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Exclusive Channels and Revenue Sharing in a Complementary

Goods Market

Gangshu (George) Cai Yue Dai’ Sean Zhou

Forthcoming inMarketing Science

Abstract

This paper evaluates the joint impact of exclusive channels and revenue sharing on suppliers and
retailers in a hybrid duopoly common retailer and exclusive channel model. The model bridges the gap in
the literature on hybrid multichannel supply chains with bilateral complementary products and services
with/without revenue sharing. The analysis indicates that, without revenue sharing, the suppliers are
reluctant to form exclusive deals with the retailers, thus, no equilibrium results. With revenue sharing
from the retailers to the suppliers, it can be an equilibrium strategy for the suppliers and retailers to
form exclusive deals. Bargaining solutions are provided to determine the revenue sharing rates. Our
additional results suggest forming exclusive deals becomes less desirable for the suppliers if revenue
sharing is also in place under nonexclusivity. In our extended discussion, we also study the impact of
channel asymmetry, an alternative model with fencing, composite package competition, and enhanced
price-dependent revenue sharing.

Keyword: exclusive channels; channel competition; revenue-sharing; complementary goods

1 Introduction

Exclusive channel strategies are practiced in a variety of complementary goods markets. For example, in the

wireless market, the iPhone, the mobile phone product of Apple, was designed to be used only through the
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service provider AT&T when the iPhone was first launched i@2(Koman, 2007; Yoffie and Slind, 2007).
Similarly, in 2008, Google launched its GPhone in conjwrctivith an exclusive deal with T-Mobile, and
Research in Motion entered into an exclusive deal with \driwith its smart phone, Storm (Reuters, 2007).
In the video game market, Capcom’s Monster Hunter 3 gamesigigied to be played only on the Nintendo
video game console (Thomson Financial, 2007). In the TV etaikis well known that some entertainment
programs are aired through exclusive channels. In the &-tmaoket, UR by Stephen King, for example, is

sold exclusively in the format of Amazon’s Kindle, ratheatiBarnes & Noble’s Nook (Anand et al., 2009).

Intuitively, product suppliers, such as Apple, Capcom, e#mbok publishers, may attain compensatory
benefits, such as revenue sharing, from their complemeptatyers for sacrificing part of their potential
market when committing to an exclusive deal. For examplke Nhational Football League (NFL) required
several forms of compensation, including rights fees amuissstock options when selling the exclusive
rights to air NFL game audio on satellite radio to Sirius fr@604 to 2010 (Elberse et al., 2010). In the
wireless world, it has been widely reported that Apple, ¥ affiliated company, receives a portion of
revenue from AT&T for every iPhone service (Koman, 2007;fidoéind Slind, 2007), although the detailed

financial terms of the deal are not obtainable due to comileronfidentiality.

Although a number of studies have discussed exclusive éimfgg., Marx and Shaffer, 2007; O'Brien
and Shaffer, 1993) and revenue sharing (e.g., Cachon arndrar 2005; Foros et al., 2009), to the best
of our knowledge, no existing literature has theoreticallyestigated the efficacy of a combination of ex-
clusive channels and revenue sharing when competitiomsaridoth categories of complementary goods.
Without loss of generality, we refer to the sellers of somlestitutable goods as suppliers (e.g., wireless
phone manufacturers) who sell products (e.g., cellphorag] their complementary counterparts as re-
tailers (e.g., service providers) who sell substitutalglesises (e.g., cellphone plans). The above industry

practices motivate us to ask the following research quastio

How does a combination of exclusive deals and revenue gharipact suppliers and retailers in a
competitive multichannel market, where the suppliers meltiucts and the retailers sell complementary

goods/services simultaneously?

To answer this question, we introduce a stylized model with $uppliers and two retailers. Each sup-
plier sells a single product while each retailer providesngle complementary service. Consumers can
purchase a composite package of a product and a service lfredodr ¢ x 2) potential combinations.
However, not every potential package is available to thesgovers, because a supplier-retailer pair may

choose to form an exclusive deal, such that the package axtiasive supplier's product and the other
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(rival) retailer’'s service becomes unavailable. Due todbenplementary features of the products and ser-
vices, we extend the established model of nonexclusive ositgpgoods in Economides and Salop (1992)
to four different channel structures: one with no exclusiiannel, two with one exclusive channel, and one
with two exclusive channels. This unique combination igedé@nt from that found in the extant literature
on channel distribution and competition, and can be appteiwide range of markets including wireless
communication, TV, e-books, and video games. It is alsolwndting that, different from traditional rev-
enue sharing contracts where a retailer shares revenuatsvishipplier for selling the supplier's product
(e.g., Cachon and Lariviere, 2005), in our model, the shemeenue comes from the retailer's own service
simply because the supplier exclusively locks its prodadhe retailer's service. The model is then solved
backwards in a three-stage game. First, both suppliersopeop contract, either exclusive or not, to the
retailers. If there is revenue sharing in an exclusive déal the corresponding supplier and retailer also
negotiate on the revenue sharing rate. Second, the retdiégide whether to accept the contract. Finally,
all players engage in a pricing Nash game where the supgitghe retailers simultaneously determine

their respective product prices and service rates to marisrtheir own profits.

Our study first shows that, without revenue sharing, forngrgusive deals cannot be an equilibrium.
Intuitively, an exclusive deal without revenue sharing ligegys desired by a retailer, who benefits from a
higher retail price due to the more monopolistic market lteggyufrom the exclusive deal. But, the partnered
supplier loses its edge in the exclusive deal without regesharing due to a lower product price and less
demand and, hence, will be reluctant to form an exclusivé wéh the retailer. Our analysis, however,
indicates that forming exclusive deals can be Pareto effidar the entire supply chain only if package

substitutability is high; otherwise, selling the produonrexclusively is a more efficient solution.

We then prove that, with a revenue sharing mechanism, fgraolusive deals can be an equilibrium for
both suppliers and both retailers. When package subdtilityds high, a reasonable amount of the revenue
shared from the retailer compensates the supplier and naakezclusive deal mutually beneficial for the
partnered supplier and retailer. This, however, placeis tivals without an exclusive and revenue sharing
deal in a disadvantageous situation, which stimulates tioiorm another exclusive deal. As our analysis
demonstrates, the equilibrium revenue sharing rate deeseaith package substitutability, because less
intense package competition allows the retailers to shame mvith the suppliers. We can then characterize
the negotiated revenue sharing rate via bargaining sokitidn an extended model with revenue sharing
under exclusivity and nonexclusivity, we further show tf@amming exclusive deals becomes less desirable
for the suppliers as the revenue sharing rate under norsitjuincreases. The intuition is that a supplier’s

relative benefit from entering an exclusive deal diminisaeghe difference in the revenue sharing rates



under exclusivity and nonexclusivity reduces.

Our analysis also indicates that product prices in exctudials tend to be lower than in non-exclusive
deals when package substitutability is low. This trend cebecause the supplier attains a relative advantage
against the other (rival) supplier when switching to an esivle deal, especially with revenue sharing, which
creates an additional pricing cushion. However, the ovpealkage price becomes higher with an exclusive

deal(s) with/without revenue sharing, as fewer availakblekpges give rise to less intense competition.

