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Lecture 3: Static Games and Cournot 1
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| Introduction
¢\, In the majority.of markets firms interact with few:
competitors — oligopoly market
e 'Each firm has to consider rival’s actions
| — strategic interaction in prices, outputs, advertising ...
ol ThIS Kind of interaction is analyzed using game theory
e assumes-that ‘players’ are rational
! Dlstlngmsh ooperative and noncooperative games
o FncooperatlYe games -1

o Also consrdjr timing
= =, Simultane usyersus sequentlal games
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Oligopoly theory

«".No single theory
- 5| employ game theoretic tools that are appropriate
- outcome depends'upon information available

e | 'Need a concept of equilibrium
By players (firms?) choose strategies, one for each player/ |
e 6o'mbit-'fs'tt.ion of strategies determines outcome
~ joutcome-determines pay-offs (profits?)
o Equi.l_it_)riur;[ first formalized by Nash: No firm wants to
=lchange itslTurrent strategy given that no other firm
« changes its current strategy 15
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Nash equilibrium

. Equilibrium need not be “nice”
- 5| firms might do better by coordinating but such coordination may
not be possible (or legal)

¢ | 'Some strategies can be eliminated on occasions
Bfj| + they are never good strategies no matter what the rivals do
» “Thesélare'dominated strategies
_ ithey are ngver employed and so can be eliminated
= -eliminatio[; of a domi?ated strategy may result in"another being
.| dominated: it also can'be eliminated :
s One.strategy might always be chosen-no matterwhat the-

r @'ﬁﬂ“ﬁémﬁﬁnt Strateqy - dvi ALy
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Hi8 ~ Anexample _
. %‘I;W{_:‘arrlmes 1 r | i

it Prlces set: comaete in departure times

I 1
7@)% of consumers prefer evening departure L %-prefer .
oqrnmq departure t ' ri

M;sehoose the same departure l"nds t

the rket'equally |
yﬂf the airlines are dete |ned by ma,rkle shares
e

m
i

e

.J.R er_Eite pay-]:)'ffE ina pay-e f matrlx J P i
i e |
= L -i" _._-|-?I oy I"I: I_-'_—.
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The example pviaris the

equilibrium for this
The Pay-Off Matr game?

The left-hand Ametean
number iIs the

pay-off to _ :
Delta Viorning Evening

Morning (15, 15) (30, 70)
The right-hand

Delta '
_ number is the
Evening (70, 30) pay-off to
American




rmy

choos «. The morning departure
dep? The mornina denarfure g a1s0 a dominated

Is a do . _
LA Both airlines strategy for American

strategy choose an

‘ -

Evening




- The example 4

- : |

G Ih :

.F.El}l 'Suppose%t.?at Delta has a frequenhﬂlep pr‘Igram
|
|

'». When both air ine choose the same departure
Delta gets 60% of the travelers

l!gh{s changes thg é)by off matrix
i, 1T .% PR

= | | I




-~y A 4 v ' -
AIARr=
P
However, a
morning departure
IS still a dominated

strategy for Delta

American has no
Bu:., dominated strategy

Phnncvc nnn

American knows ican
this and so

: b L n g
chooses a morning ‘

departure

Delta
Evening (42, 28)




| Nash equilibrium
+. What if there are no dominated or dominant strategies?
e Then we need to use the Nash equilibrium concept.
e ' Change the airline game to a pricing game:
| 1— 60 potential passengers with a reservation price of; $500

11 — 120 additional passengers with a reservation price of $220

- — price diisqrimination is not possible (perhaps for regulatory reasons
- or because the airlines don’t know the passenger types)

, — COSts ariizoo per passenger no matter when the plane: Ieaves
— airlines must choose detween a price of $500 and a prlce of $220

= 4t equa] pj{lces are charged the passengers.are ever‘lys-shared
%the F)Eﬁ:\rfce-mﬁne gets.all the passengers -7 i 4
e The pay-eff-matrix is now: auid ) {

