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Preface: The 6™ National Conference on Mathematics and
Mathematics Education (SENATIK)

The 6™ National Conference on Mathematics and Mathematics Education (SENATIK) was held by Mathematics
Education Study Program, Universitas PGRI Semarang, Indonesia, in 11 August 2021. The seminar theme is
Numerize and Digitaze of Mathematics Toward Freedom of Learning. According to the theme, this seminar aims to
improve mathematics teaching, solve mathematics problems, and expand mathematics contribution to society.

Freedom of learning is a policy implemented by the Indonesian Ministry of Education and Culture. Freedom
learning encourages students to master literacy, numeracy, and character. Numeration is one of the ways to make
mathematics easy. At the same time, it provides opportunities for students to collaborate, has critical thinking, creative
thinking, communication, good character, and face the challenges of an increasingly global world with advances in
science and technology. Having numeracy skills will impact good thinking patterns and habits associated with
numbers or calculations with existing problems.

Along with the freedom learning program development during the COVID-19 pandemic, it is very clear that
technological developments have a high impact on the education world. This impact also occurs in the learning
process, especially in accessing information as a learning resource, both online and offline learning. The availability
of abundant information and easily accessible also causes learning to experience a digitization process. The era of
digitalization brings challenges as well as opportunities in the world of education. There is an opportunity to integrate
technology into the learning process so that learning outcomes are more effective. The integration of technology in
the learning process results in digitization in the education world, especially in the learning process. The findings that
were discussed in the seminar: In mathematics learning and problem-solving, teachers and students need technology.
Integration of mathematics and technology is a crucial process.

There are 151 manuscripts through the peer-review and end up with 76 papers which are published in this AIP
Conference Proceeding. Together with the keynote speakers and the presenters, they shared their research results on
different fields in the plenary and parallel sessions attended by more than 300 participants.

We want to thank the keynote speakers; 1) Prof. Helia Jacinto, Ph. D. (University of Lisbon, Portugal); 2) Dr.
Rully Charitas Indra Prahmana, S.Si., M.Pd. (Universitas Ahmad Dahlan, Indonesia), and; 3) Dr. Muhtarom, M.Pd.
(Universitas PGRI Semarang, Indonesia). Many thanks go as well to the speakers in the workshop session that are
Sutrisno, S.Pd., M.Pd. (Universitas PGRI Semarang, Indonesia) and Dr. Muhtarom, M.Pd (Universitas PGRI
Semarang, Indonesia). We also would like to thank all the committee for arranging this conference.

The conference's success is achieved due to the support and commitment of many people, and we acknowledge
their contribution, especially all the participants and presenters. For all participants and presenters, we hope they enjoy
the seminar, so they are valuable, rewarding and improving their knowledge and experiences.

Thank you,

Dr. Widya Kusumaningsih, M. Pd.

Chairman The 6™ National Conference on Mathematics and Mathematics Education
SENATIK

2021

Proceedings of the 6th National Conference on Mathematics and Mathematics Education
AIP Conf. Proc. 2577, 010001-1-010001-1; https://doi.org/10.1063/12.0010270
Published by AIP Publishing. 978-0-7354-4360-0/$30.00

010001-1

Jpd-auuo™L L0001 0/925%2291/02201.00°ZL/€90 1 0L/1oppd-sjone/doe/die/Bio-die sqndy/:dny woy papeojumoq



RESEARCH ARTICLE | JULY 13 2022
Committee: The 6th National Conference on Mathematics
and Mathematics Education (SENATIK)

SEZ Check for updates

AIP Conference Proceedings 2577, 010002 (2022)
https://doi.org/10.1063/12.0012581

CrossMark
&

View Export
Online  Citation

Q
(&
o
()
-
()
Y
o
@)
o
-
<L

Proceedings

Articles You May Be Interested In

Preface: The 6th National Conference on Mathematics and Mathematics Education (SENATIK)
AIP Conference Proceedings (July 2022)

Prediction of corn crop yield using backpropagation neural network algorithm

AIP Conference Proceedings (January 2023)

Why is mathematical modeling so difficult for students?

AIP Conference Proceedings (October 2018)

pd-auluo™ L Z00010/6v7¥2Z91L/L85Z1L00°ZL/E90L 0L/10p/spd-ejoie/doe/die/Bio-die sqnd;/:dny wouy pepeojumoq

Time to get excited.

