APPENDIX B13
SUBGAME PERFECT NASH EQUILIBRIUM FINDING FOR THE CASE V

Obijective function

Player 1:

122 +n2\1 p,-p
Max 7= 1 =M M2
P (pl 2 2 2

1
S.t. >0 or x.>20 or =———=
0, c 2 5

and g, <1 or x <1 or %—% <1

and  x, <x, or m+1 (n-Y2) p-p, _[1_p1—pzjgo

2 2(m;-1) 2(m -1) \2 2

and X, <X, orl_u_ ﬂ_(j/z_nz)_i_ P, — P, <0
-2 2 2 2(-m,)  2(-m,)

Player 2:

2 2 _
MaXp (pz _1/—2 il ](l+—pl pzj
2 2 2 2
P — Py

s.t. g, =20 or x, =0 ori—— >0
2 2
and g, <1 or x, <1 or %—% <1

and  x, <X or

m+1 (n-Y2) p-p, _(1 pl—pz)go

2 2m -1 2m -1 (2 2

2 2(_m2) 2(_m2)

pl_p2 [mz (]/2_n2)+p1_p2jﬁ0
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First order condition and complementary slackness are as follow.

Player 1:
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\

1 P — P, 1 P — P,
S S N |
+,u1(2 5 j /12(2 5 j

_ﬂa(m1+1_(nl—1/2)+ P~ P, _[1 P, - pZD
2 2m-1) 2m -1 \2 2

_ﬂ{i_ P~ P, _[&_(J/Z—nz)+ P, - pD
2 2 2 2(m,)  2(-m,)

2 2(m, -1 2(m, -1

I g _(&_(J/Z—HZ)+ p, - pzD
2 2(-=m,)  2(-m,)

2

ESN
N
N

i g_8ﬂ3+8ﬂ4_8ﬂ1m1+8ﬂ2(m2 -1
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1 m o+l (n-12) p-p, _[g_plgpzjj
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% _ (m +l_ (n,-1/2) N P.—P, l P—Py > 0 (B.246)
Oty 2 2(m -1 2(m -1) (2 2
4 = 0 (B.247)
ﬂg SLl _ o m+1 (n,-12) L PP, _[1 P~ pzj = 0 (B.248)
1Ly 2 2m-1) 2m -1 (2 2
oL, _ |1 PP, (M, 1/2-n,) + P — P, > 0 (B.249)
o, 2 2 2 2(-m) 2(-m))|
4z 0 (B.250)
4, SLl _ i, 1 p-p _[&_(]/Z_nz)_i_ pl_pZJ - 0 (B.251)
Hy 2 2 2 2(-m,)  2(-m,)
Player 2
ad, . i(9+8& _g4, + M B4 (M, =)
6p2 m, -1 m,
+4n? +8p, —16p, ) = 0 (B.252)
o _ 1. k=P o (B.253)
o4 2 2
Lx 0 (B.254)
oL, 1 p-p,
Bt 2 = = 0 B.255
oA, 21(2 2 (5:259)
o, _ _(E_M_lj > 0 (B.256)
oA, 2 2
i, = 0 (B.257)
2
A, ﬁ_ _iz(i_u_lj = 0 (B.258)
204, 2 2
o _ (Ml (YD) P (1PmP| L g (gosg)
oA, 2 2m -1 2m -1 \2 2
A= 0 (B.260)

%: _ﬂ{ml+l_(nl—l/2)+ P — P, _(1 P — pzjj = 0 (B.261)
2 2(m -1 2(m -1) (2 2
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o, _ [l PP (M @2-n) PP g (B.262)

oA, 2 2 2 2(-m,)  2(-m,))) '

A, > 0 (B.263)

2, % _,14{1_ pl—pz_[&_(]/z‘”ZM pl—pzD = 0 (B.264)
oA, 2 2 2 2(-m,)  2(-m,)

By applying market clear condition g, +q, =1 and 0<q, <1, 0<q, <1, the
only solution of p,, p,, 14, by, 13, 14, 4, A,, A, @and4, are as follow.

p, = %(27 +8n2 +4n?) (B.265)
p, = %(27 +4n? +8n?) (B.266)
YA = 0
75 = 0
M = 0
M, = 0
L= 0
4, = 0
L = 0
i, = 0

In order to check that these prices are the optimal prices that make each player

has highest profit, second order condition is employed.

2 2
0°m, o°r,

= -1 < 0
op? op;

Since the value of 6%z, /dp? and 8°x,/0p? are negative, we can ensure that

these prices are the optimal prices for each player. By substitute optimal price of each



101

player, equation (B.265) and (B.266), back into the profit function of each firm and

applying first order condition again, we obtain:

. < Y22+nl 1 p,-p,
. [pl_ﬂ : 1J(§_p12pzj

= 7—12(6—n12 +n2)? (B.267)
* _ 2 2
887;1 - nl( 6 _tl-gl n2 ) (B.268)
1
. < Y2+nfY1 p-p
= — —+
7Ty (pl 2 2 2
— 1 2 2\2
= Leeniom (B.269
* - 2 2
?;;2 - n2( 6 lgl +n2) (8270)
2

Since the wvalue of n,n, are not greater than 1, the value of
or,/on, and 0, /on, must be less than O except when n,,n, equal to 0. Thus, the

optimal product quality level of player 1 is 0 and player 2 is 0. Again, we will apply
second order condition to check whether these are the optimal product quality level

for both players. The second orders are as follow.

o’m, 1
6n21 = E(—6+3nf—n§) < 0
1
2 *
68:22 = % (-6-nZ+3n)) < 0
2

We can see that the value of 8°z, /on? and &°z,/on2 are always negative.

Thus the optimal product quality level for each player is n, =0andn, = 0. Substitute
the optimal quality back into profit function, equation (B.273) and (B.275), and do the

partial differentiation with respect to m,, we obtain:
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g o= 1

' 2
on, _ 0
om,

. _ 1
7T, = E
or, _ 0
om,

Since ox,/om, and ox,/0m, equals to 0, we can conclude that regardless
the value of m_, the profit of player 1 and player 2 are still the same. Therefore, the

conclusion of this case is that there is subgame perfect Nash Equilibrium, which is

when m, €[01] , m, €[01], n, =0, n, =0, p,=p,=9/8,and r, =7, =1/2.



