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NETWORK NEUTRALITY IN THE INTERNET
AS A TWO SIDED MARKET CONSTITUTED BY
CONGESTION SENSITIVE END USERS AND CONTENT PROVIDERS

SUMMARY

In this paper, I envision a two-sided market mediated by a monopolistic internet service
provider, ISP. The ISP provides end-users internet access and carries content providers’
(CPs’) data packages on its network. I compare the case where network neutrality is
strictly practiced with the case where the ISP can "throttle" the traffic of certain content
providers. In the model, for simplicity, a single CP is exposed to throttling, while the
other CPs, which are part of a continuum, are not. I then study the implications of
the violation of network neutrality on total data consumption, congestion, and capacity
investment.

Under network neutrality, the decision variables of the ISP are end-user price (py)
and network bandwidth (B). I found that, in equilibrium, because of the monopolistic
nature of the market py is greater than the price under competitive equilibrium, and B
is lower than its socially optimum value. Thus, under neutrality, the ISP undersupplies
both the capacity and the data.

Under discrimination, the ISP is allowed to charge an access fee on unit bandwidth
to one of the content providers (the discriminated CP). To reflect a scenario of great
practical value, I choose the discriminated CP from one of the big OTTs such as
YouTube, Instagram, Facebook, Netflix, etc. In this setting, to access the network,
the discriminated CP needs to buy bandwidth from the ISP. However, the bandwidth
bought by the discriminated CP is not for exclusive usage of the discriminated CP. It
rather acts as an upper bandwidth limit for the discriminated CP. Under discrimination,
the decision variables of the ISP are the end-user price (p,), the network bandwidth (B),
and the bandwidth price (pp).

I found that when allowed the ISP always prefers to deviate from network neutrality
by charging a positive price for bandwidth (pp). Also, the ISP sets pp just enough
to keep the discriminated CP in the market. Comparing the equilibrium outcomes, I
show that under discrimination, the ISP charges a lower price to end-users. However,
the discrimination also leads to less network bandwidth installed. Both the lower
end-user price and the lower network bandwidth contribute to the congestion. Thus,
under discrimination, the congestion is higher than under neutrality.

Considering its adverse effects on the network bandwidth and congestion, although the
end-user price is lower under discrimination, I recommend that the network neutrality
principle should not be abolished.
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YOGUNLUGA DUYARLI
SON KULLANICILAR VE ICERIK URETICILERINDEN
OLUSAN INTERNETTE AG TARAFSIZLIGI

OZET

Bu calismada, Network Neutrality (Ag Tarafsizlif1) ilkesinin ihlal edilmesi
durumunda, son kullanicilar ve igerik iireticilerinden (CP) olusan bir veri piyasasinda,
fiyat ve ag yogunlugu gibi denge biiyiikliiklerinin hangi yonde degisecegini ve bunun
nasil politika sonuclarina sebep olabilecegini inceledim.

Ag tarafsizlig1 son yillarda oldukca tartismali bir ag ilkesi haline gelmistir. Bu ilke en
basit tanimu ile internet servis saglayicilarinin su iki kurala kat1 bir sekilde uymalarini
gerektirir. Birinci kural, internet servis saglayicilarinin (ISP) ag lizerinde hareket
eden veri paketlerinin hangi igerik iireticisinden ¢iktigina gore ayrimciliga gitmemeleri
gerektigidir. Ikinci kural ise ISP’lerin veri paketlerinin icerigine gore bir ayrimcili§a
gitmemelerini sart kogsmaktadir. Dolayisi ile ag tarafsizligi ilkesinin getirmis oldugu bu
iki kural ISP’lerin igerik treticileri lizerinden fiyat ayrimcili1 (price discrimination)
gibi i3 modellerine gidebilmelerini engellemektedir. Bu ilke, ag iizerinde 6zellikle
sinirh sayida igerik iireticisinin sebep oldugu ag yogunlugu (congestion) sorunlari
nedeni ile son yillarda ISP’ler tarafindan tartisilir ve hatta cogu kez ihlal edilir hale
gelmistir. Bu yilizden ag tarafsizliinin hukuki dayanagi da bir¢ok iilkede politika
yapicilarinca tartigilir hale gelmistir.

Calismamda, monopol bir Internet Servis Saglayict (ISP) tarafindan isletilen, son
kullanici ve igerik tireticilerinden olusan basit bir iki tarafli piyasa (two-sided market)
tasarladim. Bu modelde, ag tarafsizlig1 gecerli iken, ISP son kullanicilar1 kullandiklar
birim veri iizerinden dogrusal bir sekilde fiyatlamaktadir (p,). Icerik iireticileri
(CP) 1se, ISP’nin altyap:r yatirimi yaparak sagladigi bant genigligini (B) herhangi
bir fiyat 0demeden, ag tarafsizlig1 ilkesi cercevesinde kullanmaktadir. ISP ayrica
kendi ag1 lizerinden tiiketilen birim veri i¢in sabit bir sinirsal maliyete (marginal cost)
sahiptir. Literatiirde de isaret edildigi gibi ag tarafsizligini ihlal etmenin birden fazla
yolu bulunmaktadir. Bunlardan en yaygin olan ve literatiirde en siklikla c¢alisilmig
olan iki yontem "throttling" yani "bogma" ve "tiered service" yani "katmanli servis"
yontemleridir. Ben bu ¢alisma 6zelinde ag tarafsizliginin ihlal edilmesini, ISP nin
belirledigi tek bir icerik iireticisine (discriminated CP), sahip oldugu bant genigligini
(B) belirli bir birim fiyat (pp) lizerinden satmasi1 (3rd degree price discrimination)
olarak tamimladim. Fakat icerik iireticisi tarafindan satin alinan bant genisligi
(Be), bu icerik iireticisine 6zel olarak ayrilmayip, sadece bir iist hiz limiti olarak
uygulanmaktadir. Bu tarz hiz limitlemeleri giiniimiizde de bir¢ok operator tarafindan
siklikla kullanilmakta oldugundan dolay1 model icin tercih edilmistir.
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Bu noktada, discriminated CP’nin sahip oldugu nitelikler ile ilgili bir parantez agmak
geregi bulunmaktadir. Modelim bir 3rd degree price discrimination modeli oldugu icin
ayrimciliga ugrayan icerik uireticisinin siradan ve rastgele bir igerik iireticisi olmasi
beklenemez. Bu icerik iireticisinin ag yogunluguna (congestion) son derece hassas ve
calismanin sonuclarina etkisi goz oniinde bulunduruldugunda iizerinden oldukca fazla
veri tiiketilen bir igerik iireticisi olmasi gerekmektedir. Giiniimiiz internet piyasasinda
bu sartlar1 saglayan birkag icerik iireticisi bulunmaktadir. Bunlar YouTube, Instagram,
Facebook, Netflix gibi biiyilk OTT (Over the Top) oyunculardir. Ayrica literatiirde
de goriildiigii iizere ISPler ile ag tarafsizli§1 noktasinda en cok bu igerik iireticileri
hukuksal sorunlar yasamaktadirlar.

Ag bant genisliginin (B) modele etkisi a§ yogunlugu (congestion) iizerindendir.
Modelde, son kullanicilart ag yogunluguna hassas bir sekilde tanimladim. Daha
acik bir ifade ile, son kullanicilar yogunlugun yiiksek oldugu bir agda yarar (utility)
kayb1 yasamakta ve veri tiiketimlerini azaltmaktadirlar. A§ bant genigliginin (B) icerik
tireticisine etkisi ise reklam gelirleri lizerindendir. Modelde igerik iireticisinin, kendisi
izerinden tiiketilen birim veri basina sabit bir reklam geliri oldugunu varsaydim. Bu
durumda icerik iireticisi iizerinden tiiketilen veri miktar1 arttikca kar1 da artacaktir. Bu
acidan diistiniildiigiinde herhangi bir igerik iireticisinin bant genisligi satin almak icin
giiclii bir tesvigi bulunmaktadir. Bant genigligi satin almadig: takdirde ag yogunlugu
sebebi ile veri tiikketimi diigsecek ve igerik iireticisinin gelirleri azalacaktir.

Ag tarafsizlig sartlar altinda, ISP denge durumunda, son kullaniciya verecegi birim
veri fiyatina (p,) ve ag bant genisligine (B) karar verir. ISP’nin monopol olmasindan
dolay1 her iki denge biiyiikliigiiniin de toplumsal olarak en elverisli olan degerlerden
(socially optimal) daha diisiik oldugu g6zlenmektedir.

Ag tarafsizhi@ginin ihlal edildigi sartlar altinda ise, ISP denge durumunda, son
kullaniciya verecegi birim veri fiyatina (p,), ag bant genisligine (B), ve ag tarafsizlig
durumundan farkli olarak igerik iireticisine saglayacagi bant genisliginin birim fiyatina
(pp) karar verir. Bu durumda ortaya c¢ikan bazi sonuglar 6nemlidir.

Oncelikle, denge durumunda ISP’nin daima, ag bant genisligi fiyatim (pp) icerik
treticisini pozitif bir miktarda ag bant genigligi almasini saglayacak sekilde,
asirt yiikksek bir fiyat olmamak kosulu ile belirledigi ortaya ¢ikmistir.  Buna
gore ag tarafsizlifindan sapmanin piyasadaki icerik cesitliligini azaltmadig1 ortaya
konulmustur. Bu durumu su sekilde aciklamak miimkiindiir. ISP’nin ayrimciliga
ugrayan igerik iireticisini (discriminated CP) piyasa disginda tutmasinin iki etkisi
vardir.  Birincisi, son kullanicilar bu igerik iireticisine ulasamadiklar1 i¢in veri
tilketimi diisecektir. Ikincisi ise, bu igerik iireticisinin piyasada olmamasindan dolay1
ag yogunlugu (congestion) diisecek ve bu durum veri tiiketiminin artmasina sebep
olacaktir. Model birbiri ile ters yonde hareket eden bu iki etkiden daima birincisinin
galip gelecegini gostermistir. Bu yiizden karini en yiiksekleyen (profit maximizer)
bir ISP i¢in ayrimcilifa ugrayan igerik iireticisini (discriminated CP) makul bir ag
genisligi fiyat1 ile piyasada tutmak daha rasyoneldir.

