4. ENTRY, FORECLOSURE

Exercise 4.1

Consider a Hotelling circular market: heterogeneous consumers (with total mass equalized to 1) are
uniformly distributed along a circle of length 1, based on their preferences. The utility of a generic
consumer, whose ideal variety is 7, when he/she buys variety x; at price p; is given by u*-p—(xi—t)’.
This market is populated by n firms symmetrically distributed along the circle (i.e. firm 7, with
i=1..n, offers variety x; = i/n).

1) Derive the demand for variety i as a function of the prices.

2) Assume null production costs: compute the equilibrium prices, profits and quantities, as a
function of n.

3) If firms have to pay an entry costs equal to 1/150 to operate in the above market, how many
competitors there would be under free entry? Compute firm i’s profit in this case and discuss.

Exercise 4.2*

Consider a Hotelling linear market in which consumers with total mass equal to 1 are uniformly
distributed along a segment of length 1. Consumers’ preferences for variety i are described by the
family of utility functions 4—p—(x—#)° where p; is the price, x; the bought variety and re [0,1] the
ideal variety.

Assume that firms need to locate at the extremis of the segment, namely the only feasible varieties
are xo=0 and x;=1; production costs are null.

1) Compute the equilibrium prices and profit of a multi-product monopolist (M) producing both
varieties.

2) Assume that a new firm enters £ and locates in 1. Compute the Nash equilibrium in prices.

3) If firm M stops producing x,*, while it keeps producing x,", what is the Nash equilibrium in
prices?

4) Consider now the extended form of the game: at time =1, firm £ decides whether to enter (F),
paying a fixed entry cost /" and locating in 1 or not to enter (NE), given that M is offering both
varieties. At time =2, M decides whether to stop producing variety 1 (S), paying a fixed exit cost K,
or not (NS). At time =3, firms play the market game. Assuming that entry and exit costs are defined
over the intervals Ke[0,1] and F'€[0,1], find the regions in the space (K, F) in which E decides to
enter and not to enter.

Exercise 4.3

Consider a two stage game in which m firms, at time =1, simultaneously decide whether to enter a
market (paying a fixed entry costs of 1/36) or not in; at time /=2, the n<m active firms compete a la
Cournot, facing an inverse demand function of the type p=1-¢g, where p is the price and ¢ denotes
total quantity.

Assuming zero production costs, solve the game by backward induction and derive the number n*
of firms that are active in this market in a long run equilibrium. Compute also individual profits.

Exercise 4.4

Two firms operate in a market in which demand is given by p=4-K,—K,, where p is the price and
K:,(i =1, 2) denotes firms’ individual quantities. Assume zero production costs for simplicity.

At time =1, firm 1 chooses its quantity K;; at time /=2, firm 2 chooses its quantity K, given K;; if
K>>0, firm 2 has to pay a fixed entry cost F=1/16.

Derive the market equilibrium.



Exercise 4.5*

Consider a market in which homogeneous goods are produced to satisfy an inverse demand function
of the type p=1-g, where p is the price and ¢ denotes total quantity. Marginal costs are constant and
null. There is already one firm (/) in the market, and another one (E) is deciding whether to enter or
not. If ¢;>0 (i.e. firm E enters the market), firm E has to pay a fixed cost F~ with F belonging to the
interval [0,1/4); no cost is incurred if gz=0.

Assume the following timing: at time 1 firm / chooses the quantity g;; at time 2 firm £ chooses ¢z>0
given g; (if gz=0 we say that firm £ decides not to enter).

1) Find ¢;* and g£* in case I accommodate entry by E.

2) Derive the quantity g;*(F) as a function of the fixed cost /" in case [ deters entry by E.

3) Find the values of F for which firm 7 prefers to accommodate entry by E, and the values for
which it refers to deter.

4) Prove the following: in a two stage entry game (i.e. entry at stage 1, Cournot competition at stage
2) if firms have to pay a fixed cost equal to F°<1/16, they both enter the market.