Our model is related to the research on channel distribaimhcompetition, which has been extensively
studied in recent years. The related multichannel liteeatxamines factors such as service competition
(Tsay and Agrawal, 2004a), channel distribution (Cai, 20R@&ngan, 1987), exclusion (Marx and Shaffer,
2007; O’Brien and Shaffer, 1993), and the impact of an Ieghannel (Chiang et al., 2003; Liu et al.,
2006). A comprehensive review of multichannel supply chaian be found in Cattani et al. (2004) and
Tsay and Agrawal (2004b). Ingene and Parry (2004) also geowisightful discussions on channel distri-
bution and coordination. Desai et al. (2001) analyze a desigfiguration with commonality on whether
a component should be common or unique for the manufactWhile sharing some similarities with the
above work, our model can be considered an extension of Me@uid Staelin (1983), Choi (1996), and
Economides and Salop (1992). Based on a model with two @xelafiannels without revenue sharing,
McGuire and Staelin (1983) provide an explanation as to whyplier would want to use an intermedi-
ary retailer in the context of two supply chains, each having supplier. Choi (1996) considers a model
with two manufacturers and two retailers, where each matwfar sets the wholesale price and supplies
the same product to both retailers. In this duopoly commtailee channel model, two differentiated com-
mon retailers compete in the same market. However, the telitiarature does not compare dual exclusive
channels with a duopoly common-retailer or a mixed modeheftivo. Probably the most related study is
Economides and Salop (1992) who consider four complemeptaducts that can be combined into four
composite goods. Their main model shares similar featuitsomrs without exclusive channels. Never-
theless, the exclusive channels, revenue sharing, andibeng in our model are distinct from theirs and the

related extant literature.

Another closely related literature stream is on revenuérmstiaCachon and Lariviere (2005) perform a
comprehensive analysis of the advantages and limitatibnsvenue sharing contracts. Tsay et al. (1999)
document a variety of supply chain contracts including meesharing contracts. In practice, revenue
sharing has been utilized by Blockbuster and its suppli€excion and Lariviere, 2005) and is commonly

seen in a royalty format in franchising companies (Desai@ridivasan, 1996). Notably, price-dependent



revenue sharing has also been successfully implementeaiart messaging by wireless service companies
and their content providers in Norway (Foros et al., 2009)e Tevenue sharing in our model is motivated
by the exclusive deal between iPhone and AT&T and has noiqursly been discussed in the context of

four different channel structures.

The third related area of study is bargaining in distributelannels. Bilateral bargaining was first de-
veloped by Nash (1950, 1953) and has been applied to a wide @inchannel structures. For example,
Zusman and Etgar (1981) use Nash bargaining theory to amaysmple 3-level channel and examine
the interrelations among individual dyadic contracts. &d@sd Purohit (2004) consider two sellers whose
decision is to offer fixed prices or to haggle over prices witistomers (i.e., bargain prices with the cus-
tomers). In the case of haggling by the seller, a detailetiysiseof the disagreement point for customers is
given. Shaffer (2002) characterizes negotiation using detwith multiple manufacturers and retailers. In
a model with two manufacturers and two multi-product retailunder bilateral channel bargaining, Dukes
et al. (2006) show that the manufacturers can benefit fromhasysnmetry between the two retailers, even
though the low-cost retailer has a better bargaining msifian its rival retailer. See lyer and Villas-Boas
(2003), Myerson (1997), and O’Brien and Shaffer (2005) farendiscussion on bargaining.

The remainder of this paper is organized as follows. We ihtee the model in Section 2. In Section 3,
we first discuss the impact of channel structures withougmae sharing and then demonstrate the efficacy
of revenue sharing. We further provide bargaining soldifor the revenue sharing rate. Moreover, we
extend our discussion to a different revenue sharing schrémeee the retailers also share revenue with the
suppliers in nonexclusive channels. We conclude in Sedtidxtensions to asymmetric suppliers/retailers,
an alternative model with fencing, composite package cditiqgpe and a price-dependent revenue sharing

contract are elaborated in the Appendix. All proofs aregated to the Online Supplements.

2 The Model

To explore the efficacy of supply chain structures and regesharing, we consider a stylized model with
two suppliers and two retailers. Each supplier manufastaresingle product (i.e., suppliérproduces
producti,i = 1,2), and each retailer provides a single service (i.e., ertgilprovides servicej, j =
a,b). The services complement the products. While no singleaincah fully capture the entire reality of
complementary goods markets, our model is intended to figads a one-period game where consumers

can freely combine either product with either service, & Huppliers and retailers do not form exclusive



deal(s). Therefore, there are a total2ok 2 = 4 possible composite goods. These composite goods are
referred to apackagesand the total price for each package is givenfhy= p; + p;, wherep; is the price

of producti andp; is the rate of servicg, i = 1,2, = a,b. Throughout this paper, we usgj, andij as
subscripts to denote the corresponding supplier, retaitet package/channel, respectively. We alsojuse

to represent the rival retailer to for example, ifj = a, thenj = b.

We study four channel structures, as detailed below anstiited in Figure 1. Without loss of gener-
ality, we assume that in the exclusive deal(s), supglieill only pair with retailera and/or supplie will
only pair with retaileh. This assumption also allows us to study the noncooperatidebilateral bargaining

games analytically.

proauct 1), (Product2) 1 (Procuot 1) (Produet (Produt 1), (Produt 2). | (Procuet 1) (Procuct2)
PN <><!

| | |
| | |
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Figure 1:A competitive model with two suppliers and two retailerseBarios EE, EA, AE, and AA.

1. Scenario EE: supplier partners exclusively with retailer and supplieR partners exclusively with

retailerb. Packageda and2b are available.

2. Scenario EA: supplier partners exclusively with retailerwhile supplier2 sells through both retail-

ers. Packageks, 2a, and2b are available.

3. Scenario AE: supplier sells through both retailers while supplizpartners exclusively with retailer

b. Packagesda, 1b, and2b are available.

4. Scenario AA: both suppliersand?2 sell through both retailers. All packages are available.

Scenario EE is similar to the model in McGuire and StaelirB@)9n terms of channel structure, but
differs in that we consider two packages including four ctangentary products/services, while McGuire
and Staelin focus on a model with only two products. Scerndficshares the same features as the model

in Economides and Salop (1992). To the best of our knowle8genarios EA and AE are relatively new
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to the literature. Note that in Scenarios EA and AE, given shgplieri sells exclusively through retailer
Jj, there is another similar “exclusive” channel in terms o/g=e, as retailey sells only supplief3 — 4)’s
product. Due to the focus of this paper, we only refer to theusive product channel as the exclusive
channel, which is consistent with the iPhone case. We ussauiperscripts¥ £, EA, AE and AA to denote

the corresponding scenario throughout this paper.

We denote the demand for packageas D;;,ij = la,1b,2a,2b. To obtain demand functions for the
different channel structures, we adopt the framework ésten by Ingene and Parry (2007) and employ a
utility function of a representative consumer from the perdive of aggregate demand as follows:

U= (;Dij — D/2) =7 Y DijDmn/2— Y PyDij, (1)

ij ij#mn ij

wherer (0 < 7 < 1) denotes package substitutability. Note that 1 is required by the second-order
condition to obtain a maximum (Ingene and Parry, 2004). Tiwve utility function reflects an income
constraint where the marginal utility of income is oner K= 0, the packages are completely monopolistic;
ast approaches, the packages converge towards being completely suladtieutThe termy;; reflects the
consumer’s preference for packageand can be considered as a measure of how much the reprasentat
consumer initially values packagg. It is also equivalent to the initial base demand when aflgwiequal
zero and packagg is the only available package. To obtain parsimony, we sidit a symmetric setting
by fixing o;j; = 1/4 and study the impact of asymmetry in Section A.1. The symmettting has been
widely adopted in the literature (e.g., Choi, 1996; Ecorderiand Salop, 1992; McGuire and Staelin, 1983),
especially for a complex model like ours. The main reasorcfmosingo;; = 1/4 is make it reusable in
our discussion of asymmetric cases in Section A.1. All oualitative results hold if we normalize;;
to any other positive value. Note thai; is independent of the availability of the packages and pgeka

substitutability.