Bir diger sonug¢ ise, monopol ISP’nin ag bant genigligi birim fiyatim daima
0’dan biiyiik sekilde belirleyecegidir. Bu durumu su sekilde agiklayabiliriz. Ag
tarafsizligindan sapildigi durumda ISP’nin iki tane gelir kaynagi vardir. Bunlardan
birincisi son kullanicilardan sagladigr veri kullamim geliri ikincisi ise ayrimcilifa
ugrayan icerik iireticisinden (discriminated CP) elde ettii bant genisligi kullanim
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geliridir. ISP bant genisligi fiyatim O tuttugu takdirde ikinci gelir kaynagindan
mahrum kalacaktir. Bu durum ayrimciliga ugrayan igerik iireticisinin (discriminated
CP) bant genisliginin tamamina ulagsmasina imkan verdigi icin son kullanicilardan
elde edilen veri gelirini arttiracaktir. Fakat ayrimcilifa ugrayan icerik iireticisinin
(discriminated CP) ag genisligi talep fonksiyonunun siirekli oldugu diisiiniildiigiinde
ve mevcut ag genisliginin bir iist simir oldugu diisiiniildiigiinde ISP veri tiiketim
gelirlerini azaltmadan ve ayni zamanda ag genigligi icin 0’dan daha biiyiik bir fiyat
belirleyerek onceki durumuna gore daha kazangh hale gelebilmektedir. Bu nedenle
karin1 en yiiksekleyen (profit maximizer) bir ISP i¢in ag tarafsizligi durumu daima
ag tarafsizliginin ihlali durumuna gore daha az karlidir ve ISP, ag tarafsizlig: ilkesi
gevsetildigi takdirde onu ihlal etmeyi tercih edecektir.

Calismanin sonuglarindan bir digeri de, iki tarafli piyasalarin (two-sided market)
belirleyici bir 6zelligini dogrular niteliktedir. Bilindigi tizere iki tarafli piyasalarda,
platformu igleten oyuncu (bu c¢alismanin 6zelinde bu ISP’dir), piyasanin iki
tarafinin ¢apraz elastikiyetlerine (cross-group elasticity) gore, taraflardan birisini tek
tarafli durumda gerceklesecek olan denge fiyatinin iizerinde, digerini ise altinda
fiyatlamaktadir. Bu calismada da, son kullanici fiyatinin (p,) yiikselmesine sebep olan
denge durumlarinda, ag bant genisligi birim fiyatinin (pp) diistiigii, ve tersi durumda da
yiikseldigi goriilmektedir. Bu sonuca bagh olarak, icerik {iireticisinin birim veri bagina
elde ettigi reklam geliri artarsa, ISP’un ag bant genisligi fiyatin1 (pp) yiikseltecegi
ve son kullanic1 fiyatim (p,) ise diislirecegi goriilmiistiir. Bir baska ifade ile, igerik
tireticisinin isi daha karli hale geldikce, bu duruma ISP ag bant genigligi birim fiyatini
yiikselterek karsilik verecektir. Benzer sekilde ag bant genigligini arttirmak ig¢in
gereken yatirim maliyeti diistiikce, ISP bu duruma ag genisligi birim fiyatim (pp)
diisiirerek ve son kullanici fiyatin1 (p,) ise yiikselterek karsilik verecektir.

Calismanin diger onemli sonuglarindan birisi de ag tarafsizlif1 ve ag tarafsizliginin
ihlal edilmesi durumlarindaki denge biiyiikliiklerinin karsilastirilmasi halinde ortaya
cikmaktadir. Bu karsilagtirmaya gore ISP, ag tarafsizliginin ihlal edildigi durumda,
son kullaniciya ag tarafsizligi durumuna kiyasla daha diisiik bir birim veri fiyati
belirlemektedir. Fakat ISP’nin ne kadar ag bant genisligi yatirimi yapacagina
bakildiginda, ag tarafsizlig1 durumuna gore daha az yatirim yaptig1 goriilmektedir. Ik
durum son kullanicr icin yarar arttirici gibi goriinse de ikinci durum ag yogunlugunu
arttirict yonde etki yapacagi i¢in son kullanicinin yararini diisiiriicii yonde etki yapar.

Ag tarafsizligin ihlal edildigi durumda, ag§ yogunlugunun, ag tarafsizlifi durumuna
gore nasil degisecegine bakildiginda ise, ayristirilan icerik iireticisi i¢in (discriminated
CP) ag yogunlugunun daima olumsuz yonde etkilendigini, geri kalan igerik iireticileri
icin ise, belirli denge durumlarinda, ag yogunlugunun olumlu yonde degisebilecegi,
fakat bu olumlu degisimin her kosulda gerceklesmeyecegi goriilmiistiir. ~ Agin
tamamina bakildiginda ise genel ag yogunlugunun olumsuz yonde etkilendigi
goriilmektedir.

Tiim bu sonuclar 151g1nda genel kanaatim; alt yap1 yatirirmina ve ag yogunluguna olan
olumsuz etkilerinden ve son kullaniciya olan yararlarimin ikna edici olmamasindan
dolay1, ag tarafsizlig1 ilkesinden sapilmamas1 yoniindedir.
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1. INTRODUCTION

In most of the ISPs globally, the amount of the data consumed through a few
social media applications and video streaming applications like Facebook, Instagram,
YouTube, and Netflix constitute a greater percentage of all the data carried in their
networks in total. What would it be like if ISPs were able to charge a price from
these OTTs to let them continue to use their infrastructure to provide their services?
How would consumer welfare be affected if these OTT's accept to pay the price? Such
questions are entirely related to the current network neutrality debate in academics and

industry.

Network Neutrality reflects the philosophy that the internet is built over. It is what
makes the internet open and unbiased for everybody. However, its economic value and
rigor have become questionable in the last decade or so. Some of the reasons include
applications and services that flow through the internet becoming more and more
data-intensive (such as video streaming services, social media services), excessive
congestion problems due to these demanding applications, and increases in the cost

of capacity investment.

The debate that started in academics and industry on whether network neutrality
should be relaxed or abolished or maintained as it is, has quickly made itself
into the regulator’s agenda in the US and the EU. In 2005, the US FCC (Federal
Communications Commission) changed the Internet’s status from "telecommunication
services" to "information services." With this change, the ISPs are no longer exposed
to explicit network neutrality constraints [1]. Following this change, major ISPs and
network owners in the US started discriminating on the upstream side of the market, in
which some of the cases were taken to court. For instance, in 2007, it turned out that
Comcast had throttled Bit-Torrent traffic. Comcast did not deny and defended itself,
arguing it was just "reasonable network management," which resulted in a dispute

between the FCC and Comcast and ended up in court. Similar conflicts occurred



between large ISPs, Netflix, and Google a great deal of which ended up with an

agreement between the ISP and the CP [2].

From an economics perspective, network neutrality is a broad term with no simple
definition that economists have consensus on. Therefore it is best to identify the
situations that can be considered a clear violation of network neutrality and are of
economic interest. As stated before, the network neutrality principle requires all
content to be treated equally regardless of its origin. In this respect, two types of
violations come forward. "throttling" of certain content by ISPs (this could be in the
form of blocking access entirely or slowing it down), counts as a clear deviation from
network neutrality. A deviation of this type has a significant economic interest (as a
practice of third-degree price discrimination situation). Likewise, ISP’s division of its
bandwidth into predetermined partitions for exclusive usage by content providers who
contract with ISP for preferential treatment also counts as a clear violation of network
neutrality. Such a tiered service consisting of "slow lanes" and "fast lanes" actually
depicts a second-degree price discrimination setting and again has an economic interest

too [1].

The economics literature on network neutrality is far from being rich. Existing studies
analyze different aspects of the above-mentioned two possible modes of violation of
network neutrality and how it affects welfare, profits, investment incentives, content
variety, and innovations. However, there is still some controversy on this principle.
Proponents claim that network neutrality guarantees the openness of the internet.
Without network neutrality, large and financially powerful content providers (like
Google, Amazon, Netflix, Yahoo, etc.) dominates the internet. This would hinder
the innovation on edge and prevents new startups with innovative and revolutionary
ideas from coming into existence [3]. On the other hand, opponents argue that with
the abolishment of the principle, ISPs and Network Operators will internalize a part
of content providers’ surplus and consequently be incentivized to invest in capacity

infrastructure and reduce the prices for the end-user.

I organized the paper as follows. I summarize related literature in Section 2. In Section
3; I explain how the model specifies End Users, ISP, and CPs in detail. In Section 4
and Section 5, I derive the equilibrium for network neutrality and discrimination cases

respectively. How discrimination affects the equilibrium on different aspects such as



data volume, congestion, etc. is discussed in Section 6. Finally, concluding remarks

are presented in Section 7.

1.1 Literature Review

The literature around network neutrality is still underdeveloped. The followings are

some of the notable studies.