Lock-in Amplifiers —from DC to 8.5 GHz

N # Zurich
Z N\ Instruments

AIP
é/_‘_ Publishing



https://pubs.aip.org/aip/acp/article/2577/1/010002/2830259/Committee-The-6th-National-Conference-on
https://pubs.aip.org/aip/acp/article/2577/1/010002/2830259/Committee-The-6th-National-Conference-on?pdfCoverIconEvent=cite
https://pubs.aip.org/aip/acp/article/2577/1/010002/2830259/Committee-The-6th-National-Conference-on?pdfCoverIconEvent=crossmark
javascript:;
https://doi.org/10.1063/12.0012581
https://pubs.aip.org/aip/acp/article/2577/1/010001/2830297/Preface-The-6th-National-Conference-on-Mathematics
https://pubs.aip.org/aip/acp/article/2679/1/020006/2868390/Prediction-of-corn-crop-yield-using
https://pubs.aip.org/aip/acp/article/2021/1/060026/724175/Why-is-mathematical-modeling-so-difficult-for
https://servedbyadbutler.com/redirect.spark?MID=176720&plid=2084708&setID=592934&channelID=0&CID=763346&banID=521026555&PID=0&textadID=0&tc=1&adSize=1640x440&matches=%5B%22inurl%3A%5C%2Facp%22%5D&mt=1683802468319186&spr=1&referrer=http%3A%2F%2Fpubs.aip.org%2Faip%2Facp%2Farticle-pdf%2Fdoi%2F10.1063%2F12.0012581%2F16224449%2F010002_1_online.pdf&hc=3dfc563669165f0df8fd81eae5ae4c845e822d62&location=

COMMITTEE

Scientific Committee

Prof. Zulkardi, Universitas Sriwijaya, Indonesia.

Prof. Tatag Yuli Eko Siswono, Universitas Negeri Surabaya, Indonesia.

Prof. Dr. Heri Retnawati, S.Pd., M.Pd., Universitas Negeri Yogyakarta, Indonesia.
Prof. Dr. rer. nat. Dedi Rosadi, M.Sc., Universitas Gadjah Mada, Indonesia.

Prof. Dr. Widowati, S.Si., M.Si., Universitas Diponegoro, Indonesia.

Prof. St. Budi Waluya, M.Si., Ph.D, Universitas Negeri Semarang, Indonesia.

Prof. Lilia Halim, Universiti Kebangsaan Malaysia.

Prof. Dr. Ratu Ilma Indra Putri, M.Si, Universitas Sriwijaya, Indonesia

9. Prof. Dr. Sunarsih, M.Si., Universitas Diponegoro, Indonesia

10. Ariyadi Wijaya, M.Sc., Ph.D, Universitas Negeri Yogyakarta, Indonesia

11. Dr. Yusri Bin Kamin, Universiti Teknologi Malaysia.

12.  Dr. Mahani Mokhtar, Universiti Teknologi Malaysia.

13. Dr. Najua Syuhada Binti Ahmad Alhassora, Universiti Teknologi Malaysia.

14. Dr. Mohd Rustam Mohd Rameli, Univerisiti Teknologi Malaysia.

15. Al Jupri, S.Pd., M.Sc., Ph.D., Universitas Pendidikan Indonesia.

16. Dr. Rully Charitas Indra Prahmana, Universitas Ahmad Dahlan Yogyakarta, Indonesia.
17. Dr. Muhtarom, M.Pd., Universitas PGRI Semarang, Indonesia.

18. Dr. Yoppy Wahyu Purnomo, Universitas Negeri Yogyakarta, Indonesia.

19. Dr. Dhoriva Urwatul Wustqa, M.S., Universitas Negeri Yogyakarta, Indonesia.

20. Dr. Nur Inayah, M.Si., UIN Hidayatullah, Indonesia.

21. Adi Nurcahyono, Ph.D., Universitas Negeri Semarang, Indonesia

22. Dr. Farida Nurhasanah, M.Pd., Universitas Sebelas Maret, Indonesia

23. Dr. Achmad Buchori, M.Pd., Universitas PGRI Semarang, Indonesia

24. Dr. Muhammad Irfan, M.Pd., Universitas Sarjanawiyata Tamansiswa, Yogyakarta, Indonesia.
25. Dr. Samsul Maarif, M.Pd., Universitas Muhammadiyah Prof. Dr. Hamka, Indonesia.
26. Dr. Di Asih [ Maruddani, S.Si., M.Si., Universitas Diponegoro

27. Ahmad Wachidul Kohar, M.Pd., Universitas Negeri Surabaya, Indonesia.

NN BE WD

28. Muchamad Subali Noto, S.Si., M.Pd., Universitas Swadaya Gunung Djati, Cirebon, Indonesia.

29. Supandi, M.Si., Universitas PGRI Semarang, Indonesia.

Steering Committee

1. Dr. Nur Khoiri, S.Pd., MT., M.Pd.

2. Eko Retno Mulyaningrum, S.Pd., M.Pd.
3. Dr. Lilik Ariyanto, M.Pd.

Organizing Committee

Dr. Widya Kusumaningsih, S.Pd., M.Pd.
Yanuar Hery Murtianto, S.Pd., M.Pd.
Sutrisno, S.Pd., M.Pd.

Dina Prasetyosati, S.Pd., M.Pd.

Nurina Happy, S.Pd., M.Pd.

Noviana Dini Rahmawati, S.Pd., M.Pd.
Agnita Siska Pramasdyahsari, S.Pd., M.Pd., M.Sc.
Rina Dwi Setyawati, S.Pd., M.Pd.

