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Abstract

We consider a simple model of the choice of stiategriables under relative profit
maximization by firms in an asymmetric oligopolytvdifferentiated substitutable goods such
that there are three firms, Firm 1, 2 and 3, denfanctions are linear and symmetric, marginal
costs are constant, there is no fixed cost, Fism@®3 have the same cost function, but Firm 1
has a different cost function. In such a model n@sthat there are two pure strategy sub-game
perfect equilibria. One is such that all firms ckedhe outputs as their strategic variables, and
the other is such that Firm 2 and 3 choose theubsitps their strategic variables, and Firm 1
chooses the price as its strategic variable.

Keywords: relative profit maximization; asymmetric oligogpthoice of strategic variables
JEL Classification Codes: D43, L13

1. Introduction

In a symmetric duopoly with differentiated goodsnd@ka (2013) has shown the following
results.

If firms maximize their relative profits, the cheiof strategic variables, price or output, is
irrelevant to the outcome of the game in the sehatthe equilibrium outputs, prices and
profits of the firms are the same in all situationBus, any combination of strategy choice by
the firms constitutes a sub-game perfect equilibria a two-stage game such that in the first
stage the firms choose their strategic variablésrathe second stage they determine the values
of their strategic variables.

Symmetry means that demand functions are symnatddirms have the same cost function.
This conclusion can be extended to a symmetriopby and an asymmetric duopoly. But it
cannot be extended to an asymmetric oligopoly. Asginy means that demand functions may
be asymmetric or firms may have different cost fioms.

In recent years, maximizing relative profit insteddbsolute profit has aroused the interest of
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economists. Please see Gibbons and Murphy (1980)2Q11), Matsumura, Matsushima and
Cato (2013), Miller and Pazgal (2001), Vega-Redofid®7) and Schaffer (1989).

In Vega-Redondo (1997), it is argued that, in a bgemeous good case, if firms maximize
their relative profits, a competitive equilibriurarcbe induced. But in the case of differentiated
goods, the result under relative profit maximizati® different from the competitive result.

We think that seeking for relative profit or utfits based on the nature of human. Even if a
person earns a big money, if his brother/sistetase friend earns a bigger money than him, he
is not sufficiently happy and may be disappoint@ud.the other hand, even if he is very poor, if
his neighbor is more poor, he may be consoled atyfttt.

In this paper we consider a simple model of theaghof strategic variables under relative
profit maximization by firms in an asymmetric olgay with differentiated substitutable
goods such that there are three firms, Firm 1, @ &3hdemand functions are linear and
symmetric, marginal costs of the firms are constidwetre is no fixed cost, Firm 2 and 3 have the
same cost function, but Firm 1 has a different d¢osttion. In such a model we show the
following result.

There are two pure strategy sub-game perfect égailiOne is such that all firms choose the
outputs as their strategic variables, and the ashgurch that Firm 2 and 3 choose the outputs as
their strategic variables, and Firm 1 chooses tlee @s its strategic variable.

In the next section we present a model of this pdpesection 3 we analyze equilibria in the
second stage of the game. In this stage (the menadefirms determine the values of their
strategic variables so as to maximize their redgpirofits. In Section 4 we investigate equilibria
in the first stage of the game. In this stage theeys of firms choose the strategic variables so
as to maximize the relative profits of the firms3ection 5 we briefly mention the results when
the owners of firms seek to maximize the absolutdits of the firms, and we show the
existence of four sub-game perfect equilibria. &filand Pazgal (2001) presented a similar
study. They showed the equivalence of price styadegl output strategy in a delegation game
of a duopoly when owners of firms control managgrirms seek to maximize an appropriate
combination of absolute and relative profits. leitmodel the owner of each firm determines
the weight on the rival firm’s profit in the objeat function of its firm. We do not consider,
however, such a delegation game. In our analysisemvof firms choose the strategic
variables.