10



If Delta prices high
If both price hi¢ and American low

“~an American gets
|f De|ta prices low 19n naccannarg, EriCan

and American If both price low

then Delta ¢ they each get 90 ~
all 180 passer passengers. PL=$220
Profit per pass Profit per passenger

I P P S B e |

is $20 Is $20 J) | (%0, $3600)

N

($3600, $0) | ($1800, $1800)

11



VAT 4~

v “™MAC There IS no simple
way to choose between
B these equilibria g
- _icing

“Regret” might .. .11 neither wants
cause both to to change

y price low \ .

highthi .ci . . a.
afso price nigh

Delta

12
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- Oligopoly models

";-ri_l R
h..;l"f}_ are th:%(; dominant oligopoly mgdel
: “H||l1' ournot ! v
~' Bertrand 4 = |
I! Etackﬁ]berg | l:I I ‘ 1 -
. %I:ﬂey are dlstlngmshgd by | |
L= tﬁ'éld jon variable that firms choose ,ﬂ I
U rthe timing of t?e pnderlylng game i It
I&o*na\tra e on t)]e; ﬁournot mcldel IP th|§"segt-mn
! |§’«Hi' 3 Fin ¥ T'E Sabiy,

. l.-.n m’
e R R




| The Cournot model

¢+, Start-with a duopoly
e  Two firms making an identical product (Cournot
supposed this was spring water)

| 'Demand for this product is
-F_) :_A- 'B,S? - - A- B(ql + qZ)
|l where q, isioutput of firm 1 and g is output of firm 2

. Marginal t:«i)st for each firm is constant at.¢ per unit

e ITO gétthe mand curve for one of the firms we treat
- the ou’s)ut f the ather flrm as constant '| Wl s
P Ay

a Slg'”ror‘flrmg deﬁtand is P = (A-B0y) - Belys o5 ¢ %

I'_-
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) The Cournot mode TR T
P.=(A-Bq,) - B, firm 1 is increased
the demand curve

A - Bq, for firm 2 moves
to the left

The profit-maximizing
choice of output by

firm 2 depends upon

the output of firm 1 A-Bqg’
Marginall revey
f_jr'm'z is B Solve thic
MR2 (A- B for output

Qu_r‘\tlty

R L H. e __}.;r:.t -
5 Q%= (A< C)/2B - qy/2 e o

15



- =iy 2 - The Cournot model 3

I'-|I

@;ﬁ A "3/23‘1 0/2
ulput

. 'ﬂ' ‘This is the reaicitlon function for firm 2'-

It glvg firm 2 Sﬁ)rOfl’[ maximizing chmce
E:} for any choice of output by firm 1 -

s
l}que" éls&a reaction function for f|r 1 ’[H
wop ! H

y ¢he samb argument |t|Can be writt

-y m ) . i R p, S -
=5 Sty $.




Lo monopoly output

Cournot-Nash equtlibrium
LA firr

(A<C The Cournot-Nash
1w equilibrium is at
the intersection

2action function
for firm 1 is
1 = (A-0)/2B - q2/2/

~

rod :
P of the reaction
functions
-1l Pproauce ne

~

2action function
for firm 2 1s

= (A)/2B - ,/2

: — q

TR M | -::T!r.t'

-

on function




Cournot Nash equilibrium 2

Ak q*, = (A-c)/2B -qg*,/2

| g*, = (A-c¢)/2B - g*,/2
~ g%, =(A-c)2B - (A-c)/4B

Firm 1’s reaction function °°
+g*,/4

- 30%,/4=(A-¢c)/4B
. g% =(A-c)/3B

(A-C)/S_B .............. _ _ ] !
v ' T Fifm 27s reaction function | .- q*, = (A-¢)/3B
: i

(A-c)/B

(A-¢}/2B-}




Cournot-Nash equilibrium 3

In "eciuilibriurﬁ each firm produces ¢, = g%, = (A - ¢)/3B
Total output is, therefore, Q* = 2(A - ¢)/3B
Recall that demand is P = A - BQ

'S0 the equilibrium price is P* = A - 2(A - ¢)/3 = (A +
8{2a)/3

.. Profitoffirm 1 is (P* - ¢)qS, = (A - ¢)2/9B
+| Profit of firm'2 is the same
A monopoll t would produce QM = (A - ¢)/2B |-

«-Competition between the firms causes them to
overprodu Price is lower than the monobbly price

.. Blit dufpﬂ”t’i’s A¥thanthe competitive %Jipuftq(ﬁ c)/B
* where pricesequals marginal cost .