Maya Rini Rubowo, S.Pd., M.Pd.

M. Syaifudin Zuhri, S.Pd., M.Pd.

Dr. Muhammad Prayito, S.Pd., M.Pd.

e i A D e

—_ O

Proceedings of the 6th National Conference on Mathematics and Mathematics Education
AIP Conf. Proc. 2577, 010002-1-010002-1; https://doi.org/10.1063/12.0012581
Published by AIP Publishing. 978-0-7354-4360-0/$30.00

010002-1

Jpd-aUIiu0” L 20004 0/6Y752Z94/185Z L00°ZL/E90 L 01 /10p/spd-ajone/doe/die/Bio-die'sqnd;/:diy woy papeojumog



¢« > c

Volume 2577, Issue 1 Developing group theory textbook which connected to the school mathematics’ contents
13 July 2022 Agnita Siska Pramasdyahsari; Rina Dwi Setyawati; Maya Rini Rubowo

Al ety AIP Conference Proceedings 2577, 020049 (2022 doi: hitps://doi org/10.1063/5.0096059

In this Issue Abstract v View article T PDF

PRELIMINARY

MATHEMATICS Mathematical model of information service pricing scheme based on utility functions of

constant elasticity of substitution
Fitri Maya Puspita; Melisa Ulina; Evi Yuliza; Sisca Octarina
AIP Conference Proceedings 2577, 020050 (2022] doi: hitps://doi.org/10.1063/5.0096035

Abstract v View article T PDF

Profile of statistical problem-solving ability based on the mathematical disposition
Ratri Rahayu; Kartono; Dwijanto; Arief Agoestanto; St Budi Waluya; Muriana Rachmani Dewi
AP Conference Proceedings 2577, 020051 (2022 doi: hitps://doi.orgi10.1063/5.0096117

Abstract v View arficle T PDF



Mathematical model of information service
pricing scheme based on utility functions of
constant elasticity of substitution

Cite as: AIP Conference Proceedings 2577, 020050 (2022); https://doi.org/10.1063/5.0096035
Published Online: 13 July 2022

Fitri Maya Puspita, Melisa Ulina, Evi Yuliza, et al.

72
o)
=
O
0
7
%,
o
e
o
©
Y|
c
o
e
L
c
o
O
o
<

/_\IP Author Services

ublishing|

English Language Editing

High-quality assistance from subject specialists

LEARN MORE /

AIP Conference Proceedings 2577, 020050 (2022); https://doi.org/10.1063/5.0096035 2577, 020050

Publishing

© 2022 Author(s).



https://images.scitation.org/redirect.spark?MID=176720&plid=1692173&setID=379066&channelID=0&CID=617387&banID=520579819&PID=0&textadID=0&tc=1&type=tclick&mt=1&hc=709ec392800af57e102db191cab377d0ef61c9ae&location=
https://doi.org/10.1063/5.0096035
https://doi.org/10.1063/5.0096035
https://aip.scitation.org/author/Puspita%2C+Fitri+Maya
https://aip.scitation.org/author/Ulina%2C+Melisa
https://aip.scitation.org/author/Yuliza%2C+Evi
https://doi.org/10.1063/5.0096035
https://aip.scitation.org/action/showCitFormats?type=show&doi=10.1063/5.0096035

Mathematical Model of Information Service Pricing Scheme
Based on Utility Functions of Constant Elasticity of
Substitution

Fitri Maya Puspita ¥, Melisa Ulina ®, Evi Yuliza © and Sisca Octarina 9

Department of Mathematics, Universitas Sriwijaya, Palembang-Prabumulih St. KM 32 Indralaya, Ogan llir,
Sumatera Selatan 30862, Indonesia

3 Corresponding author: fitrimayapuspita@unsri.ac.id
®ulinamelisa0498@gmail.com
9 eviyuliza@mipa.unsri.ac.id
9 sisca_octarina@unsri.ac.id

Abstract. Today, the internet has become an essential thing, so it becomes a challenge for service providers to provide
the best service and gain maximum benefits by maintaining the utility functions of Constant Elasticity of
Substitution (CES). This study seeks to formulate an optimal pricing scheme model analytically with three pricing
schemes, namely flat-fee, usage-based, and two-part tariff on homogeneous consumer issues, heterogeneous consumers
(high-end and low-end), and heterogeneous consumers (high-demand and low-demand). The models designed
analytically through lemmas will be compared and analyzed to determine which pricing scheme models achieve the most
optimal results based on CES utility functions. The optimal pricing scheme model for each type of consumer is applied
to the mail traffic data obtained from one of the local servers in Palembang. The optimal profit obtained by ISPs for
homogeneous consumers is if ISPs implement flat-fee and two-part tariff pricing schemes. The optimal advantage is
obtained by ISPs applying heterogeneous (high-end and low-end) pricing schemes, namely two-part tariffs. For
heterogeneous consumers (high-demand and low-demand), optimal profit is obtained by ISPs if applying the flat-fee
scheme.

