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APPENDIX A. Variable Notation

Table A.1: Variable Definitions

Notation Definition

c Unit production cost

d; Demand of market i, which is a decreasing function of p;, i.e., d; = a — p;
Di, W4 Retailer i’s retail price, the supplier’s wholesale price to Retailer ¢

iy Ts,i Profit functions for Retailer ¢ and the supplier in Supply Chain 1

5 The peer-regarding fairness parameter (also the distributional fairness parameter in Benchmark Model 2), § > 0
A The sympathy parameter, 0 < A < 1

n The schadenfreude parameter, n > 0

t The unfairness Retailer 1 suffers, i.e., (7, 1 — 7r1)+

ks The profit of Supply Chain ¢

T The profit of the distribution channel

T The supplier’s total profit in the distribution channel

APPENDIX B. Peer-regarding Fairness Model For Sympathy

APPENDIX B.1. Retailer 2’s Best Response Function

When Retailer 2 experiences PF for sympathy, that is, (750 —m2) + A(ms1 —m1) " >
0, Retailer 2’s utility-maximization problem is given by

max 7y — 0(A(ms1 — 1) 4 (T2 — T2)) (B.1)

p2
st e —me > —Amey —m)t (B.2)
For convenience, we set t = (7,1 — m1)%. Because of p; = “+2w1, it’s easy to
know ¢ € [0, (QI; )2]. The optimal solution for the unconstraint problem (B.1) is ps =
_CM“(EEQFJ;()H%)W. Constraint (B.2) is satisfied by either of the following conditions:

(1)w22a7“—\/ﬁandc<p2<a; (2)c<w2<a7+c—\/ﬁ,andc<p2<

i éinaTﬂ)LAt or TRt g(wTaTﬂ)LM <p: <a.
For case (1), when wy > %€ — v/At, the optimal solution is

—cd+a(l+6)+ (14 20) we

_ B.3
b2 2(1+0) (B:3)
For case (2), under the condition of ¢ < wy < %3 — VAL, by comparing
—c6+a(146)+(1428)ws with a—c+2wa—2 (wg—aT"'C)Q—)\t and a—c+2wa+2 (wz—%"c)z—/\t we get
2(149) 2 2 )
the optimal solutions showed as follows:
—cd 1490 1420 —
: +a(2+(1)4:5)( e if w”§w2<a_2m_ A
P2 = (B.4)
a—c—|—2wg—2\/(w2—“7+6)2—/\t
5 if c<wy <wl,



i 20048 +c(1425(2+0)) — (14+6),/ (a—c)*+4t(3+45(2+6))\)
where w'’ = 3145(249) :

By combining (B.3) and (B.4), we can get the conclusion that when (7s9 — ma) +
Ams1 —m )T > 0, Retailer 2’s optimal retail price is given as follows:

—cd+a(l+6)+ (14 20) ws

if w!l < w,

2(1+49) (B5)
P2 = .
’ a—c+2w2—2\/(w2—“7+c)2—)\t
5 if c<wy<w'

When Retailer 2 doesn’t experience PF for sympathy, that is, mgo—m < —A(ms1—
m1)", Retailer 2’s utility-maximization problem is given by
max o (B.6)
p2
sit. Teo—my < —ANmgqp —m)" (B.7)

The optimal solution for the unconstraint problem (B.6) is p, = “£*2. Constraint

. . .. adc a—c+2wo—24/ (wo—2EC)2—
(B.7) is satisfied by the conditions of ¢ < wy < %—\/ A and ‘=22 2( 2y ) A <

a—c+2wa+2+/ (wo—%EE)2 2t
D2 < 5 :

a— — _atcy2_

When ¢ < wy < 25¢ — V/At, by comparing £ with cr2wz—2 2(w2 BN g

a—c+2w wo— 4EC)2_ ) ) .
ot 2( 2o , we can get the optimal solutions given as follows:
a+w

+2 2 if wy <w!

- B.8

P2 a—c+2w2_2\/<w2_a7+0)2_)‘t . I a+c (B8

2 Zf w S Wa S 9 - Vt>\,

I _ 2atc—/(a—c)2+12tX

where w 3 .

Because w!! > w! always holds for § > 0 and ¢ > 0, by combining (B.5) and
(B.8), we can get Retailer 2’s optimal retail price conditional on contract acceptance
shown as follows:

.
a—|—2w2 if  wy < w!
a—c+ 2wy — 24/ (wy — 2E)2 — Nt
b2 = \g 2 if w! <wy, <w!! (B.9)
—cd+a(l+9)+(1+20)w .
(2(115)( T if w2
\

In the next subsection, we give the the supplier’s optimal wholesale prices under
different conditions.

APPENDIX B.2. The Supplier’s Pricing Decision
APPENDIX B.2.1. The Supplier’s Pricing Decision When py = “*%

When py = “+2w2, applying backward induction, the supplier first maximises 7 5.
Taking the derivative of 7 » with respect to wo, we get that the optimal wholesale price
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offered to Retailer 2 is w!. Notice that ¢t = (7,1 — m)", so the supplier is supposed
to charge the optimal wholesale price w; to maximise his total profit 73 = 7,1 + 7, 2.
The functions of 75, and 7,5 are given as follows:

o1 = %(a —wy)(wy — ¢) (B.10)

1
Ts2 = 1g (a—c—i— \/ (a—c)” + 12t)\) (2@—20— \/(a—c) —|—12t)\> (B.11)

Taking the derivative of 7y with respect to wy, we get the optimal wholesale price
offered to Retailer 1 shown as follows:
Ix . )\ )\*
w, = { wy iof 0< A<

where we set \; = —3a* 4+ 6a’c? — 3¢t + 17a* ) + 32a3c)\ + 33a2A2\ + 22ac X + 4¢P\ —
28a* A% — 80a®cA? — 81a?c?\? — 26ac®\? — c*\? + 16a* )3 4 48ac)\® + 36ac* \3 + 8ac® \3,
Xy = 12a3 — 12a%c — 12ac? + 12¢® — 100a® X — 162a%c) — 132ac®\ — 38c3\ + 19243\ +
402acA? + 240ac? X2 + 30c3 0% — 1124303 — 216a2cA\® — 96ac? N3 — 8c3\3, A3 = —12a% +
24ac — 12¢% 4 231a® )\ + 294ac) + 123c¢%\ — 489a%\? — 642acA? — 165c2\? + 276a?\3 +
312acA® + 60c2 X3, Ay = —252aX — 180cA + 540aA? + 324cA\? — 288aA3 — 144cA? and
A5 = 108)\ 2162 +108\3. For the equation of A\; 4+ Aoz + X322 + M\ + A5zt = 0, we
define w{* and w!’* as its third root and first root, respectively. Besides, we define \*
as the ﬁrst root of the function 64 — 304z + 36422 + 19523 — 6422 + 19525 + 36425 —
30427 + 6428 = 0.

., . .. a—c+2wa—24/ (wy— )2\t
APPENDIX B.2.2. The Supplier’s Pmcmg Decision When py = 2

2
a—c+2wa—2 ( a+°)2

When p, = , applying backward induction, the supplier
first maximises 7 o. Taklng the derivative of 7o with respect to ws, we get that the
optimal wholesale price offered to Retailer 2 is w!. So the supplier is supposed to
charge the optimal wholesale price w; to maximise 7. Taking the derivative of 7
with respect to wy, we get the optimal wholesale price offered to Retailer 1 shown as
follows:

I* . *
wl:{ if 0<A<A (B.13)

w{l* if <A<l
Notice that (B.12) and (B.13) are the same.