It is worth noting that a simpler form of this utility functiowas first introduced by Spence (1976), Dixit
(1979), and Shubik and Levitan (1980) for models with twodorcts. It has since been widely utilized
in the economics, marketing, and operations managemerttlire (see Ingene and Parry, 2007; Lus and
Muriel, 2009; Singh and Vives, 1984; Xiao et al., 2008). Tdmrt “representative consumer” is drawn from
the economic notion of “a fictional individual” (Mas-Coldt al., 1995, Chapter 4) and can be considered
as a “theoretically average consumer” (Ingene and Par@4,2Chapter 11). The utility function implies
that the value of using multiple substitutable packagesss than the sum of the separate values of using
each package by itself (Samuelson, 1974). The consumity dticreases as products become more substi-

tutable. The utility function also encompasses the classiconomic features of diminishing marginal rates



of substitution and diminishing marginal utility.

The utility function specified in Eq. (1) provides the “loglty consistent” demand curves when the
number of distributors/channels changes (see Ingene amy, RQ07). If there is no exclusive channel
(Scenario AA), we havé; = la, 1b,2a,2b. If supplier1 forms an exclusive deal with retailer while
supplier2 and retailerb do not (Scenario EA), we havg = 1a, 2a,2b, and setDy;, = 0in Eqg. (1), as
packagelb is not available owing to the exclusive deal. If suppleiorms an exclusive deal with retailer
b while supplierl and retailere do not (Scenario AE), we havig = 1a, 1b,2b, and Dy, = 0. If both 1a
and2b are exclusive (Scenario EE), we haije= 1a,2b, and Dy, = D, = 0.1 In all these scenarios,

maximizing Eg. (1) yields the demand for the available pgekaas follows:

D;j = Aijj — BPy; + 0 Z P, 2)
mn#£ij
where
(1 + (N - 2)7’)0[1'3' - T Z Omn
A = mn#ij

" 1-7)(1+(N-17) ’

5 = 1+ (N —-2)1
1-7(1+ I -171)’

0 . T

1-7)(1+(N-171)
whereN is the number of available packages. Everything else bainglethe demand for each package
decreases withV. Obviously, price coefficienty) and cross-price coefficient)are affected by the package
substitutability {) and the number of available packages)( The demand intercepti(;) represents the
“attractiveness” of packaggj, which depends on the initial base demang; and the total number of
available packages\) and the package substitutability)((Ingene and Parry, 2004, Chapter 1). Desirably,
the aggregate demand decreases. iThis feature echoes the benefits of product differentiatiiecause
more differentiated products/packages reach a largeommestbase and consumers are less price-sensitive

when purchasing a more unique item (Lus and Muriel, 2009uiialnd van Ryzin, 2005, Chapter 8).

If there is a revenue sharing contract in the exclusive dbalretailer needs to share a proportion of
its corresponding service revenue with the supplier, bez#e customer who purchases the product has to

buy the retailer’s service. Let; denote the revenue sharing rate that suppligill obtain from its partner

In Section A.2, we discuss an alternative model where comssiwan still purchase an “excluded” package by incurring a

switching cost.



retailerj if a customer purchases productind we have

r, if revenue sharing occurs betwegand; in an exclusive deal,
Tij =
0, otherwise

We discuss a different revenue sharing scheme where revdrargng is also in place for nonexclusive

channels in Section 3.4 and extend our discussion to pepeftient revenue sharing in Section A.4.

The operational and production costs for the two suppliatsthe two retailers are normalized to zero
for brevity, which has been adopted in the literature (Mec&uaind Staelin, 1983; Raju and Zhang, 2005).

Consequently, suppligts and retailerj’s profit functions are

II; = Z (pi +1i5)Dij, i = 1,2,
j=a,b

;= Y (p; — i) Dij, § = a,b. (3)
i=12

We further denotél;; = II; + II; andIl 4; for the overall profit of the entire supply chain.

We configure this multichannel game into three stages. Ifitsestage, the channel structure is sug-
gested by the suppliers via a contract (exclusive or not) thie retailers. If the exclusive deal(s) comes with
a revenue sharing clause, the corresponding supplier &ibtbravill negotiate on the revenue sharing at the
same time. In the second stage, the retailers decide whettzecept the contract. More specifically, in
each channel, if the supplier proposes an exclusive cdrgratthe retailer accepts it, then an exclusive deal
is formed. However, if the retailer refuses or their nedimiaon the revenue sharing rate fails, the supplier
will sell through both retailers by default. If the suppligoposes a nonexclusive contract, then the retailer
will have no choice but to follow a nonexclusive deal. It iafghtforward that an exclusive deal will be
formed only if both the supplier and the retailer benefit freueh a deal. In the third stage, the retailers and
the suppliers simultaneously determine their servicesraita product prices, respectively, in each subgame
(Scenarios EE, EA, AE, and AA). Note that in each scenarich @éayer maximizes its own profitin a Nash
game, a game setting referred toimdependent ownership (I0) competitiofhis game setting is widely
employed in the extant marketing literature (see Econosnate Salop, 1992; Ingene and Parry, 2604).

The solution to the three-stage game is a subgame perfeitibégm and is solved by backward induction.

2In Section A.3, we study a benchmark game setting, comppsitkage competition, where the ownership of the goods is

transferred to each package such that each package ogtitsipackage profit (see Economides and Salop, 1992).



3 Channel Structures, Revenue Sharing, and Bargaining Sotions

To investigate the pure impact of channel structures on kwgeps and the overall supply chain, we first
explore the three-stage game without revenue sharing tio8e:1. Motivated by the exclusive and revenue
sharing deal between iPhone and AT&T, in Section 3.2, we eynpvenue sharing to attain cooperation
between suppliers and retailers in the exclusive deals dlliws us to investigate the potential equilibrium
domain of exclusive deals under a given revenue sharing e then provide bargaining solutions to
determine the revenue sharing rate. We further extend sausiion to a different revenue sharing scheme

where the retailers also share revenue with the suppligrenexclusive channels.

3.1 Effects of Channel Structures without Revenue Sharing

To single out the effects of channel structures, in this ediisn we assume away revenue sharing=(0)

and restore the feature from the next subsection. We firsacteize each subgame/scenario in a Nash
game and then study channel structure selection by thdemstaind then by the suppliers. The unique
equilibrium for each scenario, as illustrated in Table 1hie ©Online Supplements, is solved from the four
first-order conditions for both suppliers and both retaileFhe entire game is solved backwards. Due to
the symmetry, for brevity much of our discussion focusesugpBer 1 and retailera, although supplie@

and retailet are also taken into consideration throughout the papere Mait the equilibrium solutions of
supplier2 and retailem in Scenarios EE and AA are the same as those of supphed retailerz, and the
equilibrium solutions of supplie2 and retailerb in Scenario EA are the same as those of supgliand
retailera, respectively, in Scenario AE. We first compare the equiliorprices of different scenarios in the

following lemma.

Lemmal If 0 <7 <1/2, then

piEA <pit < piFE < piAF and piAP < prdd < prPE < prBA,

a I

otherwise,

A < piFA < pi AP < piPF o and ppAt < prdP < prBA < prPP

a

Lemma 1 indicates that product prices and service ratesndepe package substitutability. If the

packages are relatively more monopolistic than subshitet® < = < 1/2), the supplier charges a lower

10



product price when entering an exclusive deal (pg? < pi44 andp;PF < piAF). Otherwise, the reverse
is true because of the more intense competition causeddrygstr package substitutability, along with more
available packages. On the other hand, the service ratghemii.e.p:4% < p*FF andp:44 < pF4 for
any ) when the retailer enters an exclusive deal, because thiéerdiecomes relatively more monopolistic
and yields a greater demand due to the exclusive deal. Tharadtion is supported by the fact that AT&T
issued an expensive service plan for the iPhone, with a nuimirmonthly service rate of $59.99, $20 more

than AT&T’s standard wireless package (Yoffie and Slind, 72200

Considering the package prices, we find that consumers baae/thigher package prices as a result of

the exclusive deals between suppliers and retailers.

Theorem 1 The package prices increase with the number of exclusiveneia (i.e.,Pf;‘A < PfEA =

a
PP < PifPF).

