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ABSTRACT

We study a version of the price competition duopoly model in Evrenk (2019) under the
assumptions that there are two firms and the strategy set (possible prices) is finite. The
consumers are price-taking, each buy at most one unit of the good, and one of them
perceives the goods as differentiated (one being more desirable than the other), while
the other one sees the goods identical (therefore, buys the one with the lower-price).
The former consumer is referred to as the discriminator, and the latter as the non-
discriminator consumer. The firm whose product is valued more by the discriminator is
referred as the Brand firm, while the other firm is referred to as the Generic firm. The
cost functions of the firms are assumed to be identical with zero fixed cost and constant
marginal cost. It is also assumed that the firms announce their prices simultaneously
and independently.

We show that, as speculated in Evrenk (2019), pure strategy Nash Equilibrium (PSNE)
exists in the discrete price case on a particular set of parameters over which PSNE fails
to exist in the continuous price case. In that PSNE, the Generic firm charges a price equal
to the willingness to pay of the non-differentiator consumer, while the Brand firm
charges a price less than the differentiator consumer’s willingness to pay. There is also a
set of parameters on which PSNE exists under both continuous and discrete prices, and
a set under which no PSNE whether the prices are discrete or continuous.

Keywords: duopoly, Nash equilibrium, price competition, differentiated goods.



0z
SADECE BAZI TUKETICILERIN KALITE FARKI GORDUGU BiR DUOPOL PiYASASINDA FiYAT
REKABETI: SUREKLi OLMAYAN FiYATLAR VE iKi TUKETiCi DURUMU

SAMEER ALZAZA, NOUR.
isletme Yiiksek Lisans Programi
Tez Danismani: Prof. Dr. Haldun Evrenk
Agustos 2019, 22 sayfa

Bu calismada, Evrenk (2019)’da calisilan diiopol modelinin fiyatlarin slirekli olmadigi ve
iki tiketicinin oldugu bir versiyonu ¢ozilmustiir. Tiketicilerin fiyatlari veri kabul ettigi ve
her bir tiiketicinin en fazla bir adet trlin aldigI bu diinyada, bir tiketici Griinler arasinda
kalite farki oldugunu disinmekte (ve ylksek kaliteli (irine daha fazla 6demeye razi),
diger tiketici arada bir kalite farki gormemekte (dolayisiyla, fiyati daha disik olan trind
tercih etmektedir). Birinci tiiketici ayrimsayan tiiketici, ikincisi ayrimsamayan tiketici
olarak adlandirilmistir. Ayrimsayan tiketicinin tercih ettigi GrinU Greten firma Marka,
diger firma Esdeger olarak adlandiriimistir. Her iki firmanin maliyet yapisinin ayni oldugu
(sifir sabit maliyet, ve sabit marjinal maliyet), ve her iki firmanin fiyatlarini ayni anda ve
birbirinden bagimsiz belirledigi varsayiimistir.

Evrenk (2019)’daki iddia ispat edilmis, Pir strateji Nash dengesi (PSND)’nin fiyatlarin
strekli degiskenler oldugu bir durumda var olmadigi bir parametreler kiimesinin bir alt
kiimesinde, fiyatlarin kesikli degiskenler oldugu bir durumda var oldugu gosterilmistir.
Bu PSND’de Esdeger firma Grlinind ayrimsamayan tiketicinin Griin icin 6deyebilecegi en
ylksek fiyattan satmakta, Marka trinlini ayrimsayan tiiketicinin ddeyebilecegi en
ylksek fiyatin altinda bir fiyattan satmaktadir. Yukaridaki parametre kiimesi disinda,
fiyatin strekli ve kesikli degiskenler oldugu durumlarda PSND’nin var oldugu ve olmadigi
parametre kiimeleri ve PSND fiyatlarinin gérindlsa aynidir.

Anahtar Kelimeler: duopoly, Nash dengesi, fiyat rekabeti, farklilastirilmis mallar.
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CHAPTER 1
INTRODUCTION

Following the path breaking work of Cournot (1838), the way
price(s) are determined in imperfectly competitive markets have
been studied by many researchers, -for a review of earlier work
see Friedman (1977), an updated review is provided in Belle-
flemme and Pietz (2015). In these studies, several alternative
modeling assumptions have been employed: Cournot (1838) as-
sumes that firms set quantities simultaneously, Bertrand (1883),
on the other hand, argued that such an assumption was unreal-
istic and studied what happens when the firms choose prices in-
dependently and simultaneously. Even though the latter as-
sumption seems more realistic, its prediction is not: in the clas-
sic symmetric Bertrand oligopoly (with constant marginal and
zero fixed cost and issues such as repeated interaction aside)
equilibrium price is equal to the marginal cost, a result known
as the Bertrand paradox. Starting with the seminal work of Ho-
telling (1929), models of differentiated product oligopolies pro-
vide a solution to that paradox. In such models, typically price
is above the marginal cost.

To the best of our knowledge, a common trait of models of
product differentiation is the assumption that all customers
agree whether the products are differentiated or not. Evrenk
(2019) instead studies a setup in which some of the consumers
perceive the products as differentiated, while the rest does not.
We study a version of that model in which the strategy set of
the firms is discrete. Evrenk (2019) finds that when the set of
strategies is a continuum, pure strategy Nash Equilibrium (PSNE)
does not exists under a certain set of parameters. He speculates
that the equilibrium would exist within a subset of that set of
parameters if one discretizes the strategy set. We show that
this indeed is the case.



In the model there are two profit-maximizing firms. Since such
an interpretation makes the discussion easier to follow, we re-
fer the good as the drug, and the firms as the Generic firm, G,
and the Brand firm, B. For simplicity, we assume that there are
only two price-taking consumers, and one of them perceives the
goods as differentiated (one being more desirable than the
other), while the other one sees the goods identical. The former
is referred to as the customer A (and, sometimes as the differ-
entiator), and the latter as the customer Z (and, sometimes as
the non-differentiator). Each consumer buys at most one unit of
the good. We assume that both firms have the same cost func-
tion (zero fixed cost and constant marginal cost), and they an-
nounce their prices simultaneously and independently.

Another important difference with the literature is that the val-
uations of the customers allowed to vary in different ways: it is
assumed that the differentiator customer A values the Brand
product more than the non-differentiator customer Z values it.
It is also assumed that the value of the products to the custom-
ers exceed the marginal cost of the products, meaning that pro-
duction by both firms is the socially efficient outcome. Yet, the
consumers do not buy based on social efficiency: a consumer
buys the product, if any, that provides her the highest surplus.
If no product provides a non-negative consumer’s surplus (if the
price of each product is higher than its value to the consumer),
then she does not buy. Otherwise, consumer Z buys from the
firm that charges the lowest price (if both firms charge the
same price, she buys from the Brand), and consumer A buys
from the Brand provided that the price difference between the
firms is less than the difference in the values of the products
according to her.

We focus on the PSNE that gives rise to the socially efficient
outcome, i.e., PSNE in which both firms are active. Evrenk
(2019) shows that other types of PSNE (one in which either the



Generic firm or the Brand firm supplies the whole market), does
not exist when the strategy set is a continuum. We find that,
PSNE is identical to the PSNE of the model with a continuous
strategy space when the latter has any PSNE. That happens
when the non-differentiator customer Z values the generic prod-
uct at least as much as the differentiator customer values it
(Cases 1 and 3 below). In that case, both Brand and Generic
firms behave as monopolists in their respective markets, charg-
ing the highest price their customers are willing to pay. There
will be some competition between them when the discriminator
customer’s valuation of the Generic product exceeds that of the
non-discriminator customer. In that case, when the Generic
charges the monopoly price for the non-discriminator custom-
ers, the Brand cannot charge its monopoly price to the discrimi-
nator customers, as that price leaves zero net consumers’ sur-
plus to that group of customers, but buying from the Brand,
they could get some non-negative consumers’ surplus. Such an
equilibrium, however, exists, only under certain parameters.
More specific, the valuation of the non-differentiator customers
(thus, the price Generic charges) must be close to the marginal
cost. Thus, in that equilibrium the Generic charges a price close
to the marginal cost, while the Brand charges marginal cost plus
a difference. That difference is equal to the difference in the
value of the products of the Brand and the Generic firms accord-
ing to the discriminating customer. When the value of the good
to the non-discriminator consumers is not too close to the mar-
ginal cost, there is no PSNE in which both firms are active even
with the discretized strategy space.

1.1 Generic vs. Brand competition in pharmaceuticals

Since we interpret the model in terms of Brand versus Generic
drugs, it may be helpful to describe the market for these prod-
ucts in the US and several studies. Before 1984, the prices of
medicines in general were high and the competition between



pharmaceutical companies were absent or rare due to the high
cost of safety tests, known as clinical trials, that were obliga-
tory for each drug weather it was a new discovery drug (Brand
drug) or bioequivalent active ingredient for an existing drug
(Generic drug). Waxman-Hatch act of 1984 simplified the en-
trance of generic drugs, and reduced the entry cost signifi-
cantly, by allowing the generic companies to relay on clinical
trials of brand company for the same bioequivalent drug. it also
regulated the brand companies patent duration, that prevent
any entry for generic drugs until the end of allowed patent pe-
riod, -for more see Kanavos, Costa-Font and Seely (2008).

After the Waxman-Hatch act, the economic forecast was that the
price of brand companies will fall, but Caves, Whinston and Hur-
witz (1991) and Grabowski and Vernon (1992) show that the price
of brand drugs continued at a constant price or slightly increased.
An explanation is that the Brand consumers may think that a drug
with a brand is better than a generic type, although it is chemi-
cally identical, perhaps because the brand's seller has better
quality control. So, drugs began to be differentiated for cus-
tomer, -see Sloan and Hsieh (2012, p. 384-6) for a review, and
Frank and Salkever (1995) for an empirical analysis.

As Morton and Kyle (2011) notes, generic companies responded
by acquiring deals with insurance companies that sells them the
same medicine at a lower cost. Consumers therefore have started
to use generic drugs and thus convince them that their effective-
ness is the same in 1980s. Then, the main challenge for the drug
companies became to innovate, Frank and Salkever (1995).

Note that many economic and political factors affect the pattern
of competition between pharmaceutical companies, such as reg-
ulation. Some countries have imposed a fixed price margin for the
generic drugs, while other countries that do not have fixed regu-
lation are affected by brand differentiation determined by the
physician’s prescription. Thus, the US market or its current regu-
latory structure is not the only one.



CHAPTER 2
THE MODEL

Consider price competition among two profit maximizing firms.
Below we refer to them as pharmaceutical companies, and their
product as the drug, since such an interpretation is both possi-
ble and plausible. The first company is the Brand Company, B,
the second is the Generic company, G. Assume that both have
the same marginal cost, C, i.e., the active ingredient is the
same, and zero fixed cost.

To simplify the calculations, assume that there are two?! (poten-
tial) customers, A and Z. These customers differ in the way they
perceive the products of the companies. Customer A sees them
as differentiated products and always has a higher value for the
drug produced by the brand company than the one produced by
the Generic company, Vg > Vg, while customer Z sees them as
homogenous products and values both products at V. Each cus-
tomer decides which drug, if any, to buy based on the net con-
sumers surplus the drug provides. If both drugs produce the
same net consumer’s surplus for a customer, then the customer
buys the one produced by the brand. Formally, let the net con-
sumer’s surplus for consumer i € {4,Z} to be denoted by NS; when
this consumer buys the good. We have

NSA = maX{VB - PB! VG - PG}and NSZ =V - min{PB, PG} (1)

Consumer i will not buy the good when NS; <0, as she can al-
ways get a zero net consumer’s surplus by not buying it. Yet, as-
sume that the production by either company is socially valuable,
i.e.,

1 A more general modelling assumption would be to assume that there is a continuum of type A and
Z consumers with measures respectively ¢ and1 — u, where u is strictly between zero and one. Ev-
renk (2019) studies this case and also considers the price as a continuous variable.



Min {Vs, V} > C.
Furthermore, assume that customer A values the brand drug
more than it is valued by customer Z, i.e.,

Vg> V.
These assumptions impose only the following relationships on
the parameters of the mode Vg> Vs> C, Vg>V > C. Therefore, we

have three possible cases:

e (Casel:Vs>Vs>V>(C,
e (Case2:Vs>V>Vs>(C,
e Case3:Vg>Vs=V>C.



CHAPTER 3
THE EQUILIBRIA

The setup described above can be considered as a game. In that
game the strategy of each player (firm) is its price, they simul-
taneously and independently decide on their prices. Unlike
Evrenk (2019), we assume that each firm can charge a price that
is a multiple of 0.01. Likewise, we assume that the values of
goods to consumers are also in exact multiples of 0.01. Let Ry,
denote all the non-negative rational numbers that are exact
multiples of 0.01, i.e., Ryo; ={0,0.01,0.02,0.03,.......}.Then, the
strategy set for firm B is given by Sg = [V5,C] NRy g1, and S; =
[max{V;,V},C] NRyy; for firms B and G respectively. The objective
of each firm is to maximize its profit, Il;. Let Pj denote the price
and Nj denote the output of firm j€{B,G}. The profit of firm j is
given by

I = (P, — C)N;. (2)

For our game, the Nash equilibrium is a strategy profile, where
no player has anything to gain by changing only his or her own
price unilaterally. Formally, (S,II) is the game, where S is the set
of all strategy profiles and Il is the set of payoff profiles defined
on these strategy profiles. When each player j € {B,G} chooses
strategy P; € S; resulting in strategy profile P = (Pg, Pg) then
player j obtains payoff II;(P). A strategy profile P*€S is a pure
strategy Nash equilibrium (PSNE) if none of the firms have a
profitable deviation.

In theory, there may be an equilibrium in which one of the firms
serves the whole market, and, thus, we can have three different
types of Nash equilibria. More specific, let NB* and NG* denote
the number of customers each firm serves in the equilibrium.
Since there are only two customers and since they each buy at
most one unit, we know that NB* + NG* =2. By abusing the



convention, sometimes we refer to a (type of) Nash equilibrium
by the firms supplying the market. In Type B equilibrium we
have the Brand firm supplying to both customers, while the Ge-
neric firm sells none, i.e., NB* = 2, and NG*=0. Type G equilib-
rium is the symmetric of Type B equilibrium, i.e., we have NB* =
0, and NG*=2. Finally, in Type BG equilibrium, we have each firm
supplying to one consumer, NB* = NG*=1. In this study, Type BG
equilibria will be our main focus. Evrenk (2019) shows that
other type of equilibrium does not exists in the continuous ver-
sion of this game.

For PSNE we need one condition: given the price of the other
firm, neither firm should be able to increase its profit by chang-
ing its price. But, since price changes have different effects on
different customers, following Evrenk (2019) below we check
this condition separately for the direction of the price change
and the firm. Thus, we check the following two conditions for
each firm in each Type BG equilibria.

No Profitable Deviation to a Lower Price for firm j (NPDLPj):
None of the firms must be able to increase its profit by reducing
its price. Note that if a firm increases its profit by reducing its
price, then it must be the case that the firm is selling more
units at that lower price. Another point to note that is, in Type
BG equilibrium, the decrease in price required to attract the
other firm’s customer may be higher than the smallest incre-
ment allowed (0.01 in our analysis). To see why, consider a Type
BG equilibrium for the case Vg >V > Vg, and assume that Firm B
charges a price equal to Vg and that Firm G charges a price equal
to V. Now, if Firm B wants to sell to customer Z, who pays V for
the drug she buys from Firm G, Firm B cannot achieve this by
simply reducing its price to Vg — 0.01 since the goods are not
differentiated for customer Z, a small decrease in the already
high price of Firm B is not enough to convince her to switch the
suppliers.



No Profitable Deviation to a Higher Price for firm j (NPDHPj):
None of the firms must be able to increase its profit by increas-
ing its price. Note that if a firm increases its profit by increas-
ing its price, then we have two possibilities: either it still sells
the same number of units at a higher price, or it is selling fewer
units at a sufficiently higher price. Therefore, when checking
whether this condition holds, in Type BG equilibria, we need to
consider prices that will and will not make the consumer of the
firm switch to the other firm.

3.1. PSNE when Vg >Vg>V>C

Note that for Type BG equilibria, we must have customer A buy-
ing from Firm B (the brand company). Since Vg >V, brand com-
pany gets a higher profit when selling to customer A. Customer
A will buy it only when her NCSg is no less than her NCSg, for-
mally when Vg -Pg 2 Vg-Ps. This condition can be rewritten as,

Ps < Vs -V + Pa. (3)

We also know that Pg > Pg, otherwise this would not be a Type
BG equilibrium. Because from our third equation Pg is equal to
Pc plus the difference between Vg-Vg and it is a positive num-
ber, so Pg >Ps. Finally, we should have Pg = C, otherwise Firm G
could simply choose not to produce and increase its profit (by
cutting its loss).

Now, NPDHPg implies that Firm B would charge the highest price
it can charge provided that it can keep its customer. Thus, equa-
tion (3) becomes

Pg = Vs -Vg+ Pe. (4)

On the other hand, NPDLPg implies that by reducing its price to



Pc (because this is the only way for Firm B to sell to Consumer
Z), Firm B should not be able to increase its profit. Formally, (Ps
-C) (1) 2 (Ps -C)(2). Using Equation (4), we have (Vg -Vg + P - C)
(1) 2 (P -C) (2), which can be further simplified as,

Vg -Vg+ C2Pg (5)

Next, we should consider the implications of NPDHPs and
NPDLPg. First, note that, since Firm G is selling to Z in this (Type
BG) equilibrium, we must have Pg < V. By equation (5), Ps is
higher than Pg. Thus, NPDHPg implies that

Pc=V. (6)

Combining the last two equations we know that when Vg > Vg >
V, for a Type BG equilibrium to exist we need
V<Vpg-Ve+C (7)

Likewise, by reducing its price (and, by selling its drug to Cus-
tomer A), Firm G should not be able to increase its profit. Firm
G makes a profit of (Pg- C) in a Type BG equilibrium, and by re-

ducing its price slightly it would make a profit of (Pg- C - .01)
(2) when Vg > Vg > V. Thus, we must have

C+.02 2 Pg. (8)
Equation (6), i.e., Pc =V, implies that

V < min{C + 0.02,Vyz —V; + C}. 9)
Note that the above equation is a condition on the parameters
of the model, i.e., equilibrium exists only if the value of the
good is not too high for Z. The above analysis implies the fol-

lowing result.

Proposition 1: When Vg > Vg >V > C, type BG Nash equilibrium
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exists only if V <min{C + 0.02,Vz —V; + C}. There are three PSNE:
i PG=C, Pe=C+ Vs. Vg
ii. Ps=C + 0.01, Pg=C+V3s-V+0.01
iii. Pc=C + 0.02, Pg=C+V3s-V+0.02

In these equilibria the generic company sets a price close to or
slightly higher than the marginal cost, and since customer A val-
ues the generic drug more than customer Z values it, firm B
makes sure that the price difference between Pg and Pg is no
more than the value difference between the brand and generic
drugs according to customer A, Vg-Vg.

3.2PSNEwhenVg>V>Vg>C

We are looking for a BG equilibrium, so customer A is buying
from Firm B, and Z is buying from Firm G. Thus, we have

Pc =V, (10a)

Ps < Vs. (10b)
Note that in this case the condition comparing the surpluses of
customer A from both firms,

Vs -Ps 2 VG-Pg,

will not be binding when Vgs-Pgis less than zero.
Now, NPDHPg implies that Firm B would charge the highest price
it can charge provided that it can keep its customer. Thus, if Pg
> Vs, NPDHPg implies that

Pg = Vs. (12)

Then, NPDHPg implies that

Pc=V. (12)

The question is, can we have another type BG PSNE, one in
which we have Pg< Vgand Pg< V? As the above discussion

11



shows, for this to happen, we need Pg < Vs. Then, NPDHPs would
imply that

Pc=Pg—0.01 (13)

But we know that then the condition that gives rise to equation
(4) will kick in, and we will have

Ps =Pc + Vg -Vg (14)
The only way that both (13) and (14) will hold is
Vs -V =0.01.
Since this is a non-generic condition, below we will assume that

Vg -Vg #+0.01. Then, for (11) and (12) to characterize PSNE, we
need to check for NPDLPg conditions.

We want to check the PSNE when Pg= Vg, Pg=V, When brand com-
pany sells to customer A, generic company sells to customer Z

Ve-Pg=0 >2Vs-Pg. (15)
Replacing Ps and Pg, we have Vg-Vg = Vg-V. Since we have V>Vg, the

inequality is strict.
The profit of Brand Company when it sells to customer A is

Mg = (Ps-C) (1) = Vs-C

The profit of the Generic Company when it sells to customer Z is

Ne=(Pc-C) (1) =V-C

The condition NPDLPg implies that the Brand Company should
not be able to increase its profit by reducing its price. The only
way it can increase its profit is by selling to two customers. For
that to happen, it should reduce its price to V. Then, we need to
check whether Vg-C < 2V-2C. This implies, Vg-V< V-C. So, for this
to be a BG equilibrium, we need

12



Ve-V 2 V—C (16)

This condition does not necessarily hold. And, when it does not
hold, the brand company benefits from reducing its price to V.

Now, we also need to check for the generic company, i.e.,
NPDLPG. To be able to increase its profit by reducing its price,
given that Firm B charges Vg, Firm G should charge Veg—- 0.01.
Thus, for G not to deviate, we need

V-C > 2(V-0.01-C)

This can be rewritten as,

V-Ve = Vg-C - .02 (17)

Thus, we need both Vg—V=V-Cand V-V 2 Vi-C- 0.02. The above analysis im-
plies the following result.

Proposition 2: When Vg>V>Vs>C, if (i) Ve — Vg is not equal to
0.01, (ii) Ve— V = V-C, and (iii) V-Ve 2 Ve - C- 0.02, then the
game has a unique BG type PSNE in which Pg= Vg and Pg =V.

3.3 Type BG PSNE when Vg >Vg=V > C

The analysis of this case turns out to be identical to that of

Case 1. For Type BG equilibria, we must have customer A buying
from Firm B (the brand company). Since Vg > Vg so brand com-
pany can get higher profit when selling to the customer A, She
will do it only when her NCSgis no less than her NCSg, formally
when Vg -Pg > Vg-Ps. This condition can be rewritten as,

Pg < Vg -Vg+ Pe. (18)
Now, NPDHPg implies that Firm B would charge the highest price
it can charge provided that it can keep its customer. Thus, equa-

tion (18) becomes
Ps = Vs -V + Pe. (19)

13



We also know that Pg > Pg, otherwise this would not be a Type
BG equilibrium. From (19), we have Pg >Ps. Finally, we should
have Ps=C, otherwise Firm G could simply choose not to produce
and increase its profit (by cutting its loss).

On the other hand, NPDLPg implies that by reducing its price to
Ps (because this is the only way for Firm B to sell to Consumer
Z), Firm B should not be able to increase its profit. Formally, (Ps
-C) (1) 2(PG-C) (2). Using equation (19), we have (Vs-Vg+Ps-C) (1) = (PG -
C) (2), which can be further simplified as,

Ve -Vo+ C 2 Pg (20)
Next, we should consider the implications of NPDHPs and
NPDLPg. First, note that, since Firm G is selling to Z in this Type
BG equilibrium, we must have Pg = V. By equation (20), Pg is
higher than Pg. Thus, NPDHPg implies that

Pe=V. (21)

Thus, combining the last two equations we know that when Vg >
Ve =V, for a Type BG equilibrium to exist we need

V<Vs-Vo+C. (22)
Likewise, by reducing its price (and, by selling its drug to Cus-
tomer A), Firm G should not be able to increase its profit. Firm
G makes a profit of (Pg- C) in a Type BG equilibrium, and by re-
ducing its price slightly it would make a profit of (Ps-C-.01)(2)

when Vg>Vs=V.Thus, we must have

C+.02>Pg. (23)

Since we have Pc=V,see equation (21), we must have

V < min{C + 0.02,Vyz —V; +C}. (24)

14



Note that the above equation is a condition on the parameters
of the model, i.e., the equilibrium exists only if the value of the
good is not too high for Z. The above analysis implies the fol-
lowing result.

Proposition 3: When Vg > Vg =V > C, if V<min{C +0.02,V; —V; +
C}thenthere exists three type BG PSNE. These are as follows:

i. Ps=C, Pg=C+V5-Vs

ii. Ps=C+.01, Pg=C+V3-Vs+.01

iii. Ps=C +.02, Pg=C+V3-Vs+.02

In this equilibrium generic company sets a price close to or
slightly higher than the marginal cost, and since customer A val-
ues the generic drug more than customer Z value it, firm B make
sure that the price different between Pg and Pg is no more than
the value difference between the brand and generic drugs ac-
cording to customer A, Vg-Vg.
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CHAPTER 4
NUMERICAL EXAMPLES OF PSNE

This section will present numerical examples to illustrate the equilibria calculated in
the theoretical part above. Assume that customer A values the brand drug at 1,
while customer Z value both brand and generic drugs at .5, the marginal cost of the
output is .25. Lets present the PSNE for the following values of Vg

(i) Ve =0.26

(i) Ve = 0.75

(iii) Ve = 0.5

4.1. Vg>V>V>C, Vg=.26

Lets first check whether the required inequalities

(i) Ve — Vg is not equal to 0.01

(i) VB -V 2 V—C

(iii) V-VG 2 VG - C- 0.02

are satisfied.

We have,
(n Vg —Ve=1-.26 # .01

() VB—V=V-C 1-.052.5-.25
52.25

(my  Vv-vG=2VvG-C-0.02 .5-.262.26-.25-0.02
24 >-01
All condition match so our PSNE is Pg=1, Pc=.5
4.2 Vg>Vs>V>C, VG=.75

For these values, our conditions become as follows.

NSa: Vs -Ps =2 Vg-Pg

Ps < 1-.75+Pg

16



PB*S .25+Pg

NPDHPg: Pg=Vp-Vg+ Pg.

Pg* =.25+Pg

NPDLPg:(Ps -C) (1) 2 (Ps -C) (2)

(Pc+.25 - C) (1) 2 (P -C) (2)

.52 Pg

For Customer Z to buy from the generic firm the net customer
surplus should be higher:

VG-PG>VB-PB

Pg>Pg+.5

NPDHPg: V< Vg-Vec+C

Pc =V=5

NPDLPg: (Ps- C) 2 (Ps- C - .01) (2)
.25+.02>Pg*

Thus, we have Pg=.25+Pg, Pc*<.02+C, three type BG Nash equi-
libria are as follows:

i. Pg=.25 , Pe=.5

ii. Ps=.26 , Ps=.51

iii. Pg=.27 , Pg=.52
4.3 Vg>Ve=V>(, VG=.5

In this case, the theoretical inequalities and conditions becomes
as follows.

NCSa: Vg -Pg 2 Vg-Pg

Pg*<.5+Pg

17



NPDHPg: Pg*=.5+Pg
NPDLPg: (Ps-C) (1) 2 (Ps-C) (2).
(.5+Pg-C) (1) 2(Pc-C) (2)
.75 2Pg
NPDHPg: P <Vg-Vg+C
Pc <.75
NPDLPs: (Ps- C) 2 (Ps- C - .01) (2)
272> Pg*
Therefore we have Pg*= .5+PG, Pg* <.27 , our Nash equilibrium for this case are
i Ps=.25 , Pg=.75

ii. Pc=.26 ,Pp=.76
iii. Ps=.27 ,Pp=.77

18



CHAPTER 5
CONCLUSION

In this thesis, we studied a version of Evrenk (2019) with dis-
crete prices. As speculated in there, we found that there exists
a PSNE for the case in which the value of the generic good for
the non-discriminator consumer is less than or equal to its value
for the discriminator consumer. The equilibrium exists only
when the value of the generic good for the non-discriminator
consumer is close to the marginal cost. In such equilibrium the
Brand firm does not charge a price that extracts all the surplus
possible form the discriminator consumers. The equilibria in
other cases were identical to the equilibria found in the contin-
uous prices found in Evrenk (2019).
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