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Appendix A. Equilibrium solution results

According to the decision sequence outlined in the main text, the optimal equilibrium solution is
derived through backward induction. We take the LN scenario as an example, while the computational
processes for other scenarios can be obtained similarly.

First, by taking the second-order partial derivative of the retailer’s second-period profit with respect

2(1 + y9)
6+ (=1 +y)6?
Setting the first-order condition d7,2/dp, = 0, the optimal second-period selling price is derived as
_ Wat way8 + 8 (py = @ — m) (=1 +7)0)
P2 2+2y6 '

Substituting the selling price into the supplier’s second-period profit function and taking the

second-order derivative with respect to the wholesale price w,, we obtain:

1+v6
i, |OW)? — ——————— <
Tomy [ OW2 5+ (=1 + )52

to p,, we obtain &*n,y/ 6p22 = < 0. This confirms the existence of an optimal solution.

This confirms the existence of an optimal solution. Setting the first-order condition 0r,,; /0w, = 0.
The optimal wholesale price in the second period is derived as
_0(p1—(m—mp)B(-1+7y)5)
B 2+ 2y5 '

wa

Following this, we derive the second-order derivative of the retailer’s total two-period profit with
3 13

respect to the first-period selling price p1, yielding 8°x,/dp,* = ~3: S5 s <0
—lry Y
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This confirms the existence of an optimal solution. Setting the first-order condition dx,/dp; = 0,
the optimal first-period selling price p{" is

8 +wi+mpPB)+2(-4-3w —4mB+42+wi+(m+my)B)y)o
+ (=1 +79) (TmB + 8y + mB(=7 + 8y)) §°
16 + (—13 + 16y)6

P11 =

Next, we derive the second-order derivative of the supplier’s total two-period profit with respect to
the first-period wholesale price wy, yielding

2(4 + (=3 +4y)0)*(8 + (=7 + 8y)9)
(1 + (=1 +v)0) +v6)(16 + (=13 + 16y)5)?
This confirms the existence of an optimal solution. Setting the first-order condition 0r,,/dw; = O,
the optimal first-period wholesale price wi" is

/0wt =

§(~656 + 1024y + 5585 + mB(—1 + y)(4 + (=3 + 49)0)*(16 + (~15 + 16Y)6)

+25(—795 + ’)/)) + deq
(44 + (=3 +49)6)*(8 + (=7 + 8y)9))
Substituting the optimal solutions into the demand function and the profit function, we obtain the

equilibrium outcomes for the benchmark model. The results serve as a foundation for comparing the
effects of alternative strategies, such as quality upgrades and information disclosure, in other models.

wp =

Table A1
LN
ImiB(S12 + x5 + xa6® + x50* + kxixs) + xo + x60° + x76° + x50°
. 4x3x31
Pl 4(1+ x16) x10 + mB(96 + 6 (x11 + x1 (12 + kx1ixax13)
dxoxs1
36 (4(1 +Xx10) x10 + mLﬂ(96 + 5()(14 +X1X150° — k)(l)(zz)))
b2 16(1 + y6)2x31
4(1+x10) x16 + mB (32 + 6 (=52 + 80y + 4x156 + x176° + ky1x3))
D, 16 (1 + x10) (1 + y0)x31
D, 4(1 +X15)X10+mLﬁ(96+5(X14 +X1X1552—k)(1/\/22))
16 (1 +x10) x2x31
. OX* + 2x31 (v + miByss (4 (1 + x16) x + mB (32 + 6x2))
" 256 (1 + x16) (1 + ¥6)*x2x31°
. Sxa0” +2 [X3o +mB (32 + 5()(33 + kX1X22))) (%mL,BX% +X37)

128 (1 + x16) (1 + Y6)x22x31>
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xi=y-1
X2=4-30+4yo

x3 = (1792y — 1056)5 + (492 — 2544y + 2304%) 5°

Y4 = 188 + 480y — 1920y* + 1280y°
s = (4 + (4y —3)0)*(16 + (16y — 15)0)
Yo = 1536y* — 1968y + 558

y7 = 1024y° — 1968y2 + 1116y — 158
ys = 256y* — 656y + 558y* — 158y
Yo = 256 + (1024y — 656)6