Exercise 4.6

Consider a Hotelling circular market, with three firms symmetrically distributed along a circle of
length 1, such that x; = i/3, with i=1, 2, 3.

For simplicity assume zero production costs. Consumers are uniformly distributed along the circle
and utility of consumer ¢, if he/she buys x; at price p; is given by u*-p—(i/3-1)°.

1) Derive the demand functions faced by the three firms.

2) Compute the prices and profits in the Nash equilibrium in prices.

3) Suppose that firm 1 and 2 merge, and they keep producing the varieties offered before. Compute
the prices and profits in the Nash equilibrium in prices.

4) Are there incentive sto merge? Is the merger profitable for the non merging firm (i.e. firm 3 in
this example)?

Exercise 4.7*

Consider a Hotelling linear market in which consumers with ideal variety ¢ — with ¢ uniformly
distributed along a unitary segment — derive utility u*-p;-(x;-t)° from buying variety x; at price p;.

1) Derive the demand functions when varieties x;=0 and x,=1 are produced.

2) Assume that the market is populated by a monopolist producing both varieties with zero costs.
Find the optimal p; and p,. Being able to choose, do you think that the monopolist would prefer a
different “location” for x; and x,?

3) Assume a new firm enters offering variety x;=1/2, i.e. locating in the middle of the segment, with
zero costs. Derive the new demand functions and the equilibrium prices.

4) Consider the case in which the entrant bears a fixed cost F=1/6. Is entry still profitable?

5) Assume that the monopolist does not bear any exit costs if it stops producing one variety. Prove
that, in this case, the entrant may find it profitable to enter and locate in one of the two extremes.

Exercise 4.8

Consider Hotelling linear model: heterogeneous consumers (with total mass equal to 1) are
uniformly distributed along a circle of length 1, based on their preferences. The utility of a
consumer with ideal variety 7, when he/she buys variety x; at price p; is given by 10-pi-(xi-1)°.

This market is populated by »n firms symmetrically distributed along the circle (i.e. firm i, with
i=1..n, offers variety x;=1/n).

1) Compute the demand for variety 7, as a function of the prices.

2) Assume null production costs. Compute the equilibrium prices, profit and quantities, as a
function of n.

3) If firms have to pay a fixed entry cost of 1/200, how many competitors do you expect to see on
the market, under free entry? Compute firm i’s profit in this case and discuss.



Exercise 4.9

There is a market in which three firms have to decide how many plants they want to build (0, 1,
2...). Production costs are null, building costs equal 3.5 per plant. The market price is given by 6-K
where K denotes the total number of plants (i.e. the total quantity, assuming that each plant
produces one unit of good).

1) Prove that a monopolist would build only one plant.

2) Prove that Cournot duopolists would build only one plant each.

3) Assume now that firms do not act simultaneously. In particular, firm 1 builds before firm 2.
Prove that the first one builds two plants, while the second stays out of the market.

Exercise 4.10*
Consider a market in which the inverse demand function is linear and given by p=1-g, where p is
the price and ¢ denotes total quantity. For simplicity assume zero production costs.
Firm 7 (the Incumbent) is already on the market, while firm £ (the Entrant) has to decide whether to
enter or not.
1) Assume the following timing: at time =1, I decides whether to accommodate (A4) or to deter (VA4,
i.e. choose a quantity such that firm E makes zero profit) entry by firm E; at time /=2, the Entrant
decides whether to enter (E, in this case it pays a fixed entry cost F=1/64) or not (NE).
a. Represent the extended form of the game.
b. Through backward induction, find the Entrant’s profit at the second stage, in case it enters
and it does not enter.
c. Compute the quantities produced by the two firms in case the Incumbent accommodates entry
by firm E.
d. Compute the quantities produced by the two firms in case the Incumbent deters entry by firm
E.
e. Compute the two firms’ profits in c. and d.?
f. Find the subgame perfect equilibrium.
2) Assume now a different timing: at time /=1 the Entrant states irrevocably its decision on whether
to enter the market (E) or not (NE); at time =2 the Incumbent accommodates (A4) or deter (NA, i.e.
start a price war) entry by firm E.
a. Represent the extended form of the game.
b. Find the two firms’ profits in case firm E enters and does not enter.
c. From the Incumbent’s point of view, is it better if the Entrant enters or not?
d. Do you think that the Incumbent’s threat to deter actually discourages entry by the Entrant?
Why?

