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Abstract—In this paper, we will analyze the internet pricing 

scheme under multi service network by generalizing the model 

into 9 services. The scheme is determined from the base price, 

quality premium and number of links to aid the internet service 

provider to maximize the profit and to serve better service to the 

customers. The objective function is generated by setting up the 

base price and quality premium as a constant or variable. We use 

nonlinear optimization model and solve it by using LINGO 11.0 

to obtain the optimal solution. The results show that for each 

case by generalizing the model, the ISP obtains better solution by 

fixing the base price and fixing and varying the quality premium. 

ISP has a choice to adopt the model when ISP fixes the base price 

and also fix or vary the quality premium with maximum profit 

adopted by ISP is when fixing the base price and varying the 

premium quality. 
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I. INTRODUCTION 

The service quality of the network is determined by the 

user satisfaction utilizing the network. The ISPs have a task to 

serve better and different service quality (QoS) to all users in 

achieving the best information quality and obtain the profit 

from available resources. The knowledge to develop the new 

pricing plan which fulfills the consumer and provider 

requirements is available, but few involving QoS network [1], 

[ 2] dan [3]. 

Sain and Herpers [4] had investigated the pricing scheme 

for internet by considering the price, total network capacity 

and level of QoS for each offered service The model then 

solve as an optimization model and solved by using 

optimization tool to obtain the maximum profit for ISP. The 

extended investigation proposed by [5] is by generating the 

improved internet pricing model based on [3, 4, 6] by adding 

the new parameter, the decision variables, the constraints, and 

by considering the base price and quality premium to yield 

better maximum revenue than previous model. 

The research on the improved model of single link 

internet pricing scheme under multi service network and multi 

class QoS networks are due to [1-5, 7-15] under the original 

model proposed by [5] and [9] by fixing and varying both 

base price and quality premium and setting out the QoS level 

to obtain better maximum revenue for ISP from previous 

model discussed. That model applies 3 services for multi 

service network and 2 users and classes in single link 

multiclass QoS network. In reality, in enhancing the quality, 

ISP provides many services and many classes to the 

consumers. 

This paper basically attempt to show the generalized  

optimal solution of the internet pricing scheme model with 

numerous services based on model presented [3, 5] for the 

case when the base price and quality premium are constants, 

the case where the base price is constant whereas the quality 

premium as a variable, the case when the base price and 

quality premium are as variable and the case where the base 

price is as variable and quality premium is as a constant. The 

obtained solution can assist ISP to choose the best pricing 

scheme. 

 

II. RESEARCH METHOD 

In this paper, the internet pricing scheme model is solved 

by using LINGO 11.0 to obtain the optimal solution. We 

apply set-endset and data-enddata to have structured coding to 

enable us to apply the optimization model with many numbers 

of users. We fix 9 services to be served in the plan. The 

solutions will help us to clarify the current issue on internet 

pricing, network share, network capacity and level of QoS and 

also the number of services offered is compatible with the real 

situation in the internet network. 

 

III. MODELS 

We adopt models from [5] by considering for cases when 

the best price (α) and quality premium (β) as constant, α 

constant and β as variable, α and β as variables and α as 

variable and β as a constant. The QoS level for each case is 

modified into three conditions  

 

Ii = Ii-1 or Ii > Ii-1 or Ii < Ii-1.          (1) 

For the case when β is variable then the ISP will be able to 

promote the certain service, so 

βi  = βi-1 or βi  > βi-1 or βi  < βi-1.            (2) 

For the case when α then ISP is able to conduct market 

competition, so 

αi = αi-1 or αi > αi-1 or αi < αi-1                        (3)  
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IV. RESULT AND ANALYSIS 

We use the same model proposed by [5] with the 

parameter value of α = 0.5 and  β=0.01. Table I below 

presents the other parameter values in the model. 