Chot et al. [4] consider a broadband network with a monopolistic ISP. They build a
model where it is assumed that the internet consists of only two symmetric CPs. So
in their modeling scheme, there is a continuum of end-users with a unit mass, two
content providers competing for market share, and a monopolistic ISP. Market shares
of content providers are determined by the classical Hotelling approach [5]. End users
are homogeneous in the sense that each has the same demand for content. Content
providers in Choi et al.’s model can only charge the advertisers. The ISP, a monopoly,
could discriminate via prioritization. In other words, one CP gets the “high speed”
service level and the other one gets the “best-effort” service level depending on their
willingness to pay for prioritized service. The magnitude of two profit margins and the
difference between the two profit margins critically affects the equilibrium outcome
of the model. For instance, the ISP doesn’t choose discrimination against network
neutrality unless both margins are above a certain threshold. Likewise, discrimination
is socially superior to network neutrality only if relative magnitudes of margins are
large enough. Choi et al. show; under discrimination that, the network access fee is
unambiguously lower than it is under network neutrality. Although I utilize a linear
pricing scheme instead of a constant network access fee for end-users; in my model,
I also show that the price for end-users is strictly lower under discrimination. In Choi
et al.’s model, ISP’s incentives to practice the discriminatory regime depends on its
bargaining power and the magnitudes of CPs’ profit margins. My model shows that
the ISP always prefers to discriminate as long as the discriminated CP’s business
is profitable. However, my model differs from Choi et al.’s in the sense that no
competition is assumed between CP’s and ISP’s discrimination method is charging
a network access fee to a designated CP based on unit bandwidth rather than offering
prioritized service. In Choi et al.’s model non-prioritized content provider (CP2) is

always worse off under discrimination in terms of profit, whereas, the prioritized



content provider (CP1) may be better off under discrimination if relative magnitudes
of CPs margins large enough and ISP’s bargaining power is low. As a result, the
overall effect of discrimination on social welfare depends on the mentioned factors
and is ambiguous. Choi et al. do not explicitly derive the optimal capacity for the
two regimes. Instead, they compare relative incentives to invest in network neutrality
and discrimination. The conditions where investment incentive is higher for the
discriminatory regime than the network neutrality regime is found to be ambiguous
too. My model, on the other hand, suggests that under a discriminatory regime the

monopolistic ISP always short supply the bandwidth capacity.

In a monopolistic residential broadband internet market with end-users and CPs,
Economides and Hermalin [6] compare network neutrality with discrimination in the
fashion of either practicing tiered service or charging an access fee to CPs. Their
model differs from Choi et al.’s in several points. Unlike Choi et al., they don’t assume
constant data traffic. Consumption decision is given endogenously by homogeneous
households (end-users). In the model, the more congestion end-users are exposed to,
the less content is consumed. The more expensive the content is, the less content
is consumed by households also. Besides unlike Choi and Kim, Economides and
Hermalin allow CPs to directly sell their content to end-users. This adds a second
source of revenue to their revenue stream. In my model, though, I don’t allow such

trade between end-users and CPs either.

Economides and Hermalin analyze the problem in three parts. First, in a static setting
(i.e taking bandwidth constant), they present the conditions for optimal bandwidth
allocation which maximizes total welfare. Then, they reveal the ISP’s incentives to
charge content providers. Lastly, they switch to a dynamic setting and try to understand
the investment incentives of the monopolistic ISP. The principal result is that total
welfare is proportional to the amount of content (data) being carried on the network.
In other words, discrimination is welfare superior to network neutrality only if it causes
more content is consumed by end-users. Another result that is attached to the previous
one is that blocking access to a positive measure of CPs are necessarily reduce total
welfare. They also show, if the elasticity of demand against transmission time (i.e
congestion) is monotone in content type, then there could be bandwidth allocations

where discrimination is welfare superior to network neutrality. In other conditions



tiering is always welfare inferior. When it comes to ISP’s incentives to charge CPs, it
is shown that in the majority of the cases such pricing schemes are welfare inferior.
However, it is also shown that ISP’s charging CPs (even though it reduces total
welfare) will cause smaller network access fees on the end-users side. Economides
and Hermalin reveal that if adjustment function is multiplicatively separable in delay
time (congestion) and content type, then ISP will always prefer discrimination vis-a-vis
network neutrality. To summarize, when bandwidth is taken constant (static setting),
there would be an inefficiency caused by preferring a tiering regime (discrimination)
vis-a-vis network neutrality. Yet, Economides and Hermalin find that, under dynamic
setting (also under certain assumptions regarding the functional form of the adjustment
function and incentive-compatibility constraints being satisfied), ISP will always
install unambiguously more bandwidth in discrimination vis-a-vis network neutrality
which has an enhancing effect on total welfare. Considering these two opposing
effects, under a dynamic setting, the overall effect of deviating from network neutrality

on total welfare is ambiguous.

Kridmer and Wiewiorra [7] study short-run and long-run effects of discrimination
(practicing two service tiers to CPs as priority class and best-effort class) on content
variety, welfare, and capacity investment incentives. They found, under discrimination,
content variety may or may not be higher than it is under neutrality. They show
equilibrium content variety is closely related to how CPs are distributed. If it is
distributed uniformly then content variety does not change and prioritization does
not affect content variety. If congestion insensitive CPs are larger in number (CP
distribution is left-skewed) then prioritization causes more CPs to be active in the
equilibrium. On the opposite case (CP distribution is right-skewed), prioritization
causes fewer CPs to be active in the equilibrium compared to network neutrality in
the short run. Sticking to the assumption that contents are uniformly distributed, the
ISP always prefers prioritization against neutrality because of higher profits. Even
though the CPs are worse off under discrimination, it is shown that total welfare is
unambiguously higher (since the end-users and the ISP are each better off). Kramer
and Wiewiorra also investigate the investment incentives of ISP in the long run. They

reveal that under the assumption of uniformly distributed contents the ISP’s investment



incentives would be higher. However, for non-uniform distributions of CPs, the result

is not clear.

Bourreau et al. [8] consider a similar model to Kridmer and Wiewiorra’s with some
important differences. The major distinction is that, they model a duopoly setting
where the two ISPs compete for market share in a residential broadband internet
market. They claim that, lack of competition leads the ISP to prefer discrimination
against network neutrality. In such a setting, discrimination leads to various distortions
that reduce total welfare. In a duopoly setting, on the other hand, stiff competition
between ISPs softens the welfare distortion caused by the monopolistic ISP and might
even reverse it. For this reason, they study discrimination in a duopolistic market.
Bourreau et al. compare the equilibrium under network neutrality and discrimination.
In both cases, equilibrium is the solution of a two stage game. Under network
neutrality, at the second stage, end-users and CPs decide which ISP to join (End-users
are single-homing. CPs are multi-homing). At the first stage, ISPs decide subscription
fees for the end-users and network capacities. Likewise, under discrimination, at the
second stage, end users decide which ISP to join and, CPs decide not only which
ISP to join but also whether to pay for the prioritization. At first stage; ISPs decide
subscription fees for the end-users, network capacities and additionally priority fees
for the CPs. One of the major results is, content variety and capacity investment
are unambiguously higher in discrimination than in neutrality. Average congestion
depends on two factors; total traffic and capacity. As claimed, both total traffic and
capacity are higher in discrimination. Therefore, whether the average congestion is
lower or higher in discrimination depends on which of the two dominates. Bourreau
et al. show that the capacity effect always dominates and conclude that congestion
would be lower under discrimination. When it comes to the subscription fee for
the end-users, ambiguity arises. Their model doesn’t lead to lower network access
fees in all cases. Specifically, if end-users’ preferences for speed and variety is
sufficiently high and if advertising rate is sufficiently low, the network access fee is
higher under discrimination than under network neutrality. Similar ambiguity exists for
ISPs’ profits and CPs’ profits too. Under certain conditions, network neutrality is more
profitable for ISPs. Unless network capacity under discrimination is sufficiently greater

than it is under network neutrality, discrimination is not profitable for CPs. Despite



the ambiguities in the network access fee, end-user surpluses, and end-user profits,
Bourreau et al. show that total welfare is unambiguously higher in discrimination. As
mentioned, discrimination is not always profitable for ISPs. However, they show that
competition drives the two ISPs to discriminate even it is not profitable. In other words,

competition may drag ISPs into a "prisoner’s dilemma" type of situation.






2. MODEL

I study a monopoly Internet Service Provider (ISP) who mediates the two sided internet
market consisting of end-users and content providers (CPs). I'll discuss each of these
market players one by one. I then discuss the equilibrium properties under two different
case; first, when network neutrality is strictly practiced and second, when the ISP

violates network neutrality by discriminating a given CP.

2.1 End-users

In this study, I don’t model end-users as individuals but rather the collection of all
internet users. In this regard, end-users have differentiated aggregate demand for each
CP 0 with different congestion sensitivities where 6 represents an arbitrary CP (CPs
are websites and web applications like YouTube, Facebook, Gmail, cnn.com etc.).
They pay a unit price p, to the ISP for their data consumption and they reduce their
data consumption under congestion proportional to their congestion sensitivity to a

given CP. I define data demand for an arbitrary CP 0 as following.

0
Xg = xg —dpg (%) where; x* = ng 2.1
]

In the above expression, xg is the aggregate data demand for the CP 6
under zero-congestion whereas, xg is the data demand for the CP 6 under
nonzero-congestion. I define the congestion as the ratio of total data demand under
zero-congestion (x°) to available bandwidth (B). In the expression, the parameter dg
denote the end-users’ congestion sensitivity to CP 6. The higher dy is, the more data
consumption reduced due to the congestion. In defining the congestion, (%) , [ prefer
to use the total data demand under zero-congestion across all CPs considering that
the network bandwidth (B) is a shared resource and end-users experience the same

congestion but with different congestion sensitivities to different CPs modeled by the



parameter dg. The congestion causes dis-utility to end-users which makes data demand

under zero-congestion to always be greater than nonzero-congestion (xg < xg).