X10 = (1 +y6)(24 + 24y — 19)0)

x1 = 240y + 24y(8y — 7)o

Y12 = =33 + 4y + 48y*6% — 431 + 6)
xi3=12-116+ 1296

Y14 = 4(76y — 47) +20(5 + 4y(4y — 5))6
Xis =9+ 4y(28y - 25)

xi6 = (1 +y6)(8 + (8y — 90))

X117 =9+y3+4y(dy-T7)

xig =3 +4y(dy-5)

Y19 = (4 —36)*(156 — 16)

Y20 = (54 —236)6 — 32

Y21 = 656 + 26(796 — 279)

Y2 =32+ 6(235 — 54)

Y23 = 48 — 866 + 385>

You =48 + 8(336 + k(56 — 6) — 80)
Yos = (6 —2)(276 — 32)

X6 =2+ 1+ kmp

X27 = 80y + 16y(dy = 3)6 — 4(9 + 6) + x1x32 + ky1x2”

X8 = (1 +y6)(8 + (8y = 5)d)

X20 = 3+ dy(dy —5) 8 + (9 +y(3 + dy(dy — 7)))6°

X30 =41+ x10) (1 +y6)(8 + (8y - 9)d)
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Table A2

LD

T+ mB) (61— 1)(128 + 617951 = 200))
e 2(4 — 36)2(751 - 8)

(1 + myB) SAGA — 1)(196 — 24)
"2 2(361 — 4)(751 - 8)

(1 + mB) (61 — 1)(1961 — 24)
P (361 — 4)(761 - 8)

3(1 + myB) 6ASA — 1)(1961 — 24)
P2 4361 — 4)(751 - 8)
D, | B+ O+ X — X4

=01
D, —m B+ m O+ xao — X4z —MBOA+ xu3
=61 51

(1 + m B (6 — 1(GAR112 + 5426961 — 1376)) — 1024)
% 16(8 — 76.0)2(4 — 361)2 -
. (1 + mB)* (8 = 56064 - 1)

4(4 — 360)2(751 - 8)

Xx31 =8+ @&y —T)

X3 = (=9 + 4y(1 + 4y))5”

Y33 = =52+ 80y + 4y 130 + (9 + y(3 + 4y(=7 + 4y)))6>

Yau = 4(=4T + 76y) + 20(5 + 4y(=5 + 4y))6 + x1(9 + 4y(28y — 25))6% — ky1x2>

X35 =32+ 6(—52 + 80y +4 ()(29 + k)(l)(22))

X36 — 512 + (5(32(56’)/ — 33) + 12(4’)/ — 1)(48’)/ - 41)(5 + X39 + X1X38 + kX1X22(16 — 156+
37 =21+ x16) (1 + y6)(128 + 6(796 + 8y(32 + (16y — 25)5) — 200))

xas = (135 + 4y (6497 — 47 - 44y)) 6°

Y39 = 4(47 + 40y(3 + 4y(2y — 3)))6°

Xa0 =41+ x10) x10 + mrB (96 + 6x34)

Yar = miBy22(16 + (16y — 15)8) + cx(1 + y5)(32 + 6(—54 + 236 + 2y(32 + (16y — 27)
(T mB) (64— 1)(1952 = 24)

X4 = (361 — 4)(761 - 8)
3(1+mB) A — 1)(1961 - 24)

4304 —4)(764 - 8)

X43
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Table A3

= 256 — 6560 + x41 + 0 (Y45 + 2044 + km;Byss)
i 4)(%)(31

th3(1 + yo)yas + 6 (4 (1 +x10) x10 + muf (= (2 +x10) x2%) + kywr))
w2 8(1 + yS)xax3i

4ysi + tK2(1 + y6)(6 + (6y — 5)8) + miByso
b1 dxax31

tk’xs2 + 36 (4)(51 +mf (k)(47 - ((2 +X15)X§)))
b2 16(1 + Y8231
D, X30 + thk*(1 + v6)(10 + (10y — 9)0) + mBx's4

16 (1 + x10) (1 + yo)x3:
o, ~tk3 (1 +¥8)xss + 8 (4xsi + muB (kxar = (2 +x16) x2?))
166 (1 + x10) x2x31

