model

ormyations are considering for four possible cases, set up with different sets of base

(_

price and quality premium.
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New Improved Model of Internet Pricing in Multi Link Multi Service Network

When Setting up @ and f to be fixed

The new proposed improved model formulation will be as follows. \z
I8 %
Max Zz_(a +B1)pyx, A (60)

=l /=1

such that ? '

Lidyxy < ayCri=12,...8,{=1..., L

iiiadﬁ‘rf{(—; =12, =

1=l i=l

fe=l =]

=gy =<li=1.20S

il =

m <[, <Liz1,2,, \§

With m; and »; are prescribed positive integ@ lm

jnteger

% "
where \ Aj
Parameters when o and [gre fi Q , i 0
C . Total capacity ingmk !\.‘ 'y ‘Q
m; : Mmm&\Nlcvclo g e i
n : \Jumg Sers MR
pil : Ust%'l e shnsti
o : %ic cagl

% !

ParMeter values for a and 3 are fixed case are presented in Table 13.
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TABLE 13: Parameter Values of Internet Pricing in Multi Link Multi Service Network
When Setting up a and £ to be Fixed

\y

Ser;ice 11’=[I - i - io
%, 4
Y~

m; 0.8 0.8 0.5
n; 10 10 10
Pil 3 45 15

o 0.5

B 0.01 |

S = V
ds GO 50238 * X

= N
Scr\iice 1 : \2 2 %; j ' ‘\C—)
C 4 ' \,Y-

m 0.8 0. 0
n, 10 |agl0 d[(]¥\ g

Pil

Decision variables when @ an \xc
ai :  Reserved 10% ity shage forfse
X ofdhe

I; . Quality index

Xil : Numbg@f uSrs a ‘[ym0 ervic link /

N S

Followi cthe gkplan 'o;o'l}g model formulations. Hence, [SPs want to

obtain maxjm evenge by fetfing N prices chargeable for a base price, quality
premium level in rdg t%icover cost and to enable users to choose services

based gn preferences as stﬁ@ in Objective Function (60). Constraint (61) shows

that theWuired capacity of service cannot exceed the network capacity reserved for
i with respective to QoS levels since all services cannot exceed the total network

ity C in each link /. Constraint (62) explains that the required capacity cannot be
greater than the network capacity C in link /. Constraint (63) guarantees that network
capacity has different location for each service that lies between 0 and 1(constraint (64).

Constraint (65) shows that users applying the service are non-negative and cannot be



57

greater than the highest possible users determined by service provider (constraint (66)).

Constraint (67) states that the number of users should be in positive integers.

New Improved Model of Internet Pricing in Multi Link Multi Serv u*g\m k

When Setting up « to be fixed and / varies

The new improved mathematical formulation of internet pricing bL]TH multi link

multi service network when a is fixed and [ vary is as follows.

LS
Max ZZ{(): + B pyxy i ' (68)
=1 =1
subject to constraints (61)-(67) and additional constraints Mgollows \d
®
;’J‘__ff_ Ay e B | ' c} (()0)
k< B <q.lk,ql€]0,1 é (70)
T v
Parameters when « is fixed and /3 \-'ariu»\) O(<

G . Total capacity in link / c \ A
m; : Minimum QoS level ol %gveCe ig

N
B

where

_.q_,e

S

Ri - Number of users '1 servitwmy A
Dil . User’s price sen m [1, %\
a - Base price % ervice ‘.l 0

S + Service 1 nb \ ‘Q

ki 3 '\f]iml mr lcm OI ct, i

’
or o SX ﬁv&ase are presented in Table 14.
<
S

qi : Mf-cN quplity pr mine) Srvice i
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TABLE 14: Parameter Values of Internet Pricing in Multi Link Multi Service Network

When Setting up a to be Fixed and f Varies

Service
&)

m;

n;

Pil

a

S

({f'

ki

qi

Service

Decision variables when a is

ai + Reserved to% '
I; : Quality i1Q’

Xil - Numbeggf uNrs a

pi : Qua w.[ i m I 3 :«'ceé')o
O

Foll &*e }1 d ‘r')ti@of the constraints. Objective function (68)
explains t %b want to ©btain I%Yﬁnum revenue by setting up the prices chargeable
for a gse ke, quality premiut d QoS level to recover cost and to enable users to
chooscNeetvices based on their preferences. Constraint (69) explains that quality
P | has different levels for each service, which is at least at the same or lower

4 Constraint (70) states that value of quality premium lies between two prescribed

values.
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New Improved Model of Internet Pricing in Multi Link Multi Service Network

When Setting up @ and f vary

The proposed mathematical formulation will be as follows.