Exercise 4.11*
There is a market populated by two types of consumers: / (corresponding to a share A of the total
population) and /4 (corresponding to a share 1- A of the population).
Consumers of any kind buy at the most one unit of good A4, produced by monopolist Gamma, and ¢;
i={l,h} units of good B, for which firm Gamma competes a la Bertrand with a few rivals.
For simplicity, assume zero production costs for both goods.
Assume also that the demand good B is g/=v/(1-pp), for the /-type consumers, and g;=v;(1-pp) for
the A-type consumers, with vi<vj,.
1) Find the condition according to which consumers buy both goods.
2) Suppose that firm Gamma sells 4 and B independently to both types of consumers.

a. What is the optimal price for the two goods?

b. Compute firm Gamma’s profit and consumers’ surplus.

c. Compute total surplus.
3) Suppose now that firm Gamma sells 4 and B independently, but only to the high demand
consumers.



a. What is the optimal price for the two goods?
b. Compute firm Gamma’s profit and consumers’ surplus.
c. Compute total surplus.
4) Suppose that firm Gamma forces consumers acquiring good 4, to buy also good B.
a. What kind of foreclosure is this?
b. Write down the expression for firm Gamma’s profit.
c. What is the optimal price for the two goods?

Exercise 4.12

Consider a two stage simultaneous entry game. In the first stage, m potential entrants decide
whether to enter or not a market with demand p=a-g where p is the price and g denotes total
quantity. In case of entrance, every firm has to pay a fixed sunk cost F but it entails zero production
costs. In the second stage, the n firms that have entered the market compete a la Cournot.

1) Derive the individual and total quantities, the price and profits at the second stage, as a function
of n.

2) Compute the optimal number of firms in the long run equilibrium with free entry. How does the
number of firms change with market size and fixed cost F?

Exercise 4.13

Consider n firms competing a la Bertrand, with marginal (and average) costs constant and equal to
c¢. The demand function is linear and given by p=a-q, where p is the price and g denotes total
quantity.

1) Derive the individual and total quantities, the prices and the profits in equilibrium.

2) Assume a previous stage in which m>n potential entrants decide whether to enter or not the
above market. If entry involves a fixed cost F>0, how are many firms are there in the market?
Why?



4. ENTRY, FORECLOSURE - solutions

Exercise 4.1
1) To derive D; we first identify the consumer indifferent between buying variety i and buying
variety i-1 (called?; ;_;) and the consumer indifferent between buying variety i and buying variety

it1 (calledtl-’l-ﬂ )

L 2 _ % 2
tij-1:u —pi—(x; =" =u —p;1 = (x;_1 —1)

. 2 . 2
* 1 * l—l
u —pi—[——tj =u —pi—1—(——tj
n n

This yields:

2i—1
Pi=Pi-1t
n

Lii-17= 5

n

o 2 % 2
Liv1iu —pi—( =" =u —pig— (x4 —1)

. 2 . 2
% 1 * i+1
u —Pi_(__tj =u _Pi+1_( _t]
n n

This yields:
2i+1
Pi+1 =Pi T,
tiv1= n 1
1,1+ 2
n
As aresult:

2
Pis1 tPi-1 =2pi +—
n

D; =t i1~ tii-1= 7
n

2) Firm i solves the following maximization problem:

2
Pis1 tPic1 = 2pi+—
n

max 7; = p;D; = p;
P,

S



2
Pis1 tPi-1 =2pi +— 2p,

Fi : R__ =
oc, 2 2 0
n n

Given that the n firms are symmetric on the cost side: p; | = p; = p;_;. Imposing this condition in
the FOC,, we get:

* 1

3) New firms keep entering the market as long as they make a positive profit. Therefore, we impose
the zero profit condition:

L_F=0
n

Which yields n*=5.