26x31 (4(1 + x10) x28 + th*x71 + mLﬁ)ﬁo) +x73°
r 2565 (1 + x10) (1 + yo)x22x31
. 20x78X79 + (tkz)(% + 5)(75)) (fk2X76 + 5)(77)

1285 (1 + x16) (1 + y6)x22x312

Xaa = =795 +y (—984 + 768y + 5585 + 8y(64y — 123)6 + x1(79 + 8y(16y — 25))5°)

Xas = 1024y + 5586 + %(1 + k)mL,B)(l)(%(16 + (16y — 15)9)

X6 = (1 + x10) (224 + 5(=346 + 1356 + 2y(224 + (112y — 173)5)))

x4 =128+ 6(368y + 118(5 — 2) + 32y(11y — 14)5 + x1(9 + 4y(28y — 25))5°)
xag = 64 + 6(—98 + 375 + 2y(64 + (—49 + 32y)0))

xao = 2(73 = 35k — 4(42 + kyy + 482 + k)y*) 6 + x1 (=33(k = 1) + 4(k — 20)y + 48(1 + k)’
X50 = 96 + 4(=52 + 9k + 12(5 + k)Y)S + xuo

Xs1 = (1 +x16) (1 + y6)(24 — 195 + 24y6)

Xxs2 =1 +y0)(2+ (2y — 1)6)(32 + (32y — 27)6)

X3 = —4(16 + k) + 16(5 + K)y +2(=3(k = 7) - 4(13 + 4k)y + 16(2 + k)*) 6
s =32+ 6 (53 +x1 (9 - 9%k = 122 + by + 16(1 + k)y?) 6°)

X5 = 64+ 6(=110 + 475 + 2y(64 + (=55 + 329)9))

Xs6 = 2(6 — 1)(55(400 + 5(=350 + 1035)) — 768)
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Table A4

HD
" —256 + m By 1o + 5tk x20 + 6 (21 + kmBy2n)
! 4(4 —36)2(76 — 8)
L e g 8 (x2s + 21k*(6 = 56) + myByaa)
—|=tk” + (k - +
2 212 mp 2(36 — 4)(75 - 8)
X23 + 51k*(6 = 56) + my By
P 2(36 — 4)(75 — 8)
Ltk a5 + 36 (a3 + muB (k(64 + 5(476 — 110)) — (4 - 35)?))
P2 8(36 — 4)(76 — 8)
2(8 + 3tk2 + 8myB) — (34 + 21k? + 2(12 + 5kym; B) § + 9y 260”
D
! 8(6 — 1)(76 - 8)
. 1 (4= 30+ dom, B 2(30K2 = (k= DmiB) 22 Tk - 8y
2 16 4-35 o1 T 5o
3Pk o0 + th* Sy sy + 6 (X61 —4m;Bye + m%ﬂz)(w)
rr 64(8 — 76)2(4 — 35)2(6 — 1)6
L2k yes + thP0) 6 + 6 (48 — 56)X (=1 + 6)* — 4my Byes + m2fxes)
7Tm

16(4 — 36)*(75 — 8)(6 — 1)6

X57 = Xs6 + mif3 (—(4 —36)%(96 — 10)(136 — 16) + k(4096 + 6(517388 + 6(20835 — 9804))))
Xs8 = kKA(=4096 + 6(13760 + 6(—17388 + (9804 — 20836)5)))

Xso = —4096 + (5(15616 + 2k(4 — 36)%(96 — 10)(135 — 16) + 35(95(672 + 6(396 — 256))) +)(58)
Xeo = —4096 + 6(13760 + 6(—17388 + (9804 — 20836)0))

Xo1 = —64c(8 —76)*(4 —36)*(6 — 1) + 4(6 — 1)*(—=1024 + 6(2112 + 6(~1376 + 2696)))

Xo2 = (0 — 1)(=2048 + 6(7040 — 36(2992 + 36(1176 — 560)) + k(56(400 + 1036))))

Xo3 = (0 — 1)(128 + 6(=336 + 9(32 — 96)6 + k(48 + 6(=78 + 310))))