[ 1]
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Cournot-Nash equilibrium: many flrms

° What If there are more than two firms?
»  Much the same approach.

o Say that there are N identical firms producing identical
| products

« Total OuW“t Q=q,+0q,+ This denotes output
!l Demand isP = A-BQ = A KD ?Irrrpn '
e Con5|derf rm 1. It’s dema

ten:

z Use_a Slmp ifying/notation: Q. 1% Gt G +| Wi CIN

B i"delﬁahdgfor Hrm TisP= (A §Q 1),: gql,q .

20



The Cournot model: man kb

| the other firms
SRR o s €
P=(A-BQ.,)-Bq, is increased

Theprofit-maximizing the demand curve

choice of output by'firm A-BQ, for firm 1 moves
1.Jjepends upon the to the left
Q,:ltpUt of the other firms , BQ’

Marginal;reve

fitm1is  ISOERGIR
' i for output

MR, =MC" | 7 Quantity
IA:‘Q'IFEBEF nf‘* W |

i

21




Cournot-Nash equilibrium: many firms
g%, =(A-C)/2B - Q2

S QR =(N-1)g%
i %= (A- 0)/2B - (N o

L@+ (N2 D2)g*, =(A- B

.Cl*l.(N +1)2=(A-c)2B As the number of
- = firms increases profit
oo g% = (A- N+1)B

9% = (ATOIN+ 1) of each firm falls

Asth = J o

1.

O S NATOINT 1B
S PF=A-BQ*=(A+Nc)/(N+1)

™ Profitof firm 1is P*, =(P*-¢c)q*, = (A c)2/(N +1)°B

22



‘Cournot-Nash equilibrium: different costs

: What if the firms do not have identical costs?

» Much the same analysis can be used
o Marginal costs of firm 1 are c; and of fEESIWVERGIE
-l DemandisP=A-BQ=A- B(q1 ol for output
e We: have,,margmal revenueto

o MR (AquZ) 2Bq;

A symmetric result

o Equate to marginal i:ost ( holds for output of #

o

'q*l _"'.(A C,)/2B - CI2/2

§ iy -
*F (A CJZB q1/2

firm 2




Cournot-Nash equilibrium: different costs 2

ik | e (A - C,)/2B - g%,/

The equilibrium »al

(A-c))/B output of firm2 2 2B -q*,/2

| | increases and of jon 0 this pE¥es (A-c,)/4B
| firm1falls  to I

¥ a7

: uie niyiit

0z

i : A E] 2C2 + Cl)/4B
i g%, =(A-2c, +c,)/3B
- q*;=(A-2c,+¢,)/3B

|| :..'

' s e




Cournot-Nash equilibrium: different costs 3
o IN equilibrium. the firms produce

0% = (A-2c, +¢,)/3B; 9% = (A-2c, +¢,)/3B
o Total output is, therefore, Q* = (2A - ¢c; - CZ)/3B

| Recall that demand is P = A - B.Q
. 'So price.is P*=A - (2A - ¢, - ¢))/3 = (A+ ¢i +Cp)/3
¢| Profit of firm 1 is (P* - ¢,)qC, = (A - 2¢, + 6,)%/9
- Profit of'f'ifm 2'is (P* - C,)qC, = (A - 2¢, +.6,)%/9,
-Equ'l"briuin output 15 less than the competitive level

s Qutput.is produced |neff|C|entIy the low- GoSt | flrm

%oukﬂ'fvrﬁdu%ﬁilthe‘“output < 7”1, K
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Concentration and profitability

Assume there'are N firms with different marginal costs

:We can use the N-firm analysis with a simple change

Recall that demand for firm 1is P = (A - BQ_,) - Bq;
. But then demand for firm iis P = (A - BQ. I) BqI
Equate this to marginal cost c;
A-BQ.-2Bg =T