The intuition behind Lemma 1 is clear, because fewer availpbckages lead to a more monopolistic
market, which in turn pushes up the package prices. Nevesteas we will show in Section A.4 un-
der price-dependent revenue sharing, the package pricelseclower with exclusive deals when package

substitutability is low.

We now turn our attention to the channel structure selediiothe suppliers and retailers. Comparing

the profits of both suppliers and both retailers in differgcgnarios yields the following result.

Theorem 2 Forming exclusive deals without revenue sharing is a wed&lypinantstrategy for both re-
tailers; however, it is @lominatedstrategy for both suppliers. Thus, forming exclusive deatisout revenue

sharingcannotbe an equilibrium.

Theorem 2 suggests that a retailer will prefer an exclushannoel, regardless of whether the other
supplier-retailer pair adopts an exclusive deal, provitteat there is no revenue sharing. This result is
supported by Lemma 1, in that the retailers can benefit fraamtbre monopolistic market resulting from
the exclusive deal(s) by charging higher service ratesomtrast, the suppliers will lose profits due to lower
product prices and lower demand as a result of selling thr@ugexclusive retailer. Therefore, no exclusive
deal will be formed in this case, as it is not mutually benafi@r the suppliers or the retailers. This may
explain why iPhone required a significant revenue sharitg wdoen promoting its exclusive deal (Yoffie
and Slind, 2007). In a similar case, in 2005, Sprint agreqhtoapproximately $50 million annually to be

the NFL's exclusive wireless partner (Elberse et al., 2010)

11



An immediate question is whether the entire supply chainbemefit from an exclusive deal. Theoreti-
cally, an exclusive channel can be a mutually beneficialahtr both a supplier and a retailer only if the
entire channel with the exclusive channel(s) is more Paféitient. Otherwise, there is no merit in forming
an exclusive deal. The following theorem regarding ovesaiply chain efficiency provides a guideline for

potential cooperation via revenue sharing.

Theorem 3 For the entire supply chain, there exist two threshold valiyeand 75, such that

AA dominates EA, AE and EE i <7 <7,
EA and AE dominate EE and AA it <7 <7y,
EE dominates EA, AE, and AA iffo <7< 1.

Theorem 3 suggests that the entire supply chain can bermfitdxclusive deals when package substi-

tutability is high (i.e.,r > 7» as illustrated in Figure 2). However, as shown in Theorenn@ diesignated

Figure 2:Entire supply chain profits in Scenarios EE, EA, AE, and AA.

supplier(s) in the exclusive deal(s) cannot benefit fromekeusive deal because of the noncooperative
nature of the game, and the supplier(s) lose significant eaatare as they unilaterally stop selling through
the other retailer. Ideally, if the additional supply chaifit from the exclusive deals can be redistributed
among suppliers and retailers to generate sufficient inanfor suppliers and retailers to partner exclu-
sively, then forming exclusive deals can be an equilibrigratsgy for all players. However, the equilibrium
will not occur without an additional contracting mechanjsuch as revenue sharing. We next demonstrate

that revenue sharing can indeed lead to such a mutually beeésult from exclusive deals.

12



3.2 Impact of Revenue Sharing

Under revenue sharing, each retailer transfers a fixed patyofie to the exclusively partnered supplier for
each package sold. Due to the complementary nature of ouelirtheé revenue sharing works differently
from the traditional models, for example, the famous Blagdtbr revenue sharing deal, where Blockbuster
shares partial revenue with its suppliers (i.e., movieisg)dvhen the suppliers reduce the wholesale prices
of their videos. In contrast, in the motivating example of #xclusive deal between iPhone and AT&T,
the product and the service are complementary goods andhblesaling is not mandatory, given that the
supplier and the retailer determine their product priceserdice rate separately. AT&T shares revenue with
iPhone because iPhone can be used only with AT&T. The prafitfans are specified in Eq. (3). Following

the game structure specified previously, we first charagtesdme properties of the equilibrium prices.

Lemma 2 With revenue sharing, product prices decrease while serviates increase with the revenue
sharing rate in Scenarios EE, EA, and AE. The package prieeseedse in EA and AE but remain constant

in EE as the revenue sharing rate grows.

Lemma 2 shows that the product prices could be lower in arusixe deal(s) after revenue sharing is
employed, while service rates are pushed up, as the ré¢siles to share revenue with the supplier(s). We,
however, observe package prices decreasing with the rexararing rate in Scenarios EA and AE. This is
because a higher revenue sharing rate renders additioveahtades for the partnered supplier and retailer,
which leads to a lower package price. Consequently, the pfitheir rival package reduces due to horizontal
competition. On the contrary, in Scenario EE, the retailecsease their service rates by the amount of the
shared revenue, thus package prices are restored to thevith@ut exclusive deals. Therefore, consumers

cannot benefit from revenue sharing in a dual-exclusive (&senario EE).

From the proof of Lemma 2, we can also infer that in Scenarig@said AA, all players’ profits are
independent of the revenue sharing rate. With only one sik@uleal, such as in Scenario EA, the supplier's
profit increases while the retailer’'s profit decreases asaienue sharing rate grows. Intuitively, revenue
sharing yields benefits to the supplier while it costs thailetin the exclusive deal. The players not in the
exclusive deal will be affected by revenue sharing too. kamgle, in Scenario AE, suppliéris pressured
to reduce the product price because of supg@idoing so. Thus, suppligrs profit decreases while retailer

a’s increases owing to the revenue sharing in the exclusiaélitween suppliez and retailen.

The major concern is whether the impact of revenue shariagdtusive deals can lead to an equilibrium

outcome where all players form exclusive deals. The foltmariesult affirms the answer.
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Theorem 4 For any givenr € [0.34, 1), there exist; () and2(7) such that, forming exclusive deals is a

subgame perfect equilibrium for all players (i.e., both gligrs and both retailers) as long as(7) < r <

fQ(T).

Theorem 4 demonstrates that forming exclusive deals wittmge sharing can be an equilibrium for all
players. Without revenue sharing, as shown in Theorem Zpplisu has no incentive to form an exclusive
deal because, in doing so, the total demand for the sumpleoduct significantly decreases due to there
being fewer available packages that contain the supppeoduct. This relative disadvantage of less demand
due to an exclusive deal, however, can be compensated andsaygassed by a reasonable amount of
revenue being transferred from the retailer, such that bwthsupplier and the retailer are better off for
forming an exclusive deal. Compared with Scenario AA, that Bxclusive deal with revenue sharing yields
additional profits to the corresponding supplier and retaiHowever, this result comes at the cost of the
other supplier-retailer pair when package substitutigbifi sufficiently high and consequently pressures
them to forge another exclusive deal, which thus resultscen8rio EE. The range &f (1) < r < 7o(7)
provides a guideline for such an equilibrium revenue sigarate, if all players are determined to form
exclusive deals. In general, the more substitutable thkgoges, the lower the revenue sharing rate required

to sustain the equilibrium, because the retailers’ profitrease as package substitutability grows.

However, reaching equilibrium does not necessarily wamaaximal efficiency for the entire supply

chain. We depict Theorem 4 in Figure 3 and compare it with &g We find the equilibrium area of

TTOB4

o n(7)
; AAis Equilibrium

R(7)

0.2 0.4 0.6 0.8 1.0
Figure 3:The equilibrium area of Scenarios EE with revenue sharing.

Scenario EE goes beyond the Pareto efficient area of Scee@ras illustrated in Figure 2. With revenue
sharing, the players are more inclined to form exclusivdsjee to the relative disadvantage of not doing

so, when the other supplier-retailer pair forms an exctugleal (i.e., in Scenarios EA and AE). From
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Figure 3, we also observe that Scenario AA can be an equilibsvhen channel substitutability is low,
which is reasonable because the players prefer more aeglabkages when those packages are sufficiently
monopolistic. Note that we do not observe any equilibriusutefor Scenarios EA and AE, because the
disadvantaged players have incentives to unilaterallyatiewo other scenarios. Nevertheless, it could be
mutually beneficial for a supplier and a retailer to form anlegive and revenue sharing deal on their own,

although a single exclusive deal might not be stable in §msmsetric competitive market.