TABEL I 

PARAMETER VALUES IN MULTI SERVICE NETWORK  

i 
Parameter 

C di pi mi ni li bi ci gi 

1 102400 97.5 3 0.01 20 0.01 0.5 0 1 

2 102400 13312.3 45 0.01 20 0.01 0.5 0 1 

3 102400 367,9 15 0.01 20 0.01 0.5 0 1 

4 102400 825,8 35 0.01 20 0.01 0.5 0 1 

5 102400 593,5 32 0.01 20 0.01 0.5 0 1 

6 102400 489,3 25 0.01 20 0.01 0.5 0 1 

7 102400 98,9 5 0.01 20 0.01 0.5 0 1 

8 102400 1407,2 38 0.01 20 0.01 0.5 0 1 

9 102400 393,5 20 0.01 20 0.01 0.5 0 1 

 

Case 1: α and  β  as constants. 

𝑀𝑎𝑥 𝑅   = ∑ (𝛼 + 𝛽 ∙ 𝐼𝑖
9
𝑖=1 ) ∙ 𝑝𝑖 ∙ 𝑥𝑖 = (0,5 + 0,01𝐼1) ∙ 3𝑥1 +

(0,5 + 0,01𝐼2) ∙ 45 (0,5 + 0,01𝐼3) ∙ 15𝑥3 +⋯+ (0,5 +

0,01𝐼9) ∙ 20𝑥9                            (4) 

Subject to 

95,7 𝐼1𝑥1 ≤ 102.400𝑎1 

13.312,3𝑥2 ≤ 102.400𝑎2 

367,9𝐼3𝑥3 ≤ 102.400𝑎3 

. 

. 

. 

393,5𝐼10𝑥10 ≤ 102.400𝑎10            (5) 

97,5𝐼1 ∗ 𝑥1 + 13312,3𝐼2 ∗ 𝑥2 + 367,9𝐼3 ∗ 𝑥3 +⋯+ 

393,5𝐼9 ∗ 𝑥9 ≤  102.400             (6) 

𝑎1 +  𝑎2 +  𝑎3 +⋯+  𝑎9 = 1            (7) 

0 ≤   𝑎𝑖 ≤  1              (8) 

0,01 ≤  𝐼𝑖 ≤ 1              (9) 

0 ≤ 𝑥𝑖 ≤ 20    ; ∀ 𝑖 = 1,2, … ,9           (10) 

{𝑥1, 𝑥2, 𝑥3, 𝑥4, 𝑥5, … , 𝑥9} integer           (11) 

 

By modifying the QoS level and index quality we add the 

following constraints.  

 

If Ii = Ii-1 then  

  Ii - Ii-1 = 0            (12) 

If Ii > Ii-1 then 

  Ii - Ii-1 > 0            (13) 

If Ii < Ii-1then 

Ii - Ii-1 < 0             (14) 

 

Case 2: for 𝜶 as constant and 𝜷 as variable 

𝑀𝑎𝑥 𝑅    = ∑ (𝛼 + 𝛽𝑖 ∙ 𝐼𝑖) ∙ 𝑝𝑖 ∙ 𝑥𝑖
9
𝑖=1 = (0,5 + 𝛽1𝐼1) ∙ 3𝑥1 +

(0,5 + 𝛽2𝐼2) ∙ 45𝑥2 + (0,5 + 𝛽3𝐼3) ∙ 15𝑥3 +⋯+ (0,5 +

𝛽5𝐼9) ∙ 20𝑥9                                                                          (15) 

subject to (4)-(14) and additional constraints 

𝛽𝑖 ∙ 𝐼𝑖 ≥ 𝛽𝑖−1 ∙ 𝐼𝑖−1 ; ∀ 𝑖 = 2,3, … ,9           (16) 

0,01 ≤ 𝛽𝑖 ≤ 0,5  ;∀ 𝑖 = 1,2, … ,9           (17) 

 

With modifying the quality premium (β) as a variable then we 

add these constraints. 

 

If β as βi  = βi-1, then 

βi  - βi-1 = 0           (18) 

If β as βi  > βi-1, then   

βi  - βi-1 > 0           (19) 

If β as βi  < βi-1, then  

     βi  - βi-1 < 0             (20) 

 

Case 3: 𝛼 and 𝛽 as variable 

𝑀𝑎𝑥 𝑅     = ∑ (𝛼𝑖 + 𝛽𝑖 ∙ 𝐼𝑖) ∙ 𝑝𝑖 ∙ 𝑥𝑖
9
𝑖=1 = (𝛼1 + 𝛽1𝐼1) ∙ 3𝑥1 +

(𝛼2 + 𝛽2𝐼2) ∙ 45𝑥2 + (𝛼3 + 𝛽3𝐼3) ∙ 15𝑥3 +⋯+ (𝛼9 + 𝛽5𝐼9) ∙

20𝑥9                                          (21) 

subject to  (4)-(14) and (16)-(20) and additional constraints 

 