Next I spell out the demand functions under network neutrality and under

discrimination separately.
2.1.1 Under network neutrality

2.1.1.1 Data demand for an arbitrary CP (6)

I consider a linear demand function under zero-congestion which effectively leads to
the following demand function for the CP 0 under nonzero-congestion under network

neutrality regime;

xg(px,B) = (ag —bg px) —do [(a_}sﬂ} (2.2)

In the above demand specification p, is the unit price of data whereas a and b are
shape parameters such thata =) g ag and b = } ¢ bg and the congestion is rewritten as

[W} Note that x) = (ag — bg px) and x° = (a —bpy).

I assume that the elasticity of demand with respect to all non-price variables is constant
which leads demand changes to be rotational in these variables as shown by Graves
[9]. With this assumption, I particularly have in mind the bandwidth variable that
I explicitly model. Having constant elasticity for this variable is reasonable for the
average household that I am modeling. To satisfy constant elasticity property, I assume

ng is constant for all Os. I can readily show that the elasticity is indeed constant.!

Considering user-time is a limited resource and to prevent unbounded demand, which
could potentially violate user-time constraints, I also assume that a < a@ where a is finite

and positive.

Rearranging equation 2.2 and using constant elasticity assumption with respect to the

bandwidth I have the following:

dxg B -

(*Ib’)

dgb
l . . . . _axg B B . ai .
the elasticity is given b T xg = (i . ) L ., Assummg hg 1S COnstant across all Bs, the
b B b X
d d b
elasticity expression becomes f% B — 5 which is constant across all p,
X0 b _dgb

B
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As seen in equation 2.3 the congestion (through the bandwidth) has a counter-clock

wise rotational effect on the demand (Figure 2.1).

--- xg(px,B1) = (ag — bg px)

—xg(px,B2) = (ag —bo px) |1 — —;

Xg(px,B)

AN (Bz>Bl)

Figure 2.1 : Data demand for an arbitrary CP (0).

2.1.1.2 Total data demand

Then, the aggregate data demand under network neutrality is given by;

(a—bpy)

B (2.4)

er(me) =x(px,B) = (a—bpx)—d
0
where x =Y gxg,a=Ygag,b=Ygbgandd =) gdpg

2.1.2 Under discrimination

Under discrimination, to keep the model tractable , I assume that a single CP is
discriminated by the ISP. I denote the discriminated CP as © in the rest of this paper,
whereas the collection of all the remaining CPs is denoted as ®'. Possible candidates
for the discriminated CP could be large OTTs like YouTube, Instagram, Facebook,
Netflix etc.). The discriminated CP pays a unit price for the bandwidth which is
specified by the ISP. I denote this price as pg. In other words, the ISP sells bandwidth
to the discriminated CP. For instance, if the discriminated CP chooses to buy Bg of
bandwidth, it needs to pay Bgpp to the ISP (where Bg < B by definition). However,

in my setting Bg is not for the exclusive usage of the discriminated CP. It acts as a

11



upper bandwidth limit. It means that the discriminated CP is capped by Bg, but the
remaining CPs can also use Bg when the network is overly utilized. In this respect,
pp can be thought as a network access fee rather than a unit price for a commodity

(bandwidth).

2.1.2.1 Data demand for the discriminated CP (®)

Under discrimination the demand for CP © is given by

(ae — be px) + % (a@)’ —bg PX)
Be

xe(px, B, pB) = (ae — be px) —de [ ] (2.5)

where (a®/ =a —a®), (b®r =b— b@), and (d®/ = d—dg). As can be seen, under

discrimination, congestion is defined as

[(a@ —bop) + 22 (ag — g px) ]
Be

The intuition behind this definition is as follows. Since Bg is not for exclusive usage of

content O (it only acts as a upper bandwidth limit for ®) there always be times where

data consumption from the remaining CPs causes congestion on CP ®. As B gets larger

relative to Bg this effect weakens (as if CP ® and the remaining CPs, G),, flows through

two seperate networks) and the congestion term converges to the following.

B
(ae —be px) + 2 (ag — bg Px) . (a@ —be px)
Be Be
So it is as if the purchased part of the bandwidth is exclusive to ®. Conversely, as Bg

gets closer to B, congestion expression converges to what it is under neutrality since

(ae —be px) + (ag —bg Px) = (a— b py) (Figure 2.2).

[(Cl@) —bopx)+ 7 (ag — by Px)] . [(a—bpx)]
Be B

I summarize above ideas on how congestion term behaves under different relative
bandwidth allocations in Figure 2.2. It is insightful to compare CP ®’s demand under

discrimination with the demand under neutrality. Rearranging equation 2.5

12



a—bpx} P <%_1>(‘1®—b®]?x)
B | “® B

xe(px; B, pp) = (ae — be px) — de { (2.6)
Comparing equation 2.2 with equation 2.6, the first two terms in the CP ®’s demand
function are as same as the ones in the demand function under neutrality. The third term
reflects the effect of the discrimination. If Bg < B ,everything else being the same, the
demand under discrimination is always less than the demand under neutrality. When

Be = B equation 2.6 converges to equation 2.2.

13



a)

b)

Bandwidth Allocation

Congestion Term

[ —

Bg

B
(when Bg < B)

Be

B,
[ (a@—bgpx)—b—?@ <a®/ —b®/ px> ]

B
(when Bg < B or %@ —0)

12

M
Be

B

(when 22 — 1)

42

Figure 2.2 : Congestion term for the discriminated CP (®) under discrimination.
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2.1.2.2 Data demand for the remaining CPs (G)/)

Under discrimination, the overall data demand for the remaining CPs, ®,, is given by

(a@/ - b@’ px) + % (aG) - b@l’x)
B

Xo' (px,B,pB) = (ag’ _b@’ px) _d@’ [ ] 2.7

where the congestion is defined as;

(a@’ - b@’ px) + Bfe) (a® —be px)
B
Similar to the previous case, as B gets larger relative to Bg it becomes as if all

bandwidth is exclusively used by ®

[ (a@’ - b@’ px) + % (ae —beo px)] e [ (CZ@/ - b@’ px) ]
B B

As Bg gets closer to B, it acts as if network neutrality is imposed (Figure 2.3).

[(ae)/ —b®/1?x) —l—%(a@—b@px)] . [(a—bpx)]
B B

I can also compare the remaining CPs’,®’, demand under discrimination with the

demand under neutrality. Rearranging equation 2.7

_ 1—20) (ag — be px)
a bpx)+d®/ < B) x

Xg/ (Px; B, pB) = (a@)’ — by Px) —dg ( B B

(2.8)

Comparing equation 2.2 with equation 2.8; first two terms reflect the situation under
neutrality. The third term, on the other hand, is positive and reflects the effect of
discrimination. If Bg < B, everything else being the same, under discrimination the
demand for remaining contents @ is always greater than it is under neutrality. The

reason is; when Bg < B, less congestion is experienced by the remaining CPs, Q.
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Figure 2.3 : Congestion term for the remaining CPs (@l) under discrimination.




2.1.2.3 Total data demand (@ + @’)

Combining equation 2.6 and equation 2.8, total data demand under discrimination is

given by;

B _1\_g.,(1-8e
x(px, B, pp) = (1 a %) (a=bpx)— o <B® 1) d® (1 - ) (ae — be px)

where (ag@ — be px) + (a®/ —bg px) =(a—bpx),andde +dgy =d.

Henceforth I assume that dg > dg. The discriminated CP is one that very sensitive
to congestion more than total of the remaining CP market. This assumption gives us
an idea about what kind of a CP is considered for discrimination. This could also be
considered as the criterion for third-degree price discrimination. This is intuitive in the
sense that a CP is willing to pay for bandwidth only if its demand highly sensitive to

congestion, e.g., big OTTs like YouTube, Instagram, Facebook and Netflix.

Comparing equation 2.4 with equation 2.9, the overall data demand is always less than
the overall demand under neutrality whenever Bg < B since de > dgy. The decrease
in the demand for content ® compensates for the increase in the demand for contents

Q. Thus, overall effect is negative.

2.1.2.4 Rotational demand property under discrimination

Under neutrality, the assumption of constant elasticity in bandwidth ensures that the
demand is always rotational with a common maximum willingness to pay. By the same
assumption, the rotational demand property is still valid under discrimination as shown

below.

Rearranging equation 2.5

d® <b®+b§;<3§)> >
(2.10)

xe(px,B,pp) = (a@ —bepx) |1 —
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Rearranging equation 2.7

dyy (L@’*Z@(B?))
) [1- ° @.11)

Xo/ (pquapB) = (CZ@/ _b@/ Px B

Demand functions specified above in equation 2.10 and equation 2.11 are counterparts
of equation 2.3 under discrimination. It is easy to see that as Bg — B, equation 2.10

and equation 2.11 are both converge to equation 2.3.

2.2 Content Providers

The CPs are different in size and in congestion sensitivity. The CPs’ revenue come
from advertisements, and they don’t directly trade with end users. I assume that
CPs’ advertisement revenue depends on the total data that is consumed through them.
Therefore, there is a rate ,rg, for each CP representing the advertisement revenue
per unit data. The CPs don’t like congestion because it leads to a decrease the data
consumed through them and consequently a decrease in their advertisement revenue.