2. The model

There are three firms. Firm 1, 2 and 3. They preddifferentiated substitutable goods. The
outputs and prices of the goods of the firms aretk by x,, X,, X;, p,, p, and p;. The

inverse demand functions are

p, =a-—x, —bx,—bx, (1)
p, =a-— X, —bx,—bx, 2
P, = a— X, —bx, —bx,. (3)

We assumea >0 and O<b< 1.

From (2) and (3), from (1) and (3) and from (1) #Bpwe have
P, + Py =2a~- (1+b)(X, +Xx;)~ 2o,
P+ Py =2a - (1+b)(X, + X;)— 2x,

p+ P, =2a- (1+b)(x, +Xx,)~ DX,
Substituting them into (1), (2) and (3), we obtidna following ordinary demand functions.
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1

X, =m[(1‘b)a‘(1+b) p, +bp, +bp,], (4)
— 1 —_— p—

X, = m[(l b)a-(1+b)p, +bp, +bp,], Q)
-1 o ban

X3 = 1-b)L+ 2|O)[(1 b)a - (1+b)p; +bp, +bp,]. (6)

The inverse and ordinary demand functions are synne
The constant marginal costs of Firm 1, 2 and 3@rec, and c,. There is no fixed cost. In

Section 3 and 4 we assuneg=c, and ¢, ZcC,.

The relative profit of a firm is defined as thefdience between its (absolute) profit and the
average of the (absolute) profits of the rival rm

We consider a two-stage game. In the first stagmé¢os of) the firms choose their strategic
variables, price or output, and in the second stagmagers of) the firms determine the values
of their strategic variables. In Section 4 we cdesia case where owners of firms choose the
strategic variables to maximize the relative psoféind in Section 5 we briefly mention a case
where owners of firms choose the strategic varg@atdanaximize the absolute profits.

3. The second stage of the game
3.1. Onefirmisa price setting firm

In this subsection we assume that one of the fisnasprice setting firm, that is, it chooses the
price as its strategic variable, and other two iare quantity setting firms, that is, they choose
the outputs as their strategic variables. The ma&teng firm is Firm 2, and the quantity setting

firms are Firm 1 and 3. The output and the pricthefgood of Firm 1 are denoted by and

p,, and so on. The ordinary demand function for Farra
X, =a—p, —bx,—bx, (7)
From this and (1), (2) and (3), the inverse denfandtions for Firm 1 and 3 are derived as
follows.

P, = (1-b)a+bp, - (1-b*)x,~b(1-b)x, (8)
and
p, =(1-b)a+bp, - (1-b)x,~b(1-b)x, ©)
Denote the relative profits of Firm 1, 2 and 3 By, M, and ;. Then,
1
M, =[(1-b)a+bp, — (1-b°)x,—b(1-b)x,]x,— c X~ E{ (@-p,~bx,—bx)(p,—c)

+[(1-b)a+bp, - (1-b*)x, ~b(I-b)x,]x, - cx,

M, = (@ P, = b~ BX)(P,~¢) =2 {[(1-BJa+bp .~ (1-)x,~ b(L-b)x Jx,

~6x +[(1-b)a+bp, - (1-b)x, = b(1- b)x,Jx; - c x|,
and
M, =[(1-b)a+bp, —(1—b2)x3—b(1—b)xl]xg—csxs—%{ @-p,~bx,—bx)(p,~c)
+(1-b)a+bp, - (1-b*)x, ~b(1-b)x;]x,~ cx,}.
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The conditions of relative profit maximization feirm 1, 2 and 3 are

(1-b)a+bp, ~2(1-b*J ~b(1-b ), ~¢,= Fbp,~b(I-b )+ be,)= Q

a-2p, —bxl—bx3+c2—%(bx1+ bx,) =0,
and
(1-b)a+bp, - 2(1-B*J, ~b (=D ), ~c; =2 [0p,~b(1-b X, +be,)= 0

Arranging the terms,

—3op, + 4(1-b° )X, +b(I-b X, = 2(x-b p— 2,-bc,, (10)
4p, +x, + bx,= A+ Z,, (11)
—3bp, +b(1-b)x, + 4(1-b* X, = 2(-b h— 2,-bc, (12)

are derived. From (10), (11), (12) we get the elguilm price of Firm 2 and the equilibrium
outputs of Firm 1 and 3 as follows.

1, _ (1-b)(4-b)a+ Jc + (4+b- D7 ¥, + B,
P2 = (2+b)(4-b)

o _ (1-b)(4-b)(4+ DR~ (16~ B> §+b (kb )(4 B, +b (4 B,
% (1-b)(2+Db)(4-b)(4+ D) '

and
1 = (1-b)(4-b)(4+ DRp+b(4+ B L +b (b )(4 BY,- (16 B 9
(@-b)(2+b)(4-b)(4+ D)

A superscript p indicategricesetting firm, a superscriptg indicatesjuantity setting firm,
and 1 indicates the case of this subsection. Assumiag ¢h=c, and c, #c,, the relative
profits of Firm 1, 2 and 3 are written as

M = & =G 1-b)(4-b)(4+ DYa
' (1-b)(2+b)(4-DbY (4+ 3))2[( )4 by )
-(16- ™°)(8+ - B* ¥, — (128 64— 18F+ 1+ B86- b9c), ]

p - _ C,—C B .
" 2(1-b)(2+b)(4-bY (4+ D j[(l b)(4-b)*(4+ DYa

~(128+ 6h— 1082+ B°+ 39" - (128 @F1840°- 24°+ 18°— ©° 3, |

19 — C,—C

s " 2(1-b)(2+b)(4-bY (4+ B §
—-(128+ 64— 108° - 68°+ B' g - (128 &4+ 184+ W8 BAE bYc,)

[(1-b)(4—-b)’(4+ DYa

If Firm 3 is a price setting firm, the relative fits of the firms are written as follows.
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1q C,~—C

e (1-b)(2+b)(4-bY (4+ 3))2[(1-b)(4—b) (4+ DYa

-(16- M*)(8+ - ®° §, - (128 64— 18F+ 1P+ B6- bIc), ]

g - _ C~C B e )
e 2(1-b)(2+b)(4-bY (4+ 333[(1 b)(4-b) (4+ DJa

—(128+ 64— 108° - 68°+ B' g - (128 @4 184°+ 48°+ 54— 0° ¢, |

S = - - —h)\2 2
A b)rb)a-by @ py - DTPIArRTE

—-(128+ 64 - 108°+ B+ 3p* g - (128 @&t 184- B+

18 bdc,)

If Firm 1 is a price setting firm, the relative fits of the firms are written as follows.

e _A[(le—&wbz)a— (8+b°)x, - 8(:-b,]

' " (2+b)(4-bY

ne=——%"% [16-8+b?)a— (8+b?), - 8(-b, ]

2(2+b)(4-bY

no=—_ %% qg-gh+b?)a- (8+b?), - 8(-bY, ]

2(2+b)(4-b¥

3.2. Two firms are price setting firms

In this subsection we assume that one of the fisragquantity setting firm, and other two firms
are price setting firms. The quantity setting fisyFirm 2 and the price setting firms are Firm 1

and 3. The inverse demand function for Firm 2 is

0, =1le[(1—b>a—(1—b)(1+ 20X, +bp, +bp, .

(13)

From this and (4), (5) and (6), the ordinary demfamdtions for Firm 1 and 3 are derived as

follows.
1

(1-b)(1+ 20)
+1Tbb[(1—b)a—(l— b)(1+ 20)x, +bp, +bp, ]+ bp.}

1
1-b?

X, = {(1-b)a-(1+b)p,

{@-bya- p, +bp,—b(A-b)x,},

and

__ 1 bja-
%= o ) PR @ DP.

+1Tbb[(1—b)a—(1— b)(L+ 20 )x, +bp, +bp, ]+bp,}

1
= m{ (1_ b)a+ bpl —Pps;— b(l_ b)XZ} .

The relative profits of Firm 1, 2 and 3 are writ@nfollows.

‘oEBL
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1
I_Il = m[(l_ b)a_ pl + bp3 - b(l_b)XZ} (pl_ Cl)

_% 1T1b[(1—b)a—(1—b)(1+ D)x, +bp, +bpy X, X,
+1_1b2 |(1-b)a+bp, - p;~b(1-b)x,] (Ps‘cs)}’

1
M, = 5 [L-b)a=(1-b)+ ), +bp, +bp, X, ~Cx,

A
2

{1_1b2 [@-b)a~p, +bp,~b(A-b)x,] (p,~c,)

+1_—1bz[(1‘ b)a+bp, - p,~b(1-b)x,] (ps- cg)}.

and
M, =5 [(@-bJa-+bp, - p,~b(L- b (Ps~c)
-3 pla-bas P+ bp, -bG-b) (pic)

+1T1b[(1— b)a-(1-b)(1+ 2)x, +bp, +bp, x, - szz}’

The conditions of relative profit maximization feirm 1, 2 and 3 are
1 1| b b
1—_b2 [(1_b)a_ 2p1 +bp3 _b(l_b)xz +CJ _5{1_'_ b X,+ 1- b2 (pg_cs):l =Q

ﬁ[(l—b)a—Z(l—b)(H D, +bp, +bp, ]-c,

1

- —b(1-b)( p,—c,)—b(1-b)(p,—c,)]=0.

2ty PADI(R)B-D)(pc)]
and
1 1| b b _
1-b? [(1_b)a+bp1 - 2p, —b(l—b)X2+C3} _E{lTbXZ-'_l——bz (pl_cl):| =0
Arranging the terms,
2(1-b)a-4p, +bp,- D E-b x,+ Z,+bc,= 0 (16)
2(1-bYa-4(1-bY (+ DX, + B (kb p,+ B (b p, (17)

-b(l-b)c, - 2(1-b)(I+b)x,-b (@ b}k,= C

2(1-b)a+bp, —4p,— d(I-b X, +bc,+ Z,= 0 (18)

are derived. From (16), (17), (18) we get the éloilm output of Firm 2 and the equilibrium
prices of Firm 1 and 3 as follows.
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o (L-b)(4+B)Ra+b(1+ DY - (Bb)(4by,+b (& B,
%= (1-D)(2+ b)(4+ ) ’

_ 1
T (2+b)(4+Db)(4+ )
+3b(I+b)(4+b ), + B (4 D+ 22 §, }c,

[(L-b)(4+b)(4+ D )a+ (I+b)(16+ 16+b” §

pl2P

and
2p — 1
° (2+b)(4+b)(4+ D)
+3b(L+b)(4+b)c,+ (b )(16- 16+b2 §, fc..
A superscript2 indicates the case of this subsection. Assumiag ¢h=c, and c, Zc,,
the relative profits of Firm 1, 2 and 3 are writés

2p — C2 _C1 ) )
M = D)@ b)@ar by (ar my - D@rR (4 STa

—(128+ 32+ 159° - 124°- 9f - 16c)
~(128+19D- 18— 37— 13- 19.C), |

[(1-b)(4+b)(4+ T )a+ D (4+ D+ D° §,

2q — _ C,~C _ 2
k 2(1-b)(2+b)(4+bY (4+ B f[(l b)(4+b)'(4+ DYa
—(128+ 32+ 15§° - 160° -14%" - 36°
~(128+19D- 1882~ 336~ - 18 ), |
N3 = = a [(1-b)(4+b)*(4+ B Fa

C2(1-b)(2+b)(4+bf (4+ B §
—(128+ 320+ 15° - 88°- I+ P ()
~(128+19D- 1882 408 118- BFC). ]

If Firm 3 is a quantity setting firm, the relatipeofits of the firms are written as follows.

2p — C2 _C1 ) )
e (1-b)(2+b)(4+bY (4+ B Y [(1-b)(4+b)*(4+ D Ya

—(128+ 320+ 159° - 128°- 9f - 16c)
~(128+19D- 18— 37— 18- 19.¢), |

I—IZP:_ CZ_Cl 1_ 4 ) 4

> =T 1-b)(2+ b)(@+b (4 5)7[( b)(4+b)’(4+ BHYa
—(128+ 32+ 15p° - 88’ -37b*+ D°),
~(128+19D- 1842~ 408~ 118- 27c), |

nng Cz_cl [(1_b)(4+b)2(4+53)2a

" 2(1-b)(2+b)(4+b (4+ B §
—(128+ 32+ 159° - 160°- 145- i)
~(128+19D- 1882 336 19— 19 C). ]

If Firm 1 is a quantity setting firm, the relatipeofits of the firms are written as follows.
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2q — C~-G

b (1-b)(2+b)(4+ DY
_(1+ b)(8+ -1 pl_ 2(4+ b- 8- 9° ()2 !]

[(1-b)(4+Ya

2p — _ G~6G

2 7 2(1-b)(2+b)(4+ B ¥
—(1+b)(8+ - B’ L, - 2(4+ bH- 8°- 8%, ]

[(L-b)(4+ SYa

2p — _ G-6G _ 2
S by rp)@r YL T2

—(1+b)(8+ - Bk, - 2(4+ b- 8°— 8%, ]

3.3. Cournot and Bertrand equilibria
Consider the Cournot equilibrium in which all firrage quantity setting firms and the Bertrand
equilibrium in which all firms are price settingrfis. The equilibrium outputs at the Cournot
equilibrium are obtained as follows.
X = (4—-b)a—(4+b)c, +bc, +bc,
(2+b)(4-b) ’

c _(4-b)a+bc —(4+b)c, +bc,
(2+b)(4-b) ’

and
c_ (4-b)a+bc +bc, - (4+b)c,

(2+b)(4-Db)
C indicatesCournot. Assumingc, =c, and ¢, #Z c,, the relative profits of Firm 1, 2 and 3
at the Cournot equilibrium are written as

c_ C,—C 24 2~ _ Q1
My _—(2+b)(4—b)2[(4 b)*a-(8+b”)c, -8(1-b),]

c__ C,—G Ch\2a_ 2\~ _Q1_
n; = 2(2+b)(4—b)2[(4 b)"a-(8+b")c, -8(1-b)c,]
NS=-——2_"9 __[4-b)’a-(8+b)g -8(1-b),]

 2(2+b)(4-bY

The equilibrium prices at the Bertrand equilibriane
o = (1-b)(4+ D+ (4+ D+ & L+ B (b, + B (b9,
' (2+Db)(4+ D)

s _(1-b)(4+ D+ D(I+by + (4 D+ $° ,+ B (b9,
P2 = (2+b)(4+ D)

and
5 _ (1-b)(4+Da+DL+bL+ D HbY,+ (4 B+ B 0,
P = (2+b)(4+ D) '
B indicatesBertrand. Assuming thatc, =c, and ¢, # c,, the relative profits of Firm 1, 2
and 3 at the Bertrand equilibrium are
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B — G~-G _ o 2y _ B B
= Ehy@rby@r py ¢ D@ PYa- (rb)Er - D7y - 2% 8- B 576, ]

B _ _ G ~—G _ o o T |
2= 2(1—b)(2+b)(4+5))?[(1 b)(4+5Ya- (1+b)(8+ - B°§, - 2(4 B- B - B°Q,,

5 _ c,-¢ . , L L
s = a ) rb)ar L D@ Dra-(l+D)@+ &=, - 2(4 &= 8- 879, .

4. The first stage of the game

In this section we consider the case that the owheach firms seeks to maximize the relative
profits like the firm itself and chooses the stgatevariable, price or output, at the first stafe o
the game.

4.1. The best responses of Firm 1

1. Assume that Firm 2 and 3 are quantity setting fir@@mpare the relative profit
of Firm 1 when it chooses the price as a strategimble and that when it chooses the
output as a strategic variable. Then, we have
9’(4+b)c,-c,)* _
2(1-b)(4-bY (4+ D}
Thus, price and output are indifferent, and bothkast responses.
2. Assume that Firm 2 and 3 are price setting firm@mn@are the relative profit of
Firm 1 when it chooses the price as a strategi@ble and that when it chooses the
output as a strategic variable. Then, we have
9b3(4+ 3))(Cz - Cs)z _
2(1-b)(4+bY (4+ DY
Thus, price and output are indifferent, and bothkaest responses.
3. Assume that one of Firm 2 and 3 is a quantityrsgfirm and the other is a price
setting firm. Compare the relative profit of Firmwihen it chooses the price as a
strategic variable and that when it chooses thpulds a strategic variable. Then, we
have

nw-ng=-

(19)

(20)

Me-n=-

1440 (2+b)E,—-c, ¥
1 = 2 <0.
(1-b)(4-bY (4+bY (4+ DY (4+ B §
Thus, the output is the best response of Firm 1.

nfp_nlq— (21)

2. The best responses of Firm 2 (or 3)

The situation of Firm 2 and that of Firm 3 are syetimic.
1. Assume that Firm 1 and 3 are quantity setting fir@@mpare the relative profit
of Firm 2 when it chooses the price as a strategjimble and that when it chooses the
output as a strategic variable. Then, sitge ¢, and c, =c, we have

9b°(4+b)(c, —¢,)’

2(1-b)(4-bY (4+ D}

Thus, the output is the best response of Firm 2.

2. Assume that Firm 1 and 3 are price setting firn@mn@are the relative profit of

Firm 2 when it chooses the price as a strategi@ble and that when it chooses the
output as a strategic variable. Then, we have

Ny -ng=-

(22)
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nzB_niq:_ 9b3(4+3))(01_02)2 <0. (23)
2(1-b)(4+bY (4+ B Y
Thus, the output is the best response of Firm 2.
3. Assume that Firm 1 is a price setting firm and F&ms a quantity setting firm.
Compare the relative profit of Firm 2 when it chesshe price as a strategic variable

and that when it chooses the output as a strategiable. Then, we have
[20 - = _9°(D°+1D%+ 8+ 64)¢ -cC, 3< 0.
2(1-b)(4-bY (4+bY (4+ B ¥
Thus, the output is the best response of Firm 2.
4. Assume that Firm 3 is a price setting firm and Firms a quantity setting firm.
Compare the relative profit of Firm 2 when it chesshe price as a strategic variable
and that when it chooses the output as a strategiable. Then, we have

3 3 _ 2 _ _ _

M2 Mo = 9b°(7b° - 44" - 11D - 64)¢ —cC, §<0. (25)
2(1-b)(4-bY (4+ DY (4+ B §

Thus, the output is the best response of Firm 2.

(24)

4.3. Sub-game perfect equilibria

From these results we obtain the following condasi

Proposition 1. There are two pure strategy sub-game perfectibgaibs follows.
1. All firms choose the outputs as their strategigataes.
2. Firm 2 and 3 choose the outputs as their strategiables, and Firm 1 chooses
the price as its strategic variable.

4.4. A note on a symmetric case

If the oligopoly is symmetric, that is;, = ¢, = c,, all of (21), (22), (23), (24) and (25) are zero.

Then, output and price are indifferent for all fgnm all situations, and so any combination of
strategies of the firms constitutes a sub-gameepeequilibrium.

5. Absolute profit maximizing owners

It may be natural that the owners of firms seak&ximize the absolute profits of their firms. In
this section we briefly mention the results of tbase. The equilibrium outputs and prices are
the same as those in the previous section. Wedemnie first stage of the game.

Denote the absolute profit of Firm 1 when it is r&cg setting firm and other firms are

quantity setting firms byz”, and so on.

5.1. The best responses of (the owner of) Firm 1

1. Assume that Firm 2 and 3 are quantity setting fir@@mpare the absolute profit
of Firm 1 when it chooses the price as a strategiiable and that when it chooses the
output as a strategic variable. Then, we have

m? - =0. (26)
Thus, price and output are indifferent, and bothkaest responses.
2. Assume that Firm 2 and 3 are price setting firn@n@are the absolute profit of

Firm 1 when it chooses the price as a strategi@abler and that when it chooses the
output as a strategic variable. Then, we have
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=1 =0. 27)
Thus, price and output are indifferent, and bothkast responses.
3. Assume that one of Firm 2 and 3 is a quantityrsgfirm and the other is a price

setting firm. Compare the absolute profit of Firmwhen it chooses the price as a
strategic variable and that when it chooses thpuias a strategic variable. Then, we
have

o 1. 480°(2+b)(16+ 1®- B ) -cC, j
YN (1-b)(4-bY (4+ b} (4+ D (4+ 5}
Thus, the price is the best response of Firm 1.

(28)

5.2. The best responses of (the owner of) Firm 2 (or 3)

The situation of Firm 2 and that of Firm 3 are syetma.
1. Assume that Firm 1 and 3 are quantity setting fir@@mpare the absolute profit
of Firm 2 when it chooses the price as a strategiiable and that when it chooses the
output as a strategic variable. Then, we have

P —1; =0. (29)
Thus, price and output are indifferent, and bothkast responses.
2. Assume that Firm 1 and 3 are price setting firn@m@are the absolute profit of

Firm 2 when it chooses the price as a strategi@ablar and that when it chooses the
output as a strategic variable. Then, we have

7 =157 =0. (30)
Thus, price and output are indifferent, and bothkast responses.
3. Assume that Firm 1 is a price setting firm and F&ms a quantity setting firm.

Compare the absolute profit of Firm 2 when it clesothe price as a strategic variable
and that when it chooses the output as a stratagiable. Then, we have
2P _ = 6b* (16— 24 -b* )¢, —c, )2

2 1

(1-b)(4-DbY (4+DbY (4+ L’b))2

Thus, the price is the best response of Firm 2.
4. Assume that Firm 3 is a price setting firm and Firms a quantity setting firm.
Compare the absolute profit of Firm 2 when it clesothe price as a strategic variable
and that when it chooses the output as a stratagiable. Then, we have
6b*(16+ &- d? )€, -c, ¥

VAR AE 31
277 (1-b)(4-bY(4+ DY (4+ B 1)
Thus, the output is the best response of Firm 2.
From these results we obtain the following condasi
Proposition 2. There are the following four pure strategy sub-gaarfect equilibria.
1. All firms choose the outputs as their strategicataes.
2. All firms choose the prices as their strategic afales.
3. Firm 1 and 2 choose the prices as their strategji@bles, and Firm 3 chooses
the output as its strategic variable.
4. Firm 1 and 3 choose the prices as their strategji@bles, and Firm 2 chooses

the output as its strategic variable.
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6. Conclusion

We have studied the choice of strategic variablegeu relative profit maximization in an
asymmetric oligopoly with differentiated substitoliagoods. We considered a case with three
firms such that two firms have the same cost fumstiand the other one firm has a different
cost function, and have shown that there are twe ptrategy sub-game perfect equilibria. In
duopoly and symmetric oligopoly the equivalenc@mde and output strategies under relative
profit maximization have been proved. In an asymimetligopoly, however, they are not
equivalent.

On the other hand in the last section we have shibnanif the owners of firms seek to
maximize the absolute profits of their firms evéough (the managers of) firms maximize
their relative profits, there are four sub-gamdeaerequilibria.
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