NIE\XZZ{OQ + B.1)pixy s j (71)

[=l i=l

subject to constraints (61)-(67), constraints (69)-(70) and additional C(WIS
o, +B > B T i V
y<a,=2z,|nz]€[0,1] q (73)

where
Parameters when o and 3 vary \d.

C + Total capacity in link / ' ‘3
m, : Minimum QoS level of service i ¥ 4 Y'
N

ni - Number of users applying service i i \
Dil - User’s price sensitivity in link V W

S . Service number \ O(<
.\

ki - Minimum quality prcmi€1 !br servi T A
qi - Maximum quality prem r s@rvice i C}
: Ve | JCe

Minimum base pri ors
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TABLE 15: Parameter Values of Internet Pricing in Multi Link Multi Service Network

When Setting up a and S Vary

L =1
Service T N ) \

Ci 6000 (O
mi 0.8 0.8 0.5 - &
1 10 10 10
Dil 3 45 15
S 3
d 0 [ 750 [ 30| N

Decision variables wh

ail : Rcscrv@ 2

a - SEWOric

%lowing are the descriptions of the constraints. ISPs want to obtain maximum

> by setting up the prices chargeable for a base price, quality premium and QoS

to recover cost and to enable users to choose services based on their preferences
like that stated in objective function (71). Constraint (72) explains that the summation of

base cost and quality premium has different levels for each service, which is at least at
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the same or lower level. Constraint (73) shows that the base price should lie between the

prescribed base price set up by ISPs.

New Improved Model of Internet Pricing in Multi Link Multi Service NetWgr
When Setting up @ vary and /J is fixed ‘\

The improved model formulation when & vary and fis fixed is as i'ullnY'

I
Max ZZ(«, B puxy V
I=1 =]
subject to constraints (61)-(67) and constraints (72)-(73). z '

(74)

where

Parameters when ¢ varies and [ is fixed

& . Total capacity

d, . Capacity needed to provide QoS
m; . Minimum QoS level of serv\
N . Number of users applyinggservic®

)
pil . User’s price sensitivity % o
S . Service number %
p . Quality premiumg \dﬂ sejve
Vi : Minimum h:‘e E!in?\
- Maximum base pgfte v <
N
Parameter NIUUSQY 'm: .

-]
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TABLE 16: Parameter Values of Internet Pricing in Multi Link Multi Service Network

When Setting up a Vary and f is Fixed

=1 \z

Service T %

& 6000 s

m; 0.8 0.8 0.5

n; 10 10 10 T

Pil 3 45 15

S V

d;

p

Vi
Service

Decision variables when dgv

ai : Reserved {lg

I; : Quality&\- -

Xil Nu \ a 5

aI % are pr Ser 3 7

4% $°
Th&de~ fiption of "the 0@:@ function is as follows. ISPs want to obtain

maxin re

nue by setting up?hc prices chargeable for a base price, quality premium

an‘%«wel to recover cost and to enable users to choose services based on their
piggreNees as stated in objective function (74).

C

g'se%ﬁgn in link /
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4.4.2 Optimal Solution of a Newly Improved Model on Pricing Scheme of

Multiple Link Multiservice Network

Table 24 describes the status of the model formulation in LINGO. In all cases the\gate
of formulations are local optimal. The maximum profit is obtained when 151’% the
value of & as decision variables and 3 as a fixed value. GMU shows how. h flemory
s used for generating a model. The highest GMU is in the case wi & and [ are

decision variables, which need an optimal solution from the solver 42 ite¥ations.

The total time taken thus far to generate and solve t o¥el fqr all cases is 0

h and Bqundgffee. In the

DIﬂJ"l 1es
IS
5

TABLE 17: Solver Status of Model Formula(w::ric g 3 =mcs@7|tiplc Link
Multiservice l\\%using NP | Ié(

seconds. Steps show that the amount of branches in the
case where « is the decision variable and S is the fixefgalue, thefamoft

reach a maximum number of 16.

- 7 fix o vary
e £ Shry @ JOY | p fixed
\ ver SThWYs
Model Class MINL M e® R MINLP
State Logel op\inal  |Ldcal ojftima ycal Local optimal
ST s 1)l htimal S
Objective A77 4 7 o & (71506  [563.2
Infeasibility Wy 107 MX10S 0 0.3 x 10"
[terations S0 75 462 368
WEUpd Sglyer status
Solver Type rafch angy® & Braf®h and Branch and |Branch and
Boynd nd Bound Bound
Best Offegti vy A 75 7506 5632
ObjedyV mnd @7w4 667.2 750.6 563.2
St 9 Y B 1 11
e interval 2 e i A e
AN 0 0 0 0
N\ U(K) 30 31 33 32
pli(sec) () 0 0 0

Table 18 and 19 depict the optimal solutions for the formulation in each link.
Various results were obtained in each case. In Table 18, the ISPs intend to fix the value

of a and [ to recover cost and enable the users to choose the services leading to the
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capability of service 3 to promote the highest number of users in link 1 and also service
| and 3 in link 2. Highest QoS level achieved by service | and total network shared is

y0/
83%.