INTRODUCTION

The rapid development of the times makes people use the internet more. The more people who use the internet,
the Internet Service Provider (ISP) must also create internet services that attract many consumers. The use of the
internet emerges rapidly then becomes a challenge for ISP in satisfying consumers [1][2][3]. Interconnected
networking or often called the internet, is a global system of all computer networks that are interconnected using the
standard Internet Protocol Suite (TCP/IP) to serve many internet users, and the internet is a global provider of
information [4][5][6][7].

ISP is an internet service company or manufacturer that provides internet access services or online-based
communication and information media. This network has a wide reach so that consumers can connect to the global
internet network. QoS (Quality of Service) is the way of measurement of how good the network and network quality
is an effort to interpret the characteristics and properties of the service [7][8].

A utility function is a function to measure the level of satisfaction with what consumers get for a specific
purpose [9][10][11][12]. This study uses the utility function of Constant Elasticity of Substitution (CES), which is
still rarely used in internet pricing schemes. Fortunately, this function has the advantage of the elasticity of
substitution between inputs is not fixed [13]. It is important to analyze the pricing strategy used in the CES utility
function because of its advantage. Then, three pricing schemes used in this study, namely flat-fee, usage-based, and
two-part tariff [12][14][15], will be used to analyze the strategies for homogeneous consumers, high-end and low-
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end heterogeneous consumers, and heterogeneous high demand and low demand consumers. So, the new study
concerning the information service pricing scheme based-CES utility function becomes critical to be developed due
to the CES utility function's ability to be elastic in substituting between inputs.

The contribution of the study then is to get a new comparison among pricing schemes in mathematical model
analytically through lemmas to get new formulate a maximum pricing scheme model for service users by using CES
utility functions and for three pricing schemes for heterogeneous consumer problems (high-end and low-end) and
heterogeneous consumers (high and low demand).

METHOD

In this study, the data used was mail traffic data taken from January 1, 2021-February 28, 2021, and used to
validate the model designed analytically, obtained from the local server in Palembang.
The steps taken in conducting the research are described as follows.
1. Describe secondary data consisting of inbound and outbound data, categorized into 2 groups: rush hour (07.00
AM-5.00 PM) and non-peak hours (07.00 PM-05.00 AM), Indonesian time.
2. This data described in Step 1 is used to elaborate the analytical results to show exact results.
Describe parameters and decision variables that will be used in modeling internet pricing schemes.
4. Establish the models of internet pricing schemes based on the function of the CES utility with three pricing
schemes, namely flat-fee, usage-based, and two-part tariff, which will be compared on consumer-type by
designed lemmas per pricing schemes.
Complete the internet pricing scheme model by analyzing using the differential method.
6. Compare the optimal revenue of each internet scheme model using the secondary data to validate the model
designed.

W

(9]

RESULT AND DISCUSSION

From this study, optimization is divided into two categories, namely consumer problems and provider problems
which are stated and adopted [15].

Consumer Problem Optimization

maxInF* -InG’ -J F-J,G-JA (1)

F.G.A
Subject to:

F<FA

G<GA

InF +InG" —J,F~J,G-JA>0
A=0orl

Optimization of Provider Problems

max >i(J,F*+g G*+JA) )

With (Fy.,Gy., Ay )argmaxU, (Fy,Gy )J  Fy —J,Gy —J A,
Subject to:

In
.l

A
A

IA
Ql

F
G
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InF‘—InG” —Jf.F—JgG—JAZO
A =0orl

Equation (1) explains the optimization of consumer problems using CES utility function. Meanwhile, Equation (2)
shows the optimization of the provider problem.
The parameters stated are as follows.

J :
Jr .
Je

Ui (J; Gy

Gi
Ji

G;
A;

G

For Provider
Jw=J,; (JF']GJ)
G.=G (JJ5J) -
A, =4 (JFJGJ)
U, (Jl.,Gl.)

Ji

Fi

Gi :
The decision variables a
J

Jr

Jo

Subscription fees incurred by consumers to follow the service.

The unit price of the service set by the service provider during peak hours.

Service unit price set by the off-peak service provider.

The consumer utility function  on the level of consumption at peak hours and non-peak

hours
Where J; is the maximum consumption level of consumer i in peak hour service.

The maximum consumption level of consumers in off-peak hours.
Consumer consumption rate I of services during peak hours.

Consumer consumption level 7 of the service during off-peak hours.
The variable that is worth 1 if the consumer chooses to join the program and if not join is
worth 0.

The highest level of consumption of consumer I of services during off-peak hours.

Consumer service consumption rate i during peak hours.

Consumer service consumption level 7 during off-peak hours.

Consumer decision variable i about participants.

The consumer utility function i on the level of consumption at peak hours and not busy hours

maximum consumption level of consumer i in peak hour services and G; is the maximum
consumption level of consumers in off-peak hours.

The maximum consumption level of consumer i during peak hours of service.

The maximum consumption level of consumer 7 during off-peak hours.

re stated as follows.