Since n* has to be an integer number, each firm makes a positive (although very small)

1 1
profit: — ——.
125 150

Exercise 4.2*

1) The monopolist charges the highest feasible price in line with the participation constraint of the
most distant consumer, located at 2. Doing this way, it maximizes its profit and serves the entire
market. So we impose:

1

4—-p—-——=0
Py
As aresult:
w_1s
P=y
M1
4



2) Firm M and firm E compete a la Bertrand in 1:

M _ E
pi =p; =0

7z1M =7T1E=0

Now we need to compute firm M’s profit from selling variety 0. We first identify the consumer
indifferent between variety 0 and 1:

tog :4-pdt —(0-0? =4-0-(1-1)?
This yields:

M
1-pp
2

fo =

Firm M solves the following maximization problem:

M
M _ MAM_ ML1-Pp
maxzy =py Dy = po 20

0

l_ M M
FOC v : Po__P0__

2 2

As a result:
mx 1
Po 5

1
pM* ==
0 7y
M* _ m* 1

3) Here we find again the consumer indifferent between variety 0, offered by M, and variety 1,
offered only by E:

to :4-pd! —(0-0? =4~ pf —(1-1?

This yields:



E M
;P =Do +1
01 =5

E M
DM_Pl_pO+1
O—f

E. M
DE_l—P1 + D0
rE

Firm M solves the following maximization problem:

E M
M _ MnaM _ MPI—Py t1
maxzy = py Dy = po —20

0

E M M
- +1
FOC .P1 —Po _Po

: =0
Py 2 2

Firm M’s best reply function is:

E
M P +1
0 2

Firm E solves the following maximization problem:

E M
E_ _E~E_ _El=-Pi tDo
max 7z’ = py Di” = pj — 5

1

M E E
- +1
FOC .Po P _ P

: =0
P, 2 2

Firm E’s best reply function is:

M
pE = PO +1
: 2

Solving the system of best replies, we get:

K% E**

po =p =1

kk kk 1
DY =pM™ ==
2
kk ks sk sksk 1
71(])” =M = 7r1E =7 = 5



4) The extended form of the game is as follows:

Firm £
]/\NE
Firm M Firm M
S NS 1)
7ZE=0
3) 2) m _15
ﬂEzl_F zE=0-F 4
2
M
T =
M =1—K 8
2

Firm FE finds it profitable to enter the market if and only if:
K < 3 and F < 1

8 2
Firm £ does not find it profitable to enter if and only if:
K>E orl(séandFZl

8 8 2

Exercise 4.3

Through backward induction, at stage 2, firm i competes a la Cournot with n-1 competitors, and it
solves the following maximization problem:

max7z; = pq; = (1 —Z’;:lqj')f]i
q,

FOC, : —q; +1-0=0

By symmetry, we impose Q=ng;, therefore:

* 1
ql_1+n
* 1
P 14n
=
" ()2



At stagel, based on the zero profit condition:
7zl* -F=0

1 1
(1+n)*> 36

As a results, there are n*=5 firms in the long run equilibrium with free entry. Each of them makes
zero profit.

Exercise 4.4
Moving backward, at stage 2, firm 2 has to decide whether to:

Enter (i.e. K;>0 and F>0)
or
Non to enter (i.e. K,=0 and F=0)
We first compute firm 2’s profits in the two cases.

If firm 2 enters, it solves the following maximization problem:

max;rz = (4—K1 —Kz)Kz
K

2

F'OCK2 I—K2 +4K1 —K2 =0

* 4-K
K3 (Kp):Ky =—
E_(4-K)P 1
Ty =—————

4 16

If firm 2 does not enter:

NE _
Ky, =0
zéVEzo

At stage 1, firm 1 has to decide whether to:

Accommodate (this results in a Stackelberg game)
or

Deter (i.e. K;1is such thatﬂf =0)

We first compute firm 1’s profits in the two cases.