Xoa = 256 + 6/(2k(4 = 36)°(95 — 10) + 3(36 — 8)(32 + 36(36 — 8)) + k*(256 + 6((524 — 1436)9)))
Xos = 256 + 6(—636 + (524 — 1436)5)

Xoo = 2(6 — 1)(48 + 6(316 = 78)) + mLB (~(4 = 35)°(95 — 10) + k(5(636 + 5(1435 — 524))))

xeor =2(21 = 11k = 52y + 16(2 + k)y*) 6 + x1 (9 = % + 4(k - 6)y + 16(1 + k)y*) &°)
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Table AS

HND
b1164(1 +6(—1 + )}
" 4b14(4 = 36)(20 + (=20 + 72) + 25(1 — 1))
32(1 + 8(=1 + 0))%96 (M (=2 + 6) + 2(—=1 + 6)) (=1 + 6)?
Yo 88 +6(—8 + V))(1 + 6(—1 + 1))
tk?> + tk*6(=1 + A) + A (b, + mSb3)
L 22+ 26(—1 + ) + 6(1 — 1))
SA(by +mBS(A = 1)) =2 (tk* + 4(=8 + 5(8 + 1)) + m B (4 + bs)
P 22+ 26-1+ ) +6(1-21)
256(=1 + 6)(1 + 8(=1 + )3 — 2(~12 + 6(12 + 2))
P 8(8 + (=8 + ))(1 + 6(—1 + )
36A8(1 = A)° = 2 (tk? + 4bys + mLB(4 + 5(=2 = 2k + 1)) 6(1 - 2)°)
pa 8(4 +6(=4 + D)1 + 6(=1 + )
b 32(1 +8(=1 + D))2bg + 2(1 + 6(=1 + 1)) (8 + 29m; B) 8 A3 + byg
! (16(=1 + 6)(1 + 6(—=1 + ) + (-8 + (8 + ))o[1 — A])
—1024(=1 + 6)bo(4 + (=4 + D)(1 + 5(=1 + 1)) (1/2tk* + myB5) + by
Dot 85(1 — )(4(8 + 6(—=8 + ))(1 + 6(—1 + )
16(~1 + 6)? (83/2tk* + 336(=1 + &) + m; Bbs) + 8(~1 + )6
Do 86[1 — AJ(4(8 + (=8 + (1 + 6(=1 + )
1 2 (tk2 + 4b10) b3 (—7tk2 - 646) bio(—6 + 265 — 17k6)
% 256 | b1a(76 —8)5—1) 8@ +sD)A—1)  b2(1 +6(-1+ Q)
i (1 = 8)b1b12(8 — A) + 6b13b1a(—1 + 6)> — bom B4 + 6(=2 — 2k + 2))

165(8 — 76)2(4 — 36)2(20 + (20 — 7))

Xos =32 +4(-16 + 3k +4(5 + k)y)d + xe7
Xoo = (9 — 9k — 122 + Ky + 16(1 + k)y*) &

X70 =32+ 6(—4(16 +k)+16(5+k)yy +2 (—3(k = 7) = 4(13 + 4k)y + 16(2 + k)y*) 6 + x1x9)
x71 = (1 +y0)2 + 2y — 1)) + miBxss) (x30 + 2ci(1 + y6)(10 + (10y — 9)6)

by = 656 + 26(795 — 279) + km; B(32 + 5(236 — 54))

by = 48 + ¢x(6 — 56) — 866 + 386>

by = 48 + 5(—80 + 336 + k(56 — 6))

by = (48 — 860 + 386 + m, k(64 + 5(~110 + 476)) — (4 - 36)°)

bs = 6(110 + 581 + (426 — 99)A — 47)) — 64
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Table A6

HDD
e bll
4D 14 (4 — 36)
Wan % (%tkz (k= DmuBs + M’%’Z“BM
54 (b + myfb3)
wWar 4bis
by + m;Bbs
P —2b14
1tk*(6 = 2)(276 — 32) + 3by
P2H 8b1s
361 (by + myfb3)
PaL 8b 1y
D, by
86— 1)(76 - 8)
5 bs — Lik2bs — m;BS (br + k (64 + bg))
H 86b14(6 — 1)(A = 1)
. 1tk? + myBS — km; 86
46 — 461
1 2bob b3 by,
& 6\ T PG -6 -1 ba(i-1  b2G - Do 1)
- 0boby1(1 — ) + 6b13b14(1 — 6) — by