Thls-can b reorganfzed to give the ¢ But Q*; +g*;=Q

and A - BQ* = P*

A B(Q‘*qu ) 1B ijC -0_{ . {5 - L
Fi'ag A B o
0, cm—. P*-c — Vit il




Concentration and prg
RY-C; = Bay

Divide by P* and multiply

| 4

The price-cost margin
for each firm is

P* - BQ* g, determir *d b» its
p* T p* Q= | |

But:B@X*/P* = 1/m and ¢

1,7

Average price-cost

sb' s 'I'Ci o 1Sk | margin is
i P*I T Ak determined by industry
Extending this we have concentration

5'—’5- -?E— (p.-155)

27



Price Competition: Introduction

 In awide variety of markets firms compete in prices
. < /lInternet access |
~ —! Restaurants
'~ _Consultants |

.= ~Financial services !
o Wlth monapoly setting price or quantity flrst makes no

. difference-
. In-oligopoly it matterfs a great deal 1
=S =Snature of;Erlce competition is much more aggrerswe the g v

E . 24 qua%tkty mﬂ;tlti'on Ly i :_H.__J_" J “-f”t s
2 L il

28



Price Competition: Bertrand

«». In'the Cournot model price is set by some market
clearing mechanism

* ' An alternative approach is to assume that firms

[ compete in prices: this is the approach taken by

-| Bertrand

» Leads to.dramatically different results
| Fake a simple example
— two firmg producing an identical product (spring water?)
— fiwms choose the prldés at,which they sell their products

— -each fi¥n has constant marginal.cost of C |

- INV ISP — A BQ.
%‘dln?)tﬂemand%Q a—b.Pwith'a= A/Bgnit}b i'],/B

-

29



Bertrand competition

«",We need the derived demand for each firm
—| demand conditional upon the price charged by the other firm

e Take firm 2. Assume that firm 1 has set a'price of p,
| "~ if firm 2 sets a price greater than p, she will sell nothing
5[ = if firm 2 sets a price less than p, she gets the whole market

v oif firrﬁ-‘i‘-..sets a price of exactly p, consumers are indifferent
~~ between.the two firms: the market is shared, presumably 50:50

-

e S0 we have the deri\1ed demand for firm 2!

-l =G0 if p, > py Cx
. = GF (ai_— bs2 s T8 ex it Do a7 5 ,, .
r T&f-CIéEF'J*"E_Isz'Eﬁ’ o [T Dy e *.r”'“i_lfq : =

30



Bertrand competition 2

" This'can be illustrated as .
follows: Ui ARE

» 'Demand.is discontinuous jump at p, = p;
« | The discontinuity'in

11 demand carries over to
. eprofitl =,

| -
. o B

AR e e




Bertrand competition 3
. Firm,2’s profit is:
(g0 =0, | 1 if p, > py
Py, P)E (p-O@kbp)  ifp,<p
0 M, P= (- 0)(@-bp)i2  ifp, =y [

reason!

m '(_:I_e_allly tl’TI',S depends on p;.

= Suppose firlst that firm 1 sets a “fvery high®’ price:
__\greater than the morLopon price of pM = (a +¢)/2b

i T —
= s

E-" R e St T T




What price

v YW should firm 2

set?

Firm 2 will onlyearna  “S-~_ . e this:

positive profit by

orice to (a + c)/. Atp2 = pl monopoly

firm 2 gets half of the price
monopoly profit

—u
Urnuer( -
get almo.t ali che

monopoly profit irm 1

+ C)/2b?

e i
: ¥ P2= Py

] ) D2~ o

1- e _ C (5+C)/2b P “Firm,2’s Price
. . i

33




Bertrand competition 5
.Now suppose that firm 1 sets a price less than (a + c)/2b

Firm 2’s profit looks like thisg
: Fi As long as p; > c,
SN Of course, firm 1 Firm 2 should aim just
| : will then undercut to undercut firm 1
ufj firm 2 and so on
| The Jrice
at c. Cutting price beisw post
bl gains the whole market b atjloses