APPENDIX B.2.3. The Supplier’s Pricing Decision When py = 766“(1;(23()1“6)1”2

, it needs to satisfy the condition of wy > w!!. With-
a+tc

—cd+a(14+90)+(1426)w
When p, = =F (;11:5() 2

out the constraint, the optimal wholesale prices are w; = %€ and w, = t£tei3sd By

2(1+20)
comparing %‘;&306 with w!?, we can get: (1) when %‘ngc‘; > w!!, the optimal

wholesale price offered to Retailer 2 is %‘;&30&; (2) when %‘;’;?Cé < w!!, the op-

timal wholesale price offered to Retailer 2 is w!f. We will study the optimal wholesale
price offered to Retailer 1 according to the two cases in the below subsections.

The Supplier’s Pricing Decision When w, = %&Jg;&c‘s



When atetadtded > 4,01 it peeds to satisfy one of the following conditions: (1)

2(1+29)
0<A<3&0<0<3&s(a+2c) Swi <a;(2) 0<A<3&d <6< =22 —
1, /(a=0)°(3+47A+8(=6+8))) 2 1 [(a—c)*(3+47A+6(—6+8))) . 3
6\/ A+26A S wy S T+C + 6\/ A+20N , (3) 1 < A< 1&0 <

0 < J&i(a+2c) <wp<a;(4)3 <A< 1&d > L&t - l\/( O (BHIHI(618Y) <

6 XT20 >
2a+c a—c)?(3+42+8(—6+8)))
wy < + 35 \/ A+20N :

For case (1), the optimal wholesale price offered to Retailer 1 is wy = £<; for case

(a—c)?(3+4X+5(—648X)) and 2etcy 1 (a—c)?(3+4X+5(—648X))
A+26) 3 6 A+26)

,Weknowwhen0<)\<§&1<(5< =22 wr = %€ and when 0 < )\ <

(2), comparing %3¢ with 245 —1

22X 2

3¢, —1-X —3—d4\ % _ 2ate _ (a—c)?(3+4A+4( (-6+8)).

5oy <0< S Wi = NGT5Y for case (3), the op-

tlmal wholesale price offered to Retaller 1 is wi = %< for case (4), comparing

atc 2a+c 1 (a—c)2(3+42+8(—6+8X)) 2a+c a—c)2(3+42+6(—6+8)))

p° with 6\/ AT26A and 5 \/ A26X , we know

when 1 <5< &3 < XN<lord > 7&:11:2%5 < A < 1, wf = %< and when
79,3 —1+424 _ 2atc 1, /(a— )% (3+4246(— 6+8/\))

0> 3&3 S A< G55, wi =55 6\/ X+20%

By comblmng case (1), (2), (3) and (4), we know that when 0 < § < $&0 < A <

lord> 1& 11;;55 < X\ < 1, the optimal wholesale price offered to Retailer 1 is

a+c
2

wy = (B.14)

And when § > 1& 4?:%%5 <A< ’11:2%5, the optimal wholesale price offered to
Retailer 1 is

(B.15)

wp =

3 6 A+ 26\

Eventually, by combining (B.14) and (B.15), we can conclude that when wy =

2a + ¢ 1\/(a—c)2(3+4)\+(5(—6—|—8)\))

%ﬁ;{g;"ﬁ, the optimal wholesale price offered to Retailer 1 is
a+c . 1 1, —1+2§
- > - <
5 if O<5<2&0</\<101"5_2&1+26 <A<l
wy = 5 (Blﬁ)
2a+c 1 [(a—c)>(B+4N+3(—6+8N) 1. —3+66 1426
S if 0> =& <AL
3 6 A+ 26 2 4+8) 1426

The Supplier’s Pricing Decision When w, = w!!

When efetadtded )17 it needs to satisfy one of the following conditions: (1)

2(1+20)
0 < X< 3&l <§ < Bgute <y < o2 %\/(“*C)z(gﬁf;i( 6H80). (2) 0 <
A< Bkl <5 < gt ] \/“ ) 3&‘2;;‘; ) < wy < a; 3) 0 < A<
%&5 _2+§:\\& (a+2c) < w < a; (4)%§)\<1&5>%&%20§w1<%20—
%\/( )(3+A4+A2+6i( 6+83)) . L(5) 3 <\ < 160 > Lot ¢ g\/(afc)z(SJ;i)\;i(76+8/\)) <wy <

a. Because the optimal Wholesale price offered to Retailer 2 is the function of wq, so
the supplier is supposed to maximise his total profit 7y = 7,1 + 752 by choosing the
optimal wholesale price w;. Taking the derivative of the supplier’s total profit with
respect to wy, we give the optimal wholesale price w; under different conditions.
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For case (1), the optimal wholesale price offered to Retailer 1 is given as below:
When % <6< 510&% <A< _11:;5, the optimal wholesale price offered to
Retailer 1 is

wy = wy (B.17)

where \'° = 4(2a 4 ¢ — 32)* (a + 2¢ — 3z) (a — x) (1 + 6)* (1 + 20), A2 = 43+ 435+
Tea? (14 26) (3 + 20)° — 623 (1 + 20) (3 4 20) — 302z — 8220 (9 + 0 (7 + 20)), A% =
— (a—c)*(a+c—22)° (3+20), X = a3 (17+26 (19426 (74 20))) + —66ax +
240a%x (8 + 6 (7 + 20))+3a2¢ (54 26 (13 + 20 (7 + 20))), A% = 2ac? (1 + 20) (3 4 26)°+
11az? (14 26) (3 + 20)°—2acz (33 4 26 (69 + 100 (7 + 26))), A% = =3 (=1 + 6 + 26?)
+28cx? (3+ 45 (24 06)) — 2423 (3+ 40 (24 9)), A = 2a® (7 + 30 (5 + 20)) — 27c%x —
610c*z — 260c*28 + 3a*c (11 + 35 (11 + 66)) — 3a®z (25 + 635 + 300%) and A% = 8ac?
(3440 (2+0))+44ax? (3+ 40 (2 + 6)) —2acx(57+6 (163 + 864). For the equation of
AL (NP4 AL N5 (0 + ¢ — 22) A+ A0+ (A +N04X8) (2a + ¢ — 3z) (1 + §) A2 = 0,
we define wy and wy as its first and third root, respectively. Meanwhile, we define
5'° as the second root of the equation —3303 — 5106z + 547722 + 1366023 + 88162 +
465625 + 22242° = 0.

Besides, when % <0< 510&% <A< %, the optimal wholesale price offered to
Retailer 1 is

3 6

 2a+ec 1\/(a—c)2(3+4)\+6(—6+8)\)) (B.18)

W= X+ 200

When §1° < § < 6%°& ;ig%‘s <A< ’11;;?55, the optimal wholesale price offered to
Retailer 1 is
wy = wy (B.19)

where we set §2° as the second root of equation —3888 — 14256z — 842222 4 24603z3 +
31770x* — 5842° — 1012825 + 369627 + 41282° = 0.