326(8 —76)*(4 —36)*(6 — (A —1)

be = 6(=2(55 +292) + 6(47 + (99 — 420)A)); b7 = (=4 +30)(4 — 36 + (12 + 6(146 — 27))A)
bg =2(6 — 1)0(196 —24)(1 - 1)

bo = 2(8 + Scx + 8myB) — (34 + 9¢i + 2(12 + 5k)my B) 6 + 9 (2 + (1 + k)mB) 5°

bip = (2 B+ cp +8myB) — (26 + ¢ + 2(12 + k)ymyB) 6 + (10 + (9 + k)ymB) 52)

by = 256 — my B4 — 36)*(156 — 16) + cx(32 + 6(=54 + 236)) — 6b,

by, = (Ck(—64 + (110 —476)0) + by) (64cy, + bg + cibe + mLﬁé (kbs — bq))

bi3 = 2A(ck — (k = 1)myB6) (by + mBb3) ;b14 = (76 — 8)(36 — 4)
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Considering the Al technology investment level

Table A7
HNL
v 261+ mB) (1 = 0)0(d8 + 5316 = T8t
81(4 — 36)%(1 — 6)(8 — 76) — B25(256 — 5(636 + 5(=524 + 1436)))n212
2(1 +myB) (6 — 1)(128 + 6(795 — 200)) + k*B5(32 + 5(236 — 54))nu
e 4(4 — 36)%(76 — 8)
2(1 + muB) (1 — 6)5(24 — 195) + k*B5(64 — 5(110 — 4758))nu
"2 4(4 —36)(8 — 76)
2(1 +mypB) (1 - 5)(24 — 198) — k*B5(6 — 56)nu
pi 24— 36)(8 — 76)
6 (1 +mB) (1 — 6)5(24 — 196) + 3k"B6(64 — 5(110 — 478))mu
P 8(4 — 36)(8 — 76)
b 2(1 +mB) (1 - 6)(8 — 96) — k"B5(10 — 96)nu
: 8(1 — 6)(8 — 76)
b 2(1+mB) (1 - 6)(24 — 196) + k*B(64 — (110 — 478)5)nu
? 8(1 — 0)(4 — 36)(8 — 76)
4(1 +myB)* (8 — 56)*(1 — 6)* — 4kB (1 + myB) Minu
— k™ (81(4 = 36)*(1 = 6)(8 — 76) — B Mo’
r (16(4 — 36)%(1 - 6)(8 — 75))
4(1 +mB)* M — 4k*B(1 + mLB)Mnu
+ k*2B25(—4096 + 6(13760 + 5(—17388 + (9804 — 20836)0)))n’u’
Tln

64(8 — 76)*(4 — 36)*(—1 + 6)

M = (=1 +8)5(48 + 5(=78 + 316)) M3 = (=1 + 6)*(—=1024 + (2112 + 5(—1376 + 2695)))
M, = 6(256 + 6(—636 + (524 — 1436)0))M4 = (=1 + 6)6(=768 + 56(400 + 6(=350 + 1036)))

Journal of Industrial and Management Optimization Volume 22, Issue 3, 1244—-1283.
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Table A8