The fees charged for consumers who subscribe to the service program
Prices charged by service providers during off-peak hours
Prices charged by service providers during peak hours.

Constant Elasticity of Substitution (CES) Utility Function

According to Balasko [16], the function of the CES form is as follows.

U(c,y)=InF*+InG’ :¢c,y >0

3)
Where ¢ and y are constants and Equation (3) shows the utility function to be utilized in the proposed model.
Homogeneous Consumers
Optimization of Consumer Problems is as follows:
maxInF* ~InG* ~J F-J ,G~JA 4)

Subject to:

F.G.A

020050-3



F<FA )

G<GA (6)
InF*-InG* —J,F-J,G-JA>0 (7)
A=0or1l

Where Equation (4) explains the objective function for maximizing the consumer problem subject to Equations (5)-
(7), and the decision values are set as binary values.

Optimization of Provider Problems:

max > x(J F*=J, G*+JA%) (3)

With (F*G*A4*) =arg max F°'G" —J ,F -J ,G—JA
Subject to:
F<FA

G<GA
InF+nG" -J F-J,G-JA>20
A, =0orl

Where Equation (8) informs that ISP intend to maximize the objective function to get revenue from the consumer
subject to the constraints.

Next, the discussions of optimal benefits on each pricing scheme applying the CES utility function that will be
used by ISP, are conducted analytically by establishing lemmas for each pricing strategy.
Case 1: If the ISP uses a flat-fee price, it will be determined as J-= 0, Jo =0, and J > 0. The specified value set that
will be used by the ISP, does not affect the time of use when (peak hours and non-busy hours). So, optimization of
consumer problems becomes this following Expression (9).

max InF+InG"-J )

XY,z

where Expression (9) shows the result for objective function value after the first manipulation of the computation.
For example, using constraints on Equation (7), then we obtain Expression (10).

1nFC+lnGY—.]_/F—JgG—JA20<:>J£1nF°'+1nG"’ (10)
Then the Provider's problem is expressed in Equation (11).

JI,IJI,?)J((; Zi(JfF *+JgG*+JA> = J{I}ﬁ)f(c Zi[ln F+In G”J (1)
Equations (10) and (11) show the process to get objective function for case 1 by setting a flat fee scheme for
homogeneous users. Then, produced consumer prices are [ln F +ln5y} from ISP. The optimal value that ISP

obtained from its consumers is £ G , and optimal profit will be Zi [lnl?c +1n5}}Vi. Thus, Lemma 1 is

obtained.

020050-4



Lemma 1: If the ISP chooses to use a flat-fee pricing package, it will be given a value of [ln F'In Ey}with

the optimal advantage that ISP gets is Zi [ln F +InG’ ],Vi .

Case 2: If the ISP uses usage-based price, it will be determined .J, >0,J, >0 and J=0. Then, ISP hereby

distinguishes the value during peak hours and not busy hours. According to the provisions in Equation (4), then the
known function is expressed by Equation (12).

1}}}3};F”+lnG”—JfF—JgG (12)

To optimize the function by using the necessary conditions and sufficient conditions as follows
The necessary condition:

o(InF*+InG"~J,F-J,G) . | C c
‘ >0Thenitwillbe C—-J, =0 J, =— < F*=| — (13)
oF F 'TF J,
The sufficient condition:
O*(nF*+InG" ~J,F-J,G) o(cF™)

>0

o >0 ;—i >0. S0 J,. = ? is the optimal price, and

The necessary condition:

o(InF*+InG"~J,F~-J,G)
oG

1 y y
=0.S0, y——J. =0 J. == G¥*=| =— 14
TG ¢ F (JGJ (1

The sufficient condition:

0*(InF*+ G’ —J,F - J,G) . o(vG™)
>V =

-y y . . .
———2>0&< —=>0. So J. == is the optimal price.
oG oG Vez e prmatp

Then, the optimization provider problems are displayed in Expression (15).
oy S 2

with Expressions (12)-(15) explain the steps taken in proving using necessary and sufficient conditions for both

variables ' and G. While J = 0, the optimal consumer value is J, = _—i and J, = _—)2/ and optimal advantages
G

Zi[(c +y)];Vi . Thus Lemma 2 is obtained.

Lemma 2: If the ISP chooses to use a usage-based pricing scheme, it will be given the values J, = < and

FZ

J; = GL with the optimal profit obtained by the ISP is Zi[(c + y)];Vi .

2

020050-5



Case 3: If the ISP uses the two-part tariff price, it will be determined J,. >0,J; >0, and J >0 then the ISP will
charge a joining fee during peak hours and not busy hours. Equation (10) and Equation (5) were used and then
substituted to Equation (7). Then the constraint becomes P<InF‘+InG” —c—y. So, optimization of provider
problems:

max Zi[lnFc+lnGyJ (16)

S e JG

Where Expression (16) describes that objective function for a two-part tariff scheme for homogeneous users. Then,

. . . Y
the value of consumers that are introduced is J, and J,will be J, = % and J, = r

Lemma 3: If the ISP chooses to use a two-part tariff pricing package, it will be given a value of J, = % and

J,; == with the optimal advantage that ISP obtained is Zi [ln F 4G’ J; Vi

Qll<

High-end and Low-end Heterogeneous Consumers

Suppose there are consumers high-end (i = 1) and n consumers low-end (i = 1). Then the level of consumption at
peak hours and non-peak hours is stated as ¢; > ¢> and y; > y».

