Online Supplements

Proof of Lemma 1. To compare equilibrium prices/rates, we need to solve tashNequilibrium of the

second stage game for Scenarios EE, EA, AE, and AA, respéctisee Economides and Salop, 1992).

Following Eg. (2), in Scenario EE, the demand for each pagksagiven by

DEE 1 pitpa 7(p2 + pb) 7
e 41+7) (1-nA4+7) (A-7)(1+7)
DEP L patp 7(p1 + pa) ’
41+7) (1-mA4+7) (A-7)(1+7)

DEP =0, ij=1b,2a.

In Scenario EA, the demand for each package is given by

pEA 1 (I+7)(p1+pa) | 7(2p2+Pa+po)
la 41+2r) (A-7)(1+21)  (1-7)1427)"°
pEA 1 _ (1+T) (p2 + Pa) T(pl + p2 + pa + Dp)
7 41421 (1-7)(1+27) (1—7)(1+21)
pEA _ 1 (A47)(p2+pe) | 7(p1+Pp2+2pa)
T 4142 A-n1+42n) 0 QA-7n)1+27)°
DEA = .

In Scenario AE, the demand for each package is given by

1

(1+17)(p1+ pa)

T (p1 + p2 + 2pp)

DAE — o
ta 4142r)  (A-7m)(1+27)  (Q-7)(1+27)"
DAE  _ 1 (@ +T7)(prtpe) | T(p1+ P2t pat D)
Yo 4(142r) (I-7)(1+27) (1-7)(1+27) °
DAE  _ 1 (A+7)(p2+py) | 7(2p1+patpp)
7 4l+2r) (Q-7m)(A+2r)  (I-7)(1+27)]
Dyf = 0.

In Scenario AA, the demand for each package is given by

pAA 1 (1427)(p1+Ppa) | 7(p1+2p2+Ppa+ 2py)
la ™ 41 +37)  (A—71)(1+37) 1-7)(1+4+37)
pAA _ 1 (I427)(p1+p) | 7 (P14 202+ 2pa + o)
b ™ 41+37) (1-7)(1+37) 1-7)1+37)
pAA _ 1 (A+27)(p2+pa) | T(2p1+p2+Ppat2pp)
207 4(1+437)  (1-7)(1+37) 1-7)(1+4+37)
pAA _ 1 (I427)(p2+p) | 7(2p1 + P2+ 2pa + o)
%7 41 +37)  (1—-7)(1+37) (1—7)(1+37)

Following Eg. (3) without revenue sharing, we have

0, = > piDy,i=

j=a,b

L2,



Hj = Z ijij7 ] = a, b.
1=1,2

To prove that there exists a unique equilibrium, followingoBon and Netessine (2004), we define the

Hessian matrix as:

9211, 9211, 9211, 211,
op? Op10p2  Op1Opa  Op10py
9211 9211, 9211, 9211
Op10p2 Op2 Op20pa  Op20py
%11, 9211, %11, 9211,
Op10pa  Op20pa ap? Ipadpy
%11, %11, 9211, %11,
L Op10p,  Op20p,  OpaOpy op?

A
Il

Therefore, for Scenarios EE, EA, AE, and AA, we obtain thegpective Hessian matrix as follows:

-2 7 -1 7 ]
EE _ 1 T =2 7 -1
A= = Q-7 4+7) | 4 S Y-
|7 -1 = =2 |
[ o147 27 1 _
HEA _ 1 21 —4 —(1-27) ~1
(1 —7)(1+27) 1 —(1-2r) 4 9r
T ~1 27 —21+7) |
| —4 27 -1 —(1—-27) ]
HAE — 1 27 —2(147) T 1
CA-7n)+27) -1 T —2(1+7) 27
I —(1—27) -1 27 —4 |
_ —4(147) 47 (-1 —(1-7) _
F7AA _ 1 4t —41+7) -1-7) —-(1-71)
A=7)(+37) | —(1-7) —(1-7) —4(1+7) 47
| —(1=-7) -(1-7) 4T —4(1+7) |

First, from the Hessian matrixes, we can see each playgestdle function is concave in its own decision
variable. So the existence of Nash equilibrium holds. Meegcaccording to Cachon and Netessine (2004)
(Theorem 6), there is a unique Nash equilibriunif+ H” is negative definite, which is true for all above

scenarios giverr € [0,1). One can easily verify this conclusion from the above Hessiatrixes. For

brevity, we omit the determinants.



We can then obtain the best response pricing function fdn péayer given the other prices from their
corresponding first order condition. Due to limited space,h&reby show only Scenario EE. Computation
of Scenarios EA, AE, and AA follows the same procedure. Inn8de EE, the best response pricing

functions for supplierd and2 and retailers: andb are given, respectively, by

o= é(l—T+4Tp2—4pa+4pr),
p2 = %(1_7—+47—p1+47pa_4pb)7
Do = %(1—7—4p1+47p2+47-pb),
Py = %(1—7’4-47’]91—4}924—47’])@).

Combining the best response functions above, we can oldaitikgium prices and then profits, as shown
in Table 1. Due to symmetry, we provide only results for siggdl and retailew. The equilibrium solutions

of supplier2 and retailerb in Scenarios EE and AA are the same as those of supplad retailera.
The equilibrium solutions of supplier and retailerb in Scenario EA are the same as those of supplier
1 and retailera, respectively, in Scenario AE. We can also show that allldxjis are located inside the
feasible domain, since all demands under the equilibriviteprare nonnegative. Note that the demand
under equilibrium can be computed by plugging the equiiriprices into the above demand functions,

which is skipped for brevity.

Table 1: Equilibrium solutions in Scenarios EE, EA, AE, andl énder.

P Pa 1T IT;
1— 1— 1— 1—
EE 12—;— 12—g7 16(3—27)2(1+T) 16(3—27’)72—(14—7')
EA 3—7—272 3+7—4r2 (1-7)(1+7)(3+27)2 (1—7)(34+47)?
4(9+57—672)  36+20m—2472  16(1427)(9+57—672)  8(1+27)(9+57—672)2
AE 347472 3—7—272 (1—7)(3+47)? (1—7)(147)(3+27)2
36+207—2472  4(9+57—672)  §(14-27)(9+57—672)%  16(1+27)(9+57—672)7
AA 1-7 1-7 (A-7)(+7) (A-m)(1+7)
4(3—71) 4(3—71) 8(3—71)%2(1+37) 8(3—7)2(1+37)

We next compare the prices. For suppliewe have

«EE *EA T (5 — 7T+ 272)
b1 —P1 = 2 3 207
1(27 — 37 — 2872 1 1279)
«EE _ _%AA (1—7)r
_ — 0
P1 P1 4(9—-97+272) = 7
«AE _ xEA _ (1-7)7
Pro—=P = 995 —6r2) =
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«AE *AA 7(2_7_72) >0
)

pro——n - 2(27 467 — 2372 +673) —
pEE AR T (1-7)(1-27)
! ! 4(27 — 37 — 2872 + 1273)’
N N T(1—-7)(1-27
piEA_jpan (1-7)(1-27)

©2(27 + 67 — 2372 4 673)’

in which the inequalities can be verified easily givere [0,1). For example, the numerator of the first
inequality is positive a§ — 77 + 272 is decreasing in and its value is positive whenapproaches 1; the
same argument leads to the positiveness of the denomiratdiit is also easy to verify that when> 1/2,
the right hand sides of the last two equations are positivergds they are negative when< 1/2. Thus,
we obtain the result regarding as shown in Lemma 1. Similar reasoning leads to the resudirdety p;,

as shown in Lemma 1

Proof of Theorem 1 Continuing with Lemma 1, we consider the prices for packagBased on

Table 1, we have

1—7)7
ta ta 27 — 31 — 2872 41278 ~
Pl*aEA - PI*L?E = 0,
prEA _ prAA _ (1427 —37%) >0
la la 2(27 4 67 — 2372 +673) —

where the inequalities follow from thatec [0, 1). Thus, the theorem is proved.

Proof of Theorem 2 Recall the sequence of moves by the players in each chanmelsupplier first
suggests a channel structure (exclusive or not) to thel@etarhen if the supplier suggests an exclusive
deal with the retailer, the retailer determines whetherceept it; otherwise, if the supplier decides to sell
its product through both retailers, then the retailer haghmice but to accept the contract. Note that in
this stage, if the retailer refuses to form an exclusive detd the supplier, the supplier will just sell its
product through both retailers. Finally, both the suppdied retailer set their prices. Both channels proceed

simultaneously with the above sequence. We solve the gaokevbeds.

To prove that forming an exclusive deal is a weakly dominsnategy for the retailers, we need to show
that, a retailer is not worse off with an exclusive deal, rdtgss of whether the other supplier-retailer pair
forms an exclusive deal. Similarly, if forming an exclusieal is dominated for both suppliers, no supplier
would choose an exclusive deal regardless of the otherismpptailer pair's strategy. Due to the symmetry,
we only show this result for retailer and supplierl. For retailerq, it is sufficient to prove that Scenario
EE outperforms Scenario AE and Scenario EA outperforms &@aeAA, provided that supplier 1 offers an

exclusive deal. Hence, based on the analysis of retajléor supplier 1, it suffices to show that its profit
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under EE is less than that under AE and its profit under EA sstlesn that under AA. Based on Table 1, for

retailera,
o 1 _ (147)3(3+27)2 >
«EE *AE (1-7) ((3—27)2 (1+27)(9+57—672)?
Ha - Ha - 2 07
16(1 4 7)

H:;EA—HZAA (3+4T)2 1"‘7' )_

- 5(1_7—) <(1+27') (9+ 57 — 672)° C B-7)2(1+37)

The above inequalities become equalities only when 0. For supplierl,

* e 1 1 2(3 + 47)?
PP -t = E(1_7)<(3—27)2(1+7‘) N (1+27)(9+5T—6T2)2> =
' . 1 (3 +27)° .
A — At = E(l —7)(1+7) <(1 ror)(9+5r—672)2  (3—1)2(1 +3T)> <

Thus, no matter whether the other channel forms an excldsigg it is weakly dominant and, thus, optimal
for retailera to seek an exclusive deal with supplier However, the reverse is true for supplierConse-
quently, supplier 1 will not offer an exclusive deal contraxretailera and, thus, forming exclusive deals

without revenue sharing cannot be an equilibrium.

Proof of Theorem 3 From Table 1, we obtain the total profit for the entire supggain including

both suppliers and both retailers as follows:

H*EE — 1—171
Al A3 —2r2(1+1)
H*E’A _ H*AE _ 27 + 427 — 21’7’2 — 447-3 — 47-4
All All -3
8(1 +27) (9 + 57 — 672)
* 1-—7)(1+7)
I

2(3—71)2(1+37)

We then visualize the proof in Figure 2. We defifieas the intersection point between Scenarios AA and
EA and7, as the intersection point between Scenarios EE and EA. Téakeng the single crossing points
between AA and EA/AE by settingl*};* = II*}* and between EA and EE by settilifj;,” = 1774
yields7; = 0.5633 and7, = 0.6901, respectively. We then observe that AA dominates Scen&#QAE,
and EE wher) < 7 < 71; Scenarios EA and AE dominate EE and AA whgn< + < 7»; and Scenario EE

dominates EA, AE, and AA,ifp <7< 1. O

Proof of Lemma 2 With revenue sharing, the profit functions are given by Bj). (The demand
functions are the same as those in the proof of Lemma 1. BedhasHessian matrixes are independent of
the revenue sharing rate, they are identical to those in LetriTherefore, similar to the proof of Lemma 1,

we obtain unique equilibrium solutions in Table 2.



Table 2: Equilibrium solutions in Scenarios EE, EA, AE, andl With revenue sharing.

P Pa 11 1T,
1—71 1—7 1—7 1—7
EE 1o =7 1o t7 T@menzaen 16(3—2r)2(1+7)
EA  Ca—4rCy Cy+4rCs (147)(Co+4rC6)?  C42—2rC7—8r2Cy
1C, 4C, 16(1+7—272)C: 2 8(1+7—272)C3
AE  CaztrCy Co+4rCig (Ca—4rCy)* (147)(C2+4rCi0)?
4C1 4C1 8(14+7—272)C1 2 16(14+7—272)C?
AA 1—71 1—7 (1-7)(1+7) (A-7)(A+7)
4(3—71) 4(3—71) 8(3—7)2(1+31) 8(3—7)2(1+31)

In Table 2, we have

Ch, = 45+ 1067 + 3372 — 4473 — 1274 > 0,

Cy = 154227 — 1372 — 2072 — 471 >0,

Cs = 334 71T+ 2072 —247° — 871 > 0,

Cy = 154321 — 572 — 3473 — 871 >0,

Cs = 21+487 +1372 — 2273 — 871 >0,

Cs = 124357 +137% — 2073 —47% > 0,

Cr = 90+ 7177 4+ 198072 + 183873 — 10507* — 289975 — 13167° + 28877 4 3047° + 4879 > 0,
Cs = 603+ 37417 + 820472 + 61967> — 25197* — 56737° — 148875 + 92077 + 43278 + 4879 > 0,
Co = 6+ 217+ 1772 — 473 — 47% > 0,

Cio = 34+12r+972 —873 — 47 > 0.

Constraints are imposed for nonnegative marginal profitsdfjct price plus shared revenue) and demands

as follows:

. : {04 3—57° + 277 } 3—57° + 277
r < fp = min —

4Cy" 4 (3 + 67 — 72 — 273) 4(3+67 —712—273)’

where the first item guarantees nonnegative prices in SosraA and AE and the second item guarantees
nonnegative demand for packaiein Scenario EA and packadé for Scenario AE. Other marginal profits
and demands are all nonnegative. From Table 2 and the abos#a@tg, it is quite obvious that, with revenue

sharing, product prices decrease while service ratesasereith the revenue sharing rate in Scenarios EE,
EA, and AE. Consider the package pricel¢f,.

PEE
dr
dpPpEA 124237 4772 — 278 ~0
dr N C ’



Pl*fE B 3—|—97’—|—87’2—|—473<0
dr N Cl ’

Pt
dr -

Thus, package prices decrease with the revenue sharing tenarios EA and AED

Proof of Theorem 4 To show that forming exclusive deals is a subgame perfadtiedqum, we must
demonstrate that no player will unilaterally deviate froeeBario EE in the first stage of the game. For
supplier1 and retailera, Scenario EE must be no worse than Scenario AE; for supplaerd retailers,
Scenario EE must be no worse than Scenario EA. Due to the symiig?” = 1554 andIT:AF = 1354,
Hence, it is sufficient to prove that both supplieand retailer prefer Scenario EE to AE. Comparing the

profits from Table 2,

N N 1—7 Cy — 4rCy) 2
AH{?EAEEHIEE_HIAE — - - ( 4 g) =
16(3 —27)2(14+7) 8(14+7—272)Cy
1—7 (1+T)(02+47“Clo)2

EEAE _ yxEE *AE
ATIPPAE = [*BE _ 11

16(3 —27)2(1+ 1) 16(1+7-272)C%
We need to identify the region efwhere ATIFPAF > 0 and ATTZFAE > ( so that EE is an equilibrium.

To this end, we take the second derivatives with respecti®follows:

W _ _4(1—|-27') (6—1—97‘—7’2—273)2 “0
dr? (1—71)C% ’
LAIEPAE (14 7)(1427) (3+ 67 — 372 — 27%)° 0
dr? B (1—71)C% ’

Thus, bothATTFFAE and ATIZFAE are strictly concave im. Solving ATIPFAP = 0 and ATIZEAF = 0
yields two roots for each, respectively. The equationstierrbots are very lengthy, thus they are omitted
here. The roots depend on a single parametdvjoreover, we can show that the smaller rooMi[{EEAE =

0 is larger than that oATIZFAF — ( whereas the larger root GRITFP4F = 0 is larger than that of
ATIEEAE — (. As a result, we can identify the area definedipyr) < r < (), under which EE is
the equilibrium, where*; () is the smaller root oATIFFAE = ( and#y(7) is the minimum of the larger
root of ATIZFAE — () andr, (defined in Lemma 2), as illustrated in Figure 3. Note thatdtiplexity of
71(7) andsy(7) are mainly due to the asymmetry of Scenario AE and the gartiagéhat players need to
determine four prices simultaneously in a Nash game. Frarprawvious discussion, we can easily infer that
the retailer will prefer not to form an exclusive deal witketsupplier as long as > 7,(7), which results

in non-exclusive deal (regardless whether the suppli@rsféxclusive contract) between the supplier and
retailer. Similarly, ifr < #1(7), even if the retailer prefers to form an exclusive deal wité supplier, the

supplier prefers to sell its product through both retailétence, in both cases, forming an exclusive deal is
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not an equilibrium. Furthermore, the starting point of tkertapping area is given by = 0.34 solved from

71(7) = 72(7), and the ending pointis at= 1. O

Proof of Theorem 5 It is sufficient to show that either a supplier or a retaiemore inclined to
deviate from Scenario EE asgrows. Note the profit functions in Eq. (3) continue to hold tlois new
revenue sharing scheme. Due to the symméty,” = 11;54 andIT:AF = I1;54. To show whether either
a supplier or a retailer will deviate from Scenario EE, sanilo the proof of Theorem 4, it is sufficient
to prove that either supplidr or retailera will unilaterally deviate from Scenario EE to Scenario AEe W

compute players’ profits and compare them as follows:

. . 1—7 Cy —4(1 — p)rCy) 2

AnlEEAE = HlEE _ HlAE — — i _ ( ( — )2 )2 ’
16(3—27)2(1+7) 8(1+7—-212)C4

ATIEFPAE Z [[#EF _sAE  _ l—7 (14 7)(C2+4(Q1 — p)rCio) 2'
16(3 —27)*(1 + 1) 16 (147 —272)C?

Whenp = 0, the functions above are the same as those in Theorem 4, satctot any givenr- satisfying

F1(1) <7 < io(r) for T € [0.34,1),
AIIFPEAE > 0 and ATIFEAE > .

Whenp = 1, the above case is equivalent to that in Theorem 2, suchdhanhf/», we have

1 1 2(3 4 47)?
ATIFEAE — — (1 — 1) ( i — ( ) 2) 0,
16 (B=27)2(1+7) (1+27)(9+57 —672)
. 1 _ (147)3(3+27)?
AHEEAE _ (1 T) ((3—2T)2 (1+2r)(9+5¢—672)2> >0
a 16(1 + 1) -

Moreover, it is clear than\ITFPA¥ is decreasing ip while ATIZFAF is increasing inp since Cy, Cs,
Cy, Cy, andCyy are all positive as demonstrated in the proof of Theorem 4@nd 4(1 — p)rCy > 0
giveny (1) < r < 7o(7). Combining these results, we can easily infer that retailatways prefers an
exclusive deal givert; (1) < r < #y(7) for 7 € [0.34,1). However, supplied’s preference of exclusive
deal hinges upon the relative leve)) ©f revenue sharing under nonexclusivity. Furthermorerdtexists a
unique threshold valug of p, such that suppliet no longer prefers EE to AE wheh< p < 1, wherep'is
the value ofp solved byAH{EEAE = 0. Overall, it is more likely for suppliet to deviate from EE (i.e., EE

will be no longer an equilibrium) as grows. O

Proof of Theorem G Because the Hessian matrixes of the profit functions in Beg)(are indepen-
dent of the revenue sharing rate and the fencing costs, teedentical toZ 44 as in Lemma 1. Using the

same techniques in the proof of Lemma 1, we obtain the uniquiilerium solutions for Scenarios EE, EA,

8



Table 3: Equilibrium solutions in Scenarios EE, EA, AE, andl With fencing.

Pl Pa I
-7 k -7 (1=7)2 (147) =2k (3—7)* (1437)
EE 4B3—-7) 2 4(3—7) 2(3—7)2(1+27—-372)
BA I—r k& 24+2r—477+k(3+87-37%) 8(1+7‘)(1+7‘—2T2)2—k2(3—T)2(1+3T)(5+T(18+177‘))
4(3—1) 2 8(3+5T(—2T2) 2) 16(1—7)(1437)(3+(5—27)7)2

- 2427 —472— k(348737 *EA
AE oy 8@ 157277 iy

1—7 1—7 (A-7)(+7)
AA 4(3—1) 4(3—1) 2(3—7)2(1+37)

AE, and AA, as illustrated in Table 3. Comparing the profitshaf entire supply chain in Scenarios EE, EA

(same as AE), and AA, we have

K2 (5+187 +1772)

AHEAAA = H*EA - H*AA _ <0
All All All A r2e =
2 2
ATIEABE — [*EA _[pEE  _ k? (11 + 467 + 477%)
All All All 16(1 — 7_)(1 T 27_)2 =

This proves the first item of the theorem. We now consider titaar solution. In line with O’Brien and
Shaffer (1993) and Ingene and Parry (2004) (Chapter 10)daptaa price-out strategy where the switching
costk; is set at a price such that demand for the undesirable pa&ageScenarios EE, EA, and AE
becomes zero. In Scenario EE, the values 0§ set such thaDEF = DEF = (. In Scenario EA,
Dﬁf‘ = 0, and in Scenario AEDQE;A = 0. We replace the switching cost with the equivalence of pcodu
prices and service rates in the profit functions. For exanipl8cenario EA, the price-out switching cost is

set at

—EA 1—7—4(1+ 7)p1 + 87py + 8py — 4dpy — 47y
K(T) = 4+ 87 '

Placing this price-out switching cost into the correspagdilemand functions, we resolve the first-order

conditions and obtain the price-out switching cost as vadlo

IQ:EA() 3447 — 72— 673
T) = .
36 + 927 + 1672 — 4873

The same price-out switching cost is applied to ScenarioF&lE Scenario EE,

- 1—7
EFE _
S P e

Based on the above price-out strategy, we then solve thdileaun prices/rates and profits and obtain
exactly the same solutions as those in Table 1. This denatestthat the alternative model with price-out

strategy is equivalent to our main model with exclusive cleds as specified in Section 2.



Proof of Lemma 3: In composite package (CP) competition, each package ésrdeted to optimize

its package profit (see Economides and Salop, 1992). Thergkfuactions are given by Eq. (2) and are the

same as those in the proof of Lemma 1 while combinipngndp; into P;;. For example, in Scenario EE,

DEE L P TPy
la 41+7) (1-71)(1+7) (Q1-71+7)
pEE  _ L Poy ™he
2 41+7) (1-7)1+7) Q-7)(1+T7)
The profit of package;j is thus given by
i; = PijDij,

where in Scenario EEj = 1a,2b; in Scenario EAjj = 1a, 2a, 2b; in Scenario AE;jj = 1a, 1b,2b; and
in Scenario AAij = 1la,1b,2a,2b. Through reasoning similar to the proof of Lemma 1, we obthin
following Hessian matrixes.

82H1a 821—[10,

HEE _ oprZ, OP1adPy, | _ 1 -2 7
[l 0% 0211y, (I-7)(1+71) -9
OP1,0Py, oPrZ
[ 92104, 9211y 9211y
oP%  OP.0P, 0PL,0Py —2(1+7) T T
EA _ 9?Tla, [oad 10 911z, _ 1
H™" = | opLobn,  or-  oPnobty | = A—7)(1+27) T —2(1+7) T
821_[21, 821_[25 821_[25 —
| 9PLOPn  OPdPn  GPL T T 2(1+7)
B 82H1a 621—110, a21—11&
oP.,  OPi,0P,  OPL,0Py —2(1+7) T T
2 2 2 1
HAE _ 0°Il1y 0°1l1y 0-1l1y — T —9(1 T T
OP14,0P1y 8P12b OP1,0Pyy, (1 _ 7—)(1 + 27-) ( + )
821_[25 821_[21, 821_[21, _
| 9P.0Py, OPnOPy  oF% T T 21+7)
[ o2y, 0211, 0211, o2y, |
oPZ, O0P1a0P1,  0P1a0P2a  OP1a0Pay
9%y, 9%y, 0%y, 9%y,
HAA OP14,0P1y, 8P12b OP1p0P2, OP1,0Psy
02T, 82119, 82110, 82110,
OP1a0P2a  OP130P2q oprZ, OP2q0Pay,
%Iy [oad 10V 9y foad 10V
| OP1a0Py,  0P1pO0Py  OFP2a 0Py oPZ
—2(1+ 27) T T T
T —2(1 4 27) T T
1
= T T —2(1+4 27 T
D) (1+27)
T T T —2(1+ 27)
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Similarly, according to Cachon and Netessine (2004), tleegeunique Nash equilibrium in each scenario,

becausd? + H' is negative definite for all above Hessian matrixes given|0, 1).

To obtain the equilibrium result, we then solve the firstesrdonditions with respect to package prices.

For example, in Scenario EE, the packages’ best respor@egfunctions are given by

P, = (1_T+4Tp2b)a

ol 0o =

Py = (1—7+47Py,).
Due to symmetry, we show the unique equilibrium result fotkaaela only, as illustrated in Table 4.

Table 4: Equilibrium solutions in Scenarios EE, EA, AE, ardl Bnder CP competition.

EFE FA AE AA
P 1—7 1—7 1—7 1—7
la 4(2—7) 8 8 8441
* 1—7 1—72 1—72 1f7r—272
la  16(2—7)2(1+7) 6441287  64+1287  16(2+7)2(1+37)

Similar to that of Lemma 1, all equilibria are inside the fbles domain givenr € [0,1). Comparing the

prices in Table 4, we can easily concluBg’4 = P;FA = prAF — prEE,
We defineAPy, = P;¢F — P;IO and denote the scenarios to the superscripts. We compass pri
between 10 and CP competition in all scenarios as follows:
1—71

APEE = — <0
t 46— 7T +212)

34+4r — 72— 673
APEA = — <0
ta 8(9+57—672)

34+4r — 72— 673

APAE = <0
la 8(9 4 57 — 672) ’
1+ 27 — 372
AP = —— " <.
la 4(6+T—T2)<O

Again, due to the symmetry, package pricesifar2a, and2b follow the same patterr

Proof of Lemma 4: From Table 4, we obtain the total profit for the entire supghgin including all

packages as follows:

mEE — L—-7
All 8(2—T1)2(1+7)
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EA _ pAE _ 3(1—12)

Al AL T g 1987
H*AA N 1 +7— 27'2
AL 4@+ )21+ 3)

We definers as the intersection point between Scenarios AA and EAraag the intersection point between
Scenarios EE and EA. Solving the single crossing points éetvAA and EA/AE by settingl*/* = I1*[4
and between EA and EE by settifif7? = 1154 yields 73 = 0.3621 and 7, = 0.4468, respectively.
Similar to Figure 2, we observe that AA dominates Scenari®sAE, and EE wher) < 7 < 73; Scenarios
EA and AE dominate EE and AA whely < 7 < 74; and Scenario EE dominates EA, AE, and AA, if

p<rt<l1.O

Proof of Theorem 7 DefineAllcpro = I*GE — T*¢. We have

1— 57+ 672 — 273

AHEE — ’
crro 8(1+7) (6 — 71 + 272)?
o 97 — 667 — 32472 — 9875 1 38074 + 1807 — 1087°
Allepro = Y ,
64(1 4 27) (9 + 5T — 672)
1— 87+ 7712
Allgpo =

43 —-1)2(2+71)%

Since there is only one independent variabla all equilibrium profits, we can use a two-dimension graph
to visually compare all profits for the entire supply chairdifierent scenarios. We observe thﬁﬁp and
Hj{l? have a single crossing point for each scenario durirg[0,1). SettingAIl-p;o = 0 for the above
equations yields the single crossing pointg-at 0.2929,0.2037,0.1429 for Scenarios EE, EA/AE, and
AA, respectively. In other words, CP outperforms 10 only ik 0.2929 in Scenario EE, or if- < 0.2037

in Scenario EA/AE, or ifr < 0.1429 in Scenario AA. As shown in Theorem 3 and Lemma 4, Scenario AA
outperforms other scenarios for both 10 and CP cases, asaeng< 0.3621. Therefore, the best of CP,
either Scenario EE, EA/AE, or AA, outperforms the best of KJdang asr < 0.1429. Whent > 0.1429,

we can combine all scenarios in both 1O and CP cases and tingmace them. For a shortcut, we can also
prove it visually, because we find the best of IO and the be€fFohave a single crossing point, as uniquely

illustrated in Figure 6. Therefore, the best of IO outperferthe best of CP if and only if > 0.1429. O

Proof of Lemma 5: The computation process is similar to that of IO competitidth revenue sharing,

as shown in the proof of Lemma 2, except that we replace trggnatir with the new revenue sharing

12



functions in Eq. (A-4). The new Hessian matrix is

[ —2 T —2(1—-1) T ]
EE _ 1 T -2 T —2(1—17)
TR | aa-n) s . .
I T —2(1—1) T -2 |

It is easy to show thatl ZZ + HEE” is negative definite. Therefore, there is a unique Nash ieguin.

Similarly, solving the first order conditions results in teerall channel profit in terms of as follows:

(1-nd-1)
8(B—2n(1—7)—27)2(1+71)

Solving the first order condition yields the uniggé the feasible domain optimizing this exclusive channel

EE _ y7+EE *BEFE __
Hla - 1_[1 + Ha -

profit as follows:
«  1—27
2-27
Note the above)* also optimizes the entire supply chain profit. Plugging theva into the price and

Ui

profit functions yields

1 r
«EE _ _0
e T
1 r
«EE - _0
Da - 16 To + . 3
1 128 + 1287’
1
].__[*EE — .
a 128 + 1287

Immediately, we can obtain the equilibrium package price,

" 1
Ple = §7
and the optimal single channel profit,
o _ 1
1™ 64 + 647"

The base revenue sharing ratedoes not affect the profit of any player. Due to the symmetey,have

0 _ 110
Iy, = H,. O

Proof of Theorem 8 From the proof of Lemma 1,

1—171

o = T e T S B2 (14 )

Comparingll{9 with 119, obtained in Lemma 5, we have

(1—27)?

e _ 110 —
lo = e T 643 —2r)2(147) ~
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Comparing Case CP with Case O results in

2

1 1—-7 T
¢ —n¢r = - = >
fo e a4+ 647 162 —T)2(1+7)  642-—T)2(1+7)

Thus, Case O always outperforms Cases 10 and CP for the sappy chain.O
Proof of Corollary 1: Recall thatP;® = 1/8 in Case O from the proof of Lemma 5 and

1—171
la 2(3 —7)

from the proof of either Lemma 1 or Lemma 2. Thus,

«EE 1—-3r

P = P, T 24— 87

Given thatr < 1, thus24 — 87 > 0, we find that if 7 < 1/3, P;FF < PiA4; otherwise, the reverse is

a

true™
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