HDL
y 2870 (1 + muB) (1 — 6)5(47 + 6(66 — S))Pu
(4= 36)2(8 — 76) — B2 (256 — & (1o + 6(=24 + 50))) n?u>
(=256 + 2m; BMs + 5 (656 + 32M¢ + 185 (=31 + 3Mp) + 6 (158 + 23M)))
. 4(4 - 36)2(—-8 + 70)
L5 (Mg + (48 + 2mB(~1 + 8)(=24 + 196) + 6 (~86 — 6M¢ + & (38 + 5Mp)))
"2 (2(—4 + 36)(—8 + 76))
(48 + 2m; B(—1 + 5)(=24 + 196) + 6 (—86 — 6Mj + & (38 + 5Mg)))
pi (2(—4 + 36)(—8 + 70))
(36 (48 + 2myB(~1 + 6)(=24 + 195) + 64 Mg + 25 (—43 — 55Mj) + 6> (38 + 47M)))
b2 (8(—4 + 30)(—8 + 76))
b (16 + 2miB(~1 + 6)(=8 + 98) + 6 (=34 — 10M¢ + 95 (2 + My)))
! 8(=1 + 6)(—8 + 76)
(—48 = 2myB(=1 + 6)(=24 + 198) — 64M¢ + 6> (=38 + 4TMs) + 26 (43 + 55M))
D (8(=1 + 6)(—4 + 38)(=8 + 70))
5 (M7 + MgM,s5)* + 2(8 — 76) (Mo + 5 (96 + 10)Mg + 185 — 34))
X (Mg +6(106 —26 + (2 + 6)My))
o 64(8 — 76)2(4 — 362(1 — 6) —C
My + KB Mon’ (u = 1P + (2K M o (1 — 1) = 4" Man) My
i + k* (M14 +,3577(M12 +,3M1077M132))

16(8 — 76)*(4 — 36)>(1 — 6)

Ms = (=1 + 6)(128 + 6(=200 + 796))
Mg = k*Bn (u + k™(@ — ap) + 79 — uto)

M, = 48 + 2mB(—1 + 6)(=24 + 196) — 866 + 385>

Mg =16 + 2m; B(—1 + 6)(—8 + 56)

Moy =16 + 2m; B(—1 + 6)(—8 + 96)

Mo = (=256 + 8(636 + 6(—524 + 1436)))

My, = (=8 +768) (=4 (1 + mB)* (8 = 56)*(~1 + 6’

My, = —4a (1 + mB) (=1 + 6)6(48 + 6(=78 + 318)(u — 1)
Mz = (u(=1+719) —70)

M,y = 8t(4 — 36)* (=1 + 6)(=8 + 76)

Mis = (64 + 1105 + 475°)

Appendix B. Proofs of the corollary and propositions.

Proof of Proposition 1. Define k;, as the solution to w3" (k;) = w3 (k;), which exists because both
functions are continuous in k,limk — O, wéN > wéD ,limk — o0 WIZ:N < wéD ,and 3k,

Journal of Industrial and Management Optimization Volume 22, Issue 3, 1244—-1283.
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where equality holds for k < k; : whV (k) > wiN (k) = wh? (k) < wiP (k).
P=-32(1+79)+4(13 + 3 - 8y)y)5, O = 6(128 + 6(=208 + 8y(16 — 136) + 856)
D = (=4+36)°(=8+76)+165°(32+6(=76+416))y, ki = (—4+36)(4+(=3+4y)5)P+4y(1+v6)Q/mBD

Proof of Corollary 1. Under the parameter constraints 0 < S < 1,0 <y <10<d < l,and k > 1,
HD
Wi

ok
The portion of the numerator dependent on k is Numerator

the first-order derivative of wi'” with respect to k is strictly negative, i.e., < 0, The function wi'”

Numerator
. . b HD — .
15 BVEL DY Wi = 4 " 35)2(=8 + 70)
k = km;B6(32 + 6(—54 + 2306)). Since the denominator 4(4 — 36)%(=8 + 76) is independent of k, the
owi'P m B6(32 + 5(—54 + 236))
= ;4(4-36)* > 0,-8+76 < 0fors € (0, 1
ok 44— 307(8 1 70) AT oroe 1)
as 0 < 8/7). The numerator is strictly positive while the denominator is strictly negative; therefore,
ow'tP _ Positive

ok Negative =

derivative simplifies to

LN
Under the given parameter constraints, we have established that

> 0, Under the pa-

rameter constraints 0 < f < 1,0 < ¥y < 10 < 6 < 1, and &k > 1, the first-order deriva-
LN

7%

2

ok
0.Numerator . .
wiV = where the numerator contains both k-independent

— 8(1 + y8)(4 + (=3 + 4y)6)(8 + (=7 + 8y)d)
terms and the k-dependent term: —km;B(=1 + y)(4 — 36 + 4y5)*.
owi’P S(—=mB(=1 +y)(4 — 36 + 4y6)2)
Ok 8(1 +y0)(4 + (=3 +4y)8)(8 + (=7 + 8y)8)’ —mib
—1+179) > 0(4 — 36 + 4y6)> > 0. Thus, the numerator is strictly positive. Since both the numerator and
owiN  Positive

denominator are strictly positive, = — <
yp ok Positive

tive of w5 with respect to k is strictly negative, i.e., > 0, The function wi’” is given by