: 'h ;
C P1(a+c)/2b Firm 2’s Price _{

34



Bertrand competition 6

el b= | o
Py '__ W hav;t-Firm 2’s best response t@I n [Zl)ll’l e set
Gt =y ii ' ( r :
- pr =@+ o)2b | ifpy>(a+c)fb
I!, & P 2 = Pay- “som:etririllng small” ifc<p;<(a 4J|c)/r[2b
i = p gl itpy<dl L I
: symmgetrié—- best response fo_ |
cligh 1 il I :
: “som!leth'ingf:lsmall”; | if c < p, <fa+c)eb
o A L N
£ i |I ,'f P2 <
FLatg [ W




The best response mpetitio

function for

. These best firm 1 ns look lik o fo
' P
2 Rl .

| J" R,

(@+c)/2b . ;
s S URREL e
< 00 arging

@ ' @ .
iy ] 7
L s e R
TR - -_..




Bertrand Competition

Why the wildly different result from Cournot?
-Homogenous goods — no difference

: —One-shot’-game — no difference

-Demand _no difference

—

-In B-ertrallfi'd, the firm !supplies all demand — Key. difference

. Hoireatistica §f - - e A

Lix

Fe
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Bertrand Equilibrium: modifications

.. The Bertrand model makes clear that competition in prices IS
Very different from competition in quantities

+ ' Since many firms seem to set prices (and not/quantities) this
'|' Is a'challenge to the Cournot approach

1But the extreme version of the difference seems somewhat
forced "o,

.« Two extens‘lons can be considered

~ 'impact of icapacity, cofstraints *
- groduoj drferentlatlon |
Py & Bp v LAY
. % r'l #E ﬁ *:“*}_I.i_q:_ <




-

Capacity Constraints

o Forthe p = ¢ equilibrium to arise, both firms need
enough capacity to fill all demand atp=c

« ' But when p = ¢ they each get only half the market

¢ |'So, at the p = ¢ equilibrium, there is huge excess

nl capacity :

o So eapatity constraints may affect the equilibrium

— (daily demand for skiing on Mount Norman Q.= 6,000 - 60P

K Considerrin example

_ = Qris number of lift til:kets and P is pricelof a lift ticket
— two resonts: Pepall with daily capacity 1,000 am“FI Richards-with

v daily'capacity . A00,:both fixed -7 ae Ll L
%jﬁa_ cost oft lift services for both is $15w-‘-,'f,-q . g

39



| The Example

: : crer -
e Is.aprice P = =$%$10 an equilibrium?
'—-total demand is then 5,400, well in excess of capacity

* 1 Suppose both resorts set P = $10: both then have
.. demand of 2,700

Consider Pepall:
Py, | raisingzprice loses some demand
— but whe?e can they go? Richards is already abave capacity
, = :so some skiers will not switch from Pepall at the higher price

~ but then,Pepall is prlcmg above MC and making pro‘ht on the
skiers wrlz remain

| i-'""-' b

t be-an equmbrlum” |

e . a8 SOP $ aedel ad :
1 ¥ %)
- N8 syl

40



- The example 2

e Assume that‘at any price where demand at a resort
Is greater than capacity there is efficient rationing
. —! serves skiers with the highest willingness to pay

o Then can derive residual demand

Assume P =$%60

_= 'total dgmand = 2,400 = total capacity
— S0 Pepall \gets 1,000 skiers

, — _re5|dual emand to Richards with efficient rationing is Q =
~ 5000 - 60P or P = 83,33 — Q/60 in inverse form 1

marglnar[revenue is then MR = 83,33 — Q/30

I| A Sl b

} Fll'ag Ay S E E g

i '.-'q::.l
%

_
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The example 3

« "Residual demand and MR:
* | Suppose that Richards sets
~ Pi=$60. Does it want to
I 'change?