If firm 1 accommodates, it solves the following maximization problem:

10



max zr, = (4—1{1 —4_—K1]K1
K1 2

As a result:

Ki'=2

K3l =1

zzlA =2

If firm 1 deters, we impose 7Z'2E =0 to derive the followings:

KlNA _7
2

NA
K3 =0
il
4

Given 7z1NA < 7z1A , firm 1 accommodates entry by firms 2, pushing the equilibrium towards its most

preferable option. This is possible due to firm 1’s first mover advantage.

Exercise 4.5*
1) Moving by backward induction:

At stage 2, firm E decides whether to enter or not:

If it does not enter, ﬂNgz 0

If it enters, firm £ solves the following maximization problem:

E 2
maxzg =(1-q; —qg)qg — F
q,

From F OCqE we get:

* 1—(]
qe(qr):qg = 21
- 2
ﬁg:( 2¢11j —F2

11



At stage 1, firm / decides whether to accommodate or to deter:

If it accommodates, firm / compete a la Stackelberg with firm 2, thus solving the following
maximization problem:

1—
max;r[A :(l—q[ —iqu

q, 2
So:
aft =~
)
_!
q9E 4

Firm I’s profit, in this case, equals:
A

Ty ==
T3

2) If firm 7 deters, it produces a quantity ¢ }VA such that the rival makes zero profit. Therefore:

2
1=ar ) _p2_
2

This yields:
g’ =1-2F
q=0

Firm I’s profit, in this case, equals:
7 = 2F(1-2F)
. . o A NA - .
3) Firm / accommodates if and only if 7;” > 7, 1.e.:
7 1
AF~ -2F + 3 <0

This is true for:

2-2 - 2442

v F 2
4 4

F<

12



Given the interval for F, the above inequality is verified for:

2-42
8

F<

4) Moving backward, at the second stage, firms compete a la Cournot, having a best reply function
analogous to that of 1):

_1-q
4 = )
By symmetry:
* _ 1 _ k
9 = 3 qr
* 1 2 *
rp=—-F"=nr
E 9 1

At the first stage, through the zero profit condition, we get:

1 p25y
9

If F’<1/16, F <1/9, (indeed 1/16<1/9) therefore both firms enter the market.

Exercise 4.6
1) First we identify the consumer indifferent between varieties 1 and 2:

. LN . ) )2
hp'u —p1— g—t =u —py— g—f

ha=2(p2-p)+s
1,2 2p2 P1 "

Second we identify the consumer indifferent between varieties 2 and 3:

tyyiu —p3—(1-1)° =u —Pz—(g—fj

t —é( - )+é
23 =5 WP3 = P2) T

Third we identify the consumer indifferent between varieties 1 and 3:

2
* 1 *
h3u —P1—[§—fj =u" —p3—(0-1)?

13



t —é( - )+l
13 =51 p3)rey

Demands for the three varieties, as a function of the prices, are as follows:

Dy =p(tr3—t1p) = ﬂB(m + P —2P2)+%ﬂ
3 1
Dy =p(-tr3+13)= ﬂ{a[m + P —2P3)+§H

Dy=ptp-n3)= ﬂB[Pz +p3 —2P1)+%ﬂ

2) Since firms are symmetric on the cost side, we can focus only on one of them (say firm 2) and
then reason by symmetry.
Firm 2 solves the following maximization problem:

3 1
maxy = ppDy = Pzﬂb(pa +p1-2p) )+§}
P,

From FOC p, We get:

_ *_ *_1
P1L=P2=DP3 =9
|
D} =D} =D =1 f
* * * 1
| =7y =73 27ﬂ

3) Call / the firm resulting from the merger between 1 and 2. Firm / competes in prices with firm 3.
Firm 7 solves the following maximization problem:

3 1 3 1
max 7y =Dyp1+Dypy = ﬁ{z([’z +Pp3 —2P1)+§}P1 +ﬂ{5(p3 + P —2P2)+§}P2
DisDs

From first order conditions, we obtain:

3 +§ +l
P2 21?3 3
6

P1=

14



3 +é +1
P 2P3 3
6

P2 =

By symmetry: p=p;=p,, therefore:

p3)ip=apitg
p (p3)-p 2]93 9

Firm 3 solves the following maximization problem:

3 1
1naXﬂ3=?D3p3==ﬂ[5(p24-p1—2p3)+§}p3
P;

Which yields:

S(p):py =5 Pt
p3\p)-p3 217 18

Solving the system of best replies:

**_5
P=
**_4
P3 _27

The more concentrated the market, the higher the prices charged by the two firms.

%

D *le**+D;f*=ﬂg

k% 4

Ds —,35
o 55
T =p-—
'B9 27

. 44
ST

4) There are incentives to merge because firms 1 and 2 make higher

T 551 1 .
rofits: z, =7z, ==—=8=-——=£0,051> £0,037=8—=7x =, .
p 1 2 2 ﬂ9 27 2 ﬁ ﬂ ﬂ 27 1 2

4

1 *
— = 0,066 > 0,037 = f—=1,.
7P B Bog=7

Also firm 3, benefits from the merger: z;” = ﬂg

15



Exercise 4.7*
1) The consumer that is indifferent between varieties 1 (located in 0) and 2 (located in 1) is derived
as follows.

o 2 * 2
hptu —pr—(x =" =u —py—(x3-1)

This yields:
t12=1+p2—P1
’ 2
I+py—p
D1:f1,2=T
1-py+
Dy =1-1;, = P2t P

2

2) The monopolist chooses the highest possible price in line with the participation constraint of the
most distant consumer. Therefore:

2
u*—p—[O—%J

If possible, the monopolist would choose locations 1/4 and3/4, to charge a higher price (u"-1/16).

3) The consumer that is indifferent between varieties 1 and 3 is derived as follows:
* 2 * 2
t1’3:u —pl—(xl—t) =u —p3—()€3—t)

This yields:

1
ty=p3—p+—
3= P3Pty

The consumer that is indifferent between varieties 2 and 3 is derived as follows:
L * 2 * 2
thaiu —p3—(x3—1)"=u —py—(x2—1)

This yields:

3
Ih3=py—P3 +Z

1
Dy=tj3=p3—p1 2

16



1
Dy=t)3-t13=pr+p1—2p3 S

1
Dy =1-th3=p3—p> 1

Firm 1 solves the following maximization problem:

1
max ) = p1Dy = p1| p3 — 1 +Z
3

From FOCpl we get:

* p3 1
pl=—+=
p1(p3):p1 > T

Through analogous reasoning:

* P3 1
cpy =2 4 o
p2(p3):p2 > T3

4 8

* p1+p 1
p3(p1.py)ipy =t

Solving the system of best replies:

kek k3k kek

1
P3 =pP2 =P1 2

4) The entrant’s profit is:

: 1 . : : .
with F:g the entrant’s profit is negative, so it does not find it profitable to enter the market.

5) If the entrant locates in 0, the two firms compete a la Bertrand there. As a result:

$kk $kk

p =p3 =0
ok kkk
Al =73 =

The consumer that is indifferent between varieties 0 and 1 is computed as follows:

fpiu —0—(0-02 =u" —py—(1-1)?

17



P +1
2

fip =

1_
Dy =1-1, = P2

The incumbent solves the following maximization problem:

1—
maxzy = po P2

P 2
So:

skkesksk _ 1
P2 )

eokeskeok 1 . "
Ty = 3 (incumbent’s profit)
72';*** =0 (entrant’s profit)

If the monopolist withdraws the variety in 0, the demand function would be equal to those of 1).
(The only difference is that varieties 2 and 3 are involved, instead of 1 and 2).