𝛼𝑖 + 𝛽𝑖 ∙ 𝐼𝑖 ≥ 𝛼𝑖−1 + 𝛽𝑖−1 ∙ 𝐼𝑖−1 ; ∀ 𝑖 = 1,2, … ,9         (22) 

 0 ≤ 𝛼𝑖 ≤ 1 ; ∀ 𝑖 = 1,2,3, … ,9             (23) 

And 

 

If α as αi  = αi-1, then  

  αi  - αi-1= 0            (24) 

If α as αi  > αi-1, then  

αi  - αi-1> 0             (25) 

If α as αi  < αi-1, then  

  αi  - αi-1< 0           (26) 

 

Case 4: 𝛼 as variable and 𝛽 as constant 

𝑀𝑎𝑥 𝑅 = ∑ (𝛼𝑖 + 𝛽 ∙ 𝐼𝑖) ∙ 𝑝𝑖 ∙ 𝑥𝑖
9
𝑖=1 = (𝛼1 + 0,01𝐼1) ∙ 3𝑥1 +

(𝛼2 + 0,01𝐼2) ∙ 45𝑥2 + (𝛼3 + 0,01𝐼3) ∙ 15𝑥3 +⋯+
(𝛼9 + 𝛽5𝐼9) ∙ 20𝑥9                                                                       (27) 
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subject to (4)-(14) and (23)-(26) and additional constraints 

 

𝛼𝑖 + 𝐼𝑖 ≥ 𝛼𝑖−1 + 𝐼𝑖−1 ; ∀ 𝑖 = 2,3, … ,9                                (28) 
              

We will solve the model by using LINGO 11.0 then  

1) Case 1: α and β as constant by modifying the QoS level so 

we divide Case 1 into three sub cases. 

2) Case 2:  α as constant and β as a variable by modifying the 

quality premium and QoS level so we divide Case 2 into 9 

sub cases.  

3) Case 3: α and β as variables by modifying the base price, 

quality premium and QoS level so we divide Case 3 into 

27 sub cases.  

4) Case 4: α as variable and β as constant so we divide Case 4 

into 9 cases.  

We have total of 48 sub cases. According to the results of 

LINGO 11.0 we have one solution of sub case from each case 

as follows. 

1) In Case 1: α and β as constant for Ii=Ii-1 

2) In case 2 : α as constant and β as βi = βi-1  for Ii=Ii-1 

3) In case 3: α as αi = αi-1 and β as βi = βi-1  for Ii=Ii-1 

4) In case 4: α as αi = αi-1 and β as constant for Ii=Ii-1 

Table II to Tabel V below present the optimal solution of 

our four cases. Tabel II shows that in Case 1: α and β as 

constant for Ii=Ii-1, we obtain the optimal solution 192.7. The 

value of quality premium is 0.5 for each service with the 

number of users is 20, which means that the service provider 

offer all services to the users. Total capacity used is 

103,399.99 kbps or 99.99% of total capacity available.   The 

highest profit is obtained in Service 2 of 452.6 with capacity 

used of 77,523.4 kbps atau 75.7% of total capacity used.  

Table III explains that in Case 2: α as constant dan β as 

βi=βi-1 for Ii=Ii-1, we obtain the optimal solution of 2814.76. 

The quality premium is 0.5 for each service with QoS level is 

0.291 or 29.1%. The users utilize the service is 20 users, 

which means that the service provider offer all services to the 

users. Total capacity used is 103,399.99 kbps or 99.99% of 

total capacity available. The highest profit obtained from 

service 2 is 581.03 with the capacity used of 77,523.4 kbps or 

75.7% of total capacity used and this value is the highest 

capacity usage from every service. 