3.3 Bargaining Solutions

In the above mentioned revenue sharing mechanism, théerstai exclusive deals are required to transfer
a fixed amount of revenue to the suppliers. Typically, thenee sharing rate(s) is negotiated before being
signed into the contract (in the first stage of the game). \Wedonsider the case where only suppliend
retailera negotiate for the exclusive deal. If their negotiation etmlan agreement, the destination scenario
of the negotiation is EA; otherwise, they end up with Scen&i\. Thus, the negotiated revenue sharing
rate can be solved by the classic Nash bargaining solutidollags:

Hrlix [HjlgA(Tla) - Hfm(rla)] [HEA (T1a) — HfA (T1a)]-
Substituting the third-stage solutions derived in the podd.emma 2 into the objective function above, we
can obtain the Nash bargaining solutigif#. Although the expression ofZ4 is extremely lengthy, we
can numerically observe that the revenue sharing rafe}, decreases frorf.08 to 0 ast increases from
0 to 1. Therefore, to obtain tractability, we also explore theliggy@an bargaining solution to obtain the

revenue sharing rate as follows:
HlEA(Tla) - Hfm(rla) = HEA (T1a) — HaAA(Tla)-

The egalitarian bargaining solution, introduced by Kalzil &morodinsky (1975) and Kalai (1977), drops
the scale invariance condition while including both theoaxiof independence of irrelevant alternatives and
the axiom of monotonicity (see Myerson, 1997, page 381). ddeditarian bargaining solution attempts
to grant equal gain to both parties (see Dukes et al., 200&r&dyn, 1997, page 381). After substituting
the third-stage solutions derived in the proof of Lemma 2 thie egalitarian bargaining solution function

above, we obtain

g4 _ VG1+ Gy
e = T?’?

where

G1 = (45 + 617 — 7372 — 7773 4 327% 4+ 127°)” (432 + 19087 + 300172 4 199873 4 5417 + 687 + 47°)
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Gy = —450 — 17557 — 166672 + 12947° + 27147* 4 7617° — 55075 — 30877 — 4075,

Gs =8 (TAT + 32317 + 411972 — 7573 — 32667 — 12687° + 54475 + 28877 + 327%) .

We can further observe that the revenue sharing réfe?, decreases fro.081 to 0 ast increases frond

to 1, which is very close to the Nash bargaining solution.

We now consider the second case where channels 1la and 2maltasieously involved in the negoti-
ation of exclusive deals. As a result, in the negotiatiogetaeither supplier-retailer pair knows the other
pair's negotiation outcome. Therefore, the members of eheimnel negotiate based on their perception
of the negotiation outcome of the rival channel. We assuratdtsupplier-retailer pair negotiates on the
revenue sharing rate conceiving that the other pair wiltlhegn agreement. This assumption is in line with
Dukes et al. (2006), O'Brien and Shaffer (1992, 2005), anchHamd Wolinsky (1988). It is also consistent
with Theorem 4, in that EE will be an equilibrium as longraér) < r < 7o(7) givent € [0.34,1) and is
supported by the following bargaining solution. Thus, tlegatiated revenue sharing rates are given by the

egalitarian bargaining solution of the following problefos channels 1a and 2b, respectively,

TE (110, mop) — TE (114, mop) = TIEE (114, 10p) — TEE (114, 703,

HQEE(TIGA T2b) - HQEA (Tlaa T2b) = HI)EE (Tlaa T2b) - HI)EA (Tlay 7/‘Qb)'

Based on the symmetry assumption, we obtain

«EE _ . T —T\/2(1+7)

k
Tta =Tila = T2 = Ty )

where

Ty = 225 4 8557 + 69072 — 80873 — 11977% — 1317° + 2667° + 9277 + 87°,
Ty = 135 4 4537 + 23772 — 54775 — 5127% + 747° 4+ 13675 + 2477,

Ty = 252 + 11887 + 170472 + 45673 — 4607* — 127° + 567° — 807" — 3275,

We observe that the unique revenue sharing rgfg?’, decreases from.13 to 0 as increases front to

1. Comparingr;Z4 with 73EF | we find that;ZF > r1E4 v € [0,1). The difference between;ZF and
rffA decreases withr and converges to zero asapproached. The above inequality suggests that the
perception that the other supplier-retailer pair will fe@n exclusive deal agreement poses a threat to the

retailer. As a result, this retailer is willing to share moggenue with the partnered supplier.

It is worth noting that the above results come from bilateegotiation, thus an agreementaqrfA or
riEE does not warrant an equilibrium outcome for the dual-exetushannels (Scenario EE). Nevertheless,

we find that; (1) < riEP < 7y(7) as long asr € [0.34,1] which is located in the domain specified by
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Theorem 4. Therefore, the egalitarian bargaining solufiimrevenue sharing can lead to an equilibrium

outcome.

3.4 Impact of Revenue Sharing under Nonexclusivity

So far, we have studied the case where revenue sharing cathewith exclusive deals. Theoretically,
one may wonder whether the players still have incentivesnm fexclusive deals if revenue sharing is also
in place under nonexclusivity. To explore this situatianthis subsection, we assume both retailers share
revenue with their suppliers regardless of whether or reretlare exclusive deals. The new revenue sharing

rate,r;;, that supplieri will obtain from its partner retailey is given by

r, if supplieri and retailerj form an exclusive deal,
rij = )
pr, otherwise < p <1,

wherep represents the relative level of revenue sharing underxotusvity as compared with under exclu-

sivity. We impose an additional constraint tliatl p < 1, which reflects the conventional wisdom that a
supplier would demand a (weakly) higher revenue sharirgguatler exclusivity than under nonexclusivity.
To focus on the impact of revenue sharing under nonexctysand make our following discussion more
interesting and comparable with our main model, we furtlesuee that the given revenue sharing rate

satisfiesr; (1) < r < 79(7) as discussed in Theorem 4. It is easy to infer that our preljodiscussed

revenue sharing scheme is a special case of this new reveategscheme when= 0.

Comparing the players’ profits among scenarios in this newmee sharing scheme results in the fol-

lowing observation.

Theorem 5 For any givenr satisfyingr,(7) < r < 79(7) givent € [0.34,1), forming exclusive deals
becomes less likely to be a subgame perfect equilibriumesethtive level §) of revenue sharing under

nonexclusivity increases.

Theorem 5 indicates that the players’ willingness to formlesive deals is negatively affected by the
relative revenue sharing leveglin those nonexclusive channels. As suggested by Theorerhehw= 0,
forming exclusive deals is a subgame perfect equilibriumafgivenr satisfyings,(7) < r < 7o(7) for
7 € [0.34,1). In contrast, whemp = 1 (i.e., the revenue sharing rate is the same under exclsind
nonexclusivity), all players’ profits are independent af tevenue sharing rate. This somewhat surprising

finding is caused by the symmetric channel structure of thgpdementary goods market. When the revenue
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sharing rate is the same in all channels, a supplier gaingdwangage from entering an exclusive deal.
Particularly, the package prices are independent of trentey sharing rate, because the increase in service
rates offsets the decrease in product prices. Thus, therdbaral profits are equivalent to the case without
revenue sharing. Recall in Theorem 2 without revenue shaforming exclusive deals is a dominated
strategy for the suppliers. In the proof of Theorem 5, we shwat supplierl’s profit difference between
Scenario EE and Scenario AE decreases witimd changes from positive to negative. This property posits
that a supplier’s relative benefit from entering an exclegieal diminishes ag increases and becomes
negative ag crosses a threshold value. As a result, it becomes morg tikat a supplier would unilaterally

deviate from Scenario EE asncreases.