When 6° < § < 520&% <A< %, the optimal wholesale price offered to
Retailer 1 is

3 6

 2a+c 1\/(a—c)2(3+4)\—|—(5(—6+8)\)) (B.20)

W= X+ 20\

When 6% < § < 530&%4“86? < XA < A, the optimal wholesale price offered to
Retailer 1 is
wy = wy (B.21)

where we set 6'* = (—6480 — 60480 + 1267262 + 207365° + 99846* + 15366°) = +
1728+ 34566 +23040% + 51243, §2* = 1620 — 477360 — 13996852 — 12518453 — 184324 +
2764855 +130568° 4153647, %* = 15093 + 1038424 +914766% — 3158645% — 7167365* —
5671685° — 18348855 — 960007 + 53766% + 51247, 64 = —12069 + 152280 + 47036762 +
13990386% + 15491525* + 3345600° — 7196165 — 64588857 — 2083200° — 2342447, §°* =
—12069 — 1825748 — 7598346% — 10308966° + 6912395* + 37086540° + 46768085° +
287563257 + 88075258 + 10608067, 6 = 15093 + 1019525 + 2663152 — 146848653 —
54166416* —93869884° — 92407595 — 52915265 — 16430766° — 21370467, 6™ = 1620+
781924 + 69663607 + 28537208° + 66334680* + 94772165° + 85089965° + 46908726 +
14531046% + 19382447, 6% = —6480 — 898560 — 525744462 — 17202246 — 34927205 —
458784055 — 39152160° — 210038467 — 644544° — 864006° and §%* = 1728 + 207366 +



10886462 432832003 + 6272646 +7879680° +6514565° + 34214457 410368055+ 138244°.
For the equation of §'* + 8% 22 4 §3* 23 + 64 2 + 5% 2° + 652 + 07 27+ 6% 28 + 6% 2% = 0,
we define ! is its second root. Meanwhile, we define §%° as the first root of the
equation —1913571 — 3219318z — 126714622 — 613467223 — 44410592 + 1469748625 +
147517202% — 29505627 — 2475362° + 18394562 = 0.

When §%° < § < 8 & A\ < )\ < _11:2255, the optimal wholesale price offered to
Retailer 1 is

wy = wy (B.22)

When §%° < § < 6% & _11:5%‘5 < X < 2, the optimal wholesale price offered to
Retailer 1 is

(B.23)

3 6

C2a+c 1 [(a—c)’ (B3+4N+3(—6+8N)
= X+ 20\

When §%° < § < %&% <A< _11:5%‘5, the optimal wholesale price offered to
Retailer 1 is
wy = wy (B.24)

When §%° < § < %& ’11:2%5 <A< %, the optimal wholesale price offered to Retailer
1is

(B.25)

3 6

by 20t 1 (a—c)” (3+4X+0(—6+8))
b A+ 26

When § > %& 1?::3%6 <A< %, the optimal wholesale price offered to Retailer 1 is

wy = wy (B.26)

By combining (B.18), (B.20), (B.23) and (B.25), we can conclude that when 1 <

0 < %& ’fj;f <A< %, the optimal wholesale price offered to Retailer 1 is

(B.27)

3 6

20t 1 (a—c)” (3+4X+6(—6+8))
b A+ 20\

By combining (B.17),(B.19),(B.21),(B.22),and (B.24), we can conclude that when

% <6< %&%@%‘5 <A< _11:2?5‘5, the optimal wholesale price offered to Retailer 1 is

wy; = w] or w, (B.28)

For case (2), the optimal wholesale price is

(B.29)

w1

_2atc 1 (a—c)® (344X +8(—6+8)N)
3 6 A+ 20\

2a+c
3

1. /(a—c)*(3+4X+5(—6+8))) _ 2atc | 1 /(a—c)*(3+4X+3(—6+8))) .
E\/ NF20 other than w; = %= + g\/ T3 . This means

that case (2) needs not to be discussed.
For case (3), the optimal wholesale price w; is given as below.

We find the supplier’s total profit m; will be larger if he chooses w; =




When Lo <6&0< )< —4?;4;3%57 the optimal wholesale price offered to Retailer
lis

wy = wy (B.30)
When § > 6% & 0 < XA < A!, the optimal wholesale price offered to Retailer 1 is

wy = wy (B.31)

when 6 > 8% & AP < A < jf_’:ég&, the optimal wholesale price offered to Retailer 1

is
wy = wy (B.32)
We can conclude that when § > 1&0 <A< —41;(;57 the optimal wholesale price
offered to Retailer 1 is w; = w? or wy.

For case (4), the optimal wholesale price w; is given as below:
When % <6< %&% < A < 1, the optimal wholesale price offered to Retailer 1 is

(B.33)

w1 =

2a + ¢ 1\/(a—c)2(3+4)\+6(—6+8)\))

3 6 A+ 26\

When § > %&&% <A< _IIJ:FZ?, the optimal wholesale price offered to Retailer 1 is

wy = wy (B.34)

When § > 7&& 11;;%5 < X < 1, the optimal wholesale price offered to Retailer 1 is

(B.35)

wy, =

2a + ¢ 1\/(@—0)2(3+4>\+6(—6+8>\))

3 6 A+ 20\

By combining (B.33) and (B.35), we can conclude that when 2 <\ < 1&1 <6 <

%;2’\/\, the optimal wholesale price offered to Retailer 1 is

20+ ¢ 1\/(a—c)2(3+4>\+5(—6+8/\))

CTTET TG A+ 260 (B.36)
For case (5), the optimal wholesale price w; is given as below:
2a+c¢ 1 [(a—c)°(3+4X+0(—6+8))
— - B.
R 6\/ X+ 20 (B-37)

Note the situation of case (5) is similar with that of case (2), so case (5) needs
not to be discussed.

By combining case (1), (2), (3), (4) and (5), we can conclude that when wy = w
the supplier’s optimal wholesale price offered to Retailer 1 is given as follows:

17
)

{ wi or wy if 6>5&0 < X< FE2 B39
1= 2a4c (a—c)?(3+4A+8(—6+8))) 1o, 1426 B.38
5 e if 0>5&75 <A<




APPENDIX B.3. The Equilibrium Prices

From (B.12), (B.16) and (B.38), we know that the supplier has three options of
the optimal wholesale prices given as follows:

Option 1:
Ix . *
CJwr if 0<A<A
w“‘{w% if V<A<l (B-39)
2a +c¢— +/(a —c)? + 12t a—+w
s = Voo fr g, et (B.40)
Option 2:
a;LC ifO<6§%&0<)\<1or6>%&_11++2§5§)\<1
- B.41
“ 2a+c 1 (a—c)2(3+4)\+6(—6+8)\))if5>1&—3+66<)\<—1+26( )
3 6 X+ 20X 2% 448 1+26
a+c+ad+ 3cé —cd+a(l+6)+ (1+20)ws
= = B.42
2 2(1+20) 2(1+9) (B42)
Option 3:

. wy or wy if 6>5&0 < X < 2 (B.43)
1= a—c)? — . — :
oo 1\ PEBRC i s Ll < A< 1
1 —cd+a(l+06)+ (14 20) we
= = B.44
2= 2(1+0) (B.44)

APPENDIX C. Peer-regarding Fairness Model For Schadenfreude
APPENDIX C.1. Retailer 2’s Best Response Function

If Retailer 2 doesn’t experience PF for schadenfreude, that is, ms o — mo < n(ms1 —
m1)T. Tt requires pl < po < pi!, where we use pi and pi! to denote

(a—ct+2w2)—y/ (a+c—2w32)2+4tn and (a—c+2w2)++/ (a+c—2ws2)2+4tn

5 5 , respectively.
Retailer 2’s utility-maximization problem upon acceptance is given by

max T (C.1)

p2
st ph<py <py' (C2)

Without constraint (B.2), Retailer 2’s optimal retail price is py = “Jr%

If Retailer 2 experiences PF for schadenfreude, that is, w9 — mo > nt. It requires
p2 < pbor py > pll. But pif > a, so we give up the case of p, > pi! and only consider
the case of py < pl.