TABLE II 
CASE 1 SOLUTION WITH  α   AND  β   AS CONSTANTS FOR II=II-1 

Service 

(i) 

QoS level 

(Ii) 

# of 

User 

(xi) 

Capacity 

Used (Ii·di·xi) 

Profit 

((α+βi·Ii)·pi·

xi) 

1 0.291 20 557.3 30.17 

2 0.291 20 77523.4 452.6 

3 0.291 20 2142.4 150.9 

4 0.291 20 4809 352.04 

5 0.291 20 3456.2 321.86 

6 0.291 20 2849.2 251.46 

7 0.291 20 575.9 50.29 

8 0.291 20 8194.8 382.2 

9 0.291 20 2291.5 201.16 

Total Capacity 102399.99 - 

Total Profit 2192.7 

 

TABLE III 

 CASE 2 SOLUTION WITH  β AS βi  = βj-1 FOR II=II-1 

Service 

(i) 

QoS 

level 

(Ii) 

# of 

User 

(xi) 

Capacity 

Used (Ii·di·xi) 

Profit 

((α+βi·Ii)·pi·xi) 

1 0.291 20 557.3 38.74 

2 0.291 20 77523.4 581.03 

3 0.291 20 2142.4 193.68 

4 0.291 20 4809 451.9 

5 0.291 20 3456.2 413.18 

6 0.291 20 2849.2 322.79 

7 0.291 20 575.9 64.56 

8 0.291 20 8194.8 490.65 

9 0.291 20 2291.5 258.23 

Total Capacity 102399,99 - 

Total Profit 2814.76 

 

Table IV shows that in Case 3: α as αi = αi-1 and β as 

βi=βi-1 for Ii=Ii-1 we obtain the optimal solution of 4994.76. 

The base price and quality premium are 1 and 0.5 for each 

service with the QoS level of 0.291 for each service or 29.1%. 

The number of users apply the service is 20 users, which 

means that the service provider offer all services to the user. 

The total capacity used is 103,399.99 kbps or 99.99% of total 

capacity used. The highest profit of 1031.03 is in service 2 

with total capacity used is 77,523.4 kbps or 75.7% of total 

capacity used. This capacity is the highest capacity used from 

other services.  

TABLE IV 

CASE 3 SOLUTION WITH α AS αi  = αi-1 AND   β  AS  βi  = βj-1 FOR II=II-1 

Service 

(i) 

QoS level 

(Ii) 

# of 

User 

(xi) 

Capacity 

Used (Ii·di·xi) 

Profit 

((α+βi·Ii)·pi·

xi) 

1 0.291 20 557.3 68.74 

2 0.291 20 77523.4 1031.03 

3 0.291 20 2142.4 343.68 

4 0.291 20 4809 801.91 

5 0.291 20 3456.2 733.18 

6 0.291 20 2849.2 572.79 

7 0.291 20 575.9 114.56 

8 0.291 20 8194.8 870.65 

9 0.291 20 2291.5 458.23 

Total Capacity 102399,99 - 

Total Profit 4994.76 

 
TABLE V 

CASE 4 SOLUTION WITH α AS αi  = αi-1 AND   β  AS A CONSTANT FOR II=II-1 

Service 

(i) 

QoS 

level 

(Ii) 

# of 

User 

(xi) 

Capacity 

Used (Ii·di·xi) 

Profit 

((α+βi·Ii)·pi·xi) 

1 0.291 20 557.3 60.17 

2 0.291 20 77523.4 902.62 

3 0.291 20 2142.4 300.87 

4 0.291 20 4809 702.04 

5 0.291 20 3456.2 641.86 

6 0.291 20 2849.2 501.46 

7 0.291 20 575.9 100.29 

8 0.291 20 8194.8 762.21 

9 0.291 20 2291.5 401.16 

Total Capacity 102399,99 - 

Total Profit 4372.7 
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Table V depicts that in Case 4: α as αi = αi-1 and β as a 

constant for Ii=Ii-1, we obtain the optimal solution of 4372.7. 

The base price value is 1 for each service and QoS level for 

each service is 29.1%. The number of users apply the service 

is 20 user, which means that the provider offers all services. 

Total capacity used is 103,399.99 kbps or 99.99% of total 

capacity available. The highest profit obtained is 902.62 in 

service 2. Total capacity used for service 2 is 77,523.4 kbps or 

75.7% of total capacity used. 