In this manner, CPs have incentive to purchase network bandwidth.
2.2.1 Under network neutrality

2.2.1.1 Profit function of an arbitrary CP (0)

Under network neutrality, an arbitrary CP 6 make profit from advertisement at a unit

profit rate rg which leads to following profit function.

g = x¢(px,B)ro

Substituting xg ( px, B) with equation 2.2 I have;

a—>b
Iy = (do—bepx)—de% re (2.12)

Where rg is advertisement revenue per unit data.
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2.2.2 Under discrimination

2.2.2.1 Discriminated CP’s (®) bandwidth demand

Under discrimination, the discriminated CP, ®, has to pay pp on the basis of unit
bandwith and the demand for bandwidth (Bg) is determined by solving its profit

maximization problem;

By using equation 2.5 define x(py, B, pp)

X (aG)—b@P)—i-Ea/—b,p
X(px,B, pp) = (ae —be px) —de * Blf( 0 ® X)
Then;
max ﬁ:f(pxaB,PB)r@—B\pB
B
st. B<B, 2.13)
B>

Where Bg solves max I1. I define the profit under optimality as I1g.

B
L
0B
(A1 > 0and Bg = B)
o,
0B
(A, > 0and Bg =0)
M _y
0B
(0< Bg <B)

Then;
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d
B@Z\/ © (ae —be px)re

pe+A
(A1 > 0and Bg = B)
de
Bo = —b
c) \/pB—/lz(aG) ©Px) 7o (2.14)

(A2 > 0 and Bg = 0)

de
Be = \/— (ae@ —be px)re
PB
(0 <Bg < B)
2.2.2.2 Profit function of the discriminated CP (®)

Similar to the network neutrality case, under discrimination, CP ® makes profit on the
unit data consumed through it at rate rg, but unlike network neutrality, this time it has
to pay pp to the ISP for the unit bandwidth that it uses, which leads to following profit

function. In the below, Bg is already chosen to be profit maximizing.

H@ = x@(anBJ’B)”G) _BG)PB

Substituting xg(px, B, pp) with equation 2.5 I have;

e <%— )(a@)—b@l?x) (2.15)
B

—Beps

Where Bg is the bandwidth purchased by CP ®. CPs other than ® has the same profit

function as before;

Mg = x¢(px,B,pB)re

2.3 Internet Service Provider

In this study, the ISP is modeled as a monopoly. It mediates the two sided market,

where end users constitutes one side and CPs the other. Under network neutrality
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constraints, it only charges to end users on the basis of unit consumption. Thus, the
ISP’s pricing is linear. On the other hand, under discrimination, the ISP charges the
discriminated CP, ®, for its access to network bandwidth as well. Here also the pricing

is linear and is per unit bandwidth.

2.3.1 Under network neutrality

Under neutrality, the ISP’s profit function is

I;5p = x(px,B) (px —¢x) —Bep

Substituting x(py, B) with equation 2.4 T have;

d
IT;5p = (1—1—;) (a—bpyx)(px—cx) —Bcp (2.16)

Where x(py,B) is data demand, p, is the price charged to end users per unit data
consumption, ¢, is ISP’s cost of supplying a unit data (constant marginal cost is

assumed), B is network bandwidth and cp is the sunk cost of installing unit bandwidth.

2.3.2 Under discrimination

Under discrimination, the ISP charges both sides of the market, hence it gets the

following profit function.

HISP :x(pX7B7pB) (px_cx) —|—B@pB—BCB

Substituting x(py, B, pp) with equation 2.9 T have;

Mise = (1) (a5 (<.

d@(%—l>—d®/ (1—%@) (
B

ae —be px) (Px — ¢x) (2.17)

—Bcp
+Beps

Where pp is the price charged to CP with type ® per unit bandwidth and Bg is
bandwidth demanded by ®.
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3. EQUILIBRIUM UNDER NEUTRALITY

I first study the equilibrium under network neutrality which is the subgame perfect

Nash equilibrium (SPNE) of the following two-stage game.

1. The ISP decides the total bandwidth to install, B*, and the data price for end-users,
px-

2. End-users decide how much data to consume, x(p},B*). Since CPs do not make

any decision under network neutrality, this stage is a trivial stage.

Stage 1

In the first stage, the ISP chooses the optimal values for p, and B by solving the
following profit maximization problem using the profit function defined in (equation

2.16).

rlglal)gc ;sp = x(px, B) (px — ¢x) — Bca

where x(py,B) is the end-users’ best response on how much data to consume which
comes from the "Stage 2" given p, and B. The first order conditions of the problem

stated above is the following.

oIl
P <0 (with equality when p* > 0)
dpx
oIl
8IIBSP <0 (with equality when B* > 0)

for interior solution we have!

al_IISP N ax(pivB*) * * ok
apx _O_ apx (px_cx)+x(pxaB)
sp  Ix(py,B) ,

o 0T ap  Pime) e

I solve the equilibrium and obtain the following equilibrium values.?

I'The second order conditions are shown to be satisfied. See the appendix

2the proof is given in the appendix section
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Proposition 1 (Equilibrium Quantities Under Neutrality). Under neutrality, equilib-

rium price, p* and bandwidth, B* are following;

« lya
pi=5(3+e) (3.1)
. [d
B =L@ G2)
CB

The monopoly price p; is not related to equilibrium bandwidth B* or aggregate
congestion sensitivity d or congestion. This is because these terms are added to the
demand function in a multiplicative manner. Remember congestion has a rotational
effect on the demand. We know that, when demand is linear (i.e is in the form of
ko — k1 p) and marginal cost is constant, ¢, then equilibrium monopoly price is given by
: (I,i—‘l’ + c) . In our case, the demand is (1 — %) (a — b p,). Thus, equilibrium monopoly

price does not depend on (1 — 4).

If we consider capacity as a quality property and since the pricing decision does not
depend on capacity when congestion has only rotational effect on the data demand,
using the seminal result by Spence [10] we can conclude that given any x(py,B) the
profit maximizer ISP oversupplies the capacity (quality) to be able to sell the data at a
higher price. However if we look at regulator’s perspective (in which I assume that the

regulator is welfare maximizer) we see that the ISP under-supplies the capacity since

welfare maximizing capacity is given by \/ % (a—bpt) (5 ($—pt) +pi—cy) <B.

I also study some interesting comparative statics. The monopoly invests less in
bandwidth, B*, as the unit cost of capacity, cp, increases, and it invests more
bandwidth as the aggregate congestion sensitivity, d, increases. One may define
(a—bp}) (pi—cx) as maximum potential profit of the ISP for given a price (because
it reflects the zero-congestion situation). In this respect, the monopoly invests more in

bandwidth if the potential profit from eliminating congestion is relatively high.
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4. EQUILIBRIUM UNDER DISCRIMINATION

I then study the equilibrium under discrimination. Under discrimination, apart from
the neutrality case, there is an extra decision point where the discriminated CP chooses
how much bandwidth to purchase. The equilibrium is the subgame perfect Nash

equilibrium (SPNE) of the following two-stage game.

1. The monopolistic ISP decides total bandwidth to install, B**, unit price of data for

end-users, py* and unit price of bandwidth for the discriminated CP, p3* .

2. End-users decide how much data to consume, x(p;*, B**, p5") and the discriminated

CP chooses how much bandwidth to purchase, Bg

Stage 2

As in the neutrality case, the end-users’ decision is trivial. They just respond based on
their aggregate data demand as described in equation 2.9. The discriminated CP, on the
other hand, decides based on its profit maximization problem as defined in equation

2.13.

max IT=Xx(py,B,pp)re —Bps
B
S.t. §§ B,
B>

The solution to this problem gives us the discriminated CP’s demand for bandwidth

(Be) as given at section (2.2.2).
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de
Bp = —b
o \/p3+/11 (ae —be px)re

(A1 > 0and Bg = B)

de
Be = —b
c) \/pB—/lz (ae —be px)re

(A2 > 0 and Bg = 0)

de
Bg = \/— (a@ —be px) e
PB

(0<Bg <B)
Stage 1

At the first stage, the ISP chooses optimal values for p,, B and pp by solving its profit
maximization problem taking end-users’ and the discriminated CP’s best responses
which come from the Stage 2 into consideration using the profit function defined in

equation 2.17.

max Iljsp = x(px,B, pB) (px — cx) + Bo pp — Bcp
PmBJ’B

In the above profit function x(py, B, pp) is the end-users’ best response (i.e. their data
demand) and Bg is the discriminated CP’s best response (i.e. its bandwidth demand)
which come from the Stage 2" given py, B and pp. The first order conditions of the

problem stated above is the following.

o1l
P <0 (with equality when p** > 0)
9 Px
o1l
5 ;SP <0 (with equality when B** > 0)
o1l
5 P <0 (with equality when pj;* > 0)
DB

for interior solution I have
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dlsp dx(py*,B™, py’) 9Be(Pg", Py’

=0= ok **,B**, *% *%
8px 8px (px C)C) +x(px PB ) +pB apx
I;sp Ix(py" B, DE") s
aHISP ax<p*>)< B** p**) 93@(1?** p**)
=0= X B p**—c +B**+p**#
Ips Ipp (p" —ex) +-Bo + P Ips

As far as the discriminated CP is concerned, this game has three possible outcome.
First, the ISP could set the unit bandwidth price so high that the discriminated CP does
not choose to buy any bandwidth at all, so that it is effectively out of market. Second
the ISP set the unit price of bandwidth zero or very close to zero which effectively will
lead to neutrality. And lastly it will set a reasonable price and the discriminated CP
buys a piece of the available bandwidth. I next check these possible outcomes one by

one.

I first investigate the possibility of the first outcome in the next proposition.

Proposition 2 (Blocking Access Entirely). Under discrimination, the discriminated

CP always buys a positive amount of bandwidth, (Bg > 0) as long as

1—%—%1 > 0 holds.