Optimization Problem of Consumers will be max InF"+InG" —J.F,—-J,G —J4,
Subject to:

FA,
G <G4,

InF*+InG'" —J.F,+J,G —J4, >0
4 =0orl

Re>
IA

IN

Optimization Problems of Provider:

max m(J . F *+J ;G *+JA *)+n(J . F, *+J;G, *+J4, *)

JJrdg

With F* G *, 4*=argmax F,c,G,y, —JF, - J ;G — JA,
Subject to:

o>
IA
I EI

G,

InFE*+InG'" —-J.F,+J,G —J4, 20
A =0orl

IA
N

The following discusses the maximum profit determinants in the pricing scheme used by service providers.
Case 4: If the ISP uses a flat-fee pricing scheme, then it is specified by J,. =0,J, =0 and J > 0. Thus, every high-

end consumer will be charged a fee of J <InF\ +InG and low-end consumers are of J<InF> +InG> . To

maximize profits, the service provider will use the J = InFs +InG> . Optimization Problems of Providers will be
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max m (JA, *)+n(J4,*) = (m+ n)(ln F*+InG” ) . The maximum profit of the providers is (m +n)(InF¢ +

InG¥2). Therefore, from this case, Lemma 4 was obtained.

Lemma 4: If the ISP chooses to use a flat-fee pricing scheme. Then the value given is InF~ +InG"~ with the

optimal advantage that ISP achieved is (m + n)(ln F*°+InG” ) .

Case 5: If the ISP usage-based price is specified J,. >0,J; >0 and J=0.
Therefore, optimization of high-end heterogeneous consumer problems is as follows:
S no_ _
max InF"+InG" -J.F, -J;G,

To optimize price will be used necessary and sufficient conditions as follows.
The necessary condition:

O\nF"+InG" -J.F,-J.G
( 1 1 L 1):0thenisobtained clL—JF:0<:>JF:c—1<:>Fl*: —
oF, K K

The sufficient condition:

*(nF* +InG" —J.F —J .G oeF ~
( : 12 - 1)>OthenisobtainedM>O<:>_czl>0
OF, oF F

The necessary condition:

O(InE"+InG"-J.F -J.G
( ! ! £t l):Othenisobtained yli—JG=0<:>JG=&<:>G1*= 2
6G1 Gl Gl

The sufficient condition:

O’ (nF" +InG —J,F —J.G,
( - : 2 Ll 1) >0 then is obtained ——=
oG, aG, G

Optimization of heterogeneous consumer problems of the low-end: max InF? +InGy? -J.F,-J.G, .

Jrdg
To optimize the price, the necessary terms and conditions are used:
The necessary condition:

O(InF*+InGy* -J,. F,-J.G
(in 75 : re e 2):Othenisobtained e, —J, =0 Fr=| &
oF, F, I

The sufficient condition:
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P (nE”? +InG> —J.F,-J.G
( : - 2 £ e 2)>0 then is obtained ———
OF, OF, F

This analysis is then applied during peak hours and during non-peak hours

1. Peak hour issues; ISP optimizes J,,J,. < % to maximize the objective function in Equation (11). When ISP
1

. ¢ . . . = = .
sets the price of J, < Fl then the profit is not maximum if F*<F or F,*<F . Then to make J, the optimal
1
S c c
price it mustbe =< J, <.
2 £

2. Problems during non-peak hours; ISP should optimize J;J; < % to maximize Equation (11). When ISP
1

c . . . = = . .
settles the J; < —- then the profit is not maximum if G,*<G or G,*<G. Then to maximize J it has to be

Optimization Problems of Providers: ~ max m(J . F*+J ;G *)+n(J.F, *+J;G, *) = max (m+n)(c,+,)

JIpdg JJp

So, for both consumers (high-end and low-end) for the optimal price charged for peak hours is J, = . dan for not
2

busy hours is J,; = % , and for optimal advantages is (m+n)(c, +y, ). Then Lemma 5 is obtained.
2

Lemma 5: If the ISP chooses to use a usage-based pricing scheme. Then the value given for peak hours is
Jy =;—2and hours are not busy J, =%with the optimal advantage that ISP got will be
2 2

(m+n)(c,+y,).

