APPENDIX B11
SUBGAME PERFECT NASH EQUILIBRIUM FINDING FOR THE CASE
V.2

Objective functions
Player 1:

2 2 _ _
Max,, pl_]/z £nffm+l N2 p-p,
2 2 2(m, -1 2(m, 1)

s.t. X, <1 or m+1 n -12 L PP

2 2(m -1 2(m -1

and x>0 or m+1_ 012 + Pim P 5
“ 2 2(m, -1 2(m, -1

and Pp—N <P, -,

Player 2:

2 2 _ _
Max, [p YZEFMY, (m+l n -2 p-p,
P 2 2 2m -1 2(m, -1

m1+1_ nl_j/z + P — Py <
2 2(m,-1) 2(m -1)

s.t. X, <1 or

and x >0 or m1+1_ nl_]/z + P — P, >
“ 2 2(m, -1) 2(m, -1)

and Pp—N <P, -,

Lagrange function:

L1 - {pl_]/zz"'nlz][ml"'l_ nl_]/z n pl_pZ]

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

—u m1+1_ nl_l/z + Pi— P, -1
20 2m -1 2(m,-1)

ny m+1l n-12 L Tl
2 2m -1 2(m -1)

_:U3(p1_nl_(p2_n2)) (B.199)
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First order condition and complementary slackness are as follow.

Player 1:
a
op,

[pl_]/22+n12j(1_£m1+1_ n1_]/2 n P — Py

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

2 2

m +1

nl_l/z + P, — P,

2 2(m,-1)

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

_2'3 pl_nl_(pz _nz))

1
16(m, -1)

—4n,(2+n,)+16p, —8p,)

_(m1+1_ nl_l/z + P.— P2

a
Oy

RS
v

s
v

oL,
Opty

Hs

Player 2:

+ﬂ,2(m1+1— nl_]v/z + P.— Py
(

2 2(m,-1)

0

2(m, -1)

2(m, -1)

|

0

8

_ (ml—i_l_ n1_1/2 + P — Py
1

2 2(m, -1)

m1+1_ nl_]v/z n P — Py

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

m1+1_ nl_]/z + PL— P,
A2 2(m -1 2(m -1)

_(pl_nl_(pz _nz))

_/u3(pl -, —(p, _nz))

>

2(m1 _1)

\

:

:

(_ 5—8uy +8u, +8(2uy —2u,m, + mlz)

)
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(B.200)

(B.201)

(B.202)

(B.203)

(B.204)

(B.205)
(B.206)

(B.207)

(B.208)
(B.209)

(B.210)
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oL, 1
Kl B — = (-13+84, -84, +164,(m, —1)—8(m, — 2)m
op, Lo, 9% 10AM D 8m A
+8n, —4n2 —8p, +16p, ) = 0 (B.211)
o~ (Ml m-V2 p-p, > 0 (B.212)
A, 2 2(m -1 2(m,-1)
L U e L .Y [ (B.214)
o4, 2 2(m, -1 2(m,-1)
% — m, +l_ nl—]/2 + P, — P, 0 (8215)
oA, 2 2(m -1 2(m, -1)
N LS. T T V0 B (B.217)
2 04, 2 2m -1 2(m,-1)
oL
5_/12 = _(pl - _(pz - nz)) 2 0 (B.218)
oL
3j = _ﬂ'a(pl - _(pz - nz)) = 0 (B.220)
3

By applying market clear condition g, +q, =1 and 0<q, <1, 0<q, <1, the

solution of p,, P,, 44y, ty, tsy Ly, A4 Ay, A, @NdA, are as follow.

p, = 5(23 —16m, —8m? +8n, +8n2 +4n?) (B.221)
1 2 2 2

p, = ﬂ(?’l_ 32m, +8m? —8n, +4n? +8n?) (B.222)

Hy = 0

Hy o = 0

M3 = 0

Z 0
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In order to check that these prices are the optimal prices that make each player

have highest profit, second order condition, evaluate at p,, p, in (B.221) and (B.222)

is employed.

2 2
o0°rm, _ 1 < 0 o°rm, _ 1 < 0
op? m, -1 op> m, -1

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

these prices are the optimal prices for each player. From these optimal pricing for

each firm, we would be able to find the market share function under this case

m,=m,.
o = 5r2m@em)+(n -2 -n; (B.223)
1 12(m, —-1) |
L 3 B _ A2
q, = 7—2(m, —4)m, - (n, —2)n, —n, (B.224)

12(m, -1)

Since all Lagrange multiplier are zero, we can see that the constraints are not
binding. We can conclude that the market demands of both players are positive. Thus,

we can conclude that following results.

~5+2m,(2+m,)+(n, —2)n, —n’ <0 (B.225)
-7-2(m, —4)m, —(n, —=2)n, —nZ <0. (B.226)

By substitute optimal price of each player, equation (B.221) and (B.222), back
into the profit function of each firm and applying first order condition again, we

obtain:
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7r1* = pf—l/22+n12 m1+1_ nl—]/Z + pf—p;
2 2 2(m -1 2(m,-1)
_ _(5-2m, 2+ m,) - (n, -2)n, +nZ)’ (B.227)
72(m, -1) |
om,  _ (n —1)(—5+ 2m,(2+m,) +(n, —2)n, — n§) (B.228)
on, 18(m, —1) |
. p;_(]/z)%rnzz 1 m+1 n -12 N P — P,
T 2 2(m -1 2(m -1
2 \2
_ (7+2(m, —4212 +(n, -2)n, +nZ) (B.229)
(mz _l)
or, _ ~ nz(—7 —2(m, —4)m, —(n, - 2)n, - nf) (B.230)
an, 18(m, ~1) |

Considering equation (B.218) and (B.220), since we know from inequality
(B.225) and (B.226) that the value of —5+2m,(2+m,)+(n,—-2)n,—n; and
~7-2(m, —4)m, —(n, —2)n, —n2 must be less than 0, the optimal product quality
level of player 1 is 1 and player 2 is 0. Substitute the optimal product quality of both

player back into profit function and do the partial differentiation with respect to m,,

we obtain:
on, 1

= ——@+m,)T+3m,
om, 18( ) )
or, 1

= -——(-3+m,)(-5+3m
om, 18( 2)( 2)

As the value of m, =m, cannot be greater than 1, the value of 6z, /ém, and
o, /om, always be negative. Thus the value of m, and m, will move approach zero

and the profit of both player will move toward 1/2. Thus, for this case, we can
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conclude the subgame perfect Nash Equilibrium as follow. m =m, =0, n, =1,

n,=0, p,=13/8, p, =9/8,and =, =7, =1/2.

P

P2

3

N| -

(B.231)
(B.232)
(B.233)

(B.234)

(B.235)

(B.236)

In conclusion of the case of m, =m,, there is subgame perfect Nash

Equilibrium occur under this case, which is when m, =m, =0, n, =1, n, =0,

p, =13/8,and p, =9/8. The profit of each player will be 1/2. Also, since this game

is symmetric, we can conclude that there is another subgame perfect Nash

Equilibrium, which is when m, =m, =1, n, =0, n, =1, p, =9/8, and p, =13/8.

The profit of each player will also be 1/2.