Retailer 2’s utility-maximization problem upon acceptance is given by

max 7 — 0 ((msp — m2) — n(msy —m)¥) (C.3)
st.  py<ph (C4)



Without constraint (B.4), Retailer 2’s optimal retail price is py = CMQ(I;E?J;(H%)

The objective of Retailer 2 is to set his retail price to maximise his utility. That’s to

say, Retailer 2 is supposed to choose his optimal retail price from CM““;E(B;()H%)W,

always holds for ws € (c,a). We

a+w2. Notice a—l—wg < —c6+a(l—ii<1$l_—;()1+26)w2

study Retailer 2’s optlmal pricing decision according to the relationships among
—cta(lH0)+U+2)ws 5 pl. We can get three cases shown below:

2(1+9)
Case 1. Retailer 2’s Pricing Decision when %2 < —c5+a(1242<15)+4;()1+25)w <ph

pl and

a+w2

N2
This case requires that 0 < n < %&w”l < wy < w!', where we set

o 2a(1+5)2+c(1+26(2+5))7\/(1+6)2((afc)274t77(3+45(2+6)))

we = 3145(219)
WV 2a(148) +c(1428(2+6)) +3\1$+25+;( - )2_4m(3+45(2+5)))

When Retailer 2’s utility Eunctlon is Uy = o, the interval of retail price is py €
[pl,pl!), and Retailer 2’s optimal retail price is p, = pl; when Retailer’s utility
function is us = m — 0 (M52 — M) — N(7s1 — m)"), the interval of retail price is
p2 < pi, and Retailer 2’s optimal retail price is py = CH“O;(‘ET(HQ‘S)W

Comparing the two choices, we find Retailer 2 will choose the second choice be-
cause it makes his utility larger.

Case 2. Retailer 2’s Pricing Decision When 2522 < pl < —cbta(lHo) (1120w,

2(1+9)
The limiting conditions of this case are given as below:

and

(a—c)? 2a+c—+/(a—c)?—12tn II1. (a—c)?
(Ho<n< oo e & 3 Swy <wy'';(2)0<n < 1204320+ 16102
v 2a+ct4/a?—2ac + c2—12tn a®—2actc? a’®—2actc?
&w™ <wy < 3 ; (3) iraotot16i0° < 11 < o &

2a+c—+/a?—2ac + c2—12tn <w 2a+c+\/a2 2ac + c2— 12t77

3
It Retaller 2’s utility functlon is uy = 7o, his optlmal retail price will be py = pi;
if it is ug = mg — 6((ms2 — m2) — n(ms1 — m1)T), his optimal retail price will be py = pi

as well. Thus, for case 2, Retailer 2 will choose py = pi.
atwo < —cd+a(1+0)+(1426)ws
2 2(1+9)

Case 3. Retailer 2’s Pricing Decision When pl <
The limiting conditions of this case are given as follows:

a+c—+/a?—2ac + c2— a—c
(1)0 < n < P <y < 2HVE +212“7-(2)0<n<<12t>&

12t 3

2++\/22 + c2-12¢
GreTVe e T Cwy < a; (3)n > T =P e < wy < a. N
arw.

If Retaller 2’s utility function is uy = o, his optimal retail price will be py = “5*2;
if Retailer 2’s utility function is ug = m — § (752 — m2) — (7s1 — m1)T), his optimal
retail price will be py = pl. It’s easy to find that Retailer 2’s optimal retail price will
be py = ‘”“’2

By combmmg Cases 1, 2 and 3, we can get Retailer 2’s optimal retail price addi-
tional on the profit inequality between the supplier and Retailer 1, and the acceptance




of wholesale price offer wq given as follows:

( —cS+a d 5w .
+ (12-21::;()1-&-2 Jws if n € (0’@)&w2 c [wIH,U)IV)

2
a—c+2wo—24/ (wgf G;C) +tn
2

if ne€0,0)&w; € [wit, w) U w, wh)
[

b2 = or mne€lo, (am?z V&ew, € [wit, wP)
s if ne0, (a122i) Y&ws € (c,wit) Uw?, a)
\ or 7€ [ co)kw; € (c,a),
(C.5)
o (a—c)? A 2ate—/(a—c)>—12ty B _ 2atcty/(a—c)®—12ty
where © = g g, Wi = 3 y Wy = 3 :

APPENDIX C.2. The Supplier’s Pricing Decision
APPENDIX C.2.1. The Supplier’s Pricing Decision When py = “+w2

When Retailer 2 sets his retail price as “+w2 , we divide the the hmltlng conditions
into two subsections bellow according to (C. 5)

2.1.1 The Supplier’s Pricing Decision When 7 € (0, = T )&wg € (c,wi) U
[w?’, a)

Without the limiting conditions, the supplier’s optimal wholesale price 1s wi =
a+c (a— c) )

wy = By comparing 43¢ Wlth wi and w? under the conditions of n € (0,
a+c

we can get (1) when 22< < wi!, the supplier’s optimal wholesale price is w, = a2

and the case needs to be satisfied by n € [(awct) ,WIT?); (2) when wit < ¢ < wf,

the supplier’s optimal wholesale price offered to Retailer 2 is wy = w{', and the case
needs to be satisfied by n € (0, (a;6§)2); (3) %< > w? never holds under the given
conditions.

Next, the supplier decides his optimal wholesale price offered to Retailer 1 to
maximise his total profit.

2.1.1.1 The Supplier’s Pricing Decision When wy; = ¢

+c

Given the conditions of 1 € [(alﬁ?Q, (ami ), the supplier maximises 7, ; by offering

the optimal wholesale price to Retailer 1. We can get the supplier’s optimal wholesale
price offered to Retailer 1 given as follows:

—3(a—c)? a—c)? .
g;_%¢3<>#m ) if P<n<1
wy = ade if 1<n<3 (C.6)
—a—02 a—c2 -
e - gy T e if n>3

2.1.1.2 The Supplier’s Pricing Decision When w, = w3l

Given the conditions of n € (0, (aw? ), we know 7, o is the function of wy. So the
supplier maximises his total profit by choosing the optimal wholesale price offered
to Retailer 1. Take the derivative of 7, with respect to w; and we get it shown as

follows:

wi if 0<n<1
wy = 2%1__%N/—NW%V;%M—®2 if n>1 (C.7)

where we set n; = 3a’—6a*c*+3c* +17a'n+32a3cn+33ac*n+22ac*n+4cn+28a*n? +
80a3cn? + 8la’c*n? + 26ac®n? + c'n? + 16a'n® + 48a3en® + 36ac*n® + 8ac’n?, n, =
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—12a3+12a%c+12ac® —12¢3—100a3n—162a2cn—132ac*n—38¢3n—192a3n? —402a%cn?® —
240ac*n? — 30c3n? — 112an? — 216a%cn® — 96ac’n® — 8¢>n?, ny = 12a® — 24ac + 12¢* +
231a%n+294acn + 123¢%n +489a’n? + 642acn? + 165¢*n* 4 276421 + 312acn® + 60c2n3,
n, = —252an—180cn—540an? —324cn? —288an —144cn and 1y = 108n+2161%+1087>.
For the equation of 1, + 0,2 + 752> + n,2° + .zt = 0, we define wi as its first root.