Case 6: If the ISP uses the two-part tariff price, then it is determined that J,. >0;J, >0and J > 0. For optimization
of consumer problems of high-end and low-end, Equations (12)-(15). Equation (12) and Equation (13) will be used
to represent the demand curve of high-end and low-end consumers during peak hours. Equations (14)-(15) represent
the high-end and low-end consumer demand curves during peak hours. If it is specified that ¢ >c, then the
¢, (m+n)

determination of the high-end costs will follow the value for the low-end costs so: ¢, (m)<c,(m+n) < c
m

. If the consumer is charged as much J, =%;JC =% and J=InF“" +InG"™ —(¢ +)’1)(1nFl"‘ +In G )
1 1
Then, only high-end consumers who can join this service because the low-end has constraints, that is

Jp = ;—Z;JG = % and J=InF“ " +InG"" (e, +, )(ln F? +InGy? ) . The optimal advantage that ISPs got is
2 2

J, = ;—Z;JG = % and  J=InFE""+G"" ~(c, +y, )(1n Fy» +In Gy ) . ISP  problems will be
2 2

max m(J, F, *+J G, *+JA *)+n(J,F, *+J,G, *+Jd, *) = (m +n)[1nFCZ +1n5”}

J e JG
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Lemma 6: If the ISP chooses to use a two-part tariff pricing scheme. Then the value given sequentially is

J, = ;—Z;JG = % andJ =In F}* +1n G, —(c2 + yz) with the optimal profit obtained by ISP,
2 2

namely (m + n)(lnl?2 +InG” ) .

High-demand and Low-demand Heterogeneous Consumers

There are two consumers with high demand (version 1) and optimal consumption levels and low demand
consumers with optimal consumer levels G, . There are m version 1 consumer and n version 2 consumer with
¢ =c¢,=cand y, =y, =y . Then it will be discussed for the determination of optimal profit in the pricing scheme

used by ISP.
Case 7: If the ISP uses a flat-fee pricing scheme, then it is set J, =0;J,. =0 and J > 0. If the consumer chooses to

join then it will choose the consumer level F, = F1,G, = Gy for consumers of high demand or F, = F»,G, = G, for

low demand. For the value that ISP gives to consumers, namely <In Fi+InG/ (low demand) and J <In F>+InG>
(low demand), ISP cannot distinguish between high demand consumer and ISP assigns high demand

J=InFi+InGi by serving only consumers with the high demand of usage or setting prices J = InF>+InG> . If
m(ln Fi+InG/ ) < (m + n)(ln F>+InG> ) , so the ISP sets the value of the P=InF> +InG> for high and low usage

levels with the optimal advantages that ISP achieved is (m + n)(ln Fs+In (_;é) , Therefore, from this case, Lemma 7

was obtained.

Lemma 7: If the ISP chooses to use a flat-fee pricing scheme, then the value given is J =1In F>+InG> with

the optimal advantages gained by ISP are (m + n)(ln F>+InG> ) .

Case 8: If the ISP uses a usage-based pricing scheme set .J, >0;J,. >0 and J > 0. The condition of the first order
for optimization problem of consumers high and low demand are: For heterogeneous consumers high demand of
strategy, then ‘max InF"+InG" -J.F, - J;G,. So, to optimize the function by using the necessary conditions and

sufficient conditions is as follows.
The necessary condition:

o(InF +InG} —J,.F, - J,G,)
OF,

. . 1
= 0 then is obtained c——-J,. =0 J, =£<:>Fl*= <
2 K I

The sufficient condition:

2 c ¥y -1
0 (lnFl *InGi _JFFI_JGGI)>O then is obtained a(CFI )>0©_—c>0

oF; oF, F?

The necessary condition:

O\lnF +InG —J.F -J;G
( 1 L ° 1)zothen lnFl"-i-yL—JG:O@JG:l@GI*: oA
oG, G, G,
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The sufficient condition:

O*(InF +InG —J,F, - J,G,)
oG}

a(CGJ)>O@—>O
1 Gl

>0 then

Low demand heterogeneous consumer is as follows max InF'+InG) -J.F,-J,G,
To optimize the price by using the necessary and sufficient conditions as follows.
The necessary condition:
o(InFy +InGy —J,.F, - J,G,)
oF,

—0then c1—J, :0<:>F2*=(i]
F, J,

2

The sufficient condition:

o*(InFy +nGy —J,F, - J,G,)

-2
OF2 —8(ch )>0<:>—iz>0
2

2 2

>0 then is obtained

Foreseeable m(l?l ) <(m +n)(Fz) so that the ISP can be set J,. = Fi and J,; = GL to serve consumers with high
2 2
and low demand. Optimization problems of providers will be

maxm(J F*+J,G *)+n(J.F *+J,G, *) = max(m+n)(c2+y2)

JpiJg Jrsde

For example, ISP uses usage-based then the optimal value that is allowed in busy hours is J, = £ andin non-busy
2

hours will be J; = —

2

Lemma 8: If ISP chooses to use a usage-based pricing scheme then the value given at peak hours is J,. = Fi
2

and the non-busy hours is J, =GL with the optimal advantages gained by ISP are
2

(m+n)(c,+y,)-
Case 9: If the ISP uses a two-part tariff pricing scheme, then it is set J, >0;.J, >0 and J > 0. By using Equations

(15)-(18) for provider problems high and low demand, then J. F , ISP only attract consumers with high demand

2

(peak hours) and J; :GL low demand (not busy hour). With Equation (12), it is obtained:

2

InE +InG) —J, F,—J,G, —Jd, 20, J, =—, J, —G—and P<InF+InG. —c—-y

Optimization Problems of ISP are m (ln Fi+InGi ) (ln F>+InG> )
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Lemma 9: If the ISP chooses to use a two-part tariff pricing scheme then the optimal value J,. = Fi and
2

Jo = 2 and P< InF; +InG) —c—y with the optimal advantages gained by ISP are
2

m(mﬁf+1n5r)+n(1nﬁ;+1n5§).