TABLE 18: Solution of Internet Pricing Schemes o f Multiservice Network€ gl E I

Variable a fixed | : :

a, [ fixed B vary a, f} vary

(11 i = (j.:ﬁ

o - - 0.53
b s = = - {]()
=B : 0.375 0.8

B - 0.375 0.45 N

Bs - 0.3 0.9% - Q 5
L e 0.8 ~ [ 0,42 >

o U 0.8

|
B 4

Xs1 10 NS LT i 10

‘&

In Table 18 and Table m‘-‘t‘ ‘ anc ‘S\chicvcd a QoS level of 83%
was offered whereby 3 I‘S%Sd Ll‘ SCICE inSk | and 10 users applied the
service in link 2 with 2.5‘1’/{)%01'1( 4{
link 2. &\ |

@

N

In serviccu®™ N ‘Qof leve

service witl %mc’;
raggesel

a Qy\ | and 12% network is reserved in
@

S

)

as offered with 7 users applying for the

in link 1 and 3 users apply the service with
in{ 2. Rﬁervice 3, a QoS level of 50% was 0 ffered in the

10 users choosing@ service in link 1 and 10 users in link 2 with 27.5%

46% netv rved |

netwoak

and 40 ¥twork reserved in link 1 and link 2 respectively.
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TABLE 19: Solution of Pricing Schemes of Multiservice Networks in Link 2

Variable a, f fixed (;; E:::l a, } vary ;; f‘ii:-:l
o) - - 0.26 0.5
[0%) = - 0238
s - - 0.6 ]
B : 0375 0.8 ?
B - 0.375 045 |
0 :
0.

0.8

a 0.46 0.9
as 0.4 0
X12 10 8

4.4.3 Analysis of a Newly lmprov%: n N % n—g}lcs of Multiple Link

Multiservice Networks %

Based on the above resuds, baer solul’vns d in the modified formulation

|

by obtaining maximum ¢ by ags onj

market competition M)mol'
Sin :

‘(xe‘i} 3 variables to allow ISPs to face

c\"m servi In these solutions, ISPs can promote
SPswOsn§® the t@esl number of users applying the service

’ sc‘ryc | and 2 in link 2 since the first and second

service 2 in link \
in the network. % n afso%hr !
highest num@nsm‘:‘w ply’n’ 2 uﬁﬂce are in that link.

Aﬂ- all modified 111®1’0|'|m1131 ions can be adopted by ISPs depending on

the \\bjccli\-'c whether to recover the cost (with the base priced fixed) but users can

% the class of their preferences that fits their budget limitations (with quality
pr@fium is fixed) or to vary the base price to be able to compete in market competition
and encourage the users to choose the class of their preferences and budget (with quality

premium to be fixed).
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4.5 Summary

In this chapter, several models were studied to show the connection between pricing,

QoS level, number of users applying the services, capacity allocation and I(JKR !
share. But due to assumptions, the results is assumed as a theoretical point %

static model that is unlikely difficult to adapt to dynamic situation.

The paper by Sain & Herpers (2003) can be upgraded Wd(ting our new
(3

approach using other tools. Slightly increasing profits wer ed for several

solutions proposed. In addition, Human resource allocat ore gsaved by only

e
applying few users to apply the service and can save the rating goNby gy promote
one service rather than two services. Our solutions sfgw better profitgw fiig h*\fvdlc

time and number of users applied the services.

e 3
(4;-

[t is shown that by considering new 4gararg®ters

constraints, better revenue maximizati % obta

basically are ISP strategy to vary its preferSyee [L;’_i‘h.
adopt the cases to suit their goals. B % as %@

coisi@&ariahlcs and
e cfges shown above

16-@;115. [SP is able to

y @Chutlcrjce (2004) and
Sain & Herpers (2003) since it thgoreticg #oir view and assumptions,
limitations of our results is to on]y\fitic i dataéngc& and cost preference is

ill@ddrcss more generalization of

imr%or seneralization of more services.

just based on our discrete ata.im‘ther rfsear