Differentiating with respect to k yields

aWHD
We analyze the derivative of wh'” with respect to k. The explicit k-dependent terms yield 2

ok
mL2,35 n = +_3§;(__5§+ 75)). Since m;B6 > 0 and the denominator (—4 + 30)(—8 + 76) > 0 for
0 € (0, 1), we focus on the bracketed term. Let f(6) = (-4 +30)(-8+76) — (6 —59). For 6 € (0, 1), f(9)
is minimized as § — 1, where f(1) = 0. Monotonicity (via f'(6) = —47 + 426 < 0 ) ensures that
f(©)>0o0n(0,1). Thus, 1 + =6 + 56(—4 + 36)(—8 + 79) = (=4 + 36)(—8 + 79) , and f(9) > 0, proving
owiP
ok
Proof of Proposition 2. For the proof of 7Y > 7N when k > k,, we begin by analyzing the profit
functions of the supplier (nﬁlN ) and the retailer (ﬂ'ZN ). Both expressions share a common denominator:
128(1 + (y = 1)6)(1 + y8)(4 + (4y — 3)6)*(8 + (8y — 7)6)>. Thus, comparing ™" and 7" reduces to
comparing their numerators. Let k, be the threshold value satisfying 7/

m
By solving: 26- Numerator .+ Term . = §- Numerator ,+2- Term ,, we obtain k = k,. The coeflicient

> 0.

_ LN
=, .

HN

of k in the numerator is positive, implying (';Iz > 0. Thus, 77V increases with k. The coefficient of k
LN

1s negative, giving (')Z < 0. Hence, 7T£’1N decreases with k. For k > k;, the monotonicity ensures that
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7Ny > 7V (ky) = 7N (ky) > 7N (k). Therefore, 7N > 7tV when k exceeds k.

Similarly, we can find the proof of 7-° > #/

Proof of Proposition 3. We analyze the profit functions of the supplier under different regimes: 7~
and 7“. Here 7" incorporates terms for coordination benefits (through y and ;8 ) and competitive
effects (through k), whereas #'? is simpler, with a fixed cost ¢ and a term dependent on ¢ and A. For
any 0 A that is sufficiently small, the term (—1024 + 64(2112 + 6A(—=1376 + 26961))) in nfD is negative,
making 7" negative when ¢ > 0 . However, 72" is strictly positive for y € (0, 1) and § € (0, 1), as all
terms in the numerator and denominator are positive under these conditions.

Proof of 7N > 7f'® when 8 > ;. We compare the retailer’s profit under two regimes: 77" and
7P Solve 7N = 7P for § to obtain the critical threshold 8. This exists because both profits are
continuous in 8. 7" : The terms involving m; are positive and linear in 3, and thus, 7" increases
with 8. #f’P: The terms involving m; 3 are negative (verified by coefficient inspection). Thus, 7"
decreases with 8. For 8 = B, 7N = #P. For § = B, the monotonicity implies that 7(8) >
N By) = 7P (B1) > 7P (B).

Proof of 7t” > 7'V, when y < y,. We analyze the retailer’s profit under two regimes: 7-” and
7N Solve nt? = 7tV for vy to obtain the critical threshold y;. This exists because both profits are
continuous in y. 7-": The terms involving y are positive and increasing (verified by inspecting the
coefficient). Thus, 7" increases with y. #/”: The terms involving y through A are negative (since
(=1 + 61) dominates for 61 < 1). Thus, 7% decreases with y. For y = y;, 7 = 2tV For y < v, the
monotonicity implies that 7°°(y) > 7t (y)) = 7" (y1) > 2V (y).

Similarly, We can find the proof of #/? > 7™V,

The proofs of Propositions 4 through 7 follow the same logical structure and use identical analyt-

ical techniques as presented in the preceding demonstration.
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