2.1.2 The Supplier’s Pricing Decision When 7 € [(G;Qi)z,oo) &wsy € (c,a)

The optimal wholesale price offered to Retailer 2 is wy = “T“ Thus, to maximise
his total profit, the supplier just needs to choose the optimal wholesale price offered
to Retailer 1. Take the derivative of my; with respect to w; and we get it shown as
follows:

2 1 |—(a—c)? —c)? 4
a+c__\/ (a—c)2+n(a—-c) if 1<y<
a+c , 4
9 iof n= 3
Given (C.6), (C.7) and (C.8), compare the supplier’s total profit and we can get
the supplier’s optimal wholesale prices when py = a+2“’2. They are shown as follows:
when 0 < n < 1,
2
9 (a—c)” —12tn
wy = wi wy = a—i—c_\/ ; (C.9)
3 3
when n > 1,
W1 = Wy = atc (ClO)

a—c+2wo—2 (wz—%’c)Q—i—tn

APPENDIX C.2.2. The Supplier’s Pricing Decision When ps = 5

Applying backward induction, to maximise his total profit, the supplier first de-
cides the optimal wholesale price offered to Retailer 2. Taking the derivative of 7,9
with respect to ws, we can get the optimal wholesale price offered to Retailer 2 is

Wy = 2“3*‘3 -y (afcffmn. We find the optimal solutions of C.2.2 and 2.1.1.2 are the
same. So this subsection needs not to be discussed.

APPENDIX C.2.3. The Supplier’s Pricing Decision When py = 765+a(1;?15)$()1+25)w2

The limiting conditions are n € (0, 0)&w, € [w!t! w!"). Without the constraint,

s ) . : . __ atctad+3cd : atctad+3cd  :
the supplier’s optimal wholesale price is wy = B Comparing it with
+c+ad+3cd

w!! and w!V, we can get: (1) if 2 S < w!! the optimal wholesale price is

_\2_ 2 _9.2

wy = w!! and the case needs to satisfy that 0 < § < %&(a’ ) f&f;;gas 270 n <
(a=c)? 1 (a—c)? e TIT +c+ad+3cs IV

st OF 0 > &0 < < o7 (2) if w'' < HEFaESl < 'V the

1261326+ 1602 7 2(1+20)
supplier’s optimal wholesale price is wy = 2£Ea94390 “and the case needs to satisfy
that 0 < § < 1&0 < g < 2= —2lac)”,

2(1+20)
16t+32t5
always hold.

a+c+ad+3cd < wIV

(3) given the conditions, 5(1120)

11



By combining case (1), (2) and (3), we can get

a+c+ad + 3¢
2(1+ 29)

(a—c)* (1 —26)

_ 1
if 0<0 <380 <n< a5

) | 1 (a—c¢)?(1—25) (a—c)”
Wy — IIT < T ) (C.11)
w) O e G s < Tart 8200 + 1607

(a -0’

12¢ + 32t6 + 16t62

1
or 5>§&0<77<

Applying backward induction, the supplier is supposed to determine the optimal
wholesale price w; to maximise his total profit. We divide this process into two parts
shown as follows.

2.3.1 The Supplier’s Pricing Decision When wy = %ﬁ;g?ca
2 2
When wy = %‘;&365, the limiting conditions are 0 < § < &0 <7 < %

Because 7,9 is only the function of ws, so the supplier just needs to maximise 7 ;.
Without the limiting conditions, the supplier’s optimal wholesale price offered to Re-

tailer 1 is wy; = ‘LT*C By comparing “T*C with the interval of w;, we can get the
supplier’s optimal wholesale price w; shown as follows:
a+c . 1 1—26
T 1 [(a—¢)* (=3 +60 + 1 (4 +80)) 1 1-25 (C12)
a—+c a—c) (— +n . —
- §< &> 20
3 6\/ n+ 200 if0<o<sbnzi 55

2.3.2 The Supplier’s Pricing Decision When w, = w!!!

The profit of the supplier in Supply Chain 2 is the function of w;. Thus, the
supplier gives the optimal wholesale price w; to maximise his total profit. According

to the restricted conditions, we divide this process into two subsections as below.
2 2
2.3.2.1 The supplier’s pricing decision when 0 < § < %&%
(a=c)?
126+32t6+16t62 . ‘
We take the derivative of m, with respect to w; and get the optimal wholesale

price w; given as follows:

<

n <

2
2a+cl\/(ac) (6O (s o o 136 1%
wy = 3 6 T)+2776 2 4+8) 1+20 (C13)
1 1-26
3 : <z 7
Wi if 0<5_2&77>1+26,

where we define 6, = —c* (1 +n+nd) (=3 — 20 + n (=1 + 0 + 26%)) + 33a’c®n +
daPen (8 + 122(1 + 8)* (1 +268) + 1 (1 + 8) (20 + 575 + 300%) + 6 (29 + 40 (7 + 28))) +

2ac®n (114 4n>(1 4+ 0)* (1 +26) + 45 (8 + 6 (7T +28)) + 1 (1 +6) (13 + 6 (31 + 145)))+
a'n (17 + 16n*(1 + 8)% (1+28) +4n (14 06) (7+ 35 (5 +26)) + 20 (19 + 20 (7 + 26)))+
a?c®n (36n2(1 + 6)* (1 + 28) + 25 (69 + 100 (7 + 20)) + 1 (1 + 8) (81 + 4 (227 + 1184)))
+(3+28)a’—(6 + 48) a>c?, 55 = n? (15 + 446 + 3952 + 106%) A4 (1 + 6)* (1 + 20) S+
1 (19 + 406 4 2802 + 85%) A+5613a (1 4 6)* (1 4 20)+2an (25 + 676 + 5602 + 166)+
6¢3 + 403 + 6a3 + 46a3 + 6a®n? (16 + 550 + 576 + 1853) + 312da%cn + 3085%acn +

12



8863a%cn — 6ac? — 46ac? + 40ac®n? (3 + 118 + 1262 + 46°) — 6a’c — 4da’c + 201n%a’*c +
7706n%a%c + 1083 (1 + 6)* (1 4 20) a®c + 81a2en + 2acn (33 4 1176 + 11202 + 326%) +
8670%n2a%c + 2985°n2a’c + 48ac*n (14 6)* (1 + 26), 65 = 60m3c2(1 4 6)* (1 4 26) +
12c? (1+ 6) (165 + 0 (407 + 1908))—Sac (3 + 26)+20nc? (177 + 226 (7 + 26))+294nac-+
31213ac(1 + 6) (1 + 26) + 46nac (273 4 385 (7 + 28)) + 20na? (357 4 466 (7 + 20)) +
12a%+80a%4231na2+276n°a2(1 + )% (1 + 20)+a®n? (1 + 6) (489 + & (1271 + 6220)) +
12¢% + 8d¢* + 123nc? + 2acn® (1 +6) (321 + 6 (889 + 4580)), 64 = —252an — 180cn —
540an?—324cn*—288an® —144cn?® —840and —600cnd —1980an?0 —1188cn*d —1152an36 —
576¢n30—T784and? —560cnd% —2160an?62 —1296¢n?6% —1440an362 —720cn>5? —224and> —
160cnd3 — 720an?5% — 432cn?63 — 576an35® — 288¢n363 and d5 = 1081 + 21612 + 10803 +
36078 + T921728 + 432138 + 336152 + 8641252 + 5401352 + 9615° + 28828% + 2161355,
For the equation of &; + 20,x + d32% + 6,23 + d52* = 0, we define w? as its first root.