TABEL VI 
RECAPITULATION OF FOUR CASE SOLUTIONS  

 

 

Case 

1 2 3 4 

Total 

capacity 

used 

102,399.99 102,399.99 102,399.99 102,399.99 

Percentage 

of total 

capacity 

used 

99.99% 99.99% 99.99% 99.99% 

Profit per 

service 
452.6 581.03 1031.03 902.62 

Total 

Profit 
2192.7 2814.76 4994.76 4372.7 

  

 The summary of the results is presented in Table VI 

menunjukkan that the maximum total profit is obtained in case 

3: α as αi=αi-1 and  β as  βi=βi-1 for Ii=Ii-1 which is 4994.76. 

So, ISP adopts the internet pricing scheme by setting up the 

base price and quality premium as a variable with the 

condition of the base price, quality premium and the QoS 

level to be the same value for each service. The solution will 

enable ISPs to compete in the market and promote the certain 

service to the users. The number of service offered and the 

number of users apply the service will yield higher total profit 

for ISPs.  

V. CONCLUSION 

The generalized model of internet pricing scheme based on 

the base price, quality premium to be fixed or varied and 

modified quality index, quality premium and QoS level enable 

ISP to achieve the maximum profit according the ISP’s goals. 

The solutions show that the connection among index quality, 

capacity needed and number of users applied the service is 

important in determining the total capacity used. In all cases, 

the highest profit and capacity used is in service 2 due to 

highest service sensitivity price from the services offered. All 

cases show that the total capacity used is 99.99% of total 

capacity available with the QoS level of 29.1%.  However, the 

maximum total profit is in case 3 by fixing the base price and 

varying the quality premium. Toward these generalized 

models, ISPs can obtain better and higher maximum profit 

with service offered is close to real internet traffic. 

ACKNOWLEDGMENT 

The research leading to this paper was financially 

supported by Directorate of Higher Education Indonesia 

(DIKTI) through Hibah Bersaing Tahun II, 2014. 

 

REFERENCES 

[1]. S. M. Metev and V. P. Veiko, Laser Assisted Microtechnology, 2nd 

ed., R. M. Osgood, Jr., Ed.  Berlin, Germany: Springer-Verlag, 1998. 
[2]. J. Breckling, Ed., The Analysis of Directional Time Series: 

Applications to Wind Speed and Direction, ser. Lecture Notes in 

Statistics.  Berlin, Germany: Springer, 1989, vol. 61. 
[3]. S. Zhang, C. Zhu, J. K. O. Sin, and P. K. T. Mok, “A novel ultrathin 

elevated channel low-temperature poly-Si TFT,” IEEE Electron Device 

Lett., vol. 20, pp. 569–571, Nov. 1999. 
[4]. M. Wegmuller, J. P. von der Weid, P. Oberson, and N. Gisin, “High 

resolution fiber distributed measurements with coherent OFDR,” in 

Proc. ECOC’00, 2000, paper 11.3.4, p. 109. 
[5]. R. E. Sorace, V. S. Reinhardt, and S. A. Vaughn, “High-speed digital-

to-RF converter,” U.S. Patent 5 668 842, Sept. 16, 1997. 

[6].  (2002) The IEEE website. [Online]. Available: http://www.ieee.org/ 
[7]. M. Shell. (2002) IEEEtran homepage on CTAN. [Online]. Available: 

http://www.ctan.org/tex-

archive/macros/latex/contrib/supported/IEEEtran/ 
[8]. FLEXChip Signal Processor (MC68175/D), Motorola, 1996. 

[9]. “PDCA12-70 data sheet,” Opto Speed SA, Mezzovico, Switzerland. 

[10]. A. Karnik, “Performance of TCP congestion control with rate 
feedback: TCP/ABR and rate adaptive TCP/IP,” M. Eng. thesis, Indian 

Institute of Science, Bangalore, India, Jan. 1999. 

[11]. J. Padhye, V. Firoiu, and D. Towsley, “A stochastic model of TCP 
Reno congestion avoidance and control,” Univ. of Massachusetts, 

Amherst, MA, CMPSCI Tech. Rep. 99-02, 1999. 

[12]. Wireless LAN Medium Access Control (MAC) and Physical Layer 
(PHY) Specification, IEEE Std. 802.11, 1997. 

 