It is worth noting, however, that the retailers prefer esata deals for any € [0, 1] givenry (1) < r <
79(7), as shown in the proof of Theorem 5. In addition, their defireexclusive deals is strengthened as
p increases. This is intuitive because, without an excludaa with its partner supplier, a retailer’s profit
decreases with a higher revenue sharing rate under nosesitiu As a result, this (nonexclusive) retailer
can benefit more from exclusively selling a supplier’s pidwhenp is higher. However, the relative
advantage that this retailer gains by forming an excluse@&l ¢ at the cost of its partnered supplier. As
shown previously, whep is larger than a threshold value, exclusive deals are nceloatiractive to the

suppliers and, hence, EE is not a subgame perfect equitibriu

4 Conclusion and Discussion

This paper develops a hybrid model with duopoly common lextaiand exclusive channels to evaluate the
impact of exclusive channels and revenue sharing on sugpaied retailers in a competitive multichannel
market with complementary goods. The products are compitaneto the services, therefore, there are
four potential substitutable packages. We compare foderéifit channel structures with/without revenue
sharing. Our analysis establishes a theoretical frameteogkalyze similar multichannel competition in a

complementary goods market.

This paper characterizes the game behavior in noncoopeieid cooperative environments to explore
the players’ profit-maximization behavior and achieve mpgti Pareto efficiency for the entire supply chain.
We first demonstrate that without revenue sharing, it is aidated strategy for both suppliers to form
exclusive deals. However, if the retailers share a portibtheir revenues with the suppliers, forming

exclusive channels can be an equilibrium strategy for bagpkers and both retailers. We also provide
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bargaining solutions to determine the revenue sharingthabeigh negotiation. In an extended model with
revenue sharing under both exclusivity and nonexclusivity further show that forming exclusive deals

becomes less likely to be an equilibrium as the relativemegesharing level under nonexclusivity increases.

Our extended discussion, as presented in the Appendixzatedi that, if a supplier/retailer is much
stronger than its rival in the market, the supplier/retaiél be reluctant to form an exclusive and revenue
sharing deal. We also analyze an alternative model withifgrend demonstrate that a price-out strategy is

equivalent to an exclusive deal in our main model.

We further consider composite package competition, whetie layers in the same package maximize
the overall profit of the package. Our results demonstradg ttompared with the base model, overall
supply chain efficiency is lower under composite package paiition when package substitutability is
sufficiently high. This occurs because the horizontal cditipe intensifies as the externalities between

package partners are internalized under composite packeggetition.

Moreover, our analysis suggests that a revenue sharinghatés associated with the product price
and the service rate can yield more profits for the suppliedsthe retailers. Indeed, enhanced by price-
dependent revenue sharing, the entire supply chain becmmesefficient such that it outperforms the one
with integrated channels in the entire feasible domains Tésult occurs because price-dependent revenue

sharing provides a cushion to lessen the horizontal cotigreimong packages.

However, as no single model can capture every relevant tepaan actual scenario, we hope that our
paper provides a stylized, yet flexible, framework that gpgmnumerous possibilities for generalization on
this topic. Due to the complexity of the model, to capture samportant managerial insights, parsimony
has been kept in mind when constructing the model, thouglouliddly some interesting and important

marketing mixes had to be deliberately left out.

Demand function and channel structure. Although the underlying utility function in our model has
been widely adopted in the existing literature, as Ingerak Rarry (2004) point out, other factors, such
as uncertainty, can affect game behavior. In addition, ratiealinear utility functions would allow us to
examine more aspects of the model. As Ingene and Parry (20@dj)est, dual channels may be sufficient
to capture many important features of market competitioawéter, a multi-supplier-multi-retailer model
may better describe most complementary goods markets.oddth it may be very difficult to gain any
analytical insights from such a model, some simulation opidical analysis could provide additional man-
agerial insights. Furthermore, it may be useful to considere than one product/service owned by each

supplier/retailer.
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Subsidies and other promotions. Competition in the wireless market is so intense that congsan
continuously provide rebates, coupons, and online digsaionpromote their products/services both with
and without exclusive channels. As a result, consumers ragjrge phones or even payback for cheaper
models. In a preliminary analysis based on our model, bynasguboth retailers provide uniform subsidies
to the consumers, we find that the players’ profits and theativempply chain efficiency are the same as
those in a model without subsidies. This result is intuibeeause the subsidy providers simply increase the
product prices/service rates on the same scale as the m#sidompensate for the revenue loss. However,
we can easily conjecture that if the retailers/suppliessritininate against consumers by providing different
subsidies to different groups, the entire supply chain&fifg can increase. This is consistent with the
conventional wisdom that price discrimination enhancesmae. Some marketing tools, such as non-instant
rebates, can be used for that purpose, and we believe that@inrmanagerial insights would hold under

subsidies and other promotions.

Dynamic settings. Although, for tractability, one-period models have beedely adopted in the mar-
keting literature, in reality, the market status of the play including their bargaining power, is changing
over time. Itis also arguable that the change of channattstre may have delayed effects on future demand.
Accordingly, related research questions might includewldoes the diffusion speed and/or the lifespan of
certain products affect exclusive deals? How does onepocate customers’ awareness of a product into
the dynamics of the demand function? Is product innovatignificantly affected by exclusive deals? To
understand these issues, a more dynamic and complicateel meets to be studied and the analysis will

be much more challenging.

Contract formats. This paper shows that revenue sharing can be utilized tbdugnhance supply
chain efficiency. However, revenue sharing is not the onhtreet that can fulfill the task. We believe that
other contract formats, such as two-part tariffs (IngerteRaury, 2004; Raju and Zhang, 2005) and quantity
discount schedules (Jeuland and Shugan, 1983), can alsovienihe performance of similar supply chains,

although they are not well documented in a model with compleary goods.
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Appendix

In this appendix, we extend our discussion to asymmetriplgrg/retailers, an alternative model with

fencing, composite package competition, and an enhandeelgependent revenue sharing mechanism.

A.1 Asymmetric Suppliers/Retailers

In the foregoing analysis, the symmetry assumption has bepased for the purpose of tractability. In
reality, consumer preference for one supplier’s produgthinbe higher than that for the other one, which
would positively affect the consumption of the particulangce. In this subsection, we investigate the
impact of asymmetries of suppliers and retailers in thegires of revenue sharing, as shown in Sections 3.2.
We defineu; as the percentage of consumers preferring prodite8 — 7, while v; denotes the percentage
of consumers preferring servigeto j. We haveu; + uz_; = 1 andv; + v; = 1. Thus, in line with Dukes

and Liu (2010), the relative base demand for packidggsn be rewritten as
Q5 = Ui X Vj.

We incorporate this new base demand into the utility fumctibEq. (1) and follow the same analysis proce-
dures as in Section 3.2. Due to the computational complexiyonly illustrate the impact of asymmetry on
supplierl and retailera through Figures 4 and 5. To examine whether Scenario EE isiaathubeneficial
choice for both suppliet and retailera, we compare their corresponding profits between ScenaEosnd
AE asu, andv, vary, respectively. Thus, we first fix, = 1/2 and letu, float in Figure 4, and then fix

u; = 1/2 and lety, float in Figure 5.

Figures 4 and 5 demonstrate that forming exclusive dealsstithibe an equilibrium for all players,
which is consistent with Theorem 4. On the one hand, thetrstter indicates that the retailer can benefit
from partnering with a more powerful supplier in the exchesdeal; whereas this supplier cannot benefit

from such an exclusive deal when it becomes sufficiently rporeerful than the rival supplier, as illustrated
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in Figure 4. On the other hand, as depicted in Figure 5, thpl&ngenefits from partnering with a more
powerful retailer in the exclusive deal; whereas the retailill be reluctant to form such an exclusive deal
as it becomes sufficiently more powerful than the rival tetail his is supported by the fact that iPhone was
eager to form an exclusive deal with the biggest servicdaram a country when it was first launched, as
its market share was relatively small. However, not evetgilex is willing to form such an alliance. For
example, China Mobile, whose market sharg($; in China, declined an exclusive deal with iPhone in
2007 (Chan, 2008).

A.2 An Alternative Model with Fencing

Our previous discussion was based on a stylized model withugixe channels, where consumers cannot
utilize the exclusive product with another service outsideexclusive deal. This is a reasonable assumption,
especially in the wireless market of the U.S. and other a@s)jtbecause it is illegal to hack an exclusive
product to make it usable with a non-exclusive serviddowever, the exclusivity might be mitigated by
different versions in other countries. For example, Déhdstelekom AG’s T-Mobile was picked to exclu-
sively sell iPhone at US$557 to its customers in Germany.eNbeless, T-Mobile also sold an unlocked
iPhone for US$1,478, which can be used with other serviceecar(Pearce, 2007). In this sense, iPhone
is no longer purely exclusive but becomes a phone with fgnagainst its undesired market segment. For
consumers wanting to cross the fence, a switching cost wilhburred. In the above T-Mobile example, a
switching cost of $921 can be considered prohibitively hagid our original model sustains for this situa-

tion. Nevertheless, this paper is positioned for a widetiegiion beyond the wireless market; for example,

3If hacking is possible, the hacking cost can be considerekbeaswitching cost in this alternative model.
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using a bankcard in a non-network ATM normally triggers asection cost. In another related example, an
e-book reader who only has Nook and wishes to read an exelésndle e-book must incur extra costs to
transform the Kindle e-book format to be compatible with Kodereby, we elaborate an alternative model

with fencing.

In this alternative model with fencing, consumers have s&de all four packages. The “exclusive”
channel is the one with fencing, and the switching cost isvadgnt to the disutility (e.g., penalty or trans-
action cost) incurred by the switchers. If there is no exetughannel, consumers can freely select any
package. However, if productis sold exclusively through its partnered retailer, constsmncur a switch-

ing cost if a different retailer is chosen. We denote theahviflg cost as;; which can be written as:

k, if i is exclusively sold through,
Sij =
0, otherwise

For tractability, we assume the same switching édstr all packages in the exclusive deals, which is typical
in the finance market, as in the example of ATMs and bankc®dte that this assumption does not change

our results qualitatively. Thus, the original utility fufan of Eq. (1) is changed to

U= Z(aijDij — DZQJ/2) - T Z DZ]DmTL/2 — Z(PZ] + Sij)Dij- (A-l)
j

ij#mn i

Maximization of Eq. (A-1) yields the demand for each charagfollows:

Dij = Aij — B(Pij + 53;) + 0 Y (Prn + Syrm), (A-2)
mn#ij
where

4. (L+27)ij — T3 nrij Omn
Y (1—7)(1+37) ’
5 = 1427

(1—-7)(1+37)’

0 . T

(1—-7)(1+37)
Without loss of generality, we assume the revenue from titelsing costs goes to the suppliér3he profit

functions are given by

; = Z (pi + 1ij + 8ij)Dijs
j=a,b

“We can prove that all qualitative results hold even if theereie from the switching cost goes to either the retailerstbird
party.
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Hj = Z (pj - Tij)Dij- (A-3)
i=1,2

As revenue sharing does not alter our qualitative resukdety;; = 0.

We now introduce arice-out strategyto study the corner solution where, as the switching costgro
demand for packagéb and/or packag@a in Scenarios EE, EA, and AE approaches zero, respectively.
For example, the retailer or the supplier, such as T-Mobigen@any or Apple, can set a switching cost
high enough tgrice-outthe demand for packagih in Scenario EA. The same technique was originally
introduced by O'Brien and Shaffer (1993) for a scenario witb suppliers and a common retailer. In the
following, we first compare Scenarios EE, EA, AE, and AA assnthat the switching cost is sufficiently

low, and then utilize a price-out strategy in Scenarios Bk, dhd AE.
Theorem 6 In Scenarios EE, EA, AE, and AA with fencing, consider thieeestipply chain.

1. For any switching cost lower than that of the price-outistgy, the overall supply chain efficiency is

. . ; EFE *EA _ TT+AE *AA
higher with more nonexclusive packages (LE,~ < II;" = IT%;" < IT%;7).

2. Using the price-out strategy, this alternative modelhwié&ncing converges to our main model with

exclusive channel(s).

Intuitively, if the switching cost equals zero, all scenarperform the same as Scenario AA. As the
switching cost grows, the entire supply chain profit in Scen&E decreases (more significantly than in
Scenarios EA and AE), thus Scenarios AA, AE, and EA outperfBcenario EE. The inferiority of Scenario
EE to Scenarios EA/AE is attributed to lower demand in thérersupply chain due to higher switching

costs.

In the corner solution using the price-out strategy, we nlesthat all the equilibrium solutions of this
alternative model are the same as those in Lemma 1. That &ytthe price-out strategy restores all the
features of our main model with exclusive channed(scified in Section 2. In fact, both models have zero
demand for the unavailable packages, because the priceadtiching cost completely blocks demand for
those undesired packages. Therefore, all previous arsalyisie exclusive channel(s) hold for the case with

fencing, as long as the switching cost is set sufficienthhablock switching demand.

It is worth noting that this alternative model with fencingoppides a more flexible extension of our

original model. Recall the results in Figure 2, which areiegjant to the outcomes of the price-out strategy
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with fencing in this alternative model. #f > 0.6901, the players may employ the price-out strategy in both
exclusive channels; 1#.5633 < 7 < 0.6901, the price-out strategy is implemented in only one channel
while zero switching cost is utilized in other channels; &nd < 0.5633, the players remove the fencing
from all packages. As a result, the entire supply chain obt&iareto efficiency in the entire domain (i.e.,
T €10,1)).

A.3 Composite Package (CP) Competition

So far throughout the paper, our main focus has been oindependent ownership (10) competitiotnere
each player maximizes its own profit. To provide a useful bemark for “understanding the basic eco-
nomic forces” (Economides and Salop, 1992), we explore csitgpackage (CP) competition, where each
composite package is assumed to be produced by a differentjfiij = 1a, 15, 2a, 2b. In this sense, the
product and service are integrated in the same packagendimxtefrom Economides and Salop (1992)'s
focus on a case similar to Scenario AA of this paper, we erpédirfour scenarios, EE, EA, AE, and AA.
Due to the centralization feature of each package, no reveharing ensues under CP competition. We
hence compare the four scenarios under 10 competition ancb@Petition without revenue sharing. The
comparison provides an insight into why firms would maxintizeir own profits noncooperatively rather

than their joint channel profits cooperatively in a complatagy goods market.

Again, we start from equilibrium prices.

Lemma 3 In CP competition, the package prices increase with the rarnatb exclusive channels (i.e.,
PiAA < prEA — pxAE < prEE) The package prices are always lower than those in 10 coitigrefor

all scenarios EE, EA, AE, and AA.

The first part of this lemma is similar to Theorem 1, becausdeéiver the available packages resulting
from greater numbers of exclusive channels, the more mdistipdhe market. In fact, CP competition is
similar to competition among integrated channels in terfngackages. The comparison of the package
prices under CP competition with those under 10 competisioggests package competition becomes more

intense horizontally without vertical externalities, whileads to lower package prices in CP competition.

Similar to Theorem 3, we compare the overall supply chaircieficy of different scenarios in CP

competition.
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Lemma4 For the entire supply chain in CP competition, there exigi tiweshold value$; and 74, such
that

AA dominates EA, AE and EE if0 <7 < 73,
EA and AE dominate EE and AA ifrs <7 < 7y,
EE dominates EA, AE, and AA iff, <7 <1.

Comparing this result with Theorem 3, we notice that it is enlikely for Scenario EE to outperform
other scenarios in CP than in 10 competition, becatuse- 0.4468 < 75 = 0.6901. This is because the
horizontal competition among packages is more intense icd@@petition due to the lack of an interme-
diary vertical cushion, which becomes more apparent asaogckubstitutability grows. Therefore, when
package substitutability is high, reducing the number ghgeting packages in CP competition is more
efficient in improving overall supply chain efficiency thdrat in IO competition. Nevertheless, when pack-
age substitutability is sufficiently low, the benefit of pagk price reduction outweighs that of intensified
horizontal package competition. As a result, Scenario Aéobges more efficient in CP than in IO compe-
tition. To show this, we compare the best performance ambhisgenarios of CP competition with the best

performance among all scenarios of IO competition in thie¥dhg.

Theorem 7 Among all scenarios, EE, EA, AE, and AA, for the entire suppbin, the best CP case out-

performs the best 10 case if and only if package substitlitalé sufficiently low.

While we might have expected better performance from agiated package channel structure, Theo-
rem 7 is somewhat counterintuitive. The explanation iswtale the externalities between package partners
are internalized, the more intense horizontal competitemhuces the players’ profits. This observation is
supported by Lemma 3 where the package prices become low@P inompetition than in IO compe-
tition. The horizontal competition effect is particuladypparent when the packages are relatively more
substitutable. As the packages become more monopoliséeertire supply chain benefits from fewer ex-
ternalities in CP competition and, thus, outperforms the ionlO competition. We more vividly illustrate
Theorem 7 in Figure 6, which shows that the |10 case outpeddim CP case as long as> 0.1429;

otherwise, the reverse is true.

As ownership in CP competition is vague, we cannot induceirttliwidual optimal selection of the
channel structure without knowing the revenue redistidoustructure among the players. Nevertheless,

with an appropriately-defined payment transfer mechanishgther forming exclusive deals is a better
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Figure 6: Comparison of the best performance of entire supply chaionanall scenarios between CP and IO com-

petition.

choice can be determined accordingly. From Theorem 3 andriae#) we can infer that the entire supply
chain with exclusive channels can outperform the one withibwe allow the players to select the best case
in any situation under 10 and CP competition, Theorems 3 asubjgest the players would choose to form

exclusive deals under IO competition rather than CP cortiqeti

A.4 Enhanced Revenue Sharing and Supply Chain Efficiency

Motivated by the revenue sharing employed by Blockbustexcf@n and Lariviere, 2005) and wireless
content messaging (Foros et al., 2009), we hereby proposeeagependent revenue sharing scheme. The
following discussion is provided to shed some light on thegtaility of enhancing supply chain efficiency

and to attract more comprehensive analyses on similar ardlas future.

To showcase the efficacy of enhanced revenue sharing, we t$cenario EE We compare three
cases: Case 10, Case CP, and Cas€#&3e 1Qis in IO competition.Case CHs in CP competition, which
resembles an integrated version of McGuire and Staelin3)198here the supplier and the retailer are
vertically integrated in each exclusive channel. Case hispimizedcase where our enhanced revenue
sharing mechanism is implemented. We use superscfiptsC' P, andO to denote CasesO, C' P, and

O, respectively. We assume the shared revenue is associdtetheunit revenue difference between the

%It is worth noting that enhanced revenue sharing becomegumtionally intractable in Scenarios EA and AE. Moreover,

ownership for the exclusive channel coordination is ambigin asymmetric channel structures.
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service and the product, as the product and the servicgoanplementar§ We have

rij =ro +n(p; —pi), ij = {la,2b}, (A-4)

wheren is a price coefficient. A base revenue sharing rgtes similar to the revenue sharing discussed in
Section 3.2. Itis reasonable to argue that the retailersliire more revenue with the supplier if its service
rate is higher or if the supplier is willing to reduce its puatiprice to boost demand, or vice versa. We apply
the above price-dependent revenue sharing to Scenario dEfingna value ofy that optimizes the profit of

each individual channel.

Lemma 5 In Case O, each channel of EE is optimized when

«  1—27
Ty T

The optimal profits are given by
1

H*EE — H*E’E’ —
1 a 128 + 1287

Note that this revenue sharing mechanism optimizes eadhsbxe channel, as well as the entire sup-
ply chain. Given the symmetric setting, the revenue sharitg does not appear in the players’ profits,
because these equally powerful players in the same chalairal their profit shares by adjusting their own

prices/rates symmetrically, conditional on the revenwsialy contract.

Comparing Case O with Cases |0 and CP, we obtain the follovéagit.

Theorem 8 For the entire supply chain in Scenario EE, Case O outperfoGases |10 and CP.

The result of comparing Case O with Case 10 is relativelyigiitforward. This is because enhanced
revenue sharing provides a price-dependent interactsiian between the supplier and the retailer in each
exclusive deal. If the packages are more substitutable {i.e> 1/2), the suppliers will be willing to
reduce the revenue sharing rate to lessen the retaileissymez on revenue sharing; if the packages are more
monopolistic (i.e.7 < 1/2), the retailers will share more of the revenue resultingiftbe relatively higher

service rates with the suppliers.

®This revenue sharing mechanism is not the only one that cémiap the entire supply chain of Scenario EE. For exampile, a
alternative revenue sharing mechanism cam;pe= ro — np; or r;; = ro + np;. However, these alternative mechanisms do not

equally distribute the additional revenue among the pByefeature that resembles the symmetric Nash bargairsng.re
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The better performance of Case O over Case CP in the entiraidamworth emphasizing. As we
previously argued, Case CP is an integrated version of Soda&. An integrated channel is normally con-
sidered the ultimate result of any coordination, which igtfor single-channel supply chains. However,
this conventional picture is altered under channel cortipetiAs Theorem 8 demonstrates, Case O always
dominates Case CP. This result occurs because, aftergthsiinternal externalities, the integrated chan-

nels can compete more intensely horizontally. As illustlah Figure 7, Case 10 outperforms Case CP when

I—I*EE

Al

0.030

0.025

0.020

0.015

0.010

0.005

Figure 7:Entire supply chain profit comparison in Scenario EE unddand CP.

the packages are sufficiently substitutable, which is abest with McGuire and Staelin (1983) although
in a different setting. Enhanced revenue sharing providasa-dependent cushion against fierce horizon-
tal competition and, thus, enables each exclusive chaagelell as the entire supply chain, to eventually

dominate the integrated dual-channel Case CP in the emtinaith.

Figure 7 delivers additional messages. First, Case O ivaeut to Case CP if the packages are purely
monopolistic, as the horizontal competition disappearsco8d, Case O is equivalent to Case |10 when
T = 1/2. This is because the price-dependent cushion of enhaneedue sharing is suppressed at this
middle point. Otherwise, Case O has more advantages overlQOaas the packages become either more
monopolistic or more substitutable. The effectivenessnbia@ced revenue sharing becomes more signifi-
cant as the packages converge to pure substitutes. This saggests that enhanced revenue sharing can

significantly buffer horizontal competition as packagestinbtability grows.

Consider the package prices. As previously demonstratieeiinmas 1 and 3, package prices in Scenario
EE are strictly higher than those in Scenario AA in both 10 @fRlcompetition. However, as we show next,
if enhanced revenue sharing is employed, higher package goncerns in exclusive deals can be alleviated,

if package substitutability is relatively low.

Corollary 1 In Case O,P;FF < PjA4 if and only ifr < 1/3.

la
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Corollary 1 implies that whether the package prices in estetudeals are higher than those without
exclusive deals depends on the package substitutabilithie Ipackage substitutability is high, the concern
of higher package prices due to exclusive deals is subalignsupported in Case O. However, if package
substitutability is low, forming exclusive deals is themef encouraged in terms of consumer welfare. Nev-
ertheless, exclusive deals reduce the number of consumaeshand are not Pareto efficient in terms of

overall supply chain efficiency when the packages are seffiiti monopolistic.
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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) =

3



«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

4



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“010)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, bothATIFFAE and ATIEFAE are strictly concave im. Solving ATIFPAE = 0 and ATIFFAF = ¢
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 rooﬁdi[{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

7



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
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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) ~

13



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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