4| L& since MR > MC Richards
~ does net.want to raise price

Price

$83.33

$60

| - and lose skiers 53008 :
# - sinde Qg ¥ 1,400 Richards is = %10 - Lw
at-eapam y and does|not 1,400  Quantity

want to reduce price
# Same Iog applies to Pepall so.P.=$60 is Eii Nash

lqunfB mi’&.ﬁthlsgame =y LR

R b
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Capacity constraints again

o' Logic is quite'general
- 5| firms are unlikely to choose sufficient capacity to serve the
whole market when price equals marginalcost

"~ since they get only a fraction in equilibrium .
yl = 'socapacity of each firm is less than needed to serve the whole
Pl
— "but thenthere is no incentive to cut price to marginal cost
.+ So the effigiency property of Bertrand equilibrium
: Ib’reaks dJc_)_y;_/n when firms are capacity constrained

| i-'""-' b

r. :tﬁ“F_I!.'-.":':__E ..-E-'-ﬁ,' oo - -‘I._--_.L.; 3 _Ti-:,_tl'.:fq:;:.l . :
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Product differentiation
%,O inal anaﬁléls also assumes that flrgps Tfer
t

*hﬂmogeneous roducts _
- Clreategncentlveii for firms to differentia

their

a"fmcts | Il..H|

o generate consume;, loyalty '
'1 - ﬂo e all demand when they prlce abc#e t?ew

"1 keep.the f most onal




An example of product differentiation

C'ok.e and Pepsi are similar but not identical. As a result,
the lower priced product does not win the entire market.

Econometric estimation gives:
|

Qc = 63.42 - 3.98P. + 2.25P;
MCe = $4.96

-

1

Pﬁe { Q249552 - 5.48P, + 1.40P,
O o A

There are at Ieast two methods for solving for P and*Py

.
|

i
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. ‘Bertrand and product differentiation

Method 1: Calculus

Profit of Coke: m¢ = (P - 4.96)(63.42 - 3.98P¢ + 2.25Pp)
Profit of Pepsi: mtp = (Pp - 3.96)(49.52 - 5.48P, '+ 1.40P)
dlfferentlate with respect to P and Pp respectlvely
Method 2:MR =MC

Reorganlze the demand functions
*PC (1593+057P) 025QC < A

-pl = (9.04 #16.26p,) - o 18Qp
I@Iaiﬁrfpi};glr@ evenue, equatet@ masr rJa cost solve

p.and ubstitute in the demand’ un-et‘iong |

i
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.Bertrand and product differentiation 2

Both methods give the best response functions:

P. =10.44 + 0.2826P,
|Re =*6.49 + 0.1277R

"These can be solved
.for the equ1I|br|um
prlces as mcrillcated

The eq.unlb ium prices
~4re each gr;iftter than

p B A

Pp

$8.11

$6.49

The Bertrand
equilibrium is
at their
Intersection




Bertrand competition and the spatial model

«. An alternative approach: spatial model of Hotelling
= -a'Main Street'over which consumers are distributed
| =, supplied by two shops located at opposite-ends of the street
| — but now the shops are competitors

—each consumer buys exactly one unit of the good prowded that
its full prlce IS less than V

'_—_ a consumer buys from the shop offering the lower full price

— lconsumers incur transport costs of t per unit distance in
| *travellm to a shop [ o 1

.. 'Recall thg)roader interpretation

hat; ll.the two sho schar e |
- IRy G
1. = 4.

-

48



i alol:Talo®ia x_ marks the location of the
i marginal buyer—one who

ik ' Whatif: s jndifferent between
' 1S Pr buying either firm’s good

Xm

- All consumers nsumers

' F shop 1 ' ) 2

- ¥

switch to shop 2

49



| Price

- XT(Py, Py) = (P25 Py + T)/2

Bertrand and the spatial model 2

-pl + tXm - p2 + t(l . Xm) ... 2tXm - p2 = p
How is x™
This is the fraction

of consumers who
buy irom firm 1

There are N consumers in tota
So demand to firm 1,is D! = N(p.




I* =

-

~

N
| _6751/ apl R, -
! o= (pz LH c)/2

-l S|m|Iarbe|5t respo _

7y = N(P2Py - Pif + TPy + Cp
Differentiate with respect t

2t

What about firm ?