Another way to express this proposition is that the ISP does not set such an excessively
high pp that the discriminated CP does not buy any bandwidth at all. If the ISP pushes
the discriminated CP out of the market by setting pp too high, the end-users’ data
demand is affected in two ways. On one hand, since the discriminated CP is not
available, the overall data demand tends to decrease. In the other hand, it tends to
increase due to the lower congestion caused by the exclusion of the discriminated CP.
olig) _ 4y
B

However, the condition |1 — 7~ | > 0 guarantees that the decreasing effect

of the discriminated CP’s exclusion offsets the increasing effect of the lower congestion
and consequently the exclusion of the discriminated CP reduces the total data demand

which would not be profitable for the ISP. Thus, the ISP keeps the discriminated CP
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do( = d s
in the market.! The condition [1 — ®(;®) — %] > 0 realistically holds true for

reasonable congestion ranges.

I next investigate the possibility of the second outcome in the next proposition.

Proposition 3 (Incentives to Deviate from Network Neutrality). The unconstrained ISP

strictly prefers to deviate from network neutrality (pz" > 0).

Under discrimination, the ISP has two revenue sources. First, it makes revenue from
the data consumed by end-users, (x(px, B, pp) px)- Second, it makes revenue from the
bandwidth purchased by the discriminated CP, (Bg pp). If the ISP sticks with network
neutrality and set pp = 0, then it would lose the second revenue stream. However,
since the buy-able bandwidth is capped by B and as a result the discriminated CP’s
bandwidth demand is discontinuous in pp, the ISP can still set the pp > 0 and make a

profitable deviation. Thus it prefers to abandon network neutrality.?

By Proposition 2 and Proposition 3 we know that we have an interior solution. I solve

the equilibrium for interior solution and obtain the following equilibrium values.>

Proposition 4 (Equilibrium Quantities Under Discrimination). Under discrimination,

equilibrium unit data price, p;*, bandwidth, B** and unit bandwidth price, Bg, are as

follows
o lya
r =3 (5+)
. B kk
2\ ool (5 1) 4o (1 )] 5
B
*k d k% k% [d(a B d®/ <2B_$)* B 1>} k% *k
B =\ - (a=bpy) (p —ex) - - (a0 —bo pi*) (Py* —cx)
4.2)
P = W(aG)_bG)px )Te 4.3)
(€]

Ithe proof is given in the appendix section
’the proof is given in the appendix section

3the proof is given in the appendix section
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Recall that, under network neutrality, the equilibrium price p; is not related to
congestion sensitivity d and equilibrium bandwidth B*. Unlike network neutrality,
under discrimination, the equilibrium price p;* is a function of congestion sensitivity
of the discriminated CP, the aggregate congestion sensitivity of the remaining CPs,
the total aggregate congestion sensitivity, the two equilibrium bandwidths, and the
the profit margin of the discriminated CP. This comes from the two-sidedness of the

market.

In two-sided markets, the platform allocates the total price between market participants
based on cross-group elasticities. This allocation usually leads to a market equilibrium
where one side is priced above the marginal cost, whereas the other side is priced
below the marginal cost [11]. The following proposition, together with proposition 4,

displays the effect of two-sidedness on the equilibrium quantities.

Proposition 5 (Two Sidedness). Under discrimination, the share of total bandwidth

that discriminated CP decides to purchase is given by following implicit expression,*

() -G
d®/ P —cy B**

Proposition 5 reflects the equilibrium condition for the interior solution where it simply

says that everything else being the same greater profit margin on the end-users side
(py* —¢) implies a greater share of bandwidth (g—:@’:) is purchased by the discriminated
CP. In other words, this condition is another demonstration of the classical two-sided
market outcome [11]. Because, a greater profit margin on the end-users side means a
higher price for end-users, and a greater portion of the bandwidth for the discriminated

CP then means a lower unit bandwidth price for the discriminated CP.

It is worth mentioning that Proposition 5 only applies for sufficiently low values of rg.

The right-hand side (RHS) of the equation is bounded by 1. I assume that j—? is strictly
(C]

-
greater than 1. <1 — p;*‘ic) must be less than 1 and consequently p;* must be greater
than (c, +rg). By Proposition 4, I show p < % (% + cx) for interior solution. If rg is,
for instance, greater than (% (% — cx) ), then the interior solution would not be possible.

Advertisement rates on unit data is usually far less than operator profit on unit data

“the proof is given in the appendix section
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consumption. In this respect, it is quite reasonable to assume that the interior solution

exists.

In Proposition 4, I derive the implicit expressions for p}*, B**, pp* and Bg'. Therefore,
by merely using the Proposition 5’s result it is quite difficult to understand the effect of
marginal increase in dg on equilibrium outcome. Because, at the equilibrium p}*, B**
and Bg' are function of dg itself. Thus, dg cannot be increased freely without changing
equilibrium values p;*, B** and Bg'. Fortunately, it is both possible and interesting to
study the effect of marginal changes in cost of unit bandwidth investment (cg) and
advertisement rate (rg) on the equilibrium outcome (assuming that the discriminated

CP has zero marginal cost per unit data consumed through it; rg is equivalent to profit

margin of the discriminated CP as well.).

Using the results presented in Proposition 4 and Proposition 5, it is easy to see
that when bandwidth investment becomes less expensive (cp), the ISP installs more
bandwidth (B). This makes bandwidth less scarce, resulting in a decrease in bandwidth
price (pp) and an increase in data price (p,). The lower price for bandwidth (pp)
makes the discriminated CP purchase even more bandwidth (Bg). The growth in data
price (py) increases the profit margin of the ISP on the end users’ side, consequently

by Proposition 5, the share of bandwidth purchased by the discriminated CP increases.

Using Proposition 4 and Proposition 5, when the advertisement rate (rg) rises, the
monopolistic ISP charges more for bandwidth (pg) and installs less bandwidth (B)
to make capacity even scarcer. As a result, data price (py) decreases to maintain the
demand for data. High bandwidth price (pp) makes the discriminated CP purchase
a lesser share of the total installed capacity. This result is interesting because, as
the discriminated CP’s business becomes profitable, the ISP will have much stronger

private incentive to make capacity even scarcer.

As mentioned before, as the advertisement rate (rg) increases, the data price
(px) decreases, and bandwidth price (pp) increases. A greater profit margin on
advertisement makes the other side of the market (end-users) more attractive for
the discriminated CP. This results in a higher bandwidth price and lowers the data
price on the end-user side. How price allocation will be affected is not clear when

there is an increase in congestion sensitivity of the discriminated CP’s service (dg).
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Such an increase makes both sides more attractive for each other. End-users like the
discriminated CP’s content flow through a wider bandwidth (because they are more
sensitive to congestion now). Similarly, the discriminated CP is willing to pay more
for bandwidth because it prefers to get congestion-sensitive end-users on board to get
profit. Thus, an increase in the congestion sensitivity of the discriminated CP’s service

causes an ambiguous effect on the price allocation.

Under network neutrality, we see that the monopoly causes distortion on how much
bandwidth is supplied. In other words, under network neutrality, the monopoly
short-supplies the bandwidth. Under discrimination, there is an additional distortion
caused by two-sidedness: Unconstrained monopoly supplies the bandwidth even less
proportional to the difference between congestion sensitivity of the discriminated CP’s

service and the aggregate congestion sensitivity of the remaining CPs.
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S. NEUTRALITY VS DISCRIMINATION

In this section, I compare the equilibrium under network neutrality and discrimination

in different aspects.

Proposition 6. The ISP charges a lower price to end users under discrimination than

under neutrality (pf* < p}).

Proposition 6 restates the result given at Proposition 5 while comparing the equilibrium
price under network neutrality and the equilibrium price under discrimination.
Remember, Proposition 5 is all about how price is allocated between the end-users and
the discriminated CP. It does not say anything about how the prices look compared
to neutrality. One result of the Proposition 5 is that, as the share of bandwidth
purchased by the discriminated CP increases, end-user price increases too. As shown
at Proposition 4, the second component in the equilibrium end-user price formula is
a factor of (g—:@i). For the discriminated CP to get a larger piece from the overall
bandwidth, the ISP lowers the bandwidth price (pz") and increases the bandwidth
investment (increase B**). Lower pz" and higher B** dictates higher end-user price.
Interestingly, lower price for the end-users can only come up with less bandwidth
investment and higher bandwidth price, leading to a smaller share of total bandwidth
purchased by the discriminated CP. This is the mechanism I reveal at Proposition 5.
On top of this, Proposition 6 demonstrates that, regardless of how price is allocated
between end-users and the charged CP, the end-user price (i.e., the unit price of the
data) is always lower under discrimination than under neutrality.! Depending on the

allocation, it gets closer to neutrality price or moves away.

Proposition 7 (Investment Incentives). Under discrimination, the ISP invests less

capacity than it does under neutrality (B** < B*).

Ithe proof is given in the appendix section
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As mentioned earlier, total bandwidth (B) is the main instrument for the ISP to
set prices to the two sides of the market. It can make total bandwidth scarcer
(under-supplies it) and bandwidth price (pp) goes up, and similarly, it can make it
abundant and end-user price (p,) goes up. The market equilibrium for total bandwidth
is determined by factors such as cost of bandwidth investment (cp), congestion
sensitivity of end-users towards charged CP (dg), and towards other CPs (dgy)
and advertisement rate (rg). Proposition 7 demonstrates that, under discrimination,
total equilibrium bandwidth is always less than total equilibrium bandwidth under
neutrality.> As stated in the following proposition, the private incentives of the

unconstrained monopolistic ISP lead to more congested service for the charged CP.

Proposition 8 (Congestion). Discrimination leads to a more congested service for the
discriminated CP, ®. For the remaining CPs, a less congested service is not for certain.
Despite the ambiguity in the remaining CPs’ congestion, the overall congestion is

worse under discrimination.