The mail traffic data was classified as the parameter values for each type of consumer stated in Table 1 until
Table 4. The constants used are based on the arbitrary constants chosen for comparing the strategies stated in each
lemma.

TABLE 1. Parameter values for three pricing schemes.

Pricing Scheme

Parameter
Flat-fee Usage-Based Two-Part Tariff
F 316.20 316.20 316.20
F, 310.56 310.56 310.56
G, 381.29 381.29 381.29
G, 358.08 358.08 358.08

Table 1 states the values for parameters used in three pricing schemes: flat-fee, usage-based, and two-part tariff.
Table 2 describes the values of the parameter for Homogeneous consumers, and Table 3 and Table 4 explain the
parameter values for high-end and low-end heterogencous consumers and high and low demand heterogeneous
consumers, respectively.

TABLE 2. Parameter values for homogeneous consumers.

Pricing Scheme

Parameter
Flat-fee Usage-Based Two-Part Tariff
c 4 4 4
y 3 3 4
F 316.20 316.20 316.20
G 381.29 381.29 381.29

TABLE 3. Parameter values for high-end and low-end heterogeneous consumers.

Pricing Scheme

Parameter
Flat-fee Usage-Based Two-Part Tariff
c1 4 4 4
Cy 3 3 4
Vi 3 3 4
Vo 2 2 2

TABLE 4. Parameter values for high-demand and low-demand heterogeneous consumers.

Pricing Scheme

Parameter
Flat-fee Usage-Based Two-Part Tariff
cq 3 3 3
C, 3 3 3
Vi 2 2 2
Vs 2 2 2
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with

F=F, isthe highest level of consumption at peak hours in kbps

F» is the second-highest level of consumption are during peak hours in kbps
G=G, isthe consumption levels are the highest when hours are not busy in kbps
G> is the consumption levels are lower during non-peak hours in kbps

Based on the analysis of cases 1 to 9 and Lemma 1-9 to compare the most optimal profit obtained by each model
of pricing scheme, and by using the parameter values stated in Table 2 to Table 4, the result is shown as follows.

TABLE 5. The comparisons among three pricing schemes.

Pricing Homogeneous High-End and Low-End High Demand and Low Demand
Strategy
Zi(lnfc+ln6y) (m+n)(lnfcZ +ln6"’2) (m+n)(1n]?26+lnG_2y)
Flatfee = 2.i(In316.20° +In381.29°)  =(1+1)(In316.20° +1n381.29") =(1+1)(In310.56 +In358.08" )
="40.85i =58.312 =58.204
Yi(e+y) (m+n)(c,+,) (m+n)(c,+,)
gsagde- = i(4+3) =(1+1)(3+2) =(1+1)(3+2)
e -7 =10 =10
Zi(lnfc +1nC_;y) (m+n)(lnff +ln5y) m(ln F, +In av)
=>i(n316.20" +1n381.29°)  =(1+1)(In316.20" +n381.29°) +n(1nf2° +lnG_2y)
?Z‘i‘(i)t:fpart — Z40.85i =81.712

- 1(1n316.203 +ln318.292)

+1(1n310.563 +1n358.082>
—51.8245

Based on Table 5, it can be seen that the maximum value for the homogeneous consumer with the utility function
of CES are obtained by the ISPs by applying flat-fees and two-part tariff schemes, then for high-end and low-end
consumers, the optimal benefits obtained by the ISP are applying two-part tariffs and lastly, for high demand and
low demand consumers obtained the optimal benefits obtained by ISP is by applying flat-fee scheme.

CONCLUSION

This research can be sought for the optimal revenues for each pricing scheme by utilizing the CES function,
which is stated in Lemma 1- Lemma 9. The comparison among the three pricing schemes also is conducted using
secondary local data. For homogeneous consumers, the most optimal benefits obtained by ISP are a flat-fee and a
two-part tariff. For consumers high-end and low-end profit heterogeneous consumes, ISP achieves maximum profit
by choosing two-part tariff schemes, and for high demand low demand optimal heterogeneous consumers, the profit
obtained by ISP is by choosing a flat-fee scheme. For further research, the optimization model needs to be
developed to have other views in solving the present models presented analytically. Optimization models also seek
to include other parameters dealing with consumers' behavior, like preferences in gender in consuming the network.
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