»_‘n Fl‘i',:-g W ok

p* —(p1¢t+ /2

Bertrand equilibrium
WPrafitto firm1is w; = (p, -

This 1s the best

response function

for firm 1

This is the best response
function for firm 2

IS

p, + t)/2t




Bertranc

ik | P,

P 1mP, + T+ 6)/2
p*;=(py +t+ )2

PR*,=p, tt+cC

.:-:_p2/2 ok 3(£+ c)/2 c By
-r ...- p*z = t +j (C H- t)/2
PRt |

Proflt per unit tq each firm-is t}, .

% r'll‘,a-g ““'ﬁ e

equilibrium 2

]
I|

P

'_-'.'-_: . ..I

(c* I)/Z, 0 -H'It"“{

= AE
Lol

3 Aggregate profit to each firm is Nt/2 | it o
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|
«. Two final points on this analysis
e tlisameasure of transport costs
' I itis also a measure of the value consumers place on getting
their most preferred variety
| —when.t is large competition is softened
; 3 and J.)I’Oflt IS increased
—'when tis small competition is tougher
' e—and p;|:f|t is decreased

0 Lob&iii_ons:i ave been taken as fixed

-t suppogé'ijroduct design can be set by the firmse| T

[ bdqn ess-stealing’” temptation to b%:r C%ﬁ !
gd’ns i?etltlon softening™ désite'to be'se rata_=| =

-

; Bertrand competition 3
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" Best response functions are
 very different with Cournot
and Bertrand

they have opposite slopes
reflects very different forms of

. 'competition
- firms react differently e.g. to
an-increase in costs

— .
- |
B
] B
[ =,
K

T el

a,

;Strategic complements and substitutes

Cournot
a;
P,
— FirMi2  Bertrand
e R
L ..__q - 'L.
Pq _ ].




‘Strategic complements and substitutes

a,

,— suppose firm 2’s costs increase aggressive
. = this causes Firm 2’s Cournot _ response by
best response function to fall firm 1

| "o at any output for firm 1 firm
I now wants to produce less passive

.= firm ##s output increases and RGNS
- firm 2’s falls by firm 1
. L~ Firm2’s Eertrand best
"~ rgsponse function rises
] |
_ e at a'nyE)rice forfirm 1 firm 2

—Firm2  Bertrand
.. NOW Wants to raise its price O JRirm ertran
%«.flrl’ﬁ !#?Jrlcé‘lméfeaseyas does T 3 :
+ firm 2’s = . L .
P l.




Strategic complements and substitutes 2

+. When best response functions are upward sloping (e.qg.
Bertrand) we have strategic complements

| —, passive action induces passive response

s - \When best response functions are downward sloping
y. (€.9. Cournot) we have strategic substitutes
i passive.actions induces aggressive response
__-' Pifficult to determine strategic choice variable: price or
» . ‘quantity .
| — output Inradvance oflsale probably quantity
= productlc n schedules easily changed and |ntens|e eompetltlon

for’ _qrgel’,.g robablyprlce e = -
- F“S‘ ki g Ty

i
[ 8

fl:.- ",

1.._.
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Assume payoff (ie. profit) u for strategies (ie. prices, quantities) s
The necessary first order condition (FOC) for player i is

0u,(S;,S,)
oS,

=0

The Nash equilibrium is typically calculated by
solving the system of equations.determined by the FOC:s for each player.

Consider a situélt.ion with two players (i and j). By totally
_ differentiating the|necessary FOC and noting that s, =1 (s.;)

i) | | Fues |
; PR lasiz EL asiasj -l-l
oy '% '-:!;.::I - tﬂll- ; - .

- ¥
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the slope of player i’s reaction function can be found to be

i 2

o°u,(s,.s,)
0s, 08,

o°u,(s;,s;)

oS’
Because we have assumed concavity it follows from this that
o%u, (si,sj)}

0s, 08,

ri'(s—i) i

| éif}n ir') = Sign{

)
'rConseque._r'lt_Iy, the vleaction function is upward (downward) sloping ifl and only if

o _"5fui(si,sj) ; : {#;
RE U8 LR S g

L ... B
" 1-
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