2
2.3.2.2 The supplier’s pricing decision when ¢ > %&0 <n< %

Take the derivative of 7y with respect to w; and we get the optimal wholesale price
offered to Retailer 1 given as follows: (1)when § > $&0 < n < m, w; = wi; (2)

when § > 1&n > 220w = “E (3) when § > J&ggiom <1 < 5,
wy, = UJ%I
By combining (1),(2) and (3), we can get the optimal wholesale price offered to

the first retailer given as follows:

1 34925
3 6> —&0
y Wy if 0>380<n< ZTa s (©.14)
1 a+ 2c f 5>1& S 3426 ’
3 ! 2% = 73735 + 602

The supplier compares (C.12) with (C.13) to find the optimal wholesale prices
to maximise his total profit in the distribution channel. The results are shown as
follows:

(1)When0<5§%&0<n§1;2‘$

1+25°
a+c a-+c+ ad+ 3cd
=Ty 2(1+20) (C.15)
(2) when 0 < 0 < $&n > %,
w, = wi, wy = w', (C.16)

where 1 = 1, 2.

APPENDIX D. Proofs

APPENDIX D.1. Proof of Proposition 1

Proof. The proof of the proposition can be seen in (B.9) by combining Retailer 2’s

— — )2
best-response price functions (B.5) and (B.8). In particular, w! = 2ate (L; O+

2a(1+5)2+c(1+25(2+5))—(1+(5)\/ ((a—c)>+4t(3+45(2+6))A)
3+45(2+9) ‘

]

and w!! =

13



APPENDIX D.2. Proof of Proposition 2

Proof. The supplier charges his optimal wholesale prices wj and wj to maximise
his total profit my = 7,1 + s in the distribution channel. Firstly, we trade off
Option 1 and Option 3 in Appendix B.3 to exclude the suboptimal choice. Compare
the supplier’s total profit in Option 1 and Option 3 under the conditions of § > 0,
0 <A< 1and wy € (c,a). We find that the supplier’s profit in Option 3 is no
superior to that in Option 1. Thus, Option 3 is supposed to be abandoned.

Then, we compare Option 1 and Option 2 to get the supplier’s optimal choice.
Firstly, we compare Option 1 with Option 2 under the conditions of 0 < § < % and
0 <A< 1. We use 7! and 72 to separately denote the supplier’s total profit in the

distribution Channel under the condition of 0 < A < A\* or /\* < A < 1. In Option 2,

when 0 < § < £ and 0 < A < 1, the supplier’s total profit is % = (o Scll(().l;ra) + 86) :

Comparing it Wlth 7l under the condition of 0 < A < A*, we find that when § > %,

7ot > (“;Cﬁ%l;‘s) - (a;C)Q. And when 0 < 6 < I, #f! < (“8221(61;5) + (a;c)z. So we
can conclude there exists 6;(\) € (3, 3) which satisfies that when 0 < A < A* and
0 < & < 0;()) the supplier charges the optimal wholesale price as wj = %<, and when
A << %, the supplier charges the optimal wholesale price as w} = w1 Compare
72 with 7% under the condition of A\* < X\ < 1. The case is similar with the above
and we can conclude that there exists d3(\) € (3, 2) which satisfies that under the
conditions of \* < A < 1 and 0 < § < &,()), the supplier charges optimal wholesale
price as wj = “;LC, and when 67(\) <4 < %, the supplier charges optimal wholesale
price as wj = wi’. It’s easy to know that when 0 < d < 3 and F42 < X < 1,
the supplier’s optimal wholesale price is w} = wif. For convenience of expression,
we use 0*(A) to denote 07(A) under the condition of 0 < A < A* and 0;(\) under

the condition of A\* < A < 1. Therefore, there exists §*(\) € (3, 2) which satisfies

that when 6 € (0,0%()\)) and 0 < XA < 1, the equilibrium resu171;s50f the game are
wi = 4 pp = 3“+C, wy = 4 — (s((1a+—206) and p; = 3% when § € [6*()\), 3) and
0<A<1,ord>1and 11265‘5 <A< ’11;;%‘5, the equilibrium results of the game are
wi = wil or wi* wé‘ e ((; s N atra

Now we investigate the relationships between §*(A) and A\. When 0 < A < \*, 7}
is decreasing with \; when \* < A\ < 1, 72 IS decreasmg with \. 7! is decreasing
with §. So when 0 < X\ < \*, to make ! = 7% higher A means hlgher 07 (A); when

A <\ < 1, to make 72 = 7?1 higher A\ means hlgher 03(A). lim 7 > )\hm+ 72, 80
H *

lim 67(A) < lim d5(\). So we can conclude that 6*(\) increases with the sympathy
A=A~ A=At
parameter.

At last, we compare the supplier’s profits in Option 1 and Option 2 under the

conditions of § > 1 and =39 < )\ < _11:5%5. In Option 2, the supplier’s total

2 44-86

profit is 7¢ = (a70)2(73+13/\+5(i;(r/\1:\;;;)2 3766+4/\+86/\). The conditions of § > 1
and _ﬁé%d A< _11:2%‘5 are equivalent to the conditions that: (1) 0 < A < 3 and
Sy <0< =% and (2) 3 <A< landd > 5= When 0 < A < A* and
S <0< SR hla-of 4 52 TP SRR and
> (a— 0)2—1—% so Ty > ) ( 3+13A+67(26(J;f;§$2\/m) when \* < A <
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2 - (a—c)® (—3+130+3(6+17X)+2v/3—65+4A+85X)

3 and <0< B3 (0—0) + (a_SC)

4 2+2>\ —6+8X7 32 ; 72(A+25X)
and 72 > 3%(&—0) + M, so w2 > (a—0)*(- 3+13A+67(26(J;f;g;)2\/m> when
S<d<landd> 24, B(a—o + 52 > <a*c>2(*3+13A+5;§(§f;;;2¢m )
and 72 > 3 5 (g — C) n % o2 > (afc)Q(73+13)\+67(s(+)\172)\§);2\f3765+4)\ +86X). Therefore,

when 0 € [3,00), the equilibrium results of the game are wj = w{* or w{’*, w} =

2a+c—+/ (a—c)2+12tA atwy
3 P2 = 7
For convenience, we use w$* to denote wi* or w!* under corresponding conditions.

In general, there exists 5*()\) € (3,2) which satisfies that, if 6 € (0,0%())), the

e . . 5
equilibrium prices are w} = €, wy = 4 — ((1a+266)), p; = 24 if § € [6%(N), 00), the
ey . . (a c)24+12)Mt at+wF .
equilibrium prices are wj = w{*, w; = 2‘?0 — ;’ P = —5+i=1,2 O

APPENDIX D.3. Proof of Corollary 1

Proof. Based on the proof of Proposition 2, we know that when & € [6*()\), 00), if
0 <A<\ and5>5*()\),w1—wl,lf)\*</\<1and5>5*(/\),w1—w{1*.
Taking the derivative of w] with respect to A, we can get that w!* decreases with \.
Retailer 1’s profit function is m; = , which decreases with w;. When 0 < A < 1

and § € [6"(N),00), wi < “'{C, SO Retaller 1 gets more profits. Retailer 1’s share

_(a w1

of the channel surplus pgl__wcl = S5orar decreases with wy. Thus, Retailer 1 gets a
higher share of the channel surplus. 5—17;11 = —%5 <0, so m increases with A when

A € (0,1). The profit of Supply Chain 1 is 7} = (a — p1)(p1 — ¢) = w

Taking the derivative of it with respect to w;, we can get that d:}l = =% < 0. So
The performance of Supply Chain 1 increases with A when A € (0,1). As a result,

we can conclude that when A\ € (0,1), w; decreases with A, but p;;f, 71, and 7}
increase with A.

