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* Oligopoly

 Cournot equilibrium

» Quantity leadership — Slackelberg model



* Exchange
« Market Equilibrium



Cournot equilibrium

Consider two firms which produce a homogenous product
with output levels 1, and y,. and an aggregate output I =y, + ¥, .
The market price associated with this output is taken
tobe p(¥)=p(y, +¥,).

Firm i has a cost function given by ¢.(y, ) fori=1 2.



Firm 1's maximization problem 1s

m?:’: Ty ) =y + vy — e ly)

Firm 2's maximization problem 1s

max T,(¥.V,) = ply + ¥y, —e,(v,)
s



The first-order conditions for the profit maximization
problems are:
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The first-order condition for firm 1 determines firm 1°s
optimal choice of output as a function of its beliefs about firm
2’s output choice. This relation is known as firm 1’s reaction
curve. It depicts how firm 1 will react given various beliefs it
might have about firm 2’s choice.
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Quantity leadership — Slackelberg model

This is a two-stage model in which one firm gets to move first.

The other firm can then observe the first firm’s output choice

and choose its own optimal level of output.

Suppose that firm 1 15 a leader and that it chooses to

produce a quantity y,. Firm 2 responds by choosing a quantity y,.
Each firm knows that the equilibrium price in the market

depends on the total output produced.



The follower’s problem

max T, (y,.¥;) = p(y + ¥,)¥; —c;(¥;)
L

=) = ¥, = f,(¥;) (areaction function)



The leader’s problem

mﬁx Ty ) =ply + vy — ()

such that
vy = fi(n)

max p(y, + (¥ )y, —c ()
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« The Stackelberg equilibrium — Firm 1, the leader, chooses the
point on the firm 2’s reaction curve that touches firm 1’s

lowest possible isoprofit line, thus vyielding the highest
possible profits for firm 1.
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Example 1

Suppose that we have two firms that face linear demand curve

p =100 —% (¥, +¥,). and their cost functions are

-

e,(3,) =51, and ¢;(v;) == »} respectively.

b | =

Calculate the Cournot equilibrium amount of output for each
firm and firms’ profits.

If firm 2 behaves as a follower and firm 1 behaves as a
leader, calculate the Stackelberg equilibrium amount of
output for each firm and firms’ profits.

If firm 1 behaves as a follower and firm 2 behaves as a
leader, calculate the Stackelberg equilibrium amount of
output for each firm and firms’ profits.



The Coumot equilibrium
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The first-order conditions are the following
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The solution

¥, =80, ¥, =30, p=45, 7, =3200, 1w, =900.



The Stackelberg equilibrium

1. Firm 2 behaves as a follower
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The leader’s problem




2 Firm 1 behaves as a follower
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The leader’s problem
1

max Ty (1.¥7) =100y, ‘5}'1}'2 -¥;
such that
1
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 Partial equilibrium: how demand and supply
are affected by the price of the particular good.

* General equilibrium: how demand and
supply conditions interact in several markets to
determine the prices of many goods.

* General equilibrium refers to the study of how
the economy can adjust to have demand equal
supply In all markets at the same time.



Market Equilibrium

There are 2 traders and 2 commodities.
Each trader has the initial endowment of commodities.

a; -the amount of commeodity i with trader ;:

a' =(aj.a)) .a" =(a.a;)

Traders have utilities on commodity bundles:
ul[:r:1= x,) and ©”(x.x;) . respectively.

Traders come to market and exchange commodities
to maximize their utilities. Commeodities are divisible.

xi -the amount of commeodity 7 with trader; after the trade:

¥ = [:r:llxl}  xt = [:r:f;r:%}- Commodity 7 has a price p,.



No deficiency or surplus of anv commodity
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max u (x,,x,)

Sk

such that
P4+ Py =1 = pay + pya;

(p) = (p). 3 ()

max u:[l’l:l’:}

Suf . |

such that
mx+px =1" =pa; + p,a;

() = (p). 2 (D)



The equilibrium can be described as
a set of prices (p,.P,) such that
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z2(p)=10

aggregate excess demand function

2(p)=x(p)-a



Example 2

Let utilities of traders have the form u'(x, x, ) = xx,

and u°(x,,x,)=x"x?". Their initial endowments

are the following a' =(10,10) and a® =(20.5).



subject to
X+ pax, = It =10p, +10p,

Op, +20p, 10p, +10p,

, (2
x(p) =| 3 3
N 1 2

max x; x;

subject to
Py +pyx, =17 =20p, +5p,

e



x(p) = x'(p) + 2’ (p) =}

C

H4p +26p, 46p, +19p,
3y - 3p,

a=a +a’ =(3015)

-
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2(p) = x(p)—a=|

—46p, +26p, 46p, —16p,
35?1 : 3}?:

N —

=  5=A(13.23)
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(20-13+20-23 120)

| —1=(1846,522)
L 3-13 23 )

x' (P) =

©'(10,10)=10*-10 =1000

(240 1200
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=1788.24

()= —.—— |=(11.54,9.78)
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Example 3

11
Let utilities of traders have thE form u'(x,x, )= x2 +x

and 2 (x,,x mmJL— Xy

Their mitial endowments are the following

a' =(10,10) and a* =(20.5).
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Pt pax = I* = 20p,+3p,

: 40p, +10p, 20p,+5p, |
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;r:fp}—;r: fp)+:r: (p)=I|

( mpl +30p,p, +10p; 20p] +30p,p, +5p;

L Fl[*F1+F:j J F:(Ejf?l"‘ﬁ':]
a=a +a' =(3015)

ZApl=xip)—a=| J
. 2(2p+p,) b, ( 2p +p,y))

(—20p2 +10p° 20p —mp‘}

2(B)=0 = B=Airl2)
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102 10-1)

|
X (5)= : 1 |=(14.14,7.07)

2 )

1'(10,10) =2./10 = 6.32

©'(14.14,7.07)=6.42

=(15.86, 7.93)

. [40+10.2 ’*D+5~f_
x(p)=|
L 2+42 7 2+42

u”(15.86, 7.93) = 7.93



Example 4

Let utilities of traders are the following:
1 E e . : - s .
| . X%, =ﬂ:llﬂ{l‘1=:lr.'_:} LW .0.x5) = ﬂ:llﬂ{:r.‘.'1=.',li:: }
| x5 = ﬂ:liﬂ{.',li:: =:r:_=} :
The traders have the initial endowments

a' =(L00), a* =(0,1.07, a° =(0.01), respectively.