Although under discrimination the data price for the end-users is lower, Proposition
8 states that the end-users experience more congestion with the discriminated CP.
Moreover, it is not guaranteed to have a better experience with the remaining CPs
in terms of congestion. Whether the overall congestion level would be better off
under discrimination is an important question. The assumption (dg > dgy) causes the
change in overall congestion to be dominated by the increase in the discriminated CP’s

congestion.?

’the proof is given in the appendix section

3the proof is given in the appendix section
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6. CONCLUSIONS

In this paper, I study the economic implications of abolishing network neutrality.
Although there are many ways and modes of violating network neutrality
(prioritization and blocking access are the ones exhaustively studied in the economics
literature), I define abolishing network neutrality as setting a positive price for unit
bandwidth to a single content provider (the discriminated CP) for network access. In

this sense, I depict a two-sided market with third-degree price discrimination.

In my setting, there is a monopoly internet service provider (ISP) mediating a
two-sided market between end-users and content providers. ISP’s pricing is linear.
In other words, it charges end users a price p, for per unit data consumption. Under
neutrality, CPs’ access to the ISP’s infrastructure is free of charge. Under the
discriminatory regime, the ISP charges the discriminated CP a price pp for per unit
bandwidth. For the remaining CPs, the network access is free of charge as before

(third-degree price discrimination).

Under network neutrality, because of the market distortion caused by the ISP, the
equilibrium end-user price is above the socially optimum price (i.e., the marginal cost).
I find that a similar distortion is present for the equilibrium bandwidth. In the absence
of competitive pressure, the ISP under-supplies capacity. Under discrimination (i.e.,
when the ISP is allowed to charge a single CP for unit bandwidth) due to the
two-sidedness of the market, the equilibrium outcomes change. The first result is
that the ISP always prefers to discriminate. Putting differently, profit-maximizing
conditions always dictate the ISP to set a positive bandwidth price for the discriminated
CP. Another result is that the discriminated CP always chooses to purchase a piece
of the available bandwidth. In other words, the ISP’s pricing strategy is such that
it helps the discriminated CP to stay in the market. The discrimination leads to a
pricing scheme that would lead the discriminated CP to pay only for a share of the
total capacity. Thus, discrimination does not deteriorate content variety, but it causes

the throttling of the discriminated CP’s content.
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I find that under discrimination end-user price is always lower than it is under
neutrality. Considering the data demand and the end-user price are being inversely
related, one may conclude that abolishing network neutrality increases overall data
consumption. However, data demand decreases with congestion. One of the most
important results of the paper is that under discrimination due to the private incentives
of the ISP, the equilibrium bandwidth would be lower than it is under neutrality. More
precisely, the ISP has lower incentives to invest in bandwidth under discrimination.
Although a lower end-user price tends to increase the equilibrium data consumption,
a lower bandwidth tends to decrease it. Therefore, we can’t say anything definitive
regarding the overall data consumption. There are certain parameter intervals where
the overall data consumption is greater than in network neutrality and the total welfare

is higher.

According to the model, under discrimination, end-users experience more congestion
on the discriminated CP’s content. Moreover, we see that the overall congestion is

dominated by the discriminated CP’s congestion, and it increases, too.

Considering the results in combination, my study does not support the abolition of
network neutrality. Such a policy would lower the end-user price, but it would also
hinder infrastructure investments. Moreover, the model shows that congestion would

be worse for the discriminated CP and overall congestion would also increase.
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APPENDIX A.1

Proofs

Proposition 1

Proof. o
ISP

dpx
I;sp
0B

<0 (with equality when p; > 0)

<0 (with equality when B* > 0)
then for interior solution we have;

8H[SP &x(p;,B*)

apx :O:a—px(px_cx)—{_x(px?B)
olsp  Ix(py,B") ,
o 0= op Wit

substituting 8x(5;,3 ) and 8x(5%,3 ).
X

Ix(py.B) _ (1 _i)

dpx B*
ox(py,B*) d .
oB - (B*)Z (d—bpx)

then solving for p};

o px B*
= [—b (p; - Cx) + (a - bp;)]

. lya

ri=5 5+
then solving for B*;
8H[SP d * *
aB 0 (B*)? (a=bpy) (px—cx)—cs

d

cp= (@=bpy) (px—cx)

(B*)?

B =L (a—bp?) (pi—cx)

CB
* d * *
B = _(a_bpx>(px_cx>
CB

The second order conditions are given below.
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[02x(p* B*) / & Ix(pt.B*)  9%x(pt.B*) ; « dx(p* B*
o E)pxz ) (Py —cx) +2 X(gpx ) ggf;ag ) (Py—cx)+ X(SB )
Wysp(PiB*) — | 92x(p* B* . ox(pt,B* 9%x(p:,B* *
_%(px_cx)—}_% %(px_cx)
_ —2b(1——) f*z l[a—2bpi+bc]
B*2 [a_prx+bc] (a bpx) (px )
(- 4) 0 |
L 0 — 2% (a—bp}) (pi—cx)

Above hessian is diagonal at optimal. Since each diagonal element is negative
the matrix is negative definite which shows the equilibrium values are strict local
maximums.

O]
Proposition 2

Proof. Let Bg' = 0 in equilibrium.

Because the total data demand when Bg' = 0 is only composed of the other CPs, we
have;

d /
x(py, B, pg) = (1 _ B**) (“@’ —bg P;*)

This expression follows from equation 2.4. Then, in this case, the profits of the ISP are
equal to

x(py B, pg") (py" —cx) =B cp (A.1.1)

On the other hand, for any other pp such that Bg > 0, the profis of the ISP are;

x(py*,B*,pg) (py" —cx) —B™ cg +Bo 5 (A.1.2)

If By = 0, then we must have the former expression equation A.1.1 to be greater than
or equal to the latter expression equation A.1.2. In other words,

(px ’B**7p§k) (p;* _Cx) — B cp >

*3%k sk (A.1.3)
x(py" B, pB) (Py" —cx) =B cg+Beps  Vps
Now we want to show that equation A.1.3 is impossible.
Recall equation 2.9;
. Y oy | 1) o (1-72)
R I e (0—bop?)

42



Using

B B

1— dQ(%) — d“’/] > 0 we have;

d K% d®/ K%
(I_B**) (Cl—bpx )> (1_3**> (a®/—b®/px )

we can show that there exists a finite pp < oo such that 0 < Bg < B** that satisfy
following;

d)(a—bp**)— do (B —1) ~d (1- 42 (

B ae —be py’)

(51 B, py) = (1 -

* * * d / *
(o 87 i) = (1252 ) 0~ b )

In the above inequality, by continuity of the demand functions, the second expression
on the left hand side can made arbitrarily small by setting a positive Bg so that the
inequality holds. At that B the inequality stated in equation A.1.3 does not hold
because the right hand side has an extra positive term, Bg pp, which violates the
inequality. Thus, in equilibrium Bg" > 0 should hold.

O]
Proposition 3

Proof. Remember in equation 2.14 the charged CP’s demand for bandwidth is defined
as;

de
Bo=1|——2—— (ag — be px
© \/p3+(7tl—7tz) (ae —be px)re

Assume, at the equilibrium, pg* = 0, consequently Bg" = B**. Then, from the charged
CP’s maximization problem equation 2.13, it is seen that first constraint is binding and
second is not. Thus, A; > 0 and A, = 0. Then;

. de
By = \/)L_ (ae —be py*)re
1
Because constraint is binding A; > 0 then following should hold;

dBe(py",B™, pg’)
aPB

=0 (A.1.4)
The ISP’s profit is;

Hysp = x(py", B, pg =0) (py" —cx) =B cp
Optimality implies that;
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x(py" B, py = 0) (py" —¢x) =B cp >

ok kok kok kk (A.l.S)
x(py" B, pB) (py" —cx) =B cg+Bopp Vps

From equation A.1.4 we deduce that, if we increase py" infinitesimally, the charged
CP’s demand for bandwidth ® remains the same as before. Define pp = p3* + € = €.
This price will lead to folllowing profit;

I;sp = x(py",B™,pp = €) (py" —¢x) —B™ cp+ Bg pa

Because Bg' is the same at both case, x(p}*, B, pp* = 0) = x(py*,B**, pj" = €). Since
we have an extra positive term (Bg pp) on the right hand side of equation A.1.5, this
contradicts with the optimality condition stated in equation A.1.5 and consequently
pp = € is a profitable deviation. Thus, at the equilibrium pz* > 0 should hold.

O]
Proposition 4

Proof. First I need to solve the charged CP’s, ®, maximization problem equation 2.13
to get the expression for charged CP’s bandwidth demand Beg;

max [ =2X(py,B,ps)re — Bps
B
S.t. §§ B,

B>

From equation 2.14 the solution is;

de
Bg = (| ———————=—~ (a@ —be px
c) \/p3+(7t1—7tz) (ae —be px)re

where (A; > 0 and Bg = B), (A > 0 and Bg =0)

In Proposition 2, I showed that Bg' > 0. Thus I concluded that the second constraint
is not binding and A, = 0. Proposition 3 implies that as long as the first constraint
binding, the ISP has an incentive to increase pp. Thus at the equilibrium the first
constraint should not be binding and A; = 0 should hold. Thus at the equilibrium;

de
BEE)* = \/—** (a@ —bg p;*) e
Pp

The ISP’s maximization problem is;
max  Ilsp = x(px, B, pp) (px — ¢x) + Be pp — Bcp

pX7vaB

In the equilibrium;
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dI;sp

<0 (with equality when p}* > 0)

dpx
ot
5 ]’;P <0 (with equality when B** > 0)
o1l
P <0 (with equality when p* > 0)
Ips

must hold. Solving for interior solution for the ISP;

aHISP ax(p** B** p**) aB@(p** p**)
—0= X B *k A ok B »Vx

s s (p" =) +x(pi", B i ) P Ips

aHISP 8x(p**,B**,p**)

o5 0= gp W me)a

aHISP ax(p** B** p**) 3B@(p** p**)
=0= X 0 "B p**_c —|—B**—|—p** B ' Px

apB 8pB ( X x) (C] B apB

For the first order conditions stated above to characterize a maximizer the Hessian
matrix of second derivatives should be negative definite. One sufficient condition
for this to hold is that the second noncross derivatives of the demand function x()

2
to be negative and high in absolute value. For a()IZ]J this condition easily holds at

Px
2
sufficiently low p, values. For aa?% it is sufficient to have dg not to be too big
compared to d./, which makes sense because a single CP wouldn’t be dominating the
2
CP market in terms of congestion sensitivity. 881‘21_1193,) is shown to be negative already.

The intuition for this is that there is an upper limit for the data demand regardless of
the bandwidth installed.

Expressions for 9x(p 51’5”’ 5) 9x(p 5’5”’ 5) and ax(’g‘l’i’p 5) are:
ax(pquupB) _ 1_€
dpx B
d@ d®/ aB@(pB7px>
40 _ b 9P6\PB, Px)
" (Bé B? ) (a0 ~bopy) Ipx
(i) (1)
+ be B
de—d_y (282 1
ax(pJﬁBupB) d ® 6 B
Pleebopn) 4 gy 220 M (g o

2 2
B, B

ax(anBaPB) <d® d@/) 8B®(p37px)
PR S et A _ b ) — =
9173 (a@ op ) aI?B

Expressions for aB@(ngvl’x) , 9Be(PB:Px)

» 5B and

aB@(PBJ?x) .
Jpp . are;
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dBe(ps,px) 1 (debere
dpx 2

2 psBe

dBe(pB, Px)

oB 0

dBe(ps,px)  Be
Ipp 2ps

Then rewriting %H—Ig” =0

dT;sp _

0
aPB

d d : *k ok
K <<B§>2 - <33>2> (a0 —bopi") (pi" —cx)

+Bg'

aPB

9Be (', ri")

+pg’ v

Rearranging the terms;

ok *x aB@(pz* vp;*) )
B <B® +PB dpB _ d@ d®/
dBe(pg".py*)
dpp

(B5) (B)
o JdBg (P PY) . B*®* .
Substituting —ops with —2p5 On the LHS of above equation;

aB **7 ;* B**
<ng +p§* ®(pB P )> (ng _pE*Zp@E*>

dps _ ¥k
IBo(p5 .ri*) - By — B
dps 2py

Then;

do  dg
)k — _ _ b *k kk _
PB ((ng)z (B**)2> (a® ® Px ) (px Cx)

Remember from CP’s maximization problem we have;

d_s
Rearranging pj;" = < do_ _ ( 9 ) (ae —be pi¥) (pi* — cx) we have;

9IBe Py’ Py")

. ) (4 — bo p™™) (2" — cx)



*k

de Py —cx dg (Bg)®
w40 — ba ™ x 1—
PB (ng)z (LI@ ® Px )l’@ |: o < de (B**)2

Thus we have;
P e (| de (B8] _,
r d@ (B**)2

Rewriting %—I—;SP =0;

de dgy 9Be (P, i)

dpx

:(1— d )(a—bpi*)(pi*—@c)
+

(Bg)z o (B**)2) (ae —b®P;*) (p;* —Cy)

[elt=d s3]

B** a@)_b@p;*) (p;* _CX>

dBe(pg';py)

+ pg’ 30
X

Substituting (@ — b pi*) (p¥* — cx) with (a —2bpi* +bcy)
and (ag — be pr¥) (pr* — cy) with (ag —2be pi* + be cx) we have;

oll;sp 0
dpx
d
B (1 _B**> (a—2bpy"+bcy)
d@) d®/ ) *% sk aB@(pZ*7p;*)
+ ¥$\2 Rk ag —be T T,
( G oy ) e bert) i —e) ST
%k B**
do (b= —1) —dg (1-32)
e = (ag —2be py* +becy)
B0l 25)
B apx
Remember pp* = <(B%?)2 - (32)2> (a@ —be py") (py" —cx) and  —2- E?plfx =)~
1 (deb .
-1 (I;Z—g@’> Then;
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Jllsp

=0
P«
d kk
=(1- B (a—2bpy* +bcy)
o d@ b@r
By
ol 1) s (- 5)
— ° B (a@ —2be py" +becx)
We assume Z—g = 7. Rearranging;
dljsp 0
P«
% B:*
b(B* —d)—bo [do (% 1) —dg (1-58)] 0
= B** (l_) 4 2px + C)
d@b@l’
By
Solving the implicit expression for p}*
1
px E 7
b(B™ —d)—bo |do (55 —1) —dgy (1-7%)| | Bo
do—d s (2501
Given 2 (pgg’pB) l% (a—bpy)— [ ° ®1§2 z >] (a@ — be px). Then;
Jlgp
0
JoB
d *ok *ok
B2 (@a—bp") (py" —cx)
do—dgy (252 - 1)]
. —b *ok %
(B**) (Cl@ ® Py )(px CX)

Rearranging and solving for implicit expression of B**;

B**

B =\ L (a—bpy) (py — ) - [do—do (25 1)
CcB .

(ae —be pi*) (Pi* —cx)
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Proposition 5
Proof. At the equilibrium;

Jl;sp
Ips

<0 (with equality when pg" > 0)

must hold. Solving for interior solution;

:0: X B p**—c _*_B**_'_p**#
dps dps : o)+ 8o ? dps
Expression for W is;

ax(anvaB) d@ dgy aB@(pB;px)
o %_B_@Z (%—%PQT

) 9B 4
Expression for 9Be(ps,px) is;

dpp

dBe(ps,px) _ Be
dps 2ps

Then rewriting % =0

Jllsp _

0
aPB
de dgy dBe(p}, pi")
— _ —b Kk Kok yPx
(7 o) (oo —pori) 7~ o0 P GELE
+ By
L dBe(py', pt*)
5 9193
ok +x 9Be (P5 .0y")
(B@ + py 2oty 2i) ) [ de  dg R
- Bo(pg ) “\Byye @) (a0 —bo py") (Px* —cx)

dpp

sk sk 3B@(p§*7p§*)> ( *k **B_®>
B <B® +P3 BPB B B® pB 2pp k%

9Bo (P Pi") T Bo ~PB
apB 2]73

Then;




Remember from CP’s maximization problem we have;

. d
Rearranging pp" = (<B‘g?)z - (32)2> (ae@ —be py*) (py" — cx) we have;

d p** — d (B**)Z
Rk —b *k X 1_& ®
PB (B*G*)z (a® 0 Px )}’@ [ o ( de (B**)2

©)

Thus we have;

()

O
Proposition 6
Proof. From Proposition 1 we have;
. lya
Pi=3 <E —|—cx) (A.1.6)
From Proposition 4 we have;
r =3 (5+e)
1 debere B (A.1.7)
. . B ¥k
2\ b(B* —d)— be [d@ (g_® - 1) —dy (1 . Bg)] Bg
By Proposition 2 we know Bg' > 0.
Remember;
B Be
N o om [ B (=)
x(px, B, pg) = (1—§> (a—bpx)— i B (ae — be px)

Then;

x(px,B,pB) =

b(B—d)— be [d@ (%—1) —dy (1 —%)] .
B (E _p">
At the equilibirum x(p}*, B**, p5") > 0.

B
B**

Thus; b(B** — d) — be [d@ (§—® - 1) —dy (1 _ )] > 0 must hold.
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Then; 2" term on the equation A.1.7 is positive. Then p'* < p*.

Proposition 7

Proof. From Proposition 1 we have;

d
B*:\/—(a—bp;)(p;—cx) (A.1.8)
CB

From Proposition 4 we have;

B*
Y do —dey (255 —1)]
B =\| —(a—bp}*) (pt* —cx) — (

- - ae —be pi*) (Py* —cx)

(A.1.9)

Let f(p) = (a—b px) (px — cx). From first order conditions it can be shown that, p} =
1 (44 ¢,) maximizes f(p).

Then;

d * *ok d *
—(a—=bp.") (py" —cx) < —(a—bpy) (py —cx)
CB CB

We assume dg > dg . Then, 2" term on equation A.1.9 is positive.

Thus; B** < B* holds.

Proposition 8
Proof. Under neutrality, congestion is the same for both ® and @l, given as;

a—bp;
B*

Under discrimination, from equation 2.6 congestion for ® is given by;

B**
a=bpy (B—g—1>(a®—b®l?§*)
B** B**

By Proposition 6 we have p;* < p; and by Proposition 7 we have B** < B*. So we

—b *k —b *
know that, £ B*fx >4 B*p * then,

B**
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Thus, congestion is worse off for ® under discrimination.

From equation 2.8 congestion for @ is given by;

B**
a—bp;* <1_B_*®*) (a®_b®p;*)
B** B B**

Because the second term in the above expression is positive, congestion for e} may be
better or worse off depending on the equilibrium quantities p;*, p¥, B**, and B*.

From equation 2.9 overall congestion ® + 0 is given by,

avpr [ ((2) (5 1) = (%) (1= 5%)) w0 —bort)

B** B**

Since we assume dg > dgy holds, the second term in the above expression is positive.
By Proposition 6 we have p;* < pi and by Proposition 7 we have B** < B*. So we

—b Kok -b *
know that, & B*fx >4 B*P < then,

do\ (B dof Bg o
oot () E ) (~E) obort)] s

B** B B

Thus, overall congestion (G) + ®/> 1s worse under discrimination. L]
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