If Retailer 2 only has distributional fairness concern, when § € [§*(\), 00), his
wholesale price is “EQC. If Retailer 2 has PF for sympathy, he gets a wholesale price

2a+c _ V (a—c)?+12X¢ < a+2c
3 3 3
(a—w2)?

and sets the retail price as pj = a+2w5. Retailer

2’s profit function is 7, = Following the example of Retailer 1, we can
get the conclusion that when 0 € [0*()), 00), Retailer 2 gets more profit and enjoys
a larger share of the channel surplus. Taking the derivative of Retailer 2’s profit
function with respect to ws, we know that my decreases with ws when wsy € (c,a).
It’s easy to know that wj decreases with A¢, so my increases with At. Take the
derivative of A\t with respect to A and we can get: (1) when 0 < XA < \*, € > (;

> dA

(2) when A* < XA < X°, 22 > 0; (3)when X\> < XA < 1, 28 < 0. Here, we set

s(x) = 48 — 275z + 662 + 883z — 548z% — 7172 + 8342°% — 1927 — 20828 + 6427, and
A° denotes the third root of s(z) = 0. Because lim % < lim % so 7, increases

o—
’UJ2—

Asae— AT TNy A
pa—wo
with A when A € (0,\°) and decreases with A when A € [\ 1). Besides, —2-= < 0
for wy € (c,a), so w5 and pf):_wf increases with A when A € (0,\°) and decreases

with A when A € [A\° 1). Taking the derivative of the profit of Supply Chain 2 75

with respect to ws, we can get that d”i = 52 < 0. So 7h increases with A when
A € (0,)°) and decreases with X\ when \ € [\°, 1). O
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APPENDIX D.Jj. Proof of Proposition 3

Proof. By combining case 1, case 2 and case 3 in Appendix C.1, we can get Retailer
2’s best-response price as (C.5). Thus, Proposition 3 can be proved. ]

APPENDIX D.5. Proof of Proposition 4

Proof. Firstly, We consider the supplier’s optimal wholesale prices under the condi-
tions of 0 < § < 5 and 0 < n < 1. Based on (C.15) and (C.16), we know that: (1) if

1-26 __ atc _ a+ct+ad+3cd 1-26
0<5§—and0<77<1+25,w1— 50, Wy = W,()lf0<5<—andn>l+25,

w = wi,ws = w'’. The conditions in (1) are equivalent to 0 < n < 1&0 < § < s—L
1 1, Wa Ui 2+277

2+2’7 <5<%0rn21
and 0 < § < 3. Compare case (1) and (2) with (C.9) to get the supplier’s optimal
wholesale pricing decisions under different conditions.

Thus, the problem can be described as below: 1. when 0 < n < 1and 0 < § <

2
1—n x _ o F * _ 2a+c (a—c)"—12nt * __ a+tc * __ atctad+3cod
3ran Wi = Wi, wy = =5 3 or wi = 55, wy = SHiese , what are the

wholesale prices the supplier chooses to maximise his total profit in the distribution

v/ (a—c)*—12nt
channel? 2. when 0 <7 < 1 and = 3o §5<%,w1‘:wf£,w§:2a3+c— (@ C; T or
3 11

wi = wi,ws = w'"', what are the wholesale prices the supplier chooses to maximise
his total profit in the distribution channel?

The conditions in (2) are equivalent to 0 < n < 1 and

(a—0)*(1+9)

For question 1, the supplier’s total profit in the distributional channel is e

+
atec ,o% _ atctadtded 1 op?
5oy Wy = S5 Ty 1S used to denote the supplier’s

# * _ 2atc _ V (a—c)2—12nt
3

total profit when he chooses wj = wi, w5 = =%

(afscﬁ(ﬁl;a) + (a;C)Q under the conditions of 0 < 7 < 1 and 0 < § < m’L Given
(a—0)(1+9)

n e (0, 5% +§§) 74 is increasing with 7. I + (“;6)2 decreases with §. When
a—c)?(1+6 a—c)? a—c)?(1+6 a—c)?
5:(),7T5(77)<( )(+)—|—(8).Andwhenézé,wl(n)>( )(+)+(8).

(a=0)

< When he chooses wj =

. Compare 7! with

S
8+166 s 8+166
So we can conclude that, given n € (0,1:22), there exists 6*(n) € (0, %) which satis-

' 1420
fies that when & € (0,0*(n))), the supplier chooses wi = %€, w} = %5;;)3’35; when
# _ 2a+c _ V(a— ) — 120t

6 €[0*(n), 3), the suppher chooses wj = wi, w; = =%
For questlon 2, 2 is used to denote the suppher s total proﬁt When the optimal
wholesale prlces are w1 wi, w = w'!. Compare 7! with 72 under the conditions of

0<n<1land =L 2+2 <o < % 717 is used to denote the supplier’s total profit when the

optimal wholesale price offered to Retailer 2 is wy = w!f!| and 72% is used to denote
the supplier’s total profit when the optimal wholesale price offered to Retailer 2 is

2
w2 = 2ote _ ¥ (@) 71277{/ Compare 71 with 72* under the conditions of 0 < n < 1,

<id< s and c < wy < a. We can find that 7T1x < 7r2"3 always hold That’s to say,

2+ n -
i (wi) < 7T2’3(w1) Under the conditions of 0 <7 < 1 <d<iandc<w <a,

’ 2+2n
wfé maximises 72, so 72 (w?) > 71*(w]). Thus, under the condltlons of 0 <n <1

\/27
and 1 2+2 <0 < 5, the supplier chooses wi = wf'&,w2 2“3“ SRRVAC Ll

Now we Con81der the suppher s optimal pricing decisions under the conditions of

0<)\<1and52§. n (C.14), we can get: (1) if 0 < < land § <0 <

3 45607+ 81n? : 2-3
1277” + 5/ T, wp = wiwy = w(2) 0 < < Tandd > T+
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44+-60n+81n2 * __ a+2c * 011 ly 2y L
T\ e Wl =S wy =w and 72 are used to represent the supplier’s

total profit in the two cases, respectively. In (C.9), when 0 < n < 1, w} = wft,w;‘ =

2a+c (a—c)2 —12nt
3 3 ’

12(wy) is used to denote the supplier’s total profit when he

11 2atc  V(a—o)’—12nt

chooses wi = w!'| and 7%*(w;) is used when he chooses w§ = = 3

T (wr) < 72 (wy) always holds for 0 < g < 1 and § <& < 222+ 12\/‘H(m72—j81772.

That’s to say, 71*(w]) < 72*(w]). 7% (w7) < sz(wf), S0 the suppher will choose

wi = wj,wy = ke — Y (a- c?)) —2" ynder the conditions of 0 < < 1 and $ <0<

2-3n | 1 [4+600+81n2  _1z/at2c ; : : 1 _ 1
ot 13 . m#(%5%) is decreasing with § when 6 > 5. When § = 5,

2
. a—c)”—12nt
2% (wi) > m1#(9£2), so the supplier choose w} = wl wi = fate ( ?)) L

2-3n , 1 [4+60n+81n2
O<77<1and52m+ﬁ — 2

In addition, we know &*(n) makes 7! = (a;c)Q + 78221(61;6). (a;c)Q + ¢ 78221%1;6)

decreases with d. Notice that 7! is increasing with 7 when 0 < n < 1, so we can
conclude that 6*(n) € (0, 1) is decreasing with 7 when 7 € (0, 1).