The incumbent solves the following maximization problem:

1-py +
InaXﬂQ ==p2'——4eg——lzi
P, 2

From FOsz we get:

* 1+-p
p2(p3):py = > :
By symmetry:

skskeoksksk deskskskok
py  =l=p3

sk 1 sksksksksk
Vs =—=7r

2 2 3

Both firms prefer this situation, compared to the previous one, because the make higher profits.
Exercise 4.8

1) For details and computations see Exercise 4.4. Here we simply restore the main results.
The demand for variety i, as a function of the prices, is:

18



1
o +(Pit1+ Pi-1 —2p;)
D, =

1

n

l ﬂz l n l l’l3

3) Since the number of firms has to be an integer, n'=5. As a result, each firm makes a positive
(although very small) profit in equilibrium: 1/125-1/200=0.003.

Exercise 4.9
1) The monopolist solves the following maximization problem:

maxz =(6—-K)K —3,5K
K

From FOCk, we get:

K'=1

(Remember that the number of plants must be an integer)

2) Each duopolist (for instance firm 1) solves the following maximization problem:

maxz; = (6—K1 _KZ)KI —3,5K1
K

1

From first order conditions, reasoning by symmetry, we get:
kek k3
K, =K, =1
(Remember that the number of plants must be an integer)
3) Consider now the sequential entry game: at stage 1, firm 1 decides whether to accommodate or to

deter entry by the rival; at stage 2, firm 2 decides whether to enter or not. The game is solved by
backward induction:

Stage 2:
If firm 2 enters (i.e. K;>0), it solves the following maximization problem:

max(6—K1 —Kz)Kz —3,5K2
K

2

From FOCg_ we derive:

2,5-K,

*
Ky (Kp): Ky = 2

Therefore:

19



E * % *
7y =(6-K; =Ky (K1 )K,(Ky)=3,5K,(K)
If firm 2 does not enter (i.e. K,=0) it makes zero profit:

NE _
Ty =0

Stage 1:
If firm 1 deters, K; is such that firm 2 makes zero profit:

25-K)25-K; .. 25-K
[6—Kj— & 1}’5 L3522 Ry

2 2 2
Therefore:
KM =2
NA
K5 = 0

Firm 1’s profit, in this case, is:

zleA =1

If firm 1 accommodates, it compete a la Stackelberg with firm 2, solving the following
maximization problem:

maxm = (6—K1 —MjKl —3,5K1
2

This yields:
K =1
K3l =1

Firm 1’s profit, in this case, is:

7t =05

Comparing 7z1A and 7leA , it is possible to conclude that firm 1 deters entry by firm 2. Therefore, in
equilibrium:

K =2

K5 =0
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Exercise 4.10*

1)

a. The extended for of the game is as follows:
(Profits correspond to the next points in the exercise)

Incumbent
A NA
Entrant Entrant
NE E NE
I*=1/8 =18  I1"=3/16 N=3/16
IE"=3/64 I""=0  TII"=0 g""=0

b. At the second stage, if the Entrant does not enter (NVE), it produces 0, pays no entry costs, and
makes profit z,* =0

If the Entrant enters (E), it solves the following maximization problem:
H;?X”E =(1-9,-9:)9, - F
From FOC, we get:

—dq,
2

. 1
q:(q,):q; =

7z'E :(1_q1)2 _L
£ 4 64

c. At the first stage, if the Incumbent accommodates (4), it solves the following maximization
problem (as a Stackelberg leader):

—-q
maX7Z1=(l—q1— 1)%
ar 2
FromFOCq[:
1
qf=5
1
q§=z
1
7Z'1A Zg
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d. At the first stage, if the Incumbent deters (VA), it sets a quantity such that the Entrant’s profit is
0:

(1_q/)2 i

4 64
Therefore:

3

NA _
q, =

4

e. The subgame perfect equilibrium is derived by backward induction: {NA; (E, NE)}

2)
a. The extended for of the game is as follows:
(Profits correspond to the next points in the exercise)

Entrant
E NE
Incumbent :F=0
A NA
HI:Hmonopoly
IE"=7/64 g""=0-F
°=1/16 I1,*=0

b. Moving backward, at the second stage, the Incumbent decides whether to accommodate or to
deter.
If the Incumbent accommodates, it solves the following maximization problem:

H}f?‘”[ =(l-q, —9q,)q,

From FOC o
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* 1_
q.(q,):q, =—1&
2
1_ 2
ﬂ;‘=( q:)
4

If the Incumbent deters, it starts a price war, choosing p=MC=0. As a result: E;VA =0.

At the first stage, the Entrant decides whether to enter or not.
If the Entrant enters, it solves the following maximization problem:

1_
maxzp =(l—-gg - 2qE)<IE -F
q,

From FOCqE we get:

qE=l
E=>
_ 1

qr =
E 7
g =—
E ™ 64
y 1
T =—
' 16

c. From the Incumbent’s point of view it is better if the Entrant does not enter. In this case the
Incumbent makes monopoly profit.

d. The Incumbent’s threaten to deter is not credible: once the Entrant has entered, the Incumbent
finds it profitable to accommodate, rather than deter, to earn more. Anticipating this, the Entrant
enters and the subgame perfect equilibrium is {E ; A}.

Exercise 4.11*
1) Consider first /-type consumers:

(1- pp)°v
_ B) VI _,

cs
! 2

420
Consider then A-type consumers:

2
_(=pp)vi _

cs
h 2

P420

2)
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a. Production of good B results from Bertrand competition, so: p g T~ mc p=0.
As far as good 4 is concerned, making /-type consumers’ surplus equal to zero, we obtain:

NT V]
Py =

2

b. Consumers’ surplus is:

(I=D)(vp —vy)
2

csM =aesM + - e =

The overall profit of firm Gamma, from selling good 4 and good B is:

c. Total surplus is:

T _ A= Avy + Ay
2

3)
a. Production of good B results from Bertrand competition, so: p },Y T~ mc p=0.

As far as good 4 is concerned, making A-type consumers’ surplus equal to zero, we obtain:

NTh _ Vh
Pa =7

b. Consumers’ surplus is:
csNh —
The overall profit of firm Gamma, from selling good 4 and good B is:

1-4
2 NTh Vh(2 )

c. Total surplus is:
1-1
gt _ A=ADv Nt
4)
a. This i san example of tying.

b. Firm Gamma’s profit equals:
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7= pplavi(l=pp)+ (1= Av, (- pp)]+ py
c. The equilibrium prices result from the following maximization problem:
vi(1-pp)*
max 7 = pp vy (1= pp)+ (1= 2wy (1= p)|+ =——F—
P

From the first order conditions, we find:

A=)y —v)
2Vh -V —21(\/;1 _Vl)

T
PB =

This can be substituted into the expression for py4, to derive the following:

v (1= )% (v —vp)?
2[2vh -V —Zﬂ(Vh -V )]2

T
Pqa=

Exercise 4.12
1) At the second stage, each firm solves the following maximization problem:

n
max7z; = pq; =(a— X q;)q;
g, Jj=1

By symmetry, from FOC, we get:

* a
q; =
|
* _an
n+1
* a
n+l1
* az
7Z'l'=
(n+1)*

2) Imposing the zero profit condition:
ES
Ty — F=0

a2

~F=0
(n+1)>
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As aresult:

* a
n =1

JF

The higher the market size a (it is at the numerator) the higher n*; the higher the fixed cost F (it is
at the denominator) the lower n*.

Exercise 4.13
1) In the Bertrand equilibrium, all firms charge the same price, equal to the marginal cost:

ES

p; =c fori=1..n
Therefore:

*

g =a—c

¥  a-—cC

q; =

n

7zl* =0

2) Based on previous results, with a positive entry cost, no firm enters the market.
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