__ atc __ a+tct+ad+3cd
As a result, the equilibrium prices are wi = 3¢, wy = i) and p; =

when § € (0,6*(n)) and n € ( ,%). And when § € (0,0*(n)) and 7)#6 [ng,l)

or § € [0*(n),00) and n € (0,1), the equilibrium prices are wi = wi (n),w; =

2otc (afc;Lmn and p; = “5% . Besides, 6*(0) = 1 and wi (0) = e, -

when

_ a+30

APPENDIX D.6. Proof of Corollary 2
Proof. Taking the derivative of wfé (n) with respect to 7, we can get that w; increases

with 7 when 7 € (0,7*) and decreases with n when 7 € [n*, 1), where we set t (z) =
—64 — 2082 + 1922 4+ 83423 + 7172* — 5482 — 8832 4 6627 + 27528 +482° and define n*

a—c)?—
as the third root of t(z) = 0. Besides, w;(0) = wi(1) = 4. wj = 2= — ( ?)’ =
taking the derivative of it with respect to 7, we can get < M = dwdit g (0,1),

dnt dn -

dwa dnt __ tdp+ndt ndt d’u)g a+w
dn > 0 and =—q, =L+t > 0, so > 0. B681des P = , so Corollary

2 is proved. [

APPENDIX D.7. Proof of Corollary 3
Proof. When § € (0,0%(n)) and n € H+§g’ 1) or 6 € [6*(n),00) and n € (0,1), w} =
# * 2a+c \V (a*0)2*12t7l

wi, wy = 24— 3 . Make a direct comparison between pj, p5 and 2%, 3atc,
and it’s easy to get that: (1) when & € (0,0%(n)) and n € [1752,1) or § € [6*(n), 1)

and n € (0,1), py < 3“+C < p}; (2) when ¢ € [%,oo) and n € (0,1), 2“+C < p%‘,% <

jup OJ

APPENDIX D.8. Proof of Corollary 4
Proof. When & € (0,6*(n)) and n € [3=2 1) or § € [6*(n),00) and i € (0,1), the

11257
\/(a—c)2—
supplier offers the wholesale prices as w} = w#, wy = 2“; AC C) 2 The en, the
_an*\2
retailers set their retail price as p; = a+2w1 t = 1,2. Retailer i’s proﬁt ism = %
Retailer i’s profit is % in Benchmark Model 1. Compare 7] with 1—62 and we

can get that m* < %.
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Based on the proof of Proposition 4, we can get that, when 0 € (0,6*(n)) and
n e [h;g, 1) or 6 € [6*(n),00) and n € (0,1), ( ) m* decreases with  when n € (0, 7*)
and increases with it when n € [n*,1); (ii) m* decreases with n when n € (0,1). O

APPENDIX D.9. Proof of Proposition &

Proof. Consider the supplier’s optimal pricing decision if 7 > 1. Based on (C.10),
(C.14) and (C.16), the supplier decides his optimal wholesale prices if > 1. When
wy = w!!, the supplier’s total profit is my, = (a_wl);wl_c) + (a—wIU)z(wIH—c) By

comparing it with % under the conditions of n > 1 and ¢ < w; < a, we

can find that 7w, < @ always hold. So the equilibrium prices of the game are

_ atc % a+w2‘ H

* ook
Wy =Wy = 5, P; =

APPENDIX D.10. Proof of Proposition 6
Proof. Based on Proposition 2 and Proposition 4, we know that in Model PF1, when
5 € (0,6%(N), Where () € (3,2), wp = ate pr = Buke g — ate Aoy, Model

[ 2(1+20)
PF2,ifn € (0 20) and 6 € (0,6%(n)), where 6*(n) € ((), 1) wp = ate pr — Saic
atc é(a—c)

) 1320 > P =
5 T iy So we can conclude that compared to the counterpart in Model PF1,
when the peer-regarding fairness parameter and the the schadenfreude parameter is
small (ie., d € (0,0%(n)) and n € (0, h—g‘;) ), Retailer 7 in Model PF2 accepts the
same wholesale price and gets the same profit. In Model PF1, when § € [§*()), 00),

wi = wit(A),wy = 2 — ¥ (a_C;HQ/\t; in Model PF2, when 7 € [{552,1) and § €

adc a—c)2—12
(0.6°(m)). or n € (0.1) and 6 € [5*(n). 00), wj = wi (), wj = ¢ — VG
It’s easy to know that when & € (0,0*(n)] and 1 €[22, 1), or 6 € (§*(n),0*()\)) and

1425
ne(0,1), 4 < w?(n), but it’s difficult to make a comparison between ale 2‘1(1‘:265))

and 24r¢ — G 2 —2% When § € [6*()),00) and 1 € (0,1), w*(\) < ate < wif(n)
and 2“; c _ VlazcPHiaxt < atle 2‘”0 VA Cz i Thus, we can conclude that

3 3
when 0 € [0*(\),00) and n € (0,1), Retaller iin Model PF2 accepts a higher wholesale
price. At last, in Model PF2, when 1 > 1, wi = w} = %¢. Note that in Model PF1

and Model PF2, p; = Hw  =1,2. So 1} = (a;—w) ThlS shows that Retailer ¢ with
a higher wholesale price Wlll get less profit. Thus, Proposition 6 is proved. O

, Wy =

APPENDIX D.11. Proof of Proposition 7

Proof. Based on Proposition 6, we know when the peer-regarding fairness parameter
and the schadenfreude parameter is small, Retailer i in Model PF2 accepts the same
wholesale price and gets the same profit compared to the counterparts in Model PF2.
So the supplier’s total profit in the distribution channel in Model PF1 is the same as
the counterpart in Model PF2. If > 1, in Model PF2, wi = wj = %<, the supplier’s

total profit is %. In Model PF1, when 6 € (0,6%(\)), wj = a;‘j,wg = &< _

— 2
26((1a+285))’ pr = 3&2—0’ T < (a c) . when § € [§*()), 00), wi = w{* or w{l* < a+c =

2ate (afc;QHQ/\t < “ngc, < 46) . So we can conclude that 7} ppy < T ppy
if n > 1. In Model PF2, when § € (0,0%(n)) and n € [h;g,l) or § € [6%(n),o0)
and n € (0,1), Wi ppy = wf(n),w;PFl = Zate _ V (afcf*lm. It’s difficult to give a
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comparison between the supplier’s profits in the two models when ¢ € (0,6*(n)) and
ne =2 1) ord € [6*(n),6*(\)) and n € (0,1). When 6 € [§*()\), 00) and 5 € (0, 1),

124"
* ¥ _ atwi2. * 17(a—c)? *
Pipr1 = Dipr2 = ——1=1,2. So we can get that 7} pry < =5 < 7 ppy. Thus,

Proposition 7 is proved. [

APPENDIX D.12. Proof of Proposition 8
Proof. The distribution channel profit is 7* = (a —p1)(p1 —¢) + (a —p2)(p2 — ¢). Tppy
and mpp, are defined as the distribution channel profit in Model PF1 and Model

PF2, respectively. In Model PF1, when § € (0,0*(\)), mppy = 3(‘1;)2; when § €

* * * * a+c * a+c \Y (a—c)2+12)¢ a+2c * atw;
[5 ()\),OO), wl :2?,0{ or 121}{[ <%7w2:23+ - 3 < —EZ’pi :+T’
SO Thpy > 3(a1_60) + 2(‘1;6) . In Model PF2, when ¢ € (0,0*(n)) and n € (0,;—3‘;),
Thpy = 3(“;)2; when ¢ € (0,6*(n)) and n € [11—337 1) or § € [6*(n),00) and n € (0, 1),

v/ (a—c)2— P
w? :gwf& > 9 gy = 22“;6 — 2( )> 12t a2 and p; = “H% it’s easy to get th%t
@ < Thpy < 3('11_66) + Q(G;C) : when 7 € [1,00) and § € (0,00), Thpy = 3(“;0) )
Thus, Proposition 8